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SUMMARY AND CONCLUSIONS 

This Final Environmental Statement was prepared by the U. S. Atomic 
Energy Corrnnission, 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, hear 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-2Q to operate the Palisades Plant at 60% 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 
grasse.s and partly forested. Land disturbed during constr~c­
tion has been landscaped with vegetation native to the area. 
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c. 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 an~ 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, 

d .. 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. 

e. 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 1evels 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. 

f. fhe present once-through condenser cooling system raises 
405,000 gallons per minute (gpm) of Lake Michigan water to 
25F 0 above ambient resulting in a thermal plume with an area 
of 370 acres within the 3F 0 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 Connnission, they will not meet the Environmental 
Protection Agency's recommendations for thermal discharges 
.for Lake Michiganafter December 31, 1973. 

g •. Although thermal discharg~s 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
swinnning 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 •. 

h, For the most part>ftsh and free-swinnning organisms may avoid 
impingement or entl-ainment 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 30% 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. 

i. The limited chlorine treatment of 1 hour per mo~th 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. 

j. 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. 

k. 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. 

1. Cooling towers introduce terrestrial environmental 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. 

m. 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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4. 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. 

5. The Federal, State, and local agencies listed below and the 
applicant. have commented on the Draft Enyironmental 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 

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

7. 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 
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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 
a~thorizing 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· . .:r,eduee· environmental 
damage or enhance the benefits compared to the environmentai 
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 monito~ing 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. 

(3) 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 
t~e monitoring program·. 

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

(1) 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 aqua'tic biota from 
the continuous discharge of chemicals in the cooling 
tower blowdown in the lake. 

(2) 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. 

(3) 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 Connnission's (the Commission) Regulatory' 
Staff (the staff) in accordance with the Connnission's regulation, 
Title 10, Code of Federal Regulations, Part 50 (10 CFR 50), Appendix D, 
as revised on September 9, 1971 (36 ·FR 18071), and further revised on 
September 30, 1971, November 11, 197Y-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 hav~ 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 technic.;il considerations; and to include in 
every reconnnendation or .report on proposals for legislation and 
other major Federal actions significantly affecting the quality of 
the human environment, a detai.le.d 'statement on: 

(i) the environmental impact of the proposed action, 

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

(iii) alternatives to the proposed action, 

(iv) the relationship between local short-term uses of man's 
environment and the maintenance and. en.hancement of long-
term productivity and · · ' - ·- ' ' ·.- · · . · 

~~ · · · .. -... ,: ,: .. -.,' ~J 1049}: l.f'.:-!;r-9tJ1(i1'"J ~\~r;·.: i.~ .. ~·r·c:. · ! , . ··. 
ri·-4 •• iit"' r~, --~1~f,1·· .. ~ ,- ·i , .• ·1. ,-j, •• ·~ .• • -· •• • • • •• . . •• - -~-. ,, .. 

(v) any "irreversible and irretrievable .comni'itmehts .. bf. re8ources 
-- - Whfc:h' would be_ involved iri the, prop\>seci··a~'tio~. ~ilo'.ui~ 'it .be 

implemented .• 

In addition, Section· 102(2) of NEPA' requir~s the Commission 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 td a Notice of Hearing in this 
proceedi~.g published in the Federal Register on March 10, 1970 
(35 !_.~. 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 
~egulations and that it was the intention of the Connnission to issue 
such a license. 

Petitions to intervene in the licensing proceedings were filed by 
several citizens organizations. On May 18, 1970, the Connnission 
granted leave t9 intervene to the Michigan Steelhead and Salmon 
Fisherman!s Associat~on, Thermal Ecology Must be'Preser~ed (TEMP), 
Concerned Petitioning Citizens, and the Michigan Lakes and Streams 
Association; at a later date the Connnission 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 Connnission 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 t:he 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 l.icense application for the Palisades Plant to 
appropriate Federal and State agencies for review and connnent. 
The applicant responded to.the connnents of the agencies. The 
Connnission incorporated these comments in the Final Detailed State­
ment issued on April 7, 1971, which superseded the Connnission's 
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Statement on Environmental Considerat-ions for the Palisades Plant 
that had been forwarded to the Council on Environmental Quality on 
June 8, 1970. The Draft Detailed Statemen.t of February 29, 1972 
and this Final Statement supersede the April 7, 1971 Statement. 

The applicant submitted "Supplemental II1formation 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. 

Tiiis 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 oh 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 Commission'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. 

Tiie 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 20% 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 agencies, 
State. of Michigan, and local off.icials. 

The applicant.is required to comply with section 2l(b) of the 
Federal Water Pollution Control Act, as amended.by the Water 
Quality Improvement Act of 1970. 

,• ..... 

'' 
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I. INTRODUCTION 

A. GENER.AL 

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 P·ark 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 surrotlnding the site is ·used for farming and 

·recreational ~ctivities and is sparsely populated. During the 
summer months 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 pressuriZed~water 
nuclear reactor system in which the exhausted 'si:eam produced will 
initially be condensed by mea:ns·of a once-through condenser-cooling 
system using Lake Michigan water to dissipate the waste heat. The 

·. wa:ste heat will increase the cooling water temperature 25 F 0 above 
the ambient at the intake during operation at 700 MWe. The temper­
ature increase ts 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 towe·rs' to reduce the thermal load to 
Lake Michigan. · 

I-1 
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The Statement to follow describes the pres.ent facility," its site 
and environs, the assessment of· th.e 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~cos.t analysis is also 
presented for the purpose of evaluating methods for minimizing 
any adverse enVironmental i1npact of the design and operation of the 
Palisades Plant. Federal, State and local agencies' connnents 
have ·b.een 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 requir~ments 
on prospecttve 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 trans.mission 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 

ipower plant near residential areas of high population· density, 
influences the ultimate selection of a power plant site. 

In 1965, the applicant began the selec~ion of a site for a proposed 
700 Mole generating plant. On the basis of a joint study by the 
applicant and Detroit Edison Company for the Michigan P<;>wer 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 were 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 
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chosen for a coal-fired unit~.· The. potenti~l 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 Lak~· Erie, Karn and 
Quanicassee along Lake Huron, and Campbell .and Palisades along · 
Lake Michigan •. Therefqre, 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· froni 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 q1e _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 in.fluenced by the best solution 
to the transmission requirements. The applicant and Detroit E'dison 
Company had begun construction of a 345-kilovolt tran.smission line 
across Michigan to provide more efficient interchange of power. 3 , 4 

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 M_ichigan 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 19.69, the -"Generation Study" of 1965, was reevaluated for 1970 
pow.er 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 ithe optimum choice. 2 

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 nuciear plant, since it ~as in a· low 
popu!ation _area and would not displace any year-round 
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homes, only several sU:mmer cottages. :From an enVironmental point 
of view, th.e replacing of the' sand quarry operation with an attrac­
tive· Plant on a plot of land landscaped with. dune gras$es, 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 Ch.apter IV. 

C •. APPLICATIONS AND APPROVALS 

Table I-5 lists the applications filed by the applicant and the 
approvals received from various governing bodies or agencies. 1 ' 2 

For those. applications which have b_een granted, the date of 
issuance is included. 
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TABLE l-1 

Federal, State and Local Authorizations Requir¢d 
for Construction and Operation of the Palisades Plant 

Agency 

Federal 

Atomic Energy Commission 

Anirf Corps of Engineers 

Department of Transporta­
tion - Federal Aviation 
Administration 

Date of 
Issuance 

3/15/67 
3/24/71 

5/23/66 

9/12/66 

. 3/31/67 

5/15/68 

5/7/69 

Permit, License, Etc. 

Plant Construction Permit 
Low Power (lMWt) Operating 
License 

Permit to deposit sand in 
Lake Michigan 

Permit to rehabilitate 
4, 200 feet of beach by 
spreading sand 

Section 10 Permit to con­
struct intake line and 
discharge channel in 
Lake Mi ch igan 

Permit to construct a tem­
porary barge slip in Lake 
Michigan and dredge 
approach thereto 

Permit to dredge to the 
approach to an onshore 
discharge structure in 
Lake Michigan. 

Application 
dated 6/23/71 
(revised 

Section 13 Permit for dis­
charge into Lake Michigan 
under the Refuse Act of 
1899 and being reviewed by 
Environmental Protection 
Agency. 

10/15/71) 

Application 
· dated 5/ 4/71 

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



Agency 

State of Michigan 

Department of Aeronautics 

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 Coinmission 

Department of Public 
Health 
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Date of 
Issuance 

Application 
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 ~xcavate, 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-­
tomlands 

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 

5/20/69 

6/8/67 

11/14/66 

Plant - 3/22/66 
. Sub-3/2/66 
. (Incl W/Plant) 
Info Center -
. 10/14/69 

11/7/66 

Permit, License, Etc. 

Resolution to abandon por­
tion of Blue Star Highway 

Easement for railroad spur 
across highways 

Agreement for relocation 
of Blue Star Highway 

Building permits for Plant, 
substation and Informa­
tion Center 

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 bo\llldary, 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~si!t·e~area had been used as a sand quarry and had not 
been reclaimed pr.ior to ·construction of the Plant. The site is bounded 
on the west by the lake and on the remaining three sides by w.ooded 
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 surrotmding 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 wat'er. 

In this section are presented facts and figures related to the 
demographic, econo~c, 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 approximately 35 miles north of the Michigan-Indiana 
border in Covert Township, Van Buren Collllty, 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 inunediate 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 o.rchards. This area is drained by 
Brandywine Creek, which subsequently flows into Lake Michigaµ 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 SO-mile radius ·of the Palisades site encompasses 
portions of nine counties in Michigan and three counties in Indiana, 
which haye total populations based on the 1970 census of 1,156,268 
and 476,916, respectively. 2 Five of the more distant counties 
(LaPorte, St. Joseph, and Elkhart in Indiana and Kalamazoo and Kent 
in Michigan) are more than 60%.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 pro~ected for 
the year 2010 - a growth of about 56% over 1970 figures. The 
latest available employment statisti~s 3 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 Report 4 

outline the s_tatistics of crop production and livestock as well as 
the names and types of industries in t~e area surrounding the 
Palisades site. The unincorporated t0wn 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 Commission 1 dis.cusses the 
growth potential such as trends in agricultural production, land 
patte·rn 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, commercia-1, 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 
ownershi~· 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 fluc·tuating and seasonal population. During 
·IOC>st of the year there are only about 40 residents within 1 mile of 
the site and 1,200 people within 3 tiiiles. No residences are within 
the boundaries of the site. · Recreationa.l 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, approximately 30 miles south 
of the Palis~des 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, 6 · 
and the applicant knows of no Federal, State or local historical 
landmark that would be affected .by the Plant. 4 As recommended by the 
Advisory Council on Historical Preservation, the Historic.Pre-· 

· servation Officer for the State of Michigan has been contacted and 
his colllments 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 tmit 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 Brandywine 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 

'{f 
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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 estimate of the annual extremes in flow rate was made by 
Giroux et al, 7 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 Brandywine Creek. 4 

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 94% flows through 
the Mackinac Straits and 6% is diverted to 'thec1Chicago 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 

.exceeds p.recipitation 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.a · 

The average height of Lake Michigan i~ 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 even ts cannot be predicted 
and exist for only a very brief period.a A profile of the lake 
depths has been included in the applicant '.s Environmental Report. 4 

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.a indicates that currents n~ar 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 ih 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 



II-9 

is offshore currents, Only 6% of the time is there a calm, Sub­
surface and offshore currents are IOOdified to som~ 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 off shore) ; 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 
9f approximately 35°F (l.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. 9 

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-4·A); the.northern basin may not mix to the bottom.9 

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 
'i"aters 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 ~inking, 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 pat terns should then induce mixing between the two 
~ater 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 sh~red by P, W. Pritchard27 and J, C, Ayers 28 and by Elliott and 
Elliott29 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 
n·ot l.lllderstood 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 pollutarits 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 l.lllderstanding of 
the thermal bar phenomenon in Lake Michigan, and its influence on 
nearshore limnological characteris.tics, 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 report 30 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 format.ion 
and movement of the thermal bar were taken over a p'eriod 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 Illl.X1ng 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 coo_l to below 39. 2°F, thus creating an inverse 
stratification during ice cover (Fig, II-4C). 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 uncomm~n 
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, th.e lake is essenti.ally isotherinal at 35. 6°F (2° C) 
or bel~, and mi,x:lng occurs frorn top to bottom during.storms ()"i.g. 
IL-4C). 

In early spring, warming of surface Waters results in the shallow 
inshore waters ~eating up faster than offsfi..ore 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 g which reflects the 
degree of separation of these two water masses. 

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). In 
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. 11 Temperature in the epilimnion may reach 75°F. The 
thermocline is normally about 20 feet thick but ranges from 3 feet 
(during ~torm periods) -to 49 feet in thickness • 

.. /I· 
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 Mississippian 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 bi streams prior. to several 
major glacial advances and \las ~till more deeply eroded (J>elov sea 
level) by the ice.· Local oedrock :ts a compact blue, gray, or 
locally red shale. Many other rocks of tfie Paleozoic era and their 
debris were mixed and laid down B~ glaciers. The lake~border 
moraines represent the last layers of a cake of about 90 feet of 
compact clay· till th.at overlies the bedrock. 

The till, in turn, is overlain By about 30 feet of gray or silty 
sand laid dawn 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 arid a succession of more protective 
vegetation stages in recent decades.1 2- 14 The highest dune summits 
form small conical hills and ridges separated oy 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 

4, Groundwater 

Within the Brandywine Creek basin, the subsurface drainage is gen­
erally westward toward Lake Michigan with· a gradient of about 13 
feet per.mile. 7 The area underlying the dune area represents a 
free groundwater unit with a level controlled by Lake Michigan 
itself. In 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 sunnners, rainfall most prevalent in auttmll1, 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. 4 The weather over land that is adjacent to 
Lake Michigan is modified by the annual cooling-heating 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. 4 

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 sho·reline 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 connnon 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* 

1. Terrestrial 

The area of the sand dune shore belt i.s forested except for the bare 
sandy beach, naturally denuded or defor.ested dune areas, or where 
construction has taken place. The dominant forest community type 
on the site ar.ea is composed of red oak, sugar maple, and beech. rs 
The upper stratum consi~ts 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 this Statement and 
will only be introduced here. 
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.. second-growth red oak 'and. s~gar maple with an interspersion of 
several other species, including beech, black cherry, ash, white oak, 
and ba.8swood (see lists .in Appendix II-1, Fig. 1). Variants of the 
dominant mixed mesophytic vegetation type occur throughout the area. 
On some younger blowout surfaces, white pine apd red oak are dominant. 
HeI!llock trees occur in the upper stratum of north-facing slope.~; 
e.g., next to the proposed southernm.ost cooling tower.. The species 
composition of lower vegetation and animals of these dune conuii.unities 
depends on several factors including topography (Le. , 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 cause9 
renewed wind action and denudation o·f 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 an~ forbs (wonmvood, milkweed, 
goldenrod, evening primrose) being the common species.13 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 ~ 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 organ1c 
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 stands in the 
area (outliers of northern forests) provide cover during ·winter 
mopths for deer, grouse, rabbi ts," 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 comm~nities) 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 htmt both these open areas and the 
forest edge for small wildlife species·. The diversity of plant 
commtmities provides an excellent food ~upply ·and resting area for · 
songbirds also. The sandy .beach and low dnnes parall.el with the 
lake shore provide resting and feeding spots for water birds such 
as guils 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, 
chipmtmk), 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 
th rough out the year.' 15 The bald eagle has been obser:Ved in the 
area of the Palisades Plant at various times of the year and is 
on the list of endangered species.16 

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 f atma and flora collected in this area are 
typical of areas long studied on .the eas.t side of lake.17-2 '+ 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~ 17 
During the summer the southeast sector of the lake, however, 
contains algae clos~ to the shoreline of the type commonly fotmd 
in.eutrophic situations18 (rich in nutrients). There is an 
apparent relationship b~tween the areas of the lake shore where 
nuisance algae occur and the proximity of sources of plant nutrients 
contributed by major tributaries.· 

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, incl~ding one station near South Haven.18 Pre­
oper~tional 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. 18 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 
c~pepods with the most abrmdant genera being Daphnia spp. and 
Diaptomus spp. 20-2 1 Shifts in abundance ~f 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 invertebrat.e farma in the area of the Palisades Plant 
·were surveyed by Beak Consultants, Inc. Their survey data23 

on species composition and density of ben~hic invertebrates agree 
with data obtained by other investigators. (See Appendix I~-1, 
Table 4 for a species list of benthic macroinv:ertebrates as 
collected in.the area of the Palisades Plant). The major tax­
onomic groups of benthic invertebrates in this lake include 
amphipods, oligochaetes, aquatic Diptera (primarily Chironomidae) 
and freshwater clams (Sphaeriidae). Chapter V of this Statement 
contains a more detailed discussion.of the benthic farma 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 19SO'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 th.e 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 Michigan2 4 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 spec~es 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 Bersamin25 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. In a study of the food habits of 30 fish species in Lake 
Superior, which has a biota almost identical to Lake Michigan, 1 7 
Anderson and Smith26 concluded that crustaceans constituted the 
main part of the diet for most fish species, at lea.St during some · 
phase of their life 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 pisci vorous (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 
plank tonic ma_terials. (phytoplankton and zooplanl<.ton) 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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II I. 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 approxima~ely 3,000 
feet from,U.S. Highway 31, and as near as 300 feet from the shore­
line of Lake Michigan. The modified liquid radioactive 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 conn~cted 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 Sect.ion 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 196) and consist of lattice­
type steel towers anchored to concrete footings. The Michigan Public 

III-1 



Fi~. III-1 



ru.,...3 

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 18 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 1 ' 2 had constructed between the major power plants of the 
Michigan Power Pool to provide the electrical energy to the proper 
load center as t.he 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. 

'!'.he 40-niile line is located on generally flat to gently rolling 
terrain used primarily for agricultural purposes with scattered 
orchards, private dwellings and connnercial 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 ,6.00 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-cadmilllll 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 reactpr 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.l. 

D. EFFLUENT SYSTEMS 

1. Heat Dissipation Systems 

a. Present 0pen-eycle 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 25F0 (14C0 ) 

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 28F0 (i5.SC0 ) 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 arotmd 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 11-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 1-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 16% 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 radioactivity, 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 III.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 formation 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 cooling 
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°F0 (2.8C0

). 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 applicant 17 • 

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 0 (14C 0

) above the ambient intake 
temperature, into the lake. The heat discharged, approximately 
4.9 x 10 9 British thermal units (Btu) per hour, will be dissipated 
into Lake Michigan and will produce a thermal plume having a shape 
and ~agnitude 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 0

• 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 
tmder 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 100% 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. 4 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 appro_ximately 62°F (17°C), and thus the warmed water 
will tend to dissipate over the surface of the lake near the shore­
line. 5 The cold air innnediately 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 
tmderflow. (Figure III - Ba.) 

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) •6 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 ~ termed density 
interflow. (Fig. III - Sb). The probability of producing a density 
interflow thermal plume is greatest while operating at less than 
rated power. 

r-

For roost of the yea,r·, the temperature of the cooling water intake 
will approximate the temperature of the sur£ace 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 
nor.thwest (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 (40% 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 p·erpendicul.ar 
to the lake shoreline. The alongshore currents, which will exist 
about 54% of1 the time;, will tend to bend the thermal plume in the 
direction of the curren~ flow. This condition will present a dis­
persion problem inasmuch as the plume, having only one side adjacent 
to dilution water, will ext~~?' ;ctf&reater distance from the discharge 
point than for the offshore,cµrrent;case. Experimental data on , 
plumes produced by strong alqp.g;,;.sh'ore currents indicate that the 
temperature of the plume will essentially be constant over the entire 
area between the outer edge and the shoreline.a 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 Benedict2.6 in 
conjunction with empirical relationships developed by Pritchard6 

and (2) a study combining empirical relationships developed by 
Asbury and Frigo7 and by Pritchard6 with experimental data collected 
by personnel of Argonne National Laboratory.a 

(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 cas.e, the following assumptions were 
made: 

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

2. All flows are steady • 

. 
I 
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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 a~d stratify; some vertical 
11U.x1ng will undoubtedly occur and the model will thus pred.ict 
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 Pritchard6 • 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 Approach 

In addition to the mathematical model study, an empirical relationship 
developed by Asbury and Frigo 7 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 

If; uo/Vhg { ~{ (1) 
where llff = densimetric Froude number, 

Uo velocity of the discharge, 
h = depth of the discharge, 
g acceleration of gravity, 

Apo = difference in density between the heated discharge 
and the receiving water, 

Po = density of the discharge 
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TABLE III"'.l 

Thermal ~lumes 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 0 at outfall. 

Temp. of Isotherm, 
F 0 Above Ambient 

5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.2 
1.2 

B. At 1,320 MWt (60% of rated power) At = 16F0 

Teinp. of Isotherm, 
F 0 Above Ambient 

12 
8 
5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.2 
0.4 
0.8 
2.5 

Area Enclosed by 
Isotherm, Acres* 

at outfall. 

0.8 
5.5 

226 

Area Enclosed by 
Isotherm, Acres* 

1.1 
5.5 

18 
95 

880 

C. At 2 ,200 MWt (100% rated power) At = 25F 0 at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

20 
10 

5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.3 
0.7 
1. 4 
2.6 

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

Area Enclosed by 
Isotherm, Acres*. 

1.0 
12.3 
68 

260 
930 
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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-Current Case). 

A. At 550 .MWt (20% of rated power) tit = 7F0 at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

5 
3 
1 

Axial Length of Plume 
Miles 

0.26 
0.55 
3.4 

Area Enclosed by 
Isotherm, Acres 

9.2 
40 

247 

B. At 1,320 MWt (60% of rated power) tit 16'F0 at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

12 
8 
5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.4 
1.1 
2.5 
7.9 

Area Enclosed by 
Isotherm, Acres 

1.1 
32 
80 

180 
578 

C. At 2,200 MWt. (100% of rated power) tit = 25F0 at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

20 
10 

5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.6 
2.3 
4.0 

10.8 

Area Enclosed by 
Isotherm, Acres 

1. 8 
57 

168 
294 
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 surfa~e 
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 Pritchard6, 
The dimensions of the pltnnes rssulting from the strong along-shore 
currents were approximated using experimental data taken from the 
Point Beach Plant8 • 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 
Pritchard6 , 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 
III-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 
m:>re closely approximate the plumes that will actually occur than do 
the empirically determined plumes. To insure that the worst possible 
case was assess eel, however, the emp.irically 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) /}.t = ,7P0 at outfall. 

B. 

Temp. of Isotherm, 
F0 Above Ambient 

5 
3 
1 

At 1,320 MWt (60% of 

Temp. of Isotherm, 
F0 Above Ambient 

12 
8 
5 
3 
1 

Axial Length of Plume 
Miles 

0.2 
0.4 
1. 5 

rated power) (}. 16'F 0 

Axial Length of 
Miles 

0.2 
0.5 
0.9 
1.2 
2.3 

at outfall. 

Plume 

Area Enclosed by 
Isotherm, Acres* 

Area 

7.4 
123 
310 

Enclosed by 
Isotherm, Acres* 

3.7 
31 

114 
192 
724 

c. At 2,200 MWt (100% of rated power) /}.t 25F 0 at outfall; 

Temp. of Isotherm, 
F0 Above Ambient 

. 20 
10 

5 
3 
1 

. Axial Length of Plume 
Miles 

0.1 
0.5 
1.1 
1.6 
2.5 

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

Area Enclosed by 
Isotherm, Acres* 

2.5 
39.3 

. 165 
372 
889 
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TABLE III-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) fit = 7F
0 

at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

5 
3 
1 

Axial Length of Plume 
Miles 

0.2 
0.5 
4.3 

Area Enclosed by 
Isotherm, Acres 

7.4 
123 
310 

B. At 1,320 MWt (60% of rated power) fit = 16F0 at outfall. 

Temp. of Isotherm, 
F0 Ab ave Ambient 

12 
8 
5 
3 
1 

Axial Length of Piume 
Miles 

0.2 
0.5 
1. 6 
2.6 
9.9 

Area Enclosed by 
Isotherm, Acres 

3.7 
31 

114 
192 
724 

C. At 2,200 MWt (100% of rated power) fit 25F0 at outfall. 

Temp. of Isotherm, 
F0 Above Ambient 

20 
10 

5 
3 
1 

Axial Length of Plume 
Miles 

0.1 
0.5 
2 

. 5.1 
12 

Area Enclosed by 
Isotherm, Acres 

2.5 
39 

165 
.. 372 

889 
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A. OPERATION AT 20% OF FULL POWER 

B. OPERATION AT 60% OF FULL POWER 

--------12MI. ---------------

C. OPERATION AT FULL POWER 

Fig. III - 11 
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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 Michigan 27 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, whi.ch 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 r·egimen." 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 tmderway 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. lO 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 F0

, 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 OF* 

January 45 July 80 
February 45 August 80 
March 45 September 80 
April 55 October 65 
May 60 November ·60 
June 70 December 5,0 

Since the area of a circle 3 ,630-ft in radius is .. approximately 
equal to the area of a semicircle 1-mile in radius, the mixing zone 
is equivalent to a semicircle of 1-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 Cormnission'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 
F0 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 F0 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 ~eat 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, cormnercial, 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, birds, 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 Cormnission on or before November 1, 1973." 



Percent 

III-28 

TABLE III..-5 

Area of 3 F0 Isotherm for Once..-Through Cooling System 
(Empirical Relationship) 

of Power Wt at Outfall Area of 3 F0 Isotherm 
% Fo sq, ft, acres 

20 7 1.8 x 10 
6 

123 

60 16 8 x 10
6 

192 

100 25 16 x 10
6 

372 

The Michigan Water Resources Commission's water quality standards 
for Lake Michigan, as submitted in September 1971, are p~esently 
being reviewed by EPA. The proposed Lake Michigan Thermal Dis­
charge Regulations presented by EPA11 at the Lake Michigan Enforce­
ment Con~erence, 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 roore 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 0 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 Environmental 
Protection Agency, dated May 14, ·1971) and represent the current 
position of EPA with regard to thermal discharges in Lake Michigan 
(ltr fm F. T. Mayo, Regfonal 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). 



III-29 

be allowed to go into operation provided they are committed to a 
closed-cycle cooling system construr.tion schedule approved by the 
state regulatory agency and EPA. In all cases, construction of 
closed-cycle systems aqd associated intake and discharge facilities 
shall be completed by DecembE!r 31, 1974, for facilities utilizing 
natural draft towers and December 31, 1973 for all other types of 
closed systems. " 1.1 ' 12 Details on these regulations are presented 
in an enclosure ·to the letter from EPA connnenting on the Palisades 
Plant in Appendix XII-5. 

All discharges, including thermal, chemical, and.other discharges 
will be subject to the provisions of section 2l(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 2l(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 until 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 Sys tern 

The proposed cooling tower system will discharge approximately 
60,000 gpm of diluted blowdown water at a temperature not to exceed 
5 F0 * 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 sys tern will create a thermal plume 

* With 60,000 gpm dilution, the diluted blowdown temperature is 
expected to be less than 1 F0 above ambient. 
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having a 1 F0 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 F0 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 F0 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 Conunission .. The EPA connnented 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 Piant Operated at Full 'Power 
Using a Closed-Cycle System with a ~t = 5 F0 at the Outfall into 
Lake Michigan 

A. No Current Case 

B. Strong 

Temp. F0 Above 
Ambient 

3 
1 

Along~Shore Current 

Temp. F0 Above 
Ambient 

3 
1 

Case 

Distance 
Miles 

0,12 
0.42 

Distance 
Miles 

0.12 
2.0 

Area 
Acres 

1. 8 
24.5 

Area 
Acres 

1. 8 
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 mater_ials 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, 14 and in Amendment 21 t·o the FSAR dated March 1, 
1971. 1 5 Diagram of the liquid radwaste system is shown in Fig, 
III-13 and that for the gaseous effluent sys tern 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 SO. 

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 r~d­
waste drain collection and monitoring tanks, are discharged through 
high-efficiency particulate air (HEPA) filters, diluted with venti­
lation exhaust air and released to the,atmosphere 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 gase9.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 111-7. 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 

Gas Processing Steam 
Auxiliary Containment System Generator 

Nuclide Building Purge (60~day holdup)* Leakage Total 
Ci/yr Ci/y:: 

' ' 
Gi(y~ Ci/yr Ci/yr 

K-85 6 13 620 2 640 

K-87 3 .,._ .,.. 3 6 

K-88 8 .... 9 17 

Ke-13lm 5 10 21 3 39 

Xe-133 770 1,000 40 680 2 ,490 

Xe-135 14 .... 3 17 

Xe-138 2 2 4 

I-131 0.05 o.26 0,48 0.79 

I-133 0,07 0.036 0.23 0.34 

Total 3 ,214 

* Design basis holdup for the Gas Processing System following installation of the 
modified gaseous waste system. 

**Design basis for present Gas Processing System. 

Total** 
(30-day holdup) 

Ci/yr 

650 

6 

17 H 
H 
H 
I 

83 w 
°' 

3,400 

19 

4 

0.79 

0.34 

4,180 
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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 applicant 19 has 
recentiy 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 ~tack sampler. 
During periods when primary containment ~ccess 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 lm/ 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 .an~ 5if the concentration of xenon-133 exceeds the detection 
limit of 1 x 10 µCi/ml, the contents shall be held up for 60 days 
to permit decay of the pri.ncipal radioactive noble gases except 
krypton-85. Gaseous wastes from containment building purging and from 
purging the auxiliary building are released to the environment through 
filters to the stack with 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 radioactivity. 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 inst.all 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 materia_ls in 
liquid discharges, by recycling all but the laundry wastes to levels 
comparable to the guidelines of proposed Appendix I to 10 eFR 50. 
Prior to the installation of the modified system the Plant will be 
operated with the liquid radwa.ste 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 s-burces of wastes which are processed in the primary 
waste section are the bleed thro~gh the. chemical and volume 
control system (eves) from the _(10,900 cu,. ft volume) primary 
coolant loop system at a letdown flow•'to the eves 'of 40 gpin, 
drains and controlled leaks from the primary. coolant loop, the 
radiochemical laboratory drains, and the equipment handling drains. 
The primary waste discharge amdunts to 137,700 gpyr from controlled 
leaks and drains and 586 ,000 gpyr bleed from the eves. 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 analy$is, 
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 radioactive 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 envi~onment 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 
cartal 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 III-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 envi.ronment 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 10-a µCi/ml 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 Michigan water prior to 
release into the lake. 
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The anticipated release from steam generator blowdown shown in 
Table 111-8 is based on a continuous·primary to secondary system 
l~akage 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 
111-8 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 10-7 µCi/ml; and the total radioactivity discharged ex...: 
eluding tritium is about 115 Ci/yr. The .tritium concentration in 
the discharge canal is 1. 2 x 10-6 µCi/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 trifiated 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. In 
this manner~ no trit~ated 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 Specifications 19 for the 
present radwaste system which would limit the releases of liquid 
effluents to 10% of 10 CFR Part 20 limits with failed fuel. A 
comparison of the calculated quantities in Table 111-8 with the 
Part 20 concentration limits indicates that it will be necessary to 
process some fraction of the dirty waste and steam genera.tor blow­
down liquids. The expe~ted high concentration of solids (~ 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 111-8, except yttrium, 
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TABLE III-8 

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

Nuclide 

Rb-86 
Sr-89 
Sr-90 
Y-91 
Zr-95 
Nb-95 
Mo-99 
Ru-103 
Ru-10.6 

. Te-129m 
I-131 
Te-132 
I-132 

.I-133 
Cs-134 
I-135 
Cs-137 
Ba-140 
ce.:....141 
Ce-144 
Nd-147 
Pm-14 7 
Cr-51 
Mn-54 
Mn-56 
Co-58. 
Fe-59 
Co-60 
Fe-55 

Total 

Steam 
Generator 

Blowdown 
(Ci/yr) 

0.0263 
0.0236 
0.00080 
0.0550 
0.00382 
0.00359 
6. 73 
0.00269 
0.00070 
0.187 

12. 46 
0.846 
0.126 
4.22 
0.303 
0.674 
0.307 
0.0237 
0.00405 
0.00244 
0.00124 
0.00030 
0.0234 
0.0211 
0.0303 
0.666 
0.0261 
0.0204 
0,0469 

27 Ci/yr 

H-3 

Clean Waste · 
(Ci/yr) 

0 .00266 
o. 00444. 
0.000214 
4.0 
0,000779 
0.000575 
0.739 
0.000458 
0.000180 
0.0274 
0.341 
0.000698 

< 10-6 

< 10-6 

0.0795 6 
< 10-, 

0.0824 
0.00152 
o. 000624 
0.000616 
0.000064 
0.000079 
0.0327 
0.00536 

< 10-6 

0.139 
0.00468 
0.00544 
0.0124 

5.5 Ci/yr 

1000 Ci/yr 

Dirty Waste 
(Ci/yr) 

0.175. 
0.182 
0. 00669 
0.430 
0,0301 
0.0267 
9.25 
0.0203 
0.00584 
1. 286 

59.4 
0.00394· 

< 10-6 
o. 0496 
2.533 

< 10- 6 

2 .578 
0.141 
0.0299 
0.0202 
0 .. 00697 
0.00251 
0.168 
0.175 

< 10-6 
5,272 
0.199 
0.171 
0.392 

83 Ci/yr 

*Releases are based on discharges prior to installation of toodified 
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 radioac.tive 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 µCi;ful 
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 refu.eling, 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 represent 7% and 96%, respectively, of tritium produced per 
year. The excess water a~cumulated 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 appiicant 
in Appendix XII~l3 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 materiai.) Based on plants of similar 
size presently in operation, it is expected that approximately 
10,000 ft 3 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 coritribute 
to the discharge of chemical wastes into the environment: leakage 
from the primary coolant system, steam generator blowdown, regener­
ation of demine.ralizers, 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 I:l'I',D,2 above. Thes.e operations were initiated. 
at the outset of operations at low power (1 MWt) in Spring 1971. In 
practice, 390,000 gpm of the cooling water passing through the once­
through conde.nser 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 .. 9~1, issued on October 27~ 1966, to the applicant for 
the Palisades Plant by the Michigan Water Resources Commiss.fon. 1 0 
This Order of Determination imposes restrictions on t~e discharge of 
ether-extrac~able substances, bo.ric 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.l· 
in. r.elationship to thermal discharge standards. As discussed ab9ve 
in Section III.D.l, the applicant filed ~n appiication for a 
Section 13 perinit on all discharges with the Army Corps of Engineers 
in 1971 but the application is being reviewed by EPA. The applicant's 
water certification applicationunder section 2l(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 chemicals 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 
sys tern. The applic·ant plans to use lithium hydroxide to control 
the pH of the primary coolant but only in the. latter part of the 
core life. 17 The concentration of lithi~m hydroxide in the 
primary coolant will be approximately 1.0 to 1.5 ppm and will be 
discharged into the environment at a maximum concentration of 
10-s ppm through the primary coolant which is p~ocessed in the 
radwaste system. The radwaste system effluent is diluted by the 
circulating water discharge. When the modified radwaste s'ystem 
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 sys.tern 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 a~id 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 radwas te sys tern will not ex'ceed 5 ppm (order 
of detection limit). Approximately 60 ,000 lb /year of unconsumed 
H3Bo 3 will be discharged from the Plant. 2 0 After the modified 
radwaste sys tern is in operation; discharge of H3B03 will be reduced to 
essentially zero by _use of evaporation which· will cohc-entrate boric 
acid for recycle in the Plant. 1 6 · 

During operation of the Palisades· Plant, steam will be produced in 
the steam generator and will' be condensed afte_r 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 the 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 



III-45 

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 ts 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 wate.r. 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. 2 0 
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. 1117 

.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 lb/yr will 
be used to charge the "green sand" in the s·and 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. 17 The calcite (CaC0 3) is a solid 
filter media used in the domestic water treatment system. The 
calcite is a nonconsumable material and therefore it will not be 
discharged to the environment. 17 

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. 



III-46 

TABLE III-9 

CHEMICALS RELEASED PER DEMINERALIZER REGENERATION 1 

Max. Cone. of Max. Cone. of 
Regenerant in Regenerant in 

Chemicals 
Removed From 
Lake Michiga~2 

Cl-
Fe++ 
Si02 
Mn++ 
Ca++5 

Mg++S 
co= 5 

3 
Hco= 5 

3 

Regenerant 
Chemicals Added 

so= 6 
4 

.Na+6 

Pounds 

3.33 
0.03 
0.50 
0.01 

13.3 
4.0 
2.0 

40.6 

155 
97 

Cone. Before 
Dilution, 

ppm3 

57.1 
0.57. 
8.58 
0.12 

227 
69 
34 

693 

2,650 
1,659 

Cqndenser 
Discharge 

ppm4 

0.003 
0.0003 
0.0004 
0.000006 
0.011 
0.003 
0 .002 . 
0.034 

o.13 
0 .082 

Cooling Tower 
Blowdown4 

0.02 
0.0002 
0.003 
0.00004 
0 .076 

. 0 .023 
0.011 
0.23 

0.86 
0.55 

: i:A maximum of three 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 
maximumof 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 existing 
once-through cooling system. 

"j 

4These 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~lO. 

5The concentration of these ions is normally expressed in terms of 
·ppm of CaC03 .. 

6After 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 an~ 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 III-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 ST030WQR. 
The EPA values are slightly different from the numbers reported in 
Table III-10. All values reported in Table III~lO for the.lake 
concentrations are within the range of values covered by EPA except 
HC03-where the value in the second column of Table III-10 is below 
the maximum of EPA's value of 146 ppm for HC0 3-. Furthermore, for 
purposes of comparison, some data on the drinking water standards 
recommended by the Public Health Service21 and the World Health 
Organization22 are also presented. Table III-10 also lists for 
comp~rison the median and maximum values of certain chemicals 
found in the drinking water of one hundred largest cities in the 
United States.23 

a. Present Once-Through Cooling 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 o~ 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 
eqters 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 chlorin.e treatment will kill all organisms in the coo1ing 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 result 
from the residual chlorine dispersed in the lake water. To minimize 
environmental damage to aquatic life, the frequency and the l~ngth 
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 

MAXIMUM CONCENTRATION IN PARTS PER MILLION OF CHEMICALS IN CIRCULATING WATER DISCHARGE CANALl 

Cone. Added to Lake Drinking Water 
Ave. Cone. of From Deroin. ·From C. T Cir. Water Dis. to Lake Michigan Recommended Limits in 100 Largest 

Chemicals Lake Michigan Process, Blowdown Initial Opr. 2 Modified Opr.3 of Cone. in Cities 
Regenerated Water, ppm ppm ppm ppm ppm Drinking Water, ppm Median,ppm Maximum,ppm 

Cl 9.o 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 i.3 
Si02 2.1 0.0004 0.4 2.1 2.5 7.1 72 
Mn 0.02 0.000006 0.004 0.02 0.02 0.05 0 . 2.5 
Ca 33.6 0.011 6.5 33.6 40.l 7.5 26 145 
Mg 11.2 0.003 2.2 11.2 13.4 so 6 120 
C03 6 0.002 1.2 6.0 7.2 0 26 
HC03 14.3 0.034 1.4 14.3 15.7 46 380 
so~1t 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 
P045 0.013 0 0.26 0.013 0.21 
H3B035 0 0 0 5 0 1.0 
Zn 0.0106 0 0.026 0.016 0.036 
Residual 

Chlorine5 0 0 0.022 o.s 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. 

4 Chemicals released from demineralizer regeneration, 
5 These chemicals are also present in the condenser cooling water but are released through other Plant operations. 
6 Rosaman, R. and Callendar, E., "Geochemistry of Lake Michigan Manganese Modules" Proc. 12th Conf. Great Lakes Research, 1969, pp. 306-316. 
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possible adverse effects from the chlorination tre~tment 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 December 1972. 28 

f 

"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 arid 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 limit.ed to 
not more than thirty (30) minutes during any two (2) 

· hour period." 

EPA in its comments on chlorine discharge·s 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 roonths, could he accomplished by dechlcirin_ation with 
sulfur dioxide or other suitable means, and by correlating 
.chlorination periods with high wave conditions. Furthermore, 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. 

b_., J;>roposed Cooling Towe~t:__em Chemical Treatment 

In Amendment No. 21 dated March 1, 1971, 15 ~o the FSAR, the 
applicant describes a closed cycle cooling system which will 
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utilize mechanical draft wet-type cooling towers, the const.ruction 
of which will be completed by November 1973. 12 With this system 
the major liquid chemical discharge froni 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.l.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 s.odium 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. Residuai chlorine concentration at the discharge 
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 1 - 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 Appendix 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 lll-10). The concentration in the blowdown before 

·dilution with 60 ,000 gpm is 1. 2 ppm zinc and 12 ppm phosphate. 1 7 

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 Ill-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 i•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. 17 

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. 

Other wastes such as trash, shop and construction debris, non­
radioactive HEPA filters, septic tank sludges, .etc., will be 
disposed of offsite by a conunercial Pervice. Large materials 
collected on the water intake trash .. ·2cks 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 
sluicing 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 intq the 
atmosphere include the gaseous effluents Hz, Nz, 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 gen~rators (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 mpnitored 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 eff icien­
cies of >99% for 3-micron particles. 17 ,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 Involved 

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 

· applic'ant 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 connnurt;ity 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. 1 The Soil Conservation Service of the Department of 
Agriculture in.Appendix XII-2 states that no prime agricultural land 
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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 w_ill 
be held to a minimum with water courses either sodded or cemented. 
Runoff water fr.om the site should be ot satisfactory quality." 
Chapter XII out.lines 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, 2 . 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. d.;i.sturbances in several areas, including an area used fo.r 
prestress testing of containment structures, the site pf the concrete 
batching .plant, road construction areas, power-line construction 
sites, and fill areas along the beach where excavated sand has been 

·dumped. 

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 ih low areas inland of. the dunes as fil,l 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 34S-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-miie 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 whichwould 
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 fo.r agriculture. Orchards were 
left intact wherever possible. 

3. Environmental Considerations 

The major envir9nmental 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 long_ifolia). 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,4 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. During 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 likely to produce a more serious 
impact on the site than all previous construction unless special 
care is taken. The plant communiti~s are sensitive to disturbances 
and require several years for pioneer species of plants to reinvade 
disturbed areas. 5, 6 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 stabi.lized dune ridg'e·s 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 re~ommends that the 
applicant keep ·in contact with State and local authorities on con­
structing nature trails, landscaping and replanting dune grasses 
where necessary to res.tore the site. · 
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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 radioactive 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 sunnnar.ized 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. 

V-1 



V-2 

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 perimeter of the Palisades Plant site is posted but does not 
prevent access to the site; however, the iminediate 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 the.discharge 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 

.;y, a .pedestrian bridge across the discharge structure. When the local 
L1groups both north and south of the site learned of this possible. 

·.'.}.action they expressed unanimous objection and· the plan was 
terminated. · 

Water access is unrestricted, although safety w_arning signs will be 
placed in the discharge canal. .The discharge velocity (2 fps) 
should not deter people from·using the immediate area for wading or 
boating. · 

The applicant has plans for building nature tra,ils and allowing 
controlled hunting by archery only in the surrounding dunes area 
within its site. Visitors to the Van Buren State Park, north .ot: 
the site, and Covert· Township Park, south of the site; will have 
access to· these trails. 1 

-c. · 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 o~cur at this time due to the 
effect of the_ he.ated discharges in me],ting ice near the discharge . 

. · s.t.ructure. ·Ice which forms along the shore. helps protect the 
sandy shorel:tne. from· erosive wave _action.during th~ _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 
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the shore out into the lake. 2 In severe winters this consolidated 
zone can extend 10 to 15 .:iu.1es into the lake, but generally it extends 
only a few .hundred yards. Beyond the consolidated zone there exists a 
zone of unconsolidated, but densely packed floes that blend into pro­
gressively more open water. An '1ice 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. 2 • 3 Marshall 3 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. 4 

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 shore ice to 
accumulate in apparently n~rmal fashion behind a small melt hole. 
·However', the· unconfined natural mouths of even small streams appear 
to be capable (without man-made heat) of destroying substantial amounts 
of the protective shore ice. 4 

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 ~uring 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 affec~ only the portion of the beach controlled 
by the applicant, .which extends over 2,000 feet on each side.of the 
discharge structure. 
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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.5,6 Churchs has in­
dicated that steam fog will form if the vapor pressure difference 
between the air arid 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 t9 vapor saturation 
and condensation. Further vertical mixing tends to evaporate the 

'' ·s.t:~·am fog. However, any observeq steam fog is not expected to··h~;· :·· -
. . thick' rior rise but a short distance off the lake surface. Obser..:. 

vationl·of 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 ~r 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 period of 
time, particularly with relatively high air· flow currents across· 
the large surface of the lake. 5 ,6 Some of the water droplets _will 
be removed by vegetation and other surf aces 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. 

..... ,. 
1 • 

The towers will not be visible from U. S. Highway 31 or Highway l-196, 
·because of the sand dunes b~tween. 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. 
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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 pours each year <:!nd visib'le over South Haven less than 1 hou:t each 
year as claimed.7 

b. . Climatic Effects of· Cooling Towers 

The atmosphere will directly abs.orb 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 dispo.sal from a nearly 
point source such as cooling towers results in an adverse impact on 
the atmosphere is unclear at present. Smith8 has analyzed the use 
of the atmosphere as a heat dump aud concluded that the use of ·.the 
atmosphere for this purpose would be appropriate, provided there are 
controls to limit dev~lopment of any adverse effects. The locally 
intensified 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 land.fa No global 
climatic problems due to rejection of waste heat from th.e Palisades 
Plant cooling tower plumes are anticipated during its lifetime . 
operation. 11 • 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. 7 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 plunie 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 
planned for installation at the Palisades 
their environs by evaporation and drift. 

cooling towers of the type 
Plant will disperse water to .. 
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 innnediate 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 concent~ated by evaporation will also be distributed 
on the surrounding land by the cooling tower drift. A tentative. 
list of chemicals to be fotmd it, the drift from the Palisades 
t.owers is given in Appendix V-;l, Table V-1. Appendix V-1 dis­
cusses chemicals generally used in c.ooling 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 ne~rest site botmdary 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 
levef to a minimum at the site boundary. On.e can expect the noise 
to have some impact on.the amount of wildlife within the fenced 
area. 
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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 54% 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. 13 (Thirty percent of the time 
offshore currents occur and 6% of the time there is a calm.) 
The 1 F0 excess isotherm of this plume, as noted in Section 
III.D.l.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 
swinnning and other 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 0 during full power operation is not expected 
to produce a significant change in the dissolved oxygen content 
of Lake Michigan water as it passes through the Pplisades Plant. 
Thus, no change in the ability of the lake water to assimilate 
organic wastes is anticipated. This conclusion is based ueon 
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 c.oncentrations are low and to reduce 
it where they are above saturation. 16 Dissolved oxygen is dis- · 
cussed further, with reference to aquatic life, in Section V.C. 
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b. ,Turbidity 

Turbidity of the lake water may possibly increase because of 
operation of a once-through cooling system at the Palisades Plant. 17 

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 p~ssage 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 In 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.1 5 · 

c. Chemical Effluents 

As shown in Table III-10, of Chapter III, the present once-through 
system will have as its major chemical eff_luents periodic releases 
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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 F0 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 minimum the 
thermal impact on man's use of the lake waters. 

b. Turbidity 

Cooling tower blowdown water may be somewhat more ·turbid or more 
colored because of concentrat.ion 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-induced,turbidity 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 b.iocide but at iess than 1% of the amount conc~ntration 
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 Beeton18 (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 discharge·s near the Palisades_ 
site, but their effects cannot be discounted. 

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

d. Oils and Other Petroleum Products 

Closed-circuit ~ooling 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 lubricat.ion, 
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 Ope~ating experiences at. other sites suggest that these 
impa~ts, 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 .lb of 

'water will tr,ansfer 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 F0

• 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 o·f drift lost to the 
atmosphere. 

Maximum values of water losses from the cooling towers proposed 
for the Palis.ades· 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. In present· cooling·tower technology, 
discharge of about 0.3% of cooling water as blowdown is effected 
per 10 F0 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 conunercial 
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 define 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 docuinented 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 Cooling System 

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, pred~tion, 
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 (us~ally 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 radioactive 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, wh~ch may cause effects· 
greater than the sum of individual effects (synergism). 

nie probable impact of these and other potential sources of biolog­
ical impact on Lake Michigan have been the subject of ·recent active 
debate.19, 20 As a result of the strong assertions concerning detri­
mental effects of thermal.discharges in the lake via a once-through 
cooling system, the applicant agreed to install a closed-cycle cooling 
system. 1 ' 21 

(1) Temperature Increases 

Temperature controls the rates of most ecological processes and· in­
creases in temperature from ~he 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 ). Its 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 spe<;:ies. These discussions follow in V.C.l.a, c 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 15% to 100% 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 
d.iscussion 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. 2 8• 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 
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 maintain.ed at the edge of the crib to ininimize 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. 



TABLE V-1 

EXAMPLE OF NUMBER AND LENGTH OF FISH COUNTED DAILY 
AT THE INTAKE SCREEN FROM JANUARY 23-FEBRUARY 22, 1972 

N = Num b er- L • Len2t h in I h nc es 
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 2-10 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 ? ? 4 

BUR BOT N 2 2 2 2 2 3 2 
L 20 24 20 ? 8 10 16 ? 18 25 

CARP N 11 2 
L 3 3 

'COHO N 1 3 1 
SALMON L oieces pieces oieces. 

LAKE N 1 2 1 
TROUT L 14 16 28 24 

' 
BOWFIN N 2 4 3 4 2 2 5 1 1 3 2 

L ? 14 ? ? ? ? ? 18 20 13-18 15-16 

PERCH N 2 15 1 1 5 17 5 5 1 4 r 2 1 
L 4-5 3 7-10 6 3 10 6-10 ? ? 8 ? 8· 6 10 10 -

SCULPIN N 18 37 351 40 12 4 35 8 80 80 90 25 25 32 .. 18 8 5 27 
L 4 3-4 1-3 ? ? 3-5 3-4 3-5 ? ? ? ? ? 4 ? ?- 4 3-5 

SMELT N 1 3 6 1 10 4 -
L 6 8 ? ? 3 8 ,' 

RAINBOW N 2 2 1 1 
TROUT L 10 8-10 6 14 

SUCKER N 2 6 2 1 2 4 2 3 3 3 1 2 1 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 

CHUJf " ,. N ' - ' 1 ._ ",. ---- ,, -1-- ,. , ............ ·..:- ............. ' .......... ' ' " ' ' ..- ,...., ....... ..... -: -.· ..... ' -. ~- ..... ,,...;,·. .;;:- ' ............... - ' - ... , ....... , . 

.L 6 3 ' 
.. ,. 

' 
CHANNEL 'N - " 1 
CATFISH L 8 

CHINOOK N 
SALMON L 

< 

CISCO N 
L 

TOTALS 18 41 389 50 18 38 48 11 205 185 98 112 29 32 50 0 33 10 0 9 3 0 0 34 3 0 2 
·-. 
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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 micr.oorganisms 
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
ductio.n, 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 fotmd 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 pseudolinmaeus. 30 Rainbow trout have been 
observed to avoid chlorine residuals of 0.001 ppm. 31 Additipnal 
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 reduc~d 
by the same pattern as the temperatures; however, since chemical 
reactions will reduce residual chlorine in the lake, dispersion 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 

Protozoa 

Cladoceran 

Scud 

Trout fry 

Brook trout 

Brown trout 

Fingerling 
rainbow trout 

Rainbow trout 

No. 

1 

2 

·3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

44 

45 

17 

15 

16 

Eff d . (a) ect en point 

Lethal 

Lethal (4 days) 

Safe concentration 

Safe concentration 

Lethal (2 days) 

Lethal (instantly) 

Median mortality 
(90 min) 

Mean survival 
time (8. 7 hr) 

Mean survival 
time (14.1 hr) 

Mean survival 
time (20 .9 hr) 

Mean survival 
time (24 hr) 

67% lethability 
( 4 «:lays) 

Depressed activity 

7-day TL50 

Not found in 
streams 

Not found in · 
streams 

Lethal (4 to 5 hr) · 

Slight avoidance 
(10 min) 

Lethal (2 hr) 

Reference 

Hale , 19 30 114 

Biesinger, 1971115 

Arthur, 19 71 116 

Arthur and Eaton, 197230 

Coventry, et al., 1935117 

Coventry, et al., 1935117 

Pyle, 1960118 

Dandy, 196 7119 

Dandy, 1967 

Dandy, 1967 

Dandy, 1967 

Dandy, 1967 

Dandy, 1967 

Arthur, 1971116 

Tsai, 1971120 

Tsai 1911120 
' 

Taylor and James, 
1928121 

Sprague and Drury, 
-19693 1 

Taylor and James, 192812 1 



Species 

Chinook slamon 

Coho salmon 

Pink salmon 

No; 

18 

19 

20 

21 

22 

23 

24 

25 

26 
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TABLE V-2 (cont'd) 

Effect endpoint(a) 

96-hr TL50 (a) 

7-day TL50 

Lethal (12 days) 

First death (2.2 hr) 

7-day·TL50 

100% kill (1-2 days) 

Maximum non-lethal 

100% kill (1-2 days) 

Maximum non-lethal 

Reference 

Basch, 197174 

Merkens, 195872 

Sprague and Drury,196931 

Holland, 'et al., 1960122 

Arthur 1971116 · , 

Fathead minnow 1 ~" 27 TL50 (1 hr) 

TL50 (12 hr) 

Holland, et al., 1960122 

Holland, et al., 1960 

Holland, et al., 1960 

Holland, et al. , 1960 

Arthur, 1972123 

White sucker 

Black bullhead 

Largemouth bass 

Smallmouth bass 

Yellow perch 

Walleye 

Miscellaneous 

28 Arthur, 19 72 12 3 

29 96-hr TL50 · Zillich, 1969 a,b,c73 

30 7-day TL50 Arthur, 1971116 

31 Safe concentration . Arthur and Eaton, 197230 

32 

33 

34 

35 

37 

38 

36 

39 

.40 

41 

42 

43 

46 

47 

Lethal (30-60 min) 

7-day TL50 

96-hr TL50 

7-day TL50 

TL50 (1 hr) 

TL50 (12 hr) 

Not found in 
streams 

Median mortality 
(15 hr) 

TL50 (1 hr) 

TL50 (12 hr) 

7-day TL50 

Fobes 1971124 
' 

Arthur, 19 71116 

Arthur, 1971 

Arthur, 1971 

Arthur, 19 72 12 3 

Arthur, 1972 12 3 

Tsai, 1971120 

Pyle, 1960118 

Arthur, 1972 12 3 

Arthur, 1972 123 

Arthur, 197111 6 

7-day TL50 Arthur, 1971116 

Initial kill (15 min) Truchan, 1971125 

Erratic swinuning 
(6 min) 

Truchan, 19 7112 5 

(a) TL50 = median tolerance limit. 



V-19 

temperature excess (above ambient) of 0.085°F. The effective 
cqncentration 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 discusse~ in Appendix III-1. 

·In view of the alternative systems that are currently available 
for removal of growths fr.om 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 poxes 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 leveis for 
intermittent use of chlorine. 

(b) Boric Acid 

Releases of. boric acid {H3B03) should n·ot 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.3 2- 34 (In water, 1 mg/liter= 1 ppm on a weight basis.) 
Exposure of rainbow trout to 5,000 ~~m 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 TLm's 
of mosquitofish (Gambusia affinis) to boric acid were 18,000, 10,500, 
and 5,600 ppms, respectively. 36 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 probahle shoreline movements of several adult and 
(more.important) juvenile fishes, as discussed under the individual 
species i'n 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 s'peed :formation and lakew.ard 
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 

(Radi?tion 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. Aquatic Biota· 

The once- th'rough cooling sys tern 
environment ·almost exclusively. 
thermal and chemical discharges 
ment and entrainment on aquatic 

(1) Plants 

operation affects the aquatic 
Below are described the effects of 

and mechanical damage from impinge­
plant and animal biota. 

(a) Phytoplankton 

The principal impact of the once-through cooling at Palisades on 
the phytoplankton will be death of some cells and inhibition of 
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photosynthesis in other cells due to toxicity of chlorine. A small 
percentage of cells pumped through the Plant will be killed by 
mechanical disruption. There will be some thermal stimulation of 
growth and reproduction of algal cells in the plume (when there is 
no chlorination), but passage times through warmed areas will be 
too short for significant increase in plankton abundance or replace­
ment of the normal species assemblage by nuisance forms. These con­
clusions are derived from the following analysis. 

i~ Thermal Effects 

Temperature, whether by di'rect or indirect effect, is one of the 
principal controlling influences upon algal growth. The average 
growth rate of natural populations of algae is usually limited by 

·light and temperature when there are sufficient quantities of 
mineral nutrients available. For •xample, the alga Asterionella 
formosa was capable of one cell division per day at 50°F and two 
divisions per day at a temperature of 68°F.3 7 Under optimum grow~ 
ing conditions, some algae are capable of producing three generations 
per day. · 

One of the concerns about artificial temperature elevation is that 
phytoplankton organisms may·be killed, thereby destroying the base 
of the lake's food chain. The lethal temperature for alg~e varies 
with the species and with the normal temperature from which the 
temperature increase is experienced. Most of the algal species 
studied have a lethal temperature in the range from 91°F to 113°F; 
with the majority being near 111°F.38 Diatoms which require cool 
temperatures are generally most sensitive to temperature change 
and cari withstand a teriiperature increase of only 18 F0 above normal. 
No reduction in numbers or species of diatoms was observed in a 
power plant discharge when the relatively constant temperature of 
the outfall did not exceed 94.1°F.38 Similar lack of change has been 
reported for thermal discharges from other power plants into Lake 
Michigan. 39 

A related concern about waste heat discharge has been that undesir­
able species such as blue-green algae may be favored over the more 
desired green algae and diatoms. The more heat-tolerant blue-green 
algae may be better able to survive and grow at high temperatures. 
Diatoms generally dominate the phytoplankton below 86°F.38 From 
86° to 94°F, green algae tend to'be favored over the diatoms, and the 
rate of production and diversity of the population

1

tends to be 
slightly reduced. Green algae are a very useful part of th~ 
ecosystem food chain~ 
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Above 94° to 95°F, blue-green algae begin to be favored over the 
green algae. 38 This is generally viewed as undesirable for aquatic 

. iecosystems because the blue-green algae are not utilized by many of 
the herbivores a~d tend to act as a bottleneck to the flow of energy 
to the rest of the food web. The little-used blue-green algae may 
accumulate in sufficient quantities' to produce objectionable scums, 
the principal outward manifestation of eutrophication. 

It seems unlikely that the Palisades Plant could kill the phytoplankton 
of Lake Michigan and induce a shift from desirable diatoms and green 
algae to undesirable blue-green algae, even in the innnediate vicinity 
of the outfall. Lauer39 reported that he had not found temperature 
increases to cause a discernible shift in species diversity or 
abundance of algal cells, even in the heated plumes, at any of the 
10 operating power plants which he studied, including some on Lake 
Michigan. The literature contains very few instances where such 
efects on phytoplankton in waters receiving waste heat discharges 
have been discerned, even in instances where the capacity. of the 
station and its consequent waste heat discharges are too large for 
a relatively small receiving body of water. 

The low incidence of observed effect of waste heat discharge on 
phytoplankton populations appears to be due to a number of factors. 
Perhaps the most important factor is exposure time. In stations 
similar to the Palisades Plant, phytoplankters experienced tem­
perature elevations as high as 5 to 6 F0

(X: 0
) above ambient for no 

more than 1/2 hour, a relatively short time compared with the 8 or 
more hours required for algal cells to divide .. · Attached algal growths 
on the walls of discharge canals, rubble, and other fixed substrates 
near the mouths of discharge canals are most apt to experience such 
shifts in dominance because they- are almost continually exposed to 
elevated .temperature. At the Palisades Plant, the surface area so 
affected is very small, and any algal cells which break off and 
enter the lake would represent an extremely small fraction of the 
total algal productivity in the system. 

Death of algal ·cells, however·, is not easily recognized, and recent 
studies have measured photosynthesis, or the formation of new 
organic matter, to determine thermal effects.. A number of in­
vestigators have found that photosynthesis rate is affected by 
temperature.3 7 In temperate climates such as at Palisades, photo­
synthesis by the entire phytoplankton community is inhibited, since 
lake temperatures are less than optimal for photosynthesis during 
most of the year. During late sunnner, natural water temperatures 
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may approach or exceed the optimum. An optimum temperature of 
about 86.9°F has been reported by investigators who have been 
careful to distin~uish between thermal and chlorination effects 
at power plants.3 

Thus, artifical temperature increases have the potential for in­
creasing photosynthesis rates during the cooler seasons and 
inhibiting photosynthesis rates during the late summer when natural 
water temperatures are highest. A number of investigators3 7 

have measured the pattern of seasonal response to artificial 
temperature increase and demonstrated that the photosynthesis rate 
must be measured during all seasons in order to calculate for the 
net change from the natural rate. No evidence was found that this 
has been done adequately at any power plant. Therefore, the potential 
impact of the Palisades Plant (and of others being built or planned 
for the lake) cannot be adequately assessed with present knowledge 
regarding photosynthesis rate as a function of temperature. 

Formation of organic matter also requires time. Studies of photo­
synthesis rates require suspension of algal cultures in bottles at 
constant elevated temperatures for at least 2 hours. This consider­
ably exceeds the' time (less than 1 minute) that natural populations 
would be exposed to. the maximum temperature of the P·alisades Plant 
thermal discharge, and it does not match the pattern of exposure to 
decreasing temperature experiencedby phytoplankton during their 
passage through the thermal plume. Dilution of the cooling water 
in the Palisades .thermal plume could be so rapid that any effect on 
organisms passing through would quickly become unmeasurable. The 
present outfall design does not maximize dilution, however, so that 
some increases in organic matter formation may be measurable in the 
24 hours or so that a plume (under conditions of no wind or currents) 
may require to· cool to· about 2 F0 above ambient. These increases 
should be insignificant under most lake conditions. 

ii. Mechanical Damage 

Mechanical damage is common to organisms that are 
plants or through scientific collecting devices: 
be due to abrasion or to rapid pressure changes. 
breakage is u~predictable. 

pumped through power 
Cell breakage may 
At present, such 

Ayers et al.40 observed a small decrease, about 15%, in numbers of 
phytoplankton during their passage through the cooling system of the 
Waukegan Power Plant on Lake Michigan. Since thermal damage would 
not destroy the carcasses, some type of mechanical destruction must 
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have been responsible for loss of cells. Considering the 1-day 
generation times for most phytoplankton algae, this loss seems 
well within the capacity of the community to recover. Since 
proliferation of algae as a result of eutrophication is feared 
in southern Lake Michigan, any small detriment to such prolifer­
ation might be welcome. 

iii. Chemical Effects 

Mortality of phytoplankton resulting from organisms passing through 
cooling systems (or loss of their ability to photosynthesize) have 
recently been attributed to toxic chemicals rather than to heat or 
mechanical damage. 4 1 Chlorine is used in many generating facilities 
to rid the cooling water piping of bacteria, fungi, and algae. 
These treatments are generally periodic "slugs" of high concentration 
(perhaps once a day, depending upon the power station). The treatments 
affect natural communities that pass through the station as well as 
the target organisms that lodge there. 

Operating plans for the Palisades Plant call for periodic application 
of chlorine to .the cooling water. The residual chlorine at the dis­
charge will not exceed 0 .5 ppm. The length of treatment will be 
limited to_ one hour per month. With the relatively clean water supply 
available at the .Palisades site, a cleaning process to remove surface­
adhering materials should not be required except at very infrequent 
intervals. 

It can be presumed that the chlorine treatment will kill all organisms 
that pass through the cooling system during the treatment period. In 
addition, there may be toxic levels in the lake from the residual 
chlorine or its chemiGal byproducts. One could expect greater mortality 
of the sensitive diatoms and green algae from the chlorine added to the 
lake than of the tolerant blue-green algae, although this pertinent 
question has apparently not been addressed by researchers. Blue-green 
algae already constitute a nuisance in some areas- of southern Lake 
Michigan. 42 

(b) Filamentous Algae 

Since there is negligible bottom substrate suitable for its growth in 
the vicinity of the Palisades site, no impact of once-through cooling 
on filamentous algae (Cladophora) should result. Troublesome accumu­
lations of detached masses are derived from other areas of the Lake. 
Currents induced by the Palisades Plant may reduce accumulations along 
the nearby beaches. These conclusions are derived from the following 
analysis. 
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Accumulations of filamentous algae (Cladophora and Spirogyra) have 
recently become a problem along beaches on the eastern shore of 
Lake Michigan, including South Haven (Fig. V-3), 42 but principally 
to the north in the Muskegon-Grand Haven and Traverse Bay areas. 43 

Spirogyra was found by the Michigan Water Resources Connnission to 
be abundant only north of South Haven. The principal filamentous 
algae near Palisades, then, is Cladophora glomerata. Detachment 
of large numbers of filaments of this normally attached algae 
causes them to become free-floating in the growing season. 
Windrows of algae broken from th~ bottom accumulate alongshore, 
and interfere with bathing. Rotting masses that settle become 
objectionable when they are bouyed to the surface by decomposition 
gases. Dead alewives accumulate with the algae, adding to the 
decomposition. 

A principal factor in development of nuisance growths of attached 
algae is suitable hard substrate for attach~ent. 43 Cladophora 
requires a firm, stable substrate. It is often found' at the water­
line ori breakwalls, boulders, and bedrock wher~_wave action prevents 
the accumulation of sediments. The. b.ottom near the Palisades Plant 
is notably 9eficient in such sediments; and is composed mostly of 
sand with some loose gravel..13 The main hard surfaces during 
operation of the Palisades Plant will be the intake and outfa.11 
structures. Harder sediments are found along more northerly shores 
of Lake Michigan, where the algal problem now exists'. Nuisance 
accumulations on beaches at South Haven are probably strands of 
algae grown many miles to the north or south (n~ar.nutrient-rich 
cities) and transported there by lake currents. 

The southwestern shores of Lake Michigan are extensively colonized 
by Cladophora, 4 3 where heavy growths have been observed from 
Manitowoc to Kenosha; and growths near Chicago and Milwaukee have 
caused nuisance problems. The principal sources of Cladophora for 
beaches near Palisades may be drift from other areas. The bottom 
at Palisades for Cladophora growths should be surveyed to clarify 
the origin of these organisms. Such surveys at the Cook Power 
Plant site about 30 miles south have shown no growing Cladophora,, 
but some rotting plant material has been seen in depressions. 
Where suitable bottom materials exist for attachment, a two-cycle 
growth pattern (in the summer and the fall) has been recognized and 
reported by many observers, 43 , 45- 43 The biology of Cladophora in 
fresh waters has been reviewed in detail by Whitton. 49 Factors 
affecting its growth include the time of the year and water 
temperature differences which affect rates of metabolic activity. 
Rapid growth.begins in June, and by mid-July filaments have 
attained a size of 12-15 cm. The plants remain at this size until 
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the end of July or early August, when renewed growth of the filaments 
initiat.es the second cycle. Growth continues rapidly until the fila­
ments reach a size of 22-25 cm in late ·September and early October, 
at which time they are easily broken in rough water and become free­
floating. Although Cladophora glomerata grows vigorously at tempera­
tures in the range of 45 to 59°F,51 it grows best at 68°· to 77°F.47 
In waters in that temperature range, Waern50 observed the colonization 
and establishment of a belt of C. glomerata within a I-month period 
on bare surfaces. Cladophora appears to be sensitive to temperatures 
higher than about 77°F, which probably accounts for the growth lag 
in summer. 49 The accelerated growth of the second period (end of 
July or early August) has been ascribed to the germination of summer 
zoospores and other explanations. 

Also related to the water temperature differences are the dominance 
patterns exhibited by Cladophora·and other attached algae. Diatoms 

::, .. J,;,iJ;and~.Ulothrix metabolize better at colder temperatures4 7 and hav:e 1 fiouhd., 
to be dominant plants along the Milwaukee breakwall until the end 
of ,June. 4 3 A gradual increase in Cladophora growth occurred as. :the · .. 
temperature rose, until by mid-July it was the dominant alga. As the 
water cooled, Ulothrix again became dominant. 

0

McNaught47 observed 
this same pattern between-Ulothrix and Cladophora beginning at earlier 
dates in Lake Mendota. 

Other physical factors also play a role in the growth and development 
of Cladophora glomerata. Cladophora generally grows best where there 
is an unrestricted water flow. Soderstrom46 and Van den Hoek45 found 
that this species needs a high light.intensity for its develop~ent, 
along with a pH range from 7.5 to 8.5. These conditions offer no 
barrier to extensive growth in Lake Michigan. 

Lack of phosphorU:S and nitrogen is generally considered to be .the 
main limiting factor to uncontrolled growths of algae in natural 
bodies of water. These elements are added to water as nitrates and 
phosphates by the breakdown of many compounds such as detergents, 
municipal wastes and soil runoff. Concentrations of 0.3 ppm for 
inorganic nitrogen and 0.03 ppm for phosphates are generally accepted 
as the critical concentrations, if all other conditions remain 
favorable for the growth of algae. These respective concentrations 
are often exceeded by effluent from municipal sewers, and many areas 
in.the Great Lakes exhibit growth of Cladophora· associated with 
these outfalls. 51 Herbst43 concluded.that availability of these nutri­
ents is the reason for the increase to problem proportions of 
Cladophora in the Milwaukee area (which he studied in detaii) and 
the Great Lakes ·as a whole. -. · · · 
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Since the proper physical habitat for this nuisance species of 
attached algae is not found at Palisades, there s~ems little possi­
bility that temperature increases or changes in current patterns 
could stimulate their growth in their normal habitat. Any such 
growths found in the vicinity of the Palisades Plant, which could 
be a nuisance at the bathing beaches, would therefore come from 
some source other than Palisades Plant operation. Temperature 
increases could affect the floating masses derived from elsewhere, 
however, although this has apparently not been studied in Lake 
Michigan. For example, warmer water at the beaches near the 
Palisades Plant might slightly stimulate the rate of decomposition 
to ass·ist ·in clearing the beaches, or to make the decomposition all 
the more offensive. Considering that the stranded masses are heated 
by the sun, the extra few degrees imparted by the thermal plume will 
have insignificant effect. It is unlikely that floating masses 
would be stimulated to proliferate iri the thermal plume, since 
Whitton49 reported that fragments required 21 to 26 hours to double 
.their fresh weight at 68°F. Floating Cladophora would pass through 
.the Palisades plume in a few hours at most. The currents induced 
by the thermal discharge could assist in keeping the Cladophora· 
masses away from the beaches, as observed by Storer (J. Storer, 
State University o.f N. Y. at Buffalo) in Lake Ontario. Instead of 
being blown upon the beaches by winds, the Cladophora would be 
pushed lakeward as it drifted either north or south past Palisades. 
Once the windrows are in the open water, they would probably travel 
many Irrl:les before they would again be forced upon the shore. 

(c) Vascular Aquatic Plants 

There are no vascular ·aquatic plants in Lake Michigan near Palisades, 
according to all available references, including scuba diver surveys 
at the Cook site 30 miles to the south. 40 Such plants abound in 
relatively quiesce~t •. shallow water~ envi.ronments rather "than the 
turbulent wave zone that characterizes Palisades. 

(2) Animals 

(a) · Benthic Invertebrates 

The benthic invertebrate fauna in Lake Michigan have been well 
characterized in several studies since the 1930's. 52-56 Near the 
Palisade~ Plant, the benthic invertebrates were surveyed over. a 
2-year period by the applicant's consultants (see Appendix II-1, 
Table 4 for species list of ben.thic macro-invertebrates collected 
in this area) • 1 ·Bottom samples· were collected at 21 stations over 
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a fan-shaped area within a radius of 5 miles from the Palisades 
Plant (Fig. V-4). Preoperational sampling was first conducted in 
May 1968, and continued through October 1970, although most samples 
were collected during the summer months. Since most benthic species 
are sessile organisms, they are good indicators of environmental 
impact 57 which may result from the thermal and chemical discharges 
at the Palisades Plant. The benthic invertebrates are typical 
of those found in Lake Michigan, with the major taxonomic group 
being amphiods (primarily Pontoporeia sp.), aquatic earthworms 
(Oligochaeta)', freshwater clams (Sphaeriidae), aquatic insects 
(primarily Chironomidae), flatworms (Turbellaria), leeches 
(Hirundinea), and hydra (Coelenterata). 

The density ·and species composition of benthic invertebrate 
communities in Lake Michigan depend on several factors, including 
bottom type (gravel, sand, silt, etc.), amount of organic matter 
which is a food source for benthic invertebrates on the lake bottom, 
water depth, and degree of organic enrichment from municipal and 
i~dustrial effluents entering the lake. 5 8 A wave-washed zone that 
is practically devoid of benthic invertebrate species exists close 
to shore 56 , 59 and extends approximately 1 mile offshore. 60 'This 
less productive zone has very few species and low densities of 
benthos, because of _the disturbance of the sand bottom by wave 
action in shallow waters. As water depth increases away from shore 
and the bottom becomes stabilized and free of wave action, both the 
number of species· and their densities increase (Fig. V-5). The 
increase in density away from shore of two major groups of benthic 
invertebrates found in the area of the Palisades Plant is shown 
in Figs. V-6 and V-7. 

i. Thermal Effects 

Potential effects of the thermal discharges on benthic invertebrates 
near the Palisades Plant are (1) direct lethal effects, and (2) 
sublethal effects resulting in species changes or population 
changes of selected species. Since the intake structure for the 
once-through cooling· system is 6 feet above the lake bottom, entrain­
ment of benthic invertebrates will be negligible. Some species of 
crustaceans that migrate vertically, such as Mysis sp., 60 may be 
entrained, but the total numbers will be small compared with .the 
total benthic community. In addition, preoperational s'ampling 
data showed that Mysis sp. was not abundant near the Palisades 
Plant. 61 · 

The impact of the heated discharge of '25F 0 above ambient when ·the. 
Plant is at full power will depend on dispersion and nlixing ~f ·th~ 
thermal plume in the lake. However, dispersion of the thermal plume 

.. · 
i.' 
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is dependent on wind directions and currents. Over 54% of the time 
the plume will be alongshore (parallel to shore). (See Section II.E 
for a description of the lake hydrology in this area and Section 
III.D for plume dispersion from model studies). Current conditions, 
discharge velocities, and thermal rise across the condensers were 
variables in the alongshore current model developed by Argonne 
National Laboratory62 for determining the dispersion and mixing.of 
thermal plumes in the lake. During periods of alongshore currents, 
this model predicts that the plume will follow the current. The 
1F0 isotherm above ambient lake temperature will be confined within 
600 feet along the shore; about 12 miles down the shore it will 
disperse· and no longer be detectable (see Section III.D for a 
description of plume dispersion). Also, mixing will be relatively 
complete so that there will be negligible vertical stratification 
of the thermal plume. Thus, over 54% of the time, the thermal plume 
will be confined to a relatively small shore area which is in the 
sterile zone of benthic irj.ve:ir.tebf:i:.:ates in this area of Lake Michigan. 

In the case of no lake current (6% of the time) and offshore 
currents (40% of the time), the 1F 0 excess isotherm will extend 
about 2.5 miles directly offshore and will cover an area of approxi­
mately 900 acres. Since this water is less dense, the thermal plume 
will stratify on the surface and therefore will not be in contact 
with the lake bottom. Thus, it should not affect the benthic inver­
tebrates on the bottom of the lake near the Palisades site. 

The benthic invertebrates around the thermal outfalls of several 
operating power plants on Lake Michigan have been studied in order 
to determine the impact of thermal discharges on them. Studies of 
the benthos were conducted by the Michigan Department of Natural 
Resources63 near the thermal discharge of the J. H. Campbell 
Generating Station, a 647-MW coal-fired plant 1/2 mile inland near 
West Olive, Michigan. The plant produces a maximum temperature 
rise in cooling water of 17F0 (9C 0

), which partially cools in a 
5/8-mile long canal before it enters Lake Michigan. Benthic samples 
were collected at five transects.running perpendicular to shore:. 
at the thermal outfall of the plant, 1/2 mile north and south of 
the outfall, and 3 miles north and south of the outfall. The 
tempera~ure rise of the Campbell Plant during the August survey 
was 14F0 (7.8C 0

). Results of this survey showed a significantly 
greater number of species per unit area of lake bottom in the 
transect at the thermal outfall when compared with the control 
stations located north and south of the outfall. However, the 
total number of individuals per unit area was not significantly 
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great~r. It is difficult to assess ,the reason for the increased 
number of species, most of which were crustaceans and.aquatic 
Diptera (Chironomidae), since there did not appear to be a decrease 
in numbers of individuals of the other species that were collected· 
at the control stations. It suggests .that the additional species 
at the thermal-outfall transect were due to organic enrichment 
present in the water of.the Pigeon River that is circulated 
through the plant. Similar increases. of species numbers at thermal 
outfalls in Lake Michigan were. reported by Seeburger64 and Beer 
ax:id Pipes. 15 

Krezoski67 studied the benthic fauna around four power plants on 
Lake Michigan: the Campbell· Plant, the B. C. Cobb Plant, the Big 
Rock Point Nuclear Plant, and the Port Washington Plant. He 
reported a slightly decreased number of benthic invertebrates close 
to the discharge :structures of these four plants, and concluded 
that this was due to current scour rather than a thermal effect. 
Some current scour will probably be observed near the Palisades 
Plant, since the discharge will flow in shallow water at a 
velocity of 2 fps. Any effect on benthic invertebrates from 
the'rmal discharges will be localized ·in the immediate area of 
the outfall and will hav~ negligible impact on the overall b~n­
thic populations, since the density of benthos close to shore is 
very low. ,In fact, innnediately adjacent to shore, the density 
is zero for many species such as amphipods and oligochaetes (see 
Figs. V-6 and V-7). 

ii. Chemical Effects 

Among the chemicals to be released from the Palisades Plant, the 
most detrimental to benthic invertebrate life may be chlorine and 
its compounds such as chloramines. Arthur and Eaton30 found 19-
hour survival of half of a population at 0.22 ppm; reproduction· 
was reduced when the concentration was maintained for 15 weeks at 
0.0034 ppm. The 0.5 ppm of residual chlorine in the discharge (1 
hour per month) will result in toxic levels for benthic invertebrates 
that are in the vicinity of the outfall. Two factors will reduce 
its effect at greater distances; (1) the chlorine demand (i.e. 
other organic material that is present) and (2) the degree of 
dilution of chlorine that reaches the benthos. 

(b) Psannno-Littoral Connnunity 

In the wet zone of sandy beaches of lakes exists an interesting 
connnunity of organisms known as the psannnon which lives in the 
water-filled interstices of the sand. 67 Typically, this is a 
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diverse community consisting of rotifers, flatworms, roundworms 
(nematodes), and immature stages of other organisms such as insect 
larvae. 68 •69 The community occupies a habitat intermediate between 
the dry beach - inland soil communities and the aquatic communities. 
The width of the zone in which these organisms are able to live 
depends on the lake level and water movement. 

Algal flora growing ·on the sand and organic detritus washed onto 
the beach by wave action provide the food sources for the psammon 
connnunity. In turn, psannnon often provide food for shore birds 
feeding in the wet-beach zone. 

The use of the wet beach zone of Lake Michigan as a feeding and 
rest area by shore birds such as sandpipers, killdeer, yellow­
legs, etc., suggests that the psannnon connnunity is an important 
food source for these shore bird species. Thus, the psannno-littoral 
connnunity may be an important component in the Lake Michigan eco-· 
system and ·one which must be co~sidered in assessing potential 
impacts from operation of the Pctlisades Plant. 

Since it is the near-shore waters which provide the water for the 
psannnon, any deterioration of the beach-zone waters could affect 
it. The effluent from the Palisades Plant will disperse along 
the shallow beach zone when there are alongshore currents (see 
Section III.D for a description of thermal plume dispersion), and 

. the he?ted water and chemicals added to the effluent will thus 
contact the psannnon connnunity. Because of the lack of data on 
the sensitivity of this connnunity to thermal and chemical conditions, 
it is difficult to assess the impact of Plant operation on the 
psammon in the area of the Palisades site. Considering the predicted 
rapid loss of heat to the atmosphere, and pltune dispersion, however; 
the area of severe thermal impact from the plume on the beach-zone 
connnunity will be small, covering a relatively small area of "beach 
to the north and south of the Plant. 

The impact _of chemicals such as chlorine on the psannnon, however, 
may be more severe in light of the sensitivity of some invertebrate 
species to sublethal concentrations, as previously discussed. If 
toxic levels of chlorine to psannnon species persisted as far as a 
few .miles along the beach, this would have an adverse impact on_ 
the Lake Michigan ecosystem including onshore birds utilizing the 
psammon connnunity as a food source. In addition, maintenance of 
natural communities of aquatic organisms is considered important 
and necessary when the specific role of these species is unknown. 
However, there may be some impact on the little studied psannno­
littoral community but this cannot be predicted with present 
knowledge. 
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(c) Zooplankton 

Zooplankton organisms will be pumped through the Plant cooling 
system, and some of them will likely be killed by mechanical 
abrasion, pressure changes, thermal shock, chlorination, or a 
combination of factors. Limited evidence now available suggests 
that about 30% of the organisms drawn into the turbine condenser 
flow (390,000 gpm) may be killed, as well as all organisms enter­
ing the service water flow (15,000 gpm). At apparent maximum 
densities of zooplankton in lake water in June of about 5.7 organisms 
per gallon, 44 the Palisades Plant may kill 11.1 billion zooplankton 
organisms per day out of, 34.2 billion drawn into the Plant. Most 
of the organisms so destroyed would enter the food chain as ·organic 
debris and thus would not be lost to the lake ecosystem. Genera­
tions of most zooplankton organisms are short and the unaffected 
stocks in the lake may be large enough for repopulation to occur 
within a few days, although there may be changes of species associ­
ated with greater mortality of some forms. The present limited 
information on zooplankton damage during entrainment in cooling 
water generally, and th~ lack of adequate understanding of zooplankton 
composition or community dynamics at Palisades in particular, do .not 
allow a precise judgment of the significance of impacts on zooplankton. 
The following considerations are important to this assessment. 

It is unlikely that the abundance of zooplankton in the intake water 
will differ substantially from that in the lake water surrounding 
the intake. The abundance there probably varies seasonally and 
diurnally (as the organisms migrate vertically with a 24-hour period) 
although there are insufficient data available to confirm these 
common variations at Palisades. In addition to those organisms 
that are pumped, others will be entrained in the. dilution water 
which mixes with the thermal plume dispersed in the lake. 

The relative importance of the three principal impacts, thermal, 
mechanical, and chemical, on this group of organisms is not clearly 
understood. Coutant 14 has stated that laboratory' data on survival 
times at elevated temperatures can be.used to predict whether 
pumped organisms will survive the thermal shock. Unfortunately', 
thermal resistance data are not available for the species of 
zooplankton encountered at the Palisades site .. Mechanical damage 
~ay be inferred from studies at existing power plants in which 
broken organisms have been collected in the discharge. Studies 
by Biotest Laboratories 15 at the Waukegan Plant (preliminary re.sults 
obtained through D. S. Bryon, Region V, Environmental· Protection 

c' 
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Agency) identified mortality of up to 30% in the passage through the 
plant in March, 1971 although contribution to deaths by thermal shock 
could not be separated. Use of a different pump raised the percentage 
mortality. In most cases, the larger zooplanktons such as 
Limnocalanus macrurus sustained the greatest mortality, often nearly 
100%. Exposure to chlorine compounds prevents any survival of pumped 
organisms during the period of treatment 1 and likely affects many 
others in the lake. Patrick and McLean70 found several estuarine 
zooplankton organisms to be extremely sensitive to 5-minute exposures 
to chlorinated water, with mortality in the range of 75 to 90%. 
The importance of this treatment would depend largely on its 
frequency. All organisms that enter the service water system 
during treatment can be presumed to be killed. 

In the general absence of more detailed information, we must presume 
that at maximum zooplankton densities in June there will be an un­
avoidable loss of approximately 9.9 billion organisms per day in 
the turbine condenser flow (30% of 33 billion-organisms per day) and 
1.2 billion organisms per day in the service water flow (100% loss 
of organisms pumped). One can speculate that since generations of 
most zooplankton organisms are relatively short, and there are 
abundant supplies of unaffected organisms in the dilution water in 
the lake, losses may be recovered within a few days. The-dead zoo­
plankton will still enter the food chain, perhaps more rapidly than 
would live organisms that are capable of avoiding predators. 
Warmer temperatures in the plume may stimulate the growth and 
reproduction of the affected species (particularly those individuals 

· not pumped through the Plant but entrained in dilution of the plume) 
to the point where the abundance at the downwind side of the power 
Plant may be increased. On the other hand, selective removal of 
larger species may change the species structure of the zooplankton. 
Precise predictions are simply not possible'with available 
information. 

(d) Fish 

IIDP.acts of the Palisades facility upon the 28 fish species identified 
near the site (details are presented in Appendix V-2) can be evalu­
ated only by reference to the life histories of the individual 
species. Of principal importance are the conditions_ when certain 
fish are actually near the site. Most species have far-ranging 
annual movements associated with various- life stages and processes, 
and seasonal lake temperatures. Temperature requirements are specific 
for each species and often for each life stage of any one species. 
Thus, it is pointless to dwell, for example, upon temperature influences 
on incubation of bloater eggs wh~n this process occurs only at depths 
of 120-180 feet or more in southern Lake Michigan. On the other hand, 
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it is important to recognize that while cisco are deep-water fish, 
the juveniles spend the first months of their life in the shallow 
near-shore waters where ~heir alongshore movements bring them into 
direct contact with the Palisades thermal plurne. 

Brief summaries follow of the principal nonchemical impacts of 
once-through cooling on major fish species in the lake; schematic 
diagrams. of annl,lal movements of the fish are inCluded. 'The· 
detailed analyses with references are in Appendix V-2 •. The effects 
of chlorine and other chemicals on fish are discussed collectively 
at the end of this section. · 

i. Thermal and Mechanical Effects 

The selection of species to discuss in detail has been a subjective 
judgment of "importance," tempered by limitations of time for 
analysis and availability of information. Fish populations in 
Lake Michigan have undergone drastic changes in the past 100 years 
due to human influences·-- principally commercial fis4ing, penetra­
tion of the sea lamprey and alewife into the upper Great Lak~s due 

·to opening of the Welland Canal around Niagara Falls, and intro­
duction of salmon -- and the changes have been documented by the 
staff of the Great Lakes Fishery Laboratory of the U. S. Bureau of 
Sport Fisheries and Wildlife and the State of Michigan Department 
of Natural Resources (see references in Appendix V-2). The 
regulatory staff believes that these chronicles of change identify 
the "important" fish species in the lake today, and offer a guide 
to species likely to experience impacts from the Palisades Plant. 

The-organization that follows considers, in turn, the.alewife 
(especially abundant), four coregonid species (very.· important 
historically or currently and one species listed by the U. S. 
Department of Interior as "endangered"), 71 the salmonid. species 
(important salmon and trout), perch and smelt (abundant at the 
site and important for fisheries), and. two game and two forag~ 
(food) species that are abtindant at the site. 
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IaJ Alewife (Alosa pseudoharengus) 
. . 

Movements of schools of juvenile and.adult alewife along the shore­
line of southeastern Lake Michigan in late spring and summer will 
be interrupted by the shoreline discharge (Fig. V-8). High tempera­
tures may displace some fish from the immediate discharge area. 
Since alewife spawn in t'ributary streams, some may attempt to spawn 
in the discharge at a date earlier than normal. The small size of 
the discharge canal will prevent the nUmberof premature spawners 
from becoming excessive. Annual die-offs of ·alewife in May and June 
(a recurring phenomenon) may be accelerated by a warmer thermal 
plume, or the currents may concentrate dying fish making them more 
visible. The overall impact of the thermal discharge on this species 
is not expected to constitute a significant degradation. Detailed 
discussion begins on page A-~1. · 

[b] Lake Whitefish (Coregonus clupeaformis) 

This species is close to ~he.southern limi~ of its distribution a~ 
the Palisades site, and. depends upon exceptionally cold.winters for 
successful reproduction in the.southern basin~~ Lake Michigan. 
Any.heating of lake water in wint~r will likely reduce reproduction 
success, for spawning woul~ be delayed and hatching advanced by 
several days. There is apparentiy no spawning near the Palisades 
Plant, and population of the s·outhern basin fs likely maintained by 
migration froin the northern part of the lake. There is littl~ 
biologi'cal reason to maintain optimum conditions·for reproduction 
in the immediate Palisa_des area. 

If ·reproduction occurred in the Palisades area (or if the.area is 
designated for possible future reproduction), the principal impacts 
on the. population would· be (1) warming incubating ·eggs on the bottom 
in winter when the thermal plume sinks, and _(2).interception of . 
shoreline movements of ·juveniles by the discharge during the period 
May through July (Fig. V-9). There could be some mortality of · 
juveniles due to the thermal shock of being drawn into the thermal. 
plume with.dilution water. The Palisades Plant thermal discharge 
may preclude use of this immediate area for future successful 
reproduction of the whitefish. The impact should not be major, 
however, if other shoreline areas are available, principally in the 
northern parts of the lake. Detailed discussion of this species 
begins 9n p. A-45. 

[c] Cisco or Lake Herring (Coregonus artedii) 

The principal impact of the thermal discharge on the cisco would 
likely be entrainment of juveniles in the.plume during shoreline 
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movements from mid~spring through late summer (Fig. V-10). Water 
temperatures may be sufficiently high in the plume to cause some 
deaths due to thermal shock, unless the fish are able to avoid the 
plume (most likely when fish are larger in summer). The irmnediate 
impact will not be major for the lake since the species is currently 
not abundant in the Palisades area due to severe competition with 
the introduced alewife. The Palisades area does not appear. to be 
an especially important site for re-establishment of the population, 
although present evidence is inadequate for precise judgment. De­
tailed analysis of this species begins on p. A-51. 

[d] Bloater (Coregonus hoyi) 

No impact is anticipated since all available evidence ·suggests that 
the species occurs only in deep water· that will be unaffected by 
thermal discharges from Palisades into the lake (Fig. V-11) .. A more 
detailed analysis begins on page A-58. 

[ e] Endangereci" spe~':ies: The longj aw cisco, 
Coregonus alpenae 

In the United States, 101 species and subspecies of wildlife (14 
mammals, 50 birds, 7 reptiles, 30 fish) are n0w threatened with 
ext inc ti on. Include.cl in this list is the longj aw cis co, a species 
that· formerly had been common in Lake Michigan. 71 

The endangered existence of Q. alpenae is clearly related to dif­
ferent factors 'than' temperature change or other influences likely 
to occur from the Palisades Plant, as is discussed in more detail 
beginning on page A-5$. The principal influences have been the 
commercial fishery, the sea lamprey, and introgressive hybridization 
with other species. 

[f] Coho Salmon (Oncorhynchus kisutch) 

The principal impact appears to b·e from elevation of water tempera­
tures near the mouth of the Black River in September to near-lethal 
levels when fish are .concentrated there prior to spawning and are 
unlikely to attempt to avoid the warmer water. This would occur 
during strong onshore winds when the Palisades plume is pressed 
along the beach, and the 1F0 excess isotherm may occur up to 12 
miles away. The frequency of this occurring has not been estimated. 
The impact of some losses of fish or delay in entry into the Black 
River on survival of the s,pecies in Lake Michigan is not expected 
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•. 
expected to be major, particularly since more salmon generally 
return -to parent streams than are necessary to supply hatcheries 
with eggs. On the other hand, .elevated temperatures may modify the 
availability of these adult fish to fishermen in the fall, a factor 
that cannot be assessed with available information. The warm thermal 
plume may hasten retreat of salmon to deeper water in the summer 
but attract them in early spring (as do tributaries). This may 
enhance _the early spring fishing but shorten the fishing season in 
late spring by a few days (Fig. V-12). Detailed discussion of this 
species begins on page A-61. 

[g] Chinook Salmon (Oncorhyncus tshawytscha) 

Limited knowledge about this recently introduced species suggests that 
there will be no major impact from Palisades cooling water. The 
species is not stocked in the Black River, and thermal influences 
will be trivial at the St. Joseph River. . See. page· A-62 for more 
details. 

[h] Lake Trout (Salvelinus namaycush) 

Experimental fishing by the U.S. Bureau of Sport Fisheries and Wild-· 
life conducted after preparation of the Draft Detailed Statement 
suggests that this· species may now be spawning in large numbers 
along the entire southeastern shore of Lake·Michigan, including the 
area near the Palisades intake. Stratification of the thermal 
plume at the surface will probably not retard spawning.in the fall 

, (although this should be examined carefully) but the sinking plume 
in winter will subject the incubating eggs to abnormally warm 
temper_atures. periodically and induce premature hatching. The' 
severity of this effect for successful reproduction: .c'annot be 
established with available data. Additional information.is pre­
sente.d in the Appendix V-2, page 63. 

[i] Steelhead Trout (Salmo gairndneri) 

Steelhead will be attracted to the current patterns at the discharge 
during seasons when· temperatures do not exceed about 70°F. This 
should prov_ide additional fishing. The warm temperatures of summer 
will cause fish to avoid the immediate area. The impact may, on 
balance, be favorable for utilization of this species. See Appendix 
V-2, page 68 for further details. 

[j] Perch (Perea flavescens) 

This is the most abundant gamefish in the Palisades area. The 
principal impact would be on juveniles in the near-shore area that 



N 

------·-WISCONSIN 
? 
• ILLIN.OIS 

I 

CJ) I c::( -1z 0 <t 
Z­
-10 _J,z 
~1-

V-47 

JULY 

Fig.¥-.12 

10 5 0 

PALISADES 

MICHIGAN 
IND I ANA 

10 20 30 40 
··········----

SCA LE IN MILES 

Annual Movements of Coho Salmon in Southern Lake. Michigan 



V-48 

could be displaced by.the warm·plume or chlorine in summer (Fig. V-:L3). 
A .small number of ·adults attracted to the discharge in winter may be 
unable to reproduce successfully. Detailed analysis is presented on 
p. A-68. 

[k] American Smelt (Osmerus mordax) 

Smelt occupy the area of the lake in which the Plant intake i.s located 
and some may be drawn into the cooling water (Fig. V-14). Water 
velocities are low at the unscreened margins of the intake crib, but 
are too high at the intake pipe (9 fps) for smelt to swim against. 
Shoreline spawning may occur (although most spawning is in tributaries) 

.,'and eggs and fry may be drawn into the thermal plume and damaged by 
.thermal shock or chlorine toxicity. Some smelt may attempt to spawn 
in the discharge (as an artificial tributary). Insufficient data 
are available to judge whether the impacts on smelt will be signifi­
cant. For further details see p. A-70. 

[l] Spottail Shiner (Notropis hudsonius) ·and 
Trout-perch (Percopsis omiscomaycus) 

The distribution of these two species places them in proximity to 
the inlet structure during fall anci winter and to the thermal dis­
c:~arge in spring and summer. Impact will depend upon behavior of 
the fish, which is poorly understood (Fig. V-15), 

ii. Toxicity of Chlorine to Fish 

Chlorine. is toxic to fish. .It is instructive to compare the proposed 
·o.s ppm chlo,rine resid'ual for.Palisades with toxicit~.info.rmati.on in .. 
the· biological literatu,re.. (see Fig. V-2). Mer kens 2 · found that at 
a pH of .7.0,·0.08 ppm of re~idual chlorine killed half of his test 
fish in 7 days.· Zillich73 .found chlorinate sewage effluent to be 
toxic to fathead minnows· at residual chlorin concentrations of 0.04 
to 0.05 ppm. Basch74 found that .SO% of a p~pulation of rainbow trout 
could tolerate 0.23 ppm for only 96 hr. Arthur and Eaton 30 showed 
that the highest concentration that produced no effect on the life 
cycle of the fathead minn:ow was 0~016 ppm. Sprague and Drury 31 showed 

· an avoidance .response by rainbow trout to free ch+orine ·1evels of 
0.001 ppm. 

The Palisades discharge can be expected to.induce toxic concentrations 
of chlorine or c:hloramines over sizeable areas. With strong along­
shore currents, about 2 miles of shoreline will be traversed before 
dilution brings an initial O.S ppm chlorine to nontoxic levels. 
Since this zone is heavily used by juvenile fi,sh in summer, the 
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impact could be significant, either through mortality or (more likely) 
exclusion of the area as suitable habitat. Among juveniles of the 
major species discussed in the Section V.C.l.c(2)(d) above, the 
most obvious possibilities of danger from chlorine in the plume are 
fatal to juvenile cisco during shoreline movements from mid-spring 
through late summer, displacement of juvenile pe·rch in summer and 
damage to fry and eggs of the American smelt during possible shore-
line spawning. · 

It is concluded that limitation of the residual chlorine concen­
tration of 0.5 ppm at the point of discharge into Lake Michigan and 
restriction of the length of the chlorination treatment to one hour 
per month should reduce, but not eliminate, the adverse effect on 
aquatic biota near the Palisades Plant site. If observations during 
chlorinat'ion reveal mortalities or evidence of stress in local popu­
lations,- the applicant shall be .required to reduce the duration of . 
treatment or concentration of chlorine residual to minimize effects 
on lake biota. It is understood that chlorine discharge will diminish 
greatly after completion of the closed cycle cooling·system. 

(3) Applicant's Initial Ecological Monitoring Program 

An·ecological monitoring program had been established to identify 
effects o·f the cooling ·water discharge on Lake Michigan. 66 The 
regulatory staff has concluded that the original program is not 
adequate to identify many of the more likely effects of the discharge 
on lake biota. Our reasons follow a brief description of the 
existing program. {Radiological monitoring is discussed in Section 
D of this chapter.] 

Because of the inadequacies of the original ecological monitoring 
program, it is being modified according to the requirements of 
the Technical Specifications issued for the proposed limited opera- · 
tion of the Palisades Plant at 60% of rated power in connection 
with the staff's testimony presented in the Hearings held on 

·January 25..:.26, 1972. 7 5. The. State of Michigan, Department of Natural 
Resources also had recoIIDnended to the applicant modifications of 
the original environmental programs. 76 The modified ecolOgical 
monitoring program is discussed in the next ·subsection {Section 
V·.C.1.c(4)]. 

(a) Description of the Original Survey Plan 

The study plan was developed for the applicant by biologists on the 
staff of the University of Michigan. 78 Collection and analysis of .. 
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biolog;tcal data have been contracted to T, w. :aeak Con~ultants1 
Ltd. 7 ;tn co<?pe:t;at:lon w-tth. thel-l:tchi.gan Depa.rtment of Natural 
Resources-,· Saio.pl:l:ng b:egan in 1968 and w:Ul conti.nue at least until 
the .end, of 1973. 

Parallel studies are under way at· the applicant 1 s existing foss:U..,. . 
fueled stations on LakeMi.ch:tgan which are ill)portant for mak:lng . 
predictions for the Palisades site, parti.cularly of long..,.range 
effects, The principal investi.gat:i::on has :qeen at th.e 650 :MWe J. H, 
Campbell Plant, located about 40 ini.les· north of Palisades. Character..,. 
istics of the discharge and the lake ecosystem are suffic:lently 
similar that useful physical data can be transferred to the Pal:lsades 
site. 

The' -ecological studies have considered bot tom organisms (with the 
exception of the psammo-littoral comruunity), plankton, _attached, 
algae, fish, and water quality character:lstics _(dissolved oxygen, 
temperature). The bottom organisms were considered to be the most 
delicate indicators of ecological change since they are generally 
sessile and cannot escape stressing environmental conditions. ·Fish 
were not emphasized, due to the belief that they ·could avoid detri- · 
mental conditions and that their long life span indicated too slow 
a population response to environmen.tal changes. It is app2rent 
that fish reproduc~ion and survival of juvenile fish were not 
considered. 

A basic fan-shaped·sampling grid was established that is similar 
to the grid recommended by the Environmental Protection Agency. 79 
Sampling· stat'ions were established at 1/4...,, 1/2-, 1-, 2-, and 5-mile 
distances .from the discharge point on nine radial lines (Fig. V-4), 
Two reference stations were located at the cities of South Haven 
and Benton Harbor, about· 7 miles north and 16 miles south of the 
site, respectively. Samples were scheduled for collection in early 
May, late June, August, and October. There were 21 stations 
originally scheduled for bottom organisms, 10 for plankton, and 3 
for attached algae. There has been some modification of the basic 
plan as experience has been gained. 

Bottom samples are ·being colle~ted by a dredge that cuts .out approx~ 
imately 0,5 square feet of bottom to a depth. of 2 to 6 inches. 
The organisms are screened, identified, and ~ounted. Analyses of 
samples taken prior to Plant operation will be compared to samples 
taken after startup, Distributions of pollution-tolerant and 
pollution ... intolerant organisms wHl be compared, as will th~ species 
diversity of the entire community. 
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Plankton samples are obtained by passing 40 liters of water col­
lected in a limnological sampler through a plankton net. Depths 
of 5, 10, and 15 feet are sampled. Preserved samples are centri­
fuged and the volume of concentrated cells is determined. It is 

· presumed that volumetric measurements before and after Plant start­
up will indicate if operation of the Palisades Plant stimulates the 
plankton. 

Attached algae (periphyton) are collected on plexiglas plates sus­
pended· in the water at a depth of 15 feet. Scrapings of plates 
left for 4 weeks are analyzed for chlorophyll content. 

Fish are collected by two principal methods, gill netting and beach 
seining. Personnel of the Michigan Department of Natural Resources 
have been conducting all fish collections. Gill nets of various 
mesh sizes are set for two 24-hour periods 4 times a year at depths 
of 20, 40, .an'd 55 feet. The beach seine has been· drawn along the 
shoreline immediately north or the Plant site. Additional data have 
been· obtained for offshore fishes from trawl collections by the . · 
U. S. Fish and Wildlife Service. · All captured fish are identified, 
counted, measured, and many are sexed, weighed, and· growth data­
obtained from scales. ' 

(b) Adequacy 

·The heavy emphasis on thorough monitoring of bottom invertebrates 
seems to have been a poor choice. Since the plume will generally 
stratify in the surface laye~s soon.after leaving the.discharge 
(Section III D), these organisms are among the least likely to be 
affected by the Palisades thermal plune and its entrained chemicals 
with the possible exception being the psammo-littoral communi~y 
which has been ignored in the. ·applicant's. monitoring program. 
Bottom organisms are normally scarce in the nearshore waters where 
a surface plume would touch the bottom or where a plume would be 
forced upon the beach by strong onshore winds and alongshore cur- -
rents. The psammon, however which live in the capillary spaces 
near the surface of the wet beach zone will be impacted first by the 
surface plume when there are alongshore currents and onshore winds, 
two conditions which will be the most connnon (54% of the time). 
This would appear to make the psammon an ideal community to monitor 
for detecting biological effects of Plant operation. These near­
shore zones. are also important habitats for young fishes including 
alewife, perch, whitefish, cisco, smelt, and others as described in 
Appendix V-2 .. In addition, the ·wave-washed sands are potential 
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spa-w:n~ng s;i..tes ~ox severa.J. ~;t.~l.l: spec~e~. ,A,nd, not inc~dental,lY'1 . th_e 
f;i;s.h ,are th.e spec;t:es th_at are used d;!irectlr by<.llJc\n, A §trcmgex 
emph.as:l;s to-w&:i:d 1llon:ttor:tng effec.t&· on th.e· psa.t!Jll)o~;t.ttorC\l, col!llllun:tty 
and th.e rep:i:'oduct:tve and rear:tng ph.aSes of f;i;sh"Woilld seen} to 
address the pertinent question 1110Te d:i:rectl.y .of th_e inea8uren}ent of 
magnitude of i1Dpact of therinal d±sch.aTges on biota. 

The timing of sample collect:tons seems- to be. geared to an annual 
calendar rather than to events l:tkely to be important to th.e :iJilpact 
of the discharge on Lake Michigan oiota. ;For example, several f:tsh 
may spawn in November and December in areas affected by the plumes; 
young fish may pass through the critical phases of hatching and 
early rearing in March and April. At neither time are studies being 
made. The critical winter period for possible egg incubation passes 
without any measurements of the temperature distributions that may 
identify a "sinking plume." Plankton sampling at four times annually 
cannot possibly identify natural seasonal patterns, let alone any 
changes in them due to operation of the Palisades Plant. 

The sampling grid for bottom organisms does not appear to recognize 
that a thermal plume will not (except in winter) touch bottom at 
the depths found at most of the sampling sites. These samples will 
provide interesting examples of lack of effect, but will not cover 
the near-shore areas where effects on the psammo-littoral com­
munity might be expected. 

The plankton studies have little prospect of contributing to im­
portant knowledge of the magnitude of the impact of the Plant 
effluent due principally to an analysis that is too simplistic. 
Relative volumes of organisms will tell little about the changes in 
species composition that are important.indicators of eutrophication. 
No distinction is made between plant (phytoplankton) and animal 
(zooplankton) components, nor of silt or sand that might enter a 
sample taken close to the bottom. Large clumps of Cladophora, 
that are displaced attached algae, .are not distinguished from. the 
true plankton. · 

Attached algae other than floating masses of detached Cladophora 
are of little importance in the ~alisades region where bottom 
materials are mostly loose sand. Monitoring of growths on plexiglas 
plates does not appear to be addressing a relevant question of the 
effect of the Plant effluents on aquatic biota, On the other hand, 
careful examination of natural bottom materials for growing 
Cladophora would provide answers to these effects. 
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Perhaps the greatest deficiency in the applicant's original nonradio­
logical monitoring program lies in the adequacy of fish monitoring. 
Contrary to the basic assumption of the monitoring program, the 
fish community may be quite sensitive to thermal additions,, parti­
cularly during reproduction and rearing of young. No attempt has 
been made to design a monitoring program that could assess these 
impacts. The applicant did not indicate that it will record the 
number of fish (if any) that are ·killed by impingement on the 
traveling screens. 

No monitoring procedures appear to be directed to identifying eco­
logical impacts of chlorine separately from heat except for routine 
analysis for residual chlorine in the discharge canal during treat­
ment. Yet to correct for environmental damage, one must know the 
causative factor. Portions of the biota (e.g. benthic organisms) 
will, of necessity, reflect the most adverse recent past condition 
(e.g. a single, highly toxic slug of chlorine) which may not be 
identifiable after ·it has occurred; others can be examined separately 
during periods with and without chlorination. 

The temperature moni~oring program apparently did not originally 
include continuous measurement of intake and discharge temperatures. 
Such measurements appear to be useful for a monitoring program for 
thermal effects and the applicant has recently installed the neces­
sary equipment for continuous measurement of temperature differences 
of the intake and discharge wa~er of the cooling system. 

(4) Modified Ecological Monitoring Program 

The original nonradiological ecological and monitoring program as 
discussed in the preceding paragraphs is considered to be inadequate 
to assess accurately the effects of operation of the Palisades Plant. 
In particular, it will not allow discovery of trends and effects on 
primarily aquatic biota (i.e.D changes in reproduction, migration 
patterns, growth rates, species diversity, etc.) resulting from 
operation with the present once-through cooling system. The modified 
program should improve the capability of the applicant to assess any 
environmental impact from operation of the Palisades Plant and to 
adopt procedures that will permit early discovery of adverse impacts. 

The requirements of the mooified program are as follows: 

(1) Sample the discharge water and the plume and inspect for 
evidence of detrimental effects on aquatic life, such as 
fish kills or fish in distress, during and after the 
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chlorination treatment, i.e., the one-hour per month 
discharge of effluent with 0.5 ppm residual chlori.ne. 

(2) Make continuous temperature measurements of the intake 
and discharge water and thermal plume. Determine the 
actual size and shape of. different e~cess isotherms, 
including the 3 F0 excess isotherm. Develop a thermal 
plume model, using the information obtained from the 
temperature measurements of the different isotherms so 
as to be able to predict the behavior of the plumes. 

(3) Implement a program to identify and record the numbers, 
types and sizes of collected fish that may be killed at 
the trash racks and traveling screens. During intense 

.fish dieoffs that may overload the capacity of the 
census, estimate the numbers and kinds of fish using a . 

. reliable technique. 

(4) Expand the ecological monitoring program to take into 
consideration the reconunendations of sampling and analysis 
of different biota by the State of Michigan Department of 
Natural Resources, 76 ' 77 and include the following: 

Benthos 

Benthic sampling stations shall be added in control and 
discharge areas at depths between the 20-foot depth contour 
presently stated and a point on the water-saturated beach. 
A sufficient number of sampling points shall be established 
to characterize the psammo-littoral conununity and to provide 
evidence of changes due to Plant operation. 

Plankton 

A separate accounting shall be made of zooplankton species 
and numbers at those stations for which detailed analysis 
of.phytoplankton is planned. Since shoreline waters ar~ 
most closely scrutinized by the public, a series of 
sampling stations shall be added in beach waters downwind 
of the discharge when strong alongshore currents prevail. 

Periphyton 

Since the periphyton community does not naturally occur 
on the sandy substrate in the vicinity of Pal;i.sades, the 
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sampling program as outlined by the applicant seems un­
necessary. The sampling area for benthi·c organisms shall 
also be surveyed for occurrence of filamentous algae in 
order to detect any increases in bottom area colonized or 
shoreline accumulations due to Plant operation. 

Fish 

The sampling program shall include additional studies to: 

1) identify spawning f~sh and egg incubation areas near 
the Palisades Plant or to reasonably determi-ne that 
such spawning does not, in fact, occur; 

2)· determine the numbers of juvenile fishes using the 
nearshore zone area for a nursery area and the number 
of these found in the thermal plume (with studies of 
survival in the plume if young fish are.found there); 

3) identify fish mortalities and fish in apparent stress 
during cyclic or abnormal operation of the Plant, 
including chlorination periods or shutdown; 

4) fish collected on the traveling screens shall be in­
ventoried on_ a routine pas is, with fish counted, sized, 
and identified. 

The modified monitoring programwill be useful to assure that the 
applicant has met the State and Federal· di'scharge standards for 
water certification, radiological, or other standards. Furthermore, 
it will be necessary in order to assess the potential damage to 
fish and other aquatic biota from the effluents from the Palisades 
Plant. This will assure that prompt action will be taken, during 
inadvertent releases or abnormal conditions, so that the aquatic 
biota of Lake Michigan and.the surrounding area will be preserved 
and the health and safety of the public will be maintained. Details 
of the ecological monitoring program and effluent releases .are 
also spelled out in the Technical Specifications. The applicant 
has already initiated the above monitoring program during operation 
at 60% of· rated power and shall be required to continue it through­
out the full power license with the once-through cooling and for 
at least two years after the closed-cycle system is installed. - . . 

The results of a good ecological monitoring program will be of 
general assistance to the utility industry in the· design of future 
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power plants. The information .and data collected by the applicant 
or its consultants _should also be analyzed and .evaluated by an 
independent organization such as a uniyersity. In this manner an 
independent assessment of the environmental impact of the Plant can 
be made and used in future power plant design and operation to 
minimize any adverse impact. In this assessment, measurements of 
biological impact should be closely interlocked with the measure­
ments of physical and chemical parameters. 

d. Semiaguatic Biota 

The increasing discharge of warmed effluent~ (both industrial and 
domestic) into northern streams and lakes has changed the duration . 
and extent of normal ice cover in these water bodi~s and has changed 
normal over-wintering patterns of some species of waterfowl. Thus 
Hunt 80 details the increasing use of 'the Detroit River as a wintering 
area for Black Duck, Canvasback, Lesser Scaup, and Redhead since 
1930. Neill.::,1W" · ~~.i+!, University of Wisconsin, Madison) has 
observed conc.e9p:C!t::io1ls of ducks during winter in an area of Lake 
Monona kept ~c:e.-f:r~e by a power plant discharge. There have been 
large concentrations of wintering waterfowl downstream from the 
Commission's Hanford reactor complex on the Columbia River, due 
partly, perhaps, to somewhat warmer water there. 14 ' 27 Several 
species of gulls may also be attracted to op.en water caused by 
thermal discharges. 

The detriment of this process is that waterfowl may become croWded 
into areas near industrial complexes with a shrinking supply of 
wintei.food. 80 The proximity of sources of pollutants, food 
storage, and low air temperatures often interact to produce un­
usually high waterfowl mortalities. 

The likelihood of this process occurring at the Palisades Plant 
is difficult to predict. As noted in Section V .A·.1, shore ice is 
not expected to be much different than at present, although an 
open channel is anticipated from the discharge point to either the 
normal open lake or .to the consolidated ice pack when that is 
extensive. The warm water of this channel could be an attractant. 
The area of such an open channel could be.reduced markedly by use 
of a submerged diffuser system.for warm water release. 

e. Indirect Effects 

(1) Synergism of· Temperature and Other Pollutants 

It is well known that temperature, as the master factor affecting 

"'.)' 

. ~ . . 
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rates of all metabolic functions, can influence the speed with 
which toxic substances exert their effects and, in some instances, 
can influence the threshold concentrations for· toxicity.8 4 Such 
influences could be expected in the thermal plume from the Palisades 
Plant. 

Lake Michigan water quality at the Palisades site is currently 
good, 42 and there are strict controls over the concentrations 
of toxic substances that it may contain. Increases in concentrations 
of toxic materials for which temperature changes would be a signif i­
cant factor in toxicity to aquatic life would be regulated inde­
pendently. The applicant is required to meet local, State, and 
Federal Regulations on discharges including those under Section 13 
of the Refuse Act of 1899 and Section 2l(b) of the Federal Water Quality 
Improvement Act of 1970. ·The applicant has applied for the necessary 
applications µnder the.Federal Regulations and these applications 
are being reviewed. The applicant has received.from the State of 
Michigan Water Resources Commission its Order of .Det~rmination No. 
931, on October 27, 1966, which has since been·a~ended on November 19, 
1971 for the purpose of establishing the size of 'the mixing zone 
(a circle with a radius of 3,630 feet). This Order also· conditions 
the type, amount, and concentrations. of discharges to assure the 
health and safety of the public and aquatic.biota are protected. 

The effect of increased temperature on the toxicity of poisons to 
fish is gen~rally to reduce their time of survival in relatively 
high lethal concentrations, but median threshold concentrations may 
not be markedly changed or may even be increased; the results of 
laboratory tests suggest that an.increase in temperature of 14.4 F0 

(8 C0
) wo~ld reduce the 48-hour median lethal concentration of zinc 

for rainbow trout by a factor of 1. 8 (i.e. increase toxicity) ·but 
increase it (i.e. reduce toxicity) by about 1.2 for phenol, by 2.0 
for undissociated ammonia, and.by 2.5 for cyanides. 82 An assessment 
of threshold effect has not been done on a sufficient number of com­
pounds to allow a clear generality, or.prediction of effect for the 
myriad of materials that may· b_e discharged into Lake Michigan water. 

(~) Cold Kills of Fish 

A potential adverse effect of a thermal discharge is metabolic 
acclimation of fishes to such abnormally warm temper~tures that 
they cannot tolerate sudden cooling should the heat "source cease. 
Naturally occurring cold kills have been reported for the Great Lakes 
when Ghanges in summertime stratification produced sharp_ temperature 
decreases on the order of 30 F0

• The temperature drops required to 
kill. some species have been published, and generally are about 25 
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to 30 F0
• See Table V-3 for summertime acclimation temperatures. 

Recent ·experiments at Oak Ridge National Laboratory have shown that 
a drop of greater than about 5 C0 (9 F 0

) is necessary to stress 
juvenile channel catfish sufficiently to induce an increase in 
vulnerability to predation. The likelihood of a significant cold 
kill at the Palisades facility is small, principally because there 
is but a small area in the discharge where fish could take up 
residence in water sufficiently warm to allow a cold kill. A cold 
kill at the applicant's Campbell -Plant in 1968 was believed to affect 
mostly fish that had been residing in the warm water of the long 
discharge canal.83 There is further detailed discussion of this 
topic under individual species in Appendix V-2. 

(3) Dissolved Oxygen Content 

There should not be a significant change in the dissolved oxygen 
content of Lake Michigan water as it passes through the Palisades 
Plant and through the discharge plume. This conclusion is based on 
an ·extensive review of the literature relevant to this question14 

and on operating ekperiences of power plants located on Lake 
Michigan. 1 5 

Since warm water can hold less oxygen in solution than can cooler, 
water, an elevation of water temperatures by 25 or 28 F 0 in passing 
through the condensers will theoretically result in some loss.of 
oxygen that may subsequently influence aquatic organisms. For 
example, the air equilibrium oxygen concentration in water at 82.4°F 
is 7.9 ppm whereas at lll.2°F the saturation concentration is 6.1 
ppm. Another factor theoretically tending to lower dissolved oxygen 
concentrations in the water passing through a condenser is the 
partial vacuum existing at the discharge end of the condenser; 14 

These theoretical considerations have been examined in a number of 
studies at operating power stations throughout the world. Alabaster 
and Downing,8 4 after examining literature and conducting their 
own studies in Britain, acknowledge that the dissolved-oxygen con­
tent of water used for direct cooling may change slightly in its 
passage through electricity generating stations. This appeared to 
be partly due to the turbulent flow in the effluent outfall causing 
water unsaturated with dissolved oxygen to pick up this gas, while 
supersaturated water lost it. If the initial concentration is near 
the air-saturation value, the increase in temperature in the con­
densers can cause supersaturation. Thus cooling-water discharges 
tend to increase slightly the di.ssolved-oxyg~n content of river 
water where· concent·rations are low and to reduce it where they 
are above s·aturation. 



Table V-3. Lower Incipient . Lethal Temperatures of Freshwater Fish Found Near 
the Palisades Plant. The Temperature Responses Are Used to Assess 

Impacts of Sudden Drops {n Water Temperatures 

Species Acclimation Temperature Low ·Incipient Lethal Temp. lit Reference 

oc OF oc OF oc OF 

Catostomus commersonni 20 68 2.5 37 17.5 31 Hart, 1947(129) 
(white sucker) adult 25 77 6.0 43 19. 34 

Coregonus artidii (cisco) 2 36 <0.3 <32.5 1. 7 3.5 Edsall and Colby, 
Juvenile 5 41 <0.5 <33 4.5 8 1970 (130) 

10 50 3.0 37 17 13 < 
20 68 4.7 40 15.3 28 I 

"' 25 77 9.7 49 15.3 28 N 

Dor·osoma cepedianum 25 77 10.8 51 14.2 26 Hart, 1952 (131) 
(gizzard shad) juvenile 30 86 14.5 58 15.5 28 

35 95 20.0 68 15 27 

Ictalurus nebulosus 20 68 0.5 33 19.-5 35 Hart, 1952 (131) 
(brown bullhead) 25 77 4.0 39 21 38 

30 86 6.8 44 23.2 42 

Ictalurus punctatus 15 59 0 32 15 27 Hart, 1952(131) 
(channel catfish) 'adult 20 68 0 32 20 36 

25 . 77 0 32 25 45 

Lepomic machrochirus 15 59 2.5 37 12.5 22 Hart ,1952 (131) 
20 68 5.0 41 15 27 
25· 77 7.5 46 17.5 31 
30 86 11.0 52 19 34 



Table V-3. Lower Incipient Lethal Temperatures of Freshwater Fish Found Near 
the Palisades Plant. The Temperature Responses Are Used to Assess 

Impacts of Sudden Drops in Water Temperatures (continued) 

Speeies 

Micropterus salmoides 
(largemouth bass) 

Notemigonus crysoleucas 
(golden shiner) adult 

Notropis atherinoides 
(emerald sht~er) ·juvenile 

Notropis cornutis 
(common shiner) adult -

Oncortiynchus Kisutch 
(coho salmon) juvenile 

Oncorhynchus tshawytscha 
(chinook salmon) juvenile 

Perea Flauescens (yellow 
perch) adult 

Acclimation 
oc 
20 
30 

15 
20 
2.5 
30 

15 
20 
25 

20 
25 

5 
10 
15 
20 
23 

10 
15 
20 
23 

25 

Pimephales notatus (bluntnose 15 
minnow) adult 20 

25 

Temperature 
OF 
68 
86 

59 
68 
77 
86 

59 
68 
77 

68 
77 

41 
50 
59 
77 
86 

50 
59 
68 
73 

77 

59 
68 
77 

Low Incipient 
oc 
5.5 

11.8 

1.5 
4.0 
7.0 

11.2. 

1.6 
5.2 
8.0 

3.7 
1;8 

0.2 
1. 7 
3.5 
4.5 
6.4 

0.8 
2.5 
4.5 
7.4 

3.7 

1.0 
4.2 
7.5 

Lethal Temp. 
OF 
42 
53 

35 
39 
45 
52 

35 
41 
46 

39 
46 

32 
35 
38 
40 
44. 

33 
37 
40 
45 

39 

34 
40 
46 

oc 
14.5 
18.2 

OF 
26 
33 

13.5 24 
16 29 
18 32 
18.8 34 

13.4 24 
14.8 27 
17 31 

16.3 
17.2 

29 
31 

4.8 9 
8.3 15 

11. 5 21 
15.5 37 
16. 6 42 

9.2 17 
12.5 22 
15.5 28 
15.6 28 

21. 3 . 38 

14 
15.8 
17.5 

25 
28 
31 

Reference 

Hart, 1952(131) 

Hart, 1952(131) 

Hart, 1947(129) 

Hart, 1947(129) "f 

Brett, 1952(132) 

Brett, 1952(132) 

Hart, 1947(129) 

Hart, 1947(129) 

0\ 
UJ 



Species 

Pimephales promelas 

Table V-3. ·Lower Incipient L_e.thal Temperatures of Freshwater Fish Found Near 
the Palisades Plant. The Temperature Responses Are Used to Assess 

Impacts of Sudden Drops in Water Temperatures (Continued) 

Acclimation Temperature Low Incipient Lethal Temp. tit 

oc OF oc OF oc OF 

20 68 1.5 35 18.5 33 
(fathead minnow) adult 30 86 10.5 51 19.5 35 

Rhini.Chthys·atratulus 20 68 2.2 36 17.8 32 
(blacknose dace) 25 77 5.0 41 20 36 

Reference 

Hart, 1947(129) 

Hart, 1947(129) 
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Samples taken by Alabaster and Downing84 to determine dissolved­
oxygen concentration showed that most unheated water was not 
saturated and that there was either a slight rise in concentration 
in the heated water (due to pumping and mixing at 'the discharge) or 
littl difference from that in the normal iiver water. These authors 
made the further observation that the changes were generally small 
compared with those which occur in most natural waters through plant 
photosynthesis and respiration, through aeration at dams, and through 
the oxidation of organic effluents. 

Adams 85 has reported similar analyses at California power stations. 
Measurements of dissolved oxygen at intake and outfall points showed 
that dissolved-oxygen concentrations were not decreased in passing 
through the cooling water system. Rather, the water merely became 
supersaturated with dissolved-oxygen. As temperatures of the effluent 
dropped in the mixing zone, saturation values dropped correspondingly, 
with little loss of dissolved-oxygen. 

S.tudies conducted at Lake Michigan thermal effluents further confirm 
the conclusion that dissolved-oxygen changes are insignificant in 
lake waters used for cooling.IS 

once the cooling water has entered the lake, rates of oxygen demand 
by organic materials (both living and decomposi'ng) will be.increased 
due to increased temperatures. In waters that are heavily loaded 
with d~composing organic matter, this additional demand can exceed 
the rate of reoxygenation through the water .surface (from the air) 
and dissolved oxygen levels can fall below those normally expected. 86 
While this has been demo~strated elsewhere, it is unlikely to occur 
at the Palisades site. Reoxygenation equations given for previous 
studies indicate that organic loading of Lake Michigan wat~r at 
Palisades is not high enough to produce decreases in dissolved 
oxygen that would be significant for biota.87 

f.. · Estimates of Damage 

A gross estimate of damage to aquatic biota can be made assuming that 
all organisms entrained in the cooling water are killed by a combination 
of environmental effects, including impingement on screens, and that 
these are related to the total fish catch of Lake Michigan. The cooling 
system will use 405;000 gpm of lake water of a total volume of about 
1.,+8 x 1015 gallons, or a ~se of 0 .017% of L~ke Michigan water each 
year. Assuming a fish density of 25 pounds per acre in 1.43 x 107 acres, 
one can arrive at an annual environmental cost of about 60,000 pounds 
of fish a:s an estimated damage· to·_ the. aquatic life in Lake Michigan 
from operation of the Palisades Plarit. 
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2. , Differences Due to Closed-Cycle Cooling Tower System 

While cooling towers seem to offer overwhelming advantages for allevi­
ation of the effects which are believed to be associated with discharge 
of heat to water bodies, their operation can have a distinct impact on 
their surroundings. Wet towers, both the forced draft (mechanical) 
type proposed for use at the Palisades Plant, or those that depend on 
natural draft, are likely to cause more environmental problems than 
dry towers, but in general, they are much more efficient and less 
costly. Some of the characteristics of wet-tower operation that may 
have impacts on the.environment are summarized in the following 
sec ti.on. · 

a. Sources of Potential Biological Damage 

There are three principal sources of potential biological damage 
after installation of the mechanical draf.t .. cooling towers and modi­
fied radioactive waste system described\.,fat:,Se~tion III.D and V. E in 
addition to others common to both cooling .systems'.· These three 
sources are: 

(1) Moisture from evaporation and airborne drift .that is 
deposited on surrounding land affectiqg terrestrial 
plants through wetting and icing. 

(2) Chemicals from liquid blowdown of recirculating 
cooling water to the lake, which may be toxic or 
stimulatory to aquatic .life. There is a wide. 
variety of alternative .chemicals used as biocides 
and corrosion inhibitors, as described in the 
Appendix Section V-1. 

(3) Chemicals from airborne drift that are deposited 
on surrounding land, with potential pr:oblems of 
toxicity to terrestrial plants and animals. 

Other sources will be present in the closed-cycle. system as in the 
once-through system, although each wi·u be reduced substantially. 
These are: 

(1) Temperature increase from elevated temperature of 
the blowdown flow (the cooling towers will produce 
a.temperature evaluation of< 5°F in a flow to 
the lake of 60,000 gpm compared with an elevation 
of about 25 F0 in 405,000 gpm during once~through 
cooling). 
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(2) Mechanical and pressure changes that damage small 
organisms pumped with the 60,000 gpm blowdown 
dilution flow. 

(3) Impingement on intake screens of fish that enter 
the intake with the 60,000 gpm diluti'on flow and 
makeup water. 

(4) Chemicals such as from chlorine (reduced from 0.5 ppm 
to 0.022 ppm (closed-cycle) at the discharge, both 
being intermittent) and other process chemicals 
that may be toxic to aquatic life. 

(5) Induced circulation of the nearshore water at the 
point of discharge. 

(6) Radiation from very low concentrations of certain 
radionuclides not effectively removed by the 
modified radioactive waste system. 

Impacts from these sources are discussed in more detail below under 
the segments of the biota that will be affected, and in Appendix V-1. 

Chemicals used in closed cycle cooling systems deserve particular 
emphasis as potential sources of environmental degradation 
(Appendix V-1). Their potential for degrading water quality and 
the land surrounding the cooling towers has been assessed in the 
following discussion. Careful evaluation of toxicity, food chain 
accumulation, stimulation of nuisance algae, and the technology of 
removal of chemicals from blowdown and drift appear to be very 
important for proper consideration of impacts of closed-cycle 
cooling. · Nearly all the chemical impacts of blowdown to the lake 
could be avqided by ,installation of water treatment facilities as 
discussed in Appendix III-1. Cooling tower suppliers are actively 
seeking to reduce airborne drift. 

The proposed cooling towers will also use chlorine. The concentra­
tion in the blowdown (1,320 gpm) discharge will be 1 ppm for 1 hour 
each day. ·The chlorine residual will be 0.022 ppm after dilution 
of the blowdown by 60,000 gpm and the area affected by chronic low 
levels will be smaller than for once-through cooling. However, 
the period of chlorine discharge will be 30 times longer than for 
once-through cooling. 

There should not be additional dissolved-oxygen losses to Lake Michigan 
water by replacement of the onc€c\-:-thrc;mgh system with a closed-circuit 
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cooling system using cooling towers. The tower blowdown will be well 
aerated due to extensive exposure of water droplets to air flow in the 
towers. Dilution water should not lose oxygen during pumping. Oxygen 
demand by organic matter in the plume will be less than in the once­
through system due to lower temperatures and smaller areas of influence. 

b. Terrestrial 

There are two potential sources of impact on the terrestrial envir­
onment resulting from operation of the proposed mechanical-draft 
cooling towers at the Palisades Plant (see Section III.D.l.b. for a 
description of these cooling towers and their proposed location of the 
site). These sources are: 1) evaporative water losses, which will 
be 12,300 gpm (according to the applicant), and 2) airborne drift 
which will have the same chemical concentration as the blowdown water 
prior to dilution •. · Total water losses in draft are guaranteed not to 
exceed 820 gpm by the applicant and are estimated to be 20 gpm.7 

Several dunes in the proposed a.;:-ea of the cooling towers are over 100 
feet high while the cooling towers will be only 50 feet high •. Many 
trees on the site reach 50 to 80 feet. By placing the towers in dune 
valleys (incompletely healed blowout wind channels), the effects of 
vapor plume and drift from the cooling towers may 'be attenuated locally 
instead of reaching the highways (I-196 and U.S. Highway 31). 

Much of the time the plume will first impinge upon and spread over the 
upper dune slopes. The influence of moisture will probably be favorable 
for plant growth during the warmer half of the year because drought and 
high winds are widely recognized as limitiil'g factors on the. dry dune 
suunnit ecosystems. 89,9l However, during .the colder half of the year, 

··icing is expected to be a pronounced local ecological problem, breaking 
down the branches of larger trees and even of. shrubs much more than 
normal winter storms would. Vegetation succession will tend to revert 
toward conditions of pioneer counnunities; shrubs and grasses may or may 
not retain sufficient strength to prevent expansion of blowout. areas 
(during dry weather) in the locations where plume impact will be worst. 
Grading during construction around the cooling towers would decrease 
protection and increase wind channeling. 

Cold weather is often associated with northwesterly winds in this area 
following passage of polar fronts, so the northwesterly facing dune 
slopes will be impacted most intensively by ice. 91 Balanced balloons 
over a Michigan dune not far from Palisades showed complex wind . 
trajectories; these presumably also would·be illustrated by the plume 
paths as gusty winds swept around and beyond the towers. Even south­
westerly winds are often accompanied by day and night temperatures 
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below freezing for days at a time so slopes facing south and west also 
would be affected by icing from the cooling tower plume. Instead of 
damage that could repair itself by plant growth after natural ice storms 
of a few hours duration, there would be a cumulative effect over the 
weeks and.years for an area which would gradually enlarge. 

A potentially more serious question than icing concerns deposition on 
the dune slopes of materials in 'the airborne drift from the towers. 
During wet weather, or in seasons when leaves are falling, zinc or 
other toxic elements in the drift (Table V-4) also would tend to 
accumulate with organic litter on the ground instead of on the green 
vegetation. Downwash during the winter season will increase the 

. localized deposition of these materials.7 Considering the con­
centrations and total losses of certain chemicals such as sulfate and 
zinc, there could be a severe impact on the plant and animal communities 
in this area surrounding the cooling towers. Displacement of ion nutrients 
by cation exchangers in humus would accelerate leaching of nutrients from 
the dune soils, ~hich are already of poor fertility.89 Cation exchange 
capacity approximates 8 milliequivalents per 100 grams of soil (lower 
on young or dry sites).89 Accelerated nutrient losses of nitrate and 
phosphate is possible by displacement from extraordinary loads of 
sulfate in the places most often drenched by cooling tower plumes. 
Depending on the intensity and extent of these chemical impacts, decreased 
productivity of these dune communities could produce shifts in species 
succession and even some further loss of protective cover which pre-
sently keeps the winds from resuming sand blowing. 

At the maximum drift rate, some 12 lb/day of zinc would be transferred 
to the area around the cooling towers. Although this transfer rate of 
the metallic ion is unquestionably excessive, a considerable amount of 
the element can be expected to accumulate in the surroundings after the 
towers have operated for long periods of time. The exact effect of su~h 
accumulation in dune growths is not certain. · It is axiomatic with 
ecologists, however, that the steady accumulation of the transition metal 
ions in a vegetated area will cause increasing difficulty in maintaining 
healthy vegetation. 

Only after there had been time for considerable cumulative deposition, 
or by instituting special tracer studies (e.g., with artifically applied 
radioactive tracers), would it be known which of the chemical elements 
were being leached out of the underlying sand faster than they were being 
deposited, and which were accumulating through reabsorption in plant and 
animal food chains at sufficiently rapid rates to cause toxic effects. 

In summary, the imp?ct of ice may be less_ serious, even in the long 
run, than effects of chemicals contained in the airborne drift from 
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Table V-4. Estimated Concentrations of Chemicals in Airborne Drift 
From the Proposed Mechanical-Draft Cooling Towers at the 
Palisades Plant, and Estimated Losses of the Chemicals 

on Assuming Water Loss in Drift to be (a) 820 gpm 
and (b) 20 gpm 

(a) (b) 
Concentration · Loss Loss 

Species (ppm) Pounds/Day Pounds/Day 

Na+ ·106 1045 25 

Ca2+ 336 3311 80 

Mg2+ 112 1104 27 

-Cl 90 887 22 

so 2-
. 4 1,262 12 ,436' 302 

HC0
3 

80 788 19 

Si02 21 207 5 

PO 3-
4 12 118 3 

Zn2+ 1.2 12 0.3 

the cooling towers, or in the salts left behind by evaporation of 
the drift. Uncertainties of meteorology and of geochemical cycles 
in the dune ecosystems make it impossible to evaluate the extent of 
damage on the terrestrial ecology from cooling towers placed in the 
manner proposed. 
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c. Aquatic Biota 

(1) Plants 

(a) Phytoplankton 

Thermal and_ mechanical effects will be reduced compared to the once­
through system in proportion to the decreases in temperatures and 
pumping requirements. The cooling tower system will have some ad­
vantages for these impacts. Damage- to plankton in the blowdown water 
diluted by 60,000 gpm could be eliminated· if a diffuser discharge 
were substituted in the lake for the dilution pumping. 

Three chemicals will be released in quantities that may have an 
impact upon phytoplankton: phosphate, zinc, and sulfate (Table 
III-lO;Section III.D. 3.). Addition of the chemical phosphate by 
cooling towers at Palisades can be expected to increase algal growth 
in Lake Michigan. Phosphate is reco~nized as a principal mineral 
nutrient necessary for algal growth. 7 It is currently believed to 
be a controlling factor for nuisance algal growths in Lake Michigan,93 
which has resulted in water pollution control agencies restricting 
the addition of phosphate to the lake. 

The proposed phosphate release from the cooling towers amounts to 
12 ppm in a blowdown flow of 1,320 gpm although personal connnunications 
with cooling tower operators indicate that this may be somewhat less 
in actual practice. The excess concentration at the Plant discharge 
will be about 0.27 ppm after the blowdown is diluted. By comparison, 
the normal concentration of Lake Michigan phosphate has been reported 
to be 0.013 ppm with only slightly higher values in the extreme 
southern end.9 4 The addition will thus raise the phosphate concentra­
tions at the discharge by more than a factor of 20. The southern end 
of the lake has shown increasing trends toward eutrophication with 
far lower phosphate levels than will be induced by the Palisades 
cooling tower operations. 95 Addition of only 0.02 ppm additional 
phosphate to Lake Michigan water has been shown to stimulate addition­
al algae growth.93 

Phosphate additions to Lake Michigan will amount to about 69,500 lb/yr, 
which will be about 3.7 times the average yearly phosphate output b~ 
the Black River at South Haven, based upon data for 1964 and 1965·. 4 

The phosphate output of Palisades (without treatment of blowdown) will 
be equivalent to the phosphate contribution of about 640 square miles 
of the· state of Michigan and a population of about 74,500 people, 
based µpon the average ph~sphate output of all the State's tributaries. 
This figure excludes leaching of phosphate from airborne drift. 

The innnediate effects of phosphate enrichment near the Palisades site 
should be evidenced in the phytoplankton connnunity. There may be 
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some inhibition near the Plant due to chlorine when it is used, but 
once chlorine levels have fallen to below 0.1 ppm the'plankton should 
respond quickly to the added nutrient, as it has responded to nutrient 
input from tributaties 42 , 96 (Figs. V-16 and V-17). The enrichment · 
should favor certain species, perhaps the nuisance blue-green algae.9 6 

Zinc released to Lake Michigan in cooling tower blowdown (1.2 ppm 
continuously at ~ rate of 1,320 gpm which will be diluted at the 
discharge to 0.036 ppm) will quickly attach to particulate matter, 
largely- algae, and enter th.e food chain of the lake in high. concen­
trations (Table V-5). Concentration factors for zinc in Columbia 
River algae averaged grea~er than 10,000 times water concentration.9 7 

Zinc is a required micronutrient for algae, but high concentrations 
would be· toxic.. Toxicity could _be reflected ·in death or sub lethally 
by inhibition of photosynthesis. !~sufficient evidence is availab~e 
to estimate,the effects of the prqposed Palisad~s releases. 

Sulfate ion is. also necessary for plant growth, . at a. minimal-. level 
of-0.5 ppm. 98 Detrimental effects of much higher levels .have not 
received study. 

(b) Filamentous Algae and Vascular Aquatic Plants 

As ·noted previously, the substrate at the P.alisades site. is unsuit­
able for attachment of filamentous a_lgae or vascular aquati.c plants. 
Thus total growths of Cladopl)ora are not expected.t9 develop even 
though. there is an ei:ihanced nutrient supply~ There may be addi­
tional growth of. drifting masses stimulated by locally increased 
phosphate levels, but this grow.th shouid be. minor. 

·(2) Animals 

(a) Benthic. Invertebrates 

The once-~hrough cooling system will have .neglig~ble thermal .. impact 
on the benthic invertebrates; thus installation of cooling towers 
offers little advantage for this component of the Lake Michigan 
biota; . There· may be a slight reduction in numbers of entrained 
organisms which are killed, but entrainm~nt of benthic organisms 
will be negligible since the intake structure is 6 feet above the 

· lake bottom. 

The concentration of chlorine released will be reduced from 0.5 to 
0.022 ppm with the closed-cycle cooling system, thus the impact .on 
benthic species. and the psammon community in .the .wet beach zone 
should also be reduced. Dilution of the chlorine in Lake Michigan 
water should lower chlorine concentrations to below toxic levels. 
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Table V~S. Estimated Concentr&tions o:f Z:lnc :tn Lake Michigan Biota 
in the Area.of the Palisades Plant.Based on Zinc Concentrations 

.l 

in Ef,fluent Water and Concentration. Factors Taken 
From the Literature 

Estimated Normal3 Predicted at Discharge 
(niax) -

Concentration (ppm) 
, Compartment· . 

Water . , 0.010 

Algae 335 871 

Invertebrate~ 100 260 

Fish 30 78 

aFrom references 97 and 99. 

b . 
Zn concentration after dilution. 
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. . . 
very rapidly, thus preventing any· significant impact on benthic · · 
invertebrates.· However, the . reduced chlorine concentration will: be 
offset by the increased frequency of discharge (1 hour per day) 
compared to once-through cooling (1 hour per month) • 

Benthic· invertebrate species show a wide difference in their 
sensitivities to zinc; the highest concentration tolerated by Limnaea 
pereger;·an aquatic snail, was 0.2 ppm, while water boatmen, stoneflies, 
and caddisflies could tolerate 500,ppm. JoneslOl found stoneflies, 
amyflies ~ 'and some Chironomidae (midges) living ;ln a section of river 
containing 60 ppm of zinc from mine drainage. However, oligochaetes, 
leeches, crustaceans, and molluscs were absent from the polluted 
section of river. In light of these elevated levels, the release 
concentration for zinc from the Palisades Plant of 0.036 ppm (Table 
III-lQ should not have an impact on benthic invertebrates. 

v. 
2-

Sulf ate (so
4 

) will be released to Lake Michigan in relatively high 
concentrations from the Palisades Plant but the levels will not exceed 
the permissible surface water; icri_t.erion for public water supplies 
which is 250 ppm. 16 With the·clos~d-cycle cooling system discharge, 
concentrations will be approximately 48.9·ppm compared to the average 
lake concentration of 22 ppm (see Table III-1'0).. These concentrations 
are large enough to promote the growth of the sulfate reducing 
bacterium, Desulfovibrio sp on the lake bottom. This organism is an 
anaerobic autotroph which reduces sulfate to hydrogen sulfide (H2S); 
hydrogen sulfide is itself toxic to fish and invertebrates at concen­
trations less than 1 ppm.1° 2 •104 The optimum growth temperature 
range for this bacterium is 24 to 43°C (75 to 109 .4 °F) but it can 
survive thermal and chemical stress. 104,105 

The organism is an obligate anaerobe and could develop beyond the 
well-mixed beach zone if organic matter accumulated and anaerobic 
conditions developed. The resulting H2S could become an offensive 
odor to persons utilizing the beach and swimming in the area of the 
Palisades Plant. Also, toxic levels of H2S could be.produced in the 
water from reduction of the high concentrations of sulfate released 
to Lake Michigan from the Plant. 

(b) Zooplankton 

Replacement of the once-through system with cooling towers will 
reduce direct zooplankton mortalities to about 24% of that incurred 
by the once-through system (to about 2,;67 billion killed per June 
day). As discussed for the case of once-through cooling, one can 
presume on the basis of limited information that above 30% of zoo­
plankton organisms pumped through the Palisades facility may be 
killed. This would presumably also be true for the 60,000 gpm 
pumped as diluent for cooling tower blowdown. There will also be 
about 15,000 gpm supplied through the service water system in which 
100% of the organisms will be killed. 
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An additional source of damage to zooplankton is chlorination of 
cooling tower water and release of blowdown into the lake. 

Zooplankton in the vicinity of the Palisades Plant can be expected 
to contain high concentrations of zinc d'erived from cooling tower 
blowdown such as .to pass . these high concentrations onto fish, and 
eventually to man. 

Concentration factors of zinc averaged 5,000 times water concentra­
tion in invertebrates in the Columbia River.9 7 

Zooplankton organisms appear to' be more resistant to zinc toxicity 
'than fish (see below). Reproduction of Daphnia magria was reduced 
at 0.10 ppm (water hardness= 45 ppm Caco

3
), while no effect was 

.seen at 0.07 ppm. 1 06 Concentrations in water that are toxic for 
zooplankton will thus not.occur, ·although possibilities of toxicity 
being e~erted through the food chain, or effects of long-term 
buildup of zinc in Lake Michigan, cannot be excluded. 

(c) Fish 

Direct thermal effects upon fishes will be reduced by conversion 
to closed-cycle cooling, although heat input will not cease. Juveriiles 
pumped. in dilution.water (60;000 gpm) will receive thermal shocks not 
much more than 5 F0 above ambient. rather. than 25 or 28 F 0

• Pltime 
temperatures will be lower.in the maximally heated zone, and there will 
be a more. rapid return to.ambient temperatures .. No mortality is· 
expected due to the.rmal changes (see Appendix V-2). 

There will be unavoidable mechanical damages to a few juvenile fish 
that may become pumped with dilution water. Any that enter the ser­
vice water supply (which becomes the cooling tower makeup water). must 
be considered killed. 

Chemical treatment of the cooling tower recirculating water, and 
subsequent release of portions of this water as blowdown, will subject 
fishes to a variety of chemicals. One of the mqst significant of these 
will be zinc. It will be released continuously in a concentration of 
1.2 ppm which will be diluted to 0.036 ppm by the 60,000 gpm diluent 
flow prior to discharge. Its principal impacts will be through 
accumulation in food chains leading to man (see Table v~s) and its 
high toxicity to aquatic life (which wili be especially significant 
after long-term buildup in the lake). · 
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Zinc derived from cooling waterblOwdownw::Ul be concentrated in 
Lake Michigan fish and.can be expected to pass. these·c~ncentrations 
on to nian should the fish be eaten (Table V-5). 'zinc ievels iri 
Columbia River fish were 1,000 to 2,000 times .levels found in the 
water.9 7 Chron:i,c release of zinc to Lake Michigan would cori~titute 
a serious environmental degradation if zinc concentrations in fish · 
flesh reach levels that consititute a heal~h.hazard to man. There 
are no guidelines for environmental zinc at present. The drinking 
water standard. for zinc is 5 ppm, established by the U.S. Public 
Health Service in 1964. 16 

Zinc is extremely toxic of fish. 98 In soft water,. concentra.:tions 
of zinc ranging from 0 .1 to 1. 0 ppm have been reported to be lethal. 
Calcium '["educes zinc toxicity. For mature fish the lethal limit for 
zinc in water containi:qg 1 ppm of calcium was 0. 3. ppm, but in water . 
with 50 ppm of calcium, as much as i.O ppm of zinc was .not toxic.98 
The average calcium content of Lake Michigan waters.is about 31 pp~. 9 4 
Zinc is beiieved to exer.t its. toxic act:i.on by forming insoluble com­
pounds. with the mucus that.covers the gills, by damage to the gill 
epithelium, or possibly as an.internal poison. 

Sensitivity of fish to zinc varies with species, age, 'and condition 
of the fish as well as with the physical and chemical charac.teristics 
of the water. 98 The effects of zinc poisoning ha~e ~een observed ' 
after fish received short exposures and then·were returned to clean 

. water. Salmon in ~he laboratory, avoided wat~r having a zinc conce.n­
tration l~.of the .median lethal concentration.10 7 · 

Warm water. temperatures decrease the s.urvival time of· tro,ut in hard 
water, but the threshold concentration for toxicity and. the 96.:..hour 
median tolerance limit are apparently not affected. 

Applying this·i>ack.gi:ound·dn:E9rmation to the waters of- Lake Mi~higai;i, 
the probable threshold of acut.e toxicity for representative adult 

.·fish may be. about 1 ppm. This would,. of course, vary with par:ticu-:-
1<:1.r circums ta~ces, but may be taken as reasonable: · · . · 

. The .relationship between acutely toxic· concentrations of zinc and. 
concentrations that can be tolerated by an entire life cycle. of a 
representative fish has been obtained by Brungs. 108 A chronic test 
in hard water (200 :PPm. as Caco3 ) involving fathead minnow .reproduc-:­
tion determined the safe concentration of zinc to be between 0.03 
ppm which. had no. effect, and.0.18 ppm which caused 83% reduction. in 
eggs. Using the 4-day lethal concentration for 50% chances of death 
and 50% of survival (L_c

50
) of 9. 2 ppm, the ratio of the above 
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no-effect ?once~tr~tion to.the.Lc50:is 0.0034. A test of 0.5% of 
the LC caused 20% reduction of eggs. From this, the best .estimate 
of va1~9 correction factor (or "application factor" as it is used 
by the Environmental Protection Agencyl06 is close to 0.005. . 
Previous analyses of data such as these suggested that 0.01 of the 
96 hr tn50 dose .is a safe concentration for continuous exposure. 1 06 

The safe level for zinc in Lake Michigan therefore may not be 1 ppm 
(as based on acute toxicity data alone) but rather about 0.005 ppm. 
This compar~s with 0.036 ppm that is. planned for release at.the 
Palisades discharge, and a normal lake concentration of about 0.01 · 
ppm. The lake thus already exceeds levels deemed acceptable from 
available laboratory studies.· The conclusions of both laboratory 

. tests and the "lake chemistry .data are.questionable, howev~r, since 
both rely upon very few measurements. To add more zinc~ in view of 
the present uncertainties, would seen to risk error on the side of 
environme.ntal damage rather than on the side of safety. Zinc, unlike 
heat, is retained by.the lake system and is not lost to the atmosphere. 
Thus, any substantial input ·of a toxic material contributes .. to the 
long-term degradation of water quality. This is particularly true 
in southern Lake Michigan where the flushing rate by inflowing water 
is extremely slow. 1 3 · ·· 

d. Estimates of Damage 

A gross estimate of damage to aquatic biota can be made as was done 
for the once-through system. Since the water used for the cooling· 
tower design is only 60,000 gpm used to dilute the blowdown, the 
damage'would be about 1/7 that for the once-through.system or 8,500 
pounds per year. 

This estimate is orily based on water use and does not t~ke into 
account the lethal or sublethal effects.· of the chemicals present in 
the bl.owdown on 'aquatic •biota' or those in the drift on the terrestrial 
biota. Furthermore, the loss of water by evaporation (12,300 gpm) is 
not considered in estimating this'cost of the adverse impact on Lake 
Michigan. The cooling tower structure may result in an adverse 
aestqetic effect which is difficult to quantify. (See discussion ·of 
cost-benefit analysis in Chapter XI.) 

D. RADIOLOGICAL IMPACT ON MAN FROM ROUTINE PLANT OPERATION 

During routine operation of the Plant at full power, small quantities 
of r.adioactive materials will be released to the environment.. The 
Commission's licensing and inspection procedures will insure that the 
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radiation dose received by persons living near the Plant will be as 
low as practicable in accordance with 10 CFR Part 50.36a and will 
be well within 10 CFR Part· 20 limits. The· staff has made calcula­
tions of the radiation dose using estimates of release rates of . 
radionuclides to the environs and using stated assumptions relative 
to dilution, biological reconcentration in food chains, and "use 
factors" by people. 

The radiation dose estimates from radioactive effluents were calcu­
la~ed on the basis of concentrations. which the staff estimates will 
be released from the Plant. These concentrations differ from those 
used in the appltcant's Environmental Report and are the result.of. 
limiting conditions for operations which will be a part of the 
initial Technical Specifications applying to the Plant. (See 
Sec ti on HID. 2 .·) 

The liquid waste effluents will be mixed with the once-~hrough 
condenser coolant water which is pumped at a rate of approximately 
405,000 gpm from the intake on Lake Michigan and ·discharged back· 
into Lake Michigan. 

The gaseous radwaste effluents is released from vents located about 
200 feet above grade on the containment building. Dilution of the 
gaseous effluent will occur by diffusion and turbulent mixing as 
the plumes are carried by the wi_nds. 

Estimates have been made of the anticipated exposure of persons to 
radiation from the Palisades Plant. The radiation dose estimates 
are based upon the postulated release of radioactive material, 
presented in Tables III-7 and III-8, the population distribution, 
the various dispersion modes applicable for the area, and the normal 
activities which determine the degree of intake or exposure to the 
individuals. Specific data on meteorology and hydrology are pre­
sented in Section.II.E and the population distribution is presented 
in Section II.C of this Statement. External exposure modes con­
sidered were the direct exposure from passing effluent.clouds and 
from submersion in water (swimming). Internal exposure modes · 
considered were those from ingesting food· and water affected through 
ecological chains by the effluents and from breathing air containing 
effluents. 

The applicant has made an agreement with a group of intervenors to 
make two significant modifications to the Palisades Plant within two 
years of beginning operations. The first of these is to augment the 
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liquid radwaste system so that (except for laundry wastes) all liquids 
in the .radwaste system will be recycled back int~ the cooling systems 
and radioactive material removed in processing the liquids will be 
conv~rted to solid form for removal from the Plant .. This modifica­
tion will result in less activity discharged in liquid effluents but 
increase the tritium content in gaseous effluents. This augmented 
system will reduce the liquid waste radioactivity to levels at or 
below. those in the Commission's proposed Appendix I to 10 CFR Part 50 .. 

The secon\f modification planned is the installation of closed cycle 
·mechanical draft cooling towers and a recirculating condenser cooling 
system to replace the present once-through cooling system. Some 
exchange of the recirculating coolant and the lake water will be 
necessary to limit the buildup of solids in the coolant by evapora­
tion~ The effect of using the recirculating condenser cooling-tower 
·system will· be to reduce the volume of liquid effluent discharged 
into Lake Michigan without affecting the amount of rad.ionuclides 
released, e.g., the concentrations at the point of discharge will 
be increased. · . 

This .Statement addresses only the radiological impact of the original 
Plant design.· Three other possibilities exist.: (1) once-through 
condenser cooling with the modified liquid radwaste system; (2) · 
recirculating· condenser: cooling with the. initial liquid radwaste 
system; and (3) recirculating condenser· cooling with the modified 
liquid radwaste system. Compared to the condition evaluated in this 
Statement, the .first and third.combinations would result in lesser 
radiological impact from the release of liquid effluents and the 
second combination wouid .result in a greater impact· (by perhaps a 
factor of 7) at. the discharge point •. However, the second and third 
combination would result in a slightly greater radiologica~ impact 
from the release of tritium in gaseous effluents. In view of the 
small radiologicai impact anticipated from the original Plant desi~n 
(i.e., once-through condenser cooling and, initial liquid radwaste. 
system) evaluated herein and the uncertainties in final design, a 
compl.ete evaluation of the alternatives has not be.en included in . 

·this Statement. 

Two additional nuclear power stations (Donald C. Cook N~. 1 and No·. 2) 
are to be constructed by another utility (Indiana and Michigan Elec-. 
tric Co.) at.Bridgman, Michigan, approximately 30 miles south of the 
Palisades site. The radiological impact of nuclear stations other 
than Palisades Plant is not addressed in this Statement. 
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1. Impact of Liquid Releases .. · 

The radiation doses to persons who drink water affected by the Piant 
are listed in Table V-5. The whole body dose to an individual eating 
50 grams of fish per day, caught at the cooling water discharge was 
estim.ated to be 2.8 mrem per year. The bioaccumulation factors 
used in these calculations are given in Table V-10. The same amount 
of fish would result in a thyroid dose to the individual of l.mrem 
per year. The whole body external dose to persons swimming 100 hr. 
per year in the liqu;id effluent at the poin~. of discharge was .calcu­
lated and found to be 0. 006 mrem per year, and a person fishing at 
that location for 500 hours per year would receive 0.014 mre~. 
Radionuclides suspended in the lake water tend to be adsorbed onto 
bottom sediments which constitute a potential source of expos~re to 
persons standing along the shoreline. Assuming that an individual 
were to spend 500 hours per year on the beach near the. reactor 
discharge, the annual dose would be about 0.12 mrem. 

'' 2. Impact of Gaseous Releases 

The radiation doses to per.sons who are exposed to gaseous eff.lu~~·ts 
from the Plant are listed in Table V-6. The nearest potenti~l 
grazing land of the Plant .is located 2 miles from the Plant in ttie 
SSE sector .. There are presently no cows at that location. Should 
a cow be located there at some later date, the dose to a. child's 
thyroid.from drinking one liter of milk per day from that cow would 
be 2.5 mrem per year. · · · 

3. Radiation Dose to the General Population 

The cumulative population, cumulative population whole.body dose, 
and average whole body dose from gaseous effluents (noble gases) for 
various radial distances from the Palisades Plant_ are presented in 
Table v:...7. The interna·l w.hole body dose to the approximately 
46,500 persons who may get all of their drinking water from Lake· 
Michigan is estimated to be 0.30 man-rem per year. Table V-7 lists 
the water supply data used in making this estimate. There are 
unc.ertainties about local fish catches_, e.g.' specific location . 
and amount. However, a conservative estimate can be made, assuming 
that each of the 1,000,000 persons within a 50-mile radius of the. 
Plant eats 20 grams per day of fish from Lake Michigan, ·and the 
average fish lives in water diluted by a factor of 1,000 .fro)ll the 
canal concentration. This calculation results in a whole body dose 
to the population of 1.1 man-rem. 
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TA:3LE V-6 

ANNUAL AVERAGE DOSES TO INDIVIDUAL AT 
THE MOST SIGNIFICANT LOCATIONS NEAR PALISADES 

Pathway 

Cloud 

Ingestion of 
Farm milk** 

Inhalation 

Whole Body Dose 
mrem 

·o.s1 

Thyroid Dose* 
mrem 

1.3 

1.0 

··:'.~~ . , Bis charge Ingestion of 
.. ,:h:t1 :!i,:Point water*** 

South Haven, Ingestion of 
Michigan water 

Benton Harbor ) 
Benton Central) Ingestion of 
South Benton, ) water 

_Michigan ) 

St. Joseph, Ingestion of 
Michigan water 

0.06 

0.022 1.4 

0.00064 0.42 

0.00060 0.40 

*Doses to the G.I. tract were also calculated but they were found 
to be much less than the thyroid doses .. 

**Assuines a child drinks fresh milk derived solely from a cow grazing 
5 months of the year at a point 3 miles from the Plant in the SSE 
sector .. 

***Assumes an individual obtains one-fourth of his drinking water at 
the discharge point. 
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TABLE V-7 

ESTIMATED. CUMµLATIVE POPULAT.ION, ANNUAL MAN-REM DOSE. AND AVERAGE 
ANNUAL DOSE FROM GASEOUS EFFLUENT IN 

CONCENTRIC CIRCULAR AREAS AROUND PALISADES PLANT 

Radius Cumulative Cumulative Dose Average Dose 
(miles) No. of People (1971) (man-rem) mrem/person 

1 52 0.0061 0.12 

2 325 0.014 0.056 

3 1,800* 0.028 0 .015 

4 3,800 0 .042 0.011 

5 5,900 0.053 0.0080 

10 30,000 0.12 0.0041 

20 130,000 0.22 0 .0017 

30 220,000 0.27 0 .0012 

40 530,000 0.36 0.00067 

50 1,000,000 0.57 0.00057 

*The population and dose figures have been calculated to account for 
an estimated 2,000 persons per day for three months (equivalent to 

. 500 persons/year) at campsites and other recreational sites within 

. a three-mile radius of the Palisades Plant. 



Municipality 

South Haven, 
Michigan 

Benton Harbor ) 
Benton Central) 
South Benton, ) 

Michigan ) 

St.~ Joseph, 
Michigan 
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TABLE V-8 

MUNICIPAL DRINKING WATER SUPPLY INTAKE DATA 
(WITHIN 50 MILES RADIUS OF PALISADES PLANT) 

Distance 
(miles) 

5 

17 

18 

Population 
(1970) 

6,471 

. 29 ,044 

11,042 

Estimated 
Dilution Factor 

1:110 

1:375 

1:398 
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4. Radiological Environmental Monitoring Program 

The applicant began preoperational monitoring surveillance programs 
in June 1968 to determine the background levels of radioactivity in 
the vicinity of the Palisades Plant. This program ha~ continued 
since that date. Samples of·airborne particulates, lake water, well 
water, milk, fish, food crops, aquatic biota, soil, and lake sedi­
ments are collected and analyzed for their radionuclide content. 
In addition to this program, the applicant, along with other parties, 
has sponsored extensive programs carried out by the Great Lakes 
Research Division, University of Michigan, to study the radioactivity 
in Lake Michigan and its flora and fauna. The post-operational sur~ 
vey program proposed by the applicant is basicaily a continuation of 
the preoperational program and is given in detail in the Final Safety 
Analysis Report. (See Table V~9.) This program will be amplified and 
further defined in the Technical Specifications for the Plant. 

5. Evaluation of Radiological Imoact 

In assessing the total radiological impact of the Palisades Plant, 
a comparison should be made with the annual average.radiation dose 
from natural "background" sources which is about 0.1 rem to 
the individual. This source results in a total dose of 100,000 man­
rem. Thus,, operatj,on of the Palisades Plant will contribute only an 
extremely small increment (about 3.0 man-rem) to the radiation dose 
that area residents receive from natural background. Since fluctua­
tions of the natural background dose may be expect~d to exceed the 
small dose increment contributed by the Plant, this increment will 
be unmeasurable in itself and will constitute no demonstrable 
meaningful risk to be balanced against the benefits of the Plant. 

E. RADIOLOGICAL IMPACT TO ORGANISMS OTHER THAN MAN 

This section contains a description of the radiation dose calculations 
and an assessment of the doses to aquatic and terrestrial organisms 
in the vicinity of the Palisades Plant. op·erating conditions under 
which radionuclide releases to air and water will occur have been 
described in Section III.D. 

1. Terrestrial Environment 

Because of the many potential modes and pathways of radiation expo­
sure to terrestrial organisms near the Palisades Plant, a single 
pathway was selected which would most likely result in the maximum 
radiation dose to an organism in the surrounding terrestrial 
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TABLE V-9 

PALISADES ENVIRONMENTAL MONITORING PROGRAM 

SPECIFIC SAMPLES AND COLLECTION FREQUENCY 

Number of SamEles to be Collected 
Sample Collection Palisades 
Class Frequency PreoEerational 0Eerational --
Air Weekly 5 12 

Lake Water Monthly 1 2 

Well Water Monthly 3 3 

Milk Monthly 4 4 

Organic Monthly in Season Crops and Fish Crops and Fish 
as Desired as Desired 

Film or 
TLD Monthly 5 12 

Film or 
TLD Quarterly 5 12 
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ecosystem. In terms of producing the maximum dose, this exposure 
pathway would be for an animal such as a duck or muskrat, etc., 
which consumes aquatic plants (algae etc.) that are growing in the 
water near the point of discharge of liquid radioactive effluents. 
Although other pathways were·considered, this one was selected for 
assessment based on the following: (1) Estimated dose to man from 
(a) submersion in air (external dose), (b) ground contamination 
(external dose), and (c) inhalation (internal thyroid dose) resulted 
in a dose of only 0.4 mrem/year based on the worst-case condition 
(Section V.D). The dose to these terrestrial animals would be 
approximately the same. (2) If a .second internal dose from ingestion 
of contaminated terrestrial plants was added to this dose of 0.4 
mrem/yr, the dose would be raised only slightly because terrestrial 
plants do not concentrate nuclides from gaseous releases at nuclear 
power reactors. (3) Since algae concentrate most radionuclides by 
factors usually ranging from approximately 10 2 to 10 5 relative to 
the concentrations in water, the internal radiation dose· to a wild 
animal consuming aquatic plants would probably be much greater than 
for terrestrial animals having other food chain pathways. 

To assess the potential effect from a combined aquatic-terrestrial 
pathway, the internal dos'e to the whole body was estimated for a 
mannnal or bird eating algae or other aquatic plants as its only 
source of food. The ratio of daily intake (grams of algae consumed) 
to total body weight (grams of animal) was set equal to 0.1, and the 
animal was assumed to be in equilibrium with the algae (i.e., the 
animal had attained an equilibrium body burden of radionuclides such 
that the rate of excretion equalled the rate of assimilation). Con­
centrations·of radionuclides in the algae were computed as the 
product of the radionuclide concentration in effluent water at the 
point of discharge from the Palisades Plant and the concentrati~n 
factor (radionuclide concentration i~ organism at equilibrium per 
unit wet weight divided by radionuclide concentration per ml of 
water in which the organism is growing) for that nuclide. 

The internal dose, D. (mrad/year), for the ith radionuclide to an 
animal consuming aqu~tic plants was computed from the following 
equation: 

D. = 1.87 x 107 x xieq Ei , 
1 m (1) 

where 1.87 x 107 is a constant to convif~t µCi/g of animal to mrad/ 
year, X.eq is the body burden of the i radionuclide (µCi) at 
equilibfium in an animal consuming lOOgof algae per day, E

1 
is the 



V-88 

effective absorbed energy (Mev) of the ith radionuclide for a 10 cm­
diameter-cylindrical shaped animal, and m is th~hmass of the animal 
(l ,OOOg). The body burden, X. eq (µCi), of the i .radionuclide at 
equilibrium in the total body1 of the animal was computed from the 
following expression: 

eq - 1 4 X. - • T. Wi C. g f., 
1 1 1 1 

(2) 

where T. is the effective half-time (days) of the ith radionuciide 
in the ~~gle body of the animal, W. is the concentration (µCi/ml) 
of the i radionuclide in the liqUid effluent gf the Palisades 
Plant, C. is the concentration factor of the it radionuclide in 
aigae or1 other aquatic vegetation (dimensionless), g is the mass 
(grams) of algae consumed per day (100 g/day) by the animal, and f. 
is .the fraction of the ingested quantity of radionuclide "i" that 1 

is initially assimilated by the tissues of the animal (dimensionless). 

The estimated total internal dose to an animal from the given path­
way of exposure was 16 rad/year or approximately 44 rad/day. 
Cesium-134 and 137 Cs contributed 99.9% of this dose. 

Literature on the effects of chronic low-level radiation on terres­
trial biota is not extensive. French13 3 found a suggested shortening 
of life span in pocket mice, induced by 0.9 rad/day chroni~ gannna 
radiation. Available information indicates that a detectable radia­
tion effect would not be found at a dose rate of 16 rad/yr for 
terrestrial animals. 

It must be emphasized, however, that doses to .these animals represent 
extreme conditions, i.e. the organisms are assumed to feed only on 
aquatic plants which are growing in a relatively small area near the 
dis.charge structure. If they consume foods other than these aquatic 
plants, or feed in areas other than the immediate area of the dis­
charge where radionuclide concentrations in algae will be lower, the 
doses will decrease significantly. Also, it is highly unlikely that 
a mammal or bird would feed only in this one location for a period 
of time sufficient to attain equilibrium with radionuclides in aquatic 
plants. 

Although the pathway of exposure to terrestrial organisms which was 
selected is realistic ·since shore birds and waterfowl are known to 
feed in the inshore areas near the Palisades Plant, the estimated 
dose is maximized because of the assumptions we have used. In spite 
of this, the maximum dose is far lower than the dose necessary to 
produce a detectable effect.· 
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2. Aquatic Environment 

Although concentrations of radionuclides in liquid. effluents will be 
diluted in Lake Michigan, the ability of organisms to concentrate 
these materials presents a potential radiological hazard to species 
living in the contaminated water. In Table V-10 bioaccumulation 
factors for radionuclides in fresh water biota are given. 1 ~ 4 In 
order to assess. the potential impact of liquid releases to Lake 
Michigan biota, radiation doses to aquatic plants (aigae etc.), 
invertebrates, and fish were calculated. Dose calculations were 
based on the assump.tion that the organisms live continuously in 
effluent water containing radionuclides in concentrations equal to 
those at the point of discharge from the Palisades Plant (i.e. before 
dilution with Lake Michigan water). This pathway of exposure was . 
used in order to ·maximize estimated d~ses. Organisms living out in 
the lake will receive a .lower dose as radionuclide concentrations 
become diluted with Lake Michigan water. 

Total doses were computed as the sum of the immersion (6 and y) and 
internal dose. The internal dose to aquatic organisms results from 
intake of radionuclides through either ingestion (food chain), direct 
absorption from water, or both. Immersion dose results from 
immersion of the organism in the contaminated water. 

Internal dose, Di (mrad/year), for the ith radionuclide was 
computed from the fo +owing equation: 

7 
Di= 1.87 x 10 W. C. E., (3) 

1 1 1 

where 1.87 x 10
7 

is a constant to convert µCi/g of grganism to 
mrad/yr, W. is the concentration (µCi/ml) of the it radionuclide 

1 . . . 
in.the liquid eftluents of the Palisades Plant, C. is the concentration 
factor of the i radionuclide in the bi~fia of interest, and Ei is the 
effective absorbed energy (MeV) of the i radionuclide (the largest 
effective absorbed energy listed in Report No. 2 of the International 
Commission for Radiation Protection135 was. selected). 

Immersion doses in water were computed with the EXREM computer 
codel36,13 7 • This calculation assumes continuous immersion of the 
organism in water.* Both the internal and immersion dose calcula­
tions assume steady-state conditions (i.e. the radionuclide 
concentrations in water. remain constant). 

The computed internal doses are maximized since the maximum 
effective absorbed energies· (Ei) in man were used .in the 

--- - - -

*Water contains radionuclides as indicated in Chapter III, Table ·III-S. 
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Table V-10 

Bioaccumulation. Factors for Radionuclides 

In Freshwater Biota 
Reconcentration Factors 

Radionuclide Fish Invertebrates Plants 

H-3 0.93 0.93 0.93 

Cr-51 200 2,000 4,000 

Mn-54-56 25 40,000 10,000 

Fe-55-59 300 3,200 5,000 

Co-58-60 500 1.,500 1,000 

Rb-86 2,000 2,000 1,000 

Sy-89-90 40 700 500 

Y-91 100 0 1,000 10,000 

Zn-95 100 1,000 10,000 

Nb-95 30,000 100 1,000 

Mo-99 100 100 100 

Ru-103-106 100 2,000 2,000 

Te-129in-u2 400 150 100 

I-131~132-133-135 1 25 100 

Cs-134...:137 1,000 1,000 200 

Ba-140 10 200 5bo 

Ce-141-144 100 1,000 10,000 

Nd-147 100 .1,000 10,000 

Pm-147 100 1,000 10,000 
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calculation. For small organisms such as single-celled phytoplankton, 
zooplankton, benthic invertebrates, etc., the internal dose will tend 
to be over-estimated because these organisms will not absorb this 
amount of energy emitted from a radionuclide deposited in the body or 
cells of the species. 

Immersion doses to benthic (bottom living) organisms such as inverte­
brates arid periphytic algae, are probably underestimated since a 
source term from radionuclides sorbed onto inorganic and organic 
bottom sediments was not included in the dose calculation. 

There are virtually no organic sediments in the near-shore waters of 
the Palisades Plant and sorption of most radionuclides onto inorganic 
sediments is' greatest when clay minerals with a high cation exchange 
capacity are. present138 , 139 • Sorption of 137cs onto silica sand, 
which is the dominant sediment type in the area of the Palisades 
Plant, 14 0 would be over two orders of magnitude less than on clay 
sediments. 141 Kolehmainen et al. 142 found that the removal rate of 
137 Cs from water by nonbiotic factors was slow in: ·lakes with no clay 
turbidity (i.e., 137cs· remained in solution). In .the near .shore areas 
of Lake Michigan, clay turbidity is low except during storms when 
turbidity increases in some areas as a result of waves exposing the 
clay till which underlies the sand in near-shore areas •. Most of.the 
t.ime, rad_iox:iuclides in the liquid effluent will probably remain in 
solution and be rapidly diluted and dispersed in Lake Michigan rather 
than concentrating on sediments near the· Plant discharge. Thus, the 
external dose to benthic species from sediments should not be sig­
nificantly different from the computed for immersion in water.only. 

Concentration factors . (Ci) used in the calculation. of internal dose 
(Table V-10) were experimentally determined values obtained from the 
literature sin~e there were not data on concentratiort factors speci­
fically for the Lake Michigan ecosystem. Because factors vary in 

. different environments due to various physical, chemical, and bio­
logical conditions, the maximum values for freshwater ecosystems 
obtained from the literature were used in most of the calculations. 

The radionuclide concentrations i.n effluent water are based on 
several assumptions of Plant operation which ten4 to maximize radio­
nuclide concentrations in effluent water based on comparisons with 
actual ?Pera ting histories of 0th.er plants. 
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The estimated total doses (internal plus immersion) for aquatic plants, 
invertebrates, and fishes living in the discharge canal are 11, 7, and 
4 mrad/day, respectively. Most of. this dose in all organisms is from 
internal exposure. The nuclides of cesium and 9 ly contribute most of 
the internal dose in plants, invertebrates, and fish. 

These doses are below those at which demonstrable radiation effects 
to aquatic organisms have been found. The problem of detecting effects 
at low dose levels such as these which result from radionuclide releases 
at nuclear power reactors was pointed out in two recent reviews 14 3,l 44 

and can be summarized as follows: 

"In assessing the effect of low doses of ionizing r8:diation, 
sopI:iisticated means of detectio.n must be used and sensitive 
biological endpoints are necessary as criteria for ascer-. 
taining radiation damage. In experimental practice when 
dose rates are lowered to 1 rad/per day or less, the number 
of factors·affecting the organism are sufficient to mask any 
effects that m:i,ght be present. . Such commonly used endpoints 
as survivorship, fecundity, growth, development, and ~uscepti~ 
bility to infection have not as yet been shown to ~e 
unequivocally affected by such low dose rates." 143 

Since the assumptions used to estimate doses to aquatic organisms near 
the Palisades Plant tend to maximize the dose, but are still less than 
1 rad_ per .day, there should be no radiation effects to these organisms 
as a result of the low-level releases. 

In summary, assessment of the effects of radioactive releases to 
organisms other than man shows that most terrestrial animals living 
on the Plant site would receive a dose only slightly greater than man 
(based on the worst-case conditions for each). The do.se would be far 
below that for which discernible radiation effects have been found. 
Some terr es trial animals (e.g. , ducks) which' consume algae growing 
in the immediate area of the plant discharge could receive a higher 
dose.· It is unlikely; however, that ducks or other terrestrial ·or:.:. 
ganisms known to feed on aquatic plants wouid continuously feed only 
on algae. in this small area for a period long enough to obtain a 
radiation dose ·that would produce discernible effects.· Radiation 
doses to aquatic plants and animals living in the immediate area· 
of the Palisades Plant were calculat·ed and found to be far below 
those for which demonstrable radiation effects have·been found. 
Thus, release of radionuclides from Palisades Plant to the environ­
ment should have no impact on either terrestrial or aquatic organisms 
in the area. 
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F. TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTE 1 D9 

1. Routine Transportation Procedures 

The applicant in its "Supplemental Information on Environmental Impact 
of the Palisades Plant, 11109 of November 3, 1971, describes its proce­
dures for transporting fuel and solid wastes. The nuclear fuel for, 
the Palisades Plant is uranium enriched in U-235 over a range of from 
1.65 to 3.20% by weight, with the average being 2.74%. The fuel is in 
the form of sintered uranium oxide pellets encapsulated in zircaloy 
fuel rods. Each fuel element is made up of 212 fuel rods about 12 
feet long. Each year in normal operation, about 68 fuel elements 
are replaced. 

The applicant 1 09 has indicated that cold fuel for the reactor will be 
transported by truck to the Plant site. The applicant has indicated the 
source of the cold fuel to be Combustion Engineering, Inc., and the 
Jersey Nuclear Company; we.have assumed an average shipping distance 
of 850 miles. Solid wastes and irradiated fuel will be transported 
by truck or rail. We have assumed a distance of 700 miles for 
shipping the irradiated fuel and 500 miles for shipping the solid 
radioactive wastes. 

a. Transport of Cold Fuel 

The applicant has indicated that cold fuel will be shipped in Commission 
and Department of Transportation- (DOT) approv.ed containers which hold 
two fuel elements per container. About 5 truck loads of 8 containers 
each will be required each year. 

b. Transport of Irradiated Fuel 

Fuel elements removed from the reactor will have been irradiated to 
about 24,000 megawatt thermal days per ton (MW(t)-d/T) on the average; 
they will be unchanged in appearance and will contain much of the 
original U-235 (which is recoverable). As a result of the irradiation 
and fissioning of the uranium, the fuel element will contain large 
amounts of radioactivity,.mostly fission products and plutonium.· As 
the radioactivity decays, it produces radiation'and "decay heat." 
The amount of radioactivity remaining in the fuel varies according 
to the length of time after discharge from the reactor. After dis­
charge from a reactor, the fuel elements are placed under water in 
a storage pool for cooling prior to being loaded into a cask for· 
transport.· 
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Although the specific cask design has.not been identifie9,, the appli­
cant states that the irradiated fuel elements will be shipped in 
approved casks designed for transport by either truck or rail. The 
cask will weigh perhaps 25 tons for truck or 50 tons for rail. ·To 
transport the irradiated fuel, the applicant estimates 20 truck load 
shipments. We estimate 10 railcar load shipments per year. An 
equal number of shipments will be required to return the empty casks. 

c. Transport of Solid Radioactive Wastes 

The applicant estimates that the solid radioactive.wastes generated 
by the reactor will amount to approximately 2100 ft 3 /yr. and will 
require the shipment of from 6 to 9 truck loads or 1 to 3 railcar 
loads of packaged wastes. each year. This will be shipped probably to 
Illinois for disposal. The wastes will be shipped in 55-gallon drums 
or other packages approved for the transport of the activities 
involved. Compressible wastes will be compacted in 55-gallon drums; 
other wastes will be solidified by a method such as mixing with 
concrete. 

2. Transportation Accidents 1 091 

a. Princinles of Safety in Transport 

Protection of the public and transport workers from radiation during 
the_ shipment of nuclear fuel and waste, described in Section F.l, is 
achieved by a combination of limitations on the contents (according 
to the quantities and types of radioactivity), the package design, 
and the external radiation levels. Shipments move in routine commerce 
and on conventional transportation equipment. Shipments are therefore 
subject to normal accident environments, just like other nonradioactive 
cargo. The shipper has essentially no control over the likelihood of 
an accident involving his shipment. Safety in transportation does 
not depend on special routi.ng. 

Packaging and transport of radioaciive materials are regulated at the 
Federal level by both the Atomic Energy Commission (AEC) in 10 CFR 70 
and 71 and the Department of Transportation (DOT) in 49 CFR 170-179. 
In addition, certain aspects, such as limitations on gr~ss weight of 
trucks, are regulated .by the States. 

The probability of accidental releases of low level contaminated 
material is sufficiently small that, considering the form of the waste, 
the likelihood of significant exposure is extremely small. Packaging 
for these materials is designed to remain leakproof under normal trans­
port conditions of temperature, pressure, vibration, rough handling, 
exposure to rain, etc. The packaging may release its contents in an 
accident. 
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For larger quantities of radioactiv.e materials, ·the packaging design 
(Type B packaging) must be capable of withstanding, without loss of 
contents or shielding, the damage which might result from a severe 
accident. Test conditions for packaging are specified in the regula­
tions and include tests for high-speed impact, puncture, fire, and 
immersion in water.110 

In addition, the packaging must provide adequate radiation shield-
ing to limit the exposure of transport workers and the general public. 
For irradiated fuel, the package must have heat-dissipation character­
istics to protect against overheating from radioactive decay heat. 
For fresh and irradiated fuel, the design must also provide nuclear 
criticality safety under both normal and accident damage tests. 

Each package in transport is identified with a distinctive radiation 
label on two sides, and by warning signs on the transport vehicle. 

Based on the truck accident statistics for 1969,lll a shipment of 
fuel or waste from a reactor may be expected to be involved in.an 
accident about once every 6 years. In case of an accident, procedures 
with carriers are required111 to follow will reduce the consequences 
of an accident in many cases .. The procedures include segregation of 
damaged and leaking packages from people, and notification of the 
shipper and the DOT. Radiological assistance t.eams are available 
through an inter-Governmental program to provide equipped and trained 
personnel. These teams, dispatched in response to calls for emergency 
assistance, can mitigate the consequences of an accident. 

b. Exposures During Normal (No Accident) Conditions 

(1) Cold Fuel 

The transport of cold fuel for the Palisades Plant has been described 
in Section F .1.a. Since th:e nuclear radlations and heat emitted by cold 
fuel are small, there wi.Ll be essentially no effect on the environment 
during transport under normal conditions. Exposure of individual 
transport workers is estimated to be less than 1 mrem per shipm~nt. 
For the 5 shipments, with two drivers for .each vehicle, the total dose 
would be about 0.01 man-rem* per year. The radiation level associated 
with each truck load of cold fuel will be less than 0.1 mrem/hr at 

*Man-rem is an expression for the summation of whole body doses to 
individuals in a group. In some cases, the dose may be fairly uni­
form and received by only a few persons (e.g., drivers and brakeman)_ 
or, in other cases, the dose may vary and be received by a large 
number of people (e.g., 105 persons along the shipping route). 
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6 feet from the truck. A member of the general public who spends 3 
minutes at an average distance of 3 feet from the truck might receive 
a dose of about 0.005 mrem per shipment. The dose to other persons 
along. the shipping route would be extremely small. 

(2) Irradiated Fuel 

Irradiated fuel from the reactor at Palisades will be transported 
either by truck or by rail. Based on actual radiation levels 
associated with shipments of irradiated fuel elements, we estimate 
the radiation level at 3 feet f~om the truck or rail car will be about 
25 mrem/hr. The individual truck driver would be unlikely to receive 
more than about 30 millirem in the 700-mile shipment. For the 20 
shipments by ·truck during the year with 2 drivers on each vehicle, the 
total dose would be about 1 man-rem per year. 

Train brakemen might spend a few minutes in the vicinity of· the car 
at an average distance of 3 feet, for an average exposure of about 0.5 
millirem per shipment. With 10 different brakemen involved along the 
route, the total dose for 10 shipments during the year is estimated 
to be.about 0.05 man-rem. 

A member of the general public who spends 3 minutes at an a.verage 
distance of 3' feet from the truck or rail car, might receive a dose 
of .as much as 1.3 mrem per shipment. If 10 persons were so exposed per 
shipment, th~ total annual dose for the 20 shipments by truck would be 
about 0.3 man~rem and for the 10 shipments by rail, about 0.1 man-rem. 
Approximately 200,000 persons who reside along the 700-mile route 
over which the irradiated fuel is transported might receive an annual 
dose of about 0.4 man-rem if transported by truck, and 0.2 man-rem if 
transported by rail. The regulatory radiation level limit of 10 
mrem/hr at a distance of 6 feet from the vehicle was used to calculate 
the integ~ated dose to persons in art area between 100 feet and 1/2 
mile on both sides of the shipping route. It was assumed that the 
shipment would travel 200 miles per day and the population density 
would average 330 persons per square mile along the route. · 

The amount of heat released to the air from each cask will vary from 
about 30,000 Btu/hr for truck casks to about 250,000 Btu/hr for rail 
casks. For comparison, 35,000 Btu/hr is about equal to the heat re­
leased from an air conditioner in an average-sized home. Although 
the temperature of the air which contracts the loaded cask may be 
increased a few degrees, because the amount of heat is small and is 
being released over the entire transportation route, no appreciable 
thermal· effects on the environment will result.· 
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(3) Solid Radioactive Wastes 

As noted in Section F.Lc, about 9 truck loads or 3, railcar loads of 
solid radioactive wastes will be shipped from Paliiades to a disposal 
site. Under normal conditions, the individual truck driver might 
receive as much as 15 mrem per shipment. If the same driver were 
to drive the 9 truck loads in a year, he could .receive an estimated 
dose of about 140 mrem during the year. A total dose to all drivers 
for the year, assuming 2 drivers per vehicle, might be about 0.3 
man-rem. 

Train brakemen might spend a few minutes in the vicinity of the car 
at an average distance of 3 feet, for an average exposure of about· 
0.5.millirem·per shipment. With 10 different brakemen involved along 
the. route, the total dose for the 3 shipments during the year is 
estimated to be about 0.02 man-rem. 

A member of the· general public who spends 3 minutes at an average 
distance of 3 feet from the truck or rail car might receive a dose 
of as much as 1. 3 mrem per shipment. If 10 persons were so exposed • 
per shipment,' the total annual dose for the 9 shipments.by truck 
would be about 0.1 man-rem and for the 3 rail shipments, about 0.04 
man-rem. Approximately 60,000 persons who reside along the. 200 mile 
route over which the solid radioactive waste is transported might 
receive an annual dose .of about 0~2 man-rem. These doses were cal-

. culated for persons in an area between 100 feet and 1/2 mil.e on either 
side of the shipping route, assuming 330 persons per square.mile, 10 
mrem/hr at 6 feet from the vehicle, and the shipment traveling 200 · 
miles per day. 
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G. PLANT DISMANTLING AND DECOMMISSIONING 

Under the Commission's regulations in 10 CFR 50, an application must 
contain information sufficient to demonstrate _that the applicant 
possesses or has reasonably assurance of obtaining the funds neces­
sary to cover the estimated costs of permanently.shutting the Plant 
down and maintaining it in a safe condition. It is expected that 
the applicant will supply detailed dismantling information to the 
Commission at such time that an application for an operating license 
is filed. The staff will at that time conduct a Safety Evaluation 
of the decommissioning procedures proposed by the applicant. 

1. Impacts on the Environment 

Dismantling the Plant will have many of the same impacts. on the environ­
ment as the original site preparation and Plarit construction. There 
will be temporary disturbances due to the dismantling activities 
and the perman~nt restoration of most of the site to ecological 
productivity. · t · 

. I. 

It is expected that the dismantling of the Plant will cost several 
millions of dollars and take more than a year to complete. During 
that time, workmen will be on the site, quantities of debris, sal­
vageable material, and radioactive material will be transported from 
the site by truck, barge, or rail. Concrete and other construction 
materials will be used to entomb the reactor and associated highly 
radioactive components. A considerable amount of earth-moving will. 
be required to restore the parking lots. and other areas to usable 
grade levels, and finally, a security fence will be erected on the 
ground above the entombed reactor site. 

To the extent that the proposed mechanical-draft cooling towers are 
not completely demolished and its foundations removed, that small 
amount of land will be committed to non-productive use. If the soil 
under any structure which has been demolished is not replaced or 
cleared of chemical contamination, that land will be non-productive 
tintil natural processes leach the chemicals away. 

The overall impact of dismantling the Plant will be beneficial to 
the environment, since the objective of that proposed action is to 
restore most of the Plant's acreage to ecological productivity. 
However, the applicant has. already landscaped the majority of his 
site such as to protect the unique natural resources - the sand 
dunes - from wind erosion. 
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2. Radiological Impacts on Environment 

The dismantling of the Plant will have radiological impacts charac­
teristic of transporting from the site irradiated fuel and radioactive 
wastes. See Section V.F. 

The radioactive materials not transported offsite·will be entombed 
with the reactor and associated components. The entombment w'ill be 
designed to inaintain its integrity for more than 100 years, to 
provi·de time for radioactive decay of activated and fission products. 
In addition, the entombment will be permanently placarded to identify 
it as a radioactive area. 

Under the terms of a dismantling license that may be issued by the 
Commission and with the funds necessary to cover the estimated costs 
of permanently shutting the Plant down and maintaining it in a safe 
condftion, it is expected that the proposed action will have no sig­
nificant radiological impact on the environment. 
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VI. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS 

A. PLANT ACCIDENTS 

A high degree of protection against the occurrence of postulated 
accidents in the Palisades Plant is provided through correct design, 
manufacture, and operation, and the quality assurance program used 
to establish the integrity of the reactor system, as considered in 
the Commission's Safety Evaluation dated March 6, 1970 ~nd Sµpple­
ments to the Safety Evaluation. Deviations that may occur .are 
handled by protective systems to place and hold the Plant in a safe 
condition. Notwithstanding this, serious accidents might occur, in 
spite of the fact that they are extremely unlikely and engineered 
safety features are installed. to mitigate tl;le consequences of these 
events. 

The probability of occurrence of accidents and the spectrum of their 
consequences to be considered from a radiological effects standpoint 

I 

have been analyzed using best estimates of probabilities and realistic 
fission product release and transport assumptions. In the Com­
mission's safety review, conservative assumptions were used for the 
purpose of comparing calculated doses resulting from a 'hypothetical· 
release of fission products from the fuel against the 10 CFR 100 
siting guidelines. 1 The computed doses that might be received bi 
the population from actual accidents should be less than those pre­
sented in the Connnission's Safety Evaluation. 

The Connnission issued guidance to applicants on September 1, 1971, 
requiring the consideration of a spectrum of accidents with realistic 
assumptions. The applicant's response is contained.in the "Supple­
mental Information on Environmental Impact of the Palisades Plant," 
dated November 3, 1971. 

The applicant's report has been evaluated, using the Commission's 
standard.accident assumptions and guidance issued as a proposed 
Annex to Appendix D of 10 CFR 50 by the Commission on.· December 1, 
1971. 2 Nine classes of postulated accidents and occurrences ranging 
in severity from trivial to very serious were identified by the 
Connnission.- In general, accidents in. the high consequence end of 
the spectrum have a low occurrence rate·, and those on the low con­
sequence end have a higher occurrence rate. The examples selected 
by the applicant for these classes are shown in Table VI-1. The 
examples selected are reasonably homogeneous in terms of probability 

VI-1 



NO. OF 
·CLASS 

1 

2 

3 

5 

6 . 

7 

8 

9 

VI-2 

TABLE VI-1 

CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES 

AEC 
DESCRLPTIONS 

Trivial Incidents 

Miscellaneous Small Releases 
Outside Cbntainment. 

Radwaste System Failures 

Events that Release_Radioactivity 
Into· .the Primary System :ci,_ ,., '.; 

Events that Release Radioactivity 
In to Secondary Sys tern 

Refueling Accidents Inside 
Containment 

Accidents to Spent Fuel Outside 
Containment 

Accident Initiation Events 
Considered in Design-Basis 
Evaluation in the Safety 
Analys i~ Report 

Hypothetical Sequences of 
Failure More Severe than 
Class 8 

APPLICANT'S 
EXAMPLE(S) 

Not ConsidereJ ~ Trivial 
Consequences 

Abnormal Auxiliary 
System Leak 

Waste Gas Decay. Tank 
Relief Valve Leak 

Not Applicable 

Normal Operation with 
Fuel Failures and Steam 
Generator Leaks 

Damaged Fuel Assembly 

Damaged Fuel Assembly 

Rod. Ejection Accident 
Loss of Load with Off­
si te Power Available 
Double-Ended Main Stem 
Line Break 
Steam Generator Tube Rupture 
Waste Gas D~cay Tank Rupture 
Loss-of-Coolant Accident 

Not Considered - Extremely 
Small Probability of 
Occurrence · 
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within each class, although the staff considers the release of the 
waste gas decay tank as more_ ap_p_ropriately in Class 3 and the loss 
of load incident and the steam generator tube rupture as more appropriately 
in Class 5. 

Certain assumptions made by the applicant, such as the iodine ·parti­
tion factors and the omission of the primary coolant source in 
secondary system a~cidents, are questionable; but the use of alterna­
tive assumptions does not significantly affect the overall environ­
mental and radiological consequences. 

The staff's estimates of the annual dose which might be received 
by an individual assumed to be standing at the site boundary in the 
downwind direction, using the assumptions in the proposed Annex to 
Appendix D, are presented in Table VI-2. Estimates of the man-rem 
dose that might be delivered to the population within 50 miles of 
the site are also presented in Table VI-2. The man-rem dose esti­
mate is based on the projected·population of about 1,180,000 within 
50 miles of the site for the year 1980. 

To establish a realistic annual risk of exposure, the estimated 
doses in Table VI-2 would have to be multiplied by estimated probabil­
ities. The events in Classes 1 and 2 represent occurrences which are 
·anticipated during Plant operation and their consequences, which are 
very small, are considered within the framework of routine effluents 
from the Plant. Except for a limited amount of fuel failures and 
some steam generator leakage, the events in Classes 3 through 5 are not 
anticipated during Plant operation but events of this type could 
occur sometime during the 40-year Plant lifetime. Accidents in 
Classes 6 and 7 and small accidents in Class 8 are of similar or 

-lower probability than accidents in Classes 3 through 5 but are still 
possible. The probability of occurrence of large Class 8 accidents 
is very small.· Therefore, when the consequences indicated in Table . 
Vl-2 are weighted by probabilities, the environmental risk is very low. 
The postulated· occurrences in Class 9 involve sequences of successive 
failures more severe than those required to be considered in the 
design basis of protection systems and engineered safety features. 
Their consequences could be severe. However, the probability of·. their 
occurrence is so small that the associated risk is extremely low. \ 
Defense in depth (multiple physical barriers), quality assurance for 
design, manufacture and operation, continued surveillance and testing, 
and conservative design are all applied to provide and maintain a 
high degree of assurance that potential accidents in this class are, 
and will remain, sufficiently low in probability so that the associated 
risk is extremely low. 
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TABLE VI-2 

SU1~1ARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 

Class Event 

Estimated Fraction of 
10 CFR 20 Lim17 at 
Site Boundary-: 

1.0 

2.0 

Trivial Incidents 

Small Releases Outside 
Containment 

3.0 Radwaste System Failures 

3.1 

3.2 

Equipment Leakage or 
Malfunction 

Release of Waste Gas 
Storage Tank Contents 

3.3 · Release of Liquid Waste 
Storage Tank Contents 

4.0 Fission Products to Primary 
System (BWR) 

4.1 

4.2 

Fuel.Cladding Defects 

Off-Design Transients that 
Induce Fuel Failures above 
Those Expected 

5.0 Fission Products to Primary 
and Secondary Systems (PWR) 

5.1 

5.2 

5.3 

Fuel Cladding Defects and 
Steam Generator Leaks 

Off-Design Transients that 
Induce Fuel Failure above 
Those Expected and Steam 
Generator Leak 

Steam Generator Tube Rupture 

!:_I 

:!:._/ 

0.056 

0.22 

0.003 

N.A.* 

N.A.* 

:!:._/ 

0.001 

0.074 

Estimated Dose 
to Population in 
50-Mile 3~adius, 
man-renr-

!:_I 

!:_I 

2.3 

9.0 

0.1 

N.A.* 

N.A.* 

!:_I 

<0.1 

3.0 



Class Event 

VFS 

TABLE VI-'2 (cont'd) 

Estimated Dose 
Estimated Fraction of · to Population in 
10 CFR 20 Lim!7 at 50-Mile3~dius, 
Site Boundary= man-rem-

6.0 Refueling Accidents 

6.1 

6.2 

7.0 

7.1 

7.2 

7.3 

8.0 

8.1 

8.l(a) 

8. 2 (a) 

8. 2 (b) 

Fuel Bundle Drop 

Heavy Object Drop on.to 
Fuel in Core 

Spent Fuel Handling Accident 

Fuel Assembly Drop in Fuel 
Storage Pool 

Heavy Object Drop onto Fuel 
Rack 

Fuel Cask Drop 

'Accident Initiation Events 
Considered· in Design Basis 
Evaluation in the Safety 
Analysis Report 

Loss-of-Coolant-Accidents 

Small Break 

Large Break 

Break in Instrument Line from 
Primary Sys tern that Penetrates 
the Containment 

Rod Ejection Accident (PWR) 

Rod Drop Accident (BWR) 

0.012 0,47 

0.20 8.2 

0.007 0,30 

0.03 1.2 

N.A.* N;A,* 

0.12 9.0 

0.90 220 

N.A.* N.A.* 

0,09 22 

N.A.* N.A.* 

-·----- -
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TABLE VI-2 (cont'd) 

Class Event 

8.3(a) Steamline Breaks (PWR's 
Outside Containment) 

Small Break 

Large Break 

8.3(b) Steamline Breaks (BWR) 

Small Break 

Large Break 

Estimated Fraction of 
10 CFR 20 Limf 7 at 
Site Boundarr 

<0.001 

<0.001 

N.A.* 

N.A.* 

Estimated Dose 
to Population in 
50-Mile3~adius, man-rem-

<0.1 

<O.l 

N.A.* 

N.A.* 

!/ Represents the calculated fraction of a whole body dose of 500 mrem 
or the equivalent dose to an organ. 

!:_/ These releases will be comparable to the design objectives indicated 
in the proposed Appendix I to 10 CFR 50 for routine effluents (i.e., 
5 mrem/year to an individual from all sources). 

1/ Based on 1960 census population data increased by 36% to be .repre­
sentative of the 1980 population (as estimated by the applicant). 

* Not Applicable. 
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Table VI-2 inqicates that the estimated radiological consequences 
of the postulated accidents could result in exposures to individuals 
assumed to be living at the site boundary to concentrations of 
radioactive materials within the Maximum Permissible Concentrations 
(MPC) of Table II, Appendix B of 10 CFR 20. Table VI-2 also shows 

·that the estimated man-rem.dose of the population within 50 miles 
of the Plant from each postulated accident would be orders of magni­
tude smaller than that from naturally occurring radioactivity, which 
corresponds to approximately 118,000 man-rem/yr based on a natural 
background level of 0.1 rem/yr for a population estimated to be 
1,180,000 by 1980. When considered with the probability of occur­
rence, the potential annual radiation exposure of the population 
from all the postulated accidents is an even smaller fraction of 
exposure than that from natural background radiation and, in fact, 
is well within naturally occurring variations in the natural back­
ground. It is concluded from the results.~f this analysis that 
the radiological risks to the environment due to postulated accidents 
during operation of the Palisades Plant at full power are extremely 
small. Discussion of the comments from Federal agencies ort the 
environmental impact from postulated accidents as described in the 
Draft Detailed Statement is presented in Chapter XII. 

B. TRANSPORTATION ACCIDENTS 

1. Cold Fuel 

The cold fuel to be transported to Palisades has been described in 
Section F .1. a. The applicant.3 describes the procedures for trans­
porting fuel and solid wastes and the exposures to the public re­
sulting from postulated accidents involved during transportation. 
Under accident conditions other than accidental criticality, the 
pelletized form of the nuclear fuel, its encapsulation, and the 
low specific activity of the fuel, limit the radiological impact 
on the environment to negligible levels. 

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

The probability that an accident could occur under conditions that 
could result in accidental criticality is extremely remote. If 
criticality were to occur in transport, persons within a radius of 
about 100 feet from the· accident might receive a serious exposure, 
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but beyond that distance, no detectable radiation effects would be 
likely. Persons within a few feet of the accident could receive 
fatal or near-fatal exposures unless shielded by intervening material. 
Although there would be no nuclear explosion, heat generated in the 
reaction would probably separate the fuel elements so that the 
reaction would stop. The reaction would not be expected to continue 
for JIDre than a few seconds and normally would not recur. Residual 
radiation levels due to induced radioactivity in the fuel elements 
might reach a few roentgens per hour at 3 feet. There would be very 
little dispersion of radioactive material. 

2. Irradiated Fuel 

Effects on the eµvironment from accidental releases of radioactive 
materials during shipment of irradiated fuel (see Section F .1. b) have 
been estimated for the situation where any contaminated coolant is 
released and the situation where gases and coolant are released. 

a. Leakage of Contaminated Coolant resulting from improper 
closing of the cask is possible as a result of human error, even 
though the shipper is required to follow specific procedures which 
include tests and examination of the closed container prior to each 
shipment. Such an accident is highly unlikely during the 40-year 
life of the Plant. 

Leakage of liquid at a rate of 0. 001 cc per second or about 80 drops/ 
hour is about the smallest amount of leakage that can be detected by 
visual observation of a large container. If undetected leakage of 
contaminated liquid coolant were to. occur, the amount would be so 
small that .the individual exposure wo_uld not exceed a few millirem 
and only. a very few people would receive such exposures. 

b. Release of Gases and Coolant is an extremely remote 
possibility. In the improbable event that a cask is involved in an 
extremely severe accident such that the cask containment is breached 
and the cladding of the fuel assemblies penetra.ted, some of the cool­
ant and some of the noble gases might be released from the cask. 

In such an accident, the amounts of radioactive material relea~ed 
would be limited to the available fraction of the noble gases in 
the void spaces in the fuel pins and some fraction of the low level 
contamination in the coolant. Persons would not be expected to remain 
near the accident due to the severe conditions which would be involved, 
including a major fire. If releases occurred, they would be expected 
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to take place in a short period of time. Only a limited area would 
be affected. Persons in the downwind region and within 100 feet or 
so of the accident might receive doses as high as a few hundred 
millirem. Under average weather conditions, a few hundred square 
feet might be contaminated to the extent that it would require decon­
tamination (that is, Range I contamination levels) according to the 
standards4 of the Environmental Protection Agency. The Department 
of Transportation in its regulations in 49 CFR 170-179 5 also out­
lines procedures used when a spilled shipment might occur. Some of 
these procedures are presented in Section V.F.2.a. Discussion of 
the counnents from Federal agencies on transportation accidents is 
presented in Chapter XII. 

3. Solid Radioactive Wastes 

It is highly unlikely that a shipment of solid radioactive waste will 
be involved in a·severe accident during the 40-year life of the 
Plant. If a shipment of low-level waste (in drums) becomes involved 
in a severe accident, some releases of waste might occur, but the 
specific activity of the waste will be so low that the exposure of 
personnel would not be expected to be significant •. Other solid 
radioactive waste will be shipped in Type B packages. The probability 
of release from a Type B package, in even a very severe accident,_ 
is sufficiently small that, considering the solid form of the 
waste and the very remote probability that a shipment of such waste 
would be involved in a very severe accident, the likelihood of sig­
nificant exposure would be extremely small. 

In either case, spread of the c.ontamination beyond the immediate 
area is unlikely and, although local cleanup might be required, 
no' significant exposure to the general public would be expected to 
result. 

a. Severity of.Postulated Transportation Accidents 

The events postulated in this.analysis are unlikely but possible. 
More severe accidents than those analyzed can be postulated and the.ir 
consequences could be severe. Quality assurance for design, manu­
facture, and use of the packages, continued surveillance and testing 
of packages and transport conditions, and conservative design of 
packages ensur·e that the probability of accidents of this latter 
potential is sufficiently small that the environmental risk and 
radiological consequences are extremely low. For those reasons, 
more severe accidents have not been included in the analysis. 
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b. Alternatives to Normal Transportation Procedures 

Alternatives, such as special routing of shipments, providing escorts 
in separate vehicles, adding shielding to the containers, and 
constructing a fuel recovery and fabrication plant on the site 
rather than shipping fuel to and from the Plant, have been examined. 
The impact OD the environment of transportation under normal or 
postulated accident conditions is not considered to be sufficient to 
justify_ the additional effort required to implement any of the 
alternatives. 
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VII. ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED 

The Palisades Plant occupies 30 acres of.the 487-acre site, with 
another 2.3 acres of the sand dunes to be occupied in the future by 
the mechanical draft cooling towers. Wind erosion, particularly during 
the winter when ice will be melted by the thermal discharge, may cause 
some disturbance of the sandy beach but the damage should be limited 
to the applicant's property. 

The applicant's activities in landscaping and replanting dune grasses 
on the sand dunes of the remaining portion of the site and the 
development of nature trails should ultimately more than compensate 
for the loss of any wildlife habitat because of the.land committed 
to the facility. Since the site was a form~r quarry, the change to 
a power. plant site may have resulted ip less damage to the terrestrial 
ecosystem of this .area than, for example, if the quarry had been 
expanded and the remaining sand dunes removed during quarrying. 

The amount of land used for transmission line corridors to connect 
the Plant's switchyard to the applicant's power system involved the 
clearance of 5 acres to the nearest interconnection and another 
2,250 acres for the Palisades-Argenta connection. However, since 
most of the land in the corridors is being lea~ed for agricultural 
use, no major changes in land use have resulted. Construction of 
mechanical draft cooling towers as proposed by the applicant will 
involve the use of about 100,000 square feet (2.3 acres) of land 
in between the sand dunes. · · 

The construction of the 3,300-foot ~ntake structure and the discharge 
structure on the shoreline of the lake has disturbed the Lake 
Michigan sandy beach and bottom to a limited extent. The resultant 
impact on aquatic communities has been minimal since this area is a 
relatively sterile zone in which benthic ·populations are low due to 
the shifting sand bottom •. 

. . 

The cooling towers may have an adverse aesthetic impact to. some 
observers. However, the rest of the Plant's buildings are of. modern 
design and their style is such that.the building profiles tend.to 
blend in with the sur~ounding landscape. The ~witchyard is in.a 
V?iley o~ sa~d dunes and hidden.from view. 

VII-1 
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The Plant will release radioactivity into the environment during 
normal operation; the concentrations w~ll be below the limits set. 
in the Commission's regulations. Upgrading of the liquid radwaste 
system by the modifications described in Chapter III will be 
completed by spring 1973; this will reduce the radioactivity 
released by the Plant. Improvements in the gaseous radwaste system 
also would reduce the radioactive gaseous releases to as low as 
practicable. Neither the present nor the modified radwaste systems 
will release sufficient radioactivity to have a significant adverse 
environmental effect. In-plant radiation monitoring and controls, 
as well as the radiological monitoring of samples taken within and 
without the site boundaries, are designed to assure that all radio­
active releases will be well within .the Commission's regulations 
(10 CFR 20 and 10 CFR 50). 

Transportation to and from the Plant of non-irradiated and irradiated 
fuel and solid radioactive· wastes which are packaged and shipped in -
Federally~approved containers and shielded casks will be subject to 
both the Commission's regulations in 10 CFR 70 and 71 and the Depart-

' ment of Transportation's (DOT) regulations in 49 CFR 170-179. - The 
probability of accidental release of any radioactivity during trans­
port is sufficiently small, considering the form of the trans.ported 
material and its packaging, that the. likelihood of significant 
radiation exposure is remote. With use of proper packages and GOn­
tainers, continued surveillance and testing of packages, and 
Gonservative design of packages, the environmental risk is small. 

Water use amounts to removal and return of 405,000 gpm of Lake 
Michigan water from the once-through condenser cooling system or 
0.017% of the water volume of Lake Michigan during an entire year. 
No consumptive use of the lake water at the Plant will result from 
once-through cooling. However,· dispersion of the thermal plume on 
the surface of Lake Michigan will result in water evaporation such 
that about 50 to 75% of the waste heat discharged in the cooling 

. water is dissipated from the lake surface through evaporation. 
Thermal and chemical discharges, mechanical effects, and entrain~ 
ment and impingement of aquatic biota on the Plant's traveling 
screens and trash racks may have some localized adverse effects in 
the outfall area. The iocation of the intake structure and the low 
intake water velocity, 0.5 to 0.6 feet per second (fps), through the 
crib structure will help to prevent any large fish from being sucked 
into the intake pipe •. Any small fish and aquatic biota that may get 
through the crib structure and be drawn inside the intake pipe (where 
the water velocity is 9 fps) will be unable to escape damage or death 
from impingement on the traveling screens and trash racks. The 
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magnitude of the anticipated loss is difficult to predict because 
damage and death will depend upon the migratory pattern of different 
fish and the population density at the intake crib location. However, 
the location of the intake crib and the low intake velocity have been 
chosen to minimize the loss. 

Elevated temperatures in the mixing zone will be limited to an area 
of not more than about 900 acres out of a total area of 14 ,300 ,000 
acres or 0.0063% of the Lake Michigan surface·. Free-swimming and 
floating organisms are not expected to remain in the mixing zones 
for a sufficiently·long time to be adversely affected. The dominant 
effect will probably be the attraction of fish to the warm water area, 
especially during the winter months. The migration of anadromous 
fish will not be blocked. 

About 30% of any zooplankton, that will be entrained in the cooling 
water and 100%.in the service water flow will be lost. Any loss, 
however, will serve as a food base for other biota in the lake and, 
since the zooplankton can recover and reproduce, any loss wilt have 
a negligible effect on the productivity of the lake. 

In the once-through system, any residual chlorine discharged during 
the process of cleaning the condenser tubes will have toxic effects 
on many different organisms, particularly fish, invertebrates and · 
planktonic materials. The adverse effect will be significant for• 
the aquatic life adjacent to the Plant site. Limiting the chlorina­
tion to one hour per month for each condenser water box as well as 
limiting the concentration to 0.5 ppm of residual chlorine present 
in the circulating cooling water, will reduce this impact. 

T~ese adverse effects are confined to a relatively small area of the 
total area of Lake Michigan and are not expected to be detrimental 
to the overall well-being of aquatic life in Lake Michigan nor to 
that along the eastern shore of the lake~ 

In summary, the only significant adv~rse effects which will result 
from operation of the Palisades Plant with once-through. cooling are 
those which affect the ecological commt.mities. These are, in 
decreasing order of severity: 

1) toxic effect of intermittently added chlorine on aquatic life 
in Lake Michigan near the Plant, particularly on phytoplankton 
and juvenile fishes, llhere these biota encounter water plumes 
containing free chlorine or chloramines; 
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2) interruption of the passage of juvenile-fish along the shoreline 
corridor by the thermal plume continuously discharged-from the 
Plant. The principal impact is the thermal shock to young fish 
as they are swept into the plume; 

3) destruction of some zooplankton and fish from the mechanical 
damage they will sustain when they are drawn into· the water 
intake system. 

While there are other effects, they are considered not to constitute 
a significant change in the ecological system as presently constituted 
or an impediment to that attainable in the near future. 

Operation of the Palisades Plant with the proposed mechanical draft 
cooling towers with no subsequent treatment of the blowdown will have 
a significant adverse effect on aquatic biota of the lake and on 
terrestrial biota on the sand dunes. The·effects of thermal discharges, 
however, will.be reduced considerably because the discharge temperature 
·is reduced from 2'SF 0 above ambient (for the once-through operation) 

::. i r to·< 5F 0 above ambient for the cooling tower operation).* If the 
- thermal discharge were as high as 5F 0 above ambient, the area of the 

1F0
' excess isotherm will be reduced from about 900 acres to about 

25 acres in changing_ -from once-through cooling to cooling tower operation. 
On the other hand, the biocides and corrosion inhibitors that will be 
present in the continuous blowdown discharge from the cooling towers 
are toxic to aquatic life even at very low concentrations. The 
.acctimulation of these chemicals in the lake over the decades- during 
which the cooling towers will operate, can have a long-term adverse 
impact on the water quality of the lake. 

The significant adverse effects of the proposed closed-cycle cooling 
system operating so as to discharge (continuously) untreated blowdown 
·water to Lake Michigan are, in decreasing or'der of severity- of impact 
to ecological systems: 

1) enrichment of the lake water near the Palisades site by phosphates 
with a consequent increase in nuisance planktonic algae and a 
significant increase-of the total quantity of phosphates in the 
southern basin of Lake Michigan; 

- · 2) changes· in the water' and chemical -balance- of· the dunes- near the 
proposed cooling towers with consequent change· in vegetation 

-composition or buiidup-of toxic chemicals; 

3) zinc toxicity to fish, particu).arly juveniles in the nearshore 
area. 

* The thermal discharges at the outfall with the cooling towers in 
operation is expected to be less than 1F0 above ambient. 
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As in the evaluation of the once-through cooling regime, other potential 
effects were noted, and their impact wq.s judged to be insignificant. 

The ranking of environmental impacts of the two systems in decreasing 
order of severity is judged to be as follows: 

1) phosphate enrichment (from cooling tower blowdown), 

2) chlorine toxicity (once-through cooling regime), 

3) shoreline interruption (once-through cooling regime), 

4) water and chemical additions to dunes (from cooling tower drift), 

5) zinc toxicity to juvenile fish (from cooling tower blowdown). 

There are alternatives to nnst of the operations that cause these 
adverse impacts. For example, both phosphate and zinc can be 
replaced in cooling towers by chromate compounds (which, how.ever,­
also produce marked impacts on ecological sys terns) , or all· cooling 
tower chemicals could be prevented from entering the lake by.·.treat- '" 
ment of blowdown. In addition, an alternative (mechanical) method '•· 
for cleaning the condenser tubes can be adopted,· so as· to obviate .,{ 
the discharge of chlorinated water to the lake, during the. period 
when once-through cooling is employed. Finally, if necessary, the 
water discharge outfall could be relocated during once-through 
operations to avoid interruption of shoreline· fish migrations, 
These alternatives and their relative merits are discussed further 
in Chapter X:l:. 

Thus while adverse ·effects of operation of the once-through cooling '.~~ 

system or cooling towers are limited, action to reduce the :resultant ·!;.= 

impacts to insignificance wo.uld require the expenditure of .considerable 
time, effort and mon.ey, 



VIII. THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S 
ENVIRONMENT AND MAINTENANCE AND ENHANCEMENT OF LONG­

TERM PRODUCTIVITY 

·In attempting to determine if the existence and operation of the 
Palisades Plant will constitute the best lopg-term use of the 
resources that now exist in this area of Michigan, it must be 
realized that there are divergent opinions relating to the·use and 
preservation of this and other shorelines. Acceptance of the 
philosophy that the demand for electrical power is dominant has 
already led the applicant to construct the Palisades Plant, despite 
the belief of some groups who say ideally all the shoreline should 
be reserved for recreational use. This concept has been stated 
specifically in that "no objectionable structures or development 
would be permitted along the wet beach and dry beach; the natural 
geological erosion would be permitted to continue unchallenged, 
and the beach .. would remain a stimul.iting tourist attraction 
indefinitely:•• l 

The Warren Dunes Shoreline Type, of which the Palisades.site is a part, 
stretches for approximately 8 miles along the coast of Van Buren 
County, and, although logging has occurred years ago, it has remained 
mostly a wilderness area. Similar areas have already been preserved 
(e.g., Warren Dunes State Park in Berrien County). The State of_ 
Michigan has undertaken to advertise this and other shore areas for 
recreational and secluded resort purposes and to develop all landscape 
assets as a base for a tourist industry and for the satisfaction of 
Michigan citizens. At present only 0.3% of the county's total land 
use (Van Buren State Park and Covert Township Park) is devoted to 
public recreation and Van Buren County ranks 73rd among Michigan's 
83 counties in this respect. 2 Rapid completion of some planned 
projects, such as the construction of permanent campsites in Van 
Buren State Park, has been delayed by lack of finances. The com­
pletely developed facilities might tend to degrade the quality of 
recreation by overcrowding. Use of_ the lakefront areas can be 
expected to increase as the population density of the surrounding 
region increases and because of the accessibility of the areas from 
two major highways. 

The existence of a nuclear power plant will tend to attract some 
tourists' attention; the applicant has recognized this by building 
a visitors' center on the site. Educational benefits have already 
been gained by the exhibits and displays as well as lectures on the 
subject of energy needs and principles of atomic power presented to 
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young and adult groups by the applicant since the center was built. 
There are also plans to develop nature trails .through the dunes on 
the site that may be used by visitors to the p.arks. Since there are 
no other plans to restrict the use of the beachfront within the 
applicant's boundaries except at the discharge canal location (with 
possible rare exceptions in emergencies), the use of the beach in 
conjunction with the neighboring parks will not be seriously,affected. 
Similarly, use of the lake will not be curtailed to a significant 
degree by the cooling water effluent from .the Plant. In fact, it is 
a distinct possibility that any increase in the temperature of the 
lake water close to the beach will be beneficial to both swimmers 
and fishermen. 

The long-term effect of the chemical effluents that will be discharged 
from the Plant cannot be forecast with exactness. Some chemicals, such 
as phosphates, even in modest amounts tend to promote long-term productivity, 
and with continually increasing concentration, such chemicals will partially 
cause eutrophication of Lake Michigan. Thus they are considered harmful to 
the future of the lake. Similarly, some other chemicals are detrimental 
to either the short-term or long-te.•.lll use of inshore water for fish _in the, 
spawni~g and juvenile stages. ·The l:'lant will probably not discharge total 
amounts of chlorine or phosphate greater than from the sewage system of 
South Haven. However, further use of Lake Michigan as a dumping place 
for chemical wastes can be minimized by alternatives that have been out­
lined above and in Chapter XI by limiting the concentration, freguency, 
and length of time of the chemical treatment during Plant.operation. In 
Chapter V, Figure V-1 shows the changing chemical characteristics of Lake 
Michigan. over a 100-year period. Proper restrictions on chemical discharges 
during the next 100 years are necessary to preserve and maintain.Lake 
Michigan as a valuable natural resource of the United States. 

The-re is popular sentiment to maintain the dune area around much of 
the Great Lakes in a: nearly- natural state· as a unique s·cientific and 
educational asset for the study of ecosystems and natural history. Any 
incursion that alters either the covering vegetation and important wildlife 
area or the dunes themselves reduces the value of this limited area for 
this long-range purpose. Wave erosion is slowly decreasing the total area 
available. Traffic in the area has increased with the development of 
beach-front lots for resort cottages and has been accelerated by the 
influx of tourists, and more recently by the existence of the Plant. 
Although exact.predictions cannot be made at present, the dune area 
immediately around the proposed cooling towers may be altered considerably 
by the large quantities of water and dissolved solids that will be 
ejected with drift and evaporatives losses. Additional disturbances 
and removal of sand from these dunes will be required during construction 
of the cooling towers; however, the current effort of the applicant to 
maintain a cover o.f vegetation and to minimize wind erosion should con­
tinue without pause. 
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Utilization of the 487 acres of land within the applicant 1 s boundaries 
for a power plant should have no impact on the growth of i9dustry, 
agriculture, or population in Covert Township or in Van Buren County.· 
The Deparb:nent of Agriculture in Appendix XII-2 states that the project 
does not involve any prime agricultural land so it doesn't directly 
affect the crop production base of the county. This land has been 
used only as a sand quarry and does not appear to have other 
potentials that would be of equal or greater value to the local 
economy than will the increase in tax base that will result from 
operation of the Palisades Plant. The State Equalized Valuation of 
the Palisades Plant at present represents 46.1% of the industrialized 
valuation or 12% of the total valuation of Van Buren County. 3 If 
increased availability of electricity or other factors were to stimu­
late more rapid economic growth in Van Buren County, the unava~lability 
of the land included in the Palisades site would not be a retarding 
factor. 

In the last several years, a great deal of public interest has 
developed regarding the damage to the water quality of Lake Michigan, 
mainly from discharges from industrial plants, power plants, and 
municipal treatment plants. About 10 nuclear power plants have been 
constructed at 7 sites or ar~ under construction on the shores of 
Lake Michigan. Palisades Plant is one of the smaller units to be 
built on.the lake. Al~hough this Statement deals with an evaluation 
of the potential incremental effects of the Palisades Plant on the 
environment, the Cornmiss ion is supporting a study at· Argonne National 
Laboratory on the long-term effects of· all nuclear power plants on 
Lake Michigan. 4 The Great Lakes Research Program at Argonne is 
also being conducted with the cooperation of the University of 
Michigan and the Great Lakes Institute at the University of Wisconsin 
- Milwaukee, Table VIII-1 lists the nuclear power plants built, 
under construction, and proposed for location on Lake Michigan, 

The Connnission is also supporting a study "Year 2000" 5 to investigate 
the long-term radiological effects of discharge of radioactive 
effluents from all nuclear power plants, including the Palisades 
Plant. Palisades Plant is expected to have a 40-year lifetime and 
thus will be probably operating during the first decade of the next 
century. This study, initiated in 1970, involves estimating 
potential radiation doses and dose .connnitrnents to individuals and 
population groups as a result of selected release rates from reactor 
and other nuclear facilities in a large geographic region. Thus, 
the incremental dose contribution of one nuclear power plant, such 

· as Palisades, is of importance as the number of nuclear power plants 
_increases during the corning years, 
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TABLE v1u:.~1 

NUCLEAR POWER PLANTS BUILT OR UNDER CONSTRUCTION ON LAKE MICHI'GAN 

Expected 
Completion 

Capacity MWe Date 

Big Rock Point 70 1963 

Kewaunee 530 1972 

Point Beach Unit 1 450 1971 

Point Beach Unit 2 450 1972 

Zion Unit 1 1100 1972 

Zion Unit 2 1100 1972 

Cook Unit 1 1100 1972 

Cook Unit 2 1100 1973 

Palisades 700 1971 

Bailly 685 1976 

/ 
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In conclusion
1 

it is considered that the major adverse impact of the 
existence and operation of the Plant w:tll be ecological (limited in 
extent within the dune area, and IDild, out long~lasting, in Lake 
Michigan). The use of the site for a power Plant will oe beneficial 
in serving both the economic and electrical needs of the county and 
State. Alternatives to this choice are now li1Dited. Options that 
remain are outlined in Chapter XI, 
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IX. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

The Palisades Plant has already been constructed and will have a 
nominal life of 40 years. Because of the increasing demand for elec­
tricity, it might be more realistic to consider this land as committed 
for an indefinite length of time to power plant use. During (and 
partly before) ·construe ti on of the Plant, a limited portion of the 
geographically important Warren Sand Dunes Shoreline Type was irrever­
sibly altered by excavation. Another part of the dunes will be exca­
vated to prepare sites for the proposed two cooling towers if the 
alternative to build cooling towers is exercised. The precedent for 
alteration of the dunes was set long ago through the construction of 
roads to the beaches and resort cottages. Although there is consid­
erable scientific and educational interest in these and other dunes, 
most of the site land was privately owned; the county and State have 
control of only the two parks near the site. Further degradation of 
the dunes can be minimized by advanced planning of public use. 

Both land and water resources could suffer cumulative detrimental 
effects as a result of the small concentrations of chlorine, zinc, 
phosphate, chromate and other chemicals in alternative biocides that 
will be discharged from the Plant. The adverse impact on the inshore 
area of the lake, especially in the vicinity of the discharge canal, 
may not be irreversible. 

During the production·of electricity in a nuclear plant the fis­
sile component (uranium•235) of the uranium fuel is irretrievably 
consumed. If the Plant is operated.continuously for 40 years, the 
consumption of uranium (2.74% enriched) would be approximately 1,300 
metric tons (1,430 U.S. tons) based on the production of 24,000 MWt­
days per metric ton of uranium. Most of the nonfissile component of 
the fuel will be recoverable. 

During the fissioning process, some of the uranium-238 pres'ent in 
the nuclear fuel is converted to a fissile material, plutonium-239. 
This fissionable material can be used as a nuclear fuel in the future 
fast breeder reactor systems. Thus, the byproduct of the light-water 
thermal power reactors, plutonium-239, has a potential future as the 
nuclear fuel for the liquid metal (sodium-cooled) fast breeder reac­
tors (LMFBRs). 

At the end of the expected life of this reactor the site could be 
reclaimed for other purposes if desirable. At that time some of the 
structural components will have become highly radioactive through 
neutron activation and also will be contaminated; thus such materials 
will not be salvagable. The storage of these components as well as 
other solid radioactive waste from this Plant will require permanent 
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X. NEED FOR POWER 

The applicant, owner-operator of the Palisades Plant, is a principal 
member, along with Detroit Edison Company, of the Michigan Power 
Pool and the two are participants in the East Central Area Reliability 
Coordination Agreement (ECAR). These utilities, by joint planning 
and cooperative use of their combined generating capacity and trans­
mission facilities, meet the electrical power demand of Michigan's 
lower peninsula. The Pool is designated by the Federal Power Connnission 
(FPC) as Power Supply Area No. 11 (PSA-11) and is part of the East 
Central Region (Region IiI) of the FPC National Power Survey.I 

In 1965, when the applicant initiated planning for the Palisades 
Plant, the peak demand in PSA-11 was 7,145 MWe. With the FPC's 
estimated annual growth rate of 6% for the Michigan Pool, the peak 
load was projected to be 9 ,600· .. MWe .for 1970. However, the observed 
peak demand of approximately, .9 ,000 MWe was about 6% below the pro­
jected demandi primarily due to an unusually low rate of growth from 
1969 to 19 70. 

Analysis of the peak demand on the applicant's system for the years 
1960 to 19702 shows a variable annual growth in demand between 2% 
and 12%, with a compounded annual growth of 6.2%. A similar growth 
pattern is observed in the records of the Detroit Edison Company. 3 

This pattern of up-and-down annual growth rate supports the conclusion 
that conditions leading to a high growth-rate period are likely to 
exist during several years following a low growth-rate period. Con­
sequently, the applicant's projection of growth rate in power demand 
of somewhat more than 7% per year during the next 5 years is reasonable 
to use in assessing the need for the Palisades Plant. The applicant's 
projection of peak demands!+ is shown in Table X-1 for the years 1972 
through 1975. Actual experienced maximum load values during the 
decade 1960 to 1971 are also shown in the table. Table X-1 also 
shows the winter and sunnner peak loads. The applicant's system is 
considered to be a winter peaking system with a 7.4% increase in the 
winter .Peak load for winter 1972. A 6.6% increase of sunnner peak 
load is expected for sunnner 1972. 

In plan~ing generating capacity to meet the projected peak loads, 
. the utilities have to determine the necessary reserve capacity 
to compensate for planned outages for maintenance and emergency 
outages due to equipment failure. Other factors affecting this 
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TABLE X-1 

Peak Power Demands in Applicant's 
System During 1960 to 1975 

[Except ·as indicated by footnotes, the data are taken from Applicant's 
"Electrical Forecast Book" included· as Exhibit 1 of Reference 4.] 

Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972* 

1973* 

1974* 

1975* 

Summer Load 
MWe % 

Demand Inc 

1,749.9 

1,833.3 

1.932.8 

2,010.1 

2,171.7 

2,377.1 

2,521.8 

2,672.8 
. b 

3,000.0 

3,183.9 

.3,343.2 

3,603.8 

3,840.0 

4,120.0 

4,4~0.0 

4,740.0 

4.2 

4.8 

5.4 

4.0 

.·8.o 
9.5 

6.1 

6.0 

12.2 

6.1 

5.b 

7.8 

6.6 

7.3 

7.8 

6.8 

Winter Loada 
MWe % 

Demand Inc 

1,876.4 

1,963.4 

2,065.6 

2,217.4 

2,374.9 

2,570.0· 

2,860.4 
b 2,970.0 

3,179.7 

3;377.9 

3,457.9 

~h 7lic 

4,040.0 

4,340.0 

4,660.0 

4,970.0 

1. 9 

4.6 

5.2 

7.3 

7.1 

8.2 

11. 3 

.3.8 

7.1 

6.2 

2.4 

7.3 

7.4 

·7.4 

7.4 

6.7 

Annual 
Load Factor 

Per.cent· 

61. 7 

61. 3 

64.1 

63.2 

63.l 

.64. 6 

63.4 

64.7. 

64.8 

65.7 

66.6· 

"66.0 

66.5 

66.4 

. 66. 5 

66.7 

Ratio of 
Sutmner Peak 

To Winter Peak 

93.3 

93.4 

93.6 

90.6 

92.4 

92.5 

88.2 

90.0 

94.3 

. 94. 3 

. 96. 7 

97.1 

·95:0 

94.9 

95.3 

95.4 

* Projected 
a Winter load peak following sutmner load peak. The winter load peak may occur 

b 

c 

in fqllowing calendar year. 

Peak adjusted to reflect estimated maximum demand without voltage reduction. 
Actual recorded peaks were: 1967 Winter Peak - 2,941 MWe and 1968 Sutmner 
Peak - 2,979 MWe. 

The applicant reports in a letter dated March 7, 1972 (Reference 5) this 
"maximum system load to date" occurred on January 25, 1972. This was slightly 
less than the applicant's projected value (3,760 MWe) given in the Forecast 
Book. 
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determination are the generating unit.size, uncertainty of load 
forecasts, forced outage performance of both new units and older 
units, slippage of inservice dates of units under construction, 
and interconnections with other systems. In view of the con­
sequences .to the public of insufficient capacity to meet the 
peak loads, the utilities' judgments of these factors have 
tended to be conservative; i.e., to project a larger reserve 
capacity. The judgments of most utilities in the East Central 
Region have resulted in planned reserve capacity margins of 
approximately 20% of peak load. 1 · 

The Michigan Power Pool now requires a capacity reserve of 17%, 6 

a criterion which the FPC has recently pointed out, "may be too 
low". 6 The applicant ,·s installed capacity on May 1, 1971, was 
3,897 MWe. 4 Since then, Palisades has been put into service at 
60% of full power (420 MWe), and the Saginaw Plant (82 MWe) has 
been retired. Application of the 17% criterion means .that the 
applicant will have to add about 1,050 MWe capacity by mid-1974 in 
order to meet the projected peak deman~ in winter 1974-75.* 

Both the applicant and Detroit Edison plan to add generating 
capacity as shown in Table X-2. The added capacity is intended 
not only to provide for the increased demand but also to permit 
the Pool to retire obsolete facilities. Some of the capacity of 
the pumped storage facility is obligated to a utility outside of 
the Power Pool. 2 The additions shown. in Table X-2 were regarded 
as necessary and were based on a 6% annual compound·gro~th curve 
from 1965; they will provide a reserve capacity slightly in excess 
of the .17% criterion if they become operable on schedule. 

The reserve margins for the Michigan Power Pool. were a~alyzed in 
a FPC staff report in October 1971. 6 The projected summer 1972 
situation was updated by the FPC staff 7 in March 1972. Table 
X-3 shows the forecasted power supply situation for summer 1972 
and winter 1972-1973. The· tabulation. has been prepared by the 
staff using data as referenced in the· footnotes. 

As the tabulation indicates, operation of the Palisades Plant at 60% 
(42.0 MWe) provides the applicant with an estimated reserve of 11.1% 
for the summer of 1972 which is backed up by estimated 19.5% reserve 

* The additional 280 MWe from full-power operation of Palisades 
will reduce .frolJl 1,050 MWE to 770 MWe. .However, retirement of 
~bsoleted facilities· in the applicant's system during. the. period ___ 
b.etween now and winter 1974-75 will increase the requirements 
for addition.al capacity~ (It should. be noted that the applicant's 
Midland Plant Units 1 and 2 are not expected to be on-line until 
after winter 1974-75.) 



TABLE X-2 

Additions to Genera~ing Capacity of the Michigan Power Pool 
from 1971 through 1974 

Plant Name Owner Fuel 

Monroe Station Unit No~ 1 Detroit Edison Coal 

Palisades Unit No. 1 Consumers· .Power · Nuclear 

Monroe Station url;i.t No • 2 Detroit Edison Coal . . 

Unit No~ 3 Detroit Edison Coal 

Unit No. 4 Detroit Edison Goal 

Ludington Pumped Storage -(combined) Hydro 

Dan K •. Karn Addition Consumers Power Oil 

a Pressurized-water reactqr (PWR). 

b Detroit Edison, 917 MWe; Con.sumers Power Company, 955 MWe. 
c Present schedule is May 1972 (Reference 4). 

Date on 
Line 

April 1971 

a 
1971 

1972c 

1972/1973 

. 1973 

1973 

1974 

P.l,ant 
Capacity 

(MWe) 

800 

700 

800 

800 

800 

1872b 

660 
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TABLE X-3 

Projected Demands and Reserve Margins for 
Con~umers Power, Detroit Edison, and the Michigan 

Power Pool During Summer 1972 and Winter 1972-73 

Summer 1972a 

Installed capacity (MWe) 

Estimated demand (MWe) 

Reserve margin (MWe and 
percent of estimated 
demand): 

With Palisades at 60% 
With Palisades at 100% 
Needed reserve margine 

. f 
Winter 1972-73 

Installed capacity (MWe) 

Estimated demand (MWe) 

Reserve margin (MWe and 

Consumers 
Power 

415(11.1%) 
695(18.3%) 
636(17%) 

4,213g 

3,88li 

percent of estimated demand): 

With Palisades at 60% 
With Palisades at 100% . e 
Needed reserve margin 

332(8.6%) 
612 (15 .8%) 
660(17%) 

Detroit 
Edison 

1,247(19.5%) 
1,247(19.5%) 
1,085(17%) 

7' 716h 

6,065i 

1,651(27~2%) 
1,651(27.2%) 
1,031(17%) 

Michigan 
Pool 

11, 78 7 

10,125 

1,662(16.4%) 
1,942(19.2%) 
1,721(17%) 

11,929 

9,946 

i,983(19.9%) 
2 ' 2 6 3 ( 2 2 • 7 %) 
1,691(17%) 

aBasic data from Reference 7 
b Summer rating of existing units, including Palisades Plant at 60% of 

rated power, after retirement of Saginaw River Plant. 

cSummer rating of existing units, plus Monroe Unit No. 2 (789 MWe). 

dSystem load less 200 MWe capacity, equally divided between partici­
pants, as firm receipts from Ontario Hydro, scheduled for May 29 to 
September i7, 1972 period. 

e . 
System criteriqn is 17% (see Reference 6). 

f Preliminary estimate including winter ratings. 

ginclu_de~ Palisades_ at 60% (420 MWe); Kalamazoo Steam Plant (24 MWe) 
assumed retired (see Reference 4) .. - -

hAssumes 166 MWe retired in October 1972. 
i -
Includes 200 MWe capacity obligation, equally divided between Pool 
partners, to Ontario Hydro. 
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in the Detroit Edison system. Since the reserve margin is 415 MWe, 
the applicant will be unable to meet the demand if the Palisades 
Plant is not operating. (It should be noted that the .?pplicant.'s 
projected r.eserve is still 221 MWe less than that required by the 
17% criterion.) The Power Pool .reserve generation capability could 
become critical if Monroe Unit 2 of Detroit Edison were not in 
operation for the summer 1972 peak load. The Michigan Power Pool 
reserye margin would then be about· 8. 6%. In this case, the avail­
ability of the Palisades Plant at rated capacity (700 MWe) for· the 
duration of the .critical period would increase the Pool reserve to 
about 11. 4%. 

The tabulation shows that, for the next winter peak load, the applicant's 
estimated reserve of 8.6% (Palisades Plant at 60% of rated capacity) 
is well below the acceptable level. However, the Pool reserve of 
almost 20% should be sufficient to meet emergency situations in lower 
Michigan in case the Palisades Plant is not operated at more than 60% 
of rated capacity. 

Operating with a low reserve margin can.adversely affect equipment 
reliability by making it difficult, or even impossible, tb accomplish 
necessary scheduled maintenance. The applicant has noted 5 that the 
forced outage rate increased to 11. 9% (percent of installed capacity 
out of service due to forced outage on an average weekday) in 1970, 
with the 1971 rate expected to be similarly high. The high forced 
outage rate created critical· situations. The .. applicant cites two 
specific events. On January 25, 1972, between 6 and 7 p.m., the 
applicant had to import 766 MWe in order to meet a.3,711 MWe demand; 
at the time, 715 MWe of the .applicant's capacity h.ad been forced out 
of service while 84 MWe of the capacity was out for scheduled main­
tenance. On March 1., 1972, between 6 and 7 p.m.,.the applicant had 
to import 1,350 MWe to meet a 3,480 MWe demand; at the time, 960 MWe 
was forced outage and 397 MWe scheduled outage.. While it ii; incorrect 

.to attribute all increases in the forced outage rate to the constraint.s 
of· operating with a low reserve margin~ ·it i.s clear that operability 
with a low reserve margin tends to increase the.forced outage rate. 

As noted earJ_ier,. the applicant's projections (Table X-1) are based 
on an average of· about 7% growth· in peak deinand each year. It is 
important to recognize that even this rate may be exceeded. Culberson8 

has recently tabulated the total energy consumed in the United States 
since 1956. Calculations based on his figures indicate that the 
national growth rate in recent years has been about 8% per year. A 



similar rate of growth of peak load would require that the planned 
new generating facilities (Table X-2) be completed on schedule to 
assure an adequate reserve capacity at all times. A decrease bf' 
the annual growth rate cannot be expected during the next decade. 
The southeastern area of ~ichigan (Metropolitan Detroitl, which. 
uses about 60% of the power generated in PSA-11, could show a 
leveling off in power demand due to an industrial and population 
saturation factor. However, the southcentral and southwestern sections 
of the State have the potential, in terms of availability of property 
for industrial development and population growth centers, of 
showing increased economic growth and electrical power consumption. 
Thus, any decrease in the annual growth rate of the power demand 
will likely be minimal, unless active measures are taken to 
control energy demand growth rates. 

The applicant and Detroit Edison Company, in their joint planning 
efforts, have provided for orderly growth of the generating 
capacity of the Michigan Power Pool to meet the anticipated power 
demand. The generating capacity is needed at this time to meet":,:) 
the present power needs of the area in 1972 and to avoid a ., 
potential critical power shortage in the·near future. 

In addition to the applicant's participation in the Michigan Power 
Pool, the applicant is a member of ECAR, a regional electric power 
reliability council, which coordinates planning and operation.in the 
area of lower Michigan, all of Indiana and Ohio, most.of Kentucky 
and West Virginia, and parts of Pennsylvania, Maryland, Virginia, 
and a small area of Tennessee. As a participant in ECAR, the appli­
cant benefits through coordination and long-range planning of the 
council. However, it should be emphasized that ECAR is not· a 

·power pool. Even though power to meet an unforeseen emergency may 
be made available through an interconnection, the applicant cannot 
depend on· it. ·In reviewing the applicant's situation, the staff of 
the FPC Bureau of Power states 7 that "the power supply situations· 
for the 1972 sunnner in other regional council areas adjoining ECAR 
are such that potential deficiencies ·in desired ·levels of reserve margin 
adequacy also loom within those areas" and concludes that '.'it does 
not appear that firm power from the adjoining areas is available to 
the Consumers Power Company." In other words, the applicant has ·to 
depend for firm contract power on its Pool partner and on purchases 
from Ontario Hydro. 

With respect to the situation in ECAR, the FPC ca~tions 9 that the 
18% regional reserve expected during the summer 1972 depends on more 
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XI. ALTERNATIVES TO PROPOSED ACTION AND COST-BENEFIT 
ANALYSIS OF ENVIRONMENTAL EFFECTS 

A. . SUMMARY OF ALTERNATIVES 

The present and future demand for electrical energy in the lower 
peninsula of Michigan was discussed in Chapter X. The generating 
capacity now· available to the applicant to meet its commitment to 
the Michigan Power Pool is inadequate without oper.ation of the 
Palisades Plant. Although the applicant and its partner in the Pool, 
Detroit Edison Company, have been able to arrange for' the purchase 
of some firm power from adjacent utility syste~s, such as the Hydro­
Electric Power Company of Ontario, for 1972, there is a~ increasing 
probability for the next year or two that sufficient power will not 
be available through the interties to satisfy the needs of the Power 
Pool if forced outages of a major generating unit occurred during 
the period of peak load. In this case, the Michigan Power Pool would 
be forced to curtail energy to some part of their load or reduce 
voltage throughout their system. Operation of the Palisades Plant 
will lessen this probabi~ity. 

·Permanent curtailment of the operation of.the Plant would.result in 
the irretrievable loss 'of most of the resources committed to the 
construction of the Plant without removing impacts already created 
by construction. , In addition, a large part of the capital inves.t­
ment at the Palisades site would be unrecoverable and probably borne 
by the investor and by the customer in higher rates. A replacement 
plant would cost much more than an abandoned facility 1 and would 
create additional environmental impacts at the same or other site·. 

In choosing the site for the Palisades Plant, the applicant made an 
economic analysis which included the following types of alternatives: 
location of site with respect to load; type of fuel and cost; trans-

. portation, primarily of bulk fuel; method of waste heat dissipation; 
and other quantifiable variables of lesser financial significance. 
The applicant selected the Palisades site.and a nuclear-fueled, 
steam-turbine generating unit.with once-through cooling of the 
condenser using Lake Michigan as the source of the water coolant. 
In consideration of other available locations, offshore sites were 
not considered as an alternative during the original site selection 
in 1965, since the technology for offshore nuclear power. plants did 
not e:i,cist .. A number of studies on this subject have been made 2 9 • 30 
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but time would not permit construction of an offshore plant as an 
alternative to the Palisades Plant in meeting the peak l.~:>ad r~quire­
ments for 1972. The selection of the site involv~d relatively · 
minimal impact on the environment from the transmission line additions 
to the existing bulk power ·system necessary to integrate the Palisades 
Plant into the existing power system for the applicant's customers. 

1. Alternative Fuels and Sources 

There are four alternatives to the use of nuclear fuel in Michigan. 
They are natural gas, oil, coal, and no further expansion of the 
·power generating capacity. The Federal Power Conmtlssion (FPC) 2 

reported that natural gas and oil fuels combined contribute to the 
generation of only 0. 2% of the electrical energy consumed in the 
East Central Region and forecasts that, although consumption of these 
fuels will increase in the future, the fraction of the electric energy 
produced using these fuels will not increase. The reason for this 
forecast is that neither natural gas nor oil is presently in abundant 
supply from local sources witht:!1 the region. Over 70% of the natural 
gas produced in the United Stat2s in 1968 came from sources in 
Louisiana and Texas, while the industries of the States of Louisiana, 
Texas, Arkansas, and Oklahoma accounted for _the consumption of about 
one-third of the total nation-wide production. 3 There are gas wells 
in Michigan which do supply fuel for numerous, small, gas-turbine 
generating units used for peaking purposes in local situations. These 
units provide for flexibility of operation and dispersion of environ­
mental impacts, but· do not contribute to the base-load capability of 
the system, due to the limitations of natural gas supply and storage 
facilities. However, natural gas is not a reasonable economic choice 
fo_r ·large power plants ·that must depend on interstate deli very of the 
gas by long pipelines from the princi_pal continental sources. 

Fuel oil is not presentiy an economically competitive fuel in ·Michigan, 
due to the long distcµi~e from the principal sources, which are: the 
southc~ntral States of Texas, Louisiana, and Oklahoma; central Canada; 
Venezuel,a; northern Africa; and the Arabian peninsula. SinGe the 
domestic consumption of oil far exceeds the combined United States 
and Canadian production, 4 importing oil from overseas is necessary. 
Evaluation of the use of oil as an energy source for proposed power 
plants must therefore include the shipping costs associated with 
ocean-going tankers and, possibly more important, the reliability of 
delivery from foreign sources in today's troubled world. 
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Coal is the primary alternative fuel source and would have been the 
fuel type ·chosen by the applicant for some of the optional plant 
sites. 5 This is particularly true when a power plant existing at a 
site is committed to the use of coal, since certain auxiliary features 
such as coalyards, coal-handling equipment, and the extensive railroad 
equipment necessary for handling large quantities of coal would 
already be available. However, for a new site such as Palisades, coal 
was not a reasonable alternative. From an economic viewpoint, the cost 
of coal used by utilities in Michigan in 1966 was higher than in any 
other State in the East Central Region. This is primarily due to costs 
of transportation, since Michigan is farther from the coal supply than 
the other States. Most of the coal is obtained from the southern tier 
of the East Central Region, which includes eastern Kentucky, West 
Virginia, and southwestern Virginia. 2 In addition, the use of coal 
requires additional capital investment for coal-handling equipment and 
for pollution abatement equipment; even today the latter may prove 
inadequate to reduce particulate and gaseous emissions to the level 
required by increasingly restrictive air-quality standards. 

The use of coal as a fuel at the Palisades site would have necessitated 
the commitment of a much larger area of land for coalyards and coal­
handling equipment and for fly-a~h storage. This would have led to 
the destruction of a sizable segment of the sand dunes. at this site. 
The environmental impact on the land would have been more severe. 
The environmental impact on Lake Michigan might also have increased. 
In terms of the radiological impact, recent studies indicate that 
coal-fired plants·. may lead to radiation exposures to the general 
population at a level similar to, or greater than, exposures derived 
from operation of power plants using pressurized water reactors. 6 

This is due to the presence in the emissions of a coal-fired plant of 
the radioactive daughter products of uranium and thorium, which occur 
naturally in coal. The environmental impact due to radiological con­
siderations· may therefore be as great for a coal-fired power plant as 
for a nuclear plant, or greater, depending on the concentrations of 
radioactive elements in the coal and on the gaseous effluent control 
built into the coal-fired plant. 

Based on comparative costs of nuclear fuel and coal as discussed in 
the applicant's Environmental Report, 5 operation of the Palisades 
Plant should be financially preferred over the older coal-fired plants. 
The Palisades Plant will result in lesser adverse impact than older 
coal-fired plants, which _need _to be retired or to be used to a lesser 
extent because of high maintenance costs, low efficiency and poor 
reliability. These latter facilties, which were constructed prior to 
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availability of adequate smoke abatement equipment, produce and dis­
charge to the environment considerable quantities of fly ash, sulfur 
and nitrogen oxides, and other hazardous materials. 6 ' 7 Although 
backfitting of these existing coal-fired power plants with modern 
pollution control equipment can be done, 5 it is not expected that 
the gaseous effluent of these plants will be as clean as that of 
the nuclear Plant. 

Hydroelectric power from natural sites is not a practical alternative, 
since the-remaining available sites. in Michigan, as in all of the 
East Central Region, would. provide only small incremental increases in 
generating capability. 2 · Pumped-storage hydroelectric generation · 
facilities can be built in a way that natural waters are not unduly 
disturbed. However, this type of facility requires an off-peak 
capacity for the pumping phase which was not available when the 
Palisades Plant was undertaken. The applicant has an 1,800-MWe 
pumped-storage generation facility under constructiop (completion 
date of 1973) which will use the off-peak capacity that will be 
available when Palisades becomes operational. 

Analysis by the FPC2 indicates that importing power from the·surround­
ing regions would not be a reasonable alternative to adding generating 
facilities in the Michigan Power Pool. The reserve margins of many 
of the utilities in the East Central Area are below the level desired. 
for dependability, and most of these utilities are having difficulty 
in constructing generating capacity fast enough to maintain the 
reliability of their own systems. Therefore, it is not reasonable 
to place reliance on power import in lieu of construction of needed 
facilities. In order to maintain the desired level of reliability 
of a total region, it is necessary that each power pool and each 
utility provide its balanced share of the region's electric energy 
needs, provide for its customers' needs, and be ready and able to 
help a neighboring utility and its customers in case of a local 
deficiency in generation. The FPC reaffirmed these remarks in its 
conunents in Appendix XII-6 in which delays in getting both nuclear 
and fossil-fueled plants on line in time in the ECAR and the Mid­
Arnerica Interpool Network regions may result in potential critical 
power shortage in the mid-west for 1972. 

The·alternative of not supplying additional power is not considered 
a feasible option. The Palisades Plant was built to meet the 
inunediate growth of peak load and to provide a reliable 
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base-load capability for .the future. The need for power from this 
Plant is outlined in Chapter r. The FPC in Appendix XII-6 a~so 
describes a number of fossil and nuclear power plants to come on 
line in 1972 to maintain the 18% regional reserve margin of_ ECAR •. 
Non-emergency type of me_thods for reducing power demand and growth 
rates are not likely to be effective within the short period of 
time considered in the present assessment. 

2. Alternative Cooling and Chemical Treatment Systems 

When the original decisions were made to construct a 700-MWe power 
plant, the applicant selected once-through cooling of th~ steam 
condenser on the basis of the lowest capital investment and operating 
costs, since the optional plant sites had available the necessary . 
quantities ,of cooling water. However, in view of the potential 
damage that could be done to the aquatic environment by discharging 
large volumes of heated water into Lake Michigan, the applicant agreed 
with the intervenors to equip the Plant with a closed-cycle cooling 
system using mechanically_ induced-draft wet cooling towers. The 
environmental impacts of both cooling methods have been evaluated and 
assessed in preceding sections of this Statement. The summary of the 
most significant adverse impacts due to the heat dissipation methods 
(see Chapter VII) indicates the need to discuss alternatives of design 
and/or operation of other cooling systems before the cost-benefit 
evaluation is performed. 

a. Cooling Towers31,32,33 

The principal impacts of the closed-cycle wet cooling tower system 
adopted by the applicant are due to.the additions of.chemicals to the 
lake through the blowdown, and by the addition of chemicals and water 
to the surrounding land as a result of the cooling-tower drift. Although 
the chemicals may be varied in an effort to reduce adverse impacts 
durii:ig future operation, it is probable .that any of the chemicals 
suitaQle for corrosion inhibition and biological defense (see 
Appendix V-1) will have an adverse effect on the lake and possibly on 
the terrestrial ecosystem. The adverse impact on the lake ecology 
due to the release of chemicals in the blowdown can be reduced by . 
installing a treatment system to remove the potentially toxic chemicals 
prior' to the release of the blowdown water to the lake. Chromate and 
phosphate recovery systems are commercially available; the selection 
of a cooling tower blowdown treatment would commit ·the Plant operator 
to a particular corrosion-inhibitor. Complete elimination of the 
chemicals released to the terrestrial environment is impossible with 
the wet cooling tower, but proper design can minimize the drift7 and 
reduce the impact of .chemicals arid excess.water.on th~ adj~~~nt·i~~d~­
and its ecosystem. 
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The adverse impacts due to chemical ·loss from the towers to the 
environment are reduced wi_th the use of natural-draft wet cooling 
towers. This ·is due to a reduced requirement for corrosion inhibitors 
since much of the structure of these towers is corrosion-resistant 
concrete. Drift is also less with natural draft towers due to lower 
air velocity due to the absence of fans in the tower. 7 The capital 
cost of a natural-draft wet cooling tower is greater than for the 
mechanical~draft tower, but a lower operating cost would balance this 
out over the long term. Natural draft cooling towers do n:ot derate 
the Plant as much as mechanical draft cooling towers but result in 
reduced thermal efficiency of the Plant to a greater extent than 
mechanical draft cooling towers. However, a natural-draft cooling 
tower for the Palisades Plant would be more thari 400 feet tall, and 
could be considered by many people to have a severe aesthetic impact 
on the naturally scenic sand dunes. Furthermore, natural-draft 
cooling towers would. disperse fog and. drift and cause icing .over a 
wider area beyond the P_lant site area. Since a large consumptive ·use 
of water is involved in evaporation and drift, the fog formed and 
emitted from the higher elevation of a natural-draft cooling tower 
might affect the traffic on the· nearby highways. The fog and ice from 
the mechanical draft cooling tower would affect primarily the onsite 
area since the plume will be emitted at about the same elevation as 
that of the sand dunes. 

Dry cooling towers (induced- or. natural-draft) eliminate the drift 
problem, and the blowdown impact is significantly reduced. This 
latter improvement r.esults from the fact that dry cooling towers do 
not lose water by evaporation to the atmosphere, and hence, do not 
concentrate naturally-occurring ch~micals in.the cooling water, thus 
minimizing the need for blowdown. ·The use.of this type of cooling 
tower offers the advantage of increased flexibility in siting thermal 
power plants, since a large source.of cooling water would no longer 
be necessary. A disadvantage is that back-pressure turbines for 
pres.sures in the range of 8-inch Hg absolute,.· wtlich must be used wi.th 
dry cooling towers, are not manufactured in the United States. Another 
disadvantage is that the thermal efficiency is lower, since it is 
governed by the dry-bulb rathe'r than the wet-bulb temperature of the 
air.· ·These dry cooling towers require a greater heat transfer surface 
because of inefficiencies in heat transfer adding to the cost of 
installation and space requirements necessitating a structure far 
greater in size than the natural..;,draft wet tower. The infancy of the 
art of large dry cooling towers is obvious in estimates of capital and 
operating costs, which have ranged from $20 to $50 per kilowatt 33 

capacity 'for a nuclear plant, and in estimates of the increased cost 
to the consumer, wtiich have ranged from.2% to .10%. Details on siting, 
performance,· and e.conomics of dry cooling. towers are de$cribed by · 
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Smith and Larinoff, 33 who point out the advantages and disadvantages 
of this cooling system for dissipating heat to the atmosphere. Thus, 
this type of cooling tower would add more than $25-million to the 
Plant ·cost with the once-through cooling system (not including back-
fi tting costs). 8 In addition, no dry cooling tower has ever been 
operated on a power plant of greater than 2SO_MWe; 8 thus experience 
with investment costs and operation is not presently available. (Again 
the natural-draft type of tower would be a large structure that would 
have an adverse aesthetic impact.) 

b. Cooling and Spray Ponds 

Another closed-cycle cooling system is a cooling pond. Large man-made, 
rel~tively shallow ponds are constructed to provide a larg~ surface 
area for evaporation of water, and thus heat dissipation to the 
atmosphere. The surface area required for cooling ponds is large 
(1 to 3 acres per megawatt of electricity) and it could be difficult 
and• 'costly. to purchase the needed land and build a pond. The pre- -< · •· 
sent site acreage of 487 acres would be insufficient to build a 
cooH.ng1.1pond. To' dissipate the waste thermal energy of the Palisades'. ;::,, : 
Plant, the cooling pond area would have to _be more than 1;000 acres. 1 0,11 
The use of cooling ponds at the Palisades site would req4ire the des­
truction of the.sand dunes, or the construction of- a conduit to take 
the warmed water at least 1 mile to property (which could be purchased) 
beyond the sand dune zone. Destruction of the sand dunes would be an 
unacceptable environmental impact upon ail important geologic feature. 
Removal of more than a thousand acrei::; of land, inland of the sand dunes, 
would also be a loss of an important natural resource in this agricul­
turally productive region. 

Spray ponds, though similar to cooling towers in operation, depend 
upon local temperature, humidity, and wfnd conditions, and thus the:l,r 
reliability is variable. The loss of land and the capital cost 
required for this alternative is not justified for a benefit whose 
reliability is questionable, particularly ·during the summer months, 
when_ the peak electrical load is experienced. A spray pond for use 
at the Palisades Plant may require about 30 acres at a.design tempera­
ture rise·of about 25F0

• The costs of such a cooling pond could be 
estimated to be about $7-10 million.36 

There are adverse environmental effects associated with .a spray pond 
at the Palisades Plant. If the scenic sand dune area were to be used, _ 
the land would require defoliation and clearing. During winter 
operation, drift and spray would result in local icing. Th~ effect 
of any salt content of- the spray is not known,· but it is likely that the 
local flora would be affected. Under adverse humidity conditions, 
local fogging can occur. 

" 
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c. Once-Through Cooling 

The most significant adverse effects on the local environment at the 
Palisades Plant site as a result of using the once-through cooling 
method (see Chapter VII) are, in increasing order of severity, (a) 
zooplanktbn mortality due to entrainment in the cooling system, (b) 
interruption of fish movement in the shallow waters along the shore, 
and (c) chemical (chlorine) poisoning of the aquatic environment. 

The zooplankton mortality will occur with the once-through cooling 
system. However, at the Palisades site ttie loss of live organisms 
is small relative to the available numbers, and does not lead to 
much alteration in the food chain, since the rapidly regenerating 
algae are quickly able to restore the ·population to·equilibrium 
with the need of their natural predators. Therefore, no alternative 
action needs. to be considered to reduce this impact, unless future 
observations identify impacts larger than anticipated by present 
assessment. 

Alongshore movsment of fish in the shallow water beach zone is not 
now a significant aquatic feature for the fish species presently 
abundant near· the Plant site·. However, some fish. species which are 
making a comeback in Lake Michigan do use the beach zone, during their 
annual life pattern and will be prevalent near the Plant site. There­
fore, alternatives of Plant design should be considered.to reduce the 
adverse impact of the thermal discharge of the once-through cooling 
system. One alternative is the modification of the discharge ~anal 
to increase the exit velocity from.the present 2 feet per second (fps). 
to 10 fps. This would significantly reduc;e the-area of the thermal 
plume 12 and enable the fish to avoid the heated water without leaving 
the shallow water zone. Another alternati:ve is to. extend the condenser 
discharge canal structure into the lake .beyond the shallow water beach 
zone .. At the Palisades site, this extension of the structure would be 
about 2,000 feet to reach depths of about· 20 feet. This alternative 
eliminates the shoreline thermal plume, although precautions must be 
taken to induce a rapid mix of the heated water in order .to· minimize 
the possibility of the thermal plume. sp_reading back to the. shore zone. 

The periodic addition of chlorine as sodium hypochlorite to the.· 
once-through cooling water has an adverse impact due to the toxicity 
of the . chloramines formed when free. chlorine. and nitrogenous. matt.er 
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react (see Chapter V.B. and V.C.). The chloramines formed are in­
gested by aquatic animals. The expected concentrations may be fatal 
to some aquatic life, and could eventually enter man's food chain. 
This impact can be minimized by using only that amount of hypochlorite 
needed to prevent the biological growths in the condenser and by 
limiting the treatment period to one hour per month and the concentration. 
to 0.5 ppm residual chlorine at the outfall. However, this may only pro­
long the ultimate impact. Therefore, alternatives to the use of soluble 
poisonous chemical additions should be considered. Mechanical cleaning 
systems using circulating sponge rubber balls 13 , 14 or cyclic, automatic 
brush cleaning15 could be backfitted to the steam condensers of the 
Plant. Neither of these alternatives should introduce any significant 
adverse environmental impacts. The applicant in Appendix XII-13 
conunents on these alternatives of using sponge balls in place of 
chlorine. 

d. Comparison of Closed-Cycle and Once-Through Cooling 

In the period since the Draft Detailed Statement was issued, the 
applicant has begun to investigate possibilities for.modification of 
cooling tower equipment that would obviate the need to control ' ' 
corrosion by chemical methods. It now seems feasible to protect 
metal surfaces of the cooling tower components with plastic coatings 
and to use corrosion resistant alloys for the recircutating water 
pump cpmponents. If such modifications are adopted and chemicals are 
~ot used for corrosion protection, the principal impact of cooling 
towers on lake ecology will be caused by the recirculating water 
pumps (mechanical damage to organisms) , the use of sulfuric acid to 
prevent scale formation, and chlorine (see v.c). 

As a possible alternative, the Plant would be backfitted to incorporate 
two modifications which would be less expensive than cooling towers, 
and that. would cause even less impact on the lake than that resulting 
from operati.on of the Plant with cooling towers as described above. 
First, adop~ion of· the use of mechanical cleaning system to prevent 
fouling of turbine condenser tubes, such as is finding use in such 
plants as the Surry and North Anna Stations, would· preclude the use 
of chemicals as necessary- to the once-through mode of operation.· 
Second~ if .the outfall. were -modified to disch·arge the recirculated 
cooling water through a multiport diffuser submerged to approximately 
20 feet below the lake surface, and with the point of discharge extended 
to approximately 2,000 feet offshore, interruption of the shallow off­

.shore corridor used by spawning fishes would not take place. ~nhanced 

mixing, obtained by increased en trainme.nt ·of colder lake water, would 
greatly reduce the extent to which th,e plume wotild ·b~. di'Sp:~r$ed. in __ the ---~- __ _ 
lake. Modeling studies for such discharges.have been ~ade for several 
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plants recently. 34 ,35 Assuming the applicability to the Palisades 
Plant, without recirculating warm water to the Plant intake, the 
staff finds that at full power, the surface temperature of the lake 
resulting from the submerged discharge would be less than 2F 0 above 
the ambient lake temperature. 

Asbury34 has reported that the thermal burden to Lake Michigan from 
the operation of some 22 ·power plants projected to exist on its shore­
line by the year 2000 will cause an increase in the average equilibrium 
temperature of the lake of 0.093°F. This results from an input to the 
lake of 66.4 gigawatts*. At a discharge rate of 5 x 109 Btu/hr, the 
Palisades Plant will contribute 2.19% of the projected increased ther­
mal burden to the lake, and accordingly, could be responsible for an 
increase of the average equilibrium temperature by once-through cooling 
of 0.002°F. It is well known that the average temperature of Lake 
Michigan has decreased about 2F 0 since the turn of the century, and 
no evidence of a reversal of this trend has been observed. The prob­
ability that operation of the Palisades Plant with once-through cooling 
is likely to contribute to a general increase in the eutrophication 
of the lake by significantly increasing the thermal burden to the lake 
is therefore extremely low. 

e. Costs of Alternative Cooling Systems 

The estimated costs of some of these alternative cooling systems are 
shown in Table XI-1. The capital and operating costs for the cooling 
tower alternative, including backfitting charges, were provided by. 
the applicant for the induced-draft mechanical wet cooling towers 
being designed for the Palisades site. 16,l 9 , 20 The high-velocity 
offshore discharge involves an investment of at least $1,000 per 
lineal foot of installed pipe. The applicant estimated over 
$3-million for a 2,200-foot discharge line, and Tennessee Valley 
Authority invested nearly $5-million at the Brown's Ferry Power 
Plant for about 5 ,000- feet of ins.talled pipe for their diffuser 
system of thermal effluent discharge. The cost for the blowdown · 
treatment system is .estimated from manufacturers-' literature for 
chromate or phosphate removal equipment. The cost of equipment for 
mechanically cleaning condenser tubes is based on experience at the 
TVA Brown's Ferry Plant. For the automatic brush cleaning technique,. 

*l gigawatts 1,000 megawatts 
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TABLE XI-1 

RELATIVE COST OF ALTERNATIVES TO PRESENT ONCE-THROUGH 
. COOLING SYSTEM OF PALISADES PLANT 

Alternatives 

Higher velocity on-shore 
discharge 

Higher velocity off-shore 
discharge 

Mechanical condenser 
cleaning 

Cooling towers* 

Estimated Additional Cost 

Capital Operating 

$1 x 106 none 

$<5 x 106 small 

$<0.5 x 106 small 

$20 x 106 
(with backfi tting $4. 5 x 106 /year 
charges) 

5. Blowdown chemical treatment 
(chromate or phosphate removed) 
2 x 106 gpd' = 7.3 x 108 gpy 

$<100,000 $<50,000/year 

* The applicant provided the estimated cost of cooling towers; the 
figures are for mechanical induced-draft wet tower. 2 0 

the manufacturer's 'literature indicates that the installation cost 
including backfitting of the necessary condenser reverse-flow piping 
would be. of a similar magnitude. Other costs in Table XI-1 are 
estimates arrived at by comparing the complexity and relative magnitudes 
of each alternative. 

The first three alternatives may be worthwhile objectives for any 
power plant using a natural water supply for once-through cooling, 
since the adverse impacts would then be as low as practicable in most 
cases. Since these alternatives have the shortest design and construc­
tion time following the observation of a significantly adverse impact, 
a delay period during which environmental impact data could be collected 
with the present ·system in operation would not place an unnecessary 
burdeon on the aquatic ecosystem, before a later commitment is made to 
an alternative. 
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The applicant has initiated plans for the design and construction of 
a closed-cycle cooling system using mechanical induced-draft, wet 
cooling towers. These towers are scheduled to be in service on or 
before December 31, 1973. Until then, the power plant will operate 
with the once-through cooling system. The cooling towers and 
associated equipment as presently envisioned will cost about $20-
million (including backfitting costs), and will add about $4.5-million 
to the annual operating costs of the plant. 20 Mr. Bruce Tichenor, 17 

in testimony before the Michigan Water Resources Commission on June 24, 
1971, estimated the costs of backfitting cooling towers to a power 
plant like Palisades ·at $10 to $20-million, depending on a number of 
variables. He also calculated that these increased costs are the 
equivalent to about 0.5 mill per kWhr at the bus bar based on the 
Plant output. This is equivalent to an additional 0.1 mill per kWhr 
to the average customer, based on the applicant's 1970 _annual power 
sales, 18 since the Palisades Plant will provide about 20% of the 
system capacity. This economic penalty is in addition to the adverse 
environmental impact of the cooling towers on the forest community.of 
the sand dunes. · 

I, I. 

3. Alternative Radwaste System 

The Plant, as built, permits the release of small amounts of radio­
active. material into Lake Michigan by way of the coolant water dis­
charge an:d to the atmosphere by way of the stack. The applicant has, 
however, included additional treatment facilities in the design of 

·.the liquid radwaste sys-tern to reduce further the liquid radioactive 
wastes into Lake Michigan. These modified facilities will be opera­
tional by spring 1973. 

a. ·Liquid Radwaste System 

In Amendment No. 21 to the FSAR, dated March 1, 1971 and Amendment 
No. 24 "Special Technical· Specifications Pursuant to Agreement" 
dated June 17, 1971, the applicant describes a modification of the 
.liquid 'radwas te sys.tem which it intends to ins tall at or before the 
end _of the first fuel cycle. The ~edifications include the installa-

, tion of tw~ evaporators which will serve to reduce liquid radwastes 
(with the exception of laundry wastes) to levels comparable to the 

. guideli.nes .of proposed Appendix I to 10 CFR 50. Furthermore the 

. ' 
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applicant plans to recycle all clean and dirty wastes or to ship them 
offsite except for laundry wastes~ which are expected to be a minor 
source of radioactivity. Thus, a discharge of approximately 
60,000 lb/yr of unconsumed H3B03, discharged at concentrations of 
2. 5 ppm with the present radwaste system will be reduced to essentially 
zero by use of the two evaporators, which will concentrate boric acid 
for recycle in the Plant. 

Also the radioactivity released into Lake Michigan would be further 
reduced by the addition of demineralizers on the steam loop of the 
steam generation system. This would eliminate the need of blowdown 
of the secondary system and would be beneficial after the steam 
generators develop leaks from the primary to the secondary loop. 

b. Gaseous Radwaste System 

The present radioactive emissions included in the gaseous effluent 
from this Plant can also be technologically reduced. The applicant 
has agreed to add more holdup tanks for the radioactive fission gases 
to increase the holdup time from 30 days to 60 days. This will reduce 
the radioactivity of the 13 3xe by a factor of 30, at which time the 
long half-life 85Kr would be the primary radioactive gaseous emission. 
The only. known method of eliminating this radioisotope from the · 
effluent is by storing it in pressurized cylinders. An· approved 
nethod for storing these cylinders is not.presently available.· Finally, 
the addition of charcoal adsorbers in gas vent.lines of Plant systems 
such as the holdup. tanks, the containment building, the final storage 
area, and the turbine building would substantially reduce the gaseous 
radioactive iodine released to the environment from the stack. These 
charcoal adsorbers are used in most modem PWR facilities 20 and should 
be used to eliminate atmospheric releases from Plant ventilation. 

c. Cost of Modifications of Radwaste System 

In Chapter III, Table III-6 shows the anticipated releases of 
radioactive material in gaseous effluent based on the present ~d 
the modified gas processing system as proposed by· the applicant. 
See Section IILD for further details on the radwas te modifications. 

The applicant 20 has reported that the es tim'ated capital cost of the 
radwaste modifications is about $9' million and the estimated increased 
annual operating costs are $1. 2 million. 

Costs of additional suggested changes in Sub-sections a. and b. above 
would not be· unduly extreme in comparison to their effectivenes$ in 
reducing the quantity of radioactive effluent. 

, .. 
' 
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B. SUMMARY OF COST AND BENEFIT ANALYSES 

1. Benefits 

The primary benefits of the Palisades Plant are to provide electric 
capacity and to generate electric energy. Operation of the 700 MWe -
Palisades Plant would be a benefit to all of the people of Michigan, 
by increasing the reliability of the electrical energy system during 
periods of peak load demand. Without t~e Palisades Plant, system 
deficiencies may cause industrial slowdown,-which means reduced· 
individual incomes, and may adversely affect critical public functions 
such as hpspitals, water supply, and sewage treatment. 

If the Plant operates at this capacity for 85% of the time, the out­
put of electric energy will be about 5.2 billion kilowatt hours per 
year. Of the electric energy sold by the applicant, about 35 to 40% is 
used for residential purposes and the rest is about equally divided 
between industrial and commerc:ial: uses .. 

. ( . 
The taxable assessment of the -P.aJJs·~.d~$('Plant is about 75% of the total 
property assessment of Covert Township and about 12% of the Van Buren 
County property assessment. 25 - The present tax paid by the applicant 
to the township is $900,000 per year, and this will double approximately 
when the Plant.begins to operate ($18 million present value). 2 3 This 
income, a small part of which goes to Van Buren County, will enable the 
rural community to upgrade its school sys·tem. Other public services 
not obtainable with the previous tax income can be. provided when 
desired; or, for the short term, the tax rate could be reduced. In 
addition, the annual payroll at this Plant would be about $0.5-million 
much of which would enter the economy of Van Buren County. ·Abandonment 
of the Palisades Plant would not place a financial burden on the . 
community, since no significant programs have been started as a result 
of the potential tax income. 2 3 However, many of the employees wo.uld 
be forced to move elsewhere to find .. similar employment. 

A recreational benefit has accrued fr<;>m the addition to Van Buren State 
Park of 360 feet of lakefront property in an exchange of land with the 
applicant. Also, the State Park visitors have benefited QY increased 
pedestrian safety and decreased highway noise resulting from the re­
location of U.S. Highway 31 out of the center of the park property. A 
visitors' center, built by the applicant for public relations, will. 
provide some educational benefit to the public, particularly to the 
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school children of the area. Bas·ed on attendance at the neighboring 
public parks, it is reasonable to assume that there will be about · 
100,000 visitors per year. 

2. Generating Costs 

The total capital outlay for the Palisades Plant has been about 
$171,000,000. The costs of operation and maintenance at 0.5 mills 
per kilowatt hour amount to about $2,600,000 per year. The costs of 
nuclear fuel at about 2~1 mills per kilowatt hour amount to $10,900,000 
per year. The present worth of these annual costs for 30 years of 
operation, based on a.discount rate of 8.75% per year, is $142,000,000. 
When this is added to the capital outlay, the total generating costs 
become $313,000,000. 

The incremental cost for the addition of mechanical draft cooling 
towers is estimated at $20,000,000 f0r capital outlay and $4,500,000 
per year for operating costs. The total increment in terms of present 
worth for 30 years of operation would then be about $67,000,000. 

The alternative of constructing a fossil-fuel plant over the next 
five years and then operating that plant would greatly increase gener­
ating costs. Because of the escalation of power-plant construction 
costs, the capital outlay for a new conventional coal-burning or oil­
burning plant would actually be greater than it was for the Palisades 
Plant. A combined-cycle oil-burning plant might be somewhat less 
expensive to construct. The predominant effect is that the fuel costs 
for any coal-burning or oil-burning plant would be several times that 
of the Palisades.Plant. (See the comparable analysis for the proposed 
Midland Plant of the Consumers Power Co.38) 

3. Land Use 

Construction of the Plant was accomplished with little adverse impact 
on the local terrestrial environment. A minimum amount of land was 
disturbed during construction. An active effort is currently underway 
to landscape the disturbed area to enhance the appearance of the site.19 
The unused acreage on the site will be preserved in its natural con­
dition, and nature trails, when established, will enhance public 
enjoyment of the area. Since most of the construction labor force 
lived within driving distance, there was no significant influx of 
short-term residents, and therefore, no adverse impact on housing and 
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schools or other public services. There was some overcrowding of 
rental facilities in South Haven, especially during the summer months 
when both construction workers and summer tourists sought temporary 
housing. There was no significant change in civilian life patterns 
within the community nor an increase in commercial activity; and 
apparently no new business establishments were begun as a direct 
result of the const~uction activity. The delivery of much of the 
construction material on a railroad spur relieved the local roads 
from heavy construction use, and thus prevented the development of 
any major damage. 23 • 24 About a total of 2,225 acres of land were 
cleared for transmission lines. The aesthetic impact is not great 
although construction of the cooling towers may have a minor additional 
effect. 

Construction of the cooling towers would increase the adverse effect 
on the dunes area. Operation of the tower would cause some icing and 
fogging, mainly onsite. The noise level onsite would be increased, 
but may not be noticeable at the Plant boundary. 

4. Water Use 

With the present on~e~through cooling system, the Plant will use 
about 405,000 gpm of water from Lake Michigan and return it to the 
lake at a temperature of 25 F0 above the intake ·temperature. (See 
Section III.D.) In the thermal plume, the excess isotherm for · 
3 F0 above ambient will extend about 8 ,500 feet offshore and cover 
an area of about 370 acres when there are no lake currents (bell­
shape plume). 

With the cooling tower (closed~cycle) system the Plant will use 
much less lake water. The evaporation and drift losses will 
total about 12,300 gpm, a relatively negligible loss. About 60,000 
gpm, used to. dilute the 1,320 gpm blowdown, will be discharged to 
the lake at a temperature of .< 5 F0 above ambient.* . In the case 
of a 5 F0 excess isotherm at the outfall the predicted thermal plume 
would have a 3 F0 excess isotherm that extends about 630 feet from 
the outfall and covers an area of < 1.8 acres when there are no lake 
currents. 

The discharge of chemicals and heat with the once-through cooling 
system is· not expected to have any effect on water quality except 
as related to biota. With the cooling tower operation, as shown 
in .Table XI-2, total dissolved salts and toxic chemicals from the 
blowdown will be deposited in the lake water that otherwise would 
not be there. Corrosion inhibiting chemicals could be removed by 
blowdown treatment (see Section XI.2.a). It is also possible to 
design the towers so as to reduce the .chemicals needed. 

* With 60,000 gpm dilution, the diluted blowdown temperature is 
expected to be less.than 1 F0 above ambient. 
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5. Biological Impact 

Operation of the Palisades Plant with once-through cooling may have 
some adverse ecological impact on the aquatic life in Lake Michigan 
near the discharge structure. However, the environmental cost is 
expected to be quite small. This is partly due to the fact that the 
impacts described in previous chapters are significant only when 
sufficiently large populations of animals and/or plant life are present 
in the affected areas. Available information indicates that present 
populations are small in the lake adjacent to the Plant site.' Increased 
populations in the future may increase the environmental costs. The low 
environmental cost is also due to the short reproduction cycle of the 
most affected organism, the algae. Quantification' of the.environmental 
cost of the once-through cooling system is difficult at this time due 
to the lack of well-defined damage to the aquatic ecosystem. 

The estimated biological damage due to impingement and entrainment 
for the once-through cooling system is about 60,000 pounds per year. 
The estimated damage for the cooling tower system is about 8,500 
pounds per year. (See pages V-6 and V-78.) 

Terrestrial environmental impacts are also difficult to quantify due 
to· lack of experience and the large number of variables involved •. How­
ever, the regulatory staff's analysis indicates that the potential for 
total damage to terrestrial and aquatic ecosystems particularly to the 
unique sand dune area due to the cooling towers is at least as great as 
the potential for damage to aquatic systems due to the once-through 
cooling system. · 

With the present knowledge of the aquatic community of Lake Michigan 
at the Palisades site and the rather minimal impact foreseen by 
operation of the Plant as built, there does not appear to be sufficient 
ecological justification for the additional resource investment (and 
subsequent increased cost to the consumer) necessary to provide cooling 
towers. The ecological impact of each cooling system is of comparable 
significance. 

Operation of the Palisades Plant with the once-through cooling system 
does add to the total heat burden placed on Lake Michigan. However, 
the staff's analysis shows that this heat buqlen does not have a 
significant adverse impact on the lake in the vicinity of the site, nor 
will the lake's average temperature be measurably increased .by the 
operation of the Plant. The concerns expressed for the potential 
overburdening of Lake Michigan with thermal effluents has been in the 
long-term related to a large number of power plants projected for 
future years up to the year 2000. As s~en earJier, these power plants 
are not expected to produce a significant effect on lake populations 

"·' 



XI-18 

from thermal discharges. Any new regulations ·should be imposed first 
on future planned construction and second upon facilities shown by 

·good scientific evidence to be degrading the environment to a significant 
degree. 

6. Radiological Impact 

From the radioactive releases to the environment under controlled 
conditions, the radiation doses to various groups of biota and man 
based on operation of the Plant with the present radwaste system are 
sunnnarized in Tables V-6 and V-7. As noted in the text accompanying 
these tables, the annual cumulative dose to the 1,000,000 population 
living within a SO-mile radius of the Plant is estimated to be about 
3 man-rem and an average annual dose to an individual of 0.003 mrem. 
The corresponding annual background dose is 100,000 man-rem to the 
general population and 0.1 rem to an individual. The assessments of 
the radiation exposure to the plants and animals of the environment 
(aquatic and terrestrial) indicate there is no significant adverse 
impact based on the desig~ releases listed in Tables III-7 and III-8 . 

. 
· With the proposed modifications of the present radwaste system, re-
leases of liquid radwastes will essentially be zero. The radiation 
doses from radioactive gaseous effluent will be reduced to an estimated 
value of less than 1 man-rem for the total annual cumulative dose to 
the population living within a SO-mile .radius of the Plant, and an 
average annual dose to an individual of 0.001 mrem (1 µrem) .. 

The financial investment of these improvements ($9,000,000 - capital 
costs and $1,200,000 annual operating costs) is not considered to be 
great relative to the overall capital investment for the entire 
facilities and relative to the benefits to man and his environment 
over the long term. These improvements will be added in 1973; how­
ever,~ the Plant can operate with its present system with no significant 
adverse impact on the health or safety of man and biota. 

7. Cost-Benefit Balance 

In Table XI-2 the estimated monetized costs of the Plant are summarized~ 
for both·the present once-through cooling and the mechanical draft 
cooling tower systems. Examination of Table XI-2 reveals that the 
monetary cost of the cooling towers is $67 ~000,000 (present value) 
greater than the once-through cooling system. The environmental costs 
associated with the two systems differ in the following respects: 

a. Economic Impact 

The construction of the Palisades Plant has been completed since spring 
1971 and on November 20, 1971 the applicant obtained a limited operating 
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TABLE XI-.2 

COST SUMMARY :FOR ALTERNATIVE 
HEAT DISSIPATION SYSTEMS 

[Note: Costs are in dollars o.f present value, based on 30 yeaIS of operation 
and a discount rate of 8.75% per year.] 

A. MONETARY COSTS 

Once-Through Cooling 

1. Generating Costs 

2. Incremental Costs 

a. Capital Cost 
b. Operating Cost 

B. ENVIRONMENTAL COSTS 

1. Land Use 

a. Area modified (see 
Fig. II-1 and Sec. 
IV .B .1.) 

b. Ambient noise 
c. Fogging and icing 

$313, 000, 000 

(Reference Case) 

30 acres 

Negligible 
None 

d. Salt deposition (from None 
drift) 

e. Transmission Lines 5 acres (dune 

2. Water Use 

a. Destruction of 
entrained biota 

b. Water continuously 
removed from lake 

area) 
2,250 acres (:farm 

land) 

60,000 lbs/yr 

405 ,000 gpm 

Mechanical Draft 
Wet Cooling Towers 

$313,000,000 
(with reduced 
electrical output) 

20,000,000 
47 000 000 , ' 

32.3 acres 

Minor effect on site 
Possible effect on 

dunes and fruit 
farms 

Possible effect on 
dunes (see Table V-4) 

5 acres (dune area) 

2,250 acres (farm lan4) 

8,500 lbs/yr 

73,840 gpm 
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Once-Through Cooling 

c. Consumptive use of <8,000 gpm 
lake (evaporation, 
drift) water 

d. Area enclosed by 3F0
- 370 acres 

excess isotherm in 
thermal plume 

e. Concentrated salts None (see Tables III-9 
discharged to and 10) 
lake 

f. Free chlorine dis- 0.5 ppm at 405,000 
charged to lake for 1 hour/month 

g. Corrosion inhibi- None 
tors discharged 
to lake 

h. Other b iocides None 

Air Emissions 

a. Radioactive Gases Same 

b. Plume (fog, water Negligible 
vapor) 

Annual Radiological Impact 

a. Cumulative dose to 
people in SO-mile 
radius from Plant 

b. Average dose to 
individual living 
within 50-mile 
radius of Plant 

c. Whole body dose to 
individual at 
site boundary 

d. Thyroid dose from 
ingestion of water 
at South Haven 

3 man-rem 

0.003 mrem. 

0.57 mrem 

1.4 mrem 

gpm 

Mechanical Draft 
Wet Cooling Towers 

12 ,300 gpm 

< 1. 8 acres 

Increased TDS con­
centration (see 

Tables III-9 and 
.10) 
0.022 ppm at 60,000 

gpm at 1 hour/ day 
Chromate added (see 

App •. V-1) . 

0.036 ppm Zn, 0.27 
ppm P04 at .60,000 gpm 

(see Table III-10) 

12,300 gpm of evaporated 
water for fog formation 

20 gpm drift with 
concentrated salts 
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Once-Through Cooling 
- I 

e. Child's thyroid dose 1.3 mrem 
from iodine in cow's 
milk from nearest 
dairy farm 3 miles 
in SSE sector 

f. Child's thyroid dose 2.6 mrem 
from drinking 1 liter 
of milk per day from cow 
at the potential nearest 
grazing land (2 miles in 
SSE sector) 

5. Biological· and Chemical Impact 

a. Annual amount of 
chemicals added 
to lake* 

b. Added chemicals 
(See Section V.C) 

c. Nutrient for 
algal growth 
added to lake 

1,220 lb chlorine 
60,000 lb boric acid 

Mechanical Draft 
Wet Cooling Towers 

242 lb chlorine @ 0.222 ppm 
6,950 lb Zn @ 0.026 ppm 

69,500 ·lb P04 @·0.26 :g>pm X 
5,800 lb Cr04 @ 0.022 ppm** 

5,800,000 ·lb S04 @ 22 ppm 

Increased concentration of 
P04 by 20 X - promotes 
growth of blue-green 
algae 

Increased concentration of 
S04 promotes growth of 
Desulfovibrio sp. 

* Chlorine added 1 hour/month in once-through cooling and 1 hour/day in 
cooling tower operation. All other cooling tower chemicals added 
continuously. Boric acid added intermittently; boric acid concentration 
will be reduced by 0 ppm with modified radwaste system. 

** Assuming the concentration of the excess chromate in the blowdown before 
dilution with 60,000 gpm lake water is 1 ppm. 
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license to operate up to 20% of rated power. ·Another limited 
operating license to operate up to 60% of 'rated ·power was obtained 
from the Commission on March 10, 1972. Based on the staff's 
testimony and supporting documentation29 dated December 30, 1971 
presented-in the Hearing before the Atomic Safety and Licensing 
.Board on January 25-26, 1972, the. costs in a delay .in the licensing 
action for limited operation at 60% of rated power amounted to about 
$2,000,000 per month. Furthermore operation at 100% of rated power 
would eliminate this cost in delay to both the applicant and the 
consumers of electr~city. 

With the Plant in full power operation, the applicant will also be 
paying about $1.8 million per year of ·property taxes to the county 
and the township. The annual payroll would also be about $0.5 million, 
much of which would enter the economy, of the local area._ Benefits 
gained by the use of the visitors' center have been estimated to be 
about 100,000 visitors per year. 

b. Land Use: 

Cooling towers require about 2.3 more acres of dunes to be modified. 
Cooling towers introduce some noise .on site and possible minor. effects 
of fogging, icing and salt deposition. 

c. Water Use: 

The once-through system removes about 7 times as much lake water and 
has the potential to destroy about 7 times as many biota (mainly 
plankton) as the cooling tower system. The cooling tower has a 
consumptive use of over 12,000 gpm and results in discharge of 
concentrated salts and corrosion inhibitors into the lake which are 
toxic to biota. The thermal influence from the discharges of the 
once-through cooling system is much larger than that of the cooling­
tower blowdown. 

d. Air Emissions: 

Except for the possible fogging caused by cooling tower evaporation, 
both cooling ,systems have equal environmental effects on the atmosphere~ 

e. -Radiological Impact: 

Both systems have some impact. The modified radwaste system will assure 
that the radioactive releases will meet the proposed Appendix I of 10 CFR 
50 and thereby reduce the annual radiological impact to less than 1 µrem 
to an individual and 1 man-rem for a population of 1,000,000 living 
within a 50-mile radius _of the Plant. 
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f. Biological Impact 

As discussed above in this· Statement, both systeillS have some adverse 
impact on aquatic biota and other ecosystems in the local area of the 
Palisades Plant, but these impacts are confined to a relatively small 
area of the total area of Lake Michigan. However, the intermittent 
discharge of residual chlorine in: the.circulating cooling water in 
the once-through system and the continuous thermal discharge at an 
excess elevated temperatures of 25 F0 above ambient ·are not expected 
to reduce the overall aquatic productivity and the population level 
of the entire Lake Michigan, rior along the eastern shore of lower 
Michigan. The heat burden of the thermal input into the lake is 
localized and will not alter the average temperature of the lake over 
the 40-year lifetime of the Plant. All the heat input will eventually 
be dissipated into .the atmosphere and no adverse climatic changes 
should occur from the heat generated from the Plant. 

In regards to the cooling tower system, the continuous discharge of 
concentrated toxic chemicals and total dissolved solids directly into 
Lake Michigan, even with the dilution of the concentrated salts with 
lake water, will result eventually in a deleterious burden of sustaining ' 
chemicals into the lake which have the potential of causing long-lasting 
adverse effects on water quality and on aquatic biota, particularly in 
the vicinity of the Plant. The cooling tower plume and drift also have 
the potential of damaging the terrestial biota located on the sand dunes. 
Thus these potential effects are of significance to warrant further 
investigation into alternatives to the planned modifications of the 
once-through cooling system. 

In effect, use of the cooling towers reduces the size of the thermal 
plume and the mass of entrained biota that may be destroyed in the 
cooling system, but increases the toxic chemical input into the lake. 
Briefly, the thermal impact on aquatic biota is reduced but the chemical 
impact increased. 

In summary the regulatory staff's assessment of the Plant operation at 
100% rated power of 700 MWe indicates: 

Once-Through Cooling Mode of Operation 

1) On technical grounds the adverse impacts to the environment 
will be of little significance. 

2) After December 31, 1973, it wiH not be possible to 
comply with the thermal discharge standards for Lake-­
Michigan recommended by the Environmental Protection 
Agency. (See page III-27) 
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3) It will however, be possible to comply with the thermal 
discharge standards for Lake Michigan established 
for the Palisades Plant by the State of Michigan 
Water Resources Commission. 

4) As described in Section V.C.l. a modified ecological and 
environmental monitoring program21 , 22 will proceed for 
the first two years of operation with the once-through 
cooling system to examine .the localized and overall effects 
on the environment of Lake Michigan and the applicant's 
site and surrounding areas. 

S) Alternative Plant design and operating techniques a.re 
feasible to minimize the local effect from the thermal, 
chemical, radioactive, and other discharges and to 
reduce the mechanical effects on aquatic and terrestrial 
biota and environmental effects on man. 

6) Backfitting modifications of the Plant's once-through 
cooling system to reduce the local effects of the thermal 
and chemical discharges can be accomplished after. 
operation has begun at costs that are less than compared 
with the.costs associated with the installation of 
mechanical draft cooling towers. 

The Mechanical Draft Cooling Tower System 

1) The applicant has demonstrated its willingness to install 
and operate mechanical draft cooling towers through an 
agreement with the intervenors. 

2) The regulatory staff has found that the assessment of the 
mechanical draft cooling tower operation, which does not 
include chemical treatment of the blowdown, may have a · 
more adverse impact on the environment than would occur 
with such treatment primarily from the continuous discharge 
of phosphate, zinc, chromate, and sulfate ions into Lake 
Michigan and salts in the drift onto the sand dunes. 

3) The regulatory staff approves of the applicant's efforts 
to reduce the thermal impact to Lake Michigan to an 
insignificant degree. The current assessment shows that 
although the intent of this effort is. to ameliorate 
adverse effects of thermal discharg~ it is unnecessary. 



XI-25 

4) Alternatives are available for treating blowdown, 
decreasing the.chemical c9ncentrations by further 
dilution, constructing and operating settling ponds, 
utilizing demineralizers, fabricating metallic com­
ponents of the cooling towers from corrosion-resistant 
al.loys, and. using other cooling devices in order to 
minimize the potential lqng-term impacts from blow­
down discharges and drift. The applicant is in­
vestigating procedures and techniques to reduce chem­
icals in the blowdown. 

5) An ecological and environmental monitoring program 
will proceed to examine the impacts to Lake Michigan and 
to the dunes from blowdown and drift during the first 
5 years of operation of the Plant in the closed-cycle 
mode. Such operation will not foreclose options to 
treat the chemical discharge from the towers nor to 
exclude chemical treatment entirely by backfitting 
the towers with corrosion-resistant components. 

6) The applicant shall be required to implement the 
program descr.ibed above to eliminate or significa11otly 
reduce such detrimental effects as might be revealed 
by the monitoring program. 

g. Resources Impact 

During operation of the Palis.ades Plant, a consumption of 2. 74% 
enriched uranium would involve about 1,300 metric tons. (1,450 U.S. 
tons) based on the production of 24,000 MWt-d per metric ton of 
uranium. 

h. Conclusion 

The staff finds that the environmental impact. from the thermal, chemical,. 
radioactive discharges and mechanical effects caused by the once-through 
cooling system is of comparable significance as that from the chemical 
blowdown, fogging, ·and ·icing fro~ .the piume during the. utilization of 
mechanical-draft cooling towers .. Inasmuch as the impact of either 
cooling system is considered by the staff to be minimal, the staff has 
concluded that operation of the Plant with_ the proposed.cooling towers 
is acceptable as conditioned above. 

'· 
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XII. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT DETAILED 
STATEMENT ON ENVIRONMENTAL CONSIDERATIONS 

Pursuant to paragraph A.6 and D.l of Appendix D to 10 CFR 50, the Draft 
Detailed Statement was transmitted with a request for comment to the: 
Advisory Council on Historic Preservation, Department of Agriculture, 
Department of the Army, Department of Connnerce, Environmental Protection 
Agency, Federal Power Commission, Department of Health, Education, and 
Welfare, Department of Housing and Urban Development, Department of the 
Interior, Department of Transportation, Governor of the State of Michigan, 
State of Michigan Department of Natural Resources, Public Utilities 
Commission, Department of Public Health, Board of County Commissioners, 
Van Buren County, and Township of Covert. In addition the Commission 
requested connnents on the Draft Detailed Statement from interested 
persons by a notice published in the Federal Register on March 10, 1972 
(37 F .R. 5138). 

Connnents in response to the requests referred to in the preceding 
paragraph were received from the Advisory Council on Historic Preserva­
tion, the Department of Agriculture, the Department of the Army, the 
Department of Connnerce, the Environmental Protection Agency, the Federal 
Power Commission, the Department of the Interior, the Department of 
Transportation, State of Michigan Department of Natural Resources, 
Department of Public Health, and Township of Covert. The applicant 
in three separate communications has also responded to comments from 
these agencies. 

Our consideration of comments received is reflected in part by revised 
text in other sections of this Statement and in part by the following 
discussion. 

A. SITE SELECTION 

Comments were offered from the EPA, DOT, and the Township of Covert, with 
regard to the selection of the site by the applicant based on economic 
considerations. Although the applicant selected its Palisades site and 
the use of nuclear power based primarily on economic considerations, the 
applicant has carried out an extensive landscaping and stablization 
program of the sand dunes in order to enhance the appearance of the site 
and preserve the formation of the sand dunes. The applicant has already 
started construction of the cooling towers by building the foundation 
for the towers and will landscape the immediate area around the towers 
after construction is completed. Meanwhile the applicant has continued 
to landscape and plant vegetation native to the area on the remaining 
areas of its site. A large share of the site has been forested and 
dune grasses planted to restore the site to its natural surroundings. 

XII-1 
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B. HEAT DISSIPATION SYSTEMS 

1. Once-through Cooling System 

Comments were offered from EPA, Interior, and the Township of Covert 
with regard to the evaluation of the once-through cooling system versus 
the mechanical draft cooling tower system in terms of thermal discharges 
from the Palisades Plant. 

Section III. D.l has been modified to reflect additional information on 
both a qualitative and a quantitative description of the thermal dis­
charges from the once-through cooling system. Both empiric~l and 
analytical relationships were used to obtain a quantitative description 
of the size. of the excess isotherms of the thermal plume. 

The staff has utilized two approaches in its quantitative plume 
description: (1) a study employing a mathematical model by Motz 
arid Benedict in conjunction with empirical relationships developed 
by Pritchard and. (2) a study comQining empirical relationships developed 
by Asbury and Frigo and by Pritchard with experimental data collected 
by personnel of Argonne National Laboratory. Details on assumptions, 
mathematical equations, procedures, and other specifications are also 
presented in Section III.D.l. 

Information is presented as to the size of the thermal plume as it 
is dispersed into Lake Michigan at different times of the year. The 
applicant under its Technical Specifications for operation of Palisades 
Plant at 60% of full power has observed a sinking plume during this 
past spring and is determining the characteristics of the thermal 
plume. 

In order to determine the impact of the thermal discharges on the 
aquatic biota, the applicant shall be required through the Technical 
Specifications to determine detailed characteristics of the thermal 
plume during full power operation prior to installation of the cool­
ing towers. The intent is to establish baseline information for 
purposes of comparison of the environmental impact of two alternate 
cooling systems. 

·.EPA also commented on the formation of a thermal bar in the winter 
months. As stated in Section II.E and III. D.l, the staff believes 
that the physics of the phenomenon dictate that mixing across the 
thermal bar must occur and dissipation of the Palisades effluent 
should not be inhibited. The study of multispectral infrared 
scanning of thermal effluents from three power plants showed no 
evidence of any water masses that could be attributed to the effect 
of warm water discharges from these plants ,into the lake. The Michigan 
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Department of Natural Resources also was concerned about the thermal 
bar but as stated in Section III.D.1. c, the thermal plume may disrupt 
the thermal bar phenomenon resulting in a significant increase in the 
onshore temperature regimen. The effects of density underflow could 
be disruptive in.the thermal bar formation. From this a potential of 
affecting fauna and floral inhabitants of the inshore zone could 
result. The Michigan Water Resources Connnission (MWRC) is also 
concerned with the effects of the density underflow on the spawning 
and development of white fish, ciscoe, and lake trout. The applicant 
will be required to observe and measure the properties of the thermal 
plumes and determine the effects on aquatic biota during the environ­
mental monitoring program with the once-through system. 

As stated throughout .this Statement, thermal discharges from the 
present once-through cooling system will not be able to meet the 
presently proposed Lake Michigan Enforcement Conference Recommendations. 
However, Item II. 2 of these Reconnnendations stat es that "Plants not 
in operation as of March 1, 1971 will be allowed to go into operation 
provided they are connnitted to a closed cycle cooling system con­
struction schedule approved by the State regulatory agency and EPA. 
In 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 cycle sys terns." 

2. Mechanical Draft Cooling Tower System 

In regards to operation of the Palisades Plant with mechanical draft 
cooling towers, the Township of Covert has expressed its concern 
over the amount of water (1,500,000 gpd) evaporated and the drift 
that could result in a buildup of residues on the ground in the sur­
rounding area. From this, fog, icing and possible snowfall may be 
increased. The Township also states its concern by the following 
"The increase in cost to the user of elect.rici ty when it is ques_tion­
able if the cure is any better than the supposed decrease (thermal 
pollution of Lake Michigan)." It goes on to recommend that the 
towers should be de-activated in the winter months to conserve elec­
tricity and eliminate the amount of chemicals going into Lake Michigan 
through the tower blowdown process. The staff has stated in Chapter V 
that fogging and icing from the cooling tower plume would be primarily 
limited to the Plant site since the towers will have an elevation about 
equal to that of the sand dunes and will be located in the valley of 
the sand dunes. The remarks on deactivating the cooling towers 
during wip.t~r_ months _to reduce fogging and icing and to eliminat'e the 
chemicals are well taken. As. experience on operating the towers is 
gained by the applicant, and in accordance with the thermal discharge 
recommendations for Lake Michigan, de-activation of the cooling towers 
during winter months may be possible. 
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As discussed below, in Appendix XII-13, the applicant is l~oking into 
the matter of reducing the amount of chemicals in the blowdown.by 
proper selection of materials for construction of the cooling tower, 
by eliminating the use of corrosion inhibitors, and by avoiding 
discharge of zinc and phosphate into the environment. The technical 
feasibility of doing so has been established and an economic study 
is in progress by the applicant. (These activities will be responsive 
to EPA's connnents regarding the need for a blowdown treatment system.) 
The Michigan Water Resources Connnission refers to section 6 of the 
existing Order of Determination for the Palisades Plant for the 
effects of chemicals from the blowdown; however, specific restrictions 
may be necessary in the form of an amended Order at a later date when 
the applicant has decided on the specific chemicals to be used within 
the towers. To minimize the drift of chemicals, drift eliminators 
will be requested in the cooling towers •. The MWRC also is concerned 
with possible releases of phosphates in meeting the State's recom­
mendations to control of phosphate. Since treatment systems are 
available to reduce phosphate below 4 ppm, the appl1cant will be 
required to employ such techniques to limit phosphate concentrations 
to below 4 ppm. 

C. WASTE TREATMENT AND EFFLUENT DISCHARGE AND IMPACT 

Connnents have been received from DOI, DOC, EPA, and Michigan Department 
of Public Health with regard to the evaluation of the source term of 
radioactivity to be discharged in liquid and gaseous effluents as a 
result of various modes of operation of Plant equipment. 

The Commission's regulation, 10 CFR Part 50.34a, requires the appli­
cant to describe the equipment and procedures for the control of 
radioactive material in effluents to unrestricted areas. This 
regulation of 10 CFR 50.36a requires that equipment installed in the 
radwaste system be maintained and used. The estimated annual releases 
of radioactive material in effluents from the Palisades Plant listed 
in Chapter III.D.2 were developed by the staff on the basis of 
experience at similar operating reactors and consideration of the 
additional waste treatment equipment. 

In the judgment of the staff, the liquid and gaseous radwaste equipment 
should be utilized to reduce radioact.ive releases to a minimum. How­
ever, proper maintenance of the equipment is necessary to assure 
optimum performance of the equipment. 

The source term presented in the Draft Detailed Statement has been 
modified to include the source term for gaseous releases froni the 
Auxiliary Building and reflects the changes in iodine releases. In 
response to EPA's connnents, Table XII-1 lists the principal conditions 
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and assumptions used in estimating the amount of radioactive material 
to be released in the effluents from the Palisades Plant. 

In response to a number of comments on radioiodine,· for the purpose 
of calculating permissible releases, the MPC for halogens and par­
ticulates with half-lives longer than 8 days will be reduced by a 
factor of 700 from those listed in 10 CFR 20, Table II in Appendix B. 
The limit is based on the highest long term value of x/Q which occurs 
at the south edge of the site and is approximately 2 x 10-12 sec/cc. 
It also considers a cow grazing 5 months of the. year at a point 3 
miles from the Plant in the SSE sector. The value of 0.8 Ci/yr 
referred to in Table III-5 of the Draft Detailed Statement is incorrect. 
The value should be 2.2 Ci/yr. This corresponds to the iodine-131 
release limit of 2.25 Ci/yr derivable from the formula set forth in 
§ 3.9 of the Technical Specifications as stated by the applicant 
in Appendix XII-13. 

In a letter to Dr. P. A. Morris dated November 23, 1971, the 
applicant also has made provisions for monitoring effluents by 
installing a separate monitor to replace the stack monitor in 
the originally proposed system and to accomplish the identical 
purpose of monitoring releases from this source. In addition, 
the Technical Specifications for the Palisades Plant will require 
that measurements be made and analyses be performed using methods, 
procedures, frequencies and instrumentation comparable to the 
guidelines set forth in the Commission's Safety Guide 21, "Monitor­
ing ·and Reporting of Effluents from Nuclear Power Plants," dated 
January 1972. 

According to Amendment 21 to the FSAR, the modified radwaste system 
will permit the radioactive steam generator blowdown at a leakage 
rate of 20 gpm to be routed to the secondary waste evaporator. 1 The 
Special Technical Specifications of June 21, 1971 calls for limiting 
the releases of liquid effluents to 10% of 10 CFR 20. This includes 
releases from the steam generator blowdown. 

In regards to the Michigan Department of Public Health's comment 
on radioactive laundry wastes, the applicant has stated that con­
taminated clothing used as a protective cover for most operator 
functions can be disposed of as solid wastes. However, regular 
protective clothing used for maintenance must be laundered. The 
applicant estimated that a cost of $40-50,000 per year would be 
involved if all clothing was disposed of rather than some being 
laundered. The effluents from the laundry will meet the proposed 
Appendix I. to 10 CFR.50. The applicant is investigating alterna­
tives for reducing laundry waste radioactivity. 
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Table XII-1 

PRINCIPAL ASSUMPTIONS USED IN ESTIMATING RELEASES OF 
RADIOACTIVE EFFLUENTS AT PALISADES PLANT 

Thermal Power 
Plant Capacity Factor 
F"ailed Ftiel* · 
Leak of Primary Coolant in Steam Generators 
Leak of Primary Coolant to the Auxiliary Building 
Leak of Primary Coolant to the Containment 
Steam.Leak to Turbine Building 
Steam Generator Slowdown Rate (continuous) 
Frequency of Containment Purge times/yr 
Waste Gas Holdup for Decay 

Present Sys terns 
Modified System 

Iodine Partition Coefficients 
Primary Coolant 

Leakage to Containment 
Leakage to Auxiliary Building 

Secondary Coolant 
Steam Generator 
Internal 
Slowdown Vent 
Condenser Air Ejector 
Steam Leak to Turbine Building 

2,200 MWt 
0.8 
0.25% 
20 gpd 
20 gpd (gas) 
40 gpd (gas) 
5 gpm 
10 gpm· 
4 

30 days 
60 days 

0.1 
0.0001 

0.01 
0.05 
0.0005 
1 

*This value is constant and corresponds to 0.25% of the operating 
power fission product source term. 
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On the subject of tritium, the applicant conducted a study to 
determine the tritium inventory buildup in the reactor coolant 
during the life of the Plant, once the modified· liquid radwaste 
system is installed.· The concentration of any tritium released 
to the environment will not exceed that concentration specified 
in Appendix I to 10 CFR 50. The same amount of t ri ti um will be 
produced and released to the general populace over the life of 
the Plant with the original or modified radwaste system. No 
tritium should be released from the Plant via the cooling tower 
circuit since any tritium will be recycled within the Plant. 

In terms of direct radiation exposure, no signi,ficant direct radiation 
from PWR will result, except from borated water storage tanks located 
on the roofs of the auxiliary building. These tanks are expected to 
contain. only tritium so no exposure to visitors at the visitor's 
center should result. The exposure to persons include 0.018 mrem to 
a person spending 500 hours per year on the beach and 0.013 mrem per 
year to a fisherman spending 500 hours per year at 100 feet from 
shore. · 

D. ACCIDENTAL RELEASE OF RADIOACTIVE LIQUID WASTES TO LAKE MICHIGAN 

Radioactive liquid releases in the Palisades Plant are contained 
within Class I structures. Failure of equipment within these 
structures would not lead to a release of radioactive liquid to 
the environment. The quantity of low-level liquid radioactive 
materials outside Class I structures is very small and release·of 
this material would not affect substantially the environmental 
impact determined for routine operation of the Plant. 

Radiation process monitors are set to close off valves to prevent 
inadvertent releases to the environment. Thus by reducing the 
probability of occurrence of a particular accident through proper 
quality assurance, equipment, structures and correct operational 
procedures, the environmental risk becomes very low from any of 
the classes of accidents considered. 

E. ACCIDENTAL RELEASE OF RADIOACTIVE WASTES TO THE ENVIRONMENT 
DURING TRANSPORT OF RADIOACTIVE MATERIAL 

Details concerning the procedures to be used when a spilled shipment 
occurs are presented in the Commission's regulations 10 CFR 71 and 
the Department of Transportation's regulations· in 49 CFR 170-179. 
The carrier of the radioactive material will be responsible in 
handling any accidental spillage of radioactive-material. The staff 
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b'elieves. the low probability of any. radioactive contents being 
spilled does not justify developing detailed procedures for the 
wide range of potential conditions that might arise in case of 
leakage. The staff considers.it adequate to provide the general 
procedures for dealing with spills as set forth in DOT Is 'regulations 
(49 CFR §§ 171.15, 174.566, 174.588, 175.655 and 177.861). Chapter 
VI gives further details on safety practices to avoid accidents. 

In refer~!fce. to EPA' s connnents on the need· for addition al evaluation 
of the environmental risk from transportation accidents, EPA noted 
that the AEC is making a thorough analysis of the probabilities and 
consequences of such accidents. The staff is making a general 
analysis of the environmental effects of transportation. A report 
on this subject is nearing completion and is expected to be issued 
soon. 

With respect to the tritium-contaminated liquid waste, if the liquid 
is solidified before disposal, the present Statement covers the 
transportation of such material. If the applicant decides to ship 
the tritium-contaminated liquid waste offsite for storage or burial, 
a further assessment of the environmental effect of that transporta­
tion would be needed. 

_F. ALTERNATIVE METHODS TO CONTROL CHLORINE DISCHARGES 

In response to connnents from EPA, in Chapter V.C. more detailed 
information on the toxicity of chlorine on aquatic biota has been 
presented than was presented in the Draft Detailed Statement .. 
Since chlorine discharges are limited to an intermittent process 
of treatment, the releases should be limited not only in concentra­
tion level of 0.5 ppm for a total of one hour per month, but that 

·at least the treatment process should not exceed 30 minutes per 
day. The applicant_ h_as. responde.d to this question by considering 
recircul'ating sponge balls, automatic brushes, and manual brush 
cleaning • .' Since the brush technique does not appear practicable, 
the applicant states that ·it intends to pursue the possibility of 
substituting the method of recirculating sponge balls; however, a 
potential problem of shredded balls could result. The applicant 
c~~Id ais«> consider the use of sulfur compounds to decompose the 
chlorine and to chlorinate during daytime to take advantage of the 
sunlight and during high wave action to. disperse the chlo:i:-ir:ie 

.. plumes. Once the cooling towers are in operation, the chlorina­
tion of cooling tower water will be carried out such that the cool­
ing tower blowdown will be secured for a period of time during 
and after the treatment so as to expose the chlorine to sunlight 
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and air to decompose the chemicals, Oper~ting experience of the 
cooling tower will be u.sed to determine t:he length of time the 
blowdown can be. secured and the. rate of decomposition of ·chlorine. 

G. NONRADIOACTIVE.GASEOUS DISCHARGES 

During the construction of the cooling towers and the modified 
radwaste system, debris and dust will be created. In order ·to 
minimize the effects of the construction activities, which. will 
creat:e air particulates, the debris Will not· be burned in an open 
fire but be- disposed of by a cormnerical service utilizing land. fill 
techniques. 

Air pollutants emitted,from auxiliary boilers, heaters, concrete 
batching plants, and diesel generators will be required to meet 
·state and local requirements. The Palisades Plant has two diesel 
generators which are provided as emergency sources for onsite. power. 
These diesel engines. are normally on standby; however, they ?re 
operated periodically (2 hours per month) as part of the surveil­
lance testing required for emergency equipment. The diesel generators 
each hav.e a continuous rating of 2500 kW, As stated in Sectiqn 
III.D.4, the Plant gases will pass through a HEPA filter to remove 
particulates before discharge to the stack, The fuel used in the 
diesel engines will be limited to low sulfur oil. The gaseous 
effluents will consist of combustion products, NOx, so 2 , H2 and 
N2 •. Trace quantities of common organic solvents such as Ccl

4 
will 

be emitted from the_ Plant chemistry laboratories. 

H. BIOLOGICAL EFFECTS AND ENVIRONMENTAL MONITORING 

In response to comments on the biological effects from.operation of 
Palisades Plant, additional information has been presented on_ the 
subjects of tm.scheduled shutdowns and subsequent cold kills, thermal 
effects on fish, primarily lake trout, whitefish, and pe~ch, and 
chlorine effects on aquatic biota. The applicant is counting the 
numbers of fish impinged on the intake ~raveling screens and the 
results indicate that only on a few days did the number of fi$h 
caught exceed 100. On many days no fish were caught at all, The 
applicant will continue keeping.records of the number and size of 

. the type of fish caught as required in the Technical Specifications. 
If the numbers of fish collected becomes excessiv.e, the applicant 
shall be required to provide protective means such as covering of 
the int~ke crib with screens to r~duce impingement. 
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The applicant will be required to regulate the rate of scheduled 
shutdowns to minimize the problem of sudden shock of reduction in 
temperature of the thermal discharges which may have attracted fish 
near the Plant~ Information on this subject has been presented 
in Section V.C. and in Table V.3. 

Damage to biota will occur from entrainme'nt in the cooling water 
as it passes through the once-through cooling system. The appli­
cant through its ecological monitoring program shall be required 
to determine the significance of the damage. Once the cooling 
towers are installed, the significance of damage from entrainment 
by dilution of the blowdown can also be determined. Operating 
experience can be used to determine if the 60,000 gpm amount of 
Lake Michigan water is necessary or whether it can be reduced. 
The concentrations of chemicals and radioactive materials discharged 
will be increased with reduction in the dilution water but the 
releases may still be small such that reduced dilution can be 
carried out. 

Additional information on thermal effects on specific fish has 
been added in Appendix V-2. This includes thermal sensitivity 
of fish during migrations, particularly larvae and juveniles and 
thermal discharges on spawning of fish. 

The ecological monitoring program will be spelled out in detail in 
the Technical Specifications using the information provided in 
this Statement. The applicant has and shall be required to con­
duct an extensive ecological ·monitoring program in cooperation with 
State and Federal Fish and Wildlife .Services. The ecological 
program shall be designed to obtain pertinent data in order to 
assess the relative impacts of the once-through cooling system 
and the cooling tower system. The reconunendations on the aquatic 
ecological program made by EPA are well taken and will be included 
in the Technical Specifications for the full power operating license. 
The applicant has also responded to the EPA's comments and indi­
cated some of the type of· information being gathered during opera­
tion of the Plant at 60% of full power. 
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:r.. LOCAffION OF PRINCIPAL CHANGES' IN THIS STATEMENT IN RESPONSE TO 
COMMEN!J?S . 

Se.ctions. Where Topics 
Topics: C'ommented Upon., · Are Addressed 

Ei:l:v:fronmentaJ: Considerations in Site Selection I .B and IV .B ,C 

Benefits 0f Not Continuing Quarrying I.B, VIII, XI.B 

Contact Stati Historical Officials II.D 

Runoff Water from the' .Site II .E 

Thermal Bar Characteristics II.E and III.D 

Right-of-Way for Transmission Lines III.B and IV .B 

Disposal of Solid Waste on Intake Screens III.D and V.C 

Section 13 Permit and Water Quality 
Certification 

Disposal of HEPA Filters and Septic Tank 
Sludges 

Storage and Handling of Hazardous Materials 

Modification of Source Term 

Use of Charcoal Adsorbers for Iodine-131 

Alternate Radwaste Modifications 

Agricultural Land Use 

Controls to Limit Construction Effects 

Enhancement of Site Area for Wildlife Habitat 
and Recreational Use 

Chlorine Discharges and Effects 

Dilution Pattern of Thermal and Chlorine 
Discharges 

III .D 

III.D 

III .D 

III .D 

III ~·D and XI .A 

III .D. and XI .A 

IV.B 

IV.C 

IV.B, V.A 

v.c 

v.c 

·' 
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Topics Commented Upon 

Heat Loading from Thermal Discharges 

Influences Affecting Fish Population 

Less Productive Zone 

Screening of the Crib 

Ecological Monitoring Program 

Recalculated Cumulative Population Dose 

Bioaccumulation Factors 

Cold Shock on Fish 

Thermal Effects on Fish 

Information on Lake Trout, Perch 

Environmental Costs of Cooling Systems 

Updated Need for Power Information 

Long-Term Power Growth 

Identification of Plant Benefits 

Number of Visitors Per Year 

Sections Where Topics 
Are Addressed 

V. C. and VIII 

v.c 

v.c 

v.c 

v.c 

V.D 

V.E 

v.c and App. V-2 

v.c and App. V-2 

v.c and App. V-2 

v.c and XI.B 

x 

VIII and X 

XI.B 

XI.B 



APPENDIX II-1 

SPECIES OF ORGANISMS IDENTIFIED IN THE VICINITY OF THE PALISADES 
PLANT 

Figure 1 Map of vegetation types 

Table 1 Wildlife 

Table 2 Phytoplankton 25 miles to the south: 

a) at the shore 

b) one mile offshore 

Table 3 Seasonal abundance of planktonic algae 

Table 4 Benthic invertebrates 

Table 5 Zooplankton 

Table 6 Fish 
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APPENDIX II-1 TABLE I 

SPECIES LIST OF WILDLIFE ON THE PALISADES PLANT SITE Kr VARIOUS TIMES 
THROUGH THE YEAR, AND AN ESTIMATE OF THE:IR POPUL/JIONS BASED ON DIRECT 
OBSERV/JION, OBSERVATION OF ANIMAL SIGNS (TRACKS, SC/JS, NES.TS, DEN 
SITES, ETC.), AND INFORMATION FROM INDIVIDUALS IN THE REGION (RE.F. 1). 

WILDLIFE SPECIES 

Upland Game Birds 

Ruffed Grouse (Bonasa umbellus) 
Mourning Dove (Zenaidura macroura) 
Woodcock (Philohela minor) 
Ringneck Pheasant (Phasianus colchicus) 
Bobwhite Quail (Colinus virginianus) 

Fur and Game Mammals 

Opossum (Didelphis virginiana) 
Striped Skunk (Mephitis mephitis) 
Woodchuck (Marmota marmota) 
Eastern Cottontail (Sylvilagus floridanus) 

'Raccoon (Procyon lotor) 
Fox Squirrel (Sciurus niger) 
Gray Squirrel (Sciurus carolinensis) 

Red Squirrel (Tamiasciurus hudsonicus) 
Red Fox (Vulpes fulva) 
Wease1 (Mustela sp.) 
Mink (Mustela vision) 

Small Mammals 

Eastern Chipmunk (Tamias striatus) 

ESTIMATED POPULATION 
(Rare, Common, Abundant). 

Common-Abundant 
Abundant 
Common 
Rare-Common 
Rare 

Common 
Cominon 
Rare-Common 
Abundant 
Common 
Common-Abundant 
Rare-Common 

Common 
Common 
Rare 
Rare 

Ground Squirrel (Citellus tridecemlineatus) 
Common Mole (Scalopus aquaticus) 

Abundant 
Common 
Common 
Coinmon -Starnose Mole (Condylura crista) 

Hoofed Browsers 

White-tailed Deer (Odocoileus virginianus) Abunda~t 

Waterbirds (Sandy Beach Habitat) 

Herring Gull (Larus argentatus) 
Ring-b-ilied -GUil · ci.ar-us delawarensis) 
Common Tern (Sterna hirundo) 
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c'ommon 
Common 
Common 



Birds of Prey 

Red:-tailed Hawk (Buteo j amaicens is) 
Bald Eagle (Haliocetlis leucocephalus) · 
Golden Eagle (Aquila chrysaetos) 
Osprey (Pandion haliaetus carolinensis) 

Sparrow Hawk (Falco sparverius) 
Screech Owl (Otus asio) 

Songbirds and Other Birds 

Killdeer 
Whippoorwill 
Nighthawk 
Ruby-throated Hummingbird 
Yellow-shafted Flicker 
Redheaded Woodpecker, 
Hairy Woodpecker 

Downy Woodpecker 
Eastern Kingbird 
Crested Flycatcher 
Least Flycatcher 
Wood Pewee 
Tree Swallow 

Bluejay 
Crow 

Black-capped Chickadee 
Tufted Titmouse 
White-breasted Nuthatch 
Red-breasted Nuthatch 
Brown Creeper 
House Wren 
Scarlet Tanager 
Rose-breasted Grosbeak 
American Goldfinch 
Vesper Sparrow 
Swamp Sparrow 

Commori 
Rare 
Rare 
Rare 

Common 
Common 

Catbird 
Brown Thrasher 
Robin 
Wood Thrush 
Hermit Thrush 
Bluebird 
Golden-crowned 

Kinglet 
Ruby-crowned Kinglet 
Cedar Waxwing 
Starling 
Warbling Vireo 
Yellow Warbler 
Black-throated Blue 

Warbler 
Myrtle Warbler 
Black-throated Green 

Warbler 
Yellowth roat 
House Sparrow 
Meadowlark 
Red-winged Blackbird 
Baltimore Oriole 
Common Grackle 
Cardinal 
Indigo Bunting 
Fufous~sided Towhee 
Field Sparrow 
Song Sparrow 

NOTE: Additional species of wildlife may also be present. 
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APPENDIX II-1 TABLE 2a 

SPECIES LIST OF PHYTOPLANKTON COLLECTED IN THE AREA OF THE COOK 
PLANT, BENTON HARBOR, MICHIGAN, ON AUGUST 11, 1969 .(REF. 2). 

Organism Nmnber·-of · Cells/liter 
·colonies 

Schroederia judayi 2,781 
Peridinium sp. 66,744 
Cryp·tomonas sp. 30,591 
Chlamydomonas ~P· 15,759 
Oocys tis sp. · 26,883 
Oocystis solitaria 8,343 
Cyclotella sp. 305,910 
Oscillatoria sp. 16 ,686 
Mougeotia sp. 70,542 
Anab aena s p . 7,416 
Actinastrum hantzschii 65,817 
Golenkinia radiata 1,854 
Dinobryon divergens 9 ,270 
Gloeocystis sp. 12,051 
Cosmarium sp. 2,781 
Closterium sp. 2,781 
Ankistrodesmus falcatus 36 ,153 
Ulothrix sp. 2,781 
Pediastrum sp. 1,854 
Treubaria setigerum 2,781 
Quadrigula lacustris 927 
Tetraedron·minimum 927 
Lagerheimia longiseta 2,781 
Scenedesmus bijuga 1,854 
Scenedesmus opoliensis 11,124 
Scenedesmus quadricauda 2,781 
Scenedesmus incrassatulus 7.,416 
Kirchneriella ob es a 1,854 
Nephrocytium 927 
Synedra ulna 9 ,270 
Synedra sp. ·1,854 
Synedra delicatissima 5,562 
Crucigenia apiculata 927 3, 708 
Melosira granulata 12,051 61,182 
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Organism 

Tabellaria fenes trata 
Melosira granulata,· 

v. angustissima 
Dictyosphaerium pulchellum 
Melosira binderana 
Melosira sp. 1 
Synedra acus 
Tetraedron 11.lllula 
Aphanizomenon flos-aquea 
Tetrastrum sp. 
Fragilaria crotonensis 

Number of 
Colonies 

5,562 

15 ,5 79 
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927 
927 

.L,854 

Cells/liter 

18,540 

53,766 
2,781 
6 ,489 
7 ,4.16 

927 
.927 
927 

1,854 
i2 ,051· 



APPENDIX II-1 TABLE 2b 

PHYTOPLANKTON COLLECTED ONE MILE OFFSHORE FROM THE COOK PLANT, BENTON 
HARBOR, MICHIGAN, AT 15 m DEPTH (REF. 2). OCTOBER 4, 1969. 

Organism 

Chroococcus colonies 
Anabaena sp. 
Chlamydomonas spp. 
Flagellates 
CyClotella spp. 
Dinobryon sp. 
Asterionella formosa 
Oocystis sp. 
Scenedesmus sp. 
Tabellaria fenestrata 
Dictyosphaerium pulchellum 
Tetraedron sp. 
Melosira binderana 
Melosira granulata 
Gomphosphaeria sp. 
Coelastrum sp. 
Cosmarium sp. 
Closterium sp. 
Aphanocapsa sp. 
Lagerheimia sp. 
Ankistrodesmus falcatus 
Stephanodiscus niagarae 
Navicula sp. 
Crucigenia sp. 
Nitzschia sp. 
Synedra sp. 
Pediastrum sp. 
Fragilaria crotonensis 

Number of 
Colonies 

3, 708 

3, 708 

8,343 

1,854 
135 '342 

2,781 

A-7 

Cells/liter 

1,854 
92, 700 

128' 853 
893,628 
13,905 
36,153 
36 ,153 
32,445 
35 ,153 
9 ,270 
2,781 

10' 197 
704,520 

7,416 
12,978 

4 ,635 
927 

15, 759 
5,562 

19,467 
927 
927 
927 

3' 708 
4,635 

927 
20, 394 



Org~~sm 

Closterium sp. 
Ankistrodesmus falcatus 
Fragilaria crotenesis 
Achnanthes sp. 
Dinobryon divergens 
Synedra ulna 
Synedra ulna v. damica 
Cymatopleura solea 
Synedra ostenfeldii 
Phormidium sp •. 
Fragilaria intermedia 
Melosira islandica 
Melosira granulata 
Synedra filiformis 
Peridinium sp. 
Nitzschia spp. 
Oscillatoria sp. 
Tabellaria f locculosa 
Dino flagellates 
Cyclotella spp. 
Tabellaria fenestrata 
Chlamydomonas spp. 
Cryptomonas spp. 
Amphora ovalis 
Gomphonema sp. 
Synedra v. chaseana 
Fragilaria capucina 

APPENDIX 11-1 TABLE 2b 

6 June 1970 

Number of 
Colonies 

3,700 
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Cells/liter 

3, 708 
16 ,686 
62,109 

2,781 
9 ,270 
4,635 

21,321 
927 

7,416 
5,562 

18,540 
34,299 
18,540 

8,343 
1,854 

62,109 
8,343 
3, 708 
1,854 

247 ,509 
242,874 
94,554 
27,810 

927 
927 

1,854 
18,540 



APPENDIX 11-1 TABLE 2b 

Organism 

Cyclotella sp. 
Chlamydomonas spp. · 
Tabellaria fenestrata 
Fragilaria crotonensis 
Ankistrodesmus falcatus 
Mallomonas spp. 
Peridinium 
Dinobryon divergens 

· · Synedra filiformis 
Quadrigula chodatii 

· · Synedra ulna 
Phomidium sp. 
Melosira granulata 
Cryptomonas spp. 
Fragilaria intermedia 
Nitzs·chia sp. 
Melosira binderana 
Melosira islandica 

26 April 19 70 
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Cells/liter 

241,150 
252' 280 
121,705 

14,840 
63,070 
38,955 
22,260 
31,535 
1,855 
1,855 

12,985 
9 ,275 

25 ,970 
18,550 
27,825 

7,420 
152 ,110 
371,000 



APPENDIX II-1 TABLE 3 

SEASONAL ABUNDANCE OF PLANKTONIC ALGAE IN LAKE MICHIGAN NEAR THE COOK 
PLANT (REF. 2). 

Month & Year Organisms No. of species Cells per liter 

·sPRING 

April 1970 Diatoms 10 987,000 
Green algae 2 65,000 
Flageilates 5 364,000 
Blue-greens 1 9,000 

May 1970 Diatoms 21 3,120,000 
Green algae 9 250,000 
Flagellates 5 544,000 
Blue-greens 2 30,000 

SUMMER 

June 1970 Diatoms 18 757,000 
Green algae 2 20,000 
Flagellates 5 135 ,000 
Blue-greens 2 14,000 

August 1969 Diatoms 11 483,000 
Green algae 26 274,000 
Flagellates 4 122,000 
Blue-greens 3 25,000 

FALL 

October 1969 Diatoms 10 1,711,000 
Green algae 11 126,000 
Flagellates 3 235 ,000 
Blue-greens 4 29,000 
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APPENDIX II-1 TABLE 4 

SPECIES LIST OF BENTHIC MACROINVERTEBRATES COLLECTED IN LAKE MICHIGAN 
OF THE PALISADES PLANT (REF. 3). 

DI PT ERA 

*F. Chironomidae 
*SF. Chironominae 

Chironomus sp. 
C. riparius 
C. staegeri 
C. (Dictrotendipes) 
C. tendipediformes 
C. decorus 
Cryptochironomus sp. 
C. nais 
C. blarina 
Polypedilum sp. 
Polypedilum f allax 
Micropsectra sp. 
Paralauterborniella sp. 

SF. Diamesinae 
Diamesa longimanus 
Prodiamesa bathyphila 

SF. Orthocladiinae 
Nanocladius sp. 
Psectrocladius sp. 

SF. Tanypodinae 
Procladius culiciformes 

OLIGOCHAETA 

Tubificidae 
Limnodrilus claparedeianus 
L. hoffmeisteri 
L. angustipenis 
L. profundicola 
Peloscolex ferox 
Tubifex tubifex 
Tubificidae sp. (indet.) 

MOLLUSCA 

Pelocypoda 
Pisidium aequilaterale 
P. casertanum 
P. fallax 
P. hensJ.owanum 
P. insigne 
P. nitidum 
P. obtusale 
P. ferrugineum 
P. subtruncatum 
P. variabile 
Sphaerium nitidum 
S. striatinum 
S. sulcatum 
S. transversum 

Sphaerium rhomboideum 
Sphaerium fabale 
S. partumeium 

Gastropoda 
Anmicola sp. 
Parapholyx sp. 

Gyraulus sp. 
Lymnaea sp. 
Valvata sp. 
Phys a sp. 

HIRUDINEA 

Glossiphoniidae 

COELENTERATA 

'J'URBELLAREA 

"F" is family name, and "SF" is subfamily name. 
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OLIGOCHAETA (Cont'd) 

Potamothrix moldaviensis 
Naididae 

Stylaria lacustris 
Uncinais \lllcinata 

Lumbriculidae 
Stylodrilus heringianus 

CRUSTACEA 
· Amphipoda 

Pontoporeia affinis 
Decapoda 

Mysis relicta 
Mysis sp. 

Copepoda 
Cyclops sp. 
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APPENDIX II-1 TABLE 5 

SPECIES LIST OF LAKE MICHIGAN ZOOPLANKTON COMPILED FROM INCOMPLETE ANALYSES OF SAMPLES FROM THE 
COOK POWER PLANT SITE (30 MILES SOUTH OF PALISADES) AND FROM OPEN LAKE STUDIES OFF FRANKFORT AND 
GRAND HAVEN, MICHIGAN (REF. 4). 

Cladocerans 

Copepods 

Rotifers 

Cook Site 

Bosmina spp. 
Daphnia spp. 
Polyphemus spp. 
Alona spp. 
Leptodera spp. 
Holopedium spp. 
Ceriodaphnia spp. 
Diaphanosoma spp. 

Diaptomus spp. 
Senecella spp. 
Epischura spp. 
Eurytemora spp. 
Limnoca+anus spp. 
Unidentified Cydopoids 

Asplanchna spp. 

Open Lake 

Daphnia galeata mendotae Birge 
Daphnia retrocurva Forbes 
Bosmina longirostris (0. F. Muller) 
Diaphanosoma brachyurum (Lieven) 
Holopedium gibberum Zaddach 
Sida cyrstallina (0. F. Muller) 
Leptodora kindti (Focke) 
Polyphemus pediculus (L.) 

Cyclops bicuspidatus Claus 
Mesocyclops edax (Forbes) 
Diaptomus minutus Lilljeborg 
Diaptomus ashlandi Marsh 
Diaptomus sicilis Forbes 
Diaptomus oregonensis Lilljeborg 
Epischura lacustris Forbes 
Limnocalanus macrurus Sars 

Senecella calanoides Juday 



APPENDIX II-1 TABLE 6 

SPECIES LIST OF FISH COLLECTED IN LAKE MICHIGAN BY SEINING, GILL 
NETTING AND.TRAWLING NEAR THE PALISADES PLANT (REF. 5) 

Connnon Name 

Alewife 
Lake whitefish 
Cisco (Lake herring) 
Bloater 
Yellow perch 
Smelt 
Longnose dace 
Trout-perch 
Spottail shiner 
Lake trout 
Coho salmon 
Chinook salmon 
Longnose sucker 
White sucker 
Golden redhorse 
Channel catfish 
Northern pike 
Round Whitefish 
Johnny darter 
Emerald shiner 
Bluegill 
Mottled sculpin 
Connnon shiner 
Burbot 
Black bullhead 
Carp 
Quillback 
Smallmouth bass 
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Scientific Name 

Alosa pseudoharengus 
Coregonus clupeaforrnis 
Coregonus artedii 
Coregonus hoyi 
Perea flavescens 
Osmerus · mordax 
Rhinichthys cataractae 
Percopsis omiscomaycus 
Notropis hudsonius 
Salvelinus namaycush 
Oncorhynchus kisutch 
Onchorhynchus tshawytscha 
Catostomus catostomus 
Catostomus connnersoni 
Moxostoma erythrurum 
Ictalurus punctatus 
Esox lucius 
Prosopium cylindraceurn 
Etheostoma nigrurn 
Notropis atherinoides 
Lepornis macrochirus 
Cottus bairdi 
Notropis cornutus 
Lota lota 
Ictalurus melas 
Cyprinus carpio 
Carpiodes cyprinus 
Micropterus dolornieui 
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APPENDIX III-I 

CHEMISTRY OF CHLORINE IN FRESHWATER 

. ' 
A summary of the chemistry of chlorine in freshwater is presente_d 
as an appendix to the Palisades Environmental Impact Statement 
because chlorine appears to provide one of the principal impacts of 
the once-through cooling system that is to be employed initi_ally. 
To appreciate the potential impacts, one must become reasonably 
familiar with a concise terminology and some applied chemistry. 

Much progress was made in the 1940's in the use of chlorine for the 
sterilization of water supplies. Griffin1 gave an annotated guide 
to over a hundred papers published between 1939~1952. · Fair2 gave 
a lucid exposition of the behavior of' chlorine as it was then under­
stood. The subject has been summarized recently by Lewis. 3 

Certain terms have come into use to describe chlorine in water. They 
are often used carelessly in industrial practice. The· distinctions 
given are those of Lewis.3 

a) Free Chlorine: (Short for Free Available Chlorine). 

That part of the chlorine injected into the water that remains as 
molecular chlorine, hypochlorous acid, .and hypochlori te ion. 

b) Combined Chlorine: (Short for Combined Available Chlorine). 

That part of the chlorine injected into the water that remains 
combined with ammonia or other nitrogenous compounds. 

c) Active Chlorine: (Alternative for Total Available Chlorine 
or Chlorine Residual.) 

The total free and/or combined chlorine that remains. The terms 
"active" and "available" refer by implication to activity and 
availability for sterilization. The amount of "active chlorine" 
present is recognized as being equivalent to the amount of iodine 
that will be released from potassium iodide at acid pH. 

d) Chlorine Demand: 

By implication, the exact amount of chlorine required to oxidize 
completely all compounds that reduce free chlorine in the water. 

A..:.16 



In practice, the term is used when referring to the difference 
between the dose and the active chlorine left (chlorine residual) 
after a particular period of contact, for on·e particular dose rate. 

Reactions During Chlorination 

As soon as chlorine dissolves in water it hydrolyzes: 

This hydrolysis is virtually complete, and only when the pH is below 
3 .• 0, or if the chlorine concentration is of the order of 1,000 ppm, 
is there any measurable quantity of measurable chlorine. Further, 
this hydrolysis is complete within seconds at ordinary temperatures. 
The full oxidizing capacity of the chlorine is retained in the 
hydrolysis product, HClO, although one chlorine atom from each 
molecule has been transformed to a chloride ion. Th~ hypochlorous 
acid then ionizes.: 

At pH 7.0 the equilibrium is approximately 75% HClO, and 25% ClO , 
and at pH 8.0 this is reversed to approximately 25% HClO, and 75% 
ClO- (at a water temperature of 20°C). 

When hypochlorite salts such as sodium hypochlorite are dissolved 
in water, hypochlorite ion will form first, followed by hypochlorous 
acid: 

NaClO -+ + 
+ Na + ClO + - -+ and H + ClO + HClO. 

There are apparent differences in disinfecting properties of chlorine 
gas and hypochlorit~ solutions~ which Fair et al. 2 considered were 
caused by failure of the experimenter to adjust the pH, or other 
experimental errors. Injection of chlorine gas will lower the 
initial pH, whereas addition of hypochlorite solution will raise the 
pH. 

When annnonia or organic amines are present in the water they react 
with hypochlorous acid to give chlOramines which are highly toxic to 
aquatic life. The first step is the formation of monochloramine: 
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The rate of reaction between arrnnonia and hypochlorous acid is depen­
dent on pH, and is maximum at pH 8.3. Fair et al. 2 found that for 
a mixture of 0 .• 8 ppm chlorine and 0. 32 ppm arrnnonia-nitrogen, at 
25°C, 99% of the chlorine reacted in 1 minute at pH 8.3, in 210 

·minutes at pH 5.0, and in 50 minutes at pH 11.0. The rate of reaction 
varied with temperature (QlO values rc>.nging from 2 .O to 2. 5 according 
to pH). 

The next step is the formation of dichloramine from monochloramine 
and hypochlorous acid: 

the dichloramine being in equilibrium with monochloramine: 

2NH
2

Cl + H+ !. NH
4

+· + NHC1
2

. 

This equilibrium depends upon both pH and the ratio of chlorine to 
arrnnonia. Fair et al. 2 found that with a chlorine to arrnnonia-nitrogen 
ratio of 5:1, the relative percentage of the two· chloramines were: 

at pH 5.0, 16% monochloramine and 84% dichloramine; and at pH 8.0, 
85% monochloramine and 15% dichloramine. 

The third step in the chloramine formation is generalized as: 

NHC1
2 

+ HClO 
-+ 
+ NC1

3 

but it.is evident from disagreements in the literature that little is 
known about the reactions at this stage. As more chlorine is added 
in excess of that required for the abov.e reactions the chloramines 
break down, with an overall reaction: 

-+ - + 
+ 2NJi

3 
+ N

2 
+ 6Cl +·6H , 

giving a chlorine to ammonia-nitrogen ratio ·of 7.6:1. 

Theoretically, with a chlorine to ainmonia-nitrogen ratio of 7.6:1, 
the reaction should be complete, 
This is known as the breakpoint. 
.the excess should .remain as free 
of chlorine, the chlorine should 
dichloramines. 

so that no residual chlorine remains. 
With a higher percentage of chlorine 

chlorine, and with a lower percentage 
consist of a mixture of mono- and 

In practice, when waters containing organic amines, as well as 
arrnnonia, are chlorinated, such a clearcut breakpoint is not obtained. 
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Pulham4 gave some "illustrative" breakpoint curves .for these con­
ditions. These curves show that where organic amines are present 
it is possible for chloramines and free chlorine to coexist~ This 
is shown diagrammatically in Appendix III-1, Fig. 1. Presumably, 
where free chlorine coexists with combined chlorine, all mono- and 

· dichloramine must have been oxid.ized, and the remaining combined 
chlorine must be organic chloramine. 

Ingols et al. 5 .studied· r~~ctions between chlorine and amino acids 
(at concentrations of 10 M amino acid). HClO would oxidize 
sulfhydryl groups to sulfonic groups and then deaminate the amino 
acid through the formation of chloramines. With slightly more mono­
chloramine an organic chloramine formed that was stable for some 
hours. With monochloramine the sulfhydryl groups were oxidized to 
give disulride linkages. 

Analyzing for Chlorine Residuals 

Several evaluations have been made of the numerous analytical methods 
used for determining residual chlorine in water. Nicolson., 6 who 
evaluated 9 colorimetric and 3 titrirnetric methods found that the 
barbituric acid method was the best laboratory colorimetric pro­
cedure if combined chlorine residual was absent. In the presence of 
combined chlorine, the N-diethyl-p-phenylenediamine (DPD) method 
was more satisfactory. Lishka et al., 7 who analyzed the r~sults 
from 72 participating laboratories using several different analytical 
methods, reported that the ferrous-DPD method had the best accuracy 
and precision, followed closely by the methyl .o.range, SNORT 
(Stabilized Neutral Orthotolidine), and amperometric methods. None 
of the methods has outstanding reliability even when care is taken 
(See Appendix III-1, Table i). Reliability is undoubtedly even 
less in truly routine analyses. 

The Standard Methods for the Examinatioa of Water and Wastewater8 

The ferrous-DPD, the orthotolidine-ar.sen:i te, the leuco crystal violet, 
the methyl orange, and the .SNORT methods all determined both free 
and combined chlorine residuals. However, •the de.termination ·O.f 
combined residual is dependent upon mono.chloramine and dichloramine, 
and the extent of thei~ influence depends upon the types of.organic. 
compounds present. 

A-19 



w z 
a: 
0 
....J 
I 
(.) 

....J 
<{ 
:::> a 
en . 
w 
Q:: 

> 
E 
a. 

I a, N 
Q 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 
0 0.5 t. 1.0 

ppm CHl,..ORINE DOSE 

APPENDIX m-1 
Fig. I 

1.5 

COMBINED CHLORINE 
AS CHLORAMINES 

111111 . FREE CHLORINE 

t 'CHLORINE DEMAND' 

Typical Patter11 of Chlorine Reaction With NaturQI Water.( 3 ) Actual Scale VQlue$ Are 
Dependent Upon Lo<;:al Conditions. 



APPENDIX III~l TABLE ·1 

PRECISION AND ACCURACY DATA FOR RESIDUAL CHLORINE METHODS BASED UPON 
DETERMINATION BY SEVERAL LABORATORIES8. 

Relative 
Standard · Relative 

Residual Chlorine Number of Deviation Error 
Method Concentration Laboratories (%) (%) 

Free Total 
µg/liter µg/liter 

Iodometric 840 32 27.0 23.6 
640 30 32.4 18.5 

1,830 32 23.6 16.7 

Amperometric 800 23 42.3 25.0 
640 24 24.8 8.5 

1,830 24 12.5 8.8 

Orthotolidine 800 15 64.6 42.5 
640 17 37.3 20.2 

1,830 18 31.9 41.4 

Orthotolidine- 800 20 52.4 42~3 
arsenite 640 21 28.0 14.2 

1,830 23 35.0 49.6 

Stabilized 800 15 34.7 12.8 
neutral 640 16 8.0 2.0 
orthotolidine 1,830 17 26.1 12.4 

Ferrous DPD 800 19 39 .8 19 .8 
640 19 19.2 8.1 

1,830 19 9.4 4.3 

Leuco crystal 800 17 32.7 7.1 
violet 640 17 34.4 0.9 

1,830 18 32.4 18.6 

Methyl orange 800 26 43.0 22.0 
640 26 30.1 14.2 

1,830 2() 19.9 7.2 
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APPENDIX V-1 

COOLING TOWER CHEMICALS--POTENTIAL ENVIRONMENTAL DEGRADATION* 

Introduction 

Cooling towers dissipate heat directly into the atmosphere without 
first utilizing a reservoir or heat sink as in once-through cooling. 
The main justification for the towers, as at Palisades, has been 
concern for the environmental effects of once-through cooiing on 
aquatic life. However, cooling towers, too, have the potential 
for environmental damage that should be carefuliy studied prior 
to their widespread installation and use. The principal impact 
to be studied is long-range metorological changes caused by large 
amounts of heat and water vapor added to the atmosphere from the 
towers. Other environmental impacts, most notably dispersion of 
the chemical discharges of the blowdown and drift from cooling 
towers, have been little studied. 

Wet cooling towers require large amounts of chemicals in the recir­
culating water to prevent corrosion and to inhibit biological attack. 
Because large amounts of water evaporate, salt concentrations build 
up in the remaining tower water, and some of this--the blowdown-­
nrust be bled off and discharged. In addition to losses from blowdown 
and evaporation, there is drift (droplets of water that escape 
from the tower stacks along with the vapor plume) that contains 
chemicals in the same concentration as in the recirculating water 
and blowdown. Thus, chemicals added to tower water can find their 
way directly into surrounding aquatic or terrestrial ecosystems 
through blowdown and drift. 

Although untreated blowdown is undoubtedly the major source of 
environmental problems connected with cooling towers (its quantity 
and content of chemicals are easily determined), drift is too 
often considered negligible. Depending upon tower design and 
drift eliminators, calculated drifts vary from 0.01% to 0.3% of 
the recirculating water rate, the losses usually being higher 
for small towers. Drift from large natural draft cooling tower 
serving a 2,500 megawatt power plant has been calculated to be 
4 tons of solids per day, assuming makeup water with 200 ppm of 
total dissolved solids (TDS) and drift of 0.2% of the recirculation 
rate. Most of the solids would be calcium and magnesium salts 
occurring naturally in the makeup water, and the rest would be 
chemicals added to the tower water. 

* Draft manuscript, by S. H. Hale, R. S. Carlsmith, and 
C. C. Coutant, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

A-23 



Relative volumes of blowdown to the aquatic environment and drift 
to the terrestrial environments have been calculated for smaller 
towers. Drift is 30% to 45% of the water loss, so that treatment 
of the blowdown alone removes only 55% to 70% of the chemical pol­
lution. In order to further reduce the chemical effluents from 
cooling towers, drift eliininators must be used. 

COMPOSITIONS AND CONCENTRATIONS OF COOLING TOWER CHEMICALS 

Corrosion and Scale Inhibitors 

Counnonly used corrosion inhibitors for open recirculating systems 
include various mixtures of zinc, chromate, phosphate (organic or in­
organic), sodium silicate, nitr~te, borate, and organic inhibitors. 
To prevent scale deposition and to provide effects, organic phosphate 
compounds such as aminimethylenephosphonate are used in concentrations 
up to 3 ppm. Mr. R. J. Cunnin,gham, Calgon Corporation, listed the 
following corrosion and scale~inhibi ting chemicals (with their concen­
trations) in an open.letter to· Mr. Frank Rainwater of the Environmental 
Protection Agency: 3 

1. Chromate plus zinc 

2. Chromate plus zinc plus phosphate 

3. Zinc plus inorganic phosphate 

4. Zinc plus organic phosphate 

5. Organic phosphate scale inhibitor 

6. Specific copper corrosion inhibitors 

* 1 mg/liter = l ppm 
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5 to 30 mg/liter* Cro4 
1 to 15 mg/l Zn 

5 to 30 mg/l Cr04 
1 to 15 mg/l Zn 
1 to 5 mg/l P04 (inorganic) 
1 to 5 mg/l P04 (organic) 

10 to 30 mg/l P04 
2 to 10 mg/l Zn 

1 to 10 mg/l Zn 
3 to 15 mg/l P04 (organic) 

1 to 18 mg/l P04 (organic) 

1 to 5 mg/l sodium 

mercaptobenzothiazle or 
benzotriazole 



As seen in numbers 1 and 2 above, chromate, zinc, and phosphate 
are often used together because of the synergistic anticorrosive 
effects produced when they are combined. 

Biocides 

Of the commonly used biocides, chlorine or hypochlorite (as planned 
at Palisades) or nonoxidizing organic compounds such as chlorophenols, 
quaternary amines, and organo-metallics such as organotin compounds, 
organosulfur, and organothiocyanate (Table 1) are most frequently 
employed. They are all used to prevent deterioration of tower wood, 
loss of heat transfer efficiency, general fouling or plugging arising 
from microbial growths, and corrosion that results from microbial 
attack.(2) Organo-tin must be formulated with quaternary ammonitnn and 
other complex amines to produce a synergistic effect and to be disper­
·sible. Chlorophenols, as soluble potassium and sodium salts, are more 
peristent than free chlorine and remain in systems longer. Common 
chlorophenols include: 2,4,5-trichlorophenate; 2,4,6-T; 2,3,4,6-T; 
tetrachlorophenol; and pentachlorophenol. Organosulfurs are noted for 
low toxicity to animals, yet effective action against bacteria, fungi, 
and especially sulfate-reducing bacteria. Quarternary and complex 
amines are effective wetting agents and destroy microbial agents by 
surface-active properties; these are the least toxic of all antimicrobial 
compounds to animals, although they may form and so cause aesthetic 
problems. The lorganothiocynates, the most modern of the nonoxidizing 
biocides, are widely effective. Oils, organic chemicals, water hard­
ness, and other materials seem to cause little reduction in their 
effectiveness, especially if they are combined with chlorophenols. The 
nonoxidizing biocides are used whenever the prob.lems are rather severe 
and where the use of free chlorine is not acceptable. Typical concentra­
tions for continuous use are 1 to 25 ppm; higher (200 ppm or so) if 
applied in periodic treatments. Elemental chlorine is an oxidizing 
agent and can cause rapid deterioration of wood. The use of free 
chlorine as a biocide is usually restricted to 1.0 ppm as free residual 
Cl2 and to 1 to 2 hours per day. 3 

The use of biocides that contain mercury, arsenic, lead, or boron 
is limited by stringent regulations on their release to the environment 
than do most of the compounds previously discussed, because of their 
extreme toxicity.~ These are rarely if ever used now; however, a 
review of label names in Table 1 reveals that the potentially toxic 
materials, copper and thiocyanate ions, are present in some comme~cial 
compounds. Tin is probably also questionable as far as toxicity is 
concerned. All of the chemical labels note that precautions should 
be used in handling of the product, and two indicate that the product 
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may be harmful or fatal if absorbed through the skin. Only two, 
however, cautioned against dumping them directly into lakes, streams, 
or ponds. Some of the products containing 2,4,5-T listed no such pre­
cautions; yet the compound is now expressly banned in waterways. 

pH Adjustors and Silt Control (Antifoulant) Polymers 

Scale and corrosion inhibitors and biocides require the addition of 
acid or alkali to makeup water to keep the pH at an optimum level, 
usually a range from 5.5 to 7.5. Silt controls polymers may be used if 
makeup is raw water from a nearby lake or river. Lignin-tannin 
dispersives such as 1 to 50 ppm sodium lignosulfonate may be employed. 
Antifoulants such as 0.1 to 5 ppm of acrylamids, polyacrylate, polyethy­
leneimine, or other high molecular synthetic organic polyelectrolytes 
may also be used.3 

Table 1. CHEMICAL COMPOSITION OF TRADE NAME MICROORGANISM CONTROL 
CHEMICALS 

(From company sources and Environmental Protection Agency) 

NALC0·21-S 

Sodium pentachlorophenate 
Sodium 2,4,5-trichlorophenate 
Sodium salts of other Chlorophenols 
Inert ingredients 

NALCO 25-L or NALCO 425-L 

1-Alkyl (C to c
18

)-amino-3-aminopropane 
propiona~e-copper acetate complexes 

Isopropanol 
Copper sulfate expressed as metallic copper 
Inert ingredients 

NALCO 201 

Potassium pent~chlorophenate 
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COMPOSITION 
(%) 

21. 3 
11.9 
3.0 

63.8 

15.0 
30.0 
0.55 

55.0 

15.7 

USAGE 

periodically, 
as needed 
25-400 ppm 

or 
continuously 

weekly 

20-300 ppm 

periodically, 
as needed 



Potassium 2,4,5-trichlorophenate 
Potassium salts of other chlorophenols 
Inert ingredients 

NALCO 202 

Methyl-1, 2-dibromopropionate 
Inert ingredients 

NALCO 207 

Methylene bisthiocyanate 
Inert ingredients 

NALCO 209 

1.3-Dichloro-5, 5 dimethyl hydantoin 
Inert ingredients 

NALCO 321 

1-Alkyl (C to c
1
s)* amino-3-aminopropane 

monoacetatg 
Isopropanol 
Inert ingredients 

* As in fatty acids of coconut oil 

NALCO 322 

1-Alkyl (C
6 

to c
1
s)* amino-3-aminopropane 

monoacetate 
2,4,5-Trichlorophenol 
Isopropanol 
Inert ingredients ~ 

* As in fatty acids of coconut oil 

NALCO 405 

2, 4-Dinitrochlorobenzene 
2, 6-Dinitrochlorobenzene 
Inert ingredients 
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COMPOSITION 
(%) 

.9.0 
1. s 

70.3 

29.7 
70.3 

10.0 
90.0 

25.0 
75.5 

20.0 
30.0 
50.0 

19.S 
9.5 

27.0 
43. 7 

22.2 
2.S 

75.0 

USAGE 

300-400 ppm 
or 

12-60 ppm 
continuously 

5-200 ppm 
periodically 

or 
continously 

weekly 

25-50 ppm 

as needed 
50-100 ppm 

weekly 
5-200 ppm 

as needed 
10-200 ppm 

as needed 
10_0-200 ppm 



Betz A-9 

Sodium pentachlorophenate 
Sodium 2, 4, 5-Trichlorophenate 
Sodium salts of other chlorophenates 
.Sodium dimethyl dithiocarbamate 
N-Alkyl (c

12
-4%, c

14
-50%, c16-10% 

dimethyl[)enzyl ammonium cliloride 
Inert ingredients (including solubilizing 

dispersing agents) 

Betz C-5 

and 

COMPOSITION 
(%) 

24.7 
9.1 
2.9 
4.0 

5.0 

54.3 

1, 3, Dichloro-5, 5-Dimethylhydantoin 50 
Inert ingredients (including solubilizing and 

dispersing agents) 50 

Betz C-30 

Bis (trichloromethyl sulfone 20.0 
Methylene disthiocyanate 5.0 
Inert ingredients (including solubilizing and 

dispersing agents) 75.0 

Betz C-34 

Sodium dimethyl dithiocarbamate 15.0 
Nabam (disodium ethylene bisdithiocarbamate) 15.3 
Inert ingrediepts (including solubilizing and 

dispersing agents)<- - -.-_ 69. 7 

Betz J-12 

N-Alkyl (c12-5%, c14-6o%, t16-3o~, c18-5%) 
. dimethyl [)enzyl ammonium cliloride . . 24. 0 

Bis (tributyltin) oxide 5.0 
Inert ingrecl.ients (including solubilizing and 

dispersing agents) 71.0 

Betz F-14 

Sodium pentachlorophenate 
2,4,5, T or Sodium 2,4,5 trichlorophenate 
Sodium salts of chlorophenate 
Dehydrobutyl ammonium.phenoxide 
Inert ingredients, including dispersants 
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20.0 
7.5 
2.5 
2 .• 0 

68.0 

USAGE 



Chemical Action ··.· 

Corrosion Inhibition 

Chromate ion is one of the most effective corrosion inhibitors.· It is 
effective where it can react with iron-containing alloys to form alpha 
ferric oxide and chromic oxide fil)Il on the iron surface .. Usually this 
treatment is most effective when a·high concentration of chromate is 
circulated throughout the system until the film forms; then maintenance 
of a low.concentration of chromate is sufficient to maintain the 
protective film. 

Phosphate acts both as a corrosion and a scale inhibitor and may be 
found as sodium tripolyphosphate, sodium hexametaphosphate, and several 
types of "glassy" phosphates of high molecular weight. These compounds 
also form a protective film on metal, mostly on cat'hodic areas. However, 
at high temperature, low pH, or high calcium concentrations, the poly­
phosphates revert to orthophosphates, or low molecular weight or react 
with iron or water hardness salts to form an insoluble sludge. 

Zinc ion alone is a relatively weak corrosion inhibitor but has· strong 
syner~{stic quaiities. It is a cathodic inhibitor that forms a deposit 
of zinc hydroxide on cathodic areas, thereby diminishing the cell 
potential. · 

Sodium silicate forms a thin protective gelatinous film over the first 
layer of corrosion product on the metal surface. High concentrations 
of chloride or sulfate iqns may disturb the protective layer. 

Organic inhibitors aid in developing protective metai oxide films by 
forming a protective layer of insoluble material or by creating a 
surface-active barrier. · 

Nitrite is a passivator for steel that makes the steel effectively 
a more noble metal. A similar passivation is provided by tin alloys; 
copper is a bit weaker. High concentrations of chlorides reduce the 
effectiveness of nitrites; for example, about 4,000 ppm of N02 is 
required in a 3% NaCl solution, as compared with only 50 ppm in 
distilled water to achieve the same effect. 

Borax is often included in nitrite-based inhibitors to maintain 
a pH of 8 to 10 in the water. It has not been demonstrated to be 
effective as an inhibitor. 
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2 
Antifoulant Polymers 

Flocculants agglomerate individual particles so that they remain 
suspended and are easily bled off. Dispersants interfere with the 
agglomeration of colloidal particles that are attracted to metal 
surfaces, often modify their crystallization, and allow them to slough 
off. Chelating agents react with certain metal ions to form stable, 
soluble complexes; calcium, magnesium, iron, aluminum, and manganese 
ions may be chelated to prevent their precipitation but the reaction 
is stoichiometric and chelation of water hardness ions is generally 
uneconomical. 

Toxicity 

General 

In Table 2 are listed some elements (present in different valent 
states in chemical compounds) which, historically have been used in 
cooling towers, along with their concentration factors by plankton and 
blown algae. 5 The concentration factors may s"ignify increased toxic 
effects of various elements through a food chain, and suggest that even 
low concentrations of some contaminants in water may be harmful by the 
third or fourth trophic levels. Some high concentration factors, such 
as those exhibited by Foraminifora and Porifora for silicon, are normal. 
Some elements, not toxic to aquatic life, may unbalance the ecosystem by 
overstimulating the growth of certain plants or animals. It is well 
established that nitrogen and phosphorus, particularly in combination, 
cause massive algal blooms. under conditions where these elements were 
previously the limiting factors. While the accumulating poisons, 
mercury and lead, are no longer marketed for use in cooling towers, any 
of the heavy metals (e.g., chromium, zinc, or tin) may cause environ­
mental problems by remaining in sediments or by concentrating in some 
forms of aquatic life. Establishment of the potential threat to the 
environment becomes extremely difficult because the different forms and 
valence states of the element may vary greatly in toxicity--as with 
sulfur, chlorine, and mercury. Factors contributing to the change from 
one state to another and synergistic toxic effects must be known before 
cooling tower chemicals can be ranked in order of potential environ­
mental threat. 

Chromium* 

Because of its widespread use and high toxicity, chromium present in 
different valent states in compounds 'merits careful attention· in its 

3+ 2- 6+ 
*Chromium can exist as Cr (trivalent) or Cro4 (hexavalent - Cr ) but 
concentrations are based on the weight of Cr. 
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Table 2. 

ELEMENf) 
SYMBOL a 

*As 

B 

*Br 

*Cl 

*Cr 

*Cu 

*Hg 

N 

TOXICITY AND CONCENTRATION FACTORS OF EI;EMENTS ONCE - OR PRESENTLY 
USED IN COOLING TOWERS 

CONCENTRATION 
FACTOR** 

FUNCTIONS 

Plankton Brown algae 

1 

17,000 

17,000 

19,000 

2,500 

6.6 essential for 
green algea, 
angiosperms 

essential for 
2.8 marine organisms; 

amino acids 

.062 essential for 
manrrnals and 
angiosperms 

may serve some 
6,500 physiological 

function 

920 essential to 
·all organisms 

250 

7,500 essential as 
structural atom 

ENVIRONMENTAL TOXICITY 
(not injected) 

carcinogenic; 
moderately toxic to plants, highly to 
marnmals--especially as AsH

3
; 

moderately toxic to plants, slightly 
to mammals 

Br
2 

is very toxic; Br~ is relatively 
harmless to organisms 

Cl- is relatively harmless;· Cl
2

, ClO 
c10; are highly toxic 

Cr(III) is moderately toxic; Cr(VI) is 
highly toxic to organisms and is 
probably carcinogenic (by inhalation) 

very toxic to algae, fungi, and'seed 
plants; highly so to invertebrates; 
moderately so to mammals 

a cumulative poison in mammals very 
toxic to fungi and green plants; 
highly to manrrnals in some forms 

relatively harmless; concentrations 
higher in plankton and fish 

*P 15,000 10,000 vital in many 
ways 

*Pb 41,000 70,000 none 
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*S 1. 7 3.4 s2
- high to bacteria and fungi; re­

latively harmless to green algae, 
seed plants and mannnals; H2~_is 
highly toxic to mammals; 2~o3 moderately to highly; so4 1S 

relatively harmless. 

*Si essential to 
some plants 

scarcely toxic, but large amounts 
in ·mammalian lung harmful (used by 
Foraminifera and Porifera etc.) 

*Sn 2,900 92 

*Zn 

none 

essential to 
all organisms 

very toxic to plants and green 
algae 

moderately toxic to plants; slightly 
toxic to mammals; uptake by plant 
roots not linked to metabolic 
process. 

(a) The elements listed above exist in the form of different chemical 
compounds with the element in different valent forms to which biota 
are toxic but concentrations are expressed in terms of ppm of the 
element not the actual compound. 

* accummulator species or genera known 

** ppm in fresh organism/ppm in sea water 
Toxicity terms: very, 1-10 ppm; highly, 10-100 ppm; 
moderately, 100-1,000 ppm; slightly, over 1,000 ppm 

(as 24 hr TL in moderate sized 
organisms--i~e., fish) 
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relation to.aquatic life. It is not currently being considered for 
use at.the Palisades Plant, but it is a principal alternative should 

. the expected effects of phosphorus (present in different chemical 
compounds primarily as a phosphate salt) and zinc (as the zinc ion) 
be deemed unacceptable. Some sources say the trivalent form shows 
none of the toxicity of the hexavalent form (as in the chromate ion) 
and is not of concern in drinking water supplies,6 However, ac­
cording to Water Quality Criteria, 7 "Most evidence points to the 
fact that under long-term exposure the hexavalent form is no more 
toxic toward fish than the trivalent form." Thus total chromium in 
a water supply may be much more indicative of a possible environmental 
problem than hexavalent chromium alone. In environments containing 
chromium~ fish have shown that the toxicity of chromium varies with 
the species of fish, pH of the water, valence state of the element, 
and hardness of the water--the last a synergistic or antagonistic 
effect. Although 0.05 ppm is set as the Federal drinking water 
standard, Water Quality Criteria states that data are too incomplete 
to warrant more than caution in the discharge of chromium. 

Concentrations of 0.01 and 0.02 ppm chromium in soft water have 
been found safe for sal~inid fish, but Daphnia and Microregma• show 
threshold effects at Cr concentrations of 0.016 to 0.7 ppm, and 
0. 032.-0. 32 ppm inhibits growth of diatoms. 7 Oyster mortality studies 
at long~term (2 years) concentrations of 0.01 and 0.012 ppm showed a 
definite increase with an increase in temperature, so that synergistic 
effects may intensify the damages resulting from exposure to chromium 
in low concentrations. 7 Thus, even these low levels (less than 
drinking water standards) were found to be toxic to certain forms of 
plant and animal life. As concentrations of chromium increase, the 
ingestion-elimination balance changes and accumulation. takes place. 
Some fish accumulate chromium when it is in concentrations as low as 
1 microgram per liter or 1 part per billion. 8 

In 196~ Fronun and Schiffman published a study of the toxic action 
of Cr on largemouth bass in which they determined the 48-hour median 
tolerance limit, TL , to be 195 ppm. 9 However, the focus of the 
study was on the ph~siolo~ical effects of less than acutely lethal 
dosages. At 94 ppm of Cr no changes were observed in the respiratory 
epithelium of the fish; a slight decrease in general metabolism did 
occur along with widespread destructiqn of the intestinal epithelium. 
These effects differ markedly from those caused by zinc, copper, and 
lead, were mucus is caused to be secreted by the gills and damage to 
gill tissue causes eventual death. 
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In 1959 the: same. authors reported a 24-hour median tolerance lim:it 
for rainbow 6+out to be 100 ppm of chromium.1 0! A conc·entration of 
20 ppm of Cr was chosen for the study of chronic physiological 
changes. Red blood cell concentration (hematocrit) in the circula­
ting blood of the tro.i:1t significantly increase·d as: a result of the 
exposure, most probably because of an unmeasurable decrease· in 

·plasma vo·lume. Perhaps. more importantly,. the hematocrit is affected 
at 2 to 4 ppm of chromium,. a concentration much lower· than the 
median tolerance limit and one which could easily· be found in a 
stream receiving blowdowrr. 

Not all fish are as tolerant of cr6+ as are trout, bass, and bluegill . 11 

The median to1erance limit for 24-hour z·~os:ure t0 potassium dichro­
mate· in soft water was 4 .• 10 ppm (as CrO 1' for guppies, 39. 6 ppm for 
fathead minnows, and up to 284 ppm fo-r lHuegills. In these tests, 
there were insignificant differences for 24, 48-, and. 96-hour expo­
sures·. Trivalelilt di.romium was found to be a tox:i!cant; mo·rtality 
rates., however,. did not always increase with increasing concentration. 
At acutely toxic leve·ls for fish (in the. rang~ of' the medium. toler-
ance limit),. the hexavalent chromium was more toxic, but no comparisons 
were made of the two valence states at very low conce-.rtrations. 

Water Quality Standards 

Table 3 lists the Federal water quality criteria in drinking water for 
those chemicals used in cooling towers. 7 As yet, not all of the 
elements. have been assigned limits·; some limits were set lower for 
aesthetic. considerations than for health considerations; for example, 
the low concentration limit for phenol is probably the threshold for 
taste in water. 

Severity o.f the Environmental Problem from Blowdown 

The size of the environmental. chemical d.ispersion problem, if any, 
connected with b.low.down from a specific cooling tower depends upon: 
(1) the rate of blowdown, which is usually directly related to the 
size of the system and the number of cycles of concentration allowed 
by the quality of input water; (2) the choice of chemicals--a choice 
often dictated by the system's potential for corrosion or microbial 
attack, which. in turn is ofteq directly dependent on tower design 
and construction materials; and (3) the effectiveness of treatment 
of blowdown water before dis.charge to the environment. Drift has 

"received less study, and the factors controlling its quantity and 
content are less well~known. 
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Table 3. RECOMMENDED UPPER LIMITS .TO IONIC C0NCENTRATIONS IN DRINKING 
WATER (Ref. 7) 

Element or Compound Upper Limit (ppm) 

As .0.05 

B 1.00 

* 

Cl 250 

Cr 0.05 

CN 0.01 

Cu 1.0 

Hg * 
K * 
N (total) 10.0 

N0
3 

45.0 

p * 
Pb 0.05 

s 250 

Sn * 
Zn 5.0 

Phenols 0.001 

* No criterion has been established. 
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Environmental problems can be very substantial, although innnediate 
impact on aquatic environments may depend more upon the ratio of 
the stream flow rate to blowdown rate, and hence the dilution factor, 
than on absolute amounts. Less immediate problems, such. as the 
dispersion of heavy metals to the environment at large, would revolve 
more around absolute amounts. 

Reducing Impact 

1. Cycles of Concentration 

Pretre.atment techniques can increase cycling of water in cooling 
towers and thus decrease system discharge. They include: (1) clarifi­
cation and chemical softening of makeup water, (2) partial zeolite 
softening or demineralization of makeup water, (3) bypass or side­
stream filtration.3 By removing from the makeup many of the original 
dissolved solids which could concentrate to unacceptable levels very 
quickly, many more cycles of concentration--more recirculation with 
less blowdown-are allowed before concentrations become too high. 

2. Choice of Chemicals 

Heat exchanger design and tower construction materials usually 
determine the potential corrosion and thus determine the choice of 
che.micals to be added to the recirculating water~ Some towers, notably 
natural draft towers, use no corrosion inhibitors (except acid as a pH 
contro32, while others require high concentrations of chromium, zinc 
and Po

4 
as inhibitors. Similarly, some towers can use chlorine as a 

biocide, while others use a nonoxidizing biocide. TVA's cooling tower 
at its Paradise Steam Plant uses only acid and chlorine in the cooling 
water. Owing to corrosion resistant construction materials, princi­
pally concrete, and a low heat flux at ~he exchanger, heavy metals and 
phosphate are not needed in that tower for corrosion control. 

3. Construction of Towers 

Certain design characteristics can be adopted to avoid galvanic 
corrosion and reduce the need for chemical treatmerit. 12 • 1 3 opera-
tional factors influencing the corrosion rate (and thus choice of 
inhibitor chemicals) include mineral content of the system water (which 
also may dictate how many times ·it may be recirculated), dissolved gases, 
electrical conductivity, suspended matter (turbidity) in the water, 
slime and microbial activity. More important are the design factors 
such as the use of corrosion resistant metals and the use of dissimilar 
metals of which one is expendable, a common practice throughout the 
industry. If the metals differ significantly in electrochemical 
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potential, one may serve as the anode of an electrochemical corrosion 
cell, and the expendable metal acts as an anode and corrodes rapidly 
at a rate determined to some extent by the difference .between the 
electrode potentials of the metals. If the water had good electrical 
conductivity, the metals need not be coupled or adjacent to corrode. 
The choice of metals and proper construction of the heat exchanger 
are extremely important, as a mistake might necessitate heavJ' chemical 
applications for the life of the tower. The primary concern may not 
be with rapid destruction or perforation of the tube sheet, since 
design specifications normally call for adequate thickness, but with 
the buildup of corrosion products that effectively block tubes or 
restrict water flow. Under certain conditions, metals that are 
normally cathodic can corrode, particularly.where deposits form on 
the metal surface to set up locally differe~t corrosi~n celis. Metals 
to be'concerned with most are those that are electropositive with 
respe~t to•steel, since steel adjacent to copper or copper alloys can 
corrode rapidly. Other unsuitable metallic pairs are copper-aluminum 
or steel-aluminum. However, some copper alloys such as admiralty 
brass and stainless steel are extremely corrosion-resistant metals if 
they are prevented from galvanic activity. 

4. Cooling Temperatures 

Temperature of the heat exchanger has a major role in determining 
corrosion potential. Control of scale and corrosion in the heat 
exchanger is more difficult at high temperature. 

5. Blowdown Treatment 

Most effective blowdown treatment systems have been developed for 
removal of chromium. Basically two methods are recognized, reduction­
p~ecipitation that discards the. chromium and ion exchange that provides 
for chromate recovery. 14 The best known process, reduction-precipi­
tation, is commonly used in the chromeplating industry. When carried 
out correctly, it removes virtually all traces of chromium from the 
waste stream, leaving a chromium-containing sludge for disposal. This 
method also is effective in removing zinc and other heavy metals, 
phosphate, insoluble chromic hydroxide, and all dirt and suspended 
solids. Some biocides may also be reduced in concentration (by 1/2 
or more). 15 Ion exchange, on the other hand, while effective for 
removing chromate for· reuse (which must be in the dichromate form), 
is ineffective for zinc salts or phosphate even when these are used 
in combination with chromates. Accessory treatment must therefore be 
employed for these ions. Sodium hydroxide and sodium chloride are 
used to regenerate the ion exchange resin, and these may be detrimental 
if released to natural environments. 
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Conclusions 

All the factors--environmental, economic, engineering design, and 
construction--must be weighed before a tower is constructed in 
order that adequate environmental protection can be built in. There 
is very little information concerning the biocides and their fate 
after discharge of the blowdown and methods to render them harmless. 
Evidence indicates that most will not remain unchanged for long 
periods of time, but their very purpose in the towers attributes to 
their toxicity and suggests danger to aquatic ecosystems receiving 
blowdown. Their breakdown and dilution must be monitored after 
release. Tests to ascertain necessary levels of usage are required 
in each tower since possible overuse in current practice is indicated 
by the broad ranges of concentrations suggested on product labels. 
Corrosion tests are perhaps Ir<'re common and relatively easy to do, 
the results indicating the concentrations of chromium that are 
sufficient and wh~ther nonchromate inhibitors such as phosphate could 
be substituted. However, trade-offs among alternative environmental 
damages are involved, since phosphate encourages the growth of noxious 
plants. Resort to biocides less toxic to animal life (such as the 
organo-sulfurs or quaternary and complex amines) or those that 
volatalize quickly and are not released in the blowdown would reduce 
environmental impact, if blowdown treatments are not used. Redesigning 
of common industrial heat exchangers may result in use of little or no 
corrosion inhibitors, but some biocide will still be required. 

Biowdown treatment seems to be the final determinant over what does or 
does not get to the environment. Increased use of chemical additives 
for recirculating cooling water must be matched by blowdown treatment. 
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APPENDIX V-2 

. LIFE HISTORIES OF THE PRINCIPAL FISH SPECIES OF 
SOUTHEASTERN LAKE MICHIGAN IN RELATION TO POTENTIAL 

. IMPACTS FROM THE· PALISADES PLANT THERMAL DISCHARGES 

Alewife (Alosa pseudoharengus) 

The alewife, introduced via the Welland Canal between Lakes. Ontario 
and Erie, was first reported in Lake Michigan near South Manitou 
Island in May 1949.I It is now the most important commercial fish, 
with 5,981,415 lbs landed in Michigan in 1970 (data from the 
Michigan Department of Natural Resources). The catch is declining 
annually, however, from a peak of 13,369,900 lbs. in 1967. The 
phenomenal increase in the alewife population to peak levels in 
1967 was due largely to the absence of predators, since the sea 
lamprey had decimated the once-abundant, principal predators, lake 
trout and burbot.I The alewife is widely known for its mass 
mortalities and littering of beaches. Less well known are the 
extensive ecological changes it has brought about in the aquatic 
populations .of the lake. Alewife dominated (55%) gill-net catches 
off the Palisades site. 2 

Adult alewife (primarily 2 and 3 year-old) ~ake a massive movement 
toward shore in early spring (observed at Palisades in May) after 
spending the winter in the deepest (and warmest) regions of the lake 3 

(Fig. V-8). Shortly after reaching warm, shallow water they start 
dying off in large numbers, for reasons that are still not understood.I 
The die-off is. also common in Lake Ontario where this normally marine 
adult was established when white men arrived. The die-offs and massed 
schools of still-living fish are an economic burden to bathing beaches 
and industrial ·and municipal water intakes. Clues to the reasons for 
the die-off include the normal salt-water habitat of the adult, normal 
avoidance of cold waters in the ocean (which they cannot completely 
escape in the Great Lakes), and internal gas pressure changes resulting 
from the shoreward movements to shallow, warmer waters in spring. 

Temperature changes appear to be related to alewife die-offs during 
the shoreward movements.I Prominent die-offs have been associated with 
thermal plumes of rivers, although the large numbers of carcasses at 
the plume edge may be due to the concentrating effect of opposing 
currents rather than to a greater death rate there. Alewife are 
attracted to warm waters up to 80-85°F; 4 they may, therefore, school 
in large numbers at thermal plumes (from rivers or power plants) where 
the normal mortality would be reflected in large numbers of carcasses. 
The Palisades thermal discharge may affect the alewife in a similar 
(if still unknown) manner. 
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Population pressure from wintering alewife has nearly eliminated 
the kiyi (Coregonus kiyi), a chub that lived all year in the deepest 
part of the lake. 1 The shoreward migrations of alewife in spring 
(and the reverse in fall) pass through habitat of the bloater 
(Coregonus hoyi), and this species declined markedly in the 1960's 
as alewife became abundant. 

The .Palisades thermal plume should have no effect on the maturation 
of sex products in the majority of Lake Michigan.alewife that winter 
in deep waters of the lake. Should abnormal over-wintering in the 
thermal plume occur, then maturation may be speeded .and spawning 
occur earlier than usual. The results could be predicted from 
observations cf existing thermal discharges, but few pertinent obser­
vations have been made. This may be due to inconsequential numbers 
.of alewife that reside in such discharges or to lack of effort, or 
both. 

During late spring and summer adult alewives are concentrated in 
shallower areas of Lake Michigan for spawning; Few adults at Palisades 
were in the inshore area during daylight, but large.nlllllbers were found 
in the surf area at night. 2 At these times the alewife occur in 
schools and often make excursions up and down shorelines. The existing 
thermal discharge arrangement will, in all likelihood, intercept these 
shoreline movements. Migration may be impeded (although the excursions 
are often random), or the schools may be entrained in the thermal mix­
ing zone and receive thermal shock. 

There are no data available on the resistance of alewife to such shocks, 
and any conclusion about their fate following such an exposure would be 
speculation. The large fish would likely avoid the warmest portions 
of the low velocity thermal plume at Palisades in summer when tempera­
tures would be sufficiently high to kill them. Unpublished experimen­
tal results by Raney 4 suggest that the preferred temperature of alewife 
is less than 86°F when acclimated to 88°F. They actively avoided a 
temperature of 86°F when given a choice between it and 80°F. When 
adult alewife are schooling along the shore at Palisades (temperature 
in the 60's), the effluent temperature would be sufficiently high to 
repel them (Fig. III-8). The principal result will be denial of some 
living space to the fish, amounting to about 10 acres in mid-summer 
with the present discharge system. The affected space would be signifi­
cantly reduced (probably to less than one acre) with a more ra~id 
diffuser system for discharging the cooling water to the lake. 

Lake Michigan alewives spawn from early June, when temperatures in 
spawning areas rise above 60°F, through mid-August, if temperatures 
remain below 82°F. 6 Although most Lake Michigan alewives spawn in 
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flowing water in tributary streams, spawning is connnon in the sheltered 
areas of Green Bay in northwestern Lake Michigan, and occurs occasionally 
along the unprotected shoreline of Lake Michigan proper when the lake 
water is warm enough. The warming of localized areas of lake waters 
by heated effluents and the creation of artificial "tributaries" in the 
form of discharge channels may facilitate lake spawning by alewives 
where spawning now occurs only infrequently. The probability of this 
occurring at Palisades is reduced by the shortness of the discharge 
channel. When alewife from the· general lake area approach spawning 
condition near 60°F, the discharge embayment will already exceed 82°F, 
the upper limit for spawning.6 

The eggs are laid and fertilized in the water column. Male and 
female spiral u~ward together from the bottom to the surface, dropping 
eggs and sperm. The eggs are adhesive, and adhere to bottom materials 
after settling. Since spawning would occur only near shore, it is 
unlikely that eggs would be drawn into the cooling water intake 3,300 
feet offshore and be subjected to thermal, mechanical or chemical effects. 

A high mortality rate of alewife eggs is apparently normal at the 
spawning temperatures. 6 Experimental incubation showed an average 
45% mortality in the first 1.5 days. The mortality rate was lower at 
cooler temperatures and higher at warmer temperatures. 

Optimum survival (about 38% hatch) occurred near 63°F with a sharp 
decrease below 55°F arid above 80°F. 6 These temperatures will still 
occur along the lake shore at Palisades, although the thermal plume 
will cause them to occur a few days earlier in the immediate area of 
the plant. 

The relation between temperature and lengths of the incubation period 
has been described by the equation 

Time= 6.335 x xl06 Temp.- 3· 1222 • 

where time is in days and temperature is in degrees Fahr~nheit.6 This 
equation can be transformed to give incubation rates (as percentages 
of complete incubation per day) at different temperatures. These rates 
indicate that there will be insignificant changes in the total incuba­
tion time of the drifting eggs due to single passes through the thermal 
plume should they be deposited in the water column near the discharge 
outlet (Fig. 111-12). Should they settle rapidly to the bottom, they 
could incubate at temperatures above that of the surrounding lake, and 
hatch earlier than normal. Calculation of hatching dates would depend 
upon knowledge of where the eggs settle, an unknown factor at this 
time. Considerating the abundance of alewife in Lake Michigan, and 
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the prodigious quantities of eggs laid by a single female, the impact 
of the Palisades discharge on the species would seem to be insignifi­
cant. 

After hatching in June and July, young alewife school largely in the 
upper few feet of water very near shore, but as they grow older they 
disperse rapidly into the warmer surface waters of the open lake. A 
large school of juveniles was netted along the Palisades shoreline 
in August during preoperational studies. 2 Interception of schooling 
juveniles by the shoreline plume may entrain large numbers of these 
fish. Data on resistance times of young aleqives to temperature 
extremes are not ~resently available to esitmate mortalities, if any. 

It seems unlikely that near-shore schools would be drawn into the 
cooling water intake 3,300 feet offshore in water 20 feet deep, 
although inadequate sampling by Patriarche2 did show some small 
alewife at that location in July. The low velocity of the intake 
flow at the margin of the intake crib has been designed to allow 
active swimmers such as alewife to swim away. Any fish drawn into 
the intake .piping, however, could not resist the 9 feet per second 
(fps) flow rate and would be swept onto the traveling screens where 
mortality is certain. Performance of the intake appeared successful 
in pumping tests in 1971, for few fish were removed from the intake 
screens. 

The alewife has had a detrimental effect upon other near-shore species. 
The lake herring (Coregonus artedi) and the emerald shiner (Notripis 
atherinoides), previously extremely abondant in the shallows, decreased 
sharply with increases in alewives.I Perch (Perea flavescens) 
initially became more abundant in its normal shallow-water habitat 
(due presumably to abundant alewife as food), but populations declined 
sharply as alewives interfered with spawning and hatching in the spring. 
The alewife has also contributed to a decline in population of the smelt 
(Oxmerus mordax), which also occupied the inshore areas of the lake. 

In the fall and winter after hatching the young alewives occupy the 
mid-depths of the lake, where they remain until 2 years old. This had 
also been the rearing ground for lake herring, chubs and smelt.I 

The alewife appears to be quite susceptible to cold water shock.I,a 
No quantitative data are available, however, with w4ich to predict 
mortality. The low-velocity thermal discharge at Palisades may allow 
physiological acclimation to unnaturally warm water; increasing the 
possibility of deaths due to rapid lowering of temperature (See general 
discussion of cold kills of fish in Section V.C). 

A-44 



Lake Whitefish (Coregonus clupeaformis) 

The whitefish was historically one of the most important native com­
mercial fishes in Lake Michigan, but it suffered greatly from sea 
lamprey predation. 9 Lamprey control programs have allowed a partial· 
comeback, but the s~ecies is still not abundant in the southeast 
sector of the lake. Few have been collected in the preoperational 
fish studies at Palisades. 

The southern limit of distribution of the whitefish is reached at the 
latitude of the .Palisades Plant, and other factors being equal, 
conditions at that latitude are marginal for successful propagation 
of this species (Appendix V-2 Fig. 1). lO. Because of intense efforts 
to reestablish whitefish, however, it is considered here in evaluating 
potential impact of the Palisades Plant. The species has been a prime 
matter of debate: concerning thermal discharges into Lake Michigan. 8 • 11 1 " 

Whether the"'marginal environment of southern Lake Michigan is to be · .. · 
regulated to'enharice this species is a social decision that cannot be 
evaluated only scientifically. On a strictly scientific basis, the 
whitefish is not an important constituent of the biota in the region 
of the Palisades Plant,. and· maintenance of any sizable population there. 
depends upon exceptionally cool weather conditions or migration of fish 
from more northern areas. 

Because of limited abundance in Lake Michigan, the seasonal distri­
bution of whitefish must be inferred from studies of other lakes, 
notably, Lake Erie. lO The Lake Erie example is probably mo.re perti­
nent to a discussion of Palisades than would evidence from northern 
Lake Michigan, due to similarity of latitude. 

The lake whitefish is usually found in the deep areas of the lake 
(Fig. V~9). In many lakes there is a migratory movement from deep to 
shallow water in early spring and a subsequent retreat to deep water 
again in early summer. Connnercial fishermen understand these movements 
and fish accordingly. During October, November, and December, depending 
on the geographical position of the lake and the water temperature, the 
whitefish move from the deeper water to the shallower spawning areas. 
It seems doubtful that maturation of sex products in whitefish located 
in the deep hypolimnion could be affected by the Palisades thermal 
plume. The relative size of the h1~olimnion is not expected to be 
affected by the thermal discharge. 

Whitefish spawn over rock, gravel, or sand that is swept clean by 
currents. The latter is the principal constituent of bottom materials 
at Palisades. 12 Hart 1 3 found that whitefish in the Bay of Quinte (Lake 
Ontario) spawned mostly in water 8 to 15 feet deep. 
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Outline Map of North America Showing the Southern Limit of Distribution 
of Lake Whitefish ( Coregonus Clupeaformis Mitch ill ) as Indicated by the 
Dotted Line ( Lawler 1965). 
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While the spawning areas in Lake Michigan are not precisely known, 
records of the active whitefish connnercial fishery during the spawning 
seasons before collapse of the populations indicate that the shallow 
waters of the entire shoreline were utilized.a The present populations 
require a much smaller area, however, and they likely have discrete, 
but as yet l1nknown, spawning areas. It is unlikely that ther.e are 
spawning areas currently in use near the Palisades Plant. Experimental 
fishing by the U. S. Bureau of Sport Fisheries and Wildlife subsequent 
to preparation of the Draft Statement found no whitefish near the 
Palisades Plant (Table 3). This test fishing was done especially to 
identify spawning whitefish and lake trout in the region of southeastern 
Lake Michigan.5a 

Whitefish appear to have narrow temperature limits for spawning. 
Monti 14 found that whitefish did not spawn in Italian lakes where 
winter temperatures remained above 45-46°F. There is no possibility 
that Lake Michigan would be heated to that extent, however, by the 
Palisades Plant's thermal output. Whitefish in the Great Lakes spawn 
when the lake is· cooling, and a drop to 42°F was required to stimulate 
spawning.a Hart 13 identified the necessary range in Lake Ontario as 
between 40° and 50°F; Lawler 10 observed peak spawning at 43°F in 
Hemling Lake, Manitoba. 

The time of whitefish spawning in Lake Erie varies from year to year 
and region to region. 10 Spawning may start from early November to the 
first week in December at temperatures ranging from 49° to 39°F (9.5° 
to 3. 9°C). Records of egg receipts of the Ohio State Fish Hatchery 1 O 
for the years 1928-32 indicate that spawning may extend over a long 
period and that the number of fish on the spawning grounds may 
fluctuate during that time, presumably due to fluctuations in tempera­
ture. In the fall of 1928, the hatchery began rec~iving eggs on 
November 16, when the water temperature was 36°F (2.2°C); the greatest 
numbers, however, were received from November 26, to December 1, at 
temperatures between 41 ° and 36°F (5. 0°-2. 2°C) which probably repre­
sented the peak of the spawning season. The same general situation 
was noted in other years for which data are available. It can be 
concluded that spawning in general is delayed until the temperature 
drops to approximately 46°F (7.8°C) and that the peak of spawning 
occurs at a somewhat lower temperature. Spawning at temp~ratures 
above 43°F (6.1°C) is probably unsuccessful because of the slight 
chance for successful incubation at higher temperatures. 15 

Should the normal seasonal temperature drop of .Lake Michigcu:i be 
delayed (by an abnormally warm fall, or locally by the Palisades thermal 
discharge) it may be presumed that peak spawning would occur at a later 
date. This shift by another fall-spawning species, the chinook salmon 
on the Columbia River, has been documented by Watson, 16 and similar 
differences in spawning times from year to year have been observed 
regularly for a number of fish species. Clearly, this cannot be 
extended for too long a period, for Pokrovskii, as cited by Lawler,10 
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observed that the temperature of the water during the period of 
spawning exercises an influence on the abundance of year-classes 
of certain whitefishes and on their yield; in some years the 
quantity of fertile eggs reached 80 to 100 %, in others it decreased 
to 30 to 50 %, a:nd in one instance only 10 % of the eggs dep~sited 
were fertile. Such low fertility was attributed to prolonged 
autumns in which the males leave the spawning grounds before the 
optimum spawning temperature for females is reached. 

Based upon estimates of thermal plume dimensions at the Palisades 
Plant and the average Lake Michigan beach zone temperatures,8 a 
maximum of 12 miles (alongshore) of potential spawning bottom would 
be delayed by more than 4 days, and a maximum of 2 miles would be 
delayed more than 20 days (assuming 42°F to be the critical spawning 
temperature). 

Whitefish eggs laid on the bottom would not be drawn into the intake 
of the Palisades Plant in significant numbers. Studies by the 
Environmental Protection Agency at two Lake Michigan power plants 
in November and December 1971 where whitefish were known to spawn 
concluded that passage of eggs through the plants was insignificant. 66 

Sampling included a period of severe storm when resuspension would 
have seemed most likely. 

Evidence has been presented by several investigators that shows that, 
whitefish is a species adjusted to a rather narrow range of temperature 
during its embryonic development, 32.9° to 42.8°F (0.5° to 6.0°C), with 
the optimum for the species being extremely clos~ to the freezing point 
of fresh water. 8 ,lO,lS Such a low temperature range limits the occurrence 
and continued survival of the species to waters which maintain a winter 
temperature close to the freezing point. The duration of this low 
temperature is also critical for high production of young fish. Lawler10 

concluded that exceptionally long winters, in which fall temperatures 
dropped early to 43°F and spring temperatures rose slowly and late, pro­
vided the strongest crop of young whitefish in Lake Erie and that· this 
crop was reflected in high whitefish abundance for several years there­
after. One would presume that strong· crops of whitefish could be 
produced near the Palisades Plant (which is at similar latitude) only 
under similarly exceptional conditions. Favorable temperatures are much 
more likely to occur in the northern zone of Lake Michigan, the principal 
area in which whitefish is currently increasing its abundance. 

Should whitefish eggs be incubating offshore at Palisades in winter, 
they would be affected by a sinking plume rather than the normal floating 
plume of warmer seasons. The warm thermal plume will sink to the.bottom 
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when beach zone water temperatures are at freezing since the maximum 
density of water is at a temperature of 39°F. The discharged water 
will likely stratify on the surface initially, then sink when cooled 
to near 39°F and flow along the bottom as a discrete water mass until 

·it mixes with open lake water near 39°F. This phenomenop has not been 
studied.extensively, but its occurrence has been confirmed at operating 
power plants on Lake Michigan (testimony of J. C. Ayers). 1,7 The 
maximum area heated above .42. 8°F (the upper limit of the incubation 
range) at Palisades with the present discharge would be about 100 acres 
(or about 0 •. 16 mi 2 ) on a calm day without alongshore currents, based 
on theoretical considerations. 5 This could be reduced to about 0.6 
acre with a single port, high velocity (10.1 fps) discharge at the 
same location. The bottom area heated to above 35°F would be less 
than 500 acres (or about 0.8 mi 2), and could be less than 50 acres 
with outfall design changes. It is doubtful that these affected areas 
could seriously impair reproduction of a population of whitefish that 
did (as historically) spawn throughout the shoreline area of the lake. 
Should .the area off Palisades be !'! favored spawning area for the limited 
populations currently available (for which there is now no evidence) 
then these areas could be significant. 

One can calculate from the data of Price15 the effect of. such a sinking 
plume in winter on incubation times of whitefish eggs .. It has been 
suggested8 that change .in timing of hatching may prevent the fry from 
obtaining the right kinds of food and thus increase mortality. 

If incubation is assumed to proceed.at a constant 33°F, near the 
optimum, then about 140 days are required for hatching. At.39°F about 
85 days would be required, a difference of 55 days. The assumption of 
constant temperatures is not realistic, however. Normal incubation 
takes place on a changing wintertime temperature curve, starting at 
the spawning temperature of 42°F, dropping to 32°F in Jan~ary and 
February, then rising in spring. Daily rates of incubation can.be 
determined by taking the reciprocal of the incubation time. Thus, 
Price's data indicate a rate of 0.7% per day at 33°F, and 3.3% per 
day at 50°F. 1 5 A n~n-linear rate curve can be constructed from Price's 
data which allows determination of the daily incubation rate at any 
temperature chosen. 

Using the daily incubation rate information for whitefish, and an 
average temperature curve for Lake Michigan, the normal incubation 
period in Lake Michigan was calculated to be 123 days, with hatching 
predicted on March 28 for eggs laid at 42°F on November 25. This is 
somewhat earlier than the reported hatching dates of mid-April 13 

suggesting that the "normal" Lake Michigan temperature cycle may be 
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somewhat too warin already. This confirms Lawler's 10 observations that 
occasional exceptionally cold winters are necessary to maintain white­
fish 'at the latitude of the southern portion of the lake. If temper­
atures do not fall below 39°F (the extreme case of a sinking plume) 
then hatching is calculated to occur on February 16, after 82 days, 
a reduction of incubation time from the:normal by 41 days. 

The thermal plume is unlikely to remain stationary throughout the 
winter, however. Lake currents are in one direction only about 1/3 
of the time. 12 If incubation temperatures are at 39°F for one-third 
of the time that they normally would be below 39°F, hatching is 
calculated to occur on March 15, after 110 days - 13 days less than 
normal. According to Lawler, 10 this reduction would be significant. 

Newly hatched whitefish emerge _in about April 1 3 and occupy inshore 
·waters during at least the early stages ·of their development; limited 
evidence suggests that those which move into de·eper water later in_ the 
fry stage inhabit upper levels. The newly hatched. fry remain near the 
surface, and about 2 weeks- after hatching begin to school .and concentrate 
in water less than 18 inches deep. 13 About 4 weeks after hatching they 
moved into water -3 or 5 feet deep, but always remained near the surface. 
Reckahn 18 found whitefish fry in South Bay, Lake Huron; in shallow areas 
(less than 3 feet deep) in late J~ne and early July. Studies of the 
early life history bf whitefish now being conducted by the University 
of Wisconsin-Milwaukee in Green Bay and northwestern portions of Lake 
Michigan have shown that Lake Michigan whitefish also use the inshore 
areas for egg incubation and nursery grounds; about 90% of the larvae 
were at water depths of 10 feet or less. 8 

Few juvenile whitefish would be expected to be pumped into the Palisades 
cooling water. The intake for the Plant is located 3,300 feet from 
shore, in about 30 feet of water well outside the probable spawning zone 
(8 to 15 feet deep) for whitefish, and outside the area inhabited by the 
f~y (<10 feet deep) .. The intake openings are about 20 feet below the 
water surface, so fry that move offshore and remain in the upper levels 
would not be· drawn in. 

If' data· w,ere available for this species, we could take the conservative 
assumption that fry would be drawn in, and calculate whether they would 
survive the treatment. No data are available on thermal resistance 
times for whitefish fry, however,. so the calculations presented for 
cisco (a closely related species) must be taken as the nearest approxirr.a­
tion, Those calculations suggest that some mortality could be expected, 
particularly in summer, if fry were present at that time. .Some mortality 
could be expected from mechanical damage, although this is unpredictable 
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with present knowledge. Many power plants hav~ successfully passed 
fish with no apparent damage, although others have inflicted con­
siderable mortality. The possibility of damage should ·be monitored 
closely in the operating facility. Chlorine will be used at Paiisades 
to treat cooling water, and this treatment would kill all fish in the 
cooling water at that time. 

Shoreline-schooling young whitefish (if present.at Palisades) are more 
likely to receive thermal shocks or chlorine toxicity while being mixed 
with the heated discharge water in the lake itself than by being drawn 
through the condensers. As noted above., the intake is well located to 
avoid young whitefish; the present discharge, however, is situated in 
what would be their densest concentration and utilizes the shoreline 
water for dilution. Any school of juvenile whitefish migrating along 
the Palisades shoreline (a behavior observed elsewhere) would invariably 
find the existing shoreline discharge to be a barrier, and the school 
cou+d be swept into the plume.·. Provision ·of a zone ·of shoreline pass­
age, perhaps by locating the discharge structure at the lO~foot depth 
contour, could significantly reduce the probability of entraining. 
schools of young whitefish (or any other shoreline-following species) 
into the thermal plume. . ' 

Estimates presented for cisco suggest that the existing discharge 
plume would be unlikely to induce thermal shock mortalities in spring. 
This likelihood could have been reduced even further by added dilution. 
If juvenile whitefish in summer were unable to avoid being swept into 
the plume, they would probably suffer some mortality. Precise cal­
culations of survival times are not possible in the absence of sufficient 
data on thermal resistance of this species. 

Cisco (Coregonus artedii) (also called lake herring) 

The lake herring~ or .cisco, was traditionally the most productive 
connnercial fish species in Lake Michigan but it declined sharply after 
1954. Although the cause is uncertain, the decline coincided with the 
establishment and increase of the alewife and there may be a strong in­
compatibility between the two species. If this is true, it is considered 
unlikely that lake herring stocks will improve. 9 The commercial. catch 
in Michigan dropped from 84,400 lbs in 1960 to 676 lbs in 1970. Only 
four individuals were captured.in the lake off Palisades in the 1970 
surveys by the State of Michigan,, all during May in gill nets. 2 

The cisco is a cold-water fish having the southern boundary of its 
distribution passing through northern Indiana and southern Michigan. 
Tt is one of the more temperature tolerant of the coregonid fishes, 
but· is one of the most thermally sensitive of all the fish species 
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that occur at that latitude, and die-offs of this species are common 
in the sunnner in certain lakes. 19 Adult ciscos are considered deep­
water fish although among the coregonids they are one of the most 
shallow-water species in the lake. They have never been abundant 
below 150 feet. 20 They resemble the Atlantic marine herring, for 
both live in open water ·(are "pelagic") and feed on plankton. 

The cisco remains in the hypolimnion (deeper, cool water) through 
summer and migrates into shallow water to spawn in late fall (Fig. V-10), 
Maturation of sex products should not be affected by the Palisades dis­
charge, There is no direct evidence for the locations of cisco spawn­
ing near Palisades, but some assumptions may be made from data in the 
literature. Pritchard21 reported cisco spawning in the Bay of Quinte 
in water 8 to 10 feet deep. Colby and Brooke6 7 observed cisco spawning 
over water 0.5 to 3.5 m (1.6 to 11.5 feet) deep in Pickerel Lake, 
Michigan. While there was some spawning over much of the littoral 
zone, egg concentrations were highest in·:twoTareas that were apparently 
selected by the spawners. If this dep.th1.;is .. :al~911used in Lake Michigan 
at Palisades, then the spawning area would be considerabl~ inshore of 
the Plant intake (located at a depth of 20 feet). Koelz 2 and Dryer 
and Beil, 23 however, found spawning tooccur at much greater depths in 
Lake Superior. Prespawning fish appeared in October on reefs (18 to 36 
feet deep) where they were fished heavily until late November. Catches 
rarely included fish that had spawned. Large scale spawning occurred 
in water 54 to 120 feet deep to which the fish gradually moved. 

Evidence strongly suggest that cisco are pelagic (open water) spawners 
that show no preference for a particular bottom type. 23 Spawning fish 
were observed in Lake Superior at water depths of 30 to 90 feet over 
bottom depths of over 200 feet. Eggs, presumably drifting toward the 
bottom, were netted at 120 feet. If this pattern holds for the Palisades 
area, then both spawning adults and incubating eggs would be in lake 
strata well below the thermal plume and presumably not affected by it. 

Cisco spawn from mid-November to mid-December, when the temperature 
drops from 39 to 37°F. 24 Several other investigators observed that 
lake herring spawn when the temperature falls below 39°F. 8 ,25,26, 27 ,6 7 

Cahn28 found that ripe female lake herring in laboratory· tanks would 
not spawn at 40°F, but would do so after the temperature had dropped 
to 38.5°F or lower. John29 reported that lake herring will spawn--later 
than usual--when temperatures are above 39°F during late autumn, but 
suggested that the delay may reduce egg survival. 

As calculated for whitefish, the small temperature increment added by 
the Palisades t'hermal dis.charge to the general lake would be insignificant 
in delaying spawning outside the local area of the Plant. Even in the 
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local area, the delay would ainount to no more than a few days. This 
delay should not approach that reported by John29 nor have the 
suspected results. 

The optimum constant temperature for incubation of cisco eggs has 
been determined to be about 42°F, with the highest temperature for 
50% of the eggs to produce viable fry being 44.6°F.30 The most 
temperature-sensitive stages were the early stages of development 
(gastrulation and organogenesis). If spawning does not occur until-
390F on a declining trend, presumably the available incubation 
temperatures in an environment heated uniformly above natural will 
still be lower than the optimum (42°F) and surely below.the 50% 
survival temperature. Unseasonal temperature rises at this time of 
greater than 3 to 4°F could be hazardous, however, when heating is 
not uniform. Wafting of the Palisades plume over near-shore spawning 
sites shortly after egg deposition (which might occur if an along-shore 
current changed direction) could affect several hundred acres. This 
critical time would last a few days until ambient temperatures dropped 
further. The areal extent of the 3 to 4F 0 ·rise in the plume would have 
been considerably less (less than 50 acres under the worst conditions 
of no wind or lake currents) had a discharge been employed which 
maximized dilution. Under normal turbulent lake conditions the area 
would be somewhat less than 50 acres. 

If the Palisades plume sinks in winter, as discussed for whitefish, 
the dense, 39°F plume that expands over the bottom will be cooler than 
the optimum incubation temperature. The rate of development will be 
greater, however, than that of eggs at about 32 to 33°F in the sur­
rounding waters. If incubation is assumed to proceed at a constant 
33°F, a rise to constant 39°F (the temperature of most dense water) 
would decrease the time by about 50% to hatch-from about 240 days to 
about 130 days, a reduction of 110 days (from data of Colby and 
Brooke30). The assumption is unrealistic, however. While temperatures 
below 39°F predominate in the spawning grounds during the early in­
cubation period from late November through March (about 120 days), 
they rise sharply thereafter (to over 45°F at the end of April). 
Normal incubation would thus take much less time than 240 days. 

From the data of Colby and Brooke30 one can calculate the daily rate 
of incubation at any temperature by taking the reciprocal of the 
incubation time. Thus, at 33°F the incubation rate is 1/240 of com­
plete incubation per day, or 0.4 % per day. At 50°F the rate is 1/40 
of complete incubation per day, or 2.5 % per day. The data points 
obtained in Colby and Brooke's study form the basis of a non-linear 
rate curve that allows determination of the incubation rate at any 
temperature. 
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Using the incubation rate curve and an average temperature curve for 
Lake Michigan8 the normal incubation time was calculated to be about 
.156 days, with hatching occurring on May 5 for eggs deposited in 
December. This calculation, based upon laboratory data, agrees quite 
well with the reported hatching of eggs in nature in late April and 
early May. 21 If no temperatures occur below 39°F, and the remainder 
of the cycle is the same (which might oc.cur in deeper water where a 
non-fluctuating sinking plume, but not the normal floating plume, 
contacts the eggs) then the incubation time is reduced to 129 days, 
or 27 days less than "normal." This is in sharp contrast to the 
hypothetical 110 days difference noted above for incubation at 
constant temperatures. 

It is still unrealistic, however, to assume that a sinking plume in 
winter will remain over one bottom location constantly. Particular 
alongshore current directions.occur only about 30% of the time at 
Palisades (although this is averaged for the whole year). 12 If a 
spawning site has .the abnormal 39°F for about 30% of the time in 
winter, and the fluctuations between 33°F and 39°F are of themselves 
are not damaging, then incubation would take about 151 days. We are 
left, then, with evaluating the significance to a natural population 
of a shift in hatching time of about 5 days. Subsequent to our making 
these calcualtions for the Draft Detailed Statement, Colby and Brooke 7 

have tested the accuracy of their laboratory data for predicting hatch­
ing times in the field. Hatching was predicted in Pickerel Lake, 
Michigan with 1 day (0.8%) of the observed field data in 1969 and 
within 2 days (1.4%) in 1970. 

Larval ciscoes move, after hatching in late April and early May, from 
the incubation areas along the bottom in 8 to 10-foot depth to pro­
tected areas and bays near shore. 21 • 31,3 2 Studies in the laboratory 
and in Pickerel Lake, Michigan by Colby and Brooke6 7 have shown the 
newly-hatched cisco larvae to be positively phototactic, i.e. they 
rise rapidly to the lighted water surface. If the incubation areas 
were directly under .a stratified thermal plume, the larvae would ex­
perience an abrupt temperature rise to levels that may be unseasonably 
high. The fry apparently school alongshore with whitefish fry until 
they are about one month old.· The migration routes and the schooling 
areas of the fry would be inshore of the Palisades Plant intake (located 
at 30-foot depth). The open shoreline of Lake Michigan near the 
Palisades Plant is notably deficient in protected areas. Beach 
obstructions, such as the outfall piling and the barge slip used during 
construction, may increase the protected areas, although not greatly. 
Faber3 2 found small numbers of larvae in surface collections over deep 
water in Lake Huron in spring. These fish would be mor.e susceptiole to 
being ·drawn into the Plant intake than would those closer to shore. 
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Young cisco appear to have some specific food requirements.a·. Fry 
begin feeding about 6 days after hatching, which is well before the 
yolk-sac is absorbed. The diet is composed primarily of crustaceans 
of the order Eucopepoda - suborders Cyclopedia and Calanoida - for 
the first 2 to 3 weeks (or until they reach a total length of lS mm) 
at which time species of the suborder Harpacticoida are found ·in their 
gut. The range of mean total length of food eaten (to 0.5 mm) by fry 
12 to 18 mm long is less than the mean total lengths of the pref erred 
food available (0, 6 to l.mm). Thus fry are selecting· food organisms· 
that are small enough for them t·o ingest or that have swimming speeds 
or behavior patterns that enable the fry to capture them. In either 
case the food organisms ingested are not adults but rather juveniles 
of a stock that has recently reproduced. Evidence from a food selec­
tivity study shows an increase in abundance of cyclopoid juveniles 
coinciding with the hatching and appearance of cisco fry. At this 
time the stock of calanoids is increasing in density but decreasing 
in average size, indicating a younger population. This· population is 
increasingly fed upon by the fry as the density of cyclopoids dr9p.a 

Adult cisco also feed primarily upon zooplankton. 26 Daphnia, Diaptomus 
and rotifers made up the bulk of stomach contents examined. Such 
miscellaneous items as cisco eggs (during spawning), Corethra larvae 
(aquatic insect), and dragonfly nymphs (in quiet shore areas) were also 
found. 

The temperature optimum for growth and survival of larval ciscos appears 
to be near S0°F, with suitable sustained production occurring between 
SS and 6S°F.3 3 In experiments at constant temperatures, growth rates 
increased throughout the range tested (about 37.S to 6S°F) but mortality 
became high above SS°F, thus reducing the net biomass gain by the 
population. · 

The near-shore surface temperatures at the Palisades Plant at the 
approximate time of hatching of larval cisco are about 4S°F, although 
this is likely exceeded in the shallows where the juvenile fish gather.a 
The juveniles are therefore below the optimum for net biomass gain. The 
advantage of rapid larval growth has been emphasized by Burrows 34 who 
demonstrated that young salmon of the same age but larger size survive 
at significantly higher rates. The apparent upper temperature limit for 
sustained production of the small fish is reached in the early part of 
July in the near-shore surface waters, after the y·oung would have left. 21 

Taking the conservative assumption that some cisco fry would be drawn 
into the cooling water, the effects of thermal shock can be estimated 
based on methods reviewed by Coutant. 35 It is planned that the · 
Palisades Plant thermal discharge elevate the temperature of cooling 

A-SS 

.... 



water 25 F0 when operating at 2,200 MWt and 28 F0 at the ultimate 
power level of 2,600 MWt. This higher power level cannot be obtained 
until several years of operation have passed, however, and by that 
time the cooling towers should be in operation. Juvenile cisco may 
be acclimated to near-shore temperatures ranging from about mid 40's 
in April to low 70's in July and August (Michigan Water Resources 
Commission data from Benton Harbor, Michigan).3 6 The lengths of 
time that any species can survive very high temperatures are defined 
by equations of the form: [log time of survival (minutes) = a + b 
(temperature in Centigrade)]. The coefficients a and b will be 
different for different species, different life stages of a species, 
and for different acclimation temperatures of any one life stage. 
Using data from Edsall and Colby,3 7 half of a population of young 
fish acclimated to mid 40's in spring would survive the 25 F0 elevation 
for 142 minutes, and the 28 F0 elevation for 24 minutes. In summer at 
acclimation temperatures in thf', low 70' s, half of a population would 
survive the 25F 0 rise for only J,04 minutes and the 28F 0 elevation for 
only 0.008 minutes (both of these times are essentially instantaneous). 
About 20% of these times would likely increase the fish's susceptibility 
to predation,3 8 Additional calculations are presented in Appendix V-2, 
Table 1. A ratio greater than 1 denotes 50% mortality (safety factor = O) 
or thermal stress that may lead to secondary mortality form predation, 
disease, etc (safety factor= 2°C). Method of calculation, is from 
Coutant; 68 basic thermal resistance data are from Edsall and Colby, 69 

and the temperature elevation 25F
0

• 

Since the transit time for cooling water from the condenser head box 
to the discharge point is about 25 seconds, young fish in spring could 
be expected to survive this part of the cooling water passage without 
thermally-induced mortality. This would not be true in summer, when 
all fish so transported would certainly be killed. It can be. estimated 
that heavy mortalities could occur in the Plant when discharge temper­
atures reached about 88°F in t.he spring. 

The present discharge at Palisades would probably return cooling water 
to non-lethal levels in spring after about 1/2 hour under conditions 
of no wind or lake currents, although no detailed thermal plume model 
study was conducted by the applicant. This would still not be sufficient 
time to induce 50% mortality of the entrained organisms at the 25 F0 ~t. 
Clearly, a more rapid cooling through dilution in a high-speed discharge 
jet would alleviate most mortalities and indirect effects such as pre­
dation at these times. Only a severe reduction in the ~t in summer, 
however, would alleviate mortalities then. On the other hand, the 
larger summer fish would be much more able to avoid being drawn into 
the intake structure, and thus the probability of exposure would be 

·considerably less •. 
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Acclimation 
Temperature 
oc OF 

Condenser Entrainment 

5 

5 

10 

10 

20 

20 

41 

41 

50 

50 

68 

68 

APPENDIX V-2 TABLE 1 

TIME-TEMPERATURE CALCULATIONS OF JUVENILE CISCO MORTALITY IN THE 
PALISADES COOLING SYSTEM (CONDENSER PASSAGE AND PLUME ENTRAINMENT). 

Cooling Water 
Temperature 
oc OF 

18.9 

18.9 

23.9 

23.9 

33.9 

33.9 

66 

66 

75 

75 

93 

93 

Time 
Exposed 

(min) a* 

1. 5*** 10. 28 

'1.5 10 .28 

:i.5 12.49 

1.5 12.49 

1.5 17.30 

1. 5 17. 30 

b* 

-0. 36 

-0.36 

-0.41 

-0.41 

-0.53 

-0.53 

Safety 
Factor 

(°C) 

0 

2 

0 

2 

0 

2 

Upper Incipient** 
Lethal Temperature 

oc . OF Ratio 

21. 7 

19. 7 

24.2 

22.2 

26.2 

24.2 

71.1 0 .o 
67.5 0.0 

75.6 0.0 

72.0 0.0197 

. 79.2 9.02 

75.6 105.8 

~ Plume Entrainment 

5 

5 

10 

10 

20 

20 

41 

41 

50 

50 

68 

68 

18.9 

18.9 

23. 9 

23.9 

33.9 
33.9 

33.9 

66 

66 

75 

75 

93 
93 

93 

O**** 

0 

10.28 

10 .28 

0 12.50 

4.2 12.50 

36 ( total)l 7. 296 7 
6 (1st segment)· 

-0.36 

-0. 36 

-0.41 

-0.41 

-0.53 

-0.53 

0 

2 

0 

2 

0 

2 

21. 7 

21. 7 

24.2 

22.2 

26.2 

24.2 

71.1 

71.1 

75.6 

72.0 

79.2 

75.6 

0.0 

0.0 

0.0 

0.0554 

36.3 

54(tota1)17.2967 
6(1st segment) 423. 

* Coefficients of a regression equation describing thermal resistance at a particular acclimation 
temperature (data from Edsall and Colby3 7 ). 

**The upper threshold for damage (temperatures below this level are tolerated). 
*** 1.5 min. approximates the duration of exposure in condenser piping (25 sec) and in discharge 

canal (1 min). 
**** Assumes contivuation of the maximum temperature until the plume has actually cooled to the incipient 

lethal temperature, or that temperature minus the safety factor, whichever applies. 

1 



Should juvenile cisco be drawn through the cooling system, some 
mechanical damage can be anticipated. The quantity is not pre­
dictable with present knowledge, but may be none or -much. This 
possibility must be evaluated in the operating facility. 

In summer, adult cisco leave the warmer surface waters for deeper 
water when the temperature of upper strata reach 68°F.39 There are 
apparently no lakes where adult ciscos are distributed in the 
epilimnion when temperatures there exceed 68°F. The juveniles are 
more tolerant of high temperatures than are the adults40 and in 
another lake (L. Nipissing, Ontario) the two youngest age groups 
were the last to migrate to the colder hypolimnion in early 
summer. 39 

Bloater (Coregonus hoyi) 

The bloater is the principal survivor of a once-diverse group of 
species called "chubs". Until the 1950's the chub population of 
Lake Michigan consisted of seven species that had different growth 
rates, were of different sizes, and occupied different depth zones 
of the lake. Because of the sea lamprey, alewife and other factors, 
the bloater was the principal chub remaining by 1963. It is currently 
about as abundant as all chub species were before the sea lamprey in­
vasion. 9 The chubs, principally the bloater, are cmmnercially 
important, with over 4 million lbs landed in Michigan in 1970 
(Michigan Department Natural Resources data). 

The bloater is now abundant throughout the entire deep-water area of 
the lake. 9 At Palisades these fish occur largely in deeper water 
(~72· feet), but apparently migrate inshore in June after which they 
quickly return to deeper water 2 (Fig. V-11). Adults have been re­
ported to congregate on the bottom of southeastern Lake Michigan at 
8 to 10°C (46,4 to 50°F) in late summer.3 The juveniles occupy open 
waters during late sUIIllller, probably in the thermocline at temperatures 
above 10°C (50°F). Maturation of sex products of adults will be 
unaffected by the thermal plume from Palisades occurring in the top 
·10 feet of the water column. 

Coregonus ~oyi spawns in March in Lake Michigan, at depths of 120 to 
180 feet. 2 Spawning activities and incubating eggs should not be 
influenced by the thermal plume from the Palisades plant. Juveniles 
will be well away from the possibility of being drawn into the cooling 
water and the possibility of thermal, mechanica.l or ·chemical damage. 

The upper lethal thre.shold ("ultimate upper incipient lethal temperature") 
of juvenile bloaters was estimated to be 26.75°C (80.1°F). 41 Resistance 
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t.imes to temperatures higher than this can be calculated from available 
data. These data are of little consequence to the present evaluation, 
however, since juvenile bloaters are not expected to occur in the cooling 
water or thermal plume. 

The predominant food items of the chubs in Lake Michigan are the inverte­
brates Pontoporeia and Mysis relicta. 42 , 43 Small numbers of a variety 
of insects in larval, pupal and adult stages, the freshwater snail. 
Valvata sincera and fingernail clams (Sphaeridae) were also found. 
Cannabalism of their own and other chub eggs was common throughout the 
year except between July and September. They also ate eggs of the 
deep-water sculpins, The specific food items varied seasonally and 
with water depth, but these variations occurred at depths beyond those 
to be influenced by the Palisades Plant, and will not be considered 
further here, Newly hatched chubs and adults in shallow water also 
feed on crustaceans in the zoo~lankton, principally the copepod Cyclops 
bicuspidatus and cladocerans. 4 

Endangered Species: The Longjaw cisco, Coregonus alpenae 

In the United States, 101 species and subspecies of wildlife (14 mammals, 
50 birds, 7 reptiles, 30 fishes) are now threatened with extinction. 44 

Included in this list is the longjaw cisco, a species that formerly had 
been common in Lake Michigan,20 

The endangered existence of £· alpenae is clearly related to different 
factors than temperature change or other influences lik~ly occur from 
the Palisades Plant, The principal influences have been the commerical 
fishery, the sea lamprey and finally, introgressive hydridizat~on with 
other species. 20 A brief summary follows of Smith's2D chronicle of 
change, 

The longjaw cisco is one of the d~ep-water ciscos referred to as 
"chubs" in the commercial fishery. Intense fishing since the mid-1800's 
selectively caught the larger fish; a factor that reduced populations of 
the larger, faster growing species such as £. alpenae and. favored 
populations of the smaller and slower-growing£. hoyi (the bloater). 
This change is illustrated in Appendix V-2 Fig. 2. It is unclear why 
the other larger chubs (e.g, zenithicus or reighardi) are not also con­
sidered endangered. The competitive position of the smaller species 
was also enhanced by removal of large predators such as lake trout, 
first by the commercial fishery and then by the lamprey. The lake 
trout had fed primarily upon the smaller chubs. 

By 1960-61 the two largest deepwater cisco species, £· nigripinnis 
and C. johannae, 20 appeared to be extinct (Appendix V-2 Fig. 2). 
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Diagrammatic Representation ol the Average Species Composition 
(Percentage) . of Deepwater Ciscoes of Lake Michigan in Various 
Periods. Species Are Arranged in Order of Their Average Size 
in the Population from the Largest. (nigripinnis) to Smallest 
(hoyi). Assumption of Equal Abundance of Species Prior to 
1900 is for Ulustration Only. ·(After Smith 1964) 
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Commercial fishing records of 1961 and 1962 showed further increase 
in dominance of chub populations by .f...~ hoyi. 

Disappearance of the last populations.of the larger chub spe~ies has 
been attributed by Stnith to extensive hybridization with the dominant" C, 
hoyi for lack of their own species with which to spawn. This conclusion 
was supported by a high frequency of apparent hybrids in commercial 
catches, and observed changes in the timing of spawning (especially 
~· reighardi), Smith20 wrote t~at the future deep-water ciscos were 
likely to be different forms (species) than those species recogn.ized 
in the past (including ~· alpenae) •. 

Coho Salmon (Oncorhynchus kisutch) 
. . . 

The coho salmon, a native of the Pacific coast, was successfully intro-
duced into Lake Michigan _in 1966.and is now one of the most important 
sport fishes. Destruction of large predator fish in the lake by the 
sea lamprey and explosive invasion by the alewife had left the lake 
food chain with abundant forage fish but nothing to feed upon them. 
After thorough study by the State of Michigan Department of Natural 
Resources,45 the coho salmon was selected as the first introduction. 
The first yearling fish, hatched from eggs obtained in Oregon, were 
planted in 1966 into Bear Creek, a tributar~ of the Manistee River and 
into the Platte River in- the early spring. 4 By August and September 
the first catches were being made by commercial fishermen and anglers, 
and the coho became established as an important species in the lake. 
Although there is some natural spawning~ most reproduction is aided by 
state fish hatcheries. 

Coho juveniles have been stocked recently in several rivers near the 
Palisades Plant and there are plans for further stocking (Michigan 
Department of Natural Resources, ·unpublished data· Table 2). °These 
rivers include the Black River (about 4 miles north) and the St. Joseph 
River (about 25 miles south). The St, Joseph River was also stocked 
with 100,000 coho in 1969. 4.6 There is no record of movements of these 
juvenile fish. 

The following annual mi~ration pattern seems to have developed among 
adults in Lake Michigan _5 (Fig. V-12): 

March - April - Southern Lake Michigan north to South Haven 

May - Southern Lake Michigan north to Holland 

June - Scattered, out in deeper water, southern 
Lake Michigan 



July 

August 

September 

- Scattered, including northern Lake Michigan 

- Over 100-150 foot depth contour; off parent 
streams 

- Concentrated off parent streams (some 
entering streams) 

September - December - Fish in streams, _spawning continues 

This seasonal pattern seems due, in part, to active selection of favor­
able temperatures for activity, believed to be 44-58°F, with an optimum 
near 55°F. 45 With exception of spawning time, coho avoid water warmer 
than about 60°F. They prefer the upper 30 feet of water if temperature 
allows. Coho school in sunnner over the 100-foot depth contour, but at 
the depth of about the 55°F temperature stratum. 

In March and April there are substantial numbers of coho in the lower 
parts of the St. Joseph and Black Rivers (Clarence Taube, Institute of 
Fisheries Research, University of Michigan, unpublished data). There 
is an active sport fishery there in early spring. The attractant to 
the tributaries is believed to be warmer water (close to optimum) during 
periods when the lake is still too cold. The warm Palisades plume may 
further attract coho to the near shore waters during these months. 

Adult coho will likely avoid the Palisades plume when and where it 
exceeds about 60°F. Data are available for thermal resistance times 
of adult coho.from the.Columbia River, 47 but the fish in Lake Michigan 
will not be obliged to pass through the pl~e except to enter the Black 
River to spawn. The thermal plume may hasten the normal June migration 
from shallow water to deep waters several miles offshore. The accelera­
tion of ti.ming would amount to only a few days, however, based upon the 
plume temperatures and the normal rate of change of lake temperatures. 8 

At spawning time temperature becomes a secondary consideration, and 
fish may concentrate off parent streams in temperatures exceeding 60°F. 
When there is an onshore wind from the southwest during September the 
Palisades plume may extend to the mout·h of the Black River and subject 
adult coho concentrated there to temperatures as much as 3 F0 higher than 

.normal. This would be detrimental if temperatures there exceeded 70°F 
in a large portion of the watermass occupied by the salmon. 47 

Chinook Salmon (Oncorhynchus tshawytscha) 

The·chinook was also introduced from the Pacific Northwest and it has 
joined the coho as an important species in the lake. First stocking 
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was in 1967. Of the rivers near Palisades, only the St. Joseph has 
been stocked with chinook to date (Table 2), There are no plans to 
stock chinook in the Black River. 

Distribution patterns for chinook in Lake Michigan are not as clear 
as for coho, due to the smaller number stocked. The following annual 
pattern sunnnarizes current knowledge: 46 · 

April - Scattered, Lake Michigan 

May - Scattered, Lake Michigan 

June - Scattered, Lake Michigan 

July - Start concentrating off parent streams '· 

August - Concentrated vicinity of parent streams 

September - Concentrated vicinity of parent stream 
mouths (some enteririg streams) 

September-December - Fish in streams, spawning 

The chinook appears to be less directed by water temperatures than 
coho, but this conclusion may derive from over emphasis· on the sports 
catch of adults as an index. 

The Palisades Plant does not appear to present a hazard to the 
known movements of this species. The nearest· spawning stream· is 
the St. Joseph River which is beyond all but trivial influence 
(<l/2°F) of the Palisades plume. 

Lake Trout (Salvelinus namaycush) 

The lake trout has been of outstanding importance throughout the history 
of·fishing in the upper Great Lakes. For many·years it supported an 
annual coilDllercial production of about 15 million·lbs and led allspeci!'!S 
in the value of the catch. 48 It was .also important in the _sport fishery. 
A decline or collapse of these fisheries followed the invasion by the 
parasitic sea lamprey of Lake Huron, 49 Lake Michigan 50,5l -and.Lake 
Superior.5 2 Recent attempts _at sea lamprey control and reestablishment 
of ·the lake trout appear to be having success, and thus the impacts of 
the Palisades Plant on this expanding species, although largely potential, 
must be evaluated, 
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APPENDIX V-2 TABLE 2 

FISH STOCKING IN LAKE MICHIGAN AND TRIBUTARIES 
NEAR PALISADES PLANT (1970 & 1971 and proposals through 1974) 

(Unpublished Data, Michigan Department of Natural Resources ) . 

. Lake Michigan at South Haven 
5,000 Rainbow 5/21/71 

St. Joseph River in 
100,000 Coho 

18,000.Rainbow 
200,000 Chinook 

20,000 Steelhead 
200,000 Coho 

Black River in Van 
50,000 Coho 
13,500 Rainbow 

. 54,000 Steelhead 
16,000 Steelhead 

Barrien County 
Spring 1970 
Spring 1970 
5/24/71 
4/28/71 
3/28/71 

Buren County 
Spring 1970 
Spring 1970 
Spring 1970 
4/29/71 

Kalamazoo River in Allegan County 
200,000 Coho Spring 1970 

100,000 Chinook 
100,000 Coho 
150,000 Coho 

50,000 Steelhead 

25,000 Coho 
75,000 Steelhead 

100,000 Coho 
100,000 Chinook 
100,000 Steelhead 

each year 1972-74 
1972 
each year 1973-74 
each year 1972-74 

(proposed) 
(proposed) 
(proposed) 
(proposed) 

each year 1972-74 (proposed) 
each year 1972-74 (proposed) 

1972 (proposed) 
each year 1972-74 (proposed) 
each year 1972-74 (proposed) 



Over a three-year period of pre-operational surveys for the applicant, 
32 lake.trout have been captured at the Palisades site. 2 Most were 
stocked from hatchery-reared juveniles. The young fish had been planted 
either at nearby Port Sheldon or New Buffalo. There is presently no 
evidence suggesting that the Palisades area is a particularly high­
density area for lake trout. Test fishing for lake trout by the 
U. S. Bureau of Commercial Fisheries has been done at other locations, 
the nearest being near Grand Haven. 51 Experimental gill-net fishing 
by the Bureau of Sport Fisheries and Wildlife in November and December 
1971 yielded several lake trout in the vicinity of the Palisades Plant68 

as seen in Table 3. This study was conducted primarily to locate 
spawning grounds of lake trout and whitefish. The presence of seven 
ripe females in November and one spent female in December suggests that 
some spawning may have been occurrring in the vicinity. WellS"-et' al. 70 

concluded from these data that this species spawned in large numbers 
along the entire southeastern shore of Lake Michigan. 

The following life history descri~tion is abstracted largely from the . 
literature reviews by Eschmeyer.s Lake trout spend most of their 
lives in the deeper waters of the cold lakes in which they occur. They 
move about extensively, however, and may be found at any depths at certain 
seasons or localities. In the Great Lakes they are usually most abundant 
at depths between 100 and 300 feet. Generally they live at or near the 
bottom, but some may occur also in the open water, far offshore. Warming 
of the surface water normally restricts lake trout to deep water in 
summer. They seldom remain for extended periods in water with a temper­
ature greater than 65°F; they prefer temperatures of about 50°F. It is 
extremely doubtful that the Palisades thermal discharge will significantly 
reduce the volume of cold Lake Michigan water available to the lake trout 
(based on conclusions of the Great Lakes Enforcement Conference in 1970). 11 

In the lakes where they occur, lake trout are more abundant in some 
localities than in others, yet they seldom form compact schools. Even 
the young are scattered and seem to have more or less solitary habits. 
Fish in Lake Michigan range widely, tagged lake trout having moved more 
than 200 miles from the place of release. The larger fish moved the 
greater distances. Smaller tagged fish, less than about 16 to 18 inches 
long, seldom were recaptured at distances greater than 50 miles from their 
home waters. 

Lake trout spawn once a year, usually in late summer or fall. The date 
depends on a variety of factors, which apparently include physiological 
differences among races, physical characteristics of the lake, latitude, 
weather conditions, and water temperatures. Most spawning is in October 
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APPENDIX V-2,_TABLE 3 

Nill:fBERS OF LAKE TROUT AND WHITEFISH CAUGHT .IN VARIOUS LAR,GE..:.MESH (5-, 5-l/2 INCH; STRETCHED) 
GILL"NET·LIFTS IN SOUTHEASTERN LAKE MICHIGAN?O 

Lake Trout 
Whitefish Length 

Depth of net Female Female Female 
·.Date Port (fathoms) (_ft) (feet) Male sravid r:i.Ee· sEent Total 

Nov. 163 Benton Harbor 3 ;I.8 900 55 9 5 5 74 0 

•Nov. 163 Benton HarbQr 5 30 300 10 l 0 2 13 0 

Nov. 161 • 4south Haven 3 18 600 17 1 5 0 23 0 

Nov, 16 1 •4south·H~ven 5 30 600 9 0 2 Q 23 0 

Nov; 17 Saugatuck 3 18 300 37 1 2 0 . 40 0 

Nov; 17. Saugatuck 3 18 300 24 3 Q 3 30 0 

Nov. 242 Saugatuck 1 6 300 1 0 0 0 1. 0 

Dec. 25 New Buffalo 5 30 1,200 26 0 1 0 27 1 

nee~ 23 Benton Harbor 3 18 1,200 0 0 0 0 0 0 

.Dec. 23 ·Benton Harbor 5 30 600 1 0 0 0 1 0 

Dec. 34 South Haven 3 18 1,200 1 0 0 l 2 0 

Dec. 34 South Haven 5 30 1,200 2 0 0 0 2 0 

Dec,· 4 ·Saugatuck 4 24 1,200 23 0 0 0 23 6 

1set from R/V Kaho. 
2set from outboard boat. 
3set at intake and discharge sites for Cook Plant. 
4Set at intake and discharge sites for Palisades Plant. 
5Reef 4 miles south of Cook Plant, 



and extends into November in the southern Great Lakes. The duration 
of the breeding season varies in different waters. It may continue 
for a month or more in the Great Lakes. 

Typical spawning grounds of lake trout are rocky (gravel, rubble, 
boulders), wave- or current-swept shoals, at water depths that range 
from a few inches in some inland lakes to as much as 100 feet in the 
Great Lakes. Even greater depths and a different bottom type were· 
frequented by lake trout of southern Lake Michigan before their near 
extinction, where spawning occurred on a clay bottom at depths as 
great as 200 feet and more. Most lake trout production today is 
from hatcheries, although there are signs of natural reproduction 
in southeastern Lake Michigan, 70 

Individual male lake trout may remain on or near the spawning grounds 
for 3 weeks or more, but after the spawning season is over the adult 
disperse widely from the breeding area. Although lake trout may move 
to distant points between breeding· seasons, most re.turn to the sc;une 
spawning grounds each year. 

Lake trout eggs develop slowly on the bottom in the cold water in which 
they are laid and may require as mu(:h as 4 months or longer to coinple.te 
their embryonic development. The eggs remain on the bottom and. are 
not resuspended. They thus would not be drawn _into the Palisades 
cooling water intake. Studies by the Grosse Isle Laboratory o.f EPA 
during November and D.ecember of 19716 6 at two Lake Michigan power 
plants concluded that passage of eggs through the plants is insignificant, 
even though spawning in the vicinity was highly probable. The eggs hatch 
in spring into relatively helpless larvae, about 0.6 inches long~ with 
a large yolk sac and a large mouth, If lake trout spawn offshore of 
Palisades at the depths (18 and 30 feet) at which they were caught l;>y 
Wells et al. 70 then incubating eggs would be periodically exposed .. to 
the high-density "sinking plume" in winter. The result for timing of 
hatch may be similar to that.for cisco, although the very recent 
acquisition of the data by Wells et al.6 8 from the Bureau of Sport 
Fisheries and Wildlife precluded any detailed analysis. 

Newly hatched lake trout undergo their early development in the pro­
tection of the rocks of the spawning grounds. They do not dispersE;? 
into the shorewaters as do mc;iny other juvenile fishes. In about Lmonth, 
after the absorption of part of their large yolk supply, they enter 

·. deep~r water, beyond the spawning grounds. · 

The early growth of lake trout, during the period when the yolk is. 
being absorbed, is slow; the rate increases markedly from late July_ 
to mid-S~ptember, and declines again to a· slower rate in the fall. · · 
By the end of the first full year of life the averag·e length ranges 
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from 3-1/2 to 5 inches in Lake Michigan. Yearling.and 2 .... year old lake 
trout have their greatest density at depths of 240~.294 feet in Southern 
Lake Michigan. 48 , 54 

Lake trout.feed almost exclusively on other animals. Except for this 
generality, the composition of the diet varies widely among fish of 
different sizes and from different waters. Small lake trout feed first 
on minute crustaceans and soon add larger crustaceans such as opossum 
shrimp (when they are available), insects, and small fish (especially 
sculpins)~ By the time the fish reach a length of 15 to 18 inches the 
diet is principally fish. The fishes eaten by lake trout are of what­
ever kind happen to be available in the immediate environment. 

Steelhead Trout (Salmo gairdneri) 

Since 1965 steelhead populations in Lake Michigan have improved 
greatly from severe depredation by the sea lamprey. Good runs of 
this important sports fish are now being observed in most of 
the traditional steelhead streams tributary to the lake.SS 

Steelhead have been stocked in both the St. Joseph and Black Rivers 
near Palisades. An,other variety of the same species ("rainbow") has 
been released in the Black River and in the lake at South Haven. 
Movements of the juveniles are not known. 

The steelhead is known for orienting in areas of currents, be they 
off points, sharp drop-offs, stream mouths or shoal edges. About 5 
adult steelhead {probable identification) were observed in the discharge 
of the Palisades Plant during the site visit in September; they swam 
freely about in the currents within the discharge canal and periodically 
swam out into the lake during a half-hour observation. ·They may con­
tinue this practice during cooler months, but probably will avoid the 
warmer waters in summer. Steelhead avoided warm discharges in the 
Columbia River during summer spawning migrations.S6 

The annual distribution pattern for this species is unclear. 

Perch (perca· flavescens) 

This native species was the most abundant gamef ish in the Palisades 
area throughout summer and fall. It hi:id been a very important 
commercial species in Lake Michigan (Michigan catches amounting to 
1 to 1.5 million lbs i960-1963 and 2.3 million in 1964) but it has 
declined dramatically to insignificant connnercial catches in 1970 
(Michigan Department Natural Resources data). This decline has been 
attributed to severe competition with alewife for the nearshore . 
habitat particularl.y during the spring months when perchspawn.1 
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Perch apparently occupy deep water (>60 feet) during the winter and 
return to shallow water at Palisades (<40 feet) for spawning after 
mid-May. 2 (Fig. V-13) Recently, EPA's National Water Quality 
Laboratory, Duluth, Minnesota, has shown that water temperatures 
must be 43°F or lower for about 5 months in winter to ensure normal 
maturation of the eggs within female yellow perch obtained from Lake 
Superior; higher temperatures during the winter significantly reduced 
both the number and viability of the eggs that were spawned in 
laboratory experiments. While this is an important water temper~ture 
requirement of the perch, the thermal releases at Palisades could 
hardly prevent its fulfillment. First, the discharges will not be 
capable o~ elevating temperatures of significant portions of deep 
lake water (>60 feet) above 43°F in winter since the lake basin will 
be filled with water at maximum density (39,2°F). Neither could.they 
alter the.,-timing of the seasonal drop in temperature to this level by 
more than''a few minutes. Second, although perch in winter would be 
attracted to warmer water up to their final preferred temperature of 
about 70°F (21°C), 57 the volume of water at temperatu.res above 43°F 
would off er habitat for only a small percentage of over-wintering 
perch. Should perch populations become rare due to other causes, 
then the attraction to the warm discharge might be significant, and 
attempts should be made to restri~t the area above 43°F, for. example 
by the use of a high-velocity diffuser diicharge port. 

The general spawning season for perch in Lake Michigan begins about 
May 15 and ends about July 1. 8 Optimum spawning temperatures appear 
to be 46-54°F; at 61°F spawning is reduced and at temperatures above 
62°F eggs are aborted without being fertilized (unpublished data, EPA's 
National Water Quality Laboratory, Duluth), Temperatures above 64°F 
prevented successful incubati_on of greater than 50% of perch eggs in 
experiments at the National Water Quality Laboratory (unpublished). 
The greatest fry survival was observed at 61°F. There is considerable 
evidence from the widespread latitudinal distribution of perch that 
spawning would occur slightly earlier in the year if the appropriate 
temperatures appeared slightly earlier, and that the higher temperatures 
would not be experienced in the critical stages.5 8 

The area of Lake Michigan near the Palisades Plant does not appear to 
be suitable for spawning of perch, which require weeds or rocky shoals 
on which the ribbons of adhesive eggs can attach. 8 The bottom. 
material of the lake at Palisades has not re_ceived careful study, but 
knowledge of nearby areas (near Saugatuck 20 miles north and near 
Bridgman 35 miles south) appears to be indicative of the Palisades 
condition. 12 Both of these sites had fine sand to gravel within a few 
feet of shore. Shifting sand predominated in and between_ two ~ubmerged 
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bars, about 300 and 600 feet, respectively, from shore. Occasional 
patches of clay-like glacial till and gravel were found between the 
bars. These patches of gravel seem to be the only feasible spawning 
sites. 

The pressures of abundant adult alewife in the shore area apparently 
force many perch to deeper water in summer.l Young-of-the-year occupy 
the zone between 3 and 18 feet at the Palisades Plant; few are found 
in the turbulent beach area. 2 This corresponds to catches by the 
U, S. Bureau of Commercial Fisheries largely near 16 feet. 8 

Perch in Saginaw Ba~, Lake Huron, were found to consume a wi_de variety 
of food materials. 5 No comparable studies have been made near tlie 
Palisades Plant. Immature insects were dominant, primarily midge fly 
larvae and pupae and mayfly nym~hs. Cladocerans (Daphnia, Sida, 
Halopedium, Alona) were next me tit abundant. Amphipods (mostly Garumarus) 
were important in some ocations. Snails and fingernail clams appeared 
commonly, as did copepods (Cyclops, Diaptomus), water mites, ostracods, 
and isopods. Fish first appeared in stomachs of perch over 4 inches in 
length, and this component of the diet was believed to increase with 
size; smelt and young alewives are the principal species. There was 
a sexual difference,· perhaps related to the observation made elsewhere 
that the sexes school separately (several references cited by Tharratt). 59 

Fish were more abundant in females (that presumably feed in shallows or 
open water) and insects were more abundant in males (presumably more 
feeding on the bottom). 

The Palisades thermal discharge would not disrupt the supply of aquatic 
insects from the bottom since benthic life is not abundant in the "sterile 
zone" where the plume contacts the bottom. Supplies of young alewives, 
smelt, and zooplankton may be more readily available in the currents of 
the discharge, due to some mechanical damage or disorientation. 

American Smelt (Osmerus morda:x:) 

The American smelt is native to the northern Atlantic coast and Lake 
Ontario, and was introduced to Lake Michigan and the other upper lakes 
by stocking in 1912 qnd thereafter. It has subsequently become. wide­
spread and abundant throughout the four upper lakes. 60,6l It is an 
important.commercial species, with catches in the State of Michigan 
(one of the states with low catches) exeeding a million lbs since 1966 
(Michigan Department of Natural Resources data), The major fishery 
is in the Green Bay area of Lake Michigan. 62 There is an intense 
sport fishery for the spawning-run adults; dip nets are used to capture 
migrating fish in many streams tributary to the Great Lakes. The sport 
catch may be double the commercial catch.6 2 
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The species tends to occupy intermediate depths in the shallower 
waters in Lake Michigan althou~h juveniles frequent the surface 
layers during their first year (Fig. V-14). Adult smelt were 
caught in trawl tows at 72 feet at Palisades in May. 2 They move 
to deeper and cooler water in mid-sununer, returning to ~hallower 
depths as temperatures drop in autumn. The fish move in slowly 
moving schools, particularly the young, that are composed of fish 
of about the same size. The young fish often school close to shore. 3 

Schools of smelt may be vulnerable to entrapment in the Palisades 
intake since yearlin~s were cau~ht in trawl collections at that 
depth off Palisades, and Wells noted abundant j uvenile.s in the 
surface waters near shore off Saugatuck, Michigan. The low velocities 
designed for the intake structure, however, appear to mitigate against 
schools of adults being draWn in. Swimming speed data are not avail­
able for smelt to compare with intake velocities. If juveniles school 
close to shore they may be subject to entrainment in the thermal pltnn~, 
much as schools of young alewife already discussed. There are no dat~ 
available on resistance times to thermal shock which could be used to 
predict mortalities or on preferred temperatures with which to' predict 
attraction or avoidance. It is also impossible to predict mechanical 
damages. 

Spawning is in early Spring in tributary streams and also in shallow 
parts of the lake.63 The spawning temperature has been reported to 
be about 50°F, with mature adults entering tributaries when the stream 
has warmed to 39-42°F. There is no data available on requirements for 
gonad maturation, but this process can likely proceed uninterrupted ip 
the open lake in winter. The tributary spawning and incubation proce~s 
apparently occurs completely outside the range of the Palisades facility, 
so will not be considered further here. There is no direct evidence 
for shoreline spawning near Palisades. Once hatched, the fry rise close 
to the stream surf ace and drift downstream and thus would enter the shore 
waters of Lake Michigan. The thermal discharge from the Campbell Plant 
does not appear to be used as an artificial tributary in spawning runs, 
so it is unlikely that the Palisades discharge would be used. 

Available evidence suggests that smelt is a versatile feeder. 61 In 
Saginaw Bay, Lake Huron, crustaceans (copepods and cladocerons) are the 
principal food of young-of-the-year. Rotifers, small eggs, and some 
algae were also found. The species composition of the food groups pro­
bably reflected seasonal availability. Older smelt ·shifted partially 
to a diet of aquatic insects (mayflies Hexagenia and Ephemera) and fish 
(almost all Notropis species or young smelt) although the crustaceans 
remained abundantly utilized. In Green Bay the most important food item, 
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by a wide margin, was Mysis, while Hexagenia mayflies were poorly 
represented.6~ Sculpins and burbot were the principal fish eaten. 
Studies in Lake Superior by Hale cited by Anderson and Smith65 

indicated feeding more similar to Green Bay. Amphipods (both 
Gammarus and Pontoporeia) were heavily used also, Most of the 
differences seem attributable to differences in availability of 
food species at the various locations. 
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APPENDIX XII-1 

Comments on the Draft Detailed Statement on the Environmental 
Considerations Related to the Proposed Issuance of an Operating 
License to the Consumers Power Company for .the Palisades Nuclear 
Generating Plant - Docket No. 50-255, Issued February 29, 1972, 
and Responses on Comments With Respect to Environmental Consider­
ations from the Applicant. 

1. Advisory Council on Historic Preservation, March 9, 1972 

2. Department of Agriculture, April 3, 1972 

3. Department of the Army, March 22, 1972 

4. Department of Commerce, April 4~ 1972 

5. Environmental Protect'ion Agency, April 4, 1972 

6. Federal Power Commission, March 22, 1972 

7. Department of the Interior, April 7, 1972 

8. Department of Transportation, April 13, 1972 

9. State of Michigan, Department of Natural Resources, May 2' 1972 

10. State of Michigan, Department of Natural Resources, May 19, 1972 

11. State of Michigan, Department of Public Health, May 4, 1972 

12. Township of Covert, Van Buren County, Mareh 24, 1972 

13. Consumers Power Company, May 3, 1972 

14. Consumers Power Company, May 12, 1972 

15. Consumers Power Company, May 19, 1972 

16. Department of Health, Education, and Welfare, June 8, 1972 
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ADVISORY COUNCIL 
ON 
lllSTOn IC PRESERVATH> N 

WASHINGTON, n.c. 20240 

March 9, 1972 

Dear Mr. Rogers: 

This is in response to your request for comments on the environmental 
impact statement identified by a copy of your cover letter attached to 
this document. The staff of the Advisory Council has reviewed the· 
submitted impact statement and suggests the following, identified by 
checkmark on this form: 

The final statement should contain (1) a sentence indicating that the 
National Register of Historic Places has been consulted and ihat no 
National Register properties will be affected by the project, or 
(2) a listing of the properties to be affected, an analysis of~he 
nature of the effects, a discussion of the ways in which the effects 
were taken into account, and an account of steps taken to assure 
compliance with Section 106 of the National Historic Preservation Act 
of 1966 (80 Stat. 915) in accordance with procedures of the Advisory 
Council on Historic Preservation as they appear in the Federal Register, 
February 20, 1971. 

__ In the case of properties under th~ control or jurisdiction of the 
United States Government, the statement should include a discussion of 
steps taken to comply with Section 2(b) of Executive Order 11593 of 
May 13, 1971. 

~ The final statement should contain evidence of contact with the Historic 
Preservation Officer for the State involved and a copy of his comments 
concerning the effect of the undertaking upon historical and archeological 
resources. 

Specific comments attached. 

·-comments on environmental impact statements are not to be considered as 
comments of the Advisory Council in Section 106 matters. 

~~~!£~1Cv 
Robert R. 
Executive 

cc: Mr. Samuel Milstein, State Liaison Office for Historic Preservation, w/c of 
inc. 

TIU! ro11Nc1L iH rharortl h11 tlte 1tC"~ of October 15, 19611, t11itl&. advi1tino the Preriden& and' Conorea. in tla.,. field of Hieto,;c Preeervatiott. 
rl'rnmmf'11dino ml'a/turr.- to l"OOrdi,.atr. Q'Ol'flrftmental tnit~ prit10te adivitiu, a.tlvieing on U... dineminatioft of in/ornaation, mcovragino public 
intrrr..t and JJGrtiripation. ref"ornmr.ndino the ronduct of IJHr.ial etudiea. a4vi1ittO i• tle ·prf!paratioft of legielatiow., and trftcourauino epecia.lizff 
trai11ino 011d ..,,.,...11.,,.. Tlte Co•ndl at.o /tao U.. ruponeibilillf to com men I 011 Federal or Fetl•nsll11-lotetl attcl•rtakiflO• tllaC lla11• 11n e/Jecl 
°" ,..,h1ral 11ro11'rlW li•£rd in U..e NatiOflal Reoiater. 
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DEPARTMENT OF AGRICULTURE 
OFFICE OF THE SECRETARY 

'WASHINGTON,D.C.20250 

Director Lester Rogers 
Division of Radiological and 

Environmental Protection 
Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Rogers: 

April 3, 1972 

We have had the draft environmental ~tatement for the Palisades 
Nuclear Generating Plant, Consumers Power Company, Inc., 
Jackson, Michigan; reviewed in the relevant agencies of this 
Department. Comments from the Soil Conservation Service fol~ow. 

The proposed·plan will not adversely affect any present or 
planned project of the Soil Conservation Service. 

This project does not involve any prfme agricultural land so 
doesn't directly affect the crop production base of the county. 
Erosion .and sedimentation will be held to a minimum with water­
courses either sodded or.cemented. Runoff water from the site 
should be of satisfactory quality. 

By protecting the native trees there will be adequate protection 
for wildlife and the esthetic view of the area. It is suggested 
that when additional plantings are made that it include wildlife 
food plants. When construction work is being done and earth is 
being moved, we recommend that precautions be taken to keep 
siltation to a minimum and that the disturbed area be seeded 
immediately after sha~ing is completed. 

We appreciate the opportunity of commenting on this proposed 
project. 

Sincerely, 

I /
1 ;l.1_oul< 

T. c. BYERLY I 
coordinator, Environment 

Quality Activities 
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DEPARTMENT OF THE ARMY 
DETROIT DISTRICT, CORPS OF ENGINEERS 

P. 0. BOX 1027 

DETROIT, MICHIGAN 48231 

IN REPLY REFER TO 

NCEED-ER. 

~r. Lester R. Rogers, Director 
) Division of Radiological and 

Environmental Protection 
u. s. Atomic Energy Commission 
Washington. D. c. 20545 

Dear Mr. Rogers: 

This is in response to your draft environmental statement transmitted 
on 3 March 1972 concerning the Palisades Nuclear Generating Plant being 
constructed by the Consumers Power Company, Inc., Docket Number 50-255. 

Since our last response regarding this facility, NCEED-ER, 13 December 
1971, the District Engineer· has received the completed parameter for 
the chemical element, BORON. This information has been transmitted 
to the Enviro·nmental ?rotection Agency. However. the Michigan Water 
Resources Commission has not yet certified the company's applicatiOn 
for discharge permits nor has the concurrence of the Environmental 
Protection Agency been obtained. 

This office has no further comments to add to those furnished in previous 
correspon_dence. We would appreciate the opportunity to review the final 
environmental statement. 

Copy furnished: 

Sincerely yours. 

LL~,L-ke~ 
THOMAS 1·: ~DALL . 
Major, Coips of Engineers 
Acting District Engineer 

Mr. Timothy Atkeson, General Counsel, CEQ, 
Executive Office-of the President. 722 Jackson 

. P)..ace, ·N.W. • Wash •• D. C. 20505 
(~O cys of ltr w/o statement) 
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April 4, 1972 

Mr. Lester Rogers, Director 
Division of Radiological & 
Environmental Pr·otection 

U.S. Atomic Energy Commission 
Washington, D. C; 20545 

Dear Mr. Rogers: 

THE ASSISTANT SECRETARY OF COMMERCE 
Washington, O.C. 20230 · ' 

Ii . J·· 

The draft detailed statement on the environmental considerations, 
by the U.S. Atomic Energy Commission, for the Palisades Nuclear 
Generating Plant of· Consumers Power Company, Incorpor~te4, 

Docket Number 50-255,. which accompanied your letter-of March 3, 
1972, has been received·by the Department of Commerce for 
review and comment. 

In order to give you the benefit of the Department's analysis, 
the following comments are offered for your consideration. In 
addition, our detailed analys~s related.·to radioiogic~l a~pects 
are appended as part of this transmittal. 

The statement ort the Palisades Nuclear Generating Plant seems 
unusually thorough and comprehensive in its treatment .of pro­
bable impact and potential aciverse effects of plant operation 
on the aquatic environment and ecology of Lake Michigan in the 
vicinity of the plant· site. Ou-r specific comments on this 
statement are listed below: 

Impingement on intake screens is duscussed on page 96, and it 
is recommended that accurate records be kept of n·umbers, ·sizes, 
and types of fish actually kitled. It wou~d be desirable·to 
include here some consideration of the possibility. and feasi­
bility of alteration or screening of the intake. crib to avoid 
excessive mortality of fish if such mortality is judged to be 
significant. 
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On page 97, second paragraph, it is stat~d that dilution patterris 
for waste heat and residual chlorine will be the same. Docu­
mentation to support this contention should be presented. 

On page 101, first paragraph, it is contended that the seasonal 
pattern in the rate of photosynthesis, as it may be affected 
by artificial temperature increases, has not been studied 
adequately at any power plant. It would seem that in view of 
the uncertainty owing to the lack of information on the effects 
of heated discharges on photosynthesis of phytoplankton, the 
total impact that could potentially result from withdrawal and 
discharge of water at elevated temperatures by all the present 
and planned nuclear (and fossil fuel) power plants bordering 
the lake should be examined. In this connection, it would be 
desirable for the EIS to address itself to the potential cumu­
lative effect of heat addition to Lake Michigan over, for 
example, the next three decades. (This comment could apply 
to the potep,t,i:~J!•il;ong-term impact of all power plants on all 
components ~of th~1ecosystem.) 

On page 116, thi.rd paragraph, we suggest that the second 
sentence might be amended to read " ... human influences-­
including commercial fishing, the effect of penetration of 
the sea lamprey into the upper Great Lakes due to opening of 
the Welland Canal around Niagra Falls, and introduction of 
salmon. II 

On page 127, paragraphs three and four seem to be mutually 
inconsistent. Paragraph three states that the Palisades dis­
charge ~an be expected to induce toxic concentrations of 
chlorine over sizable areas, whereas paragraph four indicates 
that limitation of concentration to 0.5 ppm at the point of 

'discharge to one hour once per month will reduce the adverse 
impact on the aquatic biota near the plant site. 

The discussion of the ecological monitoring program on page 
129, second paragraph,indicates that the original program 
has been modified to meet broader sampling objectives. The 
wording on pages 133 and 134 gives the impression, however, 
that some of the components of the modified sampling program 
are .not mandatory, but would be useful. It would be helpful 
if this ambiquity could be .removed. In addition, the exten­
sion of the ecological and environmental monitoring program 
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to the first .two years of closed-system operation (mentioned 
on page 213) should be mentioned in this section. 

The estimates of damage on page 138 seem misleading in that 
the effects on fish eggs, fish larvae, and lower trophic l~ 
may have a greater impact than a relationship premised on a 
one-to-one correspondence between organisms killed and com­
mercial fish catch. Since the actual physical damage would 
have to be estimated by a sophisticated model, and since the 
average market value of commercial species is not necessarily 
a good indicator of the total value to society of the aquatic 
resources damaged, we suggest that this section be altered to 
indicate that due to the intangible nature of many of the valUES 
involved, fully adequate and realistic monetary evaluation of 
the damage may be virtually impossible. 

As stated in the comment directly above, we feel that the 
methodology used on page 138 to estimate damage may not be 
fully adequate, and we therefore suggest that the second para-
graph on page 150 pertaining to estimates of damage resulting 
from oper~tion with the closed cooling .system be modified to 
reflect the difficulty or impossibility of monetary quantifi­
cation of damages. 

Costs of alternative cooling systems are discussed on pages 
199-201. It would seem appropriate to list the back-fitting 
costs for alternatives other than mechanical induced-draft 
wet towers, in view of the probability that dry cooling towers 
might be less damaging to the aquatic and ter~estial environ­
ment. 

_On page 205, third paragraph, figures fur estimated biological 
damage are again presented. Since there are many methodological 
problems associated with monetary quantification of biological 
damage, we suggest that this paragraph be revised to reflect 
the non-monetary nature of many of the.values that would be 
affected. 

Reference is made on page 205, fifth paragraph, to the minimal 
impact of the Palisades plant and to the AEC's opinion that 
further expenditure to protect the environment is not justi­
fied. Although the ecological impact from operation of the 
plant as built may be small, we submit that because we do not 
yet .fully understand the long-term impact that nuclear power 
plants may have on the environment, provisions to protect the 
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environment are justified. Without raising the issue·of 
consumer willingness to accept the higher prices for electri­
city necessary for environmental protection (given as 0.1 mil 
per kilowatt hour on page 201)~ the total impact on Lake 
Michigan ecology from the nUn1erous nuclear generating facili­
ties being built or in the planning stages may not be small. 
Therefore~ we sriggest that the statement not view the resource 
cost of p~ovision of various alternate cooling systems at 
Palisades in isolation from the need to provide overall con­
straints on the magnitude of man-induced effects on Lake 
Michigan ecology. An addition to this paragraph might be 
appropriate. This addition should stress the point that the 
need.to consider the total impact on Lake Michigan aquatic 
ecology from man's numerous and diverse activities may pro­
vide reasonable justification for making provisions to modi-

. fy, if necessary, the plant cooling system. 

Regarding the sixth paragraph on page 205, we feel that the 
statement should reflect concern over the potential contri­
bution of this plartt to the overall problem of deterioration 
of the quality of Lake Michigan.· Therefore, we suggest that 
a statement be added to the paragraph indicating that provi­
sions for closed system cooling will insure that the impact 
from the heated effluent is reduced to a minimum. 

Since specific information on meteorological assumptions, 
effluent release characteristics, and effluent release duration 
are not available in the ,AEC Draft Statement, we are unable to 
evaluate the radiological consequences of routine and acciden­
tal gaseous emissions. Furthermore, the various individual 
and cumulative radiological doses listed by the AEC and the 
applicant do not agree. Consequently, we cannot assume that 

-the meteorological assumptions listed by the applicant on 
pages 2-25 through 2-35 in the document "Supplemental Informa­
tion on Environmental Impact of Palisades Plant, November 3, 
1971" are the same as those used by the AEC. Also, it is not 
clear why for some releases an annual atmospheric diffusion 
rate was us~dly the applicant while on other types of releases 
either a 24-hour or 2-hour diffusion rate was used. Further 
comments on the radiological aspects are detailed in the 
appended remarks. 

With regard to benefits, there is an apparent inconsistency: 
Page 210 states that benefit gained by the use of the visitor's 
center is $300,000 per year. According to page 203, however, 
the benefit is estimated to be $100,000 per year. 
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Whatever .merit the statement shown below may contain, it does 
not follow from the previous discussion but might ~e strengthened 
if it could be ,substantiated.' 

'~ithout the Palisades Plant, system deficien6es 
may cause industrial slowdown, which means reduced 
individual incomes, .and may adversely affect criti­
cal public functions such as hospitals, water supply, 
and sewage treatment." (p. 204) 

·we recognize that current technology for generating plants, 
transmission lines and reduction of transmission line losses 
limits planning to its present basis. However, over the long­
term -- from a national viewpoint with regard to.the energy 
situation -- the overall question stated below appears worthy 
of consideration. The requests for operating and construction 
permits are considered individually. What would be the e:j:fect 
on the growth in supply of power generation if applicants in 
the various regions each based their generating capacity 
requirements on a projected national growth in demand of 7-8 
percent? 

We hope these comments will be of assistance to you in the 
preparation of the final statement. 

Sincerely, 
! 4 -

i.) . r' j ,;P-
- . · / _/ '1~·,,.I / - /7c~:rL'1../ '<., '/'...C-J ' 

Sidne~~. Galler 
Deputy Assistant Secretary 
for Environmental Affairs 
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Subject: Docket No. 50-255 - Draft Detailed Statement .on the Environmental 
Considerations Related to the Proposed Issuance of an Operating Licenee 
for the Palisades Nuclear Generating Plant 

As in the past. comments presented here refer only to questions of 
radiation effluent and the radioactivity monitoring program. 

The Palisades Nuclear Generating Plant uses 'a pressurized-water reactor 
(P\.IR) having an initial rating of 2200 megawatts thermal (MVI') with an 
output of 715 megawatts electrical (MWe). There is one reactor unit on 
the site. It is thus quite similar in many respects to three other 
plants for which ve have previously made coa::nents; Calvert Cliffs. 
Point Beach. and Turkey Point. All three of these plcnts have two 
reactors at the site as compat't!!d to one for the Palisades Plant. The 
paver rating of these three units (each unit) span the paver rating of 
the Palisades.Plant. 

For each of the above three cases the AEC staff have projected the 
annual release of radioactive material. both gaseous effluent and liquid 
effluent (each reactor unit), to be identical and as given below in 
Tahle I. 

Table I. AEC Staff Postulated Annual Release of Radioactive 
Material in Effluents from Calvert Cliffe. Point Reach, 
and Turkey Point for Full Power Operation (one unit.) 

Ltguid F.ffluent 

Hn-54 3.0% ) 
Co-58 25.4% ) 

Co-6n 4.2% ) 
S r-8'J 14.81. ) 
Sr-oo l.A~ ) l<' curies 
I-131 24.0% ) 

1-133 ~.5% ) 
Cs-134 5.7% ) 

r.s-137 U.6% ) 
II- 3 }1)00 curie!' 

Ao:-88 



- 2 -

Table I (Cont'd) 

Gas~ous Effluents (30-riay holdup) 

I-131 + particulate matter 
Kr-85 
Xe-13lm 
Xe-133m 
Xe-133 

6.9% ) 
2.5% ) 
0.02% ) 

90.6% ) 

0 .1 curies 

5,000 curies 

The anticip~ted annual release of radioactive material from the 
Palisades plant for gaseous effluent and liquid effluent given in the 
draft are given in Tables III-5 and III-6 reproduced below. 

Table III-5 appears to be· misleading in that the three columns of source 
terms can only be understood in terms of the total release if a 60-day 
holdup factor has been applied to these columns where app~opriate. If 
this is correct these. three source columns should be so marked. 

Please note that the first line of addition in Table III-5 is incorrect. 
If one takes the three source figures and compares them with the 30:-Day 
Holdup figur~, one gets a number of 634 Ci per year rather than a 643. 
I think it is simply,a transposition of the numbers. 

A comparison of Table I and Table III-5 for those isotopes listed in 
Table I shows that the only large discrepancy is in the expected release 
of I-131, where the·anticipated release of the Palisades plant is about 
33 times that anticipated for the other reactors as indicated in Table I. 
The possibility of using charcoal adsorbers to reduce the effluent of 
gaseous radioactive iodine is discussed on page 202 where it is pointed 
out that charcoal adsorbers are used in most modern PRW facilities. 
There is, however, no _indication that the applicant proposes to add these 
charcoal adsorbers.in his modification of the rad waste system. It is 
clear that addition of these charcoal adsorbers would be very beneficial 
in reducing the gasious radioactive iodine effluent. 

It is also indicated on Table III-5 that th~ Technical Specifications 
will limit the release of I-131 to 0.8 Ci/yr, a value which is only 
about 25% of the anticipated release. It would be helpful if the 
draft statement would indicate in what manner this limitation would be 
achieved. Such information was given for limitations on liquid effluent 
as ·discussed below. 

The expected liquid effluents from the Palisades plant listed .in Table Ill-6 
differ radically from those listed in Table I, the most prominent dif­
ference being in the anticipated release of I-131, where the anticipated 
I-131 release exceeds ~hat of Table I by a factor of 30. A part of the 
reason for these differences comes from the text where it is indicated 
that the values listed in Table III-6 do not include possible reduction 
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in Stearn Generator Blowdown and Dirty Waste levels when these 
effluents are passed through dernineralizers prior to release to the 
atmosphere. The effectiveness of thP.se dernineralizers (except for 
yttrium, molybdenum, and tritium) is indicated on page 70 to be a 
reduction of 100 in the released effluents. However, it is indicated 
that these dernineralizers will be used only a portion of the time as 
needed to reduce effluence levels. 

The discussion on page 70 indicates that to meet the Technical 
Specifications proposed by the applicant, about 80?o of the dirty waste 
(which would presumably include the steam generator blowdown) would have 
to be processed through the radwaste demineralizers, I-131 being the 
controlling isotope. This ~ould reault in the annual release fr~m 
the "dirty waste" ·system of about 25 curies per year, still substantially 
above Table I. It is difficult for the reader to understand why a 
demineralizer system which can handle 80% of the dirty waste, and pre­
sumably 100% for some periods of time, should not be used lOO?o of the 
time so as to reduce emissions even further. Such practice wouid seem 
to come under any reasonable definition of keeping effluents "as low 
as practicable." 

Most of the above discussion regarding liquid effluents applies to the 
period of operation before the modified radwaste system is installed. 
After installation of this system liquid effluents should be very small. 
Part of the reason for presenting some of the above discussion is to 
illustrate points made earlier in our counnentary on the draft statements 
for the Turkey Point plant and the Point Beach plant. As the number 
of draft statements for different plants of similar nature grows, 
differences between the expected effluents from these plants will become 
more evident and difficult to assess. This problem could be alleviated 
if the AEC staff would prepare a specific and detailed report for the 
basis of their effluent estimates for reactors of a specific type. The 
report could then be attached as an appendix to draft statements on 
other power reactors of the same type. The new material required would 
then be a discus·sion of the differences expected from the different 
radioactivity waste handling syst~' and the- consequences and reasonable­
ness of these differences. 

No information is given regarding the on-site radiation monitoring 
program or the ability of the applicant's on-site radioactivity monitor­
ing programs to satisfy the requirements of "Safety Guide 21-Measuring 
and Reporting of Effluents from Nuclear Power Plants," dated December 29, 
1971. We believe that the monitoring program should be described and would 
contribute to the completeness of the statement. The need for this 
information in the statement is especially emphasized by the fact that 
the proposed Technical Specifications for operation of this plant will 
limit the radioactive effluents to less than those projected in Tables 
III-5 and III-6. The assurance that these limits are not exceeded can 
only be assured by an adequate on-site monitoring system. 
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TABLE III-5 

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

60-Day 
Sources Holdup* 

Contain- Gas Process- Steam.Gener-
ment Purge ing System ator Leakage •Total 

(Ci/yr) (Ci/yr) (Ci/yr) (Ci/yr) 

Kr-85 12.8 620 2.1 641 

Kr-87 0.04 2.83 2. 87' 

Kr-88 0.3 9.05 9.35 

Xe-13lm 9.6 20.6 3.44 33.6 

Xe-133 996. 42.9 676. 1716. 

Xe-135 0.34 3.13 3.47 

Xe-138 0.007 2.09 2.09 

I-131*** 2.27 1 .• 00 3.27 

I-133 0.34 0.47 0.81 

30-Day 
Holdup** 

Total 
(Ci/yr) 

643 

2.87 

9.35 

77.5 

2640. 

3.47 

2.09 

3.27 

0.81 

*Design basis holdup for the gas-processing system following installation 
of the modified gaseous waste system. 

**Design basis for present gas-processing system. 

***!be Technical Specifications will limit the release of this 
radioisotope to 0 • 8 Ci/yr. 
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nuclide 

Rb-86 
Sr-89 
Sr-90 
Y-91 
Zr-95 
Nb-95 
}{o-99 
Ru-.103 
Ru-106 
Te..:129m 
I-131 

. Te-132 
I-132 

I-133 · 
. Cs-134 

I-135 
Cs.-131 
Ba-ll10 
Ce-ll•l. 
Ce"."'144 
Nd-147 
Pm-147 
Cr-51. 
Mn-54 

Hn-56 
C0-:58 
Fe-59 
Co-60 
Fe-55 

Total 

- 69 -

TABLE III-6 

ANTICIPA'.I'ED ANNUAL REI..EASE OF· RADIOACTIVE MATERIAL IN 
LIQUID EFFLUENT [FROM PALISADES PLANT•] 

Steam 
Generator Clean Dirty 
Blowdown Waste ' Waste 

(Ci/yr) . (Ci/yr) (Ci/yr) 

I 0.0263 0.00266 0.175 
0.0236 0.00444 0.182 
0.00080 0.000214 0.00669 
0.0550 . 4 .o. . 0 .430 
0.00382 0 .000779 0 .0301 
0.00359 0.000575 0.0267 
6.73 0.739 9.25 
0.00269 0.000458 0 .0203 
0.00070 0 .000180 0.00584 
0 .18-7 0.0274 1.286 

12.46 0. 341. 59.4 
0.846 0.0006~~ . 0.0039~ 
0.126 < 10 <·10 

4.22 < 10-6 0.0496 
0.303 0.0795 2.533 

0.674 < 10-6 < 10-6 
o. 307 0 .0824 2.578 
0.0237 0.00152 0.141 
0.0040.5 0.000624 0,0299 
0.0021.4 0.000616 0 .0202 
0.00124 0.000064 0 .00697 
0.00030 0.000079 . 0.00251 
0.0234 0.0327 0 .168. 
0 .0211 0.00536- 0~175 

0.0303 < 10-6 < 10-6 
0.666 0.139 5.272 
0.0261 0.00468 0.199 
0.0204 0.00544 0.171 
0.0469 0 .0124 0.392 

27 Ci/yr s.s Ci/yr 83 Ci/yr 

H-3 . . • • ... • 1000 Ci/yr 

* Releases are based on discharges prior to installation of modified 
radioactive waste system. 
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ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D. C. 20460 

Mr. Manning L. Muntzing 
Director of Regulation 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Muntzing: 

4 · APR ·i972 

The Environmental Protection Agency has reviewed the draft 
environmental impact statement for the Palisades Nuclear Generating 
Plant. Our detailed comments are enclosed. 

OFFICE OF THE 

ADMIKISTRATOR 

We appreciate the difficult circumstances and time restrictions 
under which the Atomic Energy Commission must prepare a series of complex 
impact statemen.ts. We also recognize the difficulty in determining 
the appropriate degree to which an agency should go·in developing and 
providing data to support conclusions reached in the impact statement. 
It is our judgment, however, that this statement should contain additional 
information in order to evaluate fully the environmental impact of the 
operation of the Palisades plant. W~ therefore recommend that the final 
impact statement contain the additional information outlined in our 
detailed comments. 

The major impact of Palisades nucl~ar plant prior to December 31, 
1973, when the mechanical draft cooling towers are to be operational, 
will result from thermal discharges. Although these discharges will 
exceed criteria recommended by the Lake Michigan Enforcement Conference, 
we accept interim operation of the Palisades plant using once-through 
cooling with the understanding that the proposed closed-cycle cooling 
system be installed in accordance with the agreed upon schedule. 

Once .the closed-cycle cooling system· is operational, the major 
environmental impact will be from chemicals in the cooling tower blowdown. 
As presently designed, this clos;ed-cycle system will ·not provide for 
blowdown treatment. EPA recommends that a blowdown treatment system be 
included as an integral part of the cooling tower design. 
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The most significant radiological impact due to routine operation 
of Palisades will be from radioiodine discharges through plant ventilation 
systems. In order to achieve low as practicable iodine discharges, 
we recommend the installation of charcoal adsorbers for the plant 
ventilation systems. 

We will be pleased to discuss our comments with you or members 
of your staff. 

Enclosure 

Sincerely yours, 

xP ~-ecl~,~·/11£<-~:~.J_/ 
Sheldon Meyers 
Director 
Office of Federal Activities 

\ 
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ENVIRONMENTAL PROTECTION AGENCY 

Washington, D. C. 204.60 

March 1972 

ENVIRONMENTAL IMPACT STATEMENT COMMENTS· 

Palisades Nuclear Generating Plant 

SUBJECT 

INTRODUCTION AND CONCLUSIONS 

RADIOLOGIC.AL ASPECTS 
Transportation and React6r Accidents 
Radioactive Waste Management 

NON-RADIOLOGICAL ASPECTS 
Thermal Effects 
Biological Effects 
Chlorination 
Effects of Closed-Cycle Cooling System 

ECOLOGICAL STUDIES AND MONITORING 

ALTERNATIVES 

COST-BENEFIT 

SITE SELECTION 

ADDITIONAL COMMENTS 

APPENDICES 

Appendix I LAKE MICHIGAN ENFORCEMENT CONFERENCE 
RECOMMENDATIONS 

Appendix II CHLORINE RECOMMENDATIONS AND THEIR BASES 
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TABLES 

RECOMMENDED TOTAL RESIDUAL CHLORINE IN 
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FRESHWATER AQUATIC LIFE 

SUMMARY OF RESULTS OF BRIEF EXPOSURES OF 
FISH TO TOTAL RESIDUAL CHLORINE 
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INTRODUCTION AND CONCLUSIONS 1 

·The Environmental Protection Agency has reviewed the draft env~ron­

mental impact statement for the Palisades Nuclear Plant Unit !-prepared 

by the U.S. Atol)lic Energy Cormnission and issued on March 2, 1972. 

Following are our major conclusions: 

i. The use of closed-cycle cooling after November 1973, will satisfy 

the recommendations of the Lake Michigan Enforcement Conference (LMEC). 

Also, operation of the plant with once-through cooling until 

November 1973, will be.acceptable to EPA, even though the interim 

once-through cooling system cannot meet LMEC criteria and is expected 

to result in some environmental damage. 

2. Damage to aquatic organisms resulti~g from entrainment in the 

proposed 60,000 gpm blowdown dilution fJow could be eliminated by 

discharging the blowdown. without dilutio.n. Since this would result 

in a proportional increase in concentration of radioactive and chemical 

waste discharge to Lake Michigan, the impact of these discharges 

on biota and the population via drinking water and fish consumption 

must be weighed against the benefits which would accrue by reducing 

entrainment. 

3. Means of treating the cooling tower blowdown and other chemical 

wastes should be included as an integral part of .the design and 

operation of the closed-cycle, mechanical draft cooling towers. 

Such treatment is necessary since concentrations of zinc will 

exceed recommended levels and phosphates will not be removed as 

recommended by the Lake Michigan Enforcement Conference. 
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4. In order. to avoid the use of chlorine cnr other damaging biocides, 

alternate means of cleaning the condenser rund to control fouling 

should be investigated. 

5. The present technical specifications do> ,not clearly indicate 

a commitment to the intent of "low a:s practicable" since they do 

not require utilization of all radwaste sys;1tems to their design 

capacity. 

6. Two radiological issues require further. :analyses and evaluation -

transportation accidents ~nd accidents invoJl.ving reactor systems. 

These issues are conunon to all nuclear powe~ plants,, and it is 

appropriate that they be handled on a general basis. It is our 

understanding ,that the AEC is studying the probabilities and consequences 

of such accidents and will apply the stu,dy r'esults to all licensed 

reactor facilities. EPA will work closely with the AEC in the 

conduct of this work. 
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RADIOLOGICAL ASPECTS 

Transpo·rtation and. Reactor Accidents 

In its review of nuclear power p·lants,. EPA has. identified a need for 

additional info,rmation on. two types of acc±dents which could result in 

radiation exposure to, ·the public: l} those involving transportation of 

s:peHt fuel and radioactive wastes and. 2) in-plant: accidents, Since these 

accidents are common to all nucl.ear power p1ants, the· environmental risk 

for each type of accident is amenable to a. g.ener.al analysis;,. Although 

the AEC has done eonsiderable work for a number of years on the safety 

·aspects of such aceidents,. we· believe that a thorough. analysis of the 

probabilities .of occurrence· and the expected .. conse·q:uenc::es of such accidents 

would result in a better understanding of the .environmental risks than a 

les:s.-detailed examination of the· questions on a case-by-case basis. 

For. this reason, we have reached' an understanding with the AEC that they 

will conduct such analyses -with EPA partie.ipation ·concurre.nt with review 

of impact statements for individual facilities and will make the results 

available in the near ftiture. We are taking this approach primarily because 

we believe th.;it any changes in equipment or operating procedures for individ 

plants required as a result o·fi the investigations could· be included \d th out. 

appreciable change in the overall plant design. If major redesign of the 

plants to include engineering changes were expected or if an immediate publi 

or. enviro:nmental risk were being taken while these two issues were being 

· re~olved, we. would, of course, make our concerns• known •. 
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The statement concludes " ••• that the ·environmental risks due to 

postulated radiological accidents are exceedingly small and constitute 

a negligible hazard when compared to the benefits gained from the plant 

operation." This conclusion is based on the standard accident 

assumptions and guidance issued by the AEC for light-water-cooled reactors 

as a proposed amendment to Appendix D of 10 CFR, Part 50·on December 1, 1971. 

EPA commented on this proposed amendment in a letter to the Commissi·on 

on January 13, 1972. These comments essentially.raised the necessity 

for a detailed discussion of the technical bases of the assumptions involved 

in determining the various classes of accidents and expected consequences. 

We believe that the general analysis mentioned abovewill be adequate 

to resolve these points and that the.AEC will apply the results to all 

licensed facilities. 

Radioactive Waste Management 

We·have evaluated the capability of the existing radwaste systems 

to provide effluent control on an interim basis and the modified systems 

(to be installed in March 1973) to provide such ~ontrol over the life of 

the plant. The modification of the systems by the addition of two 

evaporators and the increase in·gas holdup capacity will provide the capability 

for minimum practicable releases of radioactive effluents. 

Pending installation and operation of the modified systems, however, the 

existing liquid and gaseous waste treatment systems aµpear capable of 

restricting radioactive discharges to levels well below the limits'~pecified 

in 10 CFR, Part 20, Appendix B, Table II. For that reason, they should be 

acceptable on an interim basis. Also, if properly utilized, the existing 
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5 
liquid waste disposal system with its 200,000 gal:[on storage capacity and 

demineralizers should be able to reduce rai:lioactfave effluents to levels 

substantially befow the estimated discharge quant.:ti.ties (115 Ci/year) 

presented in Table III-6 of the environmental stattement. For example, the 

AEC analyses indicate·that if only 80%·of the dir:tty waste (and none of the 

steam generator blowdown waste) is treated by demrlineralization, the discharge 

will be within 10% of 10 CFR, P.art 20 limits (57 CCi/year). As indicated 

in the FSAR and the envirqnmental statement, how~~er, it is possible for.the 

steam generator blowdown to be treated by the clean waste demineralizets. 

It appears to us that compliance with 10 CFR, Partt 50.36a would necessitate 

treatment of theblowdown by demineralization whe'Jlllever there is radioactive 

contamination on the secondary side of the steam generators. Thus, if all 

the di:r-ty waste and the steam generator blowd9wn 1were treated by demineralizati" 

the releases of liquid radwaste prior to the operation of the modified systems 

could.be limited to approximately 22 Ci/year, of which 17 Ci/year will be 

99Mo. We strongly encourage utilization of the entire capability of the 

existing (and future modified) systems to minimize releases of radioactive 

effluents to the environment. Without such utilization, the.releases from 

this plant cannot be considered "low ·as practicable." 

Th~ present 30 day gaseous waste holdup system can reduce 

th~ release of rea~tor coolant off-gases to small fractions of 10 CFR, 

Part 20, Appendix B, Table II, levels and the modified 60 day holdup 

system will provide "as low as practicable releases." The release of 

radioiodine from the Palisades plant, however, cannot be construed to be 

minimal. According to the environmental statement, " ••• the addition of 
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charcoal adsorbers in gas vent lin~s ••• would substant~ally reduce the-

gaseous radioactive iodine released to the environment. These charcoal 

adsorbers are used in most ·modern PWR facilities. "-·--we concur with the above 

AEC conclusion and recommend that iodine control systems be provided fo~-this 

. plant. 

The environmental statement did not discuss either rele~~e of 

-tritium or the ·effects of tritium recycle, which will occur.once the 

modified radwaste system is in operation •. Details of t~e public health 

significance pf ~ecycle of ·tritiated liquids should be presented in the 

final statement including: 1) the plant capability for storage of recycled 
·v 

liquids, 2) the calculated equilib.rium concentrations of tritium, 3) the 

conditions under which tritiated water will have to be released and the expecte· 

conc~ntrations and volumes to be released under the indicated conditions. 

4) the dose consequence to the public as a result of these releases, and 

5) the ultimate disposition of the tritiated water in the plant at the end of 

plant ·1ne • 

. The environmental statement did not address the possibility of the 

discharge of tritium-to~ Michigan. Apparently, the AECassumes 

that, if .all .clean an'd dirty wastes-care recycled, such releases will 

not be necessary~ The applicant has stated, however, that tritiated 

liquids will be recycled or shipped off-site under "normal conditions" -

defined as operation -without detectable steam generator tube leakage. 

Thus, it appears that, under some circumstances, triti.um may be relea~ed. 

Since the tritium concentrations will equilibrate at a higher level 
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with recycle than without and since ther.e. will be substantially less 

dilution water for any released tritiated waste with closed-cycle cooling, 

releases to Lake Michigan may have a public health significance reiative 

to drinking water consumption. Therefore, we recommend that the final 

statement clearly define the expected impact of tritium. 
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NON-RADIOLOGICAL ASPECTS 

Thermal Effects 

The proposed once-through cooling system is not in accord with the 

recommendations of the Lake Michigan Enforcement Conference as· approved 

in the "Summary of Conference" issued by the EPA Administrator on 

May 14, 1971. (These recommendations are listed in Appendix I). Thus, 

we concur 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. 

8 

Although operation of Palisades Nuclear Plant with once-through 

cooling is to be terminated by November 1973, the environmental statement 

did not adequately address the effects of the interim operation. For 

example, no rigorous analysis was provided for determining the temperature 

distribution in Lake Michigan that would arise from the discharge of 

the once-through cooling system. The statement did provide a qualitative 

description of plume behavior and a rough quantitative analysis of the 

·plume area related to given isotherms. These analyses, however, are 

too limited to enable full evaluation of the thermal effects arising 

from the operation. Some specific deficiencies are: 

1. The isotherm plots were not supported by adequate quantitative 

analyses. 

2. The quantitative analysis, based on a study done for the Point 

Beach plant, omits important information on the assumptibns, procedures, 

and diffuser specifications. Also, the analysis does not indicate 

the applicability of the Point Beach data to the situation at 

Palisades. 
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Recent research and data indicate that· in the winter months a 

thermal barrier (thermal bar) forins off-shore in Lake Michigan. Although 

the hydrodynamic characteristics of this barrier are not yet understood 

fully, there is 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. If this occurs, pollutants a~d waste heat from the 

Palisades plant and other sources will be confined to a smaller volume 

of lake water. This could lead to a greater accumulation of pollutants 

than would occur during the summer months when the thermal bar is. not 

present. The final impact statement should address in more detail the 

potential problems associated with the thermal bar. 
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Biological Effects 

The environmental statement indicates that. there will not be a 

significant impact from once-through cooling. This conclusion is apparently 

based on the assumption that if there is no data indicating damage 

then there will be no damage. We cannot agree witn this assumption. 

Furthermore, since fish larvae and many other important components of the 

aquatic community have not been adequately sampled in the area, it is not 
""' 

clear how the AEC can conclude that there will not be ecological damage 

·in the future. In the opinion of EPA, current information indicates 

that the once-through cooling system will result in a ·significant 

environmental impact. 

The significance of entrainment on zooplankton is under considerable 

debate at the present time. It is not justified, however., to dismiss 

these effects as insignificant. The statement de-emphasizes the potential 

impact on zooplankton from passage through the condenser cooling ·system, 

apparently because they generally exhibit a high rate of regeneration. 

Although it' is recognized that the populations of some zooplankton 

species can recover in a few days and that dead zooplankton do provide a 

food source for some aquatic organisms, EPA expects that the killing and 

subsequent discharge of 1,100 pounds per day of zooplankton will produce 

significant changes in the biota of the receiving waters. 

According to the environmental statement, operation of Palisades 

should have no impact on lake trout since these fish orrur largely 

in deep water. This conclusion. however, is not supported by data from 

the Bureau of Sport Fisheries and Wildlife, which indicates that lake 
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trout spawn in larget numbers along the entire southeastern shore of Lake 

Michigan. In addition, gravid and ripe trout have been caught in three 

and five fathoms near the intake and discharge points from the Palisades 

power plant. The final statement should provide additional information 

on the anticipated impact of plant operation on lake trout. Furthermore, 

perch and other desirable game fish will be attracted to the thermal 

plume in the winter. This exposure coulq affect the life and reproductive 

cycles of certain species. 

For example, studies at EPA's.National Water Quality Laboratory in Duluth, 

Minnesota, indicated that the reproductive success of perch is roughly 

halved if the perch are maintained at 43°F rather than 39°F for specified 

periods. Without thermal discharges, the ambient water temperature at 

the Palisades site will be 39°F or less throughout most of the winter 

season. The environmental statement indicates that with intake water 

temperatures of 37°F the 5°F excess temperature isotherm will cover 

approximately 165 acres. This large area could provide a habitat for 

a significant number of perch. The effect this exposure will have on 

the reproductive capacity of perch has not been addressed in the environ-

mental statement. 

Furthermore, the statement addresses the response of adult fish 

to thermal stress but does not discuss the thermal sensitivity of fish 

during migrations, particularly larvae and juveniles. Similarly, with 

regard to the coho salmon, the statement indicates that although the 

thermal plume will probably periodically block the entrance to the 

) 

Black River with "near lethal" temperature levels, the 
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impact is " ••• not expected to be major." The only support provided 

for this conclusion is tha·t more salmon return to spawning areas than 

are necessary to maintain hatcheries. Successful soawnine is 

influenced by many factors (e.g., t~mperature, toxic elements, disease), 

·not just numbers of fish. The final statement should reassess the thermal 

impact of the plant discharges on Lake Michigan fish. 

The environmental statement does not adequately support the conten­

tion that "The likelihood .of a significant cold kill at the Palisades 

_facility is small ••• " It is possible that some species of fish may 

exhibit high mortalities for sudden temperature decreases that are 

substantially less than the 30°F specified in the statement. If this 

occurs, the potential extent of the fish kill could be significant. 

The final statement should indicate the species likely to be killed by 

various temperature decreases, estimate the extent of the fish kill 

that will result, and predict the effect the kill will have on the total 

species population. In addition,-tbe final statement should discuss 

the possible sub-lethal effects of rapid temperature decreases; for 

example, the changes in the predator/prey relationships that might 

occ.ar due to ~~atui-e -shsek. 

Although the environmental statement discusses the intake structure 

and indicates intake velocities of approximately 0.5 to 0.6 feet per 

se..c.o.nd (fps) insufficient detailed information is provided on the design 

auu vt'"'rationa.L characteristics of the intake system to determine the 

degree to which fish and other aquatic biota will be entrained. For 
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example, the statement should include a discussion that compares the 

extent and effects of entrainment at various operational flqw rates·, such 

as 405,000 gpm (once-through), 73,640 gpm (closed-cycle service water 

plus dilution flow), and 13,640 gpm (closed-cycle service water only). 

In addition, any factors which might increase the populations of fish and 

other biota in the vicinity of the intake should be discussed. For· 

instance, on occasion there will be some recirculation of heated water 

from the discharge; this is likely to occur when the discharge plume has 

a negative buoyancy. This increase in the amount of warm water near 

the intake structure will attract fish and, as a result, the likelihood 

of entrainment will increase. 
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Chlorination 

Chlorine is expected to be utilized as a biocide with once-

through cooling as well as in the modified closed-cycle cooling system. 

The adverse effects of chlorine upon the aquatic biota in the vicinity 

of the plant are not adequately understood. Thus, recognizing that 

alternatives are available, EPA agrees with the conclusion in the 

environmental statement that the use of chlorine in power plants does 

not seem justified. The alternatives to the use of chlorine should 

be discussed more,fully and the relative environmental effects compared 

in the final environmental statement. 

If Chlorination is ithe only practicable alternative, however, the 

14 

amount used should be controlled so that the concentration of residual 

.chlorine in the receiving waters is within the :limits recommended by EPA's 

National Water Quality Laboratory. (These rccomnendations and their 

bases are presented in Appendix II to this report.) 

Soch control, especially critical during the winter months, cO:Uld 

be accomplished by dechlorination wi.th sulfut cl!ioxidc or by other suitable 

means, and by correlating chlorination periods 1wi th hi2h wave conditions. 

Furthermore, it is desirable to eliminat.e the JPOSsibility of synergistic 

effects of chlorination and cold shock by proper timing of chlorination 

so as not to coincide with rapid plant shutdo~s. 
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Effects of Closed-Cycle Cooling System 

The closed-cycle mechanical draft cooling system, which is 

scheduled for completion by November 1973, will bring the Palisades_ plant 

into compliance with the recommendations of the Lake Michigan Enforce­

ment -Conference. We are in agreement with the commitment of the applicant 

to .adopt cooling towers and commend the AEC for accepting this plan. 

We believe, however, .that although the draft statement correctly assesses 

the off-site effec.ts from icing and fogging as being negligible., the 

statement -over estimates -the adverse environmental effects from cooling 

tower drif·t and 'b'lowdown. The potential damage ·to local vegetation 

from tower drif.t is discussed in the s-tatement for drift loss rates 

of 20 gpm and 820 gpm. It should be emphasized that 20 gpm is probably 

the more reasonable value and assessment of drift effec'ts should be 

based on this figure. 

Although the statement deals with effects of various chemicals on 

vegetation, it does not predict the amount of chemical deposition to be 

expected over a given area. The statement, "Uncertainties ••• make it 

impossible to evaluate the extent of damage-on the terrestrial ecology 

from cooling towers," is a fair assessment of the potential problem. 

Unfortunateiy, this statement is riot consistent with the comment that 

the, "Operation of the Palisades plant with proposed mechanical draft 

cooling towers ••• will have a significant adverse effect ••• on 

terrestrial biota ••• " There is insufficient information provided to 

justify this conclusion. 
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Calculations show that the expected average annual evaporation 

would be about 6,000 gpm with a maximum of 9,200 gpm (compared with 12,300 

gpm in the statement) and that blowdown, based on.a concentration factor 

of 10', wquld average about 650 gpm with a maximum of 1,000 gpm (compared 

with the 1,320 gpm in the statement). Furthermore, cycles providing 

concentration factors greater than 10 would result in reductions in 

blowdmm volume. Thus, we believe that the potential effects of blowdown 

will not be as great as indicate~ in the statement because the plant 

will discharge smaller volumes than assumed.and additional reductions 

in volumes and concentrations are possible. 

The applicant has proposed diluting the blowdown flow with 60,000 gpm 

to reduce the discharge temperature to 5°F above ambient. If the blowdown 
,·,.. 

were d.iscirn!ged through a diffuser ,it may b.e feasible to reduce the flow '' 

to Jess than 60~000 gpm am~ thereby limit entrainment damage to organisms. 

Although the dilution flow will cause a greater impact on the biotic 

conununity because of increased entrainment, it may be necessary in order 

to avoid undesirably high concentrations of radioactive 'and chemical 

wastes in the discharge. 

As the AEC has concluded, the discharge of blowdown from the cooling 

towers would have an adverse effect on the aquatic community. Since 

blowdown treatment processes are. technically and economically feasible, 

EPA-recommends. that these processes be used at the Palisades plant. 

Furthermore. blowdown treatment should be considered an integral part 

of cooling tower systems. 
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It is noted that the state of Michigan and the Lake Michigan 

Enforcement Conference have embarked on a program to reduce phosphorus 

discharge to the Lake Michigan Basin by 80% (see Appendix I). The 

Michigan Water Resource Conunission indicates that it will require new 

users of state waters to " .•• utilize such technology and processes 

that are known ••. " to control phosphorus. Treatment systems ·are 

17 

available to reduce phosphor~s below 4 mg/1. In addition, the Michigan 

Water Quality Standard for zinc, as approved by EPA, is 1/10 of the 96 

hour tolerance limit median (TLM). The information cited in the statement· 

makes it apparent that this water quality standard may be violated by 

the proposed zinc discharge if blowdown treatment is not utilized. 
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ECOLOGICAL STUDIES AND MONITORING 

We agree with the comment in the statement that the preoperational 

study of benthic organisms and fish fauna is inadequately designed and 

excludes the most significant aquatic communities during some of the 

critical periods of the year. 

The aquatic ecological program should be modified to include: 

1) plankton studies designed to determine the effect of entrainment; 

2) close examinations of egg ratios to determine if regeneration does 

occur as rapidly as the environmental statement assumes; 3) fish 

population studies (adults, juveniles, and larvae) in the area during 

all seasons of the year; 4) surveys to determine the absence of fish 

larvae conducted prior to chlorination in the spring and surruner; and 

5) monitoring for E. Coli contamination from the septic disposal sy::;tem. 

The studies should include the shoreline area an appropriate distance 

north and south of the plant, and should be designed so that thermal 

plume effects can be correlated with the factors of the environment 

being studied. 
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ALTERNATIVES 

Generally, the various project alternatives regarding cooling 

systems, radioactive waste treatement, chemical waste treatment, and 

sanitary waste treatment were not adequately discussed. The discussion 

of cooling system alternatives should include greater detail on: 1) natural 

draft cooling towers, 2) diffuser systems (with and without the dilution 

water), 3) spray cooling devices, 4) modification of the discharge 

structure to provide a velocity greater than the planned 2 ft/sec, and 

5) reduction in power to minimize effects of entrainment and heat until 

the closed-cycle system is operational. 

The discussion of the waste treatment alternatives should be 

expanded to includ~ possible means of eliminating atmospheric releases 

from the blowdown flash tank, treatment of the laundry waste to condition 

them for treatment by demineralization and/or evaporation (such as by 

charcoal beds, antifoaming additives, etc.), and alternatives for reducing 

iodine releases from the plant ventilation systems. The discussion of 

possible means for treating the chemical wastes and the laundry waste 

should be expanded to include greater detail of the processes, expected 

results, and costs. 
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COST-BENEFIT 

The power output is the principal benefit of the Palisades plant. 

The value of this output should exceed the costs, including environmental 

costs but, unfoitunately, this value is not preiented in the state~ent. 

Environmental costs for only two alternatives are presented. These 

are for the once-through cooling system initially proposed with discharge 

to. the shoreline of Lake Michigan and the closed-cycle, mechanical 

draft cooling system .. We suggest that other alternative system effects. 

deserve evaluatjon. Natural draft cooling towers and. once-through 

.discharge with diffuser pipes are in this category. It should be 

demonstrated, as is the purpose of a cost-benefit review, that th_e 

proposed action has clear advantages over the obvious alternatjves. 

The environmental costs of other ~lant system alternatives such 

as mechanical cleaning of the condenser, blowdown treatment, and charcoal 

adsorbers .should be evaluated. 

The statement pr·eS:ents data indicating the need for electricity 

in te.rms of use projections. An attempt should be made to substantiate 

·these projections. It .is ·s,tated that a 7% growth rate is projected 

for the future although·a 6% growth rate is observed for the past. 

Several p!Lants :are being proposed by the applicant and associat.ed 

utilities to meet this projection. The role for Pali~ades as part 

of a program to meet realistic projections should be defined. 

The following suggestions should be incorporated in the cost-benefit 

analyses in ;the final ·environmen·tal statement: 

1. Taxes may be considered to be roughly the cost of s.ervices 

provdfd'ed .by <the various levels ·of government and, therefore, part 
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of the price of the electricity sold'and should not be counted again. 

2. The cost-benefit analysis should include the affected area 

that a power plant services. The impacts should be evaluated in 

the context of the totality of industry and the population projected 

for the area. 

3. The costs cited are based on rough estimates. The 0.1 mill/kwh 

increase. in consumer cost cited (on page 201) appears to be valid. 

All costs, however, should be reduced to mill/kwh .at the busbar 

and at the consumer level so the true implications of these costs 

will be evident. Also, a breakdown of the estimated cooling 

tower operating expenses (4.2 million dollars· per year) should be 

presented. 
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SITE SELECTION 

The site selection apparently was not made in consideration of 

minimizing ecological damage. For this reason, the applicant is encouraged 

to take all necessary steps to stabilize the dunes and avoid losing more 

of this valuable land. The stabilization will protect against the 

"sanding in" of support facilities which is so common in cases where 

complexes have been constructed without appropriate consideration of 

the impact on the ecology of the site. A vigorous revegetation program, 

utilizing onl}r indigenous and native plant material should be pursued 

in much greater detail and scope than that indic~ted (p.32). 

The problem caused by additional population and development in 

the area is not a direct result of the Palisades plant. Nevertheless, 

to protect the quality environment that exists in Van Buren County, it 

would be beneficial for Consumers Power Company as a regional power 

supplier, to join municipal, state and Federal agencies in developing 

a land and water plan based on land capabilities in the area. This 

plan should be designed to achieve a balance between population, 

land-use and resources of the region, which will permit high standards 

of living and a quality environment. 
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.ADDITIONAL COMMENTS 

During our review, we noted that in certain instances the statement 

does not present sufficient information to substantiate the conclusions 

presented. While much of the individual details may not be of major 

importance in evaluating the environmental impact of Palisades, the 

cumulative effect could be significant. Therefore, it would be useful 

in determining the impact of the plant if the following information \,'ere 

included in the final statement: 

1. Efforts to minimize future construction activities which will 

result in creation of air particulates, including elimination of 

open burning of debris by utilizing land fill techniques. 

2. Procedures for the storage and handling of hazardous materials, 

including petroleum products, ammonia and hydrazine. 

3. Evaluations of the emission of air pollutants relative to 

state and local requirements from auxiliary boilers, heaters, 

incinerators, concrete batching plants, and diesel generators. 

4. Methods of solid waste disposal including: 1) HEPA filters, 

2) debris and fish retained by or impinged on the traveling screens 

in the cooling systems, and 3) septic tank sludges. 

5. The influence of the lake and land breeze on <lispers.ion of 

effluents. 

6. Assumptions and their bases for the estimated releases of 

gaseous and liquid waste discharges. 
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7. Evaluatio? of the gaseous radioactive waste releases from 

the auxiliary building. 

8. Bases for the indicated technical specification limit of 

0.8 Ci/yr for releases of 13lr • 

. 9. Provisions for collecting, monitoring, and treatin§ the 

secondary system leakage. 

10. Provisions for monitoring effluents from the recently modified 

blowdown tank vent and an evaluation of the minimum detectable 

·sensitivities of gaseous effluent monitors (µCi/sec discharge rate~ 

for noble gases and halogens. 

11. Declaration of the applicant's intent to treat steao 

generator blowdmm in the waste evaporators and of the capacity 

of the evaporators. 

12. The environr.iental consequences and radj_ological safety 

implications of a recurrence of the intake crib failure. 

13. Expansion of the discussion of radiological doses to include: 

1) dose estimates from direct radiation exposure from plant 

components; 2) methods of quantifying exposures to persons using 

the visitc~-eer.eer, beaches,. and-.the lake within the exclusion 

area; and 3) details of the assumptions used in evaluating doses 

(such as reconcentration and occupancy factors). 
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APPENDIX I 

LAKE'MICHIGAN ENFORCEMENT CONFERENCE RECOHMEND~TIONS 

In order to protect Lake Michigan, the following controls for waste 

heat discharges are concurred in by the Conferees representing Ind.iana, 

Michigan, Wisconsin, and the Environmental Protection Agency. Municipal 

waste and water treatment plants, and vessels are exempted from these 

recommendations. 

I. Applicable to all waste heat dis charges except as noted above: 

1. At any time, and at a maximum distance of 1,000 feet from a 

fixed point adjacent t~ the discharge (agreed upon by the 

state and Federal regulatory agencies), 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: 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
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Surface 3 Feet 

/ 

45 
45 
45 
55 
60 
70 
80 
80 
80 
65 
60 
60 



26 
2. Water intake shall be designed and located to minimize 

entrainment and damage to desirable aquatic organisms. 

Requirements may vary depending upon local situations; but, 

in general, intakes are to have minimum water velocity, shall 

not be influenced by warmer discharge waters, and shall not 

be in spawning or nursery areas of important fishes. Water 

velocity at screens and other exclusion devices shall also 

be at a minimum. 

3. Discharge shall l;>e such that geographic areas affected by 

thermal plumes do not overlap or intersect. Plumes shall 

not affect fish spawning and nursery areas, nor touch the 

lake bottom. 

4. Each discharger shall ·comp) ete ·preliminary plans for 

appropriate facilities by December 31, 1971, final plans 

by June 30, 1972, and place such facilities in operation by 

December 31, 1973; however, in cases where natural draft 

towers are needed, this date shall be December 31, 1974. 

5. All facilities'discharging more t.~cin a daily average of 0.5 

billion BTU/ho~r of waste heat.shall continuously record 

intake ·and discharge temperature and flow and make those 

records available to regulatory agencies upon request. 

II. Applicable to all new waste heat discharges exceeding a daily 

average of 0.5 billion BTU/hour, except as noted above, which 

have not begun operation as of March 1, 1971, and which plan 

to use Lake Michigan waters for cooling. 
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1. Cooling water discharges shall be 1im:ited to the amount 

essential for blowdown in the operation of a closed-cycle 

cooling facility. 
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2. Plants not in operation as of March 1, 1971, will 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. 

In all cases, construction of closed-cycle system and associated 

intake and discharge facilities shall be completed by December 31, 

1973, for all other types of closed-cycle systems. 

III~ The states agree to file with EPA within six months a plant by 

plant program identifying corrective actions for the modification 

of intake faciliitcs, including power plants, municipal, and 

industrial users, to minimize the entrainment and damage to 

desirable aquatic organisms • 

. IV. The Conferees agree that tqere should not be a proliferation of 

new power plants on Lake Michigan, and that in addition to the 

above controls, limitations should be placed on large volume 

heated water discharges by requiring closed-cycle cooling systems, 

·using cooling'towers or alternative cooling systems on all new 

power. plants. · 
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Appendix II 

CHLORINE RECOMMENDATIONS AND THEIR BASES 

Table 1 

Recommended Total Residual Chlorine in Receiving Waters for the 
Protection of Fr~shwater Aquatic Life 

Type of Criteria 

Continuous 

Continuous 

Intermittent 

Recommendation for Total 
Residual Chlorine 

0.01 mg/liter 

0.002 mg/liter 

A. 0.1 mg/liter not 
to exceed 30 minutes 
per day. 

B. 0.05 mg/liter not 
to exceed 2 hours 
per day. 

Level of Protection 

This level would probably 
not protect trout re­
production, some'important 
fish food organisms, and . 
could be partially lethal 
to sensitive life stages 
of sensitive fish species. 

This level should protect 
most aquatic organisms. 

These levels should not 
result in significant 
kills of aquatic 
organisms or adversely 
affect the a_quatic 
ecology. 

(The above recommendations require the use of the amperometric · · 
titration method that is among the mos~ -~ccurate fo-r the detei-Iiiination of 
free or combined. available chlorine .in clean water. The method is largely 
unaffec't~d-by the presence of conunon oxidizing agents, temperature variations, 
and turbidity and color, which interfere with the accuracy of the other 
methods. Simpler methods, such as orthotoludinc, are best suited for the 
routine measurement of total residual chlorine but are commonly affected 
by the above interferences and provide appreciably lower values than actually 
occur (Standard Methods, 1971). These colorimetric methods may provide a 
measure as low as 10% or less than the real lev~l depending upon interferences.) 
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Table 2 

Summary of Results of Brief Exposures of Fish to Total Residual Chlorine 

Species Effect Endpoin~. 

misc. initial kill 

misc. erratic swimming 

trout fry lethal 

chi,nook ·salmon,. first. death 

white sucker" .. le th al 

brook trout median mortality 

smallmouth bass median mortality 

rainbow trout sli~1t avoidance 

rainbow trout. lethal 

fingerling .. 
ra-inbow trout lethal 

fathead minnows TL50b 

fathead minnows TL50 

yellow perch TL50 

yellow _perch TL50 

largemouth bass TL50 

. b 
largemouth bass TL50 

Time 

15 min 

6 min 

instantly 

·2 .2 hrs 

30-60 min 

90 min 

15- hours 

2 hrs 

4-5 hrs 

1 hr 

12 hrs 

1 hr 

12 hrs 

1 hr 

12 hrs 

bro.ok trout mean survival time 8.7 hrs 

Residual Chlori.ne 
Concentrationa 
mg/liter Reference 

0.28 Truchan, 1971 

D.09 Truchan, 1971 

0.3 Coventry, et al., 1935 

0.25 Holland, et al., 1968 

1.0 Fobes, 1972 

0.5 Pyle, 1960 

0.5 Pyle, 1960 

0.001 Sprague & Drury, 1969 

0.3 Taylor & James, 1928 

0.25 Taylor & James, 1928 

0.79 Arthur, 1972 

0.26 Arthur, 1972 

0.88 Arthur, 1972 

0.494 Arthur, 1972 

>0.74 ·Arthur, 1972 

o.365. Arthur, 1972 

0.35- Dandy., 1967 

brook trout mean survival time 14.1 hrs· 0.10 Dandy, 1967·· 

brook trout;:_ mean survival time ~0.9 ~rs 0.05 .Dandy, l967 

brook trout ~epn suivival time 24 hrs 0.005 Daridy, 1967 

a. All concenlrations are measured data 
b. TL50 maximum tolerance limit A,-124 



Mr. Lester Rogers 

FEDERAL POWER COMMISSION 
WASHINGTON, 0.C. 20426 

Director, Division of Radiological 
and Environmental Protection · 

U. S. Atomic. Energy Commission 
Washington, D. C. 20545 

Dear Mr. Rogers: 

IN REPLY REFER TO: 

:EWR-ER 

March 22, 1972 

This- is in response to· your letter of March 3, 1972, requesting 
the comments of the Federal Power Commission on the Draft Detaile·d 
Statement on the Environmental Considerations Related to the Proposed 
Issuance of an Operating License to the Consumers Power Company, Inc. 
for the Palisades Nuclear Generating Plant, prepared by the Division 
of Radiological and Environmental Protection, U. S. Atomic Energy 
Commission, dated February 29, · 1972 • 

. The Federal Power Commission has previously commented on the 
need for the Palisades· Nuclear Generating Plant in its letter dated 
October 22, 1971. These comments were included in a Bureau of Power 
staff report made in response to the AEC 1s lett'er dated October 8, 1971, 
requesting review and comment on the Consumers Power· Company's application 
for ;i.nterim authorization to operate the Palisades Plant at 60· percent·of 
rated 'power. Also, FPC staff commented further on the 60 percent powe~ 
level in a letter dated March 8, 1972, from T. A. Phillips to W. B. McCool 

. in reply to Mr. McCool's letter of March 6, 1972, requesting specific 
information related to Palisades Plant and area power supply. 

It is noted that the basic data included in the capacity-demand­
reserve margin evaluation made by the FPC Bureau of Power.staff-in.its'· 
October 1971 r_ep~rt is that used irt~Tab-le- t-3 'of the Draft 'Detailed 
Statement which indicates a reserve margin for the Michigan Pool of 
12.2 percent without the Palisades unit and 19.2 percent·with that 
unit operating at a 700 megawatt electrical level. The·data included 
in the table is still current except that the 789 megawatt electrical: 
Monroe No. 2 fossil-fueled unit then expected to ·be in commercial·· 
operation in tpe spring 1972 artd included as a firm resource is now 
not expected to be in commercial operation u~til May 1972. This addi­
tional delay, together with other factors in adjoining areas disc·ussed · 
below in the light. of the Michigan Pool's ·stated· 17 percent reserve 
margin criterion, P.laces even greater ei:nphasis on the need for the 
Palisades unit than that discussed on page 7 of the Draft Detailed 
Statement. 
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Mr. Lester Rogers 

The Consumers Power Company has stated that it has thus far been 
unable to obtain any firm power purchase contracts for the summer 1972 
load period except for the 200 megawatts shown for the Michigan Pool 
from the Ontario Hydro system. In this regard, and with reference to 
the situation within the East Central Area Regional Reliability Council 
(ECAR) as sununarized for the summer of 1972 in Table I-4 of the Draft 
Detailed Statement, it should be noted that the 18. percent regional 
reserve shown includes not only the Palisades unit at 700 megawatts 
and the 789-megawatt Monroe No. 2 unit heretofore discussed, but also 
four other large fossil-fueled units not yet in operation, but currently 
expected to come into operation in the April-August 1972 period. These 
units and their sizes are: Mill Creek No. 1 - 321 megawatts, Stuart 
No •. 3 - 610 megawatts, Eastlake No. S - 62S megawatts and Amos No. i -
800 megawatts. 

The 1972 summer situation in the adjo.ining MAIN Regionai Relia­
bility Council area (Mid-America Interpool Network) has de_teriorated 
from that shown in Table I-4 and also in the FPC Bureau of Power staff 
report transmitted to Chairman Schlesinger.by Chairman Nassikas with 
his letter dated Octob~r lS, 1971. The 34,S62.megawatts of planned. 
capability originally shown has been reduced by 2SO megawatts (reduced 
from 1,688 megawatts of non-firm p~rchases to 1,438 megawatts) because 
of changed conditions on the supplier's system. Of greater relative 
importance, howe.ver, is the magnitude of. the generation, nuclear and 
fossil 'fueled, included in the above planned capability that is not 
yet in commercial operation, and whichmay make no contribution toward 
meeting the 1972 summer peak demands. _Such nuclear units and their 
sizes are: Quad Cities No. 1 ·- 809 megawatts, Quad Cities No. 2 
809 megawatts, Zion No. 1 - l,OSO megawatts, and Point Beach No. 2 -
497 megawatts. Also, a further erosion of planned resources of 
approximately 3SO ~egawatts is involved in the environmental restrictions 
limiting the full output of the Dresden Plant. 

. ' '· . 
While the delays in bringing fossil-fueled plants into commercial 

operation have not. 9een as long as those currently experienced with. 
nuclear plants, a delay of a few months can be critical in many 
instances. Large fossil-fueled units, initiaily scheduled for .early 
spring 1972 operation, and included in the above generating resources, 
have experienced delays of up to .four months. Such plants, not yet 
in commercial operation and now stheduled for May or June operation 
include: Cayuga No. 2 - . SOO megawatts, E.dw:ards No. 3 - 3SO megawat.ts, 
Coffeen No. 2 - 6()0 megawatts, Powerton No. 5 - 840 megawatts, Neal 
No. 2 - 321 megawatts, Labadie No. 3 - SSS megawatts and New Madrid 
No. 1 - 600 megawatts. There is a likelihood that the MAIN region's 
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Mr·. Lester Roge·rs 

reserve margin leve:ls for this period will be lower than desirable, 
hence the ECAR uti.Iities cannot expect· any firm power aid from the 
area. Similar -problems ex_ist with the"utilities in the regional 
council. areas to the south and east of the ECAR area. 

It is noted that the transmission line additions to the existing 
bulk power system necessary to integrate the Palisades Plant into' the 
existing system were relatively minimal anci are complete. 

Very truly yours, 

1 

~~-
Chief, Bureau of Power 
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United States Department of the Interior 

Dear Mr. Muntzing: 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

.APR 7 1972 

This is in response to Mr. Rogers' letter of March 3, 
1972, requesting our corrunents on the Atomic Energy Com­
mission's draft ~etailed statement, dated February 29, 
1972, on environmental considerations for Palisades 
Nuclear Generating Plant, Van Buren County, Michigan. 

General 
. . . 

Our concerns.for the adverse environmental impacts of 
this plant have been greatly reduced as a result of 
several major modifications in gaseous and liquid rad­
waste systems, a:nd the decision to install cooling towers. 

It appears that the AEC has expended considerable effort 
·to assess .the adequacy of the applicant's studies and to 
point out the inadequacies in the draft environmental 
statement. Inadequacies in assessing environmental impacts 
were acknowledged throughout the statement, but were 
critically evaluated beginning on page 131. We assume 
that inadequacies poin~ed ou~ in the statement by AEC 
will also become AEC's requirements; therefore, we have 
generally not corrunented on them. 

Site Selection 

The various site selection studies described in this 
section are based primarily on economic. considerations. 
We are cognizant of the greater emphasi$ now being placed 
on non-economic factors than at the time these studies 
were made. However·, the assessment of environmental con­
sideraticins is conspicuously absent from any of the studies 
described in this section. 

Historic Significance 

It does not appear that the existing plant should 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 
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landmark; however, the final statement should contain 
·evidence of consultation with the State Historic Preser­
vation Officer concerning the effects of the power station 
on places on or being considered for nomination to the 
National Register of Historic Places. He is the Director, 
Department of Natural Resources, Stevens T. Mason Building, 
Lansing, Michigan 48926. 

Tranimission Lines 

We think that t])e ·applicant should conduct normal inspec­
tion of the right-of-way for the transmission line by 
plane, helicopter or on foot, thus eliminating the need 
to keep the entire right-of-way cut back in wooded areas.• 
Clea~ing should be limited to only permit access of· · 
maintenance vehicles, and to.keep the line free from 
intrusion of timber which would interfere with the safe 
operation of the line. 

Effluent Systems 

According to the report, debris and small fish removed 
from the trash ~ack~ and traveling screens. in the water 
intake system will be disposed of as solid waste. However, 
the method of solid waste dispbsal is not explained~ ~or 
i~ an estimate of the quantity of solid waste involved given 
for other.than radioactive wastes. We think these data · 
should be included in the final environmental statement. 

Radioactive Waste 

According to the statement, all solid radioactive waste 
will be packaged and shipped to a_lipensed burial ground 
i~ accordance with --AEC and DOT regulations • We think 
the location of burial site and.the agency licensing it 
should be ·included in the final environmental statement. 

Controls to Reduce or Limit Environmental Impacts 

We suggest that the applicant consuit with State and. local 
authorities on constructing nature .trails, landscaping and . 
replanting dune grasses where necessary to restore the 
site, and disposing of solid waste collected on the water 
intake screens. lt· appears that the applicant is taking 
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appropriate actiqn in regard to most of :these i terns;. 
however, we think consultation with appropriate entities 
would assure adequate protection and utilizatiorn o,f the 
environment at minimum cost. 

Biological Impacts 

The term "sterile zone" used on page 106 is misleading 
since it includes a zone extending approximately one mile 
offshore. Figures V-4 and V-5 show that there is s.ome 
benthic ~roductivity in this wave-washed zone. Various 
studies also indicate that this zone is highly important· 
to certain fish and other aquatic life.during some portion 
·of their life cycle. We suggest the te·rm ·"less productive" 
be substituted for "sterile". 

We remain concerned that the project may have· significant 
adverse effects on aquatic life in Lake Michigan. Signi­
ficant numbers of important sport and commercial fishes 
~ay become entrapped by the cooling system during the 
42-month period prior to construction of cooling towers; 
Preoperational studies, with sampling done in May, June, 
August, and October revealed.that the intake is located 
at a depth used extensively by many f~shes. The area 
within the zone influenced by the thermal plume will act 
as an attractant for certain fish species, r~sulting in 
possible entrapment of considerable numbers in front of 
the screens •. Although the intake velocity is about 
0.5 or 0.6 feet per second, operating experience may show 
that· addi ti.onal screens around the intake are necessary 
for adequ~t~ protection of the fishery. 

Accidents 

The section on Environmental Impact of' Postulated Plant 
Accidents gives an adequate evaluation of impacts result­
ing from pos.tulated accidents through Class 8 for air 
borne emissions .. Howevel'i", the environmenta'l .effects of 
rele~ses to water are lacking. Many of these accident~· 
described in tables V-6, V-1, and V-8 could result in 
releases to the water and should be· evaluated in detail·. 

We also think- that Class 9 accidents resulting in both 
water and air releas.es 'should be described and the impact 
on human life and the remaining, environment discussed as 



long as there is any·possibility of occurpence. The 
consequences of an accident of this severity could have 
far-reaching effects on land and possibly throughout the 
entire Great Lakes and could persist for centuries. 

Transportation of Nuclear.Fuel" and Solid Radioactive 
Waste 

According to information given on page 165, about 9 truck­
loads or 1 to 3 rail car loads of packaged solid radio­
active wastes will be shipped from the plant site e~bh · 
year. ·Later subsections treat the probability of recur­
rence and the impact of accidents. We suggest that 
details concerning the procedures to be used when a 
spilled shipment occurs should also be given i;n this 
section. · 

Adverse Environmental Effects Which Cannot be Avoided 

The statement is made on page 183 that no consumptive use 
of the lake water will res~lt from once-through cooling. 
Although consumptive use of the cooling water is. not 
apparent at the plant, a substantial amount of induced 
evaporation is involved and water is evaporated as a 
direct result of the plant. ·rt is estimated that about 
50 - 75% of the waste heat discharged in the. cool~ng water. 
is dissipated from the lake water surface through the 
evaporative process. Furthermore, table IX-2 shows that 
the consumptive use of water from the qnce-through opera-. 
tion is about 80% of that for the cooling tower systems; 
however, th.is estimate appears to- be high. _ 

Cost-Benefit An-alysis' -· 

We continue· to believe that environmental costs and 
. benefits should be expressed in non-dollar qµanti tati:ve 
terms. A table similar to rx-2-but with emphasis on 
environmental _impacts is suggested f.or the final 
statememt_. · 

Recommendations 
·i •,: 

Since fish. are. expected to be attracted to the warm water, 
plume, a shutdown, especially during the wi_nter, wquld . 
probably cause significant mortality during the period 
when the once-through method of cooling is used. Conse­
quently, we recommend that all maintenance requiring 
shutdown be scheduled during times other than winter. 
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We hope these corrunents will be helpful as you prepare 
the fin~l environmental statement. 

Mr. L. Manning Muntzing 
Director of Regulatiori 
U. S. Atomic Energy Cominission 
Washington, ._D •. C. 20 54~ 
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DEPARTMENT OF TRANSPORTATIOl'i 

UNITED STATES COAST GUARD 
MAILING ADDRES~·ws) 
U.S. COAST GUARQ 
400 SEVENTH STREET SW. 
WASHINGTON. 0.C. 20590 

PHONE: 202-426-2262 

• Mr. Lester Rogers, Director 
Division of B.adiological and 
Envtrop.rnental Protection 

U. S. Atomic Energy Coimnission 
Washington, D.· C. 20545 

Dear Mr. Rogers: 

This is in response to your letter of 3 March 1972 addressed to Mr. 
Herbert F. DeSimone, Assistant Secretary for Environment and Urban 
Systems,. Department of Transportation, concerning the environmental 
impact statement, environmental report and other pertinent papers 
on the Palisades Nuclear Generating Plant located in Van Buren ·county, 
Michigan.· 

The concerned operating administrations and staff of the Department 
of Transportation have reviewed all the material submitted • 

. Noted in the review of the Office of Hazardous Materials is the 
following: 

"We have no specific comments to offer on this report. 
We find no statement or information regarding the trans­
port of radioactive material which are inconsistent with 
existin_g D.CYI' or AEC regulatory requirement." 

We have no further comments to offer on any of the material submitted 
and this Department has no objection to the issuance of a license for 
this fac.ility-_ 

The opportunity to review and comment on the_ Palisades Nuclear Generating 
Plant is appreciated. 
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\h1l h I-''"// .. .. , ·:1r · l/J\/ · t·.,... _(, · t-··' 

....., .. ~ I • 

Vi' 
D ~ r-.Y"<.H/;-R'l° 

•· 11'! , .. ,. "·!1·11·• ~ • tJr. J • .. Jt-• •-~ • 

Rear Admlral, U. S. C~;-st f11.nrd 
Chief, Office of Marin~ Envirnmnent 

and Systems 



ST.ATE OF MICHIGAN 

NATURAL RESOURCES COMMISSION i
·~. 
\~,~~i'! 

HARRY H. WHITELEY. 

"~ Chairman 

CARL T. JOHNSON 

E. M. LAIT.ALA 
HILARY f·. SNELL 

........ .!-

'WILLIAM G. MILLIKEN, Governor 

DEPARTMENT OF NATURAL RESOURCES 
STEVENS T: MASON BUILDING, LANSING, MICHIGAN 48926 

RALPH A. MAC MULLAN, Director. 

May 2, 1972 

Mr. Lest~r R. Rogers 
U. s. Atomic Energy Commission 
Division of Radiological and 

Environmental Protection 
Washington, D. C. 20545 

Dear Mr •. Rogers: 

WATER RESOURCES COMMISSION 

JOHN H. KITCHEL, M,O. 
Chairman 

JOHN P, WOOOFO.RD 
V lea Chairmen 

CHARLES 0. HARRIS 

JOHN E. VOGT 

STANLEY QUACKENBUSH 

ALVIN R, BALDEN 

THOMAS F. JAMES 

Enclosed is a copy of our s'taff couunents on the Atomic Energy 
Connnission's Draft Detailed Statement on the Environmental 
CoI)Siderations Related to the Proposed Issuance of an Operating 
License to the Consumers Power Company, Inc.·, for the Palisades 
Nuclear Generating ~lant. 

Sincerely, 

WATER RESOURCES COMMISSION · 

C:V~Ul Ji(.()~ 
.R~~;;v. Purdy : Q . 
Executive Seci:etary 

JClf/RWP/mf 
cc: Mark Mason, Governor's Office 

Tom Doyle, Fisheries Division 
Roy Thoma, A •. E.C. 
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Review of Atomic Energy Commission's Draft 
Detailed Statement on the Environmental 

Consid~rations Related to the proposed Issuance 
of an Operating License to the Consumers 

Power Company, Inc., for the Palisades 
Nuclear Generating Plant 

Issued February 29, 1972 

Michigan Department of Natural Resources 

Water Resources Commission 
Bureau of Water Management 

and 

Fisheries Division 

This review is limited to considerations of environmental impact on the 
aquatic resources of Lake Michigan in the vicinity of the Palisades. Plant. 
The Michigan Water Resources Commission (MWRC) adopted Order of Determination 
No. 931 on October 27, 1966, setting forth the restrictions on this plant's 
discharge. On November 19, ·1971, the MWRC established a therma.l discharge 
standard (Paragraph A6) as an amendment to the Ord.er of Determination No. 931 
(order No. 1582). The Palisades discharge from the once-through cooling 
system as presented in the Atomic Energy Commission (AEC) review of radio-

.. active and heat wastes will be within the limits imposed by the MWRC Orders 
but will not meet the Environmental Protection Agency's (EPA) recommended 
thermal discharge standards for Lake Michigan after December 31, '1972. 
The applicant is.committed, prior to January 1, 1974, through an agreement 
with intervenors in the licensing procedure, to install and operate mechanical 
draft cooling towers. The effects of chemicals containecLin. t.he cool:i,ng 
tower blowdown discharge are generally covered by' section six of the existing 
Order of Determination; howe.ver specific restriction may be necessary in the 
form of an amended order at a late~ date when the Company decides on the 
specific chemicals to be used within the -towers. 

The Coru;umers Power Company has also entered into an agreement_ with :the 
intervenors to: modify the liquid radioactivity waste system ~o that (except 
for laundry wastes) all liquids in the radioactivity waste system will be . 
recycled back into the cooling systems and radioactive material removed in 
processing the liquids will be converted to solid form for removal from th~ 
plant. This rnvc..lified system will reduce the .l.iquid waste radioactivity 
to levels at or below the AEC limits given in the appendix to Title 10, 
Code of Feder.al. Regulations, Part 50 (10 CFR 50). The effluent from the 
laundry will be collected in the laundry drain, filtered and discharged 
via the circulating water discharge canal if the radioactivity is not 
more than 2.5 x lo-8 µCi/cc on an annual basis. If the activity is more 
than this value, the waste will be processed in the secondary waste section. 
The volume of laundry wastes is very small (38,000 gallons/year). If this 
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effluent were recycled after filtering", the plant would have no planned 
radioactivity releases to the lake. 

During winter, it is- expected that the thermal plume will develop a density 
underflow within the thermal bar of the onshore zone. This underflow 
will be from one to five degrees Fahrenheit (F.) warmer than temperatures 
typically found there. As the plume mixes with the colder onshore water, 
it wili reach maximu111 density of 39. 2° F. and sink to the bottom coming into 
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 phenomenon 
resulting in a significant increase in the onshore temperature regimen. In 
the movement of this water away from the point of discharge by alongshore 
current flow, there is the potential for incorporating a substantial amount 
of deeper lake water into the plume since the deeper lake water will be of 
the same density. This could affect a volume of water completely dispro­
portionate to the volume of the piant discharge. The effects of this 
density underflow are unknown, but both faunal and floral inhabitants of 
this zone will be subjected to increased metabolic· rates. The spawning and 
development of whitefish, ciscoes, and lake trout could be adversely 
affected. Rapid changes in current pattern could result in some thermal 
shock to organisms previously under the influence of the density underflow. 
Additional emphasis should be placed ori investigating the magnitude 
of the discharge plume. 

The diagrammatic representations of summer stratification (page 26) and 
density plumes (page 50) should only be interpreted to be average conditions. 
Strong offshore winds in sununer can cause upwelling of a cold water mass 
which may remain.for many days;-1ikewise, persistent onshore winds can 
hold the surface warmed water within the onshore zone. ·Either condition 
can create isothermal conditions from top to bottom in the water column. 

Representation of the various density plumes (surface, interflow and 
underflow) may not be.representative of the condition near the cooling 
water intru~e. There will be a volume of water equivalent to approximat~ly 
1800 acre-feet moving into the intake every day. The intake has only 20 
feet of water over it, and we expect that virtually the entire water 
column in the near vicinity will be moved to-its entrance. In the case 
where the discharge plume flows over the intake, recirculation of cooling 
water and excessive build-up of temperature may occur. · 

The location of the intake structure is 3300 feet offshore in 26 feet 
of water. The intake crib is approximately 6 feet off the bottom and has 
an intake velocity of 0.5 to 0.6 feet per second (fps). Any fish that 
pass through the crib structure into the intake pipe (v.elocity 9.0 fps) 
will be unable to escape damage or death on the traveling screens and 
trash racks. ':°:•e spacing of intake crib bar::. ~lill not exclude even largt: 
fish, and we understand that fish as large as 24 inches in le~gth have 
been taken off the screens. It is anticipated that at times large number$ 
of juvenile salmonids and other species will occur in the vicinity of th~ 
intake and be pumped to the screens. If this happens, they will be impinged 
on the screens and lost. If this loss is significant, it will be necessary 
to promptly modify the intake to eliminate this problem. 
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The intake otructure is kept ice free .in the win·ter by recirculating 
·approximately 17 ,000 gallons per nLinute (gpm)· of the condenser cooling 
water from· pumps in the discharge channel. This recirculated warm water 
gischarge could act as an attractant resulting in increased intake fish 
mortalities. No discussion is given to ~ossible adverse effects in winter 
from this recirculated warm water. 

All coriclusions with regard to chlorine toxicity are based on data d~rived 
from studies in which a continuous exposure regime was employed. No work 
has been done on the toxic effect of intermittent exposures of chlorine. 
Until such data is available it appears impossible to predict the biolo­
gical effects of a monthly one-hour exposure to 0, 5 mg/l total chlorin_e. 
It is also equally difficult to predict what deleterious· effects will occur 
from a daily one hour exposure to a 0.022 mg/l concentration possible in 
'the diluted cooling tower blowdown. 

Chlorine present in the once-through cooling water discharge will be mainly 
free chlorine because of the low chlorine demand and low organic matter 
present in the intake water. Based _on our field observations, the free 
chlorine will dissipate at a more rapid rate than the heat f~om the con­
denser cooling water. The predictions of the areal extent of the chlorine 
(p. 197) based on the heat dissipation of the thermal plume will therefore 
be much greater than would actually occur. This area should be evalu?ted 
fully in_ the environmental monitoring program. 

Another concen1 is the discharge of chemicals in the cooling tower. blowdown. 
If phosphorus is used in the system the amount present in the cooling tower 
blowdown could be equivalent to the amount of phosphorus discharged by a 
municipality.with a population of 74,500 people. This figure does not 
include the phosphorus possibly leaching back into the lake from the.cooling 
tower drift. The volume of water lost through drift is predicted not to 
exceed 820 gpm Ciild estimated to be 20 gpm on the average. If the actual 
volumes are near the maximum, a 60 pe·rcent higher phosphC>rus contribution 
to the lake area is possible. This substantial increase tn phosphorus. 
would serve to emphasize the nee~ to include drift eliminators in the tower 
design. The MWRC has a policy of requiring_ all municipal waste treatment 
facilities to remove 80 percent of the phosphorus in their waste. Since 
the phosphorus contribution from the cooling tower blowdown will be far 
in excess of the minimal requirements it appears that the company could be 
required to treat this waste in a similar manner. The MWRC will make the 
final determination as to whether the company will be required to treat the 
cooling tower blowdown for removal of phosphorus. 

We are also concerned with the predicted high concentrations .of metals 
that could also 1.Je used in the towers and \..'.Jl'.1 d be discharged to the lake 
in the cooling tower blowdown. These metal concentrations may have to 
be reduced either by treatment or dilution to non.:..toxic levels. 

A 30 percent loss of zooplankton through entrainment in the once-through 
system is presumed not to have a significant impact on the ecosystem;. 
however, tryis conclusion is based on speculation with precise predictio~s. 
not possible .with available information. Alth.Jugh the dead _organisms 
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are not last to the food ctiain, ~the ·con tirfual supply of ready food organisms 
could significantly change the commu.ni t;:y structure in. the area of the plant. 
We hope that the full impact on the' inshore biota resulting from this c'ontinuous 
killing of one-.third of the zooplankt~n will be thoroughly evaluate~. 

There have bezn repeated statements in the- .lt?scri.ptive material. that lako· .. 
trout spawning and/or egg incubation occurs only _at depths of greater than 
200 feet. Historically, lake trout in the Great Lakes occupied many diverse 
habitat types. As man has preyed upon them taking those forms most readily 
available, the shallow water spawners and anadromous types have been eliminated 
by overfishing leaving only the deep spawners to be exploited. The stocks 
presently being reintroduced are the progeny of hatchery broodfish derived 
from Wisconsin and Lake.Superior lean (shallow water) forms, and these fish 
can be expected to spawn in a fairly broad range of depths from shallow to 
moderate. Canadian fisheries workers for a number of years in the 1950's 
took eggs from an anadromous run of lake trout into the Montreal River whose 
spawning depth could hardly be more than twenty to thirty feet. 

The statement on page 117 concerning whitefish, "This species is close to 
the southern limit of its distribtuion at the Palisades site, and depends 
upon exceptionally cold winters for successful reproduction in the southern 
basin of Lake Michigan",· is in error. This results from a misinterpretation 
of Lawler'sl paper on whitefish which particularly emphasizes data from 
Lake Erie. The range of whitefish extends tc, the southern tip of Lake 
Michigan and along the southern eclge of Lake Erie as presented on Figure 1, 
Appendix V-2 of the review. Lawler related a several degree increase in 
the average temper~ture of Lake Erie to decreased whitefish spawning 
success. He postulates that because of the average temperature increase 
in recent decades whitefish only spawn successfully in Lake Erie during 

··exceptionally cold winters. Lake Erie's shallow eutrophic western basin 
can hardly be compared to Lake Michigan's deep oligotrophic southern basin. 
We find no data to indicate the same sort of temperature increase in Lake 
Michigan. If, in fact, the surface water temperature has increased, white­
fish could still find suitable spawning temperatures at lower depths. 

In Appendix V-2, there is considerable discussion of the whitefishes 
(whitefish, lake herring, and chubs) but only with reference to the en­
dangered species Coregonus alpenae is over-fishing mentioned as a factor 
in their decline. With the advent of nylon twine after World War II and 
an uncontrolled entry ·of fishermen into the commercial harvest, the take 
increased to the poin-t of collapse. - During 196.6, for example, the amount 
of net set in Lake Mfchigan~hy eornmercial fishermen totaled 28,000 miles. 
Now that commercial fis-hing. is regulated and lamprey populations are being 
controlled to very low.levels, we can predlct a substantial future increas~ 
in the popul;iti0as of whitefish. We do not, lrn.ow how the species' composi­
tion will compare with.that ~hich previously existed .. Spawning and 
survival of fry and juvenil~s of any of these species cannot be discounted. 
Any significant· disruption of _onshore habitat conditions by man's acti vitie .~ 
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might prevent their successful re-establishment. 

The discussion of coho salmon (page 121) being affected by ternpeiattire 
elevation and, "the impact is not expected to be major, particularly since 
more salmon generally return to parent streams than are ne.cessary to supply 
hatcheries with eggs," displays a lack of knowledge of the Michigan Depart­
ment of Natural Resources Fisheries Division fish stocking, and particularly, 
the salmon prog-:ams, which have no dependence on natural propagation. He 
are not in the business of stocking fish so they mature and return to hatcheries 
to provide an egg intake. The whole idea is to provide a surplus for harvest 
and any predation (e.g., losses through the cooling water intake, or loss of 
habitat caused by the thermal plume or chlorination) results iil·an economic 
loss to the state which cannot just be written off. The estimates of damage 
(pages 138 and 150) do not adequately represent those values. Calculations 
basecl upon the entire lake volume and area are totally inappropriate. The 
inshore waters are many times more productive than the pelagic or open water 
zone, and they represent only four percent of the lake volume. Synoptic 
trawl surveys ot the former Bureau of Commercial Fisheries in Green Bay 
(which would be more indicative of inshore productivity) provide catch data 
ranging from 32 to- 36 pounds/acre which represents only a portion of the 
standing crop. Established fish values when lost through pollutional 
activities range from $1/pound for non-game fish to $10/pound for game fish. 
Schooling fish species are quite liable to be destroyed in disproportionately 
great numbers when compared to average population densities. We recommend 
damages be recomputed to reflect these considerations. 

In summary, we recommend that the following considerations be included in 
the complete analysis of the environmental impact of the Palisades Nuclear 
Power Plant: 

1. Examine the possibility of including laundry wastes into the radioactive 
waste treatment system. 

2. Evaluate the effects of the density underflow aspect of the discharge 
plume on.the th~rmal bar and the potential for incorporating the deeper' 
lake water into the plume when the plume is under the influence of strong 
alongshore current flow. · 

3. Undertake a year-round surveillance of the loss of fish in the intake 
screens and con:;ider the potential adverse effects of recirculating condenser 
cooling water to keep the intake ice .free. 

4. Determine the detrimental effects of intermittent chlorine slug 
exposures rather than drawing conclusions based on continuous exposure 
data. In assePsing the areal extent of the r~lorine realize that the 
decreasing concentration of the chlorine is not solely through dilution of 
the cooling water with lake water. 

5. Evaluate the potential eutrophication of the lake possible from phos­
phorus carried in the cooling tower blowdown and in the airborne drift. 
Also decrease t'le drift by the inclusion of drift eliminators in the 
design and conscruction of the towers. 
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6. Investigate treatment processes to remove the phosphorus and zinc 
contributed by the cooling tower blowdown and drift. 

7. ·Thoroughly ·evaluate the adverse ecological effects of continually 
killing 1/3 of the zooplankton in the intake water and resultant changes 
in the aquatic floral and fauna! conununity SLructure.in the area of the 
Palisades plant. 

8. ·An evaluation of the potential adverse effects on lake trout recognizing 
that the trout currently being stocked by the Fisheries Division will spawn in 
shallow to moderate depths ratber than aepths greater than 200 feet as 
indicated in the review. 

9. Recognize the potential for significant disruption of the effort to 
re-establish whitefish in Lake Michigan. 

10. In assessing the costs of fish losses, the higher values that are 
applied to fish lost through pollutional activities should be applied. 

11. Assessment of the impact of the plant's discharge on the heat budget 
and productivity of the lake should be compared to the volume and area of 
the nearshore waters rather than 'the total lake volume and area. 

12. We do generally concur with the AEC's staff analysis and comparison 
of the environmental·costs of each type of cooling system and specifically 
with tl).e statement that "there does not appear to be sufficient ecological 
justification for the additional resource investment (and subsequent increased 
cost to the consumer) necessary to provide cooling towers". 

Lake Michigan 
Thermal Pollution 
Consumers Power Co~; Palisades Plant 
Filed under: Thermal Pollution 

May 2, 1972 
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STATE OF MICHIGAN 
NATURAL RESOURCES COMMISSION 

HARRY ·H. WHITELEY 
Chairman 

CARL T.'JO"HNS~ ... 

E. M. LAITALA. 

AUGUST SCHOLLE 

HILARY F. SNELL 

WILLIAM G. MILLIKEN, Governor 

DEPARTMENT OF NATURAL RESOURCES 
STEVENS T. MASON BUILDING, LANSING, MICHIGAN 48926 

RALPH A. MAC MUI.LAH, Dlrectvr 

May 19, 1972 

Dr. Mary Jane Oestmann 
.u. ·s .. Atomic Energy Connnission 
Washington, D. C. 20545 

Dear Dr. Oestmann:. 

As far as can be determined at this time, the 
Palisades Nuclear Generating Plant in Van Buren 

.County, Michigan, will not adversely affect 
known historical or archaeological resources of 
the State of Michigan. 

cc: 

Sincerely, 

~~61.~ 

Dr. W. J. Ross 

Samuel.A •. Milstein 
Deputy Director - Recreation 

and 
.State Liaison Officer for 
Historic Preservation 
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STATE OF MICHIGAN 

DEPARTMENT OF PUBLIC HEALTH 

'ILLIAM G. MILLIKEN, Governor 
3:i00 N. LOGAN; LANSING, MICHIGAN 4891<4 

1URICE S. REIZEN, M.D., Director 

May 4, 1972 

Mr. Lester R. Rogers, Di rector 
Division of Radiological and 

Environmental Protection 
U. S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Rogers: 

Following are comments from the Michigan Department of Public Health, 
Division of Radiological Health, regarding the "Oraft Detailed Statement 
on the Environmental Considerations Related to the Proposed Issuance of an 
Operating License to the Consumers Power Company, Inc. for the Palisades 
Nuclear Generating Plant," Docket 50-255 by the U. S. Atomic Energy Commission, 
Division of Radiological & Environmental Protection issued February 29, 1972. 

1. 

2. 

' 

Figure III-13 Gaseous Effluent Flow Sheet shows 6 gaseous effluent 
systems, only one of which includes charcoal filter elements to rerrove 
halogens. It is possible that radioactive halogens may be in any 
of the six effluents and, in fact, the Consumers Power supplemental 
information report of November 3, 1971 specifically notes iodine 
release from the Auxiliary Building Vent. He recommend that charcoal 
filter systems be required for all gaseous effluent systems as noted 
on page 202 of the Statement. -

The applicant has specified that potentially high activity radioactive 
gases are to.be collected in the Waste Gas Surge Tank, compressed,· 
and stored for decay in one of three Gas Decay Tanks. As an alternative 
to storage, they may be discharged directly through particulate 
filters to the Ventilation Stack. Three additional Gas Decay Tanks 
are to be installed in the future to al low a 60 day minimum holdup 
time rather than the 30 day minimum holdup time with three tanks. 

· He recommend that the operating specifications for the plant be 
revised such that the company is required to hold these gases for 
the·maximum possible decay time, rather than allowing discharge 
directly to the stack. Radioactive waste gas discharges will thus 
be maintained at the lowest possible level within the capabilities 
of the plant equipment. A-142 



u. S. Atomic Energy Commission 
May 4, 1972 
Page 2 

3. The only potentially radioactive liquid effluent which is not routinely 
·treated for removal of radioactivity before discharge is the Plant 
taundry effluent. It is stated .that contaminated clothing could be 
disposed of as solid waste instead of being laundered. We reco1T111end 
that this be made a technical operating procedure for the plant 
to reduce even further this contributor to radioactive liquid effluent. 

4. The applicant has alluded to the release of tritium in the gaseous 
effluent including the cooling tower, but has not specified the 
amount. These amounts should be provided on both an annual and 
a concentration basis. 

We appreciate the ·opportunity to conment on the Statement and request 
that serious consideration be given to the implementation of our recommendations. 

Sincerely, 

~ri 
M~urice S. R~~zen, M.D • 

. 01 rector · V. · · 
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TOWNSHIP OF COVERT 
V A N. B U R E N C 0 U N T Y 

COVERT, MICHIGAN 49043 

March 24, 1972 

Mr. Lester Rogers, Di rector 
Division of Radiological and 
Environmental Protection 
U.S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Rogers: 

Ref: Docket No. 50-255 

I have reviewed the Environmental Impact Documentation and 
find it most inter~sting. It would appear the Consumers Power 
Company has made the correct decision in building a nuclear plant 
in this area because of the cost and access of other types of fuel, 
and based on the knowledge gained at.the Big Rock Nuclear p-1ant. 

The plant site was an extremely good choice ~ince it did not 
displace any year round homes, only several summer cottages. The 
replacing of the sand quarry operation with this beautiful plant 
has been most favorable to the appearance of the total area. 

My greatest concern is the constructing of cooling towers. 
The fact that some 1,500,000 gallons of water will go into the 
air every 24 hours and that this could give us a build up of certain 
residue on the ground iri the surrounding area. Increase in chlorine 
to Lake Michigan because of the blowdown ne'ed~d to keep the towers 
functioning properly must be considered •. the."i,n~f".ease of fog, icing 
and even snowfall must be considered as potentially ha~ardous. The 
increase in cost to the user of electricity when it is questionable 
if the cure is any ~etter than the supposed disease (thermo) pollution 
of Lake Michigan). All these factors must be considered since the 

·system originally planned did not have any of these factors. 

It would appear that the towers should be de-activated in the 
winter months to conserve electricity and eliminate the amount of 
chemicals going into Lake Michigan through the tower blow down 
process. 

Finally, it would appear that the 'plant should be allowed to 
operate at full power as soon as possible so that valuable data can 
be gathered and used in designing future plants for the entire country. 

Many confusing questions are ·being.raised. Only by actual oper­
ation can these doubts be substan~iated so that we can all live in a 
safe and bountiful area of nuclear energy which promises to be perhaps 
one of the greatest assets from the development of the Atomic Bomb. 
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There are many other points I could touch on but it would 
make thes·e comments to 1 engthy. 

In closing !'would like to state that this Conl"nunity has not 
experienced any opposition to the Plant being located here. It 
has pr_ovided jobs during construction and now during operation to· 
many people in the are~. It has increased tax dollars to County 
and Township government and greatly benefitted the lo.cal school 
financial needs. 

Sincer:y·~~ 

yd.rno, Supervisor 
Covert T<>Wnship . 

JS:mk 
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R. C. Youngdahl 
Senior Vice Prealdent 

cm13~~mers 
Pm.rser 
company 

General Offices: 21!2 West Michigan Avenue, Jackson, Michigan 49201 • Area Code e17 788-oeeo 

May 3, 1972 

Mr. R. C. DeYoung 
Assistant Director for Pressurized 

Water Reactors 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr.· DeYoung: Re: Docket No. 50-255 

In response to your letter of April 21, 1972, I am 
enclosing three signed originals and 25 additional copies of 
Consumers Power Company's responses to agency comments on the 
Draft Environmental Statement for the Palisades Plant. We ap­
preciate the opportunity to cdmment, and hope that the enclosed 
material will be of use to you. 

Yours very truly, 

RCY/bbm 
a c. c ·riiifdP 
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In the Matter of 

CONSUMERS POWER COMPANY 

(Palisades Plant) 

UNITED STATES OF AMERICA 

ATOMIC ENERGY COMMISSION 

) 
) 
) 
) 

RESPONSE TO AGENCY COMMENTS 

ON DRAFT ENVIRONMENTAL STATEMENT 

Docket No. 50-255 

On February 29, 1972, the AEC Staff issued its "Draft Detailed state-
. . . . 

ment on the Environmental Considerations Related to the Proposed Issuance of 

a.n Operating License to The Consumers Power Company, Inc., [sic] fo~ the Pali­

sades Nucle~ Genera.ting Plant, Docket No. 50-255" (hereinafter called the 

"Draft Detailed Statement"). Thereafter, on April 21, 1972, the Sta.ff for­

warded to the Applicant copies of comments on the Draft Det8:iled State:nient re­

ceived by the Sta.ff from the Advisory Council on Historic Pr.eservation, the 

Department of Agriculture, the Detroit District of the Corps of .Engineers of 

the Department of the Army, the Department of Commerce, the Environmental Pro-

tection Agency, the Federal Power Commission,- the Department of the Interior, 

the Department of Transportation, and the Township of Covert (Van Buren County, 

Michigan). The Applicant's review of the agency comments was requested. 

Attached are the Applicant's responses to several of the agency com-

ments. The Applicant has not attempted to respond to a.ll of the comments, for 

various reasons. If a.dditiona.l information or response is desire~ as to any 

particular agency comment, a :f'urther response will be provided. 
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The attached responses in general cover only those areas where the 

Applicant believes that additional inf'ormation or clarification might be use-. 

:f'ul. for the dra.:f'ting.of the Final Detailed Statement. 

Sworn ·and subscribed to before me. this 3rd dey' of May, · 1972. 

Helen R. Lehr · 
Notary Public, Jackson County-'' Michigan 

?-tY Commission Expires December 11, 1973 
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I. DETROIT DISTRICT, CORPS OF ENGINEERS, DEPARTMENT OF THE ARMY 

COMMENT: "However, the Michigan Water Resources Commission has not 
yet certified the company's application f'or discharge permits 
nor has the concurrence of the Environmental Protection Agency 
been obtained. " 

RESPONSE: The above statement, ·while true, does not af'f'ect this 

proceeding. Under §2l(b )(7) of the Federal Water Pollution Control Act,_ 

no Michigan Water Resources Commission certification is required for 

plant operation until April 3, 1973, which date is three years after the 

adoption of the Water Quality Improvement Act of 1970. 

Further, there is no legal requirement that EPA concur in the 

granting of an operating license· f'or the Palisades Plant, or in the pr.o-

posed operation of the plant. If the portion of the comment referring 

to EPA refers only to the question of discharge permits under the so­

called "Refuse Act," the A:PPlicant has taken all action required of it 

under that act. 



II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "EPA recommends that a blowdown treatment system be included 
as an integral part of the cooling tower design." (Cover 
ietter, p.· 1.) "Such treatment is necessary since concen­
tration of zinc will exceed reconunended levels and phosphates 
will not be removed as recommended by the Lake Michigan En­
forcement Conference. " (Comments, p. 1. ) "Since blowdown 
treatment processes are technically and economically feasible, 
EPA recommends that these processes be used at the Palisades 
Plant • " (Comments , p. 16. ) 

RESPONSE: While the technology does exist to treat water in the 

quanti'~y and quality of the blowdown effluent, all available techniques 

would require significant amounts of additional chemicals or energy, or 

both, in turn creating additional effluent problems. Furthermore, none 

of these techniques is economically feasible. 

The Applicant is investigating the possibility of eliminating the 

use of corrosion inhibitors in cooling tower water, to avoid discharging 

zin~ and phosphate to the environment. The technical feasibility of 

doing so has been established, and an economic study is in progress. 
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II. ENVIRONMENTAL PROTECTION AGENCY 

COMMENT: "The major impact of Palisades nuclear plant prior to Decem­
ber 31, 1973, when the mechanical draft cooling towers are to 
be operational, will result from thermal discharges. Although 
these discharges will exceed criteria reconnnended by th~ Lake 
Michigan Enforcement Conference, we accept interim operation 
of the Palisades plant using once-through cooling with the 
understanding that the proposed closed-cycle cooling system 
be installed in accordance with the agreed upon schedule." 

RESPONSE: For clarification, it should be noted that the recam-

mended "criteria" to which reference is made were expressly ma.de in-

applicable to new plants, such as the Palisades Plant, that are com-

mitted to an approved closed-cycle ccnling system construc~ion schedule. 

Item II.2 of the Lake Michigan Enforcement Conference Recommendations 

states that "Plants not in operation as of March 1, 1971 will 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. In all cases construction of closed cycle systems and associated in-

t9.ke 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 c:Losed cycle system&." 

.'lbe Applicant presumes that EPA has ih mind the schedule agreed 

upon in the Applicant's Settlement Agreement with Intervenors in ac­

cepting interim operation of the Plant using once-through cooling. 

.. i 



II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "The most significant radiological impact due to routine . 
· operation of Palisades will be from radio-iodine discharges 

through plant ventilation systems. In order to achieve low as 
practicable iodine discharges, we recommend the installation 
of charcoal adso~bers for the plant ventilation systems." 
(Cover letter, p. 2; see also Comments, pp. 5-6) "[I]n 
the expected release of I-131, . . • the anticipated rele.ase 
of the Palisades plant is about 33 times that anticipated 
for [Calvert Cliffs, Point Beach and Turkey Point]. * * * 
It is also indicated on Table III-5 that the Technical Speci­
fications will limit the release of I-131 to 0.8 Ci/yr, a value 
which is only about 25% of the anticipated release. It would 
be helpful if the dra.fi statement would indicate in what manner 
this limitation would be achieved." (Attachment to comments 
of Department of Commerce, p. 2.) 

RESPONSE: The AEC·staff estimated.the thyroid dose to ·a child from 

iodine due to ingestion of milk to be 1. 3 mrem/yr (Reference: Table V-3 · 

of the Draft Detailed Statement). This was base!! on an annual release of . 

3.27 Ci through the containment building exhaust and steam generator leakage 
. . 

(Reference: Table III-5 of the Dra.fi Detailed Statement). The Applicant 

disagrees. The annual release of I-131 through the containment building 

exhaust and steam generator leakage should be 0.0001 Ci rather than 

3.27 Ci. The Applicant estimates the irihalat~on dose to the thyroid from 

all iodine isotopes released during normal operation to be about 0.00009 

mrem/yr. Theoretically, the ingestion dose to a child from the consump­

tion of milk could be as high as O.o6 mrem/yr (assuming that the inges­

tion dose is a factor of 700 greater than the inhalation dose) •. 

Both the AEC-calculated and the Applicant-calculated values are 

below the limits specified in proposed Appendix I to 10 CFR Part 50, how-

ever, and will thus be within the numerical guides for meeting the "as 

low as practicable" criterion. The J\pplicant therefore does not agree 
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RESPONSE (Contd) 

that the backfitting of charcoal adsorbers to the Palisades Plant is 

necessary. 

The Technical S~ecification limit for I-131 given in the Dra:t't De­

tailed Statement as "o.8 Ci/yr" {Table III-5, fn) and referred to by the 

Commerce Department, is incorrect. The I-131 release limit derivable 

from the formUla set forth in §3.9 of the Technical Specifications is 

2.25 Ci/yr rather than 0.8 Ci/yr. 
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II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "Damage to aquatic organisms resulting from entrainment in 
·the proposed 60,000 gpm blowdown dilution flow could be 
eliminated by discharging the blowdown without dilution. 
Since this wauld result in a proportional increase in con­
centration of radioactive and chemical waste discharge to 
Lake Michigan,·the impact of these discharges on biota and 
the population via drinking water and fish constllllption must 
be weighed against the benefits which would.accrue·by re­
ducing entrainment. " (Comments, p. 1. ) 

RESPONSE: Because of the need for reasonable operating flexibility, 

elimination of the blowdown dilution flow is not feasible. If the dilu-

tion flow were eiiminated, the radiological release limit would be re-

duced to 0.26 Ci/yr* -- about 20 times lower than the limit stated in 

proposed Appendix I to 10 CFR Part 50. 

*Calculated as follows, utilizing an MPC of 1 x l0-7uci/ml, which is 
commonly employed for unidentified mixtures of nuclides: 

(lo-6ci/uCi) (1 x l0-7uci/m1)(3.78Q x l03m1/gal)(l320 gpm)(5.25 x l05min/yr)~ 0.26Ci/yr 
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II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "In order to avoid the use of chlorine or other damaging 
biocides, alternate means of cleaning the condenser and 
to control fouling should be investigated." (Comments, p.2.) 

RESPONSE: The available alternatives to chlorination include re-

circulating sponge balls, automatic brushes and manual brush cleaning. 

Due to the number (about 28,000) and length (70 :rt.) of the con-

denser tubes, manual brush cleaning is not practicable. 

Automatic brushes are driven back and forth through the tubes by 

reversing the flow of water through the condenser. ·Accomplishing this 

would require extensive modification of piping already set in concrete. 

This alternative is therefore not practicable. 

The use of recirculating sponge balls appears feasible, and Ap-

plicant intends to pursue the possibility of substituting this method 

of condenser cleaning for chlorination. At the present time, it is not 

clear that the use of sponge balls would be environmentally and economi-

cally preferable to chlorination. Their use would probably involve the 

discharge of significant a.mounts of shredded sponge to Lake Michigan. 

As the balls recirculate, they are worn down by abrasion until they are 

lost from the system. Even if strainers were installed on the tower blow-

down, some of the particles removed from the sponge balls by abrasion 

would get out of the system via the blowown. 

Furthermore, the Applicant does not expect the consequences of 

chlorination of cooling tower water to be as severe as indicated in 

either the Draft Environmental Statement or the EPA comments. The Ap­

plicant believes that the chlorine discharges wi.11 ~e_-substantially less 

than estimated because the Applicant intends to se~ure t~e cooling tower 

blowO.own for a period of time during and a:f'ter chlorination. This 
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RESPONSE:(Contd) 

will allow the available chlorine to be exposed to air and light as it 

passes through the towers, thus aiding its decomposition before discharge. 

The Applicant will be unable to specify the amount of reduction achievable 

by this means until it has actually operated the cooling towers and has 

determined (a) how long blowdown can be secured before there is an un­

acceptable buildup of chemical concentrations in the water, and (b) how 

rapidly the chlorine will decompose when recirculated through the tower. 
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II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "The present technical specifications do .not clearly· indicate 
a conmitment to the intent of 'low as practicable' ·since they 
do not ·require utilization of all radwaste systems to their 
design capacity." (Comments, pp. 2, 5; see also Department 
of Conunerce comments, p. 3 of attachinent .- ) 

RESPONSE: Section 3,9 of the Palisades Plant Technical Specifications 

governs the release of radioactive materials. The stated objective of the 

limits is to assure that levels of radioactive material in releases are kept 

as low as practicable. The Technical Specifications do not require :f'u11 

utilization of.all radioactive waste processing equipment all of the time. 

Such a requirement would be impractical, because maintenance is necessary 

to assure optimism performance of the equipment. 

Further, the Applicant expects to meet the release limits to be 

specified in Appendix I to 10 CFR Pa.rt 50. 
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II. ENVIRONMENTAL PI_tOTECTION AGENCY {Contd) . 

COMMENT: · "The environmental statement did not discuss either release 
of tritium or the effects of tritium recycle, which will occur 

· once the modified radwa.ste system is in. operation. Details of 
the public health significance of recycle of tritiated liquids 
should be presented in the final statement including: 1) the 
plant capability for storage of recycled liquids, 2) the calcu­
lated equilibrium concentration'of tritium, 3) the conditions 
under which tritiated water will have_.,tC) be released and the 
expected concentrations and volumes '~o oe released under the 
indicated conditions' 4) the dose consequence to the public 
as a result of these releases,. and,5) the ultimate disposition 
of the tritiated water in the plant at.-t}:l~ end of plant life." 
(Comments, p. 6.) ,, !' 

RESPONSE: Southern Nuclear Engineering, Inc. has just completed a 

·study for the Applicant to detennine the potential tritium buildup in the -

reactor coolant grade water for the design' life, 9f tne plant (40 years) • 
. ' :: _ . .:.\...., . ~,, ·-.~ \},j_: ~.: 

It is predicted that in the event all reactor ~q-cih.'i?it grade water contain-
• .',\\ I• 

'" 
ing tritium is recycled over the 40-year lifetime of the plant, the tritium 

activity in the reactor coolant, primary system makeup tank, and the SIRW 

tank will be about 2.8 uci/cc. This value is based on the realistic as-

sumption that the reactor coolant water will be mixed with the water in 

the spent fuel pool (21,389 f't3 ), the SIRW tank (33,420 ft3) and primary 

system makeup storage tank (26, 736 f't3) each time the plant is refueled. 

It is also calculated that the quantity of tritium that will be released 

to the environment through the containment.building and spent.fuel pool 

room exhaust system due to evaporation is as follows : 
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RESPONSE: (Contd) 

-Operation at From the From the Total 
Full Power Containment Bldg Spent Fuel Pool Release 

(Years) __ (~i/Yr) . (Ci/Yr) (Ci/Yr) 

5 2.7 3.1 5.8 
io· 6~3 10 16.3 

15 10 19 29 
20 13 27· 40 

25 16 34 50 
·30 20 41 61 

35 23 49 72 

40 25 55 80 

NOTE: The tritium production rate, based ·on the escape of 1% of 

the fission product tritium through the :f\lel cladding plus activation­

produced tritium, is '267 Ci/yr. 

In the event tritium is released to the environment ·because of primary .'i: 
~:: 

to secondary system leakage, the above concentration and quantities to be ' 

released with the gas Will be reduced. The concentration released in the 

liquid during abnormal operation (steam generator iea.kage) ·will not exceed 

the concentration to be specified in Appendix I to 10 CFR Part 50. 

The annual average concentration of tritium as water vapor in the 

gas release at the end of 40 years is calcUlated to be about 0.006% of MPC 

(.10 CFR 20) at the site boundary. This value is based on an annual average 

X/Q of 4.6 x l0-6!sec/m3 and the assumption that no deposition occurs between 

the plant and the site boundary. 

The Applicant is not now committed to a specific method of disposal 

of tritiated water at the end of plant life. Se\reral alternatives appear 

to be available. They include: 

(1) Solidit'y and store either on-site or at an authorized burial site 
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RESPONSE: (Contd) 

(2) Process tritiated liquid through a tritium concentrator and 

then solidif'y the concentrated tritiated water for storage. · The Appli­

cant is helping sponsor a program to investigate techniques for concen­

trating. tritium. 

(3) . Store off-site in a liquid form. 
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II. ENVIRONMENTAL PROTECTION AGENCY (Contd) 

COMMENT: "Recent research and data indicate that.in the winter months 
·a thennal barrier (thermal bar) forms off-shore in Lake 
Michigan. Although the hydrodynamic characteristics of this 
barrier are not yet understood fully, there is reason to · 
believe that it may prevent the exchange of heat and pollu­
tants between the shallow near-shore water and the deeper off­
shore water. If this occurs, pollutants and waste heat from 
the Palisades plant and other sources will be confined to a 
smaller volume.of lake water. This could lead to a greater 
accumulation of pollutants than would occur during the sum­
mer months when the thermal bar is not present. The final 
impact statement should address in more detail the potential 
problems associated with the thermal bar~" 

RESPONSE: The Applicant is not familiar with any evidence suggesting 

that poll1:J.tants accumulate in the inshore waters during the period of the 

so-called "thermal bar" or that if they do, that the thermal discharge from 

a power plant would accelerate pollution effects. 

Dr. _Pritchard of Johns Hopkins University testified at the Workshop 

Session for the Third Session of the Conference in the Matter of Pollution 

of Lake Michigan and its Tributary Basin in the States of Wisconsin, Illinois, 

Indiana, and Michigan (transcript P. 832) that "I do not consider the thermal 

bar, however, to be an actual barrier to mixing." He further stated that, 

based upon the physics of the phenomenon~ and as verified by field studies 

in Lake Ontario, that (transcript P. 834) "The conditions which are assoc-

iated with the thenna.l bar must set up a motion, and that motion, because 

it represents a change in velocity field at the thermal bar, must provide 

for an actual increase in the transport of material across the bar." 

At the same meeting, Dr. John C. Ayers of the University of Michigan, 

commented that (transcript P. 1082) "As I see the inshore bar and have seen 

it for several years, Pritchard's computations of shear mixing along the 

bar are evident." 



RESPONSE (Contd) 

To provide a better understanding of the thermal bar phenomenon in 

La.ke Michigan and its influence on near-sho_re limnological. characteristics, 

the Applicant, in coo~erationwith American Electric Power Service Corpo­

ration and Northern Indiana Public.Service Corporation, has sponsored a 

study of the thermal. bar by The University of Michigan. The field work for 

this study was· conducted in the spring of 1971. The project consisted 

basiceJ.ly of a. series of multispectral. aerial scans over a period of several 

weeks that observed the thermal bar along the eastern shore of Lake Michigan, 

from Muskegon, Michigan into Indiana. Water samples and other observations 

were ta.ken periodica.lly d'Uring the survey period· to correlate water quality 

with recorded spectral differences. The study report is expected to be 

available by ~ 5, 1972 and copies will be. furnished to the · ASLB and 

the :parties. 
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II. ENVIRONMENTAL PROTECTION AGENCY (Contd) . 
-·· . .... . ·---

COM?-IDNT: "The aquatic ecological program should be modified to include 
1) plankton studies designed to determine the effect of en­
trainment; 2) close examinations of egg ratios to determine 
if regeneration does occur as rapidly as the environmental 
statement assumes; 3) fish population studies (adults, ju­
veniles, and larvae) in the area during all seasons of the 
year; 4) surveys to determine the absence of fish larvae 
conducted prior to chlorination in the spring and summer; · 
and 5) monitoring for E. Coli contamination from the septic 
disposal system. The studies should include the shoreline 
area an appropriate distance north and south of the plant, 
and should be designed so that thermal plume effects can · 
be correlated with the factors of the environment being 
studied." ( Connnents, p. 18.) 

RESPONSE: Plankton studies have been included in the aquatic eco-

logical monitoring program to determine the effects of entrainment. They 

include monthly intake and discharge samples of plankton, with analyses to 

estimate zooplankton mortality and changes in primary productivity. 

Detailed analysis of zooplankton and phytoplankton from ten sampling 

stations will be made f'or four separate sampling periods. Quantitative 

evaluation of' plankton volumes will be determined at the same time f'or 

the 31 preoperational survey stations. These data, together with the in-

take and discharge samples, will provide a more direct measure of the 

significance of' plant effects on plankton regeneration than would any 

attempt to examine "egg ratios." 

In addition to the continuation of the preoperational fish sampling 

program, all of' the various stages of' f'ish lif'e will be sampled by means 

of monthly trawling and seining during all seasons of the year. 

Periodic attempts will be ma.de to sample fish larvae in the influence 

of' the plant d.isc::harge, and various surveys will be scheduled to detect 

direct effects of chlorination on aquatic life. Direct observations of 

fish behavior will be ma.de during chlorination. 
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RESPONSE: (Contd) 

It would be impractical to ~ttempt to judge the performance of the 

septic disposal system by shoreline monitoring of E. Coli. Existing 

levels and variability of E. Coli'in Lake Michigal! wOuld mask a.ny p(>ssi­

ble effects from the plant system, the location of whfch is considered 

highly suitable :tor subsurface disposal systems of its size. 
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II. EN\TIB.O~ PROTECTION AGENCY (Contd) 

CO:MMENT: "The discussion of the waste treatment alternatives should be 
expanded' to include possible means of • , • ·• 1treatment of the 
laundry waste to condition themf'or treatment by deminerali-

. zation a;nd/or evaporation (such as by charcoal beds, anti-· 
foaming additives, etc.) •.•• The discussion of possible 
mea;ns for treating ..• the·laundry waste should be.expanded 
to include greater detail of the processes, expected results, 
and costs." (Comments, p. 19. ) 

RESPONsE: The Applicant will continue to investigate alternatives 
I 

for treatment of .laundry waste to reduce radioactive liquid discharge. 

In..J:estigation to date has shown that it is not feasible to deminer­

alize or .. evaporate laundry waste. utilizing an off-site laundry service 

would reduce the discharge from the Palisades Plant, but would in all 

likelihood merely transfer the environmental impact to another location. 

Treatment of the laundry waste by high-efficiency filtration is 

being investigated. A reverse osmosis filtration device is in the de-

velopment stage. The Applicant will consider. utilization of such a 

device if one of sufficient size and efficiency becomes commercially 

available. 
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R. C. Youngdahl 
Senior Vice President 

c~ns~mers 
PO~J®r 
company· 

General Offices: 21:2 West Michigan. Avenue, Jackson, Michigan 49!201 • Area Code 1517 788-015150 

Mq 12, 1972 

AEC OOCKET NO. 50-255 - PALISADES PUNT 

Mr. R. C. DeYoung 
Assistant Director for Pressurized 

Water Reactors 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. c. 20545 

Dear Mr. DeYoung: 

We have .reviewed the comments submitted on May 2, 1972 
by the Michigan Department of Natural Resources relating to the 
Dra~ Detailed Statement for the Palisades Plant. 

Most of the·DNR comments concern matters already ade­
quately covered by the Dra~ Statement, or matters on which we 
have no :f'urther information to offer. 

Two items merit mention, however •. Item 2 on page 5 of 
the DNR comments recommends an evaluation of "sinking plume" 
effects. We· wish to point out that measurements of this nature 
are included as part of our environmental surveillance program. 

Item 3 of the recommendations is based on a miscon­
ception regarding our intake design. The recirculating water 
line does not extend out into the Lake to the intake crib. Rather, 
the recirculation line pumps water from the discharge structure 
to the forebay at the Plant intake structure on the shoreline. 

Thank you for the opportunity to respond to the .DNR comments. 

Yours very truly, 

RCY/bbm 
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Staplten H. Howell 
Encutirt MMtaort of El«:tric /'IMll Projects 

comm mars 
Power 
company 

General Offices: !212 we&! Mietn;8n Avenue, Jackson, Michigan 4Q201 • Area Code '517 788-oe~ 

May 19, 1972 

AEC IX>CKET NO. 50-255 - PALISADES PIANT 

Mr. Daniel R. Muller, Assistant Director 
For Environmental Projects 

Directorate of Licensing 
u. s. Atomic Energy Commisuion 
Washington, D. C. 20545 

Dear Mr. Muller: 

We have r~ceived and reviewed the May 4, 1972 canments of the 
Michigan Department of He~lth (Division of Radiological Health) on the 
~ Draft Detailed Statement for the Palisades Plant. ' · 

In our May 3, 1972 responses to agency comments, we covered 
the subjects of the· four Health.Departu)ent comments. We have two · 
specific ccmnnents to add respecting Health Department canmen.ts 3 and 4. 

In comment 3, it is recommended that contaminated clothing be 
disposed of offsite as solid waste instead of being laundered. This is 
of course feasible. For most operator !'unctions, but not for maintenance· 
functions, experience at Big Rock Point has shown that it is possible· to 
use paper clothing that is disposed. of after use. Regular protective. 
clothing must be used for maintenance, however. On the basis of Big 
Rock Point experience, we estimate that the cost of disposing of all 
protective clothing rather than laundering it would be on the order of 
$40-50,000 per year at Palisades, including the cost of the clothing. 
Since radioactive effluent from laundry waste will meet proposed Appen­
dix I to 10 CFR Part 50, we do not believe that there is a benefit to be 
gained which would warrant this cost. As noted in our prior ~omments,. 
we are continuing to investigate ~ther alternatives for reducing laundry 
waste radioactivity. 

In response to the cooling tawer reference in comment 4, we 
would like to supplement our May 3 response (pp. 10-ll) by emphasizing 
that no tritiuni of plant origin will be added to the condenser cooling 
water cycle under either normal or abnormal operation. 

Yours very truly, 

sHH/bbm 

' 
·l 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20201 

Mr. Lester· Rogers, Director 
Division of Radiological and 

Environmental Protection 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Rogers: 

This is in response to your letter of March 3, 1972, wherein 
you requested comm·ents on the draft environmental impact 
statement for the Palisades Nuclear Generating Plant, Con­
sumers Power Company, Inc. 

1his Department has reviewed the health aspects of the 
above project as presented in the documents submitted. We 
offer no comments. ~ 

The opportunity to review this draft environmental impact 
statement is appreciated. 

Sincerely yours, 

50-255 

4,,A'A-.. /[,' 44-£.. <. 
Merlin K. DuVal, M.D. 
Assistant Secretary for 

Health and Scientific Affairs 
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