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SUMMARY AND CONCLUSIONS

This Draf t Environmental' Statement was prepared by the U. S. Atomic
Energy Commission, Directorate of Licensing.

1. This action is administrative.
J

2. The proposed actions are the continuation of Construction Permit
No. CPPR-80 and the issuance of an operating license to the Toledo
Edison Company and the Cleveland Electric Illuminating Company for
the start-up and operation of the Davis-Besse Nuclear Power Station
located near Port Clinton in Ottawa County, Ohio (Docket No. 50-346).

The Station will us'e a pressurized water reactor (PWR) to produce
about 2633 megawatts thermal CHWt) to generate a net electrical
output of 872 megawatts electrical CHWe). The Station may be
capable of an ultimate output of 2722 MWt (906 MWe). The turbine
steam condenser will be cooled by water circulated through a single
hyperbolic natural-draft cooling tower. Makeup water for the
coolihg tower will be taken from Lake Erie.

3. Summary of environmental impacts and beneficial and adverse effects:

a. The total site area is 954 acres of which 150 acres have been
removed from production of grain crops,and converted to in-

i dustrial use. Approximately 600 acres ~of the area is marshland
which will be maintained as a wildlife refuge.

b. There will be a temporary disturbance of the lake shore and
lake bottom during construction of the Station water intake
and discharge pipes and the temporary barge channel.

Because of the location of the Station in a migratory birdc.
flyway and close proximity to bird refuges, there is a
possibility of occasional occurrences in which birds are
killed by flying into the cooling tower structure.

d. The cooling tower blowdown and service water which the Station
discharges to Lake Erie, via a submerged jet, will be heated no
more than 20*7 above the ambient lake water temperature. The,

thermal plume resulting from the maximum thermal discharge is
calculated to have an area of less than one acre within the
3*F isotherm (above lake ambient).

There may be levels of residual chlorine in axcess of 0.1 ppme.
close to the Station discharge jet during the daily periodic
chlorinations of the cooling tower circulating water.

!
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f. The Station's natural-draft cooling tower will have a visual
impact on the surrounding areas. There is a possibility that
the cooling tower may augment natural fog within several
miles of the Station - particularly in the winter months.
Slightly increased local snowfall close to the Station may
result from the cooling tower plume in winter.

g. A total of 101 miles of transmission lines are being constructed,
primarily over existing farmland, requiring about 1800 acres
of land for the rights-of-way. Herbicides will not be used to
maintain the rights-of-way.

h. It is calculated that the Station may discharge approximately
5 curies per year of mixed isotopes in liquid wastes and 1000
curies per year of tritium to Lake Erie. Approximately 3000
curies per year of gaseous radioactive wastes may be discharged
to the atmosphere. A very low probability of accidental
radiation exposure to the public will result from Station
operation.

1. The Station will provide 6.1 billion kilowatt hours per year
(at an average capacity factor of 80%) of the additional elec-
trical power forecast to be required due to the continuing
increases in population and industrial development in the
region. An increase in the local economy will result from
Station operation and the additional taxes should benefit the
State and local governments.

j. The meteorological, hydrological, biological and radiological
monitoring programs initiated for the Station's vicinity will
provide data on the impact of the plant and be of interest to
the scientific en==nnity, particularly in regard to the ecology
of Lake Erie.

4. The principal alternatives considered are:

a. Alternative fuels
b. Alternative sites
c. Purchase of power

; d. Alternative cooling systems
j e. Auxiliary cooling for service water and blowdown effluent
:

I 5. The following 7ederal, State and local agencies have been requested
to comment on this Draft Environmental Statement

,
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Advisory Council on Historic Preservation
' Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce
Department of Health, Education and Welfare
Department of Housing and Urban Development
Department of the Interior
Department of Transportation
Environmental Protection Agency
Federal Power Commission
Governor of the State of Ohio
Ohio Department of Development
Ohio Environmental Protection Agency
Ohio Department of Health
Ohio Department of Industrial Development
Ohio Department of Natural Resources

6. This Draft Environmental Statement was made available to the public,
to the Council on Environmental Quality, and to the agencies noted
above in November 1972.

7. On the basis of the analysis and evaluation set forth in this State-
ment, after weighing the environmental, economic, technical, and
other benefits of the Davis-Besse Nuclear Power Station against the
environmental costs and considering the available alternatives, it;

is concluded, from the standpoint of environmental effects, that
the actions called for are the continuation of Construction Permit
No. CPPR-80 and the issuance of an operating license authorizing
operation of the facility, subject to the following conditions for
the protection of the enviressent:

The development of a comprehensive, preoperational environmentala.
monitoring program to establish an adequate baseline for the
Station. This program should be submitted for Regulatory
approval within 90 days after issuance of the Final Environ-
mental Statement.

b. Regulatory approved radiological and non-radiological Technical
Specifications shall be prepared prior to the issuance of the

* operating license covering, but not limited to, the following:

(1) The definition of comprehensive environmental monitoring
programs which is to include a program to detect changes
in the flora and fauna in the vicinity, due to operation
of the cooling tover.

|
.
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(2) The development of a program to record any kills due to
birds hitting the cooling tower and other Station structures.
Emphasis should be placed on observations during adverse
weather conditions and during the spring and fall migra-
tory seasons. The program should start as soon as the
cooling tower reaches its full height, and should also
explore methods for reducing the problem in the event
that large numbers of birds are killed.

(3) The development of a program to periodically monitor the
numbers, size, and species of fishes trapped on the traveling,

screens. Plankton contained in the intake water should
also be monitored.

(4) Monitoring of the total residual chlorine concentration
in the Station effluent during and Lamediately following
chlorination. If this concentration exceeds 0.1 ppm,
the Applicant should take all practical measures to reduce
it below this value. Should these efforts fail, the appli-
cant should determine the extent of the zone in the lake
within which the total residual chlorine concentration
exceeds the EPA recommended criteria. The Environmental
Technical Specifications for the Station will further
describe the procedures to be followed in this situation,

c. If harmful effects or evidence of irreversible damage are
detected by the monitoring programs, the Applicant will provide
to the Staff an analysis of the problem and plan of action to
be taken to eliminate or significantly reduce the detrimental
effects or damage.

.
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FOREWORD
4

This draf t statement on environmental considerations associated with
the proposed continuation of Construction Permit No. CPPR-80 and the I

,

issuance of an operating license for the Davis-Besse Nuclear Power
|

Station (Docket No. 50-346) was prepared by the U. S. Atomic Energy 1
Commission, Directorate of Licensing (Staff) in accordance with the
Commission's regulation,10 CFR Part 50, Appendix D, implementing the'

requirements of the National Environmental Policy Act of 1969 (NEPA).
.

!
The National Environmental Policy Act of 1969 states, among other
things, that it is the continuing responsibility of the Federal
Government to use all practicable means, consistent with other )

;essential considerations of national policy, to improve and coordinate;

'
1

Federal plans, functions, programs, and resources to the end that the '

Nation may:
;

j Fulfill the responsibilities of each generation as trustee-

; of the environment for succeeding generations.
j

Assure for all Americans safe, healthful, productive, and+

i

aesthetically and culturally pleasing surroundings.
-

Attain the widest range of beneficial uses of the environ--

ment without degradation, risk to health or safety, or other
undesirable and unintended consequences.

Preserve important historic, cultural, and natural aspects*

of our national heritage, and maintain, wherever possible,
an environment which supports diversity and variety of
individual choice.,

Achieve a balance between population and resource use which-

will permit high standards of living and a wide sharing of
life's amenities.

i
Enhance the quality of renewable resources and approach the-

maximum attainable recycling of depletable resources.
4

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

(1) The environmental impact of the proposed action,

__
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(111 any aditerse environmental effecte which_ cannot ha avoided
should the proposal Ea implemented,

(1111 alternattyes to the proposed action,

Civl tha relations 2ip Eetween local sEortdezaamses of man's environ,
ment and the maintenance and enhancement of long* term
productivity, and

(yl any irreversiEle and irretrievaEle commitmente of resources
which.would Ee involved in the proposed action should it Se
implemented.

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

When application la made for a construction permit or a full power,

operating license, the applicant submits an environmental report to
the AEC. The staff evaluates this report and may seek further
"information front the applicant, as well as other sources, in ==hing
an independent assessment of the considerations specified in
Section 102(2)(C) of IMPA and Appendix D of 10 CFR Part 50. This
evaluation leads to the publication of a draft environmental state-
ment, prepared by the Directorate of Licensing, which is then
circulated to Federal, State and local governmental agencies for
comment. Interested persons are also invited to comment on the draft
statement. *'

After receipt and consideration of canumants on the draft statement,
the staff prepares a final environmental statement, which includes a
discussion of problems and objections raised by the coimeents and the
disposition thereof; a final cost-benefit analysis which considers

i and balances the environmental effects of the facility and the
alternatives available for reducirg or avoiding adverse environmental
effects, as well as the environmental economic, technical, and other
benefits of the facility; and a conclusion as to whether, after
weighing the environmental, economic, technical and other benefits
against environmental costs and considering availaEle alternatives the
action called for is the fawnance or denial of the proposed license
or its appropriate conditioning to protect environmental values.

Ih addition, in a proceeding such. as this which is suEject to Section
K of Appendix D of 10 CFR Part 50, the final detailed statement

.

1
>
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includes a conclusion as to whether, after weighing 1!he environmental,
economic, technical and other henefits against environmental costs
and considering ayatlaEla alternatiyer, tHa action called for as
regards the previonely tiemned construction permit iir the continuation,
modification or tatm hation of tea permtt or its appropriate
conditioning to protect environmental values.

Single copies of this statement map He oEtained Er writing the
Deputy Director for Reactor Projects, Directorata of Licensing,1

t U. S. Atomic Energy Commission, Washington, D. C. 20545.

R. G. hat is the AEC Environmental Project 11anager for this state-
ment. 0 01-973-7731)

,

,
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1. DfTRODUCTIJO

1.1 STATEE OF PROJECT

h Toledo Edison C1mpany CEEC1 and the Cleyeland Electric Illuminating
Company (CEICL are Sots.priyately owned pnSlic utility companies engaged
in supplying electrical energy to the public. Tliese two companies,
hereafter referred to as tHe Applicant, will jointly own the Davis-Besse
Nuclear Power Station (the Stationi as tenants in common, with TEC having
a 52.5% share of ownersfiip and CEIC owning t!ia remaining 47.5%. TEC is
respons1Ble for the design, construction and operation of the Station.
Botb. companies are 1aem5ers of the Central Area Power Coordination Group
(CAPCO), a group of four electric utilities in Ohio and Pennsylvania
that pool their generating and transmission capaSilities, to Benefit
from the economy and increased reliability of large-scale operation.
Currently, CAPCO has an installed generating capacity of aSout 11,000
megawatts electric QWe). h Davis-Hesse Station is the fourth.
generating facility constructed under the CAPCO group agreement.

The Station is being constructed on 56 acres of a 954-acre tract,
located in northwestern Ohio on the shore of Lake Erie in Ottawa County,
about 21 miles east of Toledo, Ohio. The site terrain is relatively
flat and contains about 600 acres of inarshland, the remainder being, or
having been, marginal farmland. The site has a 7500-foot frontage on
Lake Erie, and is generally only slightly higher than the normal lake
water level.

The Station will have a net electrical capacity of 872 NK and will
utilize a pressurized water reactor GNR1 supplied by the Babcock &
Wilcox Company. Most of the heat from the turbine steam condenser will

!

be dissipated to the atmosphere by means of a natural-draf t cooling '

tower, 490 feet high and 415 feet in diameter. Water for the Station
will be drawn from Lake Erie via a submerged intake crib and a pipe

1

buried under the lake bottom. Construction at the Station is now
about 30% complete and the current schedule calls for start up by
fall 1974

On August 1,1969, the applicant filed for all necessary AEC licenses
to construct and operate the Station. On Septenher 10, 1970, an AEC
exemption vaa granted allowing the applicant to do 6alow grade work.
Lafore imanance of the conatraction pezmit. & Advisory Cammittee on
Reactor Safeguarda (ACRS1 reported fayoraEly on the application on
August 20, 1970, and the AEC completed the construction permit review
and issued its formal Shfety Evaluation Report on Novem5er 2,1970.
h const.ruction permit stage puSlic hearing Before an Atomic Safety!

1 |

|

|
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and Licensing Board (ASLB) was held on December 8-10, 1970. This
hearing was contested and subsequent sessions were held, with the
final one finishing on February 12, 1971. A favorable decision was
reached by the ASLB on March 23, 1971, and Construction Pennit No.
CPPR-80 was issued by the AEC on March 24, 1971. The operating
license application has not been filed yet.

As required by the Commission's implementation of the National
Environmental Policy Act (NEPA) outlined in 10 CFR 50, Appendix D,
an Environmental Report (ER) was submitted on Aug. 3,1970. On
November 5, 1971, the applicant submitted a two-volume Environmental
Report Supplement as required under the amendments to 10 CFR 50.
The applicant has sent copies of the ER and Supplement to various
state agencies. The Commission has received consnents on the ER from
a number of Federal Agencies.1

1.2 SITE SELECTION

When the applicant began to seek a site for the Station, an option was
acquired on an established privately owned game marsh (Darby Marsh)
east of the present site, closer to Port Clinton. At the time, the,

, U. S. Bureau of Sport Fisheries and Wildlife had recently acquired
| what is mostly the principal part of the marsh area of the present

site, for development as a National Wildlife Refuge (Navarre Marsh).3

! In order to provide a larger exclusion area for the Station (largely
, by acquisition of adjacent land, not owned by the Bureau, and available
j without relocation of the State highway) and to locate farther from

Port Clinton, it was arranged to exchange the properties, but with a
provision that the Bureau would have management under a long-tena
lease of the unused marsh areas at the Station as a wildlife refuge.
The net result was the addition of over 600 acres to the area under
, Bureau management.

Three sites had previously been considered and rejected by the appli-i

| cant. These were: -(1) Bayshore where the applicant already has a
fossil-fuel station (too close to Toledo for a nuclear station);
(2) Darby Marsh (too close to Port Clinton for a nuclear station),
which was exchanged for the present site, and (3) Erie Industrial
Park (congested area not enough land available).

From the Applicant's point of view, the present site is acceptable for
a nuclear station for a number *of reasons: (1) the site is far enough from
population centers to satisfy 10 CFR 100 siting requirements; (2) there is
a readily available, steady supply of water - Lake Erie; (3) the site has

. acceptable geological and hydrological features for a nuclear station;

_ _ _ _ _ .__
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(4) the location in the applicant's service territory is favorable with
respect to the load centers; and (5) the site is readily accessible
by water, road, and rail transportation.

There are no nearby sources of major air and water pollution since
the surrounding area is predominantly rural and recreational.

Rather extensive contact has been made with local citizens, primarily
by means of newspaper articles and information booklets. The Ottawa
County Planning Commission was consulted and informed of the applicant's
plans to use the present site.

1.3 STATUS OF APPLICATIONS AND APPROVALS

The following is a history of the required federal, state, and local
permits that have been applied for by the applicant and which have
either been received or are pending:

1.3.1 Federal

Permit Status

a. U. S. Atomic Energ; Commission Con- Received on March 24, 1971
struction Permit No. CPPR-80.

b. Army Corps of Engineers- permit for Received on Aug 4, 1972
dredging a temporary barge channel

c. Army Corps of Engineers permit to dpplication filed on Aug 3,
construct offshore facilities 1972
(submerged water intake, intake
pipe, discharge pipe, and rockfills)
under the Rivers and Harbors Act
of 1899,

d. Army Corps of Engineers Permit for Application filed on Aug 3,
discharge of plant effluent to 1972
Lakg Erie under the Refuse Act
of 1899.

e. Federal Aviation Administration Received May 21, 1970
approval for station (without
cooling tower)

-

(

|

_ _ . _ _
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:

f. Federal Aviation Wntatration Received Augnat 11, 1971
approval for cooling tower,

1.3. 2 Stata of Ohio

a. Ohio Department of Ihdustrial Recelyed.0ctoHer 20, 1970
Relatione approval of plans and
specifications and Building permit.

' b. Ohio Department of IfealtE. permit Received NovemEer 9,1971
for pota51e water supply to Se w.d
during construction period,

Ohic Department of Health. permit Received June 21, 1971c.

for sewage treatment plant for con-
struction period, and also for
completed station.

d. Ohio Department of Health. permit Received July 27, 1971
for installation of huilding sani-
tary and drain systems.

Ohio Department of Health approval Submitted August 1972e.
of plans for treatment of wastes

f.. State Water Quality Certification. Received March 21, 1972

g. Ohio Tutupike Cennission permit Received
for turnpike crossing with trans-
mission line.

h. Ohio State Highway Department Received
permits for transmission line

crossings of state highways.

1. State Department of Highways Received
permits for grade crossing of
state highways for railroad spur.

; 1.3.3 Local

a. Ottawa County Suilding pexmit. Received October 14, 1970

; h. Ottawa County Engineer permite Received
1 for grada crossings of roade and
i highways for railroad spur.

. _ _ _ - _ _ _ _ -_ -
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c. City of Oregon huilding permit and Receiyed
certificate of ocenpancy for trans-
31ssion linea.

1.J.4 PnElic Hearings

a. Atomic Safety and Licensing Board Cm==anced 1)ecenEer 8,1970 -
(ASLK1 Construction permit hearings finisfied TeEruary 12, 1971

5. Ohio trater Pollutica Control Board July 28 & 29,1971
hearing.

l

c. Atomic Safety and Licensing Kaard liay 24,1972
J

.

(ASLB) hearings as to whether the ,

construction of Davis 4 esse should |

be suspended until the final NEPA
review.

d. Atomic Safety and Licensing Board July 7 & 8, 1972
(ASLB) hearing regened to receive
additional evidence relating to
environmental effects that may occur i

subsequent to NEPA review and I

relating to environmental effects
of operation of the plant.

1

e

_ _
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REFERENCE

1. Detailed Statement on tha Envirommental Considerations.hy the
Division of Reactor Licensing U.S'. Atomic Energy Commtasion
Related to the Proposed Construction of Davis-Hasse Nuclear
Power Station Ey tHa Toledo Edison Company and tHe Cleveland
Electric Illuminating Ccapany, Nov 20, 1970.
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2. TIK;STE

The Davis-Hesse site in- located in Ottawa County, OEio, on tee southe
west shore of Lake Erie, abast 21 miles- east of Toledo. ~This section
of Ohio, Sordering Lake Krta from Toledo to Port Clinton, is flat and
marshp with., mar +=r= elevations- only a few feet aEove the lake level,
and is quite sparsely populated. The area was originally swamp forest
and 1marshland, rich in wildlife Eat useless for settlement and farming.
During the 19th century the land was cleared and drained, and Eas
since been farmed quite successfully. Crowing awareness of the commer+-

cial value of the marsh wildlife, particularly the muskrat, and of the
,

economic Benefits to Se derived from wildfowl hunting, led to the !

beginnings of marsh management early in this century, and resulted in j
the restoration and preservation of some marsh areas. Today the |

terrain consists of farmland witimarshes extending in same places as |
far as two miles inland from the sandy lakeshore ridge. %)re than ]
half the site area is marshland.

Although the farmland portion of the site is marginal, the marshes are ]part of a valuable ecological resource, providing Breeding grounds for 1

a variety of wildlife and a refuge for migratory wildfowl. Extensive
nearby areas are now devoted to state and national wildlife refuges,
public recreation areas and private hunting preserves. There are
some residences along the lakeshore used mainly as summer homes, but
the major resort ares of the County is farther east, around Port
Clinton, Sandusky, and the group of islands known as Put-in-Bay.

2.1 SITE LOCATION

Figure 2.1 is a map showing the location of the site with respect to
nearby population centers, transportation facilities, and natural
features. Fig. 2.2 is a local map showing the location of the site,
nearby roads, railroads, conservation and recreation areas. Tig. 2.3
is an aerial photograph, taken early in construction, showing the
site boundaries and marsh areas. Fig. 2.4 is a site plan showing the
land acquisitions and futura disposition of the various areas.

|

IThe 954-acre site is lecated in Carrol). Township, Ottawa County, just
north. of the month. of tHa Tonessint River and has a Lake Erie frontage

of 7,250 feet. The coordinates of the cooling tower, aa supplied 57
_

the federal Aytation Aantntatration, are 41? 35' 57" N and 83' 05'
28" 10. The nearest population centers are Toledo, 21 miles WNW, and |

!
|

|

|

[

!
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Sandusky, 21. miles SE, of the site. h nearest incorporated communi-
ties are Port Clinton, 7 miles SE, Oak _Earhor, 6 miles SF, and Rocky |

Ridge 7 milee 1ESIC of tha site. h re are groups of cottager known i
as Sand Eeach and Long Beach, used mainly during the sinseer months, |along the lakeshore from-ten nortfiern Eocadary of tHa rite to Locust
Point, aSont 2 milee to tha nortfiwest. Beyond Locust Point is the

{

,

nearest puSlic recreational area, Crane Creek State Park, h western )
,

boundary of the site is Ohio Route 2, a two-lane paved fiighway at this
point, and there in another group of cottages close to efie southwest
corner of tfie site, wiiere this Eigliway crosses t!ie Toussaint River.

h site includes a tract known as Navarre Marsh 024 acreal, mainly
marshland, But including some gland where the main station structures
are Being Suilt. This tract was acquired from the V.S'. Koreau of Sport
Fisheries and Wildlife, Department of Interior, in exchange for a
similar marshland tract of aSout the same size known as Dar5y Marsh,
on which the applicant had an option. Darby Marsh is aBout 5 miles
southeast, close to the western limits of the City of Port Clinton.
A Memorandum of Uaderstanding was signed on October 4, 1967, and a
binding agreement was accepted by the U. S. Government on January 30,
1968. Under the terms of this agreement the applicant undertook to
lease Back to the Bureau the unused portions (447 acresl of the,

3 original Navarre Tract. A 50-year lease was signed on November 1,
i 1968.

,

h remainder of the site was acquired from private owners in 13 parcels
between Deceder 1967 and July 1970. These acquisitions included 7
residences, and displaced a total of 25 people. A 135-acre marsh area,
previously in private ownership, will be leased to the Bureau for 25
years. This lease agreement has not yet been signed. In addition,
the Eureau has been given management of a further 33 acres of marshe
land without formal lease. h se agreements will give the Bureau
management of the entire marsh area of the site, with the exception
of 24 acres used for the construction of the intake canal.

'

Under the terms of the agreements with the Bureau, the applicant has
constructed an earthen dike along the northern boundary of the property
to separate the site from the adjoining privately owned marsh, and to
provide seasonal water leyel control for.hetter management of the marsh
an a wildlifa refuga. Stailar wanrea are employed in the other 7ederal
and Stata refugea in ten area.

h 954 acree of trie site property include a drainage canal right-of-way
to the Toussaint River near its point of discharge into Lake Erie. This
canal carrier storm water fram the site, and, as a temporary measure,

. . .
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t

groundwater pumped fram tha excavations during construction. In March
1971 the Applicant purchased the remaining property hatween the
southern site houndary and tha river, a total of 188 acres, to prevent
further development close to tha site boundary and as further protec-
tion for tha wildlife EaEitat. This-tract is not part of tea site
proper, and it leased to a private concern for wildfowl hunting.,

Of the property retained by the applicant, a total of 339 acras, tha
graded and fenced Station area will occupy 56 acres. At present a,

further 46 acres are occupied By Horrow pite and a quarry from which.
fill and crushed rock have Eeen oEtained during construction. When
paping of water from the azcavations is discontinued, these will fill
with water to form ponds,

h Station Buildings w111 5e about 3000 feet from the lakeshore, and
at least 2400 feet from any point on the site Boundary. N various
areas described above are shown in Fig. 2.4.

2.2 DEMDGRAPHY AND LAND USE

2.2.1 Residential
" h area is sparsely populated; Ottawa County Ccounty seat - Port

Clinton) had a population of 35,323 in 1960, and this had increased to
37,099 by 1970 - an average population density of 146 persons per square
mile. h population increased usinly in the western townships closest
to the Toledo metropolitan area and in the resort areas around and to
the east of Pore Clinton, including the island commeanities of Put-in-

3 Bay Township. me population of the rural townships in the middle of
the county remained nearly stable or declined slightly in this ten-year
period. Carroll Township, in which the site is situated, has the lowest
population density of all the townships in the county (about 37 persons
per square mile in 1970) and its populatiou is declining, as shown in
Table 2.1.

Toledo and Sandusky. both about 21 miles from the site, had populations
of 383,818 and 32,674, respectively, in 1970. 7remont, 17 miles south
of the site, had a 1970 population of 18,490.

hre are no incorporated c-mities in Carroll Township, or within 5 l

miles of the site, and there are only three communities within 101 miles: |
Port Clinton, Oak. Earhor, and Rocky Ridge. Past population trends and I

lprojectiona .for tha 8 incorporated conoimities in Ottawa County are j
glyan in TaEle 2.2 '

i

. . ._ - ._ - . . _ - , _ , , . - . . _ _ . . _ . .- ..,v----



. .

*
;

2-8

-
,

TABLE 2.1. Population and Projections for. Ottawa County by Townshipsl

Population
Population (Census) (Projected)

Township 1940 1950 1960 1970 1980 1990,

|

Allen 2,196 2,563 2,755 2,829 3,000 3,500
4

; Bay 552 1,432 1,716 1,798' 1,950 2,250

Benton 1,977 2,116 2,366 2,340 2,400 2,750,

Carroll 1,336 1,519 1,570 1,355 1,350 1,350

Catawba Is. 462 780 1,769 2,882 4,000 4,900

! Clay 2,638 3,278 4,331 4,918 5,700 6,700
' Danbury 2,483 3,222 3,526 3,760 4,100 4,800

3 Erie 835 1,143 1,566 1,470 1,500 1,000
i

Harris 2,067 2,273 2,675 2,784 3,000 3,400,

Portage 6,113 7,013 8,111 7,948 8,200 9,300

Put-in-Bay 609 598 462 507 600 650

Salem 3,092 3,530 4,476 4,508 4,700 5,400
,

1 --

County Total 24,630 29,469 35,233 37,099 40,500 46,600

1

6

,

|

|

|
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TABLE 2.2 Populations and Projections for Incorporated Communities '

lin Ottawa County

Population
Distance Population (Census) (Projected)

(miles) and
Community Direction 1940 1950 19 60 1970 - 1980 1990

Clay Center 14 W * 590 446 370 390 410

Elmore 13 SW 1,103 1,215 1,302 1,316 1,520 1,780

Genoa 15 WSW 1,455 1,723 1,957 2,139 2,800 3,290

Marblehead 14 ESE 915 867 858 726 1,100 1,290

Dak Harbor 6 SW 1,925 2,370 2,903 2,807 3,030 3,490 [

Port Clinton 7 SE 4,505 5,541 6,870 7,202 7,450 8,430

Put-in-Bay 14 WNW 202 191 357 135** 160** 180**

Rocky Ridge 7 WSW 275 358 441 385 650 950

*IncorporateW 1947.
** Notes The Planning Commission questions the 1970 census, figure for Put-in-Bay Villago, showing a

large decrease between 1960 and 1970, and suggests that the 1970 figure should be 351. The
Projections should be adjusted accordingly if this is so.
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In addition to the permanent residents in the vicinity of the site,
there is a small seasonal populatica in the cottages along the lakeshore
and on the Toussaint Riyer. h dakeshora cottages occupy tha ridge
between tha lake and thannarshes, and there is little space for further

5

development. Figures 2.5 and 2.6 show the estimated populations within
oneweila annu11 from 0 to 51 miles from tha site in winter and sunsmer,
respectively.2 ' Figure 2.7 statlarly snows the population distribution
within 501a11es of the site according to the 1970 census. m 0-5
mile estimates wera anade Sy the applicant in 1969 Sy counting resi-
dances and using an average num5er of persons per residence. Year-round
occupancy was deduced By inspection of electricity,neter records for
the summer and winter 1 months. hse estimates are proSaSly still valid,
since there has been no new construction and the local population is
declining.

2.2.2. Industrial Population and Land Use - Zoning

The only industries within 51 miles of the site are located in Erie
Industrial Park, about 4 miles southeast. Eis property was known as
the Erie Ordnance Depot until 1966 when the Army base was deactivated
and sold to the Ottawa County Comununity Developmen Corporation,
which in turn sold it to Uniroyal, Inc. , on a lease-purchase agreement.
Besides Uniroyal, several other industries lease property in the Park.
These companies, their product or service, and number of employees,
are listed in Table 2.3. The total employment in the Industrial Park
is about 850.

Zoning is a township and consnunity responsibility. At present, six of
, the twelve townships and six of the eight incorporated communities in'

Ottawa County have zoning ordinances, as shown in Fig. 2.8. In general,
the townships and conusunities with zoning ordinances are those with
increasing populations--the western townships closest to Toledo and the
resort areas around Port Clinton. The only zoning ordinance in the
three townships closest to the site (Carroll, Erie, Salem) is that in
the village of Oak Harbor.

The County's Zoning Study (197213 points out the desirability of zoning !in Carroll and Erie Townships to control industrial development which. '

may be attracted to the area by the presence of the Davis-Besse Station
)and its railroad link. to the Norfolk. and Western anain line. !

l2.2.3 Agricultural Land Vse '

h soil at the site is classified as the Toledo soil association group,
a silty-clay glacial laka seM=nt. This soil, which. predominates in

|

|
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TABLE 2.3, Companies in Erie Industrial Park
,

Company Employment.- Produr.t or Service
,

Uniroyal Inc. 300 Coated 7aSrics

UStD Services 250 Warehousing |

|

Wilson CaSinets 80 Kitchen Cabinets

Ame Packaging 60 Plastic Bottles

DV Displays 50 Display Material l

Snark Producta 50 Styrofoam Boats

Milan Steel 30 Steel Buildings

Day Transportation 12 Local Cartage

Cadillac Gage 8 Military Testing

Bolus Trucking 4 Trucking

_

!

|
|
I
'
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Ottawa County, haa poor drainage characteristics due to its impervious, I

clayer consistency, and artificial drainage is often difficult because i

I

of the low elevation above laka level." With. adequate drainage, however,
this soil can.5e higE17 productive. Diversified crops raised within ;

;
5 iniles of tHa site include corn, wfiaat, soyfieane, oats, hay, pumpkins,
sugar Beets, tomatoes, peaches, apples, and graper.

Detailed agricultural statistics are only availaSle on a county Basis.
h site is located centrally on the northern Soundary of Ottawa County,

- and practically all tha land within 101 miler of the site lies in this
county. Table 2.4 gives the1most recent statistica for the1 major cropss

grown in Ottawa County in terar of acreage and yield, and also as
percentages of the corresponding figures for the State of Ohio as a
whole. Table 2.5 shows num5ers of livestock in proportion to State
totals, and Table 2.6 shows cash receipts from other farm products6 on
a similar basis. For comparison, Ottawa County represents 0.63% of the
area of the State, and has 0.35% of the total State population. The
major agricultural activities in the County are the raising of soybeans,
wheat, oats, hay, fruit and vegetable crops. Livestock raising and
dairy farming are not major activities.

h nearest dairy cattle and fruit orchards to the site are shown in
Tables 2.7 and 2.'8, respectively.

2.2.4 Recreation and Conservation Areas

Mu'ch of the lakeshore and marshland between Toledo and Port Clinton is
' devoted to recreation and conservation, under State or Federal manage-

,

ment. These areas are shown in Fig. 2.2.

_ State Parks and Wildlife Areas
*

h State of Ohio, Department of Natural Resources, operates the follow-
ing areas within 10 miles of the site.

.

h Magee Marsh and ?urtle Creek areas lie between 3 and 6 miles north-
west of the site and' cover more than 2,000 acres. Magee Marsh is a
wildlife preserve with. a headquarters and visitor center north of Route
2, about 6 miles west of the site. h public is admitted for fishing,
nature study, and controlled hunting in season. Turtle Creek, a wooded
area at tha southern end of 1(agea ltarsh. offers Soating and fishing.
h annual attendance at these areas is estimated at 48,000, w1th a
peak. daily attendance of a5out 1,500.

.

wm- - - - -*__. - __ --
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5TABLE 2.4 Major Crops in Ottawa County,1971

Acreage Production Yield per Acre

Ottawa Ohio % of Ottawa Ohio % of Ottawa Ohio
Crop County State State' County State Unit State County State

Corn 15,000 3,526,000 0.43 1,050,000 313,814,000 Bu 0.33 70.0 89.0

Soybeans 41,800 2,494,000 1.68 1,223,000 76,067,000 Bu 1.62 29.5 30.5

Wheat 12,600 981,000 1.28 504,000 42,674,000 Bu 1.18 40.0 43.5
'

Oats t. ,900 520,000 0.94 377,000 34,840,000 Bu 1.08 77.0 67.0
YHay 13,700 1,570,000 0.87 37,700 3,180,000 Tons 1.19 2.75 2.03 y

a

_ _____2_____
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TABLE 2.5. Livestock in Ottawa County, January 1,19725
Giaadl

{

0ttawa County Ohio Staee %.of State

All cattle and calver 6,500 2,244,000 0.29

Milk. cows and halfere 1,500 444,000 0.34

that have calved

Hogs 5,900 2,611,000 0.23

TABLE 2.6. Casit Value (dollaral of Tara Products, Ottawa County,19706
__

Ottawa Ohio % of
County State State

i

Greenhouse & Nursery 64,000 50,481,000 1.27

Vegetables & Fruits * 2,751,000 84,420,000 1.27

Other Crops ** 1,114,000 34,173,000 3.26

Dairy Products 920,000 255,507,000 0.36

Poultry *** 742,000 89,193,000 0.83

Sheep & Wool 22,000 11,691,000 0.19

Other Livestock 15,000 8,055,000 0.19

* Includes fresh. market, processing and greenhouse vegetables, potatoes,
nuca and Herries.

**Includer Earley, rye, toSacco, sugar.5eets, maple products, seed
cropa, popcorn, forest products and h cellaneous crops.

***Includer Eroilere, farm-cliicRena, chicRen egge and turkeys.

__
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TABLE 2.7. Dairy cattle within 5 3 files of Site

Distance

Galleal Direction Head
.

2.5 RSW 65

3.5 SSV 52

4 E J5

TABLE 2.8. Fruit Orchards within 5 MJ.es of Site
|

Distance

Onilesl Direction Acres

1.5 WNif 6

1.5 S 19

2 S 3 |

2.5 WSW 80

3 WSW 10

3 S 7
4

1

3 SSE 20
'

3.5 S 20

4 SSW 22 |,

5 S 10

5.5 SSE 60

.

l |
,

'

|

L
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Crane Creek. StaracPark occuplea the 2 d/2 mile stretch. of lakeshore
adjacent to Magee Maish, a total area of 72 acres. It is a popular

-

picnicking, swf=f ng, and fishing area, and was used by about 230,000
visitors Setween July 1971 and June 1912. An average sunumer daily
attendanca is' estimated at 2,500, with_ a possiSla peaE of 5,000 on a
very hot day.J

ToussainteCreeksWtiditfa Area G36 acres], aEcut 41niles WSR of the

site, offers Boating,which pro 6aSly indicates a peak daily attendance
fishing and hunting. The annual 12se is estimated

at 5,220 user-days,
of between 100 and 200 people.

Federal Wildlife Refuges

The Wildlife Refuges operated By the U.S'. Department of the Interior,
Bureau of Sport Fisheries and Wildlife, are managed solely for the
conservation of wildlife with special emphasis on 1nigratory wildfowl,
and are not open to the public.

The Ottawa National Wildlife Refuge covers about 4,500 acres from 4 to
9 miles WNW of the site, imediately west of Magee Marsh. Darby

_

Marsh, and the unused portions of Navarre Marsh at the site, will be
managed as units of this National Refuge.

West Sister Island in Lake Erie, about 10 miles north of the Site, is
also a National Wildlife Refuge.

Private Hunting Marshes

The marsh areas imediately nortit and west of the site, and also to the
southeast between the site and the Erie Industrial Park, are privately
owned and are used by private and institutional hunting clu5s. During
the 1971 secson these marshes within 5 miles of the site were used by
about 300 hunters who killed about 1200 wildfowl.

Campgrounds

The only campground within 10. miles ta located about 2 miles southeast
of the site, south.of the Toussaint River. This campground, with.90
campsites, is operated hy Kampgrounds of America Inc. GDA), and is
open from May 15 through. 0ctober 15. It is reached from Route 2 via
county routa 223

There are no summer camps for children in t!u_ area.

,

1
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2.2.5 Hospitals, Schools, Elli, tarp Installationa

Hospitals

There are no hospitals within S miles of the site. The nearest hospitals
ara Magruder in Port Clinton with_134 Beds and Temorial in Fremont with
240 Seds.

Schools

The site is in the B'enton-Carroll-Salem S'chool District, and this is
the only District to Senefit from the increased tax Sase resulting
from the construction of the Station. The only school within 5 miles
of the site is Carroll Township Elementary, with a 1971 enrollment of
240, about 3-1/2 miles southwest. A 10-mile radius includes Erie
Township and the Port Clinton area of Portage Township, which are in
the City of Port Clinton School District. Enrollments for schools
within a 10-mile radius are given in TaSle 2.9 for the 1960-61 and
1970-71 school years. On a county-wide Basis, the Planning Commission

4Study indicates that the population in the 5-9 year age group
reached a minimum about 1970. This minimum will progress through the
school grades, reaching the high school grades about 1980, and the
total school enrollment is not expected to reach its 1970 value again
before 1985. A new high school (capacity 1200) is planned for the
Benton-Carroll-Salem District at Oak Harbor to reduce the present
class size. By using the existing building for a middle school (grades
6, 7, 8), the District should have ample capacity to accommodate the
projected increase in elementary school enrollment during the next 20
years.

Higher Educational Institutions

There are no colleges or technical institutes within 10 miles of the
site. Bowling Green University operates a branch at Fremont within a
1971-72 enrollment of 62 (full-time equivalent). The Ohio State
University operates a summer school at Put-in-Bay, which had a 1971
enrollment of 55. Outside the 20-mile radius, the nearest large campus
is The University of Toledo with. ahout 13,000 students, and there are
several small colleges and technical institutes in the Toledo metro-
politan area with. enrollments of less than 1,000 Howling Green
Uniyersity has a Branch. at Sandusky with. a 1971 enrollment of 433.

!
|

|

|

. - - - ,
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TAM.E 2.9. School Enrolbnents within 10.m11ea of Site
1961 and 19719

Enrolbaent

District Township School 1961 1971

Kanton Graytown El. 287 279

Benton. Benton Rocky Ridge El. 149 215

Carroll- Carroll Carroll El. 315 240

Salem Salem R.C, Waters El. 754 725

Salem Oak EarSor High 647 -809
.

Erie Erie El. 167 135
'

City of Portage Bataan El. 717 560
<

Pcrt Clinton Portage Jefferson El. 600 550

Portage Portage El. 351 335

Portcge Pcrt Clinton

Jr. High 600-

Portage Port Clinton Eigh 770 1,050,

.

1
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Military InstallarienseandeActivitiea-

Camp Perry, an Ohio National Guard training center is located 4,1/2
miles southaaat of the. site, adjacent to the Eria Indnatrial Park.
At present, about 200,0001aan. days-of week-end training are conducted
at Camp Perry per year, and this- training involves small arms firing
into a restricted area of Laka Erie. Camp Perry is also -tha site of
the National Rifle Competition, held in August eacB year, with. an
attendance of about 1,000 persons.

Af ter the deactiyation of the Erie Ordnance Depot, ordnance test firing
was continued By the Jet and Ordnance Division of TR1ir Inc. This
Company has now left the Industrial Park, and the small amount of
testing which. still continues is carried out By tfie Cadillac Gage
Company. These tests involve automatic weapons and1aortarr, the
mari == caliber shall being 120 lun. An estimate By an official of
the Company was that about 50,000 rounds of anachine gun and 100
rounds of mortar shells are fired annually, in testing sessions on
Tuesdays and Thursdays. The restricted areas used by Camp Perry and
the Cadillac Gage Co. are designated as Areas I and II on the U.S.
Department of Consmarce navigational maps of Lake Erie, and as
restricted area R-5502 by the Federal Aviation Administration.

2.2.6 Transportation

Highways

Ohio State Route 2, which forms the western boundary of the site,
follows the lakeshore from Toledo to Cleveland.' At the site, it is a
2-lane paved highway, but farther east it has been widened to form a
4-lane restricted-access bypass around Port Clinton and Sandusky. The

4Ottawa County Planning Conunission's Development Plan calls for the
extension of this 4-lane section westward towards Toledo, as a
restricted-access highway passing about 3 miles south of the site.
The Ohio Turnpike passes about 13 miles south of the site, with an
interchange at Fremont for Port Clinton.

Railroads <

|

The Penn-Central and Norfolk & Western Railroads both_ pass through. Oak
Harhor, about 6 Jailea southwest of the site. To facilitate delivery
of materials to the site, the applicant has constructed. a 7-1/21 nile,

railroad extension to the Norfolk and Western 1nain line, joining the

railroad about 5 aniler northwest of the Oak IrarSor. The route of
this extension was chosen to follow a transmission right-of-way.

|
- . . . . _ . __-
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Airports

h nearest major airport is Toledo Express, with_ an 8700 foot runway,
ecuthwest of Toledo and about 36 Mes wast of the site. ~ Smaller air-
ports wit 5in 2tlMes- of the site are shown in Ta51e 2.10. The Federal
Airway designated 7432 taEea a southeasterly course.from Toledo and
passes- about 7 inilee southwest of the Site. The airspace over Lake
Erie in the vicinity of the Site is restricted Carea R-55021 Secause
of firing activities from Camp Perry and the Erie Industrial Park.
(See Section 2.2.51,

2.3 HISTORIC <ANFNATURAL' LANDMARKS'

The nearest National Monument is the Perry's Tictory and International
Peace Memorial Monument on South. Bass Island, Put-in-Hay,14 Mles east
of the site. Also included in the National Register of Historic Places
is the Jay Cooke Home on Gibraltar Island, Put-in-Hay.

The nearest natural landmark is Glacial Grooves State Memorial, about
20 miles east of the site, on Kelley's Island, in Erie Coc2ty, off
Marblehead.

According to the Ohio Historical Society, consulted by the applicant,
there are no known deposits of archaeological or geological interest onthe site.

2.4 GEOLOGY

A generalized geologic section taken from excavation at the site is
shown in Fig. 2. 9.6 The sequence consists broadly of glacial deposits
over Siluric.n dolomitic bedrock, but the stratigraphy is somewhat
more complex.

Organic deposits 2 to 3 feet deep in the marshes, and wave-deposited
sands along the lakefront cover two primary glacial strata. The glacial
sediments - an upper glaciolacustrine and a lower till - were deposited
about 10,000 years ago during fluctuations in the water levels of Lake
Erie, between the Carey Port Huron interval and the Valders substage.
These sediments are composed of silty clays which have a low
permeability.

The Silurian bedrock. strata Crymochtet and Greenfield Formationsl extend
J000 to 5000 feet under the glacial deposits. These horizontally bedded
sedbeentary rocks slope east to west. Lithologically, they are classed
as pervious argillaceour dolomites witfi. sfiale partings and variaSle

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .
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TABLE 2,10. Airports within 20.a11es of. Site.

' Nearest ~ Distance Longest Runway
Nama Ccnusunity 6ni:lasl Direction (feet)

Toledo Toledo 20 7 4200

Chippewa Williston (pytl 12 7 2600

Eaar Elmore 13 57 2600

Progress Fremont 19 S' 3503.

Zimmerman Fremont 16 S 2700

Slager Fremont 19 S' 2600

Jenkins Fremont (pvtl 19 S' 2800

Gibbs Fremont (pvtl 13 SSE 2800

Keller Port Clinton 13 SE 5000

Put-in-Bay Put-in-Bay 13 E 2900

.

s
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Fig. 2.9. Generalized Geologic Secticn at the Site.
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amounts of gypsum and anhydrites. These atrata are jointed extensively
and contain many solution cavities Cyugal. The fissures and vugs may
ha due to grc~und water dissolution of gypstan.1 While most yngs are
50.25 inchas in diameter, it in possiEle that there are some fissures 1
to 2 feet wide and cavities as large ar several cuEic yards in voluma.
The lower members- of tHe TymocEtee Creenfield formations are described
as a gypsiferone dolomite 00% gypsumI and have the,nost solution cavi-
ties. Some of the fissures are deSris. filled, and tEis proBaBly occurred
due to collapse and filling of solution cavities at the Silurian sedi-
mants were being deposited.

The groundwater aquifers are in the vugs or solution cavities in the
Silurian bedrock formations which Begin about 10 feet Selow the surface.
These water-bearing sediments are confined by the impervious glacial
silty clay overburden. This situation produces an artesian head of
about 10 feet above Bedrock in the area of the site.

2.5 HYDROLOGY

2.5.1 Surface Waters

Lake Erie

The Station is located at Locust Point on the southern shore of the
western basin of Lake Erie. The western basin is very shallow with a
maximum depth of about 35 feet. A shallow epilimnion develops early
during the season of natural heating in the spring, but since the
basin is so shallow, wind action causes efficient vertical : mixing and
by Jtate the water becomes vertically isothermal. During August the ;

deeper waters occasionally have a thermocline for short periods.10
The entire western basin freezes over early in the winter and stays
frozen even during relatively mild winters.ll Lake levels fluctuate
both annually and over a period of many years. Yearly high levels
occur in summer and lows in winter, with a total annual average
fluctuation of 1.2 feet.12 Local changes due to storm action, however,
may be as great as 6 feet.10

The Detroit River, which empties into Lake Erie about 40 miles northwest
of the site, provides 90% of the total inflow into the lake G88,000
cfsl.2 0 At Locudt Point the Detroit River current, which_ crosses the
western _hasin, diverges-into eastern and western Srancher.33'l" This
provides a southeast drift of littoral sand from Locust Point to Port

Clinton and a westward drift from Locust Point to Toledo. The presence
of 3 or 4 sand bars parallel to the shore and close to the beach indi-
cates a predominance of currents parallel to the Feach.33 Surface

_ _ _ __
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current velocities at Locust Point are about 2% of the wind velocity
and vary with_ wind direction.22

The shoreline at Locust Point is 1rery sta51e and is classified as a
"non-critical erosion area, not protected.'d 5 The Eeach_ consists of,
sand and afiallanized. haiately offsliore, the underwater Sottom
consists of a shallow layer of sand with.shell and clay intermixed
which. overlies stiff laka-clay. This sandy Eottom waries from 3/16
to 1/81 mile wide, and Beyond is- a atrip of atiff lake. clay' exposed by
wave action, whicTt ir 3/8 to 1/4 , nile wide. ASout 9/16, miles offshore
at the west edge of the preperty line, the Bottom Eecomes sand again
with increasing amounta of gravel as one goes further offsfiore.- East-
vard of the middle property line, t!ie bottom Secomes 1 ruddy sand.33 1''8

There have been measurable increases in total dissolved solids, calcium,
chloride, sodium-potassium, sulfate, ammonia-nitrogen, and total nitrogen
in Lake Erie over the past 60 years.16 Water quality data are summar-
ized in Table 2.1112 and water temperature? in Ta51e 2.11a.

'Tesswaint< River
.

'

he Toussaint River is the largest tributary entering the lake near the
site. The canal along the southern site Soundary empties into the
Toussaint River just before the river empties into Lake Erie. The river
drains 143 square miles and has a slope of about 1 foot per mile.18
Near its mouth, water levels are controlled mainly by the levels in
Lake Erie,

2.5.2 Groundwater

At the site, the groundwater table elevation follows the lake levels.
It is usually a few feet higher than the lake, and when the lake rises
several feet during storms, the groundwater table elevation will rise
commensurately. The groundwater table is relatively horizontal with a
gradient of only 1 to 3 feet / mile (average of 2 feet / mile) toward the
lake. During infrequent dry periods or when the lake is high, the
groundwater flows away from the lake.38 The rate of flow is similar
to that in the local rivers and creeks.

The yngs and joints in the Silurian bedrock. formations are the ground-*

water aquifera,. hut the impervione clayey soils and glacial deposits are
not water-yielding sediments. Since the_hedrock. is at least 10 feet
Selow the surface and overlaid.57 impervious deposits, the Bedrock
aquifer is under an artesian head of 10 feet aSove bedrock. These

6

i
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TABLE 2.11. Laka Water Analysis

Site Toledo
Samples * Inr.ake**

Annual Average Range

Calcium (Ca) 45 -

Magnesi= Olg) 11 -

Sodia (Na) 12 -

Chlorine (C1) 25 20 (14 37)
Nitrate (NO ) 123

-

Sulphate (SO )4 - -

Phosphate (Pog) 1.5 -

Silica (SiO ) 22 -

Alkalinity (as Caco 3 ) 101 93 (76-181)
Turbidity (as SiO ) 22 (2-220)2 -

Suspended Solids 131 -

Total Dis. solved Solids 210 * (191-248, Jan-Mar)-

Dissolved Oxygen 10 -

pH 8.1 8.2 (7.7-8.8)
Chlorine Demand 1.4 0.9 (0.1-2.7)
Arsenic 0.016 -

Barium 0.1 -

Boron 0.0 -

Phosphorus 0.22 -

Iron 0.31 -

Mtaganese 0.07 -

Mercury 0.001 -

Nitrogen (N) 4 -

Potassium 3 -

Selenium 0.00 -

Silicon 0.28 -

Sulfur 14 -

Zinc 0.03 -

__ __

* Average of samples from November 1968 to October 1970 taken 50 to
100 feet from shore. Davis-Besse Nuclear Power Station, Supplement
to Environmental Report, Volume 1, p. 4-37. Also from Answers to
Questions, Site Visit, June 1972, p. 10.

** Average of monthly values reported in Lake Erie Ohio, Pennsylvania,
New York Intake Water Ouality Summary, 1970. Environmental Protec- ;
tion Agency, et al. , August 1971. (Intake is 11,000 feet from shore !

at a depth of 10 feet in water which is 17 feet deep.)
1General note: All values in parts per million except pH. '

,

1

|
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TABLE 2.11a. Monthly mean water temperatures in 10-35 feet in western Lake Erie

No of Weighted Mean Mean 10-foot Mean Delta-T Mean SurfaceMonth Stations Day of Month Temperature 10'-to-Surface Temperature

January * - 15th 32.0*F 0.0*F 32.0*F
February * -- 14th 32.0 0.0 32.0

*

March ** 15th 37.0 0 .'O 37.0
-

Apri1** 15th 46.0 0.0 46.0
--

May 32 14th 54.'2 0.9 55.1
June 99 23rd 69.7 1.3 71.0 m

OJuly 31 20th 75.9 0.5 76.4 o

August 6 21st 72.7 0.0 72.7
September 7 19th 69.7 0.4 70.1

-

October 45 17th 58.5 0.1 58.6
November 30 18th 45.4 0.0 45.4
December ** 15th 36.0 0.0 36.0

--

_

* Ice presumed present.

**1966 data of Collins Park Water Treatment Plant, Toledo.

Temperature data taken from Davis-Besse Nuclear Power Station Environmental Report, August 1970,p. C-13.
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waters are sulfurous (containing mra than 5 ppa E Sle hard and are2
not potable. However, they are used for farm and sanitary purposes.
Bedrock.. walls are usually less than 100 feet deep ttnd yield up to tens
of gallona per minute. Sama municipal walls in tfin Toussaint River
Rasin can, on tha othar hand, yield 100 sys No information is avail-
a61a about the precias 4-=4try of the groundwater. Tha Station's
drinking water will 5e taken from-Laka Erie. Sbas cottagere along the
laka obtain their drinking water frou-sRallow Seac!L wella in the laka
sands, and some soutfi of tHe site truck. in water from central cisterns.

2.6 PETEORDIDCT

The Davis-Bessa site has a climate typical of the Great Lakes region,-

classified as continental, with cold winters and w; arm, humid summers,
but moderated by the proximity of Lake Erie. Becaase of its heat capac-
ity, the laka remains cooler than the land in spring and early sumsner,
and produces lake breezes which. Bring cool, humid air to the site,
reducing af ternoon temperatures and producing staSle air conditions.
Conversely, in fall and winter, when the lake is relatively warm, winds
off the laka are warned and htmidified.

The passage of polar fronts and high. and low pressure centers produces
high average wind velocities and frequent changes of wind direction,
which in the very flat terrain, produce adequate Tentilation. In
summer, the frequency of frontal p asages is reduced, But convective
showers in tropical air masses are common.

Meteorological observations with a 300-foot instrumented tower have been
made at the site since October 1968. The data" collected comprise wind
speed, direction and variability at 20,100 and 300-foot levels, and air
temperatures at 5,145 and 297-foot levels. No humidity or rainfall data
are collected at the site. The duration of the temperature observations
is too short to establish long-term averages, so data from Toledo Express
Airport have been used. The airport is 36 miles west of the site and
about 20 miles inland from Lake Erie.

2.6.1 Temperature

Tahle 2.1219 gives tha average monthly temperature statistics for
Toledo over an 11-year period. The highest and lowest temperatures
recorded at Toledo are 105'y Quly 1936)_ and *17'F Qanuary 1963).

2.6.2 Precipitation

Precipitation ir m derate C1.4 inches annually at Toledol, and fairly

1

i-
1

4



_.

.

.

TABLE 2.12. Temperature (*F) Data for Toledo (11 Years of Record)l9 '

_

'

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Average Daily 34 36 45 58 70 80 85 83 76 64 47 36Max.

Average Daily 18 19 26 35 46 56 60 59 51 40 30 21Min.

Average Monthly- 26 27 35 47 58 68 73 71 63 52 39 28

Extreme Max. 62 68 80 87 95 97 96 98 95 91 76 65 98

Extreme Min. -17 -10 -1 11 27 38 43 37 29 16 2 -11 -17
Degree-days 1200 1056 924 543 242 60 0 16 117 406 792 1108 6494 y

UNo, days 0 0 0 0 1 4 5 4 1 * O O 16T max. >90*

No. days 30 27 24 11 1 0 0 0 * 6 18 27 144T min. <32'

-

*More than 0 but less than 0.5 days.

_
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evenly distributed throughout the year. Spring is the rainiest season
O.35 in average}_and fall tha driest C6.87 in. averagel. The1sean
annual snowfall at Toledo 13: 38.0 inches, and on the average there are~

11 days with_ snowfalls greater than 1.0 inch Aronnch. as 9.8 inches of
snow has f allen in a 24-hour period. lionthly average precipitation
statistics are given in TaEle 2.13.

2.6.3 Wind

A complete tahnlation of the wind data collected at the site for 20,100
and 300-foot levels is given in the applicant's Environmental Report.
Figure 2.10 susmarizes the data for the 300-foot level in the form of
seasonal wind roses. On an annual Basis, 62.3% of all winds are offshore

.

Ct.e. SE through.S'to WNW). The lowest proportion of offshore winds is
in spring 04.6%1,1aainly because of the lake breeze effect.

2.6.4 Atmospheric Stability

The vertical mixing and turbulence of the atmosphere depends on hydro-
static stability as well as on wind velocity and surface topography.
Hydrostatic stability is determined by the vertical temperature
gradient, which is usually expressed as a lapse rate, the rate of
decrease of temperature with height. An important value of this
parameter is the rate at which a body of dry air cools adiabatically
with increasing height. This adiabatic lapse rate corresponds to a
decrease of 1.0'C per 100 meters or 5.5'? per 1000 feet. When the

i observed lapse rate is less than this value, the atmosphere is stable
and vertical motions are damped, the extreme case being a negative

1

lapse rate which occurs in a temperature inversion. When the lapse
rate is greater than 1.0*C per 100 meters, the atmosphere is unstable
and vertical mixing is rapid. When the humidity of the air approaches
saturation, the adiabatic lapse rate is reduced because of the latent
heat released in condensation. Observations of atmospheric stability !

at the site are made by comparing the temperatures at the 5- and
145-foot levele CL 5 and 46.0 meters). These observations are
tabulated in the applicant's Environmental Report and are stannarized in
Table 2.14. It should be noted that the stability classes are defined
in terms of true temperature gradient Cincrease of temperature with
heightl, so that unstable conditions correspond to negative temperature
gradients.

2.3 xRCOLOGT

2.7.1 Aquatic

Fish. populations, Sottom fauna, phytoplankton populatione, and the

|

|

- - - .- -.
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TABLE 2.13. Precipitation Toledo, Ohio

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Ave. Precip. in.** 1.95 2.58 2.79 3.18 3.30 2.90 2.91 2.59 2.31 2.30 2.26 2.22 31.37

.

Max. in 24 hrs, miles ** 1.78 2.26 2.69 2.93 3.57 3.44 2.47 4.58 5.98 3.10 2.68 2,07
tuys with thunder- * * 2 5 5 7 7 7 4 1 1 * 40 ystorms ***

yAve. Nnthly snow- 8.5 7.9 6.7 2.2 * O O O O * 3.4 7.3 36.0
fall, inches ***

*Less than 0.5 but greater than O.

** Period of record, 1871-1966.

*** Period of record, 1956-1966.

*



1

l

|

|

2-35
i

"-SPRlNG SEAM
~

"
, SUMMER SEASON '-emm .:' , ,aw' "~

$[ j'''
~

* ~ ' *
;, ==-

,

k y' W Q' s U s' ' 3
,

/. -

It ffibskhh~hY hs~
"

m oag, n y ,.: ge
m =M

'

c- ,, .

r
- , ,. - -- - - .- -,

f.'
'- w; ,

. ,

. , I, ',2
' ~ =5g, $ '==- ' '''

;' 9
- _ ,; ';, _ -:'; , ;i,9

, . ,/,x
'

.
''

~

- ;- ,.
'-3__- ( . * 'cp y g , /

,

.''-
-

--

,':f'h jfS55555 N|b ' *
3*"

Q=.- y w:wy:=c
~

'' DG - - me ~dD ,; ,~;
'

'
.

FAMD'N" "
"-WINTER SEASON N *~= %=- ' / - ::::'--N'pp = )s

~
.

// / ,G 5**Eic~ '> j
i

; L ,; ' 2%' ::'-
~ ~

~; y =.

- Q ;S ( ',EdEi ' ,'*
,/ , 'W:2 h. '

s .\-
,,''

,,,S .y, _r=~ ; .
,, , , , , . ,.

' /,' -'2% -:|
~

', n]]if|j:p 4 ,;
'

"Q' q;
' ' X>. ' '
i-. L ,,

''4
~ "

,

- - g ~ : p', ~,.

,

| |; ' || f~ D | ||{||||
'

\\ h
-

e

1,
.

. Calm 0.38% * - - Calm 0.36% -

=

Fig. 2.10

SEASONAL W!ND ROSES

DAVIS-BESSE - 300 FT. LEVEL
(*68 '70)

|

|
- __- ._ _



,

246

i
TABLE 2.14. Consparison of Stability Frequencies

,
(Percent of total hours)

1

Season. Mod. StaEla Slightly Sta51e- Neutral Unstable
i

.. - - _

'
Jall 22.4 29.7 27 .5 20.4

Winter 19.9 29.1 31.5 19.5

! Spring 18.3 18.8 23.3 39.6

Stammer 9.5 21.3 24.9 44.3'

i

Stability classes defined as follows:*
,

2 Temp. Gradient Range
'

Class *C per 100 in

Unstable <-1.5

Neutral -1.5 to -0.5

Slightly Stable -0.5 to +1.5

Moderately Stable >+1.5

._ __ ___ __

_ __

__

* Positive Temperature Gradient means increase of temperature with
height.

.
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chemical content of the waters of the western basin of Lake Erie have
changed markedly in the past 50 years. Intensive agricultural activi-

ties and industriali:ation of the western basin's watershed have
greatly increased the nutrient load, which has led to an acceleration
of the eutrophication process in the lake. The biological and chemical
changes indicating eutrophy (nutrient enrichment) in the western basin
include: large oligochaete and midge larvae populations in the benthos;
high plankton abundance with blooms of blue-green algae; warm water
fish replacing characteristically cold water fish; and increases in
total dissolved solids, calcium, chloride, sodium and potassium, sul-
phate, phosphorous, ammonia-nitrogen, and the degree and extent of
crygen depletion due to the increase in the oxygen demand of the
sediments.22,23

Benthos

The bottom fauna of the western basin reflects the detrimental effects
,

|of heavy organic enrichment, siltation, and reduced dissolved oxygen
levels. In summer, when quiescent warm periods of ten persist for
several days, the bottom waters are prone to rapid oxygen depletion due
to the high. oxygen demand of the organically enriched sediments. The
populations of pollution-sensitive organisms such as caddisfly larvae
CIrichoptera) and burrowing mayfly nymphs (Ephemeroptera) have been

i
'

greatly reduced. Prior to 1953, for example, mayflies dominated the
benthos of western Lake Erie, bst with the increased oxygen depletion
of the bottom waters, the western basin populations have decreased to
less than one percent of their former abundance.24 On the other hand,
the numbers of pollution-tolerant forms such as sludgeworms (Oligo-
chaeta - Family Tubificidae) and midge larvae ("bloodworms" - Family
Chironomidae = Tendipedidae) have increased greatly along the west side
of the basin and in the island area. Organically-enriched environments
characteristically support an unbalanced benthic community dominated by
high numbers of sludgeworms.

Near the site at Locust Point chironomids and oilgochaetes are the |
most abundant organisms in the benthos.25,26 Snails (gastropods) are
fairly abundant of depths greater than 10 feet. Mayfly nymphs and
caddisflies are scarce. Other organisms present are scuds (amphipods),
aquatic sowbugs (isopods), fingernail clams (sphaerids), hyra,
planaria, and leeches (Hirudinea) . The sandy, wavewashed sediments
near shore, where the station discharge structure will be located, do
not support a benthic community as large,and diverse as areas further
offshore. The greatest percentage of organisms is usually found
between 10 and 15 feet and the greatest diversity at 10- and 12-foot
sampling stations. At these depths wave action is diminished and
bottom conditions are suitable for high populations.

- . _ _ . - - -.
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Phytoplankton

In the western basin of Lake Erie, photosynthetic production is higher
than in any other open water area of the Great Lakes.2 7 Over the past
50 years phytoplankton abundance has increased almost threefold, the
spring and fall maxima have lasted longer, the minima have become shorter
and less pronounced, and there has been a shift in species dominance.
Diatosas, which comprise 75 percent of the phytoplankton, dominate the
spring and fall maxima. Melostra has replaced _Asterionella as the domi-
nant diatom in the spring, and the fall dominance has shif ted fra
Synedra to Melosira to Fragillaria.22.23,2 7 Certain species of Melosira
and Fragillaria, as well as several other genera, often predominate in
entrophic lakes. Blue-green algae (which appear most of ten in nutrient
enriched waters) and green algae have increased in abundance, particu-
larly during the August-September peak. Blooms of blue-green algae,
which float in mats on the water, begin to appear in late July or early
August.

The applicant's consultant, Dr. Ayers, has found the diatem Melosira,
and to a lesser extent the diatoms Fragillaria and _Diat_o_ma, to be
dominant in May at Locust Point.26 Although phytoplankton was not
rigorously counted in the State of Ohio's environmental evaluation
F-41-R project.25 notes were made on the dominant phytoplankters
found while counting zooplankton. The spring phytoplankton bloom
consisted largely of the diatoms Melosira, Fragillaria, _A_sterionella,
and Tabellaria and the green alga Pediastrum. During the summer
green algae, especially Pediastrts_n_ and Scenedesmus, were more abundant,
and Staurastrum (green) and _Ceratium (dinoflagellate) were more conunon
than in other seasons. In the fall the blue greens Aphanizomenon

_

and Microcystis were abundant and the diatoms were again prominent.
Growths of attached nuisance algae, such as Cladophora, have not been
noted near shore at the Station due to the lack of a suitable ro' kyc
substrate. So far, no fouling of beaches by algal mats blown ashore
during storms has been reported for the Locust Point area, but blue-
green blooms occur all over the western basin and have been noted in
the open water near Locust Point.

Zooplankton

A considerable increase in the crustacean zooplankton population, domi-
nated $
Erie.2 7 copepods and cladocerans, has been observed in western LakeThe ==v4==== number of copepods increased from 70,000 to 126,000
per cubic meter from 1939 to 1967. Calanoid copepods, particularly
Diaptomus spp. (known primarily as an inhabitant of ponds and warm

. .-_- ___ ___-
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eutrophic waters) and Eurytemora affinis, are less abundant than cyclo-
poid copepods such as Cyclops or Mesocyclops. However, Eurytemora (a
brackish water form) is more abundant in the western basin than in the
rest of the lake. The dominant cladocerans are ' Daphnia spp. in late
spring and Bosmia sp. in late August. Daphnia is particularly impor-
tant in terms of numbers and biomass. A greater variety of rotifers
occurs in the western basin than in the other basins.

Ayer's study at Locust Point found that cladocerans (Daphnia retrocurva
and Bosmia sp.) and copepods (particularly the cyclopoids) are the domi-
nant zooplankton. Rotifers and ostracods are also present, but many
small organisms such as rocifers were probably missed due to the sampling
method. Ohio's F-41-R study . indicated that a seasonal pattern is evident
for most zooplankters. Copepods (especially cyclopoids), cladocerans
(Daphnia, Bosmia and Chydorus), and rotifers (several species) were

|dominant. All zooplankton reached peak densities in June, July and )August. Sampling stations with the greatest zooplankton population 1

showed no consistent correlation with depth or distance from shore. |

Fish 1

In the past 25 years, the fish populations of Lake Erie have changed
i

greatly. However, despite the elimination of high value species such as
. cisco, whitefish, sauger and blue pike, the decline of the walleye, and
] recent discoveries of high mercury levels (particularly in walleye and

white bass), commercial fishery production has remained around 50 million
pounds per year because of the increasing catch of carp, sheepshead, yel-

| low perch, and smelt.23,28 The changes in fish populations in Lake Erie
cannot be attributed to the sea lamprey. It has never been an important
predator since there are few tributaries offering suitable spawning
conditions.23 Although the trout fishing in Lake Erie was never impor-
tant commercially, its long-term decline and eventual disappearance in-
dicates the development of an unsuitable environment,29 since trout are
intolerant of polluted or eutrophic conditions. The year marking the
beginning of major changes in the benthos,1955, was also a key year in
the changes in walleye and blue pike populations.

Fish surveys, using gill nets and seines, during most of the ice-free
season for the past three years have shown carp and goldfish, followed
by freshwater drum (sheepshead) and gizzard shad to be the most abundant
fish off Locust Point.25 The catch was greatest in May, June and October

; and-lowest in August, indicating that the fish apparently move out to
; deeper water in the hattest summer months. The Ohio Department of
; Natural Resources has a Trawling Index Station (where numbers of young-

of-year caught per hour of trawling is measured) near Crane Creek (about
!

l

.

l'
i
i
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4 miles northwest of the Davis-Besse). This index station ranks second
for white bass and gizzard shad and third for walleye and alewife in
relative lakewide abundance of young-of-the-year. 30 Examinations of fish
stomachs indicate that the fish at Locust Point are . actively feeding on
the more abundant plankters and benthos in the area.25 Chironomid larvae
were the most common food items in most species in all months.
Table 2.15 lists species, economic classification, spawning conditions
and food preferences of fish found near the Station.

Ohio laws limit the commercial fishery in the Locust Point area to trot-
line, seine and trap net gear. Trap net and seine gear harvest the bulk
of the fish.30 Only seven major commercial trap-net fisherman utilize
the area. Carp, catfish, walleye, white bass and perch are the major
species harvested (by weight). However, recent discoveries of mercury
contamination have led to a five-year ban (1970-1975) on the sale of all
walleye and of white bass larger than 10-1/4 inches. The average annual
monetary value of the fish caught by trap net in the area is estimated
at $179,155. Three commercial seine fishermen utilize the area, but one
seine catches the bulk of the fish, which are predominantly carp and
catfish. The average annual monetary value of these species is esti-
mated at $13,121. Therefore, the value of the commercial fishery off
Locust Point is approximately $200,000 per year.30

Sport species most actively sought in the Locust Point area, particularly
in the reef areas a few miles out, are walleye, white bass, catfish and
perch. The estimated value of the boat angler utilization of Lake Erie
within five miles of the site is $3.1 million. 30 There is also consider-
able value in the inland sport fishery (mainly for carp and channel cat-
fish) wi' thin five miles of the site, particularly in the Turtle Creek
and the Toussaint River. Commercial fishermen fish heavily for carp in
these streams in the spring, but, since only a sport fishing license is
required, no records of the amounts harvested are available.

2.7.2 Terres trial

The site area is approximately 950 acres, of which over 600 acres is
'

managed marshland and the balance is poorly drained marginal farmland.
(See Section 2.1). Most of the farmland, formerly planted to wheat, has

' been removed from production due to construction of buildings, roads,
parking lots, borrow pits, etc. Part of the remainder is lying fallow
and part is planted to buckwheat during construction. Approximately 15
acres will be planted (probably to buckwheat) after completion of con-
struction and farmed on a 3/4-1/4 basis (25% of the crop will be left on
the fields for wildfowl forage).31

_ _ _ _ . . _ _ . _ . . _ _



TABLE 2.15. Fish in the Vicinity of the Station

Spawning: Water Economic
Time Te mp . Place Diet Classification

Walleye Mid-April to 37-4 50F Shallow waters, Invertebrates, but mainly Sport,(Stinosteddon vitraum vitreum) early May clean, hard, rock perch, minnows, suckers commercial,
bottom fine foodCarp Late April to June 65-68*F Migrate vp streams Browses on bottom vegetation, Commercial.(Cyprinus carpio) (most aquatic insects, snails, coarse food

active)
Goldfish Spring >600F Soft bottom Phytoplankton Forage(Carassius aurat us)
Channel Catfish April through August kapid waters of Aquatic insects, arthropoda. Sport.(Ictaturus punctatus) streams, holes in fish, reptiles commercial,

the banks fine foodBlack Bullhead (Cat fish) May to June or 60-75'r Less than 4 feet Insects, entomostracans, Sport ,(Tetalurus melas) deep, protected from plant debris, fish, frogs fine food
strong currents

White Bass May to July Shallows near shore Pref er small fish (minnows). Sport.(Roccus chrysops)
eat Daphnia, squatic insects, commercial,
plankton, crayfish fine foodYellow Perch Mid- April to May 3-8 feet deep Zooplankton, aquatic insects, S po rt ,(Perca flavescens) other fish commercial. *

flue food NAlewife Late May to 5 5- 72*F 6-12 inches deep Small crustaceans, aquatic Forage j,(Alosa pseudoharengus) June or July insects, plankton paCissard Shad Early June to 67-72*F Shallow water Algae from botton mud Forage(Dorosoma cepedianum) early July
Sheepshead (Freshwater Drum) May or June Shallows, gravelly Mostly small fish & insect Sport.(Aplodinotus grunniens) and sandy bottoms larvae, also mollusca, fine food

(planktonic eggs have crustaceans, plankton,
been found in insects
Lake Erie)

Emerald Shiner June 25 - July 28 Surface in open water Pucrocrustacea, insects Forage(Notropis atherinoides) sometimes to August 15 (aquatic and terrestrial)
Spottall Shiner June 1 - 15 6 8' F Clean sand Mostly fingernall clans, Forage(Notropis hudsonicus) late June - early July algaa
Smelt May 1 - 15 37-54*F Strease or lake Plankton eater - Daphnia, Commercial.(Osmerus mordam) sometimes also in late shallows, sa ndy Cammarus, fingernali clans, fine food

summer or early fall beaches smelt young, shiners
Trout-Ferch June 1 - 15 66-71 F Less than 3 feet deep, Ostracode, Cammarus. Fora ge(Percopis omiscomayeus) sandy gravel, rocks Leptodora, chironomids,

mayflies, other insectsQuillback
(Carptodes cyprinus) Commercial.

fine foodSand Shiner , June - July clean gravel and sand Terrestrial sad aquatic Forage(Notropis Je!!ctosus) insects.
Young - Bottom pose diatoms.

Redhorse Sucker Spring Sha11ove and in Bottom organisms Coarse food(Moxost oma spp.) tributaries over
gravel or stones

Crapple Late spring - Shallow waters Sport,(Pomonis opp.) early summer
fine food

_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2.15. (Contd.)

Note:

Other species found near the station include:

Trout-Perch (Percopis omiscomaycus) Green Sunfish (Lepomis cyane11us)
Logperch (Perca caprodes) Largemouth Bass (Micropterus s,. salmoides)
Northern Pike (Esox lucius) Smallmouth Bass (Micropterus d. dolomieui)
Bluegill (Lepomis macrochirus) Longnose Gar (Lepisostets osseus)
Johnny Darter (Etheostoma nigrum) Orangespotted Sunfish (Lepomis humillus)
Coho Salmon (Oncorhynchus kisucch) Rock Bass ( Ambloplites rupestris)
Sand Shiner (Notropis deliciousus) Silver Chub (Hybopsis storeriana)
White Sucker (Catostomus commersoni) Spotfin Shiner (Notropis spilopterus)
Spotted Sucker (Minytrema melanops) Stonecat (Noturus flavus)

Carp-Goldfish hydrids

Data compiled from the following:
1. Lagler, Karl F. Freshwater Fishery Biologv. Wm. C. Brown Company:

Dubuque, Iowa, 1964.
2. Carlander, K. D. Handbook of Freshwater Fishery Biology. Volume 1. Iowa

State University Press: Ames, Iowa, 1969.
3. Tomkiewicy, Linda A. " Typical Fish Mortality Rates in Eastern Lake Erie."

Lake Erie Environmental Studies, Technical Data Report No. 4, State
University College, Fredonia, New York. April, 1970.

4. Ohio Cooperative Fishery Unit. " Environmental Evaluation of a Nuclear Power
Plant." Federal Aid Project F-41-R.

5. Davis-Besse Nuclear Power Station Environmental Report. ine Toledo Edison
Company.

6. Letter from Carl T. Baker, Jr. , Lake Erie Fisheries Research Unit, State of
Ohio, Department of Natural Resources, Division of Wildlife to Pamela
Merry, Argonne National Laboratory, June 23, 1972.

7. Ohio Department of Natural Resources, Division of Wildlife, Publications
Nos. 65, 123, 130, 141, 185: 1972.

.
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The southwest and west shore of Lake Erie includes 40,000 acres of marsh,
most of which is owned by private clubs. Several marshes near the site,
such as the State-owned Magee Marsh and the privately owned Winous Point
Club (10 miles southeast of the site) are under intensive management for
increasing waterfowl brdeding population. The Magee Marsh breeding popu-
lation, for instance, was increased from 54 pairs in 1953 to 275 pairs
in 1963.d2 Other marshes are managed primarily for attracting large
populations of migrating birds.

Navarre Marsh is a natural lowland separated from Lake Erie by a
stable beach ridge. The sandy beach is strewn with clam shells, small
rocks, and pebbles washed ashore during storms. Several species of
grasses, sandbar willow, staghorn sumac and several other low plants
characterize the beach ridge plant community. Behind the beach ridge
is a hardwood swamp zone. Cottonwood and black willow are in abundance
and hackberry, sycamore, staghorn sumac and river-bank grape are common.
The beach ridge and hardwood swamp are prcbably the most stable
communities within the Navarre area. Severe storms can result in
changes in the biota, but these changes are usually temporary.

The bulk of the area at Navarre is covered by a freshwater marsh
which is surrounded and transected by earthern dikes. Cottonwood,
black willow, rough leafed dogwood, staghorn sumac, river-bank grape
and several grasses are common on the dikes. Wherever there is standing
water throughout most of the year, cattail, softstem bulrush, white
water lily, milfoil, sago pondweed and curly-leafed pondweed are
abundant.

The plant communities on the dikes and in the marsh proper will proba-
bly change constantly as the dikes are repaired and the marsh is
managed in the future. Waterfowl management is essentially control
of plant succession based on the seasonal needs of waterfowl. Intensive
and economical management is best achieved by control of water levels,
since fluctuation of water levels has a marked influence on the suc-
cession of aquatic plants. Marsh managers in Ohio obtain the best results
from drawdowns (by use of dikes and/or pumps) in May to create a nesting
habitat for the summer, and reflooding in the fall to attract large
numbers of fall migrants. Partial reduction of water levels (rather
than complete drying of the soil) exposes knolls used for nesting and
leads to an interspersion of suitable submerged, emergent and shore-
line vegetation. For example, the northern section of the site marsh,
which is temporarily connected with the privately owned section north
of the dike, was partially drawn down this spring (1972). Dense
growths of smartweed (a good waterfowl food) developed along the dike
and other exposed areas. Partially flooded areas developed dense

.
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stands of emergents such as bulrush, watermilfoil, and spikerush.
In the large southern section of the marsh, however, the water was not
drawn down and less desirable waterlilies and arrowhead cover most of
the formerly open water areas.

Manipulation of water levels of ten makes it easier to control trouble--

some animals such as snapping turtles, which attack ducklings, or carp,
which .can cause great damage to water plants while rooting around in the
sediments for food.32 Rolling of the water and destruction of waterfowl
habitat is often associated with large populations of carp. In addition,
large numbers of carp which obtain access to the marsh during their
spring spawning runs are of ten lef t stranded by receding water levels.
Their decaying carcasses cause noxious odors and often make the area
unsuitable for nesting waterfowl.

Mallards, black ducks and blue-winged teal are the most abundant nest-
ing waterfowl at the site. Artificial roosts are of ten used to attract

wood ducks. The most abundant waterfowl during spring and fall migra-
tions include mallards, widgeons, blue-winged teal, black ducks, Canada
geese, wood ducks, shovelers, coot, green-winged teal, gadwalls, canvas-
backs and redheads. The area is also used by whistling swans and large
numbers of warblers. Other birds which are common during the summer are
redwinged blackbirds, swallows , warblers , sea gulls , common egrets, mourn-

i ing doves, wrens, starlings, black-night crowned heron and great blue
| heron. Pheasant might occasionally be found in upland areas. Endangered

species which occasionally utilize the area are the Kirtland's warbler,
bald eagle, sandhill crane, wood ibis and peregrine falcon.

Other animals in the area are muskrat (very common), opossum, woodchuck,
raccoon, skunk, weasel, mink, and red fox. Cottontail rabbits and fox

| squirrel are probably present, but in limited numbers. Several snakes,
turtles, frogs, toads and salamanders live in the marsh. Fish which
spawn in the marsh, in addition to carp, are bullheads, gizzard shad,
and goldfish. Snails, spiders, and several insects such as horseflies,
midges , damsel flies , mayflies, dragon flies , grasshoppers, bugs and
beetles are common marsh inhabitants.

2.8 BACKGROUND RADIOLOGICAL CHARACTERISTICS
f

l The radiological characteristics of the area surrounding the Station
are not unusual. Natural and man-made background in the area is typical
for Midwestern States, that is,140 millirem per year.33 Some 25 radio-
logical monitoring stations have been active in the area for nearly two

I decades 34 so that a considerable backlog of data is available. A list
of the major stations and their more recent reports is presented in
Table 2.16. These stations have monitored not only Lake Erie, but also
surface, ground, and tap waters in the area, as well as milk, dietary,

,
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TABLE 2.16. Radiological Surveillance Locations in the Region of the Station

Reporting
Location Period Measurement * Range Mean

Cleveland, Ohio Sept 1970-Feb 1972 PM, Sr-90 6-11 .9Cleveland, Ohio March 1971 and June 1971 SW gross alpha (d) 10.2-1(Cuyahoga River) SW gross alpha (s) 2 2
SW gross beta (d) 3-7 5
SW gross beta (s) 4-39 21Cleveland, Ohio 1971 TW gross alpha (d) 0 0(Lake Erie) TW gross . alpha (s) 0 0
TW gross beta (d) 15 5
TW gross beta (s) 15 5July 1967-Dec 1971 DS, Sr-90 5-14 9Painesville, Ohio July 1969-Feb 1972 SA 0-8 1
P 0-305 27 YJan 1970-Dec 1971 TWr 0-0.6 0'2 $Sandusky, Ohio 1967-1969 TW gross alpha (d) 0 0

.

TW gross alpha (s) 0 0
TW gross beta (d) 3 3i TW gross beta (s) 7 7Columbus, Ohio July 1969-Feb 1972 SA 0-3 1*

P 0 0
TWT 0-0.6 0.2Youngstown, Ohio 1967-1969 TW gross alpha (d) 0 0
TW gross alpha (s) 0 0
TW gross beta (d) 3-8 5
TW gross beta (s) 0 0Lorain, Ohio 1967-1969 TW gross alpha (d) 0 0
TW gross alpha (s) 0 0
TW gross beta (d) 5 5
TW gross beta (s) 0 0Monroe, Michigan Sept 1970-Feb 1972 PM, Sr-90 0-9 6Jan 1970-Dec 1971 TWT 0-0.6 0.2

- _ _ - - - _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - _
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TABLE 2.16. (Contd.)

-Reporting
Location Period Measurement * Range Mean

Detroit,. Michigan Sept 1970-Feb 1972 PM, Sr-90 7-8 8
1967-1969 TW gross alpha (d) 0 0

TW gross alpha (s) 0 0
TW gross beta (d) 3 3
TW gross beta (s) 0 0

Lansing, Michigan Sept 1970-Feb 1972 PM, Sr-90 4-11 9
July 1969-Feb 1972 SA 0-2 1

P l-20 9
Jan 1970-Dec 1971 TWT 0 0

Erie, Pennsylvania Sept 1970-Feb 1972 PM, Sr-90 0-25 10
Buffalo, New York Sept 1970-Feb 1972 PM, Sr-90 5-10 7 w

July 1969-Feb 1972 SA 0-1 1 E
Buffalo, New York Mar-June 1971 SW gross alpha (d) <0.2 <.2 *

(Lake Erie) SW gross alpha (s) <0.2 <.2
SW gross beta (d) 2-3 3
SW gross beta (s) 10-11 11

Windsor, Ontario, Sept 1970-Feb 1972 PM, Sr-90 4-12 5
Canada July 1969-Feb 1972 SA 0-0.4 0.1

P 0.4-11.9 4

*PM - Pasteurized milk (pCi/1).
SW - Surface water (pCi/1).
TW - Tap water, gross alpha and beta (pC1/1).
TWT - Tap water, tritium (nC1/1) .

3SA - Surface air (pCi/m ),
2P - Precipitation (nCi/m ),

DS - diet sampling (pCi/kg),
d - Dissolved.
s - Suspended.
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and atmospheric concentrations. Thus, any changes introduced by the
operation of the Station will have an extensive backlog of information
for comparison.

A small-scale study of tritium has been reported for Lake Erie waters
offshore of the Station.35 This study gave values several-fold larger
than the norm for Lake Erie or its western basin. In view of the
methodology used in these studies and the normal variations in
reported Lake Erie tritium values, it is more probable that the
elevated values reported (range 350 - 1,800 pCi/1, mean about
1,100 pCi/1) are largely happenstance, and would not be observed in
other studies.
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3. THE STATION

3.1 EXTERNAL APPEARANCE

An architectural rendering of the completed Station as it will appear is
presented in Fig. 3.1. A layout of the site and the Station is pre-
sented in Fig. 3.2. The plant, cooling tower, and switchyard are
located in the west central portion of the site. Figure 3.3, a photo-
graph of the Station during construction taken in April 1972, shows the
various buildings and structures.

The rectangular turbine building, to be painted blue, is about 200 feet
long,150 feet wide and 104 feet high (above grade); the L-shaped auxil-
iary building, to be painted white, is roughly 200 feet long on each leg
and 54 feet high; the containment building is a cylindrical, natural
concrete structure about 140 feet in diameter and 225 feet high. The
cooling tower, also natural concrete, will be 493 feet high and 415 feet
in diameter at the base. The major visible structures will be the cool-
ing tower, the containment building, the turbine building, and the auxil-
iary building.

In clear weather the cooling tower will probably be visible for more than
ten miles on the flat terrain around the Station. During the daylight
hours four high intensity flashing white (strobe) lights on the top of
the tower will be operating. The nighttime lighting will be four flash-
ing red lights at the top and midpoint, respectively, and four steady red
lights at the three-quarter point. The other Station structures will be
visible for perhaps two miles. The applicant has stated that land-
scaping plans for the Station buildings will be formulated later.

3.2 REACTOR AND STEAM-ELECTRIC SYSTEM

The nuclear reactor for the Station will be of the pressurized water type
(PWR) and will be supplied by the Babcock & Wilcox Company. Bechtel
Company is the architect engineer and construction manager for the
Station.

The reactor is designed for a power output of 2,633 megawatts thermal
CMWe), the license application rating, corresponding to an approximate

g. net Station output of 872 megawatts electrical (MWe). The reactor is
'

expected to be capable of an ultimate output of 2,722 MWt, which
corresponds to a turbine-generator rating of approximately 906 MWe.

Except for the nuclear steam supply system, the Station operates on the
same principle as fossil-fueled power planti, namely by converting thermal

, __ _- , , - _ . _ _ - _t _ _ . _ _ _
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Fig. 3.1. Architectural Rendering of Completed Davis-Besse Nuclear Power Station.
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energy to electrical energy via a Rankine steam cycle. During opera-
tion, the uranium-235 in the slightly enriched uranium dioxide fuel
elements undergoes fission and produces heat. The core reactivity is
controlled by a combination of 49 control rod assemblies, and by a
neutron absorber (boric acid) dissolved in the coolant-moderator. The
control rods, used for short-term control, are cadmium-indium-silver
alloy encapsulated in stainless steel tubes. Long-term reactivity is
controlled by adjusting the concentration of boric acid in the coolant-
moderator water.

,

Heat generated in the reactor fuel elements is transferred'by the |

* pressurized water coolant-moderator to the steam generators.
!
,

Two outlet coolant loops are connected in parallel to the reactor vessel. 1

Each loop contains one steam generator, two coolant pumps (there are
two return lines from each steam generator), and the interconnecting
piping. A pressurizer is connected to one of the loops. Heated reactor i

coolant water is pumped from the reactor outlet through the steam
generator and back to the reactor inlet. The normal operating pressure
for the reactor vessel is 2200 psia and the average coolant exit tem-
parature is 608'F.

Each steam generator is a vertical straight tube-and-shell unit which
produces steam at a shell-side operating pressure of 1065 psia.

Steam flows from the steam generator to an 1800 rpm tandem compound four-
flow exhaust turbine operating in a closed condensing cycle with six
stages of feedwater heating. The turbine drives a direct coupled elec-
tric generator. The turbine-generator is manufactured by the General
Electric Co.

3.3 HEAT DISSIPATION SYSTEMS

3.3.1 Cooling Tower

A natural-draft counterflow cooling tower approximately 490 feet high
and 415 feet in diameter at the base will be used to dissipate 98% of the
total heat from the condenser (and other plant sources) to the atmosphere
by means of evaporative cooling (see Fig. 3.4) . The remaining 2% of the
heat is discharged to Lake Erie in the blowdown from the cooling. tower
system. Condenser cooling water will be pumped through the cooling tower
at the rate of'480,000 gpm, using four circulating pumps each with a
capacity of 120,000 gpm. The condenser cooling water flows from these
pumps to and through the condenser, through two 9-f t diameter buried
pipes to the cooling tower, through the cooling tower, and through an

;

!

|

|
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|

open channel from the cooling tower back to the circulating pumps; the
only water losses from this system are those due to evaporation, drift
and blowdown. The temperature rise across the condenser and the drop :
through the cooling tower will be 26*F at full Station power, correspond- |ing to a heat rejection to the atmosphere of 6.21 x 109 BTU per hour.

3.3.2 Other Cooling Water Systems

In addition to the major heat load from the turbine exhaust condensers,
there are several other cooling systems (i . e . , turbine room, component
and containment) that transfer heat from other portions of the plant.
These systems, which include the reactor decay heat (shutdown cooling)
heat exchangers, the spent fuel pool heat exchangers, the closed loop
component cooling water heat exchangers,'the turbine plant recirculated
cooling water heat exchangers, and the containment cooling heat exchang-
ers, are supplied with cooling water by the service water system. A
simplified flow diagram of the plant cooling and makeup water flow is
shown in Fig. 3.5. The makeup water for cooling tower evaporation,,
drift, and blowdown is obtained from the service water pumping system.

The average makeup flow is approximately 18,450 gpm, which includes an
average 9,225 gpm evaporated from the cooling tower and 9,225 gpm average
blowdown from the cooling tower pump discharges. The balance of the
20,730 gpm average intake flow is used to dilute the Station discharge
to the lake (so that the maximum effluent temperature will not exceed
20*F above ambient) and to supply the operating water systems (deminer-
alizer, Station potable water supply, etc.).

Intake Crib

All the water used in the Station is drawn from Lake Erie into a sub-
merged intake crib about 3000 feet offshore; the intake orifice will be
on a contour 11 ft below the Lake Erie low water datum (568.6 feet) at
a current water depth of about 14 ft (see Figure 3.6). This intake
consists of an octagonal crib made of timber with slots in the top so
that water enters the crib downward through the slots. At the design
intake flow of 42,000 gpm, the maximum intake velocity will be 0.5 ft/
sec, but the actual intake velocity will be about 0.25 ft/sec at the
nominal flow rate of '21,000 gpm. The applicant is planning to install
a bubble screen to discourage fish from entering the crib, but it has not
been designed yet.*

t

I'cing of the intake crib is not expected to occur, because similar wooden
cribs currently operating on Lake Erie have not been troubled by icing.

.
.

4
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If a heavy slab of ice should block the top of the crib, enough water to
satisfy the Station's needs would enter through the porous rockfill
surrounding it. The semicircular rockfill partially around the intake
crib but spaced away from it has two purposes: (1) to prevent large

'

chunks of ice from being driven into the crib by wind and wave action,
and (2) to reduce the velocity of inccming water so that suspended sand
settles out before it gets to the intake crib.

Water drawn into the crib enters an 8-ft diameter intake pipe buried
beneath the lake bottom CFig. 3.6). At the ==vi==e intake flow of

. 42,000 gpm, the water velocity in the intake pipe will be about 1.8 ft/
This pipe brings the water to an intake canal which is separatedsec.

from the lake by a beach and beachfront dike. The canal functions as a
long reservoir where water is stored for Station use (See Figure 3.2) .
Water flows by gravity from the intake crib to the intake canal. The
intake canal extends from the beachfront dike to the Station water intake
structure; the canal widens into a forebay near the Station intake
structure (See Fig. 3.7). At the design flow of 42,000 gpm, the water
velocity in the intake canal is estimated to be about 0.11 f t/sec.

Intake pumps and screens

The three pumes. located in three hayc in the intake structure, supply
all the vata the Station. However, before the water reaches
these pumpr

. ses through a trash rack (4 inch x 26 inch openings)
and then thtutgn traveling screens with 1/4-inch square openings to
prevent fish or small debris from entering the pump wells. The traveling
screens have backwash sprays which remove entrained material, and the
entrained material is sluiced through a trough to a holding basin with
overflow weir discharge, so that debris or fish removed from the screens
can be monitored and identified. From these pumps the water goes into
the service and operating water systems, or is fed directly to the col-
lecting basin for dilution purposes (See Fig. 3.5) .

.

Discharge structure

' All Station effluents (except storm water drainage, turbine building and
non-radioactive auxiliary building drains, which go to the Toussaint
River) will be mixed in the collecting basin prior to discharge into
Lake Erie. Mose of this mixture will be cooling tower blowdown and its
associated dllution water. The collecting basin has a small volume
compared with the flowrates into it, and therefore has no holdup capacity
but merely serves to mix the various effluent streams. From the collect-
ing basin a buried pipe, six feet in diameter, runs parallel to the intake

_ - . ._
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canal on its eastern side and extends about 1300 feet eastward out under
the lake, where it terminates with a 4.5 ft wide x 1.5 ft high slot-type
jet discharge CSee Figure 3.6). The discharge is located ac a current
water depth of about 9 ft (6 ft below the Lake Erie low water datum).
The elevation of the collecting basin will provide the necessary head for
discharge through the discharge pipe to the lake under all conditions of
water level. The slot-type discharge will have an exit water velocity
of about 6.5 ft/sec at the design maxtmum discharge flow of 20,000 gpm.
The nominal water velocity will be 4.5 f t/see at the expected discharge
rate of 13,000 gpa, thus promoting rapid entrainment and mixing with the
lake water. The lake bottom will be riprapped with rock for about
200 feet in front of the slot discharge to minimize scouring of the lake
bottom and the water turbulence that would result.

3.3.3 Thermal Discharges to Lake Erie

Seasonal variations in Station water consumption and temperature of blow-
down to the lake must be considered. The amount of local heating of the
lake depends on the volume of blowdown and on the temperature difference
between it and the lake. The cooling tower blowdown is taken from the
cold water side of the loop and its temperature is dependent on the wet-
bulb temperature of the air. Thus, the heat discharged to the lake
depends on the difference between atmospheric wet-bulb temperature and
lake temperature. This temperature difference varies considerably with
the season of the year, as shown by the data in Table 3.1. Some lake
water will be used to dilute the blowdown so that the effluent to the
lake will never be more than 20*F above lake water temperature. A
summary of quantities of cooling tower blowdown, dilution water, total
discharge to the lake and heat added to the lake is presented in
Table 3.2.

During winter months a portion of heated service water will be discharged
to the intake canal forebay to prevent ice build-up at the Station in-
take structure.

.

Thermal Plume Analysis

The discharge of heated service water and cooling tower circulating water
blowdown from the Station submerged discharge structure (1200 f t off-
shore) will generate a thermal plume in the lake. The applicant's =
consultant, Dr. Pritchard, estimates the maximum area of this plume at
the surface to be 0.21 acres (within the 3*F isotherm).1 A detailed
description of the computational model used to predict the discharge
thermal plume is given in the paper presented by Dr. Pritchard at the
Meeting of the American Institute of Chemical Engineers in March 1971.2

.
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TABLE 3.1. Temperature Difference between
Station Cooling Tower Blowdown Water

and Ambient Lake ('F)

Minimum Average Maximum

January -3 11.2 29
February 3 17.0 25
March 9 16.0 23
April 10 19.1 30
May 5 15.0 23
June 3 14.0 22
July 6 12.1 20
August 5 10.0 14,

September -5 5.0 14
October 6 17.0 23
November 7 17.1 30
December 8 18.2 30

Note
Atmospheric wet-bulb temperatures (taken at the onsite
meteorology tower) were used to determine the cooling tower
blowdown temperatures. The lake water t'emperatures were
subtracted to obtain these numbers.
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TABLE 3.2. Station Flow Rates and Heat Inputs to Lake Erie by Months

Water Flow Rates (gpa)
Cooling Heat RiseTower Process & Dilution Combined Input AboveBlowdown * Misc. Water ** Flow (106 BTU /hr.) Lake (*F)

!

January 7,500 20 4,080 11,600 116 20.0February 8,200 20 2,780 11,000 110 20.0March 8,500 20 1,980 10,500 105 20.0April 9,200 20 4,580 13,800 138 20.0
.

May 10,000 20 1,480 11,500 115 20.0June 10,000 20 980 11,000 110 20.0July 10,460 20 0 10,420 104 20.0August 10,400 20 0 10,420 73 14.0 ,s,
,

September 10,000 20 0 10,020 70 14.0 *October 9,500 20 2,080 11,600 116 20.0November 9,000 20 4,480 13,500 135 20.0December 8,000 20 4,680 12,700 127 20.0

*The variation in cooling tower blowdown is due to the seasonal variation in evaporation from the
tower. The tower is operated so that blowdown equals evaporation loss at all times.

** Dilution water flow is based on the quantity required to limit the maximum combined effluent dis-
charge temperature to 20*F above Lake Erie temperature.

.
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The Staff has written a computer program which codes the model equations
specified in that reference. The inclusion of the vertical spreading

:. phenomenon, which is only cursor 11y discussed in that paper, was done
' following the same technique Pritchard employed in his previous theo-

retical model studies of Zion and Waukagan.3,4 The resulting program was'

run for Sub-Case-I-B and Sub-Case-II-B* featuring the current rectangular
slot design. Our results and those reported by Dr. Pritchard differed
significantly. Firs t , the distance from the orifice to the longitudinal
position where the plume reaches the surface is predicted to be about 100
feet by Pritchard for all cases and subcases, but about 500 feet by our
computer program. Employing the modified Koh and Fan analysis,5 the
circular jet of Cases I and II reaches the surface at 54 feet (the actual
value should really be more than 54 feet since Koh and Fan assume no
surface interference effects). This is one discrepancy with Pritchard's '

prediction that presently cannot be reasonably resolved. The next, but
related, question involves the quasi-two dimensionality of the Pritchard
model. As represented in all his previous papers, the model yields
constant temperatures and velocities with depth at any given surface
location in the plume. Consequently, for distances beyond the plumei

'
intersection with the surface, the plume thickness should be a constant

] 8 feet, independent of surface temperature. This is not observed, how-
ever, in the tables on pages 25 and 27 of reference 1. Moreover, the
vertical temperature isotherms sketched in Fig. 4-13 in the reference are
not representative of a quasi-two-dimensional model such as Pitchard's.
The plume predictions also do not represent or assess the partial spread-
ing of the heated effluent in the directions opposite to the discharge
direction, once the plume has reached the surface.

The major discrepancies between our Pritchard code and the results
reported by Pritchard in reference 1 are in area and isotherm length-
width predictions. For Sub-Case-I-B, the 3*F isotherm will have an area
of 0.6 acres, a length of 347 feet and a width of 87 feet, according to
our computer code, whereas Pritchard's results, in reference 1, show
0.16 acres, an isotherm length of 129 feet and a width of 62 feet. For
Sub-Cas'e-II-B, the values are 0.66 acres for the 3*F isotherm, a length
of 336 feet and a width of 91 feet, according to the code; but 0.21 acres,

-159 feet long and 66 feet wide, as predicted in reference 1. These
discrepancies are typical. The use in the program of Pritchard's own
estimates for the distance of the plume to reach the surface yielded even
larger differences when theca new adjusted computer runs were made: the

6*Sub-Case-I-A is a heat discharge of 88 x 10 Btu /hr (volume flow rate
of 9220 gym ne 19.1*F above lake temperature). Sub-Case-II-B is a

6heat discharg' of 138 x 10 Btu /hr (volume flow rate of 13,800 gpm
at 20*F above lake temperature).

|
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areaa and lengths given above are much smaller than those predicted in
reference 1. One further point is of interest:. the ratio of length to
width to a given isotherm is equal to 4 as described in reference 2, yet

4

this ratio varies significantly in the results in reference 1.

We can only conclude that Dr. Pritchard has altered his standard model
for the Station calculations in ways not documented in reference 1 or in
his previously published works. Therefore we estimate that the maximum
surface area (within the 3*F isotherm) from the station discharge of
heated water, based on Pritchard's analytical model documented in refer-
ence 2, will be about 0.7 acres.

3.4 RADIOACTIVE WASTE SYSTEMS

During the operation of the Davis-Besse Nuclear Power Station, radio-
active material will be produced by fission and by neutron activation
reactions of metals and material in the reactor coolant. Small amounts
of gaseous and liquid radioactive wastes will enter the plant waste

i

streams which will be processed and monitored within the plant to mini-
mise the quantity of radionuclides released to the atmosphere and into

+

'

Lake Erie under controlled conditions. The radioactivity that may be'

released during operation of the facility will be in accordance with the
Commission's regulations as set forth in 10 CFR Part 20 and 10 CFR

; Part 50.

The waste handling and treatment systems for the plant are discussed in
the Preliminary Safety Analysis Report and the Applicant's Environmental
Report dated August 3,1970, Supplement to Environmental Report datsd
November 5,1971, and supplementary information dated April 21, 1972.

In these references, the applicant has prepared an analysis of his treat-
*

'

ment systems and has estimated the annual effluents. The following
analysis is based on the Staff's model, adjusted to apply to this plant,
and uses somewhat different operating conditions. The staff's calculated
effluents are, therefore, different from the applicants.

The waste treatment systems described in the following paragraphs are
designed to collect and process on a batch basis the liquid, gaseous,,

and solid wastes that may contain radioactive materials. Samples of the
! radioactive gases or liquids will be collected at points within and at

the end of the radwaste treatment systems and the wastes recirculated'
~

for ' additional decontamination if required. Instruments will monitor
and record the radiation from controlled discharges and will activate
alarms and control valves if the radiation is above a preset level. The
principal assumptions and conditions the Staff used to determine the
expected releases of radioactive materials in liquid and gaseous
effluents are detailed in Table 3.3.

'
<

*
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TABLE 3.3. Principal Conditions and Assumptions Used in Determining
Releases of Radioactivity in Effluents from the Station

Thermal Power 2772 MWe
Plant Factor 0.8
Failed Fuel * 0.25%*
Total Steam Flow 11.8 x 106 lbs/hr
Number of Steam Generators 2
Weight of Steam - each Generator 5,100 lbs
Weight of Liquid - each Generator 49,900 lbs
Steam Generator Blowdown 0
Weight of Primary Coolant 525,400 lbs
Primary Coolant Volumes

Degassed per year 12
Primary Coolant Gas Holdup Time 60 days
Containment Volume 2.86 x 106 gg3
Containment Purges per year 4
Primary to Secondary Leak 20 gpd
Primary Coolant Leak to the Auxiliary Bldg. 20 gpd
Primary Coolant Leak to the Containment 40 gpd
Shimrod Bleed Flow Rate 0.37 gpm
Letdown Flow Rate 45 gpm
Partition Coefficients for Iodine gas / liquid

Steam Generator Internal 0.01
Condenser Air Ejector 0.0005
Coolan, Leak to containment 0.1
Coolant Leak to Auxiliary Bldg. 0.005
Miscellaneous Waste Evaporator 0.01

Emergency Ventilation D.F. 100
Liquid Waste Holdup Time

Clean Radioactive Wastes 36 days
Miscellaneous Radioactive Wastes 20.5 days

Total Decontamination Factors

I Cs,Rb Y Mo,Tc Others

Shim Bleed 105 4 x 103 103 104 106
Clean Liquid

Wastas 104 2 x 103 103 10 1054

Miscellaneous
Wastes 103 104 10 1054 104

*This value is constant and cors;esponds to 0.25% of the operating power
fission product source term.

_ _ _
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3.4.1 Liquid Waste

The Davis-Besse design has four primary systems for collection and treat-
ment of liquids. These are Make-Up and Purification, Clean Liquid
Radioactive Waste (high purity), Miscellaneous , Liquid Radioactive Waste,

(low purity), and Condensate Purification. The interrelationship of
these systems is shown schematically in Figure 3.8.

The Make-Up and Purification System will maintain the water quality and
boron concentration of the primary coolant. To control the radioactivity
of the primary coolant during normal operation, a portion of the reactor
coolant will be bled continuously through letdown coolers, a mixed-bed
purification demineralizer (L1 -B0 form) and filter, and then routed

3 3to the primary coolant acke-up tank. A separate cation demineralizer
will be used intermittently in conjunction with or in lieu of the mixed-
bed demineralizer for cesium and lithium control. Near the end of the
core life the primary coolant letdown will be processed through the puri-
fication demineralizer, filter, and deborating domineralizer back to the
primary coolant make-up tank. Basically this closed system contributes
only to the solid radioactive wastes of the station in the form of spent
demineralizer resins.

For major boron nontrol, 0.37 gpm of shim bleed will be diverted to the
Clean Liquid Radioactive Waste System. The shim bleed may come from
the purification demineralizers or from the make-up tank. The design
basis process cycle will consist of passing the coolant through a
degasirier, filter, and mixed-bed demineralizer (H+-OH form) into a
clean waste receiving tank. The waste will then be fed to a boric acid
evaporator (15 gpm) with the distillate passing through a mixed-bed
polishing deafneralizer and filter into the clean waste monitoring
tank. Based on the analytical data, the processed waste will be either
diverted to the primary water storage tank, recycled or released to the
mixing basin through a normally closed valve and monitoring station that
automatically records, alarms, and closes the valve above a preset
radiation level. The 70 gallons per minute discharge will be diluted
with the 20,000 gallon per minute circulating water. The applicant
assumed a 0.8 mixing factor for a dilution factor of 228 in the mixing
basin before discharge to Lake Erie with which we agreed. The clean
liquid radioactive waste system will also process primary coolant
collected in the reactor coolant drain tank from the coolant system and,

pump seal draina, valve steam leaks and the chemical waste tank.

Concentrates from the boric acid evaporator will be fed through a mixed-
bed demineralizer into a storage tank. From this tank the liquid will be

,
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. either sent to the boric acid storage tank, the solid waste drumming
! station or the Miscellaneous Liquid Radioactive Waste System described

in the following paragraph. In our evaluation we assumed that 70 percent
of the clean liquid radioactive waste stream will be reused and that
30 percent will be discharged to Lake Erie.

.

The Miscellaneous Liquid Radioactive Waste System OfLRW) will be designed
to process-radioactive liquids collected in the miscellaneous waste drain
tank and the detergent waste drain tank. Sources of the liquids stored

I in the miscellaneous drain tank for batch processing will be containment
vessel and auxiliary building sumps, component cooling water relief
valves, dreins from the fuel storage area and laboratory, boric acid
concentrate tank and the deborating demineralizer. These aerated non-
detergent wastes will be fed to a 15 gpm evaporator with the distillate
passing through a mixed-bed demineralizer and filter to a monitoring
tank. Liquid from this tank will be either discharged to Lake Erie,
recycled, or diverted to the primary water storage tank depending upon
the purity. Evaporator concentrates will be mixed with cement at the
drumming station. The applicant estimated an equivalent 48,000 gallons /
year of primary coolant will be decontaminated in this system and dis-
charged to Lake Erie through the discharge monitoring station. The
applicant also assumed 100% of all liquid waste from the miscellaneous
liquid radioactive waste system would be discharged to Lake Erie. The
Staff agrees with these assumptions and they were used in calculating
release contributions from this system.

Detergent wastes from the hot shower sump, laundry and decontamination
i

area will be collected in a tank, analyzed and handled accordingly.
Normally, detergent wastes will be filtered and discharged to Lake Erie
through the monitoring station without treatment. High specific activity
wastes will be processed in the MLRW system before discharge. The activity
of the potential detergent effluents was ass"med to be a small fraction
of the total discharged to the environment.

The staff's estimated annual release of radioactivity in liquid wastes
was calculated to be a ' fraction of the values shown in Table 3.4. How-
ever, to compensate for equipment downtime and expected operational
occurrences the values have been normalized to 5 curies per year. Based

. on previous experience, the staff has estimated the annual release of'

tritium will be approximately 1000 curies per year. The applicant has
estimated an annual release, exclusive of tritium, to be about 0.45 curie
per year.

3.4.2 -Gaseous Wastes

During power operation of the plant, radioactive materials released to
the atmosphere in gaseous effluent will include low concentrations of

'

.

~
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TABLE 3.4. Calculated Annual Radionuclide Release in
Liquid Wastes from the Station *

Nuclide Curies /yr Nuclide Curies /yr Nuclide Curies /yr

Rb-86 0.0012 Rh-103m 0.00008 Cs-136 0.16
Rb-88 0.0004 Rh-105 0.00001 Cs-137 0.58
S r-89 0.0064 Rh-106 0.00003 Ba-137m 0.55
Sr-90 0.00002 Sb-127 0.000002 Ba-140 0.00052
Sr-91 0.00001 Te-125m 0.00007 La-140 0.00054
Y-90 - 0.00014 Te-127m 0.00057 Ce-141 0.00011-

Y-91m 0.00001 Te-127 0.00058 Ce-143 0.00001
Y-91 0.045 Te-129m 0.0051 Ce-144 0.00008'
Y-93 0.00002 Te-129 0.0032 Pr-143 0.00008
Zr-95 0.00011 Te-131m 0.00027 Pr-144 0.00008
Zr-97 0.000007 Te-131 0.00005 Nd-147 0.00003
Nb-95 0.00012 Te-132 0.001 Pm-147 0.00001
Nb-97m 0.000006 I-130 0.00049 Cr-51 0.000004
Nb-97 0.000006 I-131 2.37 Fe-55 0.000006
Mo-99 0.14 I-132 0.013 Co-58 0.00004
Tc-99m 0.13 I-133 0.25 Co-60 0.000004
Ru-103 0.00008 I-135 0.015 Np-239 0.000008
Ru-106 0.00003 Cs-134 0.72 Total ~5

Tritium '1000

* Radionuclides having a release rate less than 10-6 curies per year
have not been listed.

<

h
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fission product noble gases (krypton and xenon), halogens (mostly
iodines), tritium contained in water vapor and particulate material
including both fission products and activated corrosion products. The
various systems for the processing of radioactive gaseous waste and
ventilation paths are shown schematically in Figure 3.9.

The primary sources of gaseous waste will originate from the degassing
of primary coolant discharged to the Clean Liquid Radioactive Waste sys-
tem, displacement of nitrogen cover gas from liquid storage tanks, mis-
cellaneous tank vents and the miscellaneous liquid waste evaporator.
During reactor operation, vent valves on the Make-Up and Purification
system will be closed and the system operated at a positive pressure.
Thus the inventories of gaseous products, except krypton-85, will reach
equilibrium levels which will tend to minimize the total yearly release
of gaseous radioactivity. Normally, these gases, except those from the
vaste evaporator, will be collected in the waste gas surge tank, com-
pressad into decay tanks, and held for 60 days decay. The contents of
the tanks will be discharged through a high efficiency particulate air
(HEPA) filter, a charcoal adsorber, and a radiation interlock monitoring
system during a uniform release over a 30 day period. Due to the ex-
tended holdup time, Kr-85 becomes the major constituent released to the
atmosphere from this system. The less contaminated cover gas may be
tanked separately from other gases and recycled. The Applicant estimates
that one of five tanks discharged in a year might require release after
30 days decay at which time only 2 percent of the initial activity will
be present. In our evaluation, the Staff has assumed an average 60 day
holdup time for all tanks discharged.

The miscellaneous liquid waste evaporator will be used for detergent
wastes c- vell as non-detergent wastes if necessary and will be con-
tinuously vented through a charcoal adsorber to the Station vent. The
applicant estimates that 48,000 gal /yr. of primary coolant will be
processed in the waste evaporator with a gas / liquid iodine partition
coefficient of 0.001. The iodine releases for the waste evaporator,
shown in Table 3.5, reflect the Staff's assumption of an iodine partition
coefficient of 0.01 gas / liquid in the evaporator, a DF of 10 for the char-
coal adsorber and a 20 day decay for accumulation time with two thirds of
the source from containment leaks and one third from auxiliary buildingleaks.

Other sources of radioactive gases which are not considered sufficiently
concentrated to warrant collection and storage originate from the con-
tainment building purges, primary coolant leaks to the auxiliary build-
ing, condenser air ejector exhaust contaminated by primary to secondaryi leakage when fael cladding defects exist and steam leaks in the turbine
building.

t
t

,
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Radioactive gases may be released inside the reactor centainment build-
ing when the components of the primary system are opened to the building
atmosphere for operational reasons or when minor leaks occur in the
primary system. The containment building has no internal clean up sys-
tem; however, before entry the containment atmosphere will be purged
through a prefilter and high efficiency particulate filter CEEPA) to the
station vent. The applicant has stated in the PSAR that one of two
parallel Emergency Ventilation Systems, consisting of a prefilter, REPA
filter and two charcoal adsorbers in series, will be used for normal
containment purges if indicated by pre-purge analyses. In our evaluativn
the Staff assumed that it will be necessary to purge the containment
building 4 times per year through the Emergency Ventilation System.

The condenser air ejector exhaust will be discharged to the station vent
without treatment. Air from the turbine building will exhaust through
roof vents and auxiliary building air will be discharged to the Station
vent through a prefilter and REPA filter.

Additional sources of potentially contaminated air are the fuel storage
area, penetration rooms, drunning station, and decontanination area.
Normally, the ventilation air in these areas will be through a HEPA
filter to the station vent. A second Emergency Ventilation System
identical to the one described for the containment building will be used
to exhaust these areas when conditions warrant. The Staff assumed that
under normal operating conditions the Emergency Ventilation System
would not be used.

The plant will be provided with once-through steam generators and will
be operated without blowdown.

The Staff's calculated releases from primary and secondary sources are
shown in Table 3.5. The Applicant estimated an annual release of 1650
curies per year of noble gases and 0.005 curie per year of iodine.
The Staff's calculated annual releases based on a 40 gallon per day
leak to the containment and a 20 gallon per day leak to the auxiliary
building were 2943 curies per year of noble gases, and 0.12 curie per131year of 1

.

3.4.3 Solid Wastes,

Solid wastes will consist of high level radioactive spent demineralizer
resins, evaporator concentrates and filters and miscellaneous low'

activity level wastes such as clothing, plastic, paper, rags, glass,
wood, metal, concrete and ceramics.

._. -- -_
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TABLE 3.5. Calculated Annual Release of Radioactive Materials in
Gaseous Effluent from the Nuclear Power Station

(curies per year)

Condenser Waste Gas Miscellaneous
Containment * Auxiliary Air System Waste

Isotope Purge Building Ej ector 60 Day Holdup Evaporator Total

Kr-83m 1 1 2
Kr-85m 6 6 12
K r-85 22 11 11 710 754
Kr-87 3 3 6 oKr-88 10 10 20 LXe-131m 2 6 6 5 19 *
Xe-133m 1 11 11 12 35
Xe-133 160 945 945 9 2059
Xe-135 16 16 32
Xe-138 2 2 4

Total 2943
I-131 0.004 0.08 0.008 0.02 0.12
1-133 0.0005 0.09 0.009 0.1

*Asstanes single pass through 2 charcoal adsorbers of emergency vent system during purge.

_ _



|

|

3-26

The spent resins and evaporator concentrates will be stored in tanks for
additional processing. Periodically, batches will be sent to the solid

*

waste disposal drumming station located in the auxiliary building where
the material will be mixed with cement, drummed and stored for offsite
burial.

All dry solid miscellaneous wastes will be hydraulically compacted into
drums and stored for offsite burial. The non-compressibles will be

! seale'd in the containers.

Based on operating experience at other plants and the capacity of the
dnxening station, the Applicant estimated 500 drums of high level and
150 drums of low level waste (4800 ft.3) will be shipped annually to a
licensed burial ground. All solid waste will be packaged and shipped
in conformance with all applicable AEC and DOT regulations.*

,

Staff's estimated annual disposal based on the operating experience of
similar plants is 235 drums of high level wastes and 600 drums of dry
compacted waste. The total activity af ter 180 days decay has been
estimated at 2500 curies per year.

3.5 CHEMICAL AND BIOCIDES SYSTEMS

3.5.1 System Description *

All plant water discharges are sent to a common collecting basin from
which there is one discharge to Lake Erie. The pertinent water circuits
are shown in Figure 3.5. In addition to the recirculating cooling<

water, carrying heat from the condensers to the coo' ling tower for dis-
charge to the atmosphere, there are three pumping systems using lake
water:

(1) Service water is pumped through systems from which heat must be
removed. Since there are times when the service water flow rate
will exceed the appropriate makeup rate for the recirculating
cooling water, it has been made possible to discharge any excess
into the collecting basin..

(2) A separate circuit is established for dilution and collecting
basin makeup water. When the service water effluent is routed,

to the forebay area, this water is used for makeup to the re-
circulating cooling water system. As stated earlier, there are
times when the temperature of the blowdown from the recirculat-
ing water system is greater than 20' above ambient lake tem-
perature. At these times some water from the dilution and

.
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.

collecting basin makeup system is pumped directly into the
collecting basin in order to drop the temperature to 20' above
lake temperature.

(3) Operating water is clarified, chlorinated, and used for several
purposes . It provides potable and sanitary system water, main-
tains the level of the water in the fire protection system, and
supplies the makeup water demineralizer, which provides makeup
to the reactor primary and secondary water systems.

A settling basin is provided to contain the solids backwashed from the
clarifier used in the operating water circuits and the solids from the

~

secondary water-steam system condensate demineralizer backwash. The
overflow from the settling basin is pumped into the collecting basin
although there is an emergency overflow to the drainage ditch which
leads to the Toussaint River. Various solutions from drains and other
discharges in the nuclear waste monitor tanks (See Fig. 3.8) are checked
for chemical content and radioactivity, then discharged occasionally
into the collecting basin.

3.5.2 . Chemicals Added

All the makeup to the recirculating system (cooling tower) is partially
neutralized with sulfuric acid, releasing carbon dioxide, and thereby
reducing the amount of scale formed in the condenser and the cooling
tower. The applicant's present plan is to operate at a pH of 7.3 (the
pH of the lake water is about 8.1). The only other chemical added to

'che circuits is elemental chlorine. This is added as follows: 1) To
the service water in four 30-minute periods per day (at a level required
to maintain 0.5 ppm free residual chlorine) for defouling the heat ex-
changers; 2) To the recirculating cooling water system directly upstream
of the condensers in four 30-minute periods per day (to maintain

" 0.5 ppa free residual chlorine); 3) To the operating water at the clari-
fier, where it gradually decays in the fire protection system, goes to
the sewage treatment plant, or is removed in the makeup demineralizer;
and 4) To the effluent from the sewage treatment system which is chlori-
nated continuously to maintain one ppm free residual chlorine.

3.5.3 Chemicals Discharged

The chemicals discharged to the lake are listed in Table 3.6.

Cooling Tower Circuit

The recirculating cooling water blowdown contains the major fraction of
all chemicals discharged. Due to the evaporation of water in the cooling

.
-
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TABLE 3.6 SUMMARY OF CHEMICALS DISCHARGED TO LAKE ERIE BY THE STATION

, Concentration Total Quantity
Concentration in Discharge Discharged

Origin Chemicals at Origin (ppm) to Lake (ppm) (Tons / Year)

Recirculating cooling Normal Lake Erie dissolved
water blowdown excess produced by cooling

tower evaporation. Pre-
dominantly carbonates,
sulfates and chlorides
of calcium and magnesium 253 252 9661
chlorine: free 0.5 0.5 * 2.2db

8combined (chloramines) 0.07 .03c* 0.1Service water chlorine: free 0.5 Unknown:
8combined (chloramines) 0.9 depends on rates

of excess flow
directly to
collecting basin
at times of
chlorination. y

wNuclear area effluent *

(Radwaste) Miscellaneous non-toxic 50 0.8* 0.2
Seuage treatment Dissolved solids, reduction from

system that in lake -45 -0.l* -0.2
chlorine: free 1 0.003* 0.004

combined Unknown
Makeup demineralizer CaS0g 915 20* 18
Regeneration wastes MgS0g 490 11* 10

Na2 og 3630 79* 71S

Na2CO3 1110 24* 22
Nacl 350 8* 7
Na3 cq 30 1* 0.6P

Settling basin Normal lake water from clarifier
backwash; no eFCess 0 0 0
Deficit dissolved solids in con-
densate demineralizer backwash -225 -3* -1.0

*While actually discharging.

._ - _ -_-_ - - ___ ___
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TABLE 3.6 (Contd.)

Notes for Table 3.6
.

"This concentration calculated as steady-state value in the system during chlorination. Makeup water
contains 0.37 ppa ammonia nitrogen; half of all chloramines in system assumed lost by evaporation
for each pass through the cooling tower.

bSome free chlorine will be lost by reaction with organic growth and by sunlight-catalyzed decomposition
before discharge to the lake. In the absence of knowledge of this amount, no reduction is made in the
number in the table (See text).

" Half the concentration entering the cooling tower is assumed to be lost in the tower.
An allowance of 1.6 hours was made for full decay of chlorine in the recirculating water system. Each w
of the four daily chlorination periods was therefore assumed to discharge the equivalent of the full la
concentration for 1/2 hr during chlorination and 0.8 hour after chlorination. The calculated rate of *

discharge is believed to be greater than the actual amount that will be discharged by an unknown amount.
"While actually discharging. Chlorine content of chloramines calculated equivalent to 0.37 ppa ammonia
nitrogen in lake we.ter.
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tower the concentration of dissolved solida in the recirculating water is'

slightly greater than double that in the lake (the concentration factor
is not exactly 2X, even though the blowdown rate is equal to the evapora-,

-

tion rate, because of the addition of sulfuric acid and the loss of
carbon dioxide). Except for the fact that the sulfate is slightly higher
and the carbonate slightly lower, the ratios of the various chemicals

,

are the same as in lake water.,

1

The chlorine added for defouling the condensers and the cooling tower
surf aces is sampled at a point just downstream of the condensers. Chlor-
amines a o produced by reaction of free chlorine (present as the hypo-
chlorite ion and hypochlorous acid) with ammonia and organic amines;

i present in the water and produced in the system by the growth of micro-
! organisms. Some chloramines are quite volatile (notably NHC1 )7*8 80

that they are lost by evaporation in the cooling tower, and to a slight2;

!

extent in the return from the tower to the circulating pumps. Knowledge
of this loss is needed to estimate the concentration of chloramines in
the system during chlorination. Based on experience in other cooling,

'

towers it was decided to assume loss of one half of the chloramines in
the system during flow of the total coolant through the cooling tower.
With 0.37 ppa ammonia nitrogen continuously brought into the recircula-,

j ting water system in the makeup 18,450 gpa (avg), the evaporative loss
i leads to a calculated steady state concentration (approximate concentra-
i tion of chloramines when there is free chlorine present) of 0.07 ppa
j chloramines.
i

In the calculation of yearly discharges it was necessary to estimate
the fraction of the time that chlorine would be discharged from the,

] recirculating cooling water system. A calculation was made of the'

reduction in concentration of free chlorine by dilution in the makeup-
i

blowdown operation, and by reaction with the chlorine demand (1.4 ppm)
i in the makeup water. The volume of water in the system was taken asj 11.2 million gallons, the makeup rate 18,450 gym, and the blowdown rate
! 9225 gps. The calculation indicated that about 3.2 hours will be re- '

i quired for complete loss of free chlorine. Not included in the calcu- ;;
lations was the loss expected in the cooling tower, and particularly in '

;

the open channel between the cooling tower and the recirculating pumps! (Fig. 3. 4) . In the presence of sunlight, free chlorine is converted to-

dilute hydrochloric acid and oxygen, at a rate depending on light jintensity and chlorine concentration. Ugder the conditions of the
i

laboratory experiments of Hancil and Smith,6 a 60-second exposure to |
, the light would reduce free chlorine concentration more than 2000-fold.

!'

-If becausa of limited penetration of the water by sunlight, local portions '

of dissolved' chlorine in the return from the cooling tower received
light at that intensity for 10% of the time there would be a factor of

i*

k

<
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2 reduction. There is no adequate method of estimating the loss of
chlorine in passing through the cooling tower and in the return from the
cooling tower due to reaction with bacterial and algal growth. In the<

only analogous case known to the staff, chlorine has been said to be
'undetectable at the point of blowdown. With data so limited, it was

decided to give no credit for such chlorine losses in the calculation of
the amount released to the environment. The amount so calculated will+~

very probably be substantially in excess of the amount actually released.
The quantity given in Table 3.6 for the cons / year discharge is based on
a release of 0.5 ppa solution during each chlorination period (1/2 hour) '

and during half of the period of decreasing concentration following
chlorination. The period of decreasing concentration was estimated to
be half of the calculated 3.2 hours because of sunlight - catalyzed losses-

in the return from the cooling tower.

; Excess Service Water

Some chlorine would be released to the lake from the service water that
was diverted to the collecting basin during periods of service water
chlorination. Flowrates at such periods are unknown; they are expected
to be small, since service water flowrates are expected typically to be
equal to the recirculating water makeup rate.

Sevase Treatment

The effluent from the sewage treatment system has a lower concentration
of dissolved solids than the lake water. Negative numbers are used in

,

Table 3.6 to reflect this.

Makeup Demineralizer Wastes

When the makeup demineralizer is regenerated, the salts previously
,

j removed from lake water are released in a neutralized solution, together
with sodium sulfate that comes from the unused portions of the sodium
hydroxide and sulfuric acid used in regeneration. Except for the sodium
sulfate, the chemicals returned to the lake are those removed earlier.

Secondary System Blowdown

The secondary '(turbine) system contains anunonia (1.2 mg/1), hydrazine
(0.02 mg/1) and dissolved solida at a concentration less than 0.02 mg/1.
There will be no blowdown from this system under normal operating condi-
tions. If necessary, this system will be drained to the collecting
b asin.

.

4
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!
Cooling Tower Drift

At the maximum anticipated drif t, 0.01% (See Sec. 5.3.4), the cooling tower
is expected to emit water droplets containing 275 pounds of dissolved solids
per day. As the water evaporates, its solids will deposit on the land in
the vicinity of the cooling tower. The estimated chemical composition of
the drift and the solids deposited is shown in Table 3.7. For all
constituents except sulfate and bicarbonate, concentrations were taken to
be twice those in lake water. The sulfate level was calculated to ber

!

twice lake concentration plus the amount added for pH control. This
! quantity was estimated by attributing the excess of the average total'

dissolved solids content of recirculating water (478 ppm) over twice that
in the lake water (225 ppm) to the difference in weight between sulfate
added and equivalent carbon dioxide discharged to the air. The concen-
tration of the bicarbonate is requ. red to make up the total dissolved

, solids value. These figures are approximately correct, since the totalI

number of chemical equivalents of the anions varies from the total of
the cations by only 8%, and low-concentration solutes have not been
included.

|

In addition, some carbon dioxide will be released as a gas. This depends
I

!
upon the quantity of acid added to the makeup water and the resulting
fraction of the carbonate that is released to the atmosphere in the form;
of carbon dioxide gan. The applicant's estimate of 1.5 tons per day
(533 tons per year) is consistent with the 1.3 tons / day estimated as the,

! equivalent of the sulfuric acid added to the makeup water in the calcula-
tions in the preceding paragraph.

Also, chloramines will be lost by evaporation from the cooling tower.
' The quantities cannot be estimated accurately; however, the addition of
chlorine to the 0.37 ppm ammonia nitrogen in the circulating water system
makeup produces 0.86 ppm chlorine in the form of chloramines. If all
except the steady state value of 0.07 ppm (See Table 3.6) is released
to the atmosphere, the chlorine content of the mixed chloramines will be
15 pounds during the two hours each day that chlorine is added to the

| system.

3.6 SANITARY AND OTHER WASTE SYSTEMS

The secondary sewage treatment plant is designed to serve a total of
360 plant employees and visitors. About 3,000 gallons per day of treated
effluent is expected to be discharged to the collecting basin (See

| Figure 3.5). This effluent will be chlorinated continuously, so as to
i maintain 1 ppm residual free chlorine. It is the Staff's evaluation that!

the free chlorine discharged from the secondary sewage treatment plant
(flow approximately 2 gpm average) will have an insignificant environmental
impact since it is diluted with the cooling tower blowdown (flow approxi-

|

mately 9225 gpm) in the collecting basin.
|

,
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TABLE 3.7. Cooling Tower Salta Discharged in Drift

Concentration in Percentage Deposits
Constituent Drift (ppm) of total (pounds / day)

Total dissolved 478 100.0 275
solids

Calcium 90 18.8 51.7
Magnesite 22 4.6 12.7
Sodium 24 5.0 13.7
Chloride 44 9.2 25.3,

Nitrate 24 5.0 13.7
Sulfate 126 26.4 72.6-

Phosphate 3 0.6 1.7
Silica 2 0.4 1.1
Bicarbonate 143 29.9 82.2

>

!

i

l
|
,

|
i

____.,c... - -



_ . - .. - -

.

3-34

The trash from the water-intake screens and nonradioactive solids from
the clarifier and condensate demineralizer will be packaged for commer-
cial disposal.

,

3.7 TRANSMISSION LINES

Three new high voltage transmission lines are being built for the
Station. Two of the lines will go to Toledo Edison substations and the
third will go to an Ohio Edison substation (See Fig. 3.10). Power is
generated at 25 kV by the Station generator and stepped up to 345 kV by'

the main power transformer in the Station switchyard. Each of the three
345 kV lines leaving the switchyard will be a single circuit bundle
conductor line in vertical configuration with two shield wires on double-
circuit towers. Double-circuit towers are being provided so that a
second circuit can be added to each line if additional generating
facilities are ever built at the site.

The transmission line towers are of the lattice steel type with tower '

heights varying from 120 to 190 feet (averaging about 150 feet). The,

base dimension of a typical tower is 40 f t x 40 f t. The towers were
kept as low as possible by using high strength conductors to reduce line
sags, thereby giving lower line profiles. The towers have a dull
metallic finish.

The Bay Shore line will be about 21 miles long, extending from the Sta-
tion switchyard west and then northwest to Toledo Edison's Bay Shore
substation. The right of way is 150 feet except where it parallels the
existing Bay Shore to Ottawa 138-kV line. In this region, the right,

of way is 145 feet, contiguous to the existing 100. feet for the 138 kV
line. The Lemoyne line will be about 21 miles long, extending from the
Station switchyard west and then southwest to Toledo Edison's Lemoyne
substation with a 150 foot right-of-way. The Beaver line will be about
59 miles long, extending from the Station switchyard south and then
southeast to Ohio Edison's Beaver substation (not shown on Fig. 3.10) .
The portion of the Beaver line under this project extends from the
Station about 15 miles south and southeast to a tie point on the bound-,

ary between Toledo Edison and Ohio Edison. The remaining 44 miles, in
Ohio Edison territory, are being constructed under a separate project.
Approximately 1800 acres, pricorily flat agricultural land, are required
for the rights of way.

Effort was made in design of the transmission system to minimize the
impact and optimize the compatibility of the transmission facility with
the environment. The lines are routed to avoid paralleling existing
major highways. Some paralleling of State Route 2 does occur near the

._.
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Station, but here the Bay Shore line is located over one-half mile from
the road and the Beaver line is approximately one-half mile away. At all
major road crossings (state highways, U. S. highways, or interstate
highways) the rights-of-way consist of either cultivated fields or or-
chards. The rights-of-way will be lef t natural at these road crossings.
Efforts were made to avoid crossing the major highways at or near
intersections. The Lemoyne line does cross State Route 163, 175 feet
from the intersection of Billman Road, but this is the only exception.

In an effort to reduce the number of utility corridors across the country-
side, the Bay Shore line is located adjacent to the existing Pay Shore-
to-Ottawa line for about 11.6 miles and parallels the Lemoyne line for
about 2.2 miles upon entering the Station. In addition, the railroad
spur that serves the Station and interconnects with the Norfolk and,

i Western Railroad is installed on the Lemoyne line right-of-way for about
7.8 miles.

Although the " Environmental Criteria for Electric Transmission Systems"
| (by Departments of Interior and Agriculture) was published well af ter the
l design and planning of the Station transmission lines was started, the

applicant statec good design practices followed were consistent with the
Criteria. Herbicides will not be used to maintain the rights-of-way.

,

l
i

i

|

|

i

. . _ _ . _ , _ _ . ,_ - - - - - .



.

3-37

REFERENCES

1. " Davis-Besse Nuclear Power Station, Supplement to Environmental
Report," Vol. 1, Appendix 4B.

2. D. W. Pritchard, " Design and Siting Criteria for Once-Through Cooling
Systems," Chesapeake Bay Institute, The Johns Hopkins University,
March 1971. -

3. D. W. Pritchard, " Predictions of the Distribution of Excess Tempera-
ture in Lake Michigan Resulting from the Discharge of Condenser
Cooling Water from the Zion Nuclear Power Station," April 1970.

.

4. A. J. Policastro, J. V. Tokar, " Heated Effluent Dispersion in Large
Lakes, State-of-the-Art of Analytical Modeling, Part 1. Critique

of Model Formulations," Argonne National Laboratory, ANL/ES-ll,
(1972).

5. M. A. Shirazi, and L. R. Davis, " Workbook of Thermal Plume Predic-
tion, Volume 1, Submerged Discharge," National Environmental Research
Center, Corvallis, Oregon, April 1972.

6. V. Hancil, J. M. Smith, Ind. Eng. Chem. Process Design Develop.10,
515-523 (1971).

7. E. J. Laubusch, Chapter 5 of The Water Quality and Treatment Handbook.
Third Edition. American Waterworks Associat' ion.1971. pgs.186,187, g'g
206, 207.

8. A. E. Griffin and R. J. Baker. "The Break-Point Process for Free
Residual Chlorine." Journal of the New England Water Works Association,
September 1959.



.

4-1
,

1

|

4. ENVIRONMENTAL EFFECTS OF SITE PREPARATION AND STATION AND
TRANSMISSION LINE CONSTRUCTION

4.1 EFFECT ON LAND USE

The Station structures include the reactor containment building, turbine
building, auxiliary building, and cooling tower, as shown in the Station
layout in Figure 3.2. The Station, not including cooling tower, will
occupy 56 acres of the 954-acre site. In addition, there will be almost
46 acres of ponds resulting from filling of the borrow pits.* The Sta-
tion facilities, including the borrow pits and quarry, were constructed
on farmland, requiring removal of very few trees. At the time construc-

-

tion began, 80 acres were classified as agricultural. Currently 15 acres
remain under cultivation in the southwest portion of the site. The
main Station area was graded up to an elevation 6 to 12 feet above the
original grade. The marsh area was disturbed only for construction of
the intake canal. The discharge pipe will be buried along the edge of
the intake canal and the marsh will not be further disturbed by its
installation.

Off-site transmission facilities are constructed largely over flat farm-
land; only about 4.7 miles of wooded area will require clearing out of a
total of 57 miles ** of right-of-way. Routes were selected to minimize
conflict with present uses of the land. The rights-of-way were selected
to avoid unnecessary removal of homes or other usable buildings, dis-
turbance of forested areas, interference with radio and television
facilities, or traversal through towns, villages.. cemeteries, schools,
playgrounds, manufacturing faci 11 ties, parks, or other recreational
facilities. Marshland, creeks and rivers were avoided where possible
because they are areas of wildlife concentrations. The Bay Shore trans-
mission line was routed south of State Highway 2 to bypass Metzger
Marsh, Ottawa National Wildlife Refuge, Magee Marsh and the open expanses
of. water at the mouth of Turtle Creek. The Lemoyne line was routed
north of Toussaint River and Creek to avoid crossing that stream and to
bypass- Toussaint Creek Wildlife area. The Beaver line was routed west
and south of Sandusky Bay to avoid the marsh areas and coves located
along the edge of the bay. Therefore no government-designated marsh
areas or wildlife refuges were crossed.

*0ne of the borrow pits is being used as a construction refuse dump. This
pit, as well .as another used as a dump, will be filled and compacted, i.e. ,
not used as a pond.

**Does not include the 44-mile extension of the Beaver line being constructed
by Ohio Edison (See Section 3.7).

I
,

_ _ _ _-
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The routes selected do not pass near any natural or historic landmarks.
The only government-designated scenic area crossed is that section of
State Highway 163 where it parallela the Portage River. The Beaver line
crossing of this area was selected at a point where the Scenic Highway
was not adjacent to the Portage River and at one of the narrow points of
the river to reduce the crossing span and adjacent tower heights.

During construction, excess excavated materials will be graded around
the base of each tower to conform with the existing lay of the land.
Construction areas will be filled or leveled to minimize erosion and to

. leave the entire right of way in as close to natural condition as
possible.

.

4.2 EFFECT ON WATER USE

4.2.1 Temporary Barge Channel

The applicant's preferred method of delivery of the reactor pressure
vessel to the site is by barge. This will require dredging of a '

temporary barge channel in Lake Erie connecting with the intake water
canal. Accordingly, the applicant has applied to the U. S. Army Corps
of Engineers for a permit to dredge and maintain a temporary (100 days,
from beginning of dredging to completion of backfilling) barge channel
to a depth of 3.6 feet below the Lake Erie low water datum (LWD) of
568.6 feet MSL at the site, to connect to the existing intake water
canal (Figure 4.1). The channel is to be approximately 650 feet long,
50 feet wide and 1.8 feet deep (average), and will require the removal
of approximately 3300 cubic yards of material (75% sand-25% hard
(glaciolacustrine) clay) from the lake bottom. 'The removed material will
be stored at the edge of the channel and replaced on the lake bottom

|after delivery of the reactor vessel.

An earlier dredging plan submitted by the applicant, which involved
dredgingadeegerchannelandremovalofabout34,000cubicyardsof

|sand and clay, was opposed by local property owners. The opposition
centered on alleged erosion damage to the beach and inland marsh areas,
increased turbidity of the lake water, and introduction of pollutants
(dissolved from the dredgings). The applicant has since modified the 3

plans to take advantage of the currently high water level of the lake *
|and, as described above, requiring a greatly reduced amount of dredging. '

A new application was submitted to the Corps of Engineers and the permit2

was issued on Aug 4,1972.

*Ihe lake level is currently averaging %3 feet above the LWD.

1
!
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A study by the applicant's consultant, Dr. Herdendorf,3 concluded that
there would be no lasting adverse environmental effects from the
proposed dredging and that the time proposed for the operation (begin-
ning in the third quarter of 1972) is optimal, since the lake storms
are less severe during this period. He also concludes that the dredging
will not cause shoreline erosion because of the rather unusual lake
current situation at Locust Point, wherein the sand transported to the
east and west by littoral drift is replenished by sand carried in from
the offshore lake bottom. A recent study by the Corps of Engineers" also
lists the Lake Erie shoreline around Locust Point as a non-critical
erosion area. Dr. Herdendorf further states that water turbidity will
be minimal and that the chemical nature of the sediments, mainly ancient

i lake and glacial clays, means that they are unpolluted, in contrast to
! . materials dredged from harbors. Because of the low chemical oxygen

demand of the sediments, they will not cause measurable oxygen depletion
when placed in suspension temporarily.

The Ohio Department of Natural Resources and the Ohio Department of
| Health have provided.the water quality certification required before the
| Corps of Engineers can issue a permit. The state certification gives

approval to the project and lists some procedures, primarily aimed at;

| reducing water turbidity and restoring the shoreline to its original
condition, which the applicant should follow.5 All the beach areas and

i the lake bottom will be restored to their natural condition after back-
i filling of the barge channel.
!

It is the Staff's evaluation that dredging operations for the temporary
, barge channel will produce some slight short-term damage to aquatic life
! in the immediate vicinity, but no lasting effects on the aquatic environ-

ment is expected.

4.2.2. Intake and Discharge Pipelines

Dredging and backfilling of the trenches for the intake and discharge
piping present potential impacts of the same nature as those discussed
above for the dredging of the temporary barge channel. However, in the
case of the pipeline the trenches will be deeper, resulting in the
removal of underlying glacial till (a hard clay containing some sand and
gravel) in addition to the sand and glaciolacustrine clay which will be

I removed for the barge channel. In this case, also, Dr. Herdendorf
j concludes that the proposed construction will result in no lasting

damage.6 His conclusion is -based on an analysis similar to that for the~

barge channel and experience with similiar projects on Lake Erie. All
beach areas and the lake bottom will be restored to their natural condi-
tion after installation of the piping.

i

:
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The pipeline construction will require 4 to 5 months to complete and
,

will cover the period from late spring to early fall 1973. Accordingly,
The Ohio State University Center for Lake Erie Research (CLEAR) has'

started to conduct a monitoring program to assess the effects of the
temporary barge channel construction, which will be completed before the
pipeline construction starts.6 The data from this program will
presumably aid in developing procedures to further minimize the impact
of the pipeline construction. The applicant filed a permit application
with the Corps of Engineers for this construction on Aug 1,1972.

It is the Staff's evaluation that dredging operations for the permanent
'

water intake will produce some slight short-term damage to aquatic 1

life in the Lamediate vicinity, but no lasting effect on the aquatic !

environment is expected.
1

4.2.3 Ground Water and Storm Water Drainage Systems |

The main Station area storm drain system prevents storm run-off from the
construction area from entering the marsh. All exposed earth surfaces
drain into the borrow pits, thus preventing silt from reaching any
waterway.

All the ground water which is pumped out of the excavations during
construction is eventually discharged to the Toussaint River, af ter

i

passing through an aeration pond and the drainage ditch connecting it to |
4 the river. The aeration pond provides for reduction of the H S content2

(naturally about 5 ppm in the ground water) of the effluent to less than
0.1 ppm. It is not desirable for water with this high a concentration of
H S to enter the river. The pumping and discharge of ground wate.r will,2
of course, cease when the construction of foundations is completed.

Artesian pressure in the rock aquifer forces water to flow into the
excavations for foundations in the bedrock. Since these excavations
must be kept dry they are continually pumped; however, the resulting.

water flow leads to a reduction of the rock aquifer water table.
Reduction of the water table level off-site has been minimized by
grouting the upper bedrock layer at the perimeter of the exca.vations,
thereby reducing the water flow into the excavations. Upon completion
of the foundations the excavations will be backfilled and pumpinF will
no longer be necessary. The water table will then return naturally to
the normal level. The small (temporary) change in the water table has
not affected ~ the wells in the vicinity of the site,

4.3 EFFECTS ON SITE ECOLOGY

As the result of an exchange arrangement and long-term lea'e agreement
with the Bureau of Sport Fisheries and Wildlife, there has been a net
addition of more than 600 acres of marsh under Bureau management to

q= serve as a wildlife refuge. The arrangement with the Bureau of Sport
Fisheries and Wildlife has resulted in the following actions to enhance

_

!
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the area as a wildlife refuge. 1.) A dike was constructed through the
marsh (Figure 2.4) at the northern edge of the site boundary in late
summer of 1971; this season was chosen to avoid interference with nesting
and migratory wildfowl. The dike separates the site refuge area from
an adjoining private marsh, permitting water level control for improved
marsh management. 2.) Existing dikes on the Navarre Marsh were in poor
repair when the site was acquired; these are being repaired and ~ maintained.
The banks of the intake canal have also been seeded and planted to prevent
erosion. 3.) The Applicant will install permanent water pumps to control
water levels 'or operation by the Bureau as part of the marsh management
program. 4.) Construction workers have been kept out of the marsh areas.

Operation of on-site borrow pits, die quarry, and the concrete batch
plant have eliminated major sources of heavy truck traffic frequently
associated with large construction projects. In cooperation with the
Ohio Department of Highways, State Route 2 was widened at the construc-
tion road entrance to provide turning and passing lanes, as a means of
expediting traffic flow in and out of the site. On-site parking is
provided for all construction workers. The dirt roads on the site are
wet down during dry periods to reduce dust.

Af ter construction is completed, the quarry and borrow pit areas will be
allowed to fill with water and the surrounding areas will be landscaped.

4.4 EFFECTS ON THE COMMUNITY

Site preparation at the Station began in May 1970 and construction
started in September 1970, af ter receipt of an exemption from the
Commission. Construction has proceeded in accorda.nce with applicable
federal, state, and local regulations, and necessary approvals, certifi-
cations, and licenses have been obtained in accordance with those re-
quirements (see Section 1.3). The state of major construction at the
Station as of April,1972 is shown in the photograph of Figure 3.3.
Overall, construction is about 30% complete and commercial operation is
scheduled for fall 1974. This is based on the following timetable: -

Completion of containment building - fourth quarter,1972.
Delivery and installation of reactor vessel and steam generators -

fourth quarter, 1972.
Installation of piping - 1972 and 1973.
Delivery of turbine - second quarter, 1973.

__ -.
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The status of transmission line construction, as of June 1,1972, is as

follows:

Bay Shore Lemoyne Beaver
gt_tvity Line Line Line*

Right% f-way secured 100% 83% 40%

Tree clearing completed 100% 90% 5%

Tower foundations 100% 35% 2%

Tower erection 100% 0% 0%

Cable installation 50% 0% 0%
.

Currently, there is a construction force of approximately 890 at the
site; however, the construction force will peak at approximately
1600-1700 workers during 1973. Most of the workers come from Port
Clinton, Toledo, Fremont, and Sandusky. However, since this local area
will not be able to supply the total peak anticipated work force,
workers from outside the area will move into communities in the vicinity

of the Station during the peak construction period. At the present
employment level of 890, the monthly payroll is approximately $1,785,000
and it will vary roughly in proportion to the work force. There is no
present or anticipated strain on the school systems or housing in the
area. To date, the work at the Station has taken up the slack caused by
lower than normal construction activity in the area.

* Tie to Ohio Edison.

i

{
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5. ENVIRONMENTAL EFFECTS OF STATION OPERATION

5.1 EFFECT ON LAND USE,

Operation of the Station will produce a very small effect on land use.
The marsh areas within the site boundaries originally totalled about
640 acres, and of this, only the 24 acres excavated for the intake canal
will be permanently altered. The remaining marsh areas, more than 600
acres, will be preserved as a National Wildlife Refuge and the water
level control measures provided by the applicant will enhance the value
of these areas. Further, the 188 acres of marsh between the site and

, the Toussaint River have been protected against undesirable development
through acquisition by the applicant. .

Of the remaining non-marsh area, about 100 acres remain in their ori-
ginal state as woodland and low grassland, and about 230 acres are
upland, formerly used for farming. Most of this farmland will be
occupied by Station structures, ponds formed by filling of the borrow
pits and quarry, and paved or landscaped areas around and between these
features. A small area (about 15 acres), adjacent to Route 2 will be
farmed by a custodial employee, and a qua rter of the buckwheat crop will
be left as food for wildfowl.

The presence of the Station will not affect access to the lake, lake- )
shore, or surrounding land areas. Prior to acquisition by the applicant, ,

the site area was privately or Federally owned, and the public had no |
access to the lakeshore. Sand Beach and Long Beach cottage communities 1

are reached by a side road from Route 2, about a mile northwest of the
site entrance, and this has not been affected.

The Station, with its large concrete cocling tower and vapor plume, in
spite of whatever architectural merit it may possess, will inevitably be-

Yegarded by most people as an extraneous feature of the landscape. Its

visual impact will be felt particularly by observers on Route 2, on the
lake, and in the Sand Beach and Toussaint Ri,ver cottage areas. The
applicant has stated that all possible efforts will be made to improve
the appearance of the Station by landscaping. The nearest public recrea-
tional areas are Crane Creek State Park and the Toussaint Creek Area, about

3 and 4 miles away, respectively. Owing to the very flat terrain, the cool-
.

,

'Lag tower will be visible in clear weather for 10 miles or more, but its*

visual impact on these areas should not be overpowering. Except for
periods of ' lake breeze, the prevailing winds will most frequently carry
the vapor plume over Lake Erie.

i
._
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5.2 EFFECT ON WATER USE

5.2.1 Water Flow Plan

All water used at the Station is drawn from Lake Erie. The supply is
used for:

1. Service water system,
2. Dilution and cooling tower makeup system, and
3. Operating water system.*

The major streams discharged from the plant to a collecting basin and
thence to the lake are:

1. Cooling tower blowdown,
2. Sanitary sewage, and
3. Industrial waste (includes treated radwaste) .

Storm water runoff goes to the Toussaint River via the drainage ditch
(see Section 3) . The storm drain system also carries drainage (resulting
from nonradioactive equipment leaks) from the turbine and auxiliary
buildings. Storm water runoff and building drainage passes through an
oil interceptor before reaching the drainage ditch.

5.2.2 Water Consumption

The only significant consumptive use of water is the evaporative and
spray loss from the cooling tower, which varies between 7500 and 10,400
gpm (average rate of 9225 gpm, 21 cfs), depending upon climatic condi-
tions. This is about 0.1 percent of the lake aver' age natural evaporation
rate of 25,000 cfs** and, thus, does not have a significant impact on the
overall water balance.

*The operating water sy: tem is the source of: potable water, sanitary
system water, demineralized water supply for primary and secondary
system make-up, and fire protection system water.

** Report to the International Commission on the Pollution of Lake Erie, ;

Lake Ontario and the International Section of the St. Lawrence River -Volume 2. Lake Erie, 1969.

l
:
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5.2.3 Thermal Discharges

Apprcrimately 98% of the waste heat produced by the Station is discharged
to the atmosphere via the cooling tower. The remaining 2% is discharged
to Lake Erie with the cooling tower blowdown. The resulting maximun
heat load to the lake is 138 million BTU /hr (13,800 gpm at a temperature
20*F above ambient lake temperature). The maximum load will occur during
April (Table 3.2).

Applicable water quality criteria for Lake Erie have not yet been completely
resolved. The Ohio Department of Health, Water Pollution Control Board,
first defined these criteria on April 11, 1967 by applying existing stream

- water criteria as the minimum standards for Lake Erie waters in.0hio. These
stream water criteria were revised in October 1967 and submitted to the
Secretary of the Interior for approval (this was before the establishment of
the'U. S. Environmental Protection Agency). With the exception of the temper-
ature and dissolved oxygen criteria, these amended criteria were approved by
the Department of Interior on March 4, 1968. On April 14, 1970 the Ohio
Water Pollution Control Board issued new stream water criteria, defining
Aquatic A (warm water fish population) criteria as applicable to Lake Erie.
These criteria are reproduced in Appeudix A. They established stricter
standards for dissolved oxygen, pH, and temperature, specifying a maximum
temperature rise of 5'F at any point, but were qualified by the phrase "except
for areas necessary for the admixture of waste effluents with stream
water," thus acknowledging the necessity for a mixing zone.

On April 8,1971 the applicant applied to the Water Pollution Control
Board for certification for the purposes of Section 21(b) of the Federal
Water Pollution Control Act, and submitted a report and plan covering the
proposed discharges to Lake Erie. This report and plan was amended in
July 1971, and includes the thermal plume calculations made by Dr. Pritchard,
the Applicant's consultant. These calculations are discussed in Section 3.
On March 21, 1972, certification was received from the Board. The Staff's
independent calculations, also discussed in Section 3, predict that the
thermal plume will be larger (0.7 vs 0.2 acres) than indicated by Dr.
Pritchard's calculations, however this does not qualitatively change the
conclusions regarding negligible impact on the receiving waters.

Just before this certification was issued, on March 14, 1972, the Water
Pollution Control Board adopted amended stream water criteria, stating l

in the preamble that certain changes were made in response to recommen-
dations of the EPA. This latest resolution removes Lake Erie from the

|
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list of waters to which the criteria apply, but does not change the
criteria for warm water fisheries.

5.2.4 Scouring of Lake Bottom

The Station's liquid effluents are discharged from a submerged jet-at a
~

anximum exit velocity of 6.5 feet /see to promote rapid mixing and dilu-
tion. Since the lake bottom for about 200 feet downstream of the exit
is lined with rockfill, the Staff does not expect any scouring of the
sandy bottom with attendant turbidity during normal operation. However,
there will probably be some turbidity for short periods after start up,
due to materials which have settled in front of the discharge during
shut down.

5.2.5 Chemical Effluents

The major chemical wastes (exclusive of liquid radioactive wastes and
,

treated sewage) are a neutralized solution of sodium sulfate and other '

salts (originally removed from lake water) from the makeup demineralizer
regeneration-and residual chlorine from treatment of condenser cooling
and service water. If operating problems of corrosion and scaling
require it, it is planned to use an orthophosphate corrosion inhibitor
at a concentration of about 2 ppe.

Water will he discharged to Lake Erie from the collecting basin. The
-concentration of dissolved solids in the effluent will be controlled at
approximately twice that of Lake water by adjustment of the flow rates
to maintain the blowdown rate equal to the rate of evaporation. The
average concentration of dissolved solids in the effluent is expected
to be about 478 ppa based upon the intake water concentration of 225 ppm
and the incremental addition of 253 ppm (see Table 3.3). The pH will
be lower than the lake water, that is, 7.3 compared to 8.1.

JThe composition of the waste resulting from demineralizer regeneration
is given in Table 3.3. This stream is mixed with cooling tower blowdown
so that its contribution to the effluent dissolved solids concentration
is about 143 ppa during the approximately- 4% of the time it is
discharging.

The-condenser' cooling system will be chlorinated four times a day for. .
~30-minute' intervals, discharging about 0.5 ppm residual free chlorine.-

Total quantity discharged is 2.3 tons / year. Cooling tower aeration
-increases the dissolved oxygen concentration of the effluent over that'
of-lake water.

.

"
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5.2.6 Treated Sewage Effluent

The sewage treatment plant provides primary and secondary treatment for
sanitary wastes. All effluents are chlorinated. Chlorine content will
be 1 ppm. The effluent will have no coliform bacteria and a B.O.D. of
about 14 ppa. *

5.2.7 Summary of Liquid Wastes

The composition of the liquid effluent is summarized in Table 3.6. It

will contain about 478 ppm of nontoxic chemicals, not differing greatly
- in composition from the 225 ppm of dissolved solids normally present in

the inshore lake water (Table 2.11). The effluent will conform to the
State chemical and biological criteria quoted in Appendix A.

The temperature of the effluent may be as much as 20*F above the ambient
lake temperature, and will produce a thermal plume in the lake. Although
estimates of the size of this plume,by the staff and by the Applicant's
consultant differ, the area of the 3*F isotherm is less than one acre in
either case.

The Staff considers that the effluent will have no detectable effect on
human uses of the lake (e.g., for potable water supplies and recreational
purposes). Effects on aquatic biota are considered in Section 5.5.

5.3 COOLING TOWER EFFECTS

5.3.1 Choice of Cooling System

It has been decided to use a single large natural-draft cooling tower in
a closed-circuit cooling system to dissipate nearly all the condenser
heat directly to the atmosphere rather than to Lake Erie as originally
planned. Although this decision alleviates concern regarding the effects
of the additional thermal load on Lake Erie, a closed-circuit system
involves some loss of thermal efficiency and may have undesirable meteoro-
logical effects.1,2,3 Since this will be one of the first natural-draf t
cooling towers to be operated on the shores of the Great Lakes, there is
no closely related experience on which to base predictions.

_ , - - -v r
-
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Natural draft cooling towers rely primarily on evaporation of water for
their cooling effect and transfer large quantities of water vapor and
heat to the atmosphere at high rates, from a small area. Before this
moisture and heat can be completely dissipated by mixing with large
volumes of ambient air, condensation is likely to occur and to produce
a visible vapor plume. Apart from the shading of sunshine by a visible
plume, possible additional adverse effects include increased incidence
of ground-level fog and icing conditions, an increase of cloudiness and
increased precipitation downwind. Theoretical approaches to the com-
plex situations involved are not yet adequate to permit accurate pre-
dictions to be made, but practical experience indicates that of the
available alternatives (spray ponds and canals, and mechanical-draf t
cooling towers), hyperbolic natural-draft towers are least apt to create
ground-level fogging'and icing. The reason for this is that the moist
air is discharged at a considerably greater height (nearly 500 feet for
the Station tower) where wind speeds are normally higher, turbulence is
less, and moisture deficits are greater than at ground level. Further,
a natural-draft tower releases the warm, moist air as a nonturbulent
upward stream with considerable momentum and buoyancy, which under most
conditions continues to rise well above the top of the tower before it
becomes diffused and is carried horizontally by the wind.

5.3.2 Possible Atmospheric Effects

The air leaving the top of the tower is practically saturated with water
vapor, and, as it rises, it carries along and mixes with a considerable
volume of cooler, unsaturated ambient air. Since the saturation vapor
pressure decreases rapidly and nonlinearly with decreasing temperature,'

the mixed effluent usually becomes supersaturated as soon as it leaves
the tower, and minute droplets condense out to form a visible plume -
the primary atmospheric impact. The latent heat released by condensa-
tion adds to the buoyancy of the plume so that it continues to rise and
mix with more ambient air until it dissipates by evaporation, merges

! with existing cloud cover, or reaches a maximum height depending on
temperature, humidity, wind velocity and atmospheric stability. In the
latter case, as the plume is carried downwind, further mixing and dis-
persion take place, reducing buoyancy, and eddies may also cause local
downward movement. However, mixing with unsaturated air and adiabatic
heating on descent cause evaporation of the droplets, and under normal
conditions, in reasonably flat country, the visible plume eventually

;

1
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dissipates without returning to ground level.1-7 The length of the
visible plume will depend on Station load and meteorological conditions
but will be greater at lower temperatures in winter, because of the
reduced capability of air to hold water vapor. -

After the visible plume has evaporated, a region of slightly higher
humidity remainr, and it has been suggested that this humid air may
diffuse downwards and produce surface fog or augment natural fog. It
has also been suggested that a small amount of water, carried out of
the tower as droplets rather than vapor, may descend to ground level

'

and evaporate into nearly saturated air to cause fog. These droplets,
or drift, have been reduced to a very small proportion of the water~

-

throughput in modern tower designs. It may further be predicted that
if fogging conditions exist and the temperature at ground level is below
32*F, ice will be deposited on the ground. As far as the Staff knows
there have tsan no reports of icing from natural draft cooling tower plumes.

A further possible meteorological effect is that the plume will develop
into a cumulus cloud while still visible or as a result of chaages in
meteorological conditions after it evaporates to invisibility. The
increased cloudiness in the downwind area might increase precipitation
or even trigger storms. Precipitation, particularly snowfall, might
also be increased by falling through the humid air layer lef t by the
plume.

The most thorough review of the effects of cooling towers on local fog,
cloud, and precipitation is in the recent paper by Kuff et al.1
Additional relevant articles are those by Decker 2 and Zeller et al.3

Finally, the drift loss, due to entrained water droplets, contains
appreciable quantities of dissolved solids which must eventually be
deposited on the ground.

5.3.3 Experience with Natural-Draft Cooling Towers

The possible adverse effects are listed above without regard to actual
experience. In fact, although well-documented data on cooling-tower
effects are limited, the available information suggests that most of
these postulated effects do not occur sufficiently frequently to be
attributed definitely to cooling-tower operation.

O
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Large natural-draft cooling towers have only been in operation in the
U. S. for about 10 years. However, in Western Europe, particularly in
Great Britain, such towers have been in operation for several decades.
In an unpublished report, dated June 1968, the British Central Elec-
tricity Generacing Board reported its findings on the environmental
effects of cooling towers, and stated that although visible plumes some-
times persist for several miles downwind, altering sunshine in the area,
no measurable changes in relative humidity at ground level have been
detected. Cumulus clouds have sometimes been formed, but no cases of
showers or increased precipitation have been definitely attributed to
the cooling-tower plumes. These observations are particularly relevant
in view of the fact that Great Britain has a cool, humid climate with
frequent fog.

Most of the available information on operating natural-draft towers
in the U. S. is derived from observations at the Paradise (Kentucky)
Steam Plant and at the Keystone (Pennsylvania) Power Plant (1800 MWe).
Observations have been made at Paradise ,5 for two years and at4

Keystone ,7,8 for four years. At Paradise,6 plumes as long as 10 miles
6

have been observed, and at Keystone, Hosler has reported the only
observation of a plume descending to the ground.

At Keystone, plumes from the 325-ft towers were photographed daily for
six months from January through July 1969.7 The photographs were taken
in early morning, normally the time of maximum plume length. On 81.5%
of all days, complete evaporation of the plume was observed. On 16.5%
of the days the plume merged with existing cloud cover, and plumes on
the remaining days (2.0%) were classified as "special cases," such as
cloud building. Of the cases where complete evaporation was observed,
the plume length was nearly always less than 5 tower heights (1625 f t),
and only exceeded 15 tower heights (4875 ft) on 2.6% of these days.
These reports plus observations reported elsewhere ,2,38 show that1

the visible plumes from natural-draf t cooling towers almost always
evaporate completely before reaching ground level, and thus fogging
and icing are not problems.

5.3.4 Predictions for the Station Cooling Tower

Plume Lengths

The applicant's consultant has developed an analytical model to predict
the extent and behavior of the visible plume from the cooling tower.9

a
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This model consists of three main sections: (a) initial state of the
plume (exit velocity, temperature and humidity of the effluent, ambient
air temperature, humidity and wind velocity), (b) a buoyant plume rise
formula to predict the rise and growth of 'the plume, and (c) standard
dispersion calculations of the downwind transport and dilution of the
p,lume . It is stated that hour-by-hour calculations were made, using five
years of meteorological informacion gathered at Toledo Express Airport,
but the detailed results of these calculations are not presented. It
is concluded that the average length of visible plume will be 1.5 miles
and that plumes longer than 5 miles will occur about 3% of the time.

. Experience with operating cooling towers ,2,5,7,8 suggests that these1

predictions are probably conservative (i.e. , that the visible plumes
- will probably be shorter than predicted). The prevailing winds at the
site are offshore, especially during the winter season when the longest
plumes would be expected (See Section 2.6), indicating that the plume
will frequently be over the lake.

Ground-Level Fog and Icing

Lake breezes and temperature inversions are common at the site,
especially in spring and early summer when Lake Erie Is cold compared to
the land. Under these conditions, a deep (up to 3,000 f t) inversion
forms over the lake and the plume could be trapped and carried downwind
for meny miles with little mixing or evaporation. The base of the plume
would be 500 to 600 feet above ground level as it moved inland. As the
layer of stable air moves inland, surface heating by solar radiation
creates a layer of turbulence and mixing which grows thicker and would
eventually reach the height of the plume.10,11 In this region, portions
of the plume descending towards the ground would evaporate rapidly by
mixing with warmer, drier air and by adiabatic compression. Isolated
sections of visible plume could be brought to the ground by eddies, but
these evaporating puffs should not greatly impair visibility. However,
since there are no cooling towers operating in areas subject to lake
breezes there are no data for predicting the frequency of fog at the
Station.

Another mechanism by which surface fog could be formed by the cooling
tower is by means of the downward dispersion of water vapor into a nearly
saturated surface air layer. The Applicant's consultant has considered
this and the analytical model predicts a very small increase in the

,

1
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incidence of fog; less than 1 hour per year, compared to an average of
831 hours of natural fog.9 Natural fogs are fairly frequent close to
lakes and rivers where cooling towers are usually located, and are
generally associated with surface cooling and stable lapse ratas. These
conditions would tend to keep vertical dispersion to very low levels.
Photographs taken at cooling tower installations 8 often show the plume
leaving the tower and rising, completely separated from the natural sur-
face fog which is caused by surface cooling. Thus it seems unlikely that
fogs caused by downward dispersion of water vapor will be produced by
operation of the Station. Also the drift losses from the Station cool-
ing tower will be too small to create surface fog.

Using 'the conservative assumption that icing will occur whenever induced
fogging conditions exist with air temperature below 32*F, the Applicant
has concluded that additional icing at a given location will be less than
1 minute per year.9 The Staff believes that this is a reasonable
conclusion.

Cloud Formation and Increase of Precipitation
8Aynsley has reported that cooling-tower plumes can create camulus clouds

under certain meteorological conditions. He concludes that this is a
" rare occurrence" and that these man-made clouds only precede natural
cloud formation. It is not now possible to predict whether or not cool-
ing tower plumes can cause any increase in rainfall amounts.1,6,13,14,15

There are at least three reported occurrences of snow showers or ice
crystals being generated by cooling towers.12 In all three, the amounts
of precipitation were very small.

Drift

The applicant assumes a maximum value of 0.01% for the drift loss from the
; cooling tower. In view of recent measurements of drift losses from others

towers with drif t eliminators (where drif t was only 0.001 to 0.005% of
, the circulating water),16 the actual value will probably be considerably
| less than this. Under most weather conditions the drift droplets will be

carried along with the visible plume and evaporate completely, leaving
their solid residue as extremely small particles which will remain

r

1

!

!

l

.-



i

5-11

airborne and disperse over a very large area before being carried to
to the ground by precipitation. For this reason, deposition of salts
close to the Station will probably be much less than the estimated
maximum given in Section 3.5. This is supported by a recent theoretical
and observational study of drift from a salt-water cooling tower.17

5.4 EFFECT ON TERRESTRIAL ENVIRONMENT

No measurable changes in the terrestrial biota are expected from increased
fogging, icing and precipitation, from decreased solar radiation reach-

. ing the ground or from the drift fallout. It is doubtful that the
increases in fogging, icing and precipitation, for example, will be
measurable. Based on conservative estimates of 0.01% drift and deposi-
tion of all dissolved solids in the drift within 5 miles of the tower,
yearly deposition of chemicals such as chlorides, sulfate, nitrate, cal-
cium and sodium will be less than a few percent of the normal deposition
of these substances in rainwater.18 19 The total deposition of trace
elements, such as zinc, over the lifetime of the plant will be several
orders of magnitude less than the amount normally contained in the upper
' millimeter of soil.20,21

The site is within a flyway for migatory birds, songbirds as well as
waterfowl. The cooling tower and transmission lines are potential
obstructions to migrating birds, who might be killed or wounded by flying
into these structures when they are forced by adverse weather to fly
under low clouds. Several accounts of nocturnal migrant mortality at
television towers, tall buildings or monuments, and airport ceilometers*
have been reported in the literature.22 30 Major kills (several thousand
in one night) are generally associated with peak periods of migrations
(particularly in the fall, when total numbers of migrating birds are
much larger than in the spring), where the birds started migrating under
favorable weather conditions with good tail winds, encountered a weather
front with low, deep cloud cover, possibly with fog or mist, and were
forced to fly low. Ceilometer lights or the navigational lights on tall
(generally about 1000 feet) television towers apparently attract the

*A ceilometer is a device used for measuring the cloud-cover depth and
height by beaming a collimated light vertically and using triangula-
tion to obtain the distance above ground.

i
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- birds, who become confused and fly into the ground, buildings, or, in
particular, the guy wires of television towers. From an extensive study
by Stoddard at a TV tower in Florida, it appears thot intervals between
major kills will average several years.28 Small losses, however, can
occur intermittently during peak periods of migration,27 even on clear
nights with good visibility.28

The cooling tower at the Statior. is not as tall as the television towers

or other buildings that have major mortalities, nor does it have guy
wires, which are, apparently, particularly lethal. At Eau Claire, Wis-
consin, for instance, there was no evidence of bird casualties at an old

500-foot pyramidal type tower. Shortly after a new 1000-foot guy-wired
tower was built, the first heavy mortality occurred. 25 Transmission
lines have horizontal wires, or course, but .they are much lower than the
television towers. Therefore, major kills of nocturnal migrants are not
expected to occur. Occasional mortalities may occur, but these are not
expected to be significant compared to the numbers that die from other
migrational hazards.

-

The transmission lines are not expected to be an electrical hazard to
birds, either. Studies of bird electrocutions on power lines 31-33
indicate that the lower voltage distribution lines (under 60 kV), partic-
ularly the three-phase, 4-carrier lines with spacing less than 6 f,eet
between the phase conductors and ground wire, are the lines involved in
bird electrocutions, not the higher voltage transmission lines.

5.5 EFFECTS ON AQUATIC ENVIRONMENT

The major environmental impacts on the aquatic ecosystem will be mechani-
cal, thermal and chemical effects resulting from the intake of water
from Lake Erie, passage through the station, and discharge back into the
lake.

5.5.1 Intake Effects

The water intake crib will be about 3,000 feet from shore in 11-15 feet
of water (depending on lake level). Since the vertical downflow through
the slots in the intake crib will be a maximum of 0.5 feet /second,
entrainment of fish has probably been minimized. Experience at the

; Indian Point Power Plant on the Hudson River indicates that the num-
J. ber of entrained small fish remains relatively constant at intake velo-

cities up to about 1.0 feet /second, at which point the number increases
!
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greatly.34 Adult fish should be able to avoid being drawn into the
intake, although young fish or weak adults swimming too near the intake
will probably be entrained.35,36 Trawling catches of young-of-the-
year near Crane Creek (6 miles northwest of the station)37 and seine
surveys indicate that gizzard shad, alewife, drum, white bass and
shiners are likely to be the most abundant young fish near the intake
crib. It is questionable whether the bubble screen the applicant
proposes to install at the intake will be effective in deflecting fish
away from the intake.34,38 Most fish that are entrained in the intake
water will be removed by the traveling screens located in the intake
structure at the end of the intake canal.-

5.5.2 Station Passage Effects

Planktonic organisms contained in the intake water and fish fry and eggs
small enough to pass the 1/4-inch openings in the traveling screens
will be subjected to mechanical, thermal and chemical damage during
passage through the Station. On the average an organism will spend
about 20 hours in the Station, during which time it will go through
periods of chlorination (which alone will probably cause 100% mortality)
and several trips through condensers and pumps where it will be sub-
jected to mechanical abrasion and thermal shock. We estimate that the

probability of an organism leaving the cooling tower circulating water
system after only one pass is only 2%. Therefore, practically every
organism entrained in the intake water will be killed.

5.5.3 Discharge Effects

Water from the Station's collecting basin will be discharged into Lake
Erie. This water will generally be warmer than Lake Erie (except for a
few days in the fall when it will probably be a few degrees cooler) and
will contain the same dissolved solids as normal in Lake Erie water, but
at approximately twice the concentrations. Dissolved oxygen concentra-
tions will be near lake levels.

Approximately one acre of the bottom near the discharge in Lake Erie
will be covered with riprap and the benthic community in the area will
be altered. There should be no increase in turbidity.

Under the present plans for chlorination, the Station will discharge
chlorinated water for 4 periods each day. During each period up to 0.5
ppm free chlorine could be discharged for about 1/2 hour and con-
tinuously decreasing ancants for about 1.6 hours thereaf ter. The
0.5 ppm level of chlorine (either free or combined) is probably
toxic to most aquatic organisms, including fish.39,40 For intermittent |

I
1

.

- - - - - -. _ e ---w -



. . . -- - .- -- . .

4

!
;.

I

i
5-14

discharges, the EPA recommended criteria call for total residual

' chlorine in receiving waters of no more than 0.1 ppm chlorine,
not to exgeed 30 minutes per day, or 0.05 ppm, not to exceed 2 hours
per-day.

Toxic levels of chlorine in the lake, if any, will probably be con-
fined to a small area near the discharge. The chlorinated water will
be diluted iamediately upon discharge into the lake. During day-
light hours, some residual chlorine (free plus some combined) will be
converted to nontoxic substances by rapid photochemical reactions.
Of most importance, however, is the fact that the free chlorine will
react very rapidly with the chlorine demand of the entrained lake
water,.thereby quickly reducing chlorine to nontoxic levels. If the
chlorine demand of the lake water is 1.4 ppa, and if approximately
half of this (0.7 ppa) is assumed to be " fast acting" in terms of
reducing chlorine to nontoxic substances *, when discharge water con-
taining as much as 0.5 ppa free chlorine is mixed with 71% of its own
volume, essentially al', free chlorine will be converted to nontoxic

substances within seconds. Using plume temperature data and assuming '

that reduction in temperature difference is entirely by dilution (a
fairly accurate assumption in the distances under consideration), we
-estimate that enough lake water will be entrained within about 50 feet
of the discharge slot to convert all free chlorine to nontoxic sub-

stances. However, the Staff suggests that the applicant consider
~

reducing the total residual chlorine in discharges to Lake Erie to no
p greater than 0.1 ppm by reducing the free chlorine concentration used

h1 the tower and/or reducing the total residual chlorine discharged by;
,

| having an intermittent rather than continuous blowdown of cooling tower
~

water (see Appendix B).

Under conditions of maximum heac discharge (138 x 106 BTU /hr), the
| plume of water warmer than 3*F above ambient will cover about 0.7
| - acres and of water warmer than l'F above ambient will cover less than
j. 4 acres -(Staff estimates using Pritchard's model, see Section 3).
[. Plankton and small fish in the lake water entrained into the plume
' could be damaged by thermal stress or buffeting or exposure to toxic

levels of' chlorine. Their residence time in the plume will be short

!~ * The formation of chloramines by reaction of residual free chlorine
with ammonia in the lake also occurs rapidly, but less rapidly than
chemical reduction of chlorine by reducing ions in the lake water.

.It'is estimated by the Staff that the concentrations of chloramines
formed in this way wil1~ always be below the EPA recommended criteria.
HThe approximation that half of the chlorine demand is " fast acting",
made by:the Staff in the absence of specific information, is based on
experience in other waters. To establish the applicability of the
approximation, measurements would have.to be made with Davis-Besse
water.

,
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(less than 15 minutes to the l'F isotherm)* and it is doubtful that
any measurable increases in biological activities such as photo-
synthesis or rates of decay will take place during this short period.

During the winter and early spring, the warm water plume may be ex-
pected to attract fish. It is unlikely that these fish would be sub-
jected to cold shock if the Station shut down suddenly, as fish are not
likely to reside too close to the discharge (where the higher tempera-
tures are) due to the high velocity of discharge. Most of the plume
area where fish would congregate will be only a few degrees above
ambient lake temperatures, and a sudden drop to ambient temperatures
would not be enough to cold shock the fish. Likewise, no fish should
be subjected to sudden toxic concentrations of chlorine as fish are
not likely to be found close to the discharge where such toxic con-
centrations might occur.

5.5.4 Summary

It is unlikely that there will be major adverse biological effects due
to the intake of lake water and discharge of heated, sometimes chlori-
nated, water. Any organisms (e.g. , plankton) killed during passage
through the Station or in the discharge plume in the lake will not be
lost to the ecosystem. They will be fed upon by fish congregating in
the plume, or they will go through the decay processes and be recycled.
It is doubtful that the number of fish killed as a result of Station
operation will have any effect on the fish population as a whole.

5.6 RADIOLOGICAL EFFECTS ON BIOTA OTHER THAN MAN

During normal operation of the Station, small quantities of radio-
active materials will be released to the environment. The maximum
rates of release that will probably be permitted the Station have been
covered in Section 3. These releases were used as the basis for the
dose computations below, using the ARIP program package.42

Dose rates have been included in Table 5.1 for all of the biota in the
vicinity of the Station. These include phytoplankton, zooplankton,
benthic organisms, terrestrial and aquatic plants, and local and mi-
gratory birds and ===mals. Other terrestrial organisms will receive
doses intermediate between those of terrestrial plants and birds. Doses
at the effluent outlet, or in the western basin of Lake Erie, are appli-
cable only to aquatic forms. Navarre Marsh has been chosen to represent

Based on Staff estimates of plume size and Pritchard's formula for*

temperature-time exposure relationships."1

.

_ , -eu --e %, , -



_ _ _ - _ _ _ - _ _ ..

TABLE 5.1. Doses to Biota in the Vicinity of the Station

Dose Rates, arem/yr Reference Organisms

Lake Erie Navarre
Organism Effluent W. Basin Marsh

Aquatic Plants 58 5.1 (-3) 11 Pediastrum, app.
,

Aquatic Invertebrates 187 2.6 (-2) 37 Ephemeroptera, spp.
Aquatic Vertebrates 211 3.0 (-2) 41 Stizostedion vitreum
Terrestrial Plar.ts - - 5.6 Persicaria hydropiper
Terrestrial Invertebrates - - 5.6 Pelaecyopoda, spp.

Birds - - 1.0 Anatida, spp.

Mammals - - 0.8 Ondatra zibethicus

+
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the' maximum doses to be expected on land, or at the aquatic-terrestrial
interface. Doses in all other terrestrial areas will be lower than
those given for Navarre Marsh. In each case the doses are given for

the species that are critical for this particular area, e.g. , by reason
of showing the maxtema bioaccumulation effects, because of key position4

in the local trophic chains, etc. Inspection of the~ table shows that
, these doses are, in fact, quite low for all of the biota in the area.<

At these dose levels no deleterious effects are anticipated for any'

of the biota in the area."3'""
|

A diagrammatic representation of some of the pathways utilized in this4

:
- evaluation is included in Figure 5.1. In addition, equilibration between

! geosphere, hydrosphere and atmosphere was considered, as well as the
various trophic levels to and from birds, mammals, etc. in the biosphere. 1

I

5.7 RADIOLOGICAL EFFECTS ON MAN ,

The methodology above was then extended to man. Figure 5.2 presents
.

some of the pathways to man. Direct doses to the human population
| via atmospheric dispersion of Station releases extending to 50 miles

'

are given in Table 5.2. These are the combined, critical organ
doses attendant on releases of halogens and particulates (e.g. ,1-131),

- and of noble gases (e.g. , Kr-85). These are given because they repre-
sent the Itaiting cases of human hazard Ga.g. , carcinogenesis). Gene-

: . tically significant doses, for example, will be one to two orders of
magnitude lower.

:
'

+

j The maximum airborne doses are found in the northeast sector at, or near,

; the boundary. This sector is also inhabited, so that the maximum value,
0.04 arem/yr, represents an actual dose which may be received. Direct i

doses in all sectors are completely dominated by the noble gas com-
'

i ponent. Hunters, anglers, park and marsh visitors, and other persons
in the area temporarily will receive doses at this rate or less, with
an annual dose markedly less than 0.04, mrem. The annual, population- ,

'

integrated, commitment over the 50-mile radius will be 0.4 man-rem.

The nearest dairy herd is pastured about two miles to the south, and
this also represents the nearest probable pasturage. Annual dose to a
child's thyroid via the air-cow-milk iodine pathway will be less than
1.3 mrem.

4

Direct and indirect doses to man via waterborne radionuclides are given

, . in Table 5.3. These include doses to permanent residents of the area
(e.g. , via public water supplies at distances up to 50 miles from the

|
;.

!
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TABLE 5.2

CUMULATIVE POPULATION, CUMULATIVE ANNUAL DOSE, AND
AVERAGE DOSE DUE TO AIRBORNE RELEASES FROM THE STATION

Radius Cumulative Cumulative Dose Average Annual Dose,

(miles) Population (man-rem / year) (millirem / year)

1 . 80 8 .0115 .0142

2 1,564 .0159 .0102

3 2,313 .0184 .0080

4 2,666 .0193 .0073

5 3,097 .0202 .0065

10 15,390 .0317 .0021,

20 103,900 .0650 .00063

30 672,000 .1762 .00026
'

40 1,020,000 .2321 .00023

50 2,052,000 .3974 .00019

.
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Table 5.3' Population Doses due to Liquid Releases from
'

the Station

Population Dose, Mrem /yr
Population at risk, Whole G.I. Critical

Pathway Type Dilutioni Man years /yr Body Tract Thyroid Bone Organ

Tap Water Camp Perry 857 5.5(+2) 8.4(-3) 3.8(-4) 1.4(-1) 2. 6 (-3) 0.14
Tap Water Port Clinton 2419 7. 2 (+3) 3. 0 (-3) 1.3(-4) 4.8(-2) 9.4(-4) 0.05
Tap Water Sandusky 6254 3. 3 (+4) 1. l(-3) 5.2(-5) 1.9 (-2) 3.7(-4) 0.02
Tap Water Toledo Area 2 6254 4.0(+5) 1. l(-3) 5.2(-5) 1. 9 (-2) 3.7(-4) 0.02
Tap Water Monroe 10,800 2.4(+3) 6. 7 (-4) 3.0 (-5) 1. l(-2) 2.l(-4) 0.01
Tap Water Pte. Aux Peaux 11,370 2.0(+2) 6. 3 (-4) 2.9 (-5) 1.0 (-2) 2.0(-4) 0.01
Tap Water Lorraine 13,350 7. 9 (+2) 5.4(-4) 2.4(-5) 8.7(-3) 1. 7 (-4) 0.009
Tap Water Local Wells 3.0(+2) 2. 4 (-2) 1.l(-3) 4.1(-1) 7.1(-3) 0.41 7.

U
Tap Water risk, Manrem/yr 0.56 0.03 9.1 0.18 9.7

Dietary Commercial - 2.1(+6) 2. 8 (-3) 2.0(-4) 1. 9 (-4) 3.5(-3) 3.5(-3)
Dietary Sport. - 7.6(+2) 3.2(+0) 2.4(-1) 2.2(-1) 4.1(+0) 4.1 (+0)
Direct Recreational - 5. 5 (+2) 1. 9 (+0) 1.8(+0) 3.5(-3) 1. 8 (+0) 1. 9 (+0)
Immersion Recreational - 2. 4'(+2) 3.2(-3) 0 0 0 3.2(-3)
Inhalation Recreational - 3. 0 (+2) 4.3(-3) 3.2(-3) 1.4(-3) 1.7(-3) 4.3(-3)

Dietary / recreation risk, manrem/yr 9.4 1.6 0.57 11.4 11.5

Total risk, manrem/yr 10.0 1.6 9.7 11.6 21.2

1 Ratio of concentration at effluent to concentration at Lntake. Dashes used where this ratio is
not applicable.

2 Both Toledo and Oregon intakes.

<
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Station), to temporary residents, hunters, anglers, boaters, swimmers,
etc. , and to consumers of foods produced in the area. The maximum,
cumulative, annual dose received by any member of the permanent popu-
lation, via norma 1' liquid releases from the Station, would be less
than 3 mrem. The corresponding pop,ulation dose would be 21.2 manrem/yr.

Direct dose rates from radioactive fuel and/or radionuclides stored at
or released from the Station will be less than one mrem /yr at the closest
approach to the Station. This dose drops off very rapidly with distance,
however, so that the total annual population dose from this source will
be less than one manrem. This source is independent of Station releases.

In summary, the radiological characteristics of the Station and its
environs are such as to limit human doses and dose rates to a very small
fraction of the natural background (140 mrem /yr) . The fraction is
less than 3% in nearby sectors, and much less than that at a distance.

5.8 EFFECTS ON THE COMMUNITY

The Station's full-time operating staff will number 89. Most of these
workers will be recruited from outside the immediate area of the Station,
and they will probably live in the Toledo area, or in the local com-
munities of Oak Harbor and Po'rt Clinton. This small number of workers
and their families, dispersed among several communities, is unlikely to
impose a noticeable load on hospitals, schools, or other community ser-
vices, and their incomes will not significantly affect the local economy.

The Benton-Carroll-Salem school district will benefit greatly from the
increased tax base produced by the Station. Property taxes on the
Station will amount to about S4,100,000 annually, of which the greater
part, about $3,450,000, will go to the school district. The present
annual revenue of the school district is about $800,000. Carroll Town-
ship general fund will receive about $287,000, and Ottawa County about
$385,000 annually. In addition, the Ohio State excise tax will amount
to'about $4,300,000 annually.

There is a possibility that the presence of the Station and its railroad
link may attract new industry to the area with more significant social
and econcaic effects. The area possesses the main requisites (except
plentiful power and transportation) for heavy industry and manufactur-
ing. The land ds flat, with good foundation stability, isolated and
downwind from residential areas, yet reasonably close to large popu-,

lation centers. These are, in fact, some of the characteristics which.

made the area suitable for the construction of the Station. There are

f
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,

at present 'no zoning regulations in the area, and the extent to which
such development should be permitted or controlled will be the respon-
sibility of the local authorities.

5.9 EFFECTS OF TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADI0 ACTIVE
WASTE

The nuclear fuel for the Station is slightly enriched uranium in the
form of sintered uranium oxide pellets encapsulated in zircaloy fuel
rods. Each year in normal operation, about 59 fuel elements are
replaced.

.

5.9.1 Transport of New Fuel

The applicant has indicated that new fuel will be shipped by truck
in AEC-DOT approved containers which hold two fuel elements per con-
tainer. About 5 truckloads of 6 containers each will be required each

year for replacement fuel and about 15 truckloads for the initial
loading. The applicant has not identified the source of the fuel.

5.9.2 Transport of Irradiated Fuel

Fuel elements removed from the reactor will be unchanged in appearance
and will contain some 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 fission products and some pluto-
nium. As the ' radioactivity decays, it produces radiation and " decay
heat." The amount of radioactivity remaining in the fuel varies accord-
ing to the length of time after discharge from the reactor. After
discharge from a reactor, the fuel elements are placed under water in
a storage pool for cooling prior to being loaded into a cask for
transport.

The applicant has not identified the site to which the irradiated fuel
will be sent for reprocessing. For calculating purposes, the Staff .

estimates the shipping distance to be 700 miles.

Although the specific cask design has not been identified, the applicant
states that the ir. radiated fuel elements will be shipped by rail in

approved casks. The cask will weigh perhaps 70 to 100 tons. To trans-
port the irradiated fuel, the applicant estimates 6 shipments per year
with 10 fuel elements per cask and 1 cask per earload. An equal number
of shipments will be required to return the empty casks.

+
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5.9.3' Transport of Solid Radioactive Wastes

L The applicant has not identified where the waste will be shipped for'

disposal. For calculating purposes, the. Staff has assumed a shipping*

| distance of 300 miles.-

The Applicant estimates that about 1800 cu. ft. of waste to be mixed
with concrete and 900 cu. f t. of low level waste to be compacted will.

be generated by :the operation of the reactor. The solidified and
, compacted wastes will be replaced in drums for shipment and disposal.|- The Applicant . estimates about 9 truckloads of waste in drums will be

. shipped from the plant each year.

| 5.9.4 Principles of Safety in Transport

The transportation of radioactive material is regulated by the Depart-
ment of Transportation and the Atomic Energy Commission. The regula-
tions provide protection of the public and transport workers from
radiation. This protection is achieved by a combination of standards

, -and requirements applicable to packaging, limitations on the contents,

of packages and radiation levels from packages, and procedures to limit,

'

the exposure of persons under normal and accident conditions.
i

.

Primary reliance for safety in transport of radioactive material is
|- placed on the packaging. The packaging must meet regulatory standards 46 ,

established according' to the type and form of material for containment,
shielding, nuclear criticality safety, and heat dissipation. The

Lntandards provide that the packaging shall pre' ent the loss or dispersalv
. of the radioactive contents, retain shielding efficiency, assure nuclear
- criticality safety, and provide adequate heat dissipation under normal
conditions of transport and under specified accident damage . test condi-;

'

tions. The contents of packages not designed to withstand accidents
- are limited, 'thereby limiting the risk from . releases which could occur
in an accident. The contents' of the package also must be limited so
that the standards for external radiation levels, temperature, pressure,

j and containment,are met.

Procedures applicable to the shipment of packages of radioactive material
require _that the package be labeled with a unique radioactive materials
label.- In transport the carrierLis required to exercise control over

'

radioactive material packages including loading and storage in areas
separated from persons and limitations on aggregations of packages to
limit cthe exposure of ~ persons under normal conditions. The procedures
carriers must follow in case 'of accident include segregation of damaged

,
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and leaking packages from people and notification of the shipper and
the Department of Transportation. Radiological assistance teams are
available through an inter-Governmental program to provide equipment
and trained personnel, if necessary, in such emergencies.

Within the regulatory standards, radioactive materials are required
to be safely transported in routine commerce using conventional trans-
portation equipment with n6 special restrictions on speed of vehicle,
routing, or ambient transport conditions. According to the Department
of Transportation (DOT), the record of safety in the transportation of
radioactive materials exceeds that for any other type of hazardous com-

.
modity. DOT estimates approximately 800,000 packages of radioactive
materials are currently being shipped in the United States each year.
Thus far, based on the best available information, there have been no
known deaths or serious injuries to the public or to transport workers
due to radiatica from a radioactive material shipment.

Safety in transportation is provided by the package design and limita-
tions on the contents and external radiation levels and does not de-,

pend on controls over routing. Although the regulations require all
carriers of hazardous materials to avoid congested areas"7 wherever
practical to do so, in general, carriers choose the most direct and
f as tes t route. Routing restrictions which require use of secondary
highv' ;r other than the most direct route may increase the overall
environmental impact of transportation as a result of increased
accident frequency or severity. Any attempt to specify routing would
involve continued analysis of routes in view of the changing local
conditions as well as changing of sources of material and delivery
points.

5.9.5 Exposures During Normal (No Accident) Conditions

'New Fuel

'

Since the nuclear radiations and heat emitted by new fuel are small,
there will be essentially no effect on the environment during trans-
port under normal conditions. Exposure of individual transport
workers is estimated to be less than 1 millirem (mrem) per shipment.
For the 5 shipments, with two drivers for each vehicle, the annual
cumulative dose would be about 0.01 man-rem per year. The radiation
level associated with each truckload of cold fuel will be less than
0.1 mrem /h'r at 6 feet from the truck. A member of the general public
who spends 3 uinutes 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.

1

I
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Irradiated Fuel

Based on actual radiation levels associated with shipments of irradiated
fuel elements, we estimate the radiation level at 3 feet from the rail
car will be about 25 mrem /hr.

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 annual cumulative dose for 6 shipments during the year
is estimated to be about 0.03 man-rem.

A member of the general public who spends 3 minutes at an average dis-
tance of 3 feet from the rail car, might receive a dose of as much aa*

1.3 mrem. If 10 persons were so exposed per. shipment, the annual
cumulative dose would be about 0.08 man-rem Approximately 210,000
persons who reside along the 700-mile route over which the irradiated
fuel is transported might receive an annual cumulative dose of about
0.04 man-rem. The regulatory radiation level limit of 10 mrem /hr at
a distance of 6 feet from the vehicle was used to calculate the
integrated dose to persons in an 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 aver-
age 330 persons per square mile along the route.

The amot:nt of heat released to the air from each cask will be about
250,000 Btu /hr. For comparison, 115,000 Beu/hr is about equal to the
heat output from the furnace in an average size home. Although the
temperature of the air which contacts 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.

Solid Radioactive Wattes

Under normal conditi(ns, the average radiation dose to the individual
truck driver is estim tted to be about 10 mrem per shipment. If the
same driver were to drive 15 truckloads in a year, he could receive
an estimated dose of about 150 mrem during the year. The annual
cumulative dose to all drivers for 9 shipments during the year,
assuming 2 drivers per vehicle, would be about 0.2 man-rem.

A member of the general public who spends 3 minutes at an average dis-
tance of 3 feet from the truck might receive a dose of as much as 1.3

.-
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mrem. If 10 persons were so exposed per shipment, the annual cumulative
dose would be about 0.1 man-rem. Approximately 90,000 persons who
reside along the 300-mile route over which the solid radioactive
waste is transported might receive an annual cumulative dose of about
0.02 man-rem. These doses were calculated for persons in an area
between 100 feet and 1/2 mile 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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6. ~ EFFLUENT AND ENVIRONMENTAL MEASUREMENT AND MONITORING PROGRAMS

6.1 OPERATIONAL EFFLUENT MONITORING PROGRAM

6.1.1 Chemical Effluents

The objectives of monitoring chemical effluents are to ensure that
planned chemical discharges are not exceeded, to develop data that
can be used in the design of new operational procedures, and to' aid
in the interpretation of the results of other studies such as the
biological monitoring program. The applicant has indicated that'

samples of the collecting basin effluent, which. is discharged to Lake
Erie, will be taken for analysis on the following schedule:1

Weekly Monthly

1. pH 1. B.O.D.
2. C.O.D.2. Suspended Solids *

.3. Total Volatile Solids 3. Ammonia (as N)
4. Dissolved Solids 4. Kjeldahl Nitrogen
5. Total Solids 5. Organic Nitrogen
6. Conductivity 6. Total Coliform
7. Turbidity 7. Oil & Grease
8. Phosphorus (as P) 8. Mercury
9. Oxygen 9. Arsenic

10. Nitrate (as N)
11. Alkalinity (as CACO )3
12. Zinc .

13. Sulfate
14. Color
15. Total Hardness
16. Calcium
17. Magnesium
18. Sodium
19. Potassium

- 20. Manganese
21. Iron
22. Chromium
23. Chlorides

In additica, we suggest that residual chlorine in the collecting basin
effluent La monitored during chlorination and for short periods
thereafter l

l

1

!

.

i
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._ _ __ . . _ _ - - .



6-2 +

Since the effluents from certain station drains are diverted into the
Toussaint River together with storm water runoff, we recommend additional
routine monitoring of the drainage ditch outflow for turbidity and of
the storm drain discharge to ensure that no significant quantity of toxic
(or otherwise objectionable) chemicals is discharged.

6.1.2 Radioactive Effluents

A continuous record of the Station's radioactive releases will be pro-
vided by monitoring the radioactive effluent streams. The detailed
specifications for the monitoring system will be prepared by the
Applicant in the Technical Specifications for the Station.

6.2 ENVIRONMENTAL MONITORING PROGRAMS

6.2.1 Terrestrial Monitoring Program

The applicant is sponsoring a preoperational terrestrial plant and
animal survey. Work began this summer (1972) and will continue into
next year with a survey. of spring flowers, migratory birds, etc.2 3
This survey is simply an inventory -- not an ecological study. While
useful in obtaining a picture of the types of organisms present (which
is helpful to any further ecological study), simple preoperational,
and presumably also operational, inventories are not sufficient to
determine Station effects on the terrestrial ecosystem.

A terrestrial monitoring program should be developed. As previously
stated, no discernible effects due to the operation of the cooling
tower are expected. However, the long-term additive ef fect of in-
creases in atmospheric moisture, for example, could have a localized
effect on soil moisture content, on insect populations or on fungal
growths . A terrestrial study, carried out over a period of several
years, could include the establishment of permanent sample plots on
the beach ridge and hardwood swamp at the Station, and control plots
at one of the other preserved marshes along that section of Lake Erie.
Seasonal . surveys on the sample and control plots could be taken.
These studies should be started as soon as possible in order to obtain
a good record of normal variations before the Station begins operating.
In addition, a program should be developed to determine whether the
predictions of lack of meteorological effects from operation of the '

cooling tower are accura te.

,

=

f f.

T



.

6-3

Finally, since no definite concIssions on bird mortality at the cooling
tower can be reached based solely on experience at TV towers and air-
port ceilometers (see Section 5.4), the applicant is sponsoring a
program for intensive monitoring of the cooling tower area during both
the spring (mid-April to late May) and fall (late August to early
October) song-bird migrations.4 The program will involve daily in-
spection and collection of dead birds and all-night monitoring when

- adverse weather conditions are predicted. Consideration will be given
to devices or techniques (sonic devices, lighting, etc.) to reduce
the probability of bird strikes. should they be found to occur. This
study, which should be continued for more than j ust one year, should

- indicate whether or not the cooling tower presents a hazard to migra-
tory birds,' and if it is a hazard, what corrective measures can be
taken.

6.2.2 Aquatic Monitoring Program

Aquatic preoperational and operational studies (completed and gro-e6posed) are summarized in Table 6.1. The 6-year F-41-R project
should provide a good picture of seasonal variations and trends prior
to Station operation and any gross changes af ter the Station begins
operation. Studies of the benthic and zooplankton commutities should
offer a good chance of distinguishing Station effects from normal
variations. Also, by studying fish, and particularly the food items
in their stomachs, one could hope to detect changes in their feeding
habits and/or changes in the food chain relationships in the area. ,

The most recent report on the F-41-R prcject recommends that in the '

future phytoplankton should be sampled to determine seasonal varia-
tions before the Station begins operation. If. it is found that phyto-

plankton show a patchy distribution (as Ayers has indicated), sampling
would :obably have to be much more intensive than once a month.

Present plans call for only one year of sampling after the Station
begins operation. An, operational study, similar to the preoperational
study, should be continued for at least two years af ter the Station _

begins operation. Based on the preoperational and operational studies,
a monitoring program should be developed which would involve sampling
of those parameters which show the most promise of being indicators
of Station effects. Statistical analyses of variance could con-

ceivably justify reducing frequency and numbers of samples.

The Applicant should develop a program to periodically monitor the
numbers, size and species of fish trapped on the traveling screens.
Plankton contained in the intake water should also be monitored.
Diurnal, as well as seasonal variations , should be taken into con-
sideration.

|
.
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TABLE 6.1. Aquatic Preoperational and Operational Studies at the Station
.(Completed and Proposed)

Physical and
Phytoplankton Zooplankton Benthos Flahe Chemical Hydrorrephic

John C. Ayers, et al. May 6 October .May & Octobet Mar 6 October October 1968
Great Lakes Research ^ 1969 1969 la69
Division, The Univer-
sity of Michigan

Project F-41-R '( 1969-1975 ) (1969-1975) (1969-1975)(U.S. Bureau of Sport
Fisheries and Wildlife, Notes made June & July April & Nay June thru October July & August 1972Ohio Department of during course 1969 1967 thru 1969 1969 (monthly) 1970 (Oxygen & (4-5 times)Natural Resources The of counting (egg pump on temperature)
Ohio State University zooplankton reefs)

Nay thru June thru October May thru October, 1972 (weekly)**
October 1969 (monthly) 1970 (monthly)
1970

,(monthly) j.
April & Nay May thru October, April, May 1971

1971 1970 (monthly) 1972 (monthly)
April & Nay 1971

1972 1972 (monthly)
(monthly)

* Includes analysis of food items in fish stomachs.
**Neasuremen". parameters will includes chloride and sulfate ions, specific conductance, currents (velocity and direction), dissolved oxygen, '

aclar radiation, pH, temperature (air and water) transparency, turbidity, wind and waves.

Notes: 1) Water current measurements were taken by Dr. Ayers in July, August and September 1968.
2) Sediment information has been obtained . rom U.S. Geological Survey. Also, sediments will be sa= pled during the hydrographic surveys.

,
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In the absence of precise data on the effects of residual chlorine
discharges, it is recommended that the Applicant monitor the concen-
tration of total residual chlorine in the Station effluent during and

following chlorination. If the concentration in the effluent is
greater than 0.1 ppm, the Applicant should use all practicable means
to reduce the concentrations of total residual chlorine so that it
will always be less than 0.1 ppm. Should efforts to reduce to 0.1
ppm fail, the Applicant should determine the extent of the zone in
the lake within which total residual chlorine exceeds the EPA recom-
mended criteria.7

' 6.2.3 Radiological Monitoring Program

The radiological monitoring program for the Station began in July
1972 under a plan elaborated by the NUS Corp. of Rockville, Md.a
and implemented by Industrial Biotest Laboratories of Northbrook,
Illinois. This starting date should assure about two years of pre-
operational monitoring with the full complement of 25 sampling loca-
tions (Fig. 6.1) . In addition, about 25 sampling stations have been
operational, within a 150-mile radius of the Station, for up to 20
years (Section 2.8) . Also, several environmental research ef forts
have be'en conducted in the immediate area of the Station within
recent years making preliminary measurements vf tritium and fission
radionuclides, and at least one of these will be going on into the
post-operational period. Thus, the adequacy of baseline data for
future comparisons seems assured.

The State of Ohio has no sampling program in the immediate vicinity
of the Station at this time, but there are plans to undertake sampling
in this area in the future. Thus, even if the planned Ohio program
is not in operation by Station startup, it will provide valuable
operational data.

The Ltation radiological monitoring program is outlined in Table 6.2
(and the sampling locations are shown in Figure 6.1) . It would be
difficult to fault this program, and it appears to be well designed
for the proper monitoring of levels in all of the significant man /
biota exposure pathways. We would suggest, however, that some
system of prompt notice be set up between the in-plant monitoring
network and both the environmental monitoring program and the Environ-,

mental Protection Agency of the State of Ohio. In this way abnormal
Station operation or noteworthy incidents can promptly be brought
to their attention, to enable them to document fully the consequent
trail of. environmental impact, if any.
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TABLE 6.2. Radiological Monitoring Program

No. of
Sampling Sampling

Sample Type Stations Frequency Analyses

Air, particulates 10 W GA, GB, SA, Sr-90
Air, halogens 10 W I-131, SA
Ambient radiation 16 M D
Surface water, raw 6 W GA, CB, SA, tritium, Ra, Sr-90
Ground water 5 Q GA, GB, SA, tritium, Ra, Sr-90
Precipitation 2 M GB, tritium
Lake River sediments 3 Q GA, GB, SA, Sr-90
Fish Various Q GB, SA, Sr-90, K-40, Cs-137
Clams Various Q CB, SA, Sr-90, K-40, Cs-137Crops and vegetation 4 BA GA, GB, SA, K-40, I-131, Cs-137 ?Milk 5 M GB, SA, Sr-89/90, Ba/La-140, I-131, Cs-137 "
Domestic meat 1 BA GB, SA, thyroid I-131 K-40
Wildlife Various BA GB, SA, Sr-90, thyroid I-131, K-40
Soil 4 BA GB, SA, K-40
Tap water 3 W GA, GB, SA, tritium, Sr-90, Ra

Type of analysis: GB = gross bota, GA '= gross alpha, SA = gamma spectral analysis,
D = dose of gamma + hard beta.

Frequency: W = Weekly, Q = Quarterly, BA = twice yearly.
.
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7. ENVIRONMENTAL EFFECTS OF ACCIDENTS _

7.1 PLANT ACCIDENTS

A high degree of protection against the occurrence of postulated
accidents in the Staticn is provided through correct design, manu-
facture, and operation, and the quality assurance program used to
establish the necessary high integrity of the reactor system, as
considered in the Commission's Safety Evaluation for the Station,
dated November 2, 1970 Deviations that may occur are handled by
protective systems to place and hold the plant in a safe condition.
Notwithstanding this, the conservative postulate is made that serious<

accidents might occur, in spite of the fact that they are extremely
unlikely; and engineered safety features are installed to mitigate
the consequences of these postulated events.

The probability of occurrence of accidents and the spectrum of their
consequences to be considered from an enivronmental effects standpoint
have been analyzed using bes.t estimates of probabilities and realistic
fission product release and transport assumptions. For site evaluation
in the Commission's safety review, extremely 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 Part 100 siting guidelines. The computed doses that would be
received by the population and environment from actual accidents would
be.significantly less than those presented in the Safety Evaluation.

The Commission issued guidance to the applicants on September 1,1971,
requiring the consideration of a spectrum of accidents with assumptions
as realistic as the state of knowledge permits. The applicant's response
was contained in the " Davis-Besse Nuclecr Power Station Supplement to
Environmental Report," dated November 5, 1971.

The applicant's report has been evaluated, using the standard accident
assumptions and guidance issued as a proposed amendmeat to Appendix D of
10 CFR Part 50 by the Commission on December 1,1971. Nine classes of
postulated accidents and occurrences ranging in severity from trivial to.

very serious were identified by the Comnission. In general, accidents
in the high potential consequence end of the spectrum have a low occur-
rence rate, and those on the low potential consequence end have a higher
occurrence rate. The examples selected by the applicant are presented
in Table 7.1 and are reasonably homogeneous in terms of probability
within each class, although we consider the rupture of the waste gas
decay, tank as more appropriately in Class 3 and the steam generator tube
rupture as more appropriately in Class 5. Certain assumptions made by

i

!
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TABLE 7.1. Classification of Postulated Accidents and Occurrences

Classes AEC Description Applica t's Example (s)
-

1 Trivial incidents Not considered

2 Miscellaneous small~ releases Spills or leakage of reactor
outside containment coolant

3 Radwaste system failures Heat exchanger leaks, uncon-
trolled release of contents
of a gas decay tank, failure *

of pumps to shut off

4 Events that release radio- Fuel cladding defects
activity into the primary
system (BWR)

5 Events that release radio- Fuel cladding defects and y

activity into primary and steam generator leak h
secondary systems (PWR)

6 Refueling accidents inside Dropped spent fuel assembly
containment

7 Accidents to spent fuel out- Dropped spent fuel assembly
side containment

.

8 Accident initiation events Steamline break accident,
considered in design basis steam generate- tube rupture,

' evaluation in the Safety waste gas decay tank rupture,
Analysis Report loss-of-coolant accident,

various reactivity accidents,
various reactor coolant releases

9 Hypothetical sequences of Not considered
failures more severe than
Class 8

-_
__

_
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the applicant do not exactly agree with those in the proposed Annex to
Appendix D, but the use of alternative assumptions does not significantly
affect overall environmental risks.

Commission estimates of the dose which might be received by an assumed
individual standing at the site boundary in the downwind direction,
using the assumptions in the proposed Annex to Appendix D, are pre-
sented in Table 7.2. Estimates of the integrated exposure that might
be delivered to the population within 50 miles of the site are also
presented in Table 7.2 The man-rem estbaate was based on the pro-

jected population arcound the site for the year 2000 (The projected
population was based on 1960 census data.)-

To rigorously establish a realistic annual risk, the calculated doses
in Table 7.2 would have to be multiplied by estimated probabilities.
The events in Classes 1 and 2 represent occurrences which are anticipa-
ted during Station operation and their consequences, which are very
small, are considered within the framework of routine effluents from
the Station. Except for a limited amount of fuel failures and some
steam generator leakage, the events in Classes 3 through 5 are not
anticipated during plant operation; but events of this type could occur
sometime during the 40 year Station lifetime. Accidents in Classes 6
and 7 and small accidents in Class 8 are of similar or lower probability
than accidents in Classes 3 through 5 but are still possible. The
probability of occurrence of larga Clasa 8 accidents is very small.
Therefore, when the consequences indicated in Table 7.2 are weighted by
probabilities, the environmental risk is very low. The postulated
occurre'nces 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 their environmental risk is extremely low. Defense in depth
(multiple physical barriers), quality assurance for design, manufacture, )
and operation, continued surveillance and testing, and conservative
design are all applied to provide and maintain the required high degree
of assurance that potential accidents in this class are, and will
remain, sufficiently small in probability that the environmental risk
is extremely low.

Table 7.2 indicates that the realistically estimated radiological conse-
quences of the postulated accidents would result in exposures of an
assumed individual at the site boundary to concentrations cf radioactive
materials within the Maximum Permissible Concentrations (MPC) of Table II
of 10 CFR Part 20. The table also shows that the estimated integrated

|

|

|
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TABLE 7.2 Summary of Radiological Consequences of Postulated Accidents

_ . _ . _ __

___ _ _ __

Estimated Dose
Estimated Fraction to Population
of 10 CFR Part 20 in 50 Mile

Class Event at Site Boundary * Radius (man-rea)
'

l.0 Trivial incidents **
. **

2.0 Small releases outside
*

containment ** **

3.0 Radwaste system failures

3.1 Equipment leakage or
! malfunction 0.052 7.2 y

*
$3.2 Release of waste gas storage

tank contents 0.20 29

3.3 Relea~se of liquid waste
storage tank contents 0.006 0.8

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

5.0 Fission products to primary and
secondary systems (PWR) -

5.1 Fuel cladding defects and
steam generator leaks ** **

'5.2 Off-design transients that induce
fuel failure above those expected
and steam generator leak 0.001 0.17

5.3 Steam generator tube rupture 0 .068 9.5

_ _ _ _ _ _ _ _
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TABLE 7.2 (Cont'd)
-_ __

Estimated Dose
Estimated Fraction to Population
of 10 CFR Part 20 in 50 Mile

Class' Event at Site Boundary * Radius (man-rem)

6.0 Refueling accidents

6.1 Fuel bundle drop 0.011 1.5

6.2 Heavy object drop onto
fuel in core 0.19 26

7.0 Spent fuel handling accident

7.1 Fuel assembly drop in fuel
storage pool 0.007 0.95 y

b
7.2 Heavy object drop onto fuel

rack 0.027 3.8

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

8.0 Accident initiation evento
considered in design basis
evaluation in the Safety
Analysis Report

8.1 Loss-of-coolant accidents
Small break 0.1 29
Large break 0.1 51

8.1(a) Break in instrument line
from primary system that
penetrates the containment N.A. N.A.

8.2(a) Rod ejection accident (PWR) 0.01 5.1

|
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TABLE 7.2 (Cont'd)

__ - _ _ - .

Estimated Dose
Estimated Fraction to Population

' of 10 CFR Part 20 in 50 Mile
Class Event at Site Boundary * Radius (man-rem)

- __ _ __

8.2(b) Rod drop accident (BWR) N.A. N.A.

8.3(a) Steamline breaks (PWR's
outside containment)
Small break <0.001 <0.1
Large break <0.001 <0.1

8.3(b) Steamline breaks (BWR) N.A. N.A.
_ ___ _ __

.._ g
i

* Represents the calculated fraction of a whole body dose of 500 mrem or the equivalent dose *

to an organ.

** These releases are expected to be in accord with proposed Appendix I for routine effluents
(i.e., 5 mrem /yr to an individual from all sources).

,

k
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exposure of the population within 50 miles of the plant from each postu-
laced accident would be orders of magnitude smaller than that from
naturally occurring radioactivity. The exposure from naturally occurring
radioactivity corresponds to approximately 730 man-rem / year within 5 miles
and approximately 290,000 man-rem / year within 50 miles of the site. These
estimates are based on a natural background level of 0.14 rem /yr. When
considered with the probability of occurrence, the annual potential radi-
tion exposure of the population from all postulated accidents is an even
smaller fraction of the exposure from natural background radiation and, in
fact, is well within naturally occurring variations in the natural back-
ground. It is concluded from the results of the realistic analysis that
the environmental risks due to postulated radiological accidents are ex-
ceedingly small. .

7.2 TRANSPORTATION ACCIDENTS

Based on recent accident statistics,1 a shipment of fuel or waste may be
expected to be involved in an accident about once in a total of 750,000
shipmeno miles. The staff has estimated that only about 1 in 10 of those
accidents which involve Type A packages or 1 in 100 of those involving
Type B packages might result in any leakage of radioactive material. In

2case of an accident, procedures which carriers are required go golio ,
will reduce the consequences of an accident in many cases. The pro-
cedures include segregation of damaged and leaking packages from people,
and notification of the shipper and the Department of Transportation.
Radiological assistance teams are available through an inter-Governmental
program to provide equipped and trained personnel. These teams, dispatched
in response to calls for emergency assistance, can mitigcte the consequences
of an accident.

7.2.1 New Fuel

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 conditions. To release a number of fuel assemblies under con-
ditions 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 axtremely severe accident.

<

The probability that an accident could occur under conditious that could )
result in accidental criticality is extremely remote. If criticality |
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,

were to occur in transport, persons within a radius of about 100 feet
from the accident might receive a serious exposure but beyond that dis-
tance, 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 more 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.

7.2.2 Irradiated fuel

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

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 examina-
tion 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 would not exceed a few mrem and only a very few peo-
ple would receive such exposures.

Release of gases and coolant is an extremely remote possioility. In the
improbable event that a cask is involved in an extremely severe accident
such that the cask containment is breached and the cladding of the fuel:

'

assemblies penetrated, some of the coolant and some of the noble gases
might be released from the cask.

In such an accident, the amount of radioactive material released would be
limited to the available fraction of the noble gases in the void spaces
in the fuel pins and some fraction of the low level contamination in the
coolant. Persons would not be expected to remain near the accident due
to the severe conditions which would be involved, including a major
fire. If releases occurred, they would be expected to take place in a
short period of time. Only a limited area would be affected. Persons

|

|

l:
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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 decontamination (that is, Range I contami-

3nation levels) according to the standards of the Environmental Protec-
tion Agency.

7.2.3 Solid Radioactive Wastes

It is highly unlikely that a shipment of solid radioactive waste will be
involved in a severe accident during the 40-year life of the plant. If

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

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

7.2.4 Severity of Postulated Transportation Accidents *

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

.

.

|

I
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8. EVALUATION OF THE PROPOSED ACTION

8.1 THE NEED FOR POWER

As stated, the Toledo Edison Company (TEC) and the Cleveland Electric
Illuminating Company (CEIC) will own the Station as tenants in common
and will share in the expenditures for the construction, operation, and
in the energy produced in t!ie ratio 52.5%, TEC; 47.5%, CEIC. Both TEC
and CEIC are members of the Central Area Power Coordination Croup (CAPCO).
CAPCO is a power pool consisting of TEC, CEIC, Duquesne Light, and Chio
Edison, along with its subsidiary, Penneylvania Power. The total CAPCO
service territory (Figure 8.1) includes about 7.2 million people in a
14,000 square mile area; CAPCO serves about 2 million customers. The
CAPCO companies share generation and transmission facilities and function
as though they were one single system, and there are plans to establish
a common load dispatching center in the near future. The Davis-Besse
Unit will be the fourth generating unit to be installed under the CAPCO
agreement, and it will be the second nuclear unit (Beaver Valley Unit I
will be the first). The Davis-Besse Unit will become part of the CAPCO
pool generating capacity; and consequently, during its initial period of
operation, its output will be distributed as follows:

Ohio Edison 280 MW
CEIC 314 MW
TEC 277 MW

Subsequently, however, the entire Station capacity will be allotted to |
TEC and CEIC. '

TEC has a service territory of about 2500 square miles in northwestern
Chio (Figure 8.1). This service territory includes a population of about
720,000 people (1971). At the end of 1971, TEC served 208,448 residen-
tial customers, 20,708 consercial customers, and a group of 4239 customers
including industrials, other utilities, and meicipalities. A breakdown
of the actual 1971 load ist residential, 23.3%; cotmerical, 12.7%;
industrial, 50.0%; other utilities, 4.9%; all others, 9.1%. Total 1971
sales were approximately 5879 million kilowatt hours.

CEIC has a service territory of abaut 1700 square miles in northeastern
Ohio (Figure 8.1) . This service territory includes a population of about
2.1 million people (1971). At the end of 1971, CEIC served 505,889 |
residential customers; 50,285 commerical customers; 7122 industrial |
customers; and 453 miscellaneous customers. A breakdown of CEIC's
actual 1971 load ist residential, 25.1%; commercial, 22.3%; industrial,
48.5%; all other customers 4.1%. Total 1971 sales were approximately
14,065 million kilowatt hours.

|

|

|

. .
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1

; The projected system stammer peak loads and generating capacities for TEC
'

and' CEIC through 1976 are presented in Tables 8.1 and 8.2, respectively.
Although it is difficult to present a meaningful picture of the reserves

4 situation for each of the companies individually, because CAPCO operates
i- almost as a single utility system in meeting the load demand, the data
| in the Tables do indicate some trends. As shown by the last coltsan in
i sach Table, both companies have percentage reserves below the Federal
i Power Commission's (FPC) recommended level of 20%, even if all the pro-
; jected capacity increases come on line as scheduled. Since both capanies

experience peak loads in stamer, their winter reserve situation will,

i presumably be batter than that shown in the Tables. The projected TEC
j load growth rate, reflected by the data in Table 8.1 is 7.n. This com-
! pares with a growth rate for the Toledo area, TEC's load center, of 6.7%,
j projected by the Federal Power Commission (FPC). 7 Similarly, the load
i growth data for CEIC in Table 8.2 correspond to a rate of 6.2%, which'

Ashtabula load center.grojected value of 5.9% for the Cleveland,
compares with the FPC

i Therefore it appears that the load growth pro-
j jections for CEIC and TEC are slightly in excess of, but in rough

agreement with, the FPC estiastes.

1 A more meaningful picture of the reserves situation with and without
: Davis-Besse is presented in Table 8.3, which gives CAPCO load and ca-

pacity data through 1980. The CAPCO projected stamer peak * given in the
i Table reflects a growth rate of about 6%. This compares with the FPC
| estimate of 6.7% for the East Central region, power supply area 9, which !

includes most of the CAPCO service territory.

i Therefore, it appears that the CAPC,0 load growth projections are reason-
| able. As shown by the reserve capacity percer.tages in the last column,
'

the most critical period for CAPCO is the staaer of 1974 when the re-
serves are only 5.6%. Since Davis-Besse is not scheduled to come on line

j until the following winter, the-earliest time when it will likely be
available will be for the summer 1975 peak. As shown by the data in the,

table,1975 stammer reserves will be 17.0% and 9.6%, respectively, with,

and without Davis-Besse, asstming all the other units come on line as
4 scheduled. Thus it appears that CAPCO is critically dependent upon

,

. Davis-Besse, Beaver Valley-1, and Mansfield-l for meeting the summer
f 1975, and thereafter, peak loads. -

| The CAPCO companies are all members of the East Central Area Reliability
coordination agreement (ECAR). ECAR is one of the nine regional power,

i groups that make up the National Electric Reliability Council. ECAR is
"

made up of 26 utilities located in eight east-central states, with a

i - * As with TEC and CEIC, CAPCO experiences its peak loads in s m r.
,

,

f

.
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TABLE 8.1 Projected TEC System Load and Cenerating Capacity *

Scheduled Projected
Projected Peak Dependable Net Power Available Projected Reserve

Susumer Load Capacity Pur' chases Capacity Reserves Capacity
Year (MWE) (MWe) (MWe) (MWe) (MWe) (%)

1971 1054 (actual) 1013 165 1178 124 11.8
1972 1160 1103 153 1256 96 8.3
1973 1246 1203 153 1356 110 8.8
1974. 1334 1215** 219 1434 100 7.5
1975 1389 1441 147 1614 225 16.2
1976 1503 1609 129 1738 235 15.6

co

L* Data for this table taken from References 1, 2, and 3.
** Davis-Besse-1 (Nuclear) on line (December); the initial share allotted to TEC is 277 MWe, although

this increases in subsequent years.

,

m --
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TABLE 8.2 Projected CEIC System Load and Generating Capacity *

Proj ected
Scheduled Net Power

Projected Peak Dependable Purchases or Available Projected Reserve
Sunumer Load Capacity (Sales) Capacity Reserves Capacity

Year (MWe) (MWe) (MWe) (MWe) (We) (%)

1971 2750 (actual) 3235 ** 3235 485 17.6
1972 2930 3400 ** 3400 470 16.1
1973 3120 3597 ** 3597 477 15.3
1974 3310 3710*** 18 3728 418 12.6
1975 3500 4140 (41) 4099 599 17.1
1976 3700 4430 ** 4430 730 19.7

_

?
t.n

* Data for this table taken froin References 4 and 5.
** Data unavailable.

*** Davis-Besse-1 (Nuclear) on line (December); tha. initial share allotted to CEIC is 314 MWe,
although this increases in subsequent years.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 8.3 Projected CAPCO System Loads and Generating Capacity

Scheduled Projected
. Projected Peak Dependable Net Power Available Projected Reserve Capacity (%)Summer Load Capacity Purchases capacity Reserves With WithoutYear (MWe) (MWe) (MWe) (MWe) (MWe) Davis-Besse Davis-Besse

1971 8,747 (actual) 10,422 * 10,422 1675 19.11972 9,693 11,060 439 11,499 1806
-

b 18.61973 10,353 10,960 445 11,405 1052
-

10.21974 11,071 11,046" 64 6 11,692 621
-

5.61975 11,804 13,489 324 13,813 2009 17.0 9.6
-

1976 12,527 14,429* 291 14,720 2193 17.5 10.61977 13,285 14,429 293 14,722 1437 10.8 4.3g1978 14,086 15,305 241 15,276 1190 8.4 2.31979 14,941 16,186 195 16,381 1440 9.6 3.8
8

1980 15,840 17,066 200 17,266 1426 9.0 3.5 .
* Data unavailable.

" Eastlake - 5 (Coal) on line (August) + 650 MWe,

Various peaking units on line (October), + MWe.

" Beaver Valley - 1 (Nuclear) on line (October), + 856 MWe; Davis-Besse-1 (Nuclear) on line
872 MWe. , (December), +

d
Mansfield - 1 (Coal) on line (April), + 825 MWe.

* Mansfield - 2 (Coal) on line (April), + 825 MWe.
I

Beaver Valley - 2 (Nuclear) on line (January), + 880 MWe,
E Undetermined, + 880 MWe,
h

Undetermined, + 880 MWe,
I

Data for this table taken from References 3 and 6
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combined capacity of about 56,000 MWe (Dec.1971), serving about 32
million people in an are. of about 194,000 square miles. The stated
objectives of ECAR are: (1) to assure an adequate supply of electric

energy to mee* - 3ent and future needs; (2) to achieve maximum re-
liability and continuity of service; and (3) to accomplish'these
objectives while protecting and preservir.g the environment.

!

The f easibility of the alternative of purchasing the power which
would be supplied by the Davis-Besse Station from within the ECAR
territory is discussed in Section 9.

.

8.2 ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED

The following is a listing of the major items which comprise the.

total environmental impact of the Station operating as currently
designed. The impacts are categorized under the major headings
of land, aquatic, and radiological effects.

8.2.1 Land Effects

Construction of the Station has removed 150 acres of marginal farm-
land from production of grain crops for the forseeable future. On
the other hand, by virtue of the agreements between the applicant and
the Bureau of Sport Fisheries and Wildlife, about 600 acres of marsh-
land have been placed under management as an additional wildlife
refuge area. The lakeshore along the site property was privately
owned and, hence, access was restricted prior to construction of the
Station and will remain so in the future; therefore, there is no
change in land access because of the Station presence. Construction
of the temporary barge channel and the Station water intake and dis-
charge piping will, however, temporarily disturb the lake shore and
lake bottom at the site. While this will cause some disruption of
the beach and temporary water turbidity for a few months, permanent
eff ects are very unlikely. An additional 1800 acres, primarily
farmland, are directly aff ected by the construction of the off-site
transmission lines for the Station, although the land use is not
changed substantially since only that needed for construction of the
towers themselves is recoved from farm production.

The presence of the' Station, particularly the cooling tower, will
change the appearance of the lake front and marshland. The addition
of the approximately 500 foot high natural draf t cooling tower and
visible vapor plum will aff ect the view for recreational boaters on
Lake Erie, the few local residents with summer homes along the lake
shore, and persons using the nearby recreational areas and campgrounds.
In addition, the following environmental effects of the cooling tower
ef fluent are possible.
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1. Increased natural fog within one to five miles inland may be
expected whenever onshore circulation of cool air from Lake Erie
creates an inversion layer during spring and sunmer months
(lake effect) that inhibits the rise of the moisture plume from,

the cooling tower. This is not expected to occur more than a
few hours per year.

2. Slight additional snowls12 in the immediate area of the Station

may be expected from the growth of snowflakes during their
fall through the cooling tower moisture plume.

It is improbable that major mortalities of nocturnal migrants (mainly
songbirds), such as have occurred at airport ceilometers or television
towers, will occur at the Station cooling tower. However, under *.ertain
adverse weather conditions during major migrations, such kills are
possible, and certainly occasional mortalities of a few birds may
occur. No quantitative estimate of morta11 ties can be made due to

lack of experience with tall cooling towers and, in particular, in
combination with the unique situation of a cooling tower situated
on a large lake within a migratory bird flyway.

8.2.2 Aquatic Effects

Essentially all the organisms (plankton, fish eggs, very small fish)
which are drawn into the Station intake will be killed. However,
because of the low water velocity at the intake crib, very few adult
fish will be drawn in. Also, some small fish and plankton entrained
in the discharge water plume will be disabled as a result of buffeting,
thermal shock, or sublethal exposure to chlorine.

There is a net consumption of water from Lake Erie, due to evaporation
of water in the Station cooling tower, which amounts to 0.1% of the
total natural evaporation from the surface of the lake.

8.2.3 Eveluation of Radiological Effects

Some perspective may be gained by comparing the doses attributable t'
this Station with those from the natural background and from medical
diagnostic radiation. The natural-radiation backgrcund includes con-
tributions from cosmic rays, cosmic-ray-produced tritium and carbon-14
in air and water, uranium- and thorium-bearing soils, and radioactive
potassium within the human body. These sources contribute about 14 0
millirem /yr per individual in Ohio. However, it is quite variable
from place to place deper. ding mainly on altitude above sea level and
the nature of the local soil. In the U. S., it ranges from about 60

|
!
|

|
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to about 250 millirem / year. For the 2,052,000 people living within 30
miles of the Davis-Besse Station (1970), this amounts to a total
population dose of about 290,000 man-rem /yr. The results of a Public
Health Service survey made in 1964 indicated that the dose to the
population averaged about 55 millirem per year per individual from
diagnostic radiation. This would contribute about 13,000 man-rem /yr'

to the population considered here. Thus, the total population dose
attributed to the routine operation of this Station (22 man-rem /yr)

~ is very small compared with the doses from natural background and
,

medical diagnostic radiation.

!
8.3 RELATIONSHIP BE'1VEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT

'

AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

The marshlands along the Lake Erie shore are a valuable ecological
resource that should be conserved. The use of the site for a generating
station will not conflict with this goal. In f ac t, the arrangements
which have been made between the applicant and the U. S. Bureau of
Sport Fisheries and Wildlife will further the interests of conservation
by increasing the extent and improving the quality of the marshland
available as a wildlife refuge.

2 The removal of about 150 acres of marginal farmland from cultivation
, will have an insignificant effect on the agricultural productivity of
^

the area, and this land could conceivably be restored to its original
condition, at considerable expense, for use as farmland or for some
other purpose such as public recreation. However, the expenditure of
many millions of dollars for this purpose seems unlikely, even af ter
the end of the useful life of the present equipment, if the need for
power still demands the existence of a large generating station in this
ar ea . The Applicant points out that, historically, boilers become
obsolescent before turbine generators. Advances in technology will
undoubtedly produce more ef ficient nuclear generators during the design
life of the present equipment (30 years) and the Applicant's tentative
prediction is that the present reactor a'nd steam generators will be
replaced by an advanced design, operating at higher temperature and
pressure, and driving a high pressure topping type turbine ahead of I.

Cae existing turbine generator. Such improvements could extend thei
'

life of the station to 75 years or more. In that case, the following
present-day estimates of decommissioning procedures and costs may be
of doubtful validity.

8.3.1 Decommissioning Station Af ter Operating Life

The Commission's current regulations contemplate detailed consideration
of decommissioning near the end of a reactor's useful life. The licensee
initiates such consideration by preparing a proposed decommissioning plan

I

3
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which is submitted to the AEC for review. The licensee will be re-
quired to comply with Commission regulations then in effect and
decommissioning of the facility may not commence without authori-
zation from the AEC.

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

There are several alternatives which can be and have been used in
the decommissioning of reactors: (1) Remove the fuel (possibly
followed by decontamination procedures); seal and cap the pipes;
and establish an exclusion area around the facility. The Piqua
decommissioning operation was typical of this approach. (2) In
addition to the steps outlined in (1), remove the superstructure
and encase in concrete all radioactive portions which remain above
ground. The Hallam decommissioning operation was of this type.
(3) Remove the fuel, all superstructure, the reactor vessel and
all contaminated equipment and facilities, and finally fill all
cavities with clean rubble topped with earth to grade level. This
last procedure is being applied in decommissionin the Elk River
Reactor. Alternative decommissioning procedures (1) and (2) would
require long-term surveillance of the reactor site. After a final

check to assure that all reactor-produced radioactivity has been
removed, alternative (3) would not require any subsequent surveil-
lance. Possible effect of erosion or flooding will be included in
these considerations.

For Type 3 decommissioning of the plant the Staff estimates the cost

of $30 million (1972 dollars). This figure is based on adjustment
to a single unit of the estimate prepared by the Staff for the Con-
sumer Power Co. Midland Plant Units 1 & 2.8 The Midland estimate
was made by careful scaling of the detailed estimates for the Elk
River reactor.

8.4 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES.

Aa mentioned in Section 8.3, the arrangements involved in the acquisi-
tion of the site will enhance rather than detract from the ecological
resources of the marshland. With the exception of the work on the
intake canal, already completed, the construction work has not dis-
turbed the marsh areas, and there is no evidence of any undesirable

|
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effects on the wildfowl population. Dredging operations for the ten-
porary barge channel and the permanent water intake are expected to pro-
duca some slight short-tera damage to aquatic life in the innediate
vicinity, but no lasting effect on the aquatic environment is expected.

As in any large industrial project, considerable mineral resources in
the form of secel and concrete are committed to the construction of the
Station. The concrete is irretrievable, but with the exception of the
reactor vessel, much of the metal can be recovered as scrap for re-use
at the end of the Station's useful life. The uranium-235 constuned
during operation will be irretrievable, but some uranitsa-238 in the
fuel will be converted to fissionable plutonium-239. Of this plutonium,
a small fraction will be consisned by fission in the reactor reducing
slightly the constanption of uranium-235, while the remainder will be
recovered during fuel reprocessing and will contribute to the general
reserves of fissionable material.

The water evaporated by the cooling tower (about 10,000 gpm) represents
an insignificant loss from Lake Erie. Some of this water will
eventually _ return to the Great Lakes system as precipitation over the
watersheds of rivers flowing Into the lakes, while the remainder will
find its way into the Atlantic Ocean.

.
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9. ALTERNATIVE ENERGY SOURCES AND SITES

The need for additional power within the service areas of the applicant
and the CAPCO pool was discussed in Section 8.1. It is shown there
that additional power equal to the 872 MWe expected from the Station
will be needed to maintain adequate generating reserve from 1974 on.
Alternative sources of power are considered in this section:

1. The purchase of power from other companies;
2. The construction of a generating plant at a different site;
3. The construction of a non-nuclear plant at the Station site.

Full acceptance of any one of these alternatives would imply that the
proposed Station should be abandoned. In that event, little of the
sunk economic costs (money already spent or irrevocably committed)
could be salvaged. According to the applicant,1 the estimated loss
if the St& tion were abandoncd at year-end 1972 is about $118 rillion.
Similarly, most of the environmenta} impacts associated with cot-
struction (but not operation) of the Station are " sunk" because they
have already occurred.

9.1 PURCHASE OF POWER

The purchase of power by the applicant and/or other CAPCO members from
other Power Companies would be a reasonable alternative to completion
and operation of the Station only if (1) sufficiently firm long-term
commitments for power could be achieved to , allow adequate system
reliability for CAPC0 and if (2) the vendor companies had no need to ;

construct additional generatJng plants, since such construction would (
merely transfer environmental impacts to other localities. |

l

The major producers of power (including CAPCO) within the East-Central
region are members of ECAR, a fact-gathering and coordinating organ-
ization. As shown in Table 9.1, ECAR members as a group face a con-
tinuing need for additional generating capacity comparable to that of
CAPCO. It may be seen that the projected annual peak load increases
exceed 6.5 percent and that the projected net additions to generating
capacity exceed 5.4 percent or 4900 MWe for each year in this period.

The 19 corporately independent ECAR members form 12 systems or pools
for whict ECAR maintains peak load and generating capacity projections.
Of these, Ohio Valley Electrical Company (OVEC) is exceptional in that
it serves a single customer, the U.S. Atomic Energy Commission Gaseous
Diffusion Centet near Portsmouth, Ohio. OVEC's load is essentially
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TABLE 9.1. Projected ECAR Load and Generating Capacity

Increase Year End Increase
,

Sunener Peak Capacity
Year Load 06te) MW (Percent) OfWe) MW (Percent),

1972 48,561 61,425 5184 9.2
1 1973 52,584 4023 8.3 68,491 7066 11.5

1974 56,531 4247 8.1 73,497 5006 7.3

1975 61,404 4573 8.0 79,426 5929 8.1

1976 66,052 4648 7.6 85,288 5862 7.4

1977 70,694 4642 7.0 90,656 5368 6.3
1978 75,984 5290 7.5 95,573 4917 5.4
1979 81,462 5478 7.2 101,678 6105 6.4
1980 87,010 5548 6.8 108,566 6888 6.8

~

1981 92,782 5772 6.6 115,331 6765 6.2

Based on ECAR Bulk Power Members Report to the Federal Power Conunis-
sion Pursuant to Docket R-362. Order 383-2. April 1972

.

m
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TABLE 9.2. Five Year Projections for ECAR Pools

Projected Peak Five Year
Load Increase

(MWe) (Percent) Projected Capacity Five Year Projected Obsolete
Pool or As of January 1 Increase Capacity Removed
Company Year Summer Winter Summer Winter OHWe) (Percent) (MWe)

A.P.S. 1972 3,675 4,140 4,735 270

1977 5,275 5, 86 0 44 42 6,430 36 270

A.E.P. 1972 9,412 10,521 12,573
1977 13,438 14,540 43 38 19,739 57 424

CAPCO 1972 9,693 9,421 10,622
1977 13,285 12,648 37 34 14,668 38 405

C.G.E. 1972 2,400 1,940 2,354
1977 3,580 3,030 49 56 3,951 68 0 .

C.S.O.E. 1972 1,567 1,282 1,563
1977 2,488 2,010 59 57 2,719 74 86 us

0D.P.L. 1972 1,670 1,575 1,717
1977 2,565 2,510 54 59 2,631 53 19

K.I.P. 1972 5,641 5,292 5,946
1977 8,712 8,146 54 54 9,187 55 4

L.G.E. 1972 1,456 1,007 1,571
1977 2,134 1,342 47 33 2,381 52 0'

M.P. 1972 10,305 10,055 10,866
1977 14,845 14,045 44 40 18,033 66 1,112

N.I.P.S. 1972 1,856 1,795 1,400
1977 2,851 2,658 43 48 2,400 57 0

S.I.G.E. 1972 5 30 345 495
1977 765 510 44 48 750 52 0

Based on ECAR Bulk Power Members Report to the Federal Power Commission
Pursuant to Docket R-362, Order 383-2, April 1972

- . _ _ .
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TABLE 9.2. (Contd.)
Explanation of abbreviations:

A.P.S.-Allegheny Power System; A.E.P.-American Electric Power System;
CAPCO-Central Area Power Coordination Group (Cleveland Electric Illuminating Co. , Duquesne Light Co. ,
Ohio Edison Co. , Toledo Edison Co.); C.G.E.-Cincinnati Gas and Electric Co. ; C.S.O.E.-Columbus and
Southern Ohio Elec tric Co. , D.P.L.-Dayton Power and Light Co. ; K.I.P.-Kentucky-Indiana Pool (East
Kentucky Power Cooperative, Kentucky Utilities Co., Indianapolis Power and Light Co., Public Service
of Indiana, Inc.); L.G.E.-Louisville Gas and Electric Co. ; M.P.-Michigan Pool (Consumers Power Co. ,
Detroit Edison Co.); N.I.P.S.-Northern Indiana Public Service Co.; S.I.C.E.-Southern Indiana Gasand Electric Co.
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constant, with rare changes which are scheduled years in advance. Each
of the other 11 ECAR reporting entities projects annual peak-load
growth of not less-than 5.8 percent for each of the years 1972-1981.
As shown in Table 9.2 for the five years 1972-1976, none of the 11
systems or pools projects gross new generating capacity of less than
36 percent of its 1971 year-end capacity. In the aggregate, 31,367
MRe of new capacity is projected with the retirement of 2590 MRe of
obsolescent capacity (chiefly coal-fired plants) for a net increase
in capacity over the years 1972-1976 of 29,047 MRe or 54 percent of
the ECAR-less-0VEC capacity at year-end 1971. (OVEC capacity is pro-
jected as unchanged through 1981.) The absence of exceptions other
than OVEC and the homogeneity of the projections over the 11 distinct
systems or pools make it clear that if the expected generating capacity
of the Station were replaced by purchases from other power companies
within the ECAR region, the consequence would be augmented construction
elsewhere or delay of the retirement of obsolete coal-fired plants
within the region. Since the environmental impact of either consequence
compares with that expected from the Station, we conclude that the
purchase of power is not a reasonable alternative to the completion
and operation of the Station.

9.2 ALTERNATIVE SITES

The applicant's study of possible sites in 1967, described in Section
1.2, assumed that the contemplated plant would use once-through cooling
and therefore was limited to the area near the Lake Erie shoreline.
Only two sites, the Darby Marsh and the Navarre Marsh, were identified
as possibly available and as meeting the AEC criteria for nuclear-
plant sites. During the study, the U.S. Government acquired the
Navarre Marsh. Consequently, the applicant acquired an option on the
489-acre Darby Marsh tract. However, the Navarre Marsh appeared the '

better site and the applicant and the U.S. Bureau of Sport Fisheries
and Wildlife negotiated an exchange agreement in early 1968. Under
the agreement, the Government acquired the Darby Marsh as a National

. Wildlife Refuge and the applicant received the Navarre Marsh tract.
However, the Government also received the use and control, as a wild-
life refuge, of over 600 acres at the Navarre Marsh site. The appli-

| cant also agreed to construct one dike, to repair others, and to
install pumps so that the marsh water level may be controlled. The
high ground portion of the Navarre Marsh site is being used for con-

*
struction of the Station.

The later decision by the Applicant (July 1970) to change the Station
design to closed-cycle cooling greatly reduced the needed water
supply. In principle, many other site possibilities could then have

I
|
|
i
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been considered. However, in order to avoid delaying completion of -

the plant and because the Navarre Marsh site appeared generally
satisfactory, the applicant did not reopen the study of possible
sites.

Most environmental impacts expected to result from construction and
operation of the Station would arise from a similar plant located
anywhere in the Applicant's service area. For example, the evaporative
consumption of water and the discharge of a warm blowdown stream would
have greater impact on a river or a lake smaller than Lake Erie. The
visual impact of a natural-draf t cooling tower sized for an 872 MWe
plant would reach a comparable number of viewers from almost any
location in Northern Ohio. Respect for public opinion and, for a
nuclear plant, conformance to AEC siting requirements would probably
place any alternative site away from urban or suburban areas; in that
case, either farmland or wildlife habitat would be converted to
industrial use, just as at the reference site.

The only impact which appears to be specific to the reference site is
the risk of occasional occurrences in which migratory birds may collide
with the cooling tower and be killed (see Section 5.4). The risk, which
is estimated to be small, arises from the location of the reference site
within an important flyway for migratory birds. However, the same
feature of the location makes particularly valuable the creation of
more than 600 acres of additional Government managed wildlife refuge.

The Staff thus concludes that any environmental advantage which might
have resulted from thorough reconsideration by the applicant in 1970
of possible alternative sites would have been.small, .at best. Choice
of a different site at that time would have delayed the plant by a
period of one to several years, with a consequent threat to reliability
and adequate power supply within the CAPC0 service area for 1975 and
following years (see Table 8.3) .

Were the reference (Navarre Marsh) site to be abandoned at a time
near the end of the NEPA review, say January 1,1973, a greater delay
would result. Almost certainly, the delay would be not less than four
years (the Applicant estimates 6 years") since the Applicant's posture
would be " reset" to that of early 1969 with respect to site selection
and construction. All of the environmental and economic costs associated
with construction at the reference site would be sunk and could not be
recover ed . Since site-preparation work and conventional construction
are well advanced, the sunk cost would be not less than $160 million as
the overall economic penalty if a similar plant were to be constructed
at another site.

I
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It appears unlikely that the achievable environmental gain with respect
to operation of the Station at a conceivable alternative site could
outweigh the doubled environmental impact due to construction first at
the reference site and then at the hypothesized alternative site.

Considering as well the 4 to 6 years of marked reduction in reliability
within the CAPCO service area and the severe economic penalty to the
Applicant (all or much of which would ultimately be borne by the public)
the Staff concludes that the case for completion of the Station at the
reference site is very strong.

9.3 ALTERNATIVE MEANS OF POWER GENERATION

Potential hydroelectric capacity approaching 872 MWe does not exist
within the CAPCO service area. Natural gas is not available in the
area in adequate quantity for large generating stations. For base-
load (24 hours per day) operation fuel costs for an oil-fired steam
plant would be about double those for a coal-fired plant. Fuel costs
for oil-fueled gas turbines would be even higher. The remaining commer-
cially practicable alternative to the proposed nuclear steam-turbine
plant is a coal-fired steam-turbine plant. Most present generating
plants in the East Central area are of this type.

Two environmental impacts associated with nuclear plants are sub-
stantially reduced for coal-fired plants. Because of higher thermo-
dynamic efficiency and because some of the heat passes up the stack
with other combustion products, fossil-fuel plants release only about
60 percent as much vaste heat to the plant condenser cooling water as
do nuclear plants of the same electrical output capacity. Also, although
the release of radioactivity from current nuclear plants leads only to
minor increments to the natural radiation levels, coal-fired plants
release even less and oil-fired plants release virtually none.

Coal-fired plants, however, produce combustion products including dust,
sulfur dioxide, and oxides of nitrogen in substantial amounts and these
are a significant source of air pollution. The comparative environ-
mental impacts expected for the reference plant and for a coal-fired
plant of the same generating capacity are given in Table 9.3. Com-
bustion products are estimated on the basis that the coal-fired plant
just meets the Environmental Protection Agency standards for new plants.2

The estimated economic costs associated with the reference plant and
with an alternative coal-fired plant of the same capacity are presented
in Table 9.4. Capital costs of coal-fired capacity is estimated at
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TABLE 9.3. Comparative Environmental Impacts
for Reference and Coal-fired Plants

Referenc e : 872 MWe 872 MWe Coal-fired
~ Category Nuclear Plant Plant with Cooling Tower

Iand use:
Plant 75 acres Similar to reference
Fuel storage minor 15 acres
Total plant 150 acres (without 150 acres

exclusion area)

Releases to air:
Radioactivity 2943 curies /yr. small
Dust none 7.3 tons / day
Sulphur dioxide none 87.5 tons / day
Nitrogen oxides none 51 tons / day

Releases to unter:
Heat 2.65 billion BTU / day * 1.59 billion BTU / day *
Radioactivity:

tritium 1000 curies / year none
other 5 curies / year none

Chemical:
chlorine 13 lbs/ day 13 lbs/ day,

salts 700 lbs/ day 450 lbs/ day **

|- Water consumed 10 million gal / day 6 million gr.1/ day
!

Fuel:,

| consumed 26 tons / year 2.5 million tons / year
j transported 5 truckloads / year 350 trainloads/ year

,

Wastes 6 carloads / year 250,000 tons / year -

Aesthetic Inoffensive except Similar to reference
for 493-ft cooling plus 15 acre coal pile,

| tower 300 f t stack.

* Assumes 80% load factor...

| ** This chemical discharge could be increased about tenfold if ash-
! sluicing effluent is discharged.
|
;

i~

I

:
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TABLE 9.4. Comparative Economic Costs for Reference
and Alternative Plants (in Millions of Dollars)

872 MWe
872 IfWe Reference Coal-Fired

'

(Nuclear) Plant- Plant-First
First Operation Operation
January 1, 1975 January 1, 1979

Construction Cost:
Total $321 $174
Sunk 193 0
Incremental 128 174
Salvage Allowance 0 -75
Net Incremental 128 99
Present Worth of

Net Incremental Cost $128 $70
Allowance for Loss of Power 12 165
Annual Operating Cost:

Fuel 8.3 24
Other 2.1 2
Total 10.4 26
Present Worth of
Capitalized Operating
Cost 105 273

Decommissioning Allowance 30 5
Present Worth 2 0

Present Worth of Incremental
Life-of-Plant Cost 247 508

Present Worth of Total
Life-of-Plant Cost 440 508

Annualized Equivalent of
Life-of-Plant Cost

Incremental 23.5 48.4
Total 41.9 48.4

.. _ _~
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$200 per KWe and coal costs at $0.45 per 106 BTU.* In order to achieve.

comparability among costs which would be incurred at different times,
all costs are reduced to present worth ** at the assumed time of first

operation, Januery 1,1975. The discount rate used is 8.75 percent which
is representative.of the overall before-Federal-income-tax rate required

. for payment of interest on bonds and stock dividends by investor-owned
power companies. Estimated construction costs for the reference plant
are those provided by the Applicant. These figures normally include
compounded "iaterest during construction" so no present-worth adjustment
need be made. To compute the present worth of the stream of payments for
fuel and other operating costs, a life of 30 years is postulated.

In order to assess the comparative costs of completing the reference
plant or constructing the alternative coal-fired plant, only the costs
incurred after the hypothetical time of decision should be considered;
i.e., the sunk prior costs are " water over the dam." Costs that
would be incurred af ter the assumed decision point, January 1,1973,
are labeled incremental costs in the table.

Since the alternative plant could not be operational until about
January 1,1979, the cost of providing power for four years from other
sources should be charged against it. An estimated rate of 8 mills
per kilowatt hour is used. However, the postulated combination of four
years purchase and 30 years plant life provides power for 34 years.
To place the reference plant on a comparable basis, the purchase of
power for four yearsfafter 30 years of plant life is postulated.

It may be seen from Table 9.3 that the estimated economic penalty for
the hypothesized change to a coal-fired plant is about $261 million or
59 percent of the total life-of-plant cost of the reference plant.
These figures are present worths as of January 1, 1975. On an annual-
ized basis, the penalty is about $25 million per year during the postu-
lated 30 years of operation.

* The estimates come from another applicant in the East Central area.
They appear reasonable in relation to estimates published by the
Federal Power Commission 3 when the latter are corrected for infla-
tion and the rapid increase in minehead coal prices during recent
years.

** The present worth at a given time of a future payment is equal to the
sum which, drawing interest from the given time at the assumed dis-
count rate, would just suffice to meet the payment when due.

.

e
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The coal-fired plant would discharge less heat to Lake Erie and less
radioactivity to the atmosphere than the reference plant. However, as
assessed in Sections 5 and 8, the impacts of these discharges are very
small for the reference plant. We judge their effect to be clearly
outweighed by the air pollution intrinsic to the coal-fired plant and
therefore consider the reference plant to be, on balance, the better
with respect to environmental impact. Considering the loss of reliabil-
ity to the CAPCO pool during the four-year delay and the large economic
penalty to the applicant, which is ultimately paid by the public, there
is no doubt that the reference plant is the preferred alternative.

9.4 SUMMARY*

Three alternatives to the completion and operation of the proposed
Station have been considered. Purchase of power is not a reasonable
alternative action because all of the possible vendors of power face
the same need for new generating capacity as the applicant and the
CAPCO pool. The construction of an equivalent plant at a different
site offers no promise of significant environmental gains to balance
either the large economic penalty or the threatened delay to a reliable
supply of electric power. The most reasonable alternative means of
power generation, a coal-fired steam plant, would impose more serious
environmental costs than the proposed plant as well as a severe eco-
nomic penalty and a loss of reliability within the CAPCO pool. There-
fore, completion and operation of the Station is the recommended
action. Possible modifications of the proposed design are considered
in the following section.

-

O
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10. PLANT DESIGN ALTERNATIVES

In this section we consider possible modifications to thu reference
design which might change significantly the balance between economic
and environmental costs.

10.1 COOLING SYSTEM ALTERNATIVE
'

Thermal electric generating plants require the removal of from 5300
to 7100 BTU waste heat for each kilowatt hour of electrical energy
generated, the higher figure being typical of current nuclear plants.*
The best established methods of large-scale cooling involve either
(a) the transfer of water (as vapor) and heat to the atmosphere by
direct evaporation in " wet" cooling towers, spray ponds or canals or
(b) the warming of a stream or lake. In the latter case, the heat is
eventually transferred to the atmosphere, chiefly by evaporation,

although radiative and convective processes play some part. Another*

means of heat transfer, the " dry" cooling tower, serves to transfer
heat directly to the atmosphere without evaporation of coolant (in the
same manner as an automobile radiator). Dry towers have been used for
relatively small thermal electric plants in arid regions, particularly
abroad, but the high coolant-return temperature in hot westhar results,

1 in condenser back-pressure which is too high for any large (over 300
,MWe) steam turbines currently available.1

The preliminary design of the Station was based on once-through cooling
with Lake Erie water, and the Navarre Marsh c'te was acquired on that
ass ump tion. . The applicant's later decision to incorporate a closed-,

cycle cooling system because of uncertainty as to the regulatory,
'

standards which might apply at the time of completion of the Station
(discussed in Section 5) was made on the basis that the Navarre Marsh
site would continue to be used, since any change of site might have
delayed the plant for several years.

Among the closed-cycle alternatives, the applicent's choice appearc to4

have been based on the expectation that the probability of fog and
icing, particularly at the Station itself and at the nearby State High-
way 2, would be least for a natural-draf t tower (because the moisture
release occurs 500 f t. above ground level). The estimated economic,

'

costs did not differ greatly for the several closed-cycle choices, as
shown in Table 10.1. Although aesthetic impact is greatest for the
natural-draf t tower because of its great size, the Staff concur in the
applicant's choice among closed-cycle means. .

* A lower value would hold for high-temperature gas-cooled reactor
plants, a few of which are coming into service.

,

. . , ,. . - , - - . _ _ . - . . . . - 7 ,,m ..m , , - _ , , 7 .m~,



_ __

e

d

TABLE 10.1. Comparative Economic Costs for Alternative Cooling Systems
(Millions of Dollars)

Natural- Mechanical-
Draft Draft Cooling

Once-Through Tower Towers Spray Canal Pond

Incremental construction
cost if chosen in 1970: g
Direct base 6.77 5.1 4.1 10.75
IEC* at 33% base 2.23 1.7 1.5 3.55

Total base 9.0 6.8 5.6 14.3
If chosen in 1972:
Direct 9.2 base 6.1 5.6 11.6
IEC* at 33% 3.0 base 2.0 1.9 3.d

Total 12.2 base 8.1 7.9 15.4 5
,' Lost-capacity allowance b

($250/kW) base 6.25 7.35 8.53 base
'"av

..

Incremental maintenance
cos t-capitalized

*p' (8.75%, 30 years) base .21 .32 .58 .42
Gross incremental cost-

If chosen in 1970 base 15.0 14.5 14.7 14.8
If chosen in 1972 6.2 base 9.8 17.0 15.8

Based on Table B.1, p. B-17, Benefit-Cost Description of Alternative Designs for the Davis-Besse
Nuclear Power Station (supplement to the Environmental Report).

* Interest during construction, escalation, and contingency.

.. _ _ - _ _ _ _ _ _ _ - - .
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The choice between once-through and closed-cycle cooling was made by
the applicant in 1970 primarily on the basis of economic contingencies
which do not appear in Table 10.1, namely the risk of serious delay
in operation of the Station or the later impositio* of a requirement to
backfit the plant with a closed-cycle cooling system. One or both of
these contingencies might have arisen because of changing Federal or
State regulations or because ef the vigorous opposition by a segment
of the public to once-through cooling anywhere on the Great Lakes
(which indeed is the subject of an unresolved controversy within and
among Federal regulatory agencies).

Because much of the construction cost for the closed-cycle system is-

now sunk, there would now be an economic penalty estimated at $6.2
million (see Table 10.1) attached to a change to once-through cooling,
apart from the risks feared by the applicant. The environmental balance
between the alternatives appears nearly even. In our judgement, the
damage to Lake Erie ecology from a well designed once-through system
would probably bi - -t( in terms of aquatic populations and species
balance. On c%e other hand, enhancement of fog and ice by the natural-
draft tower will probably be undetectable, and the danger of high
mortality among migratory birds through collision with the tower appears
to be small. The cooling tower will have a considerable visual impact,
which may be regarded as adverse by some members of the public. On
balance, and mainly because of the uncertainty in predictions about
lake ecology, the Staff judges the closed-cycle system to have the
smaller probable impact and we therefore support the Applicant's choice.

10.2 INTAKE SYSTEM ALTERNATIVES

In the original Station design, flow velocity at the water intake
in Lake Erie was 1.5 feet per second under maximum flow conditicas.
At this velocity a relatively large fraction of the fishes present in
the area might be swept into the intake and destroyed on the
traveling screens. The Applicant has recently considered and adopted
an alternative design for which the intake velocity will be no more

;

than 0.5 feet per second at maximum flow.2 At the lower velocity, .

only the small (young) fishes will be vulnerable to entrainment. An I

air-bubble screen will also be added, tending further to reduce the |

risk to small fishes, although doubt exists as to the effectiveness
of the air screen (see Section 5.4). Thest modifications will
certainly reduce the impact on fishes and are therefore desirable.

|

|

t
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10.3 DISCHARGE SYSTEM ALTERNATIVES

In the reference design, as much as 13,800 gallons per minute of diluted
blowdown water will be discharged to Lake Erie, at a temperature no
more than 20*F above that of the lake. The resulting thermal plume

will have an estimated area within the 3*F isotherm of 0.21 acres
according to the Applicant's estimate, although our calculation using
the model of the Applicant's consultant gave a higher figure (0.7 acre).
Since the discharge orifice is 5000 feet from the mouth of the Toussaint
River and 16,250 feet from the nearest reef that is believed to be a
fish-spawning area, no detectable effect on aquatic life is expected.

The applicant has considered the possibility of cooling the blowdown
stream by a mechanical-draf t tower, spray canal, or small cooling
pond.3 The maximum heat discharge and plume area would be reduced by
50 percent for the tower or spray canal, by 20 percent for the pond.
Estimated costs are $1.025, $1.115, $0.735 million, respectively
(including allowance for maintenance expense and loss of capacity).
The Staff judgement is that the environmental advantage of further
reducing the already small heat discharge (about 2% of the total con-
denser heat) is outweighed by the cost of the modifications and the
possible terrestrial effects, however small, of the auxiliary cooling
system.

10.4 CHEMICAL DISCHARGE SYSTEMS

The only appreciable discharges of diemicals from the reference design
plant will be about 13 pounds per day of chlorine and 700 pounds per day
of sodium, calcium, and magnesium sulfates and carbonates. According
to the evaluation in Section 5, the environmental effects of the
chlorine will be confined to a very small area within about 50 feet of
the discharge jet. No detectable effect on the lake ecology is expected.
However, a procedure which might greatly reduce or even eliminate the
discharge of chlorine is suggested in Appendix B. The salt discharge

consists essentially of chemicals already present in Lake Erie, at
only about twice their lake concentrations.

Since the environmental impacts of these releases are insignificant,
we judge that consideration of alternatives (other than that suggested
in Appendix B) is not warranted.

10.5 BIOCIDE SYSTEM

Chlorine is the only biocide that will be used in the Station. Its
contribution to the chemical waste has been discussed in Section 10.3

;

.



-

P

10-5

above. As an anti-fouling water treatment, chlorine performs very
well at quite low concentrations, and its use for this purpose is
well-es tablished . No suitable alternative treatment can be suggested.
An alternative method of operation designed to minimize the discharge
of chlorine is described in Appendix B.

10.6 SANITARY WASTE SYSTEM

The sanitary waste system is of sound, modern design. It has been
approved by the Ohio State Department of Health, and permits for its
construction and operation have been obtained. We consider that its
impact on Lake water quality will be negligible, and that no alternatives
need be considered.

,

10.? TRANSMISSION SYSTEM

Overhead transmission lines are an adjunct of large generating
sta tions . The height and spacing of the conductors, and of the
towers required to suppcrt them, are determined by the transmission

1 voltage, which in turn is chosen by balancing economic costs of con-
ductors, towers, and land acquisition against transmission losses.<

The applicant's choice of 345 kV follows accepted practice for the
load capacity required. Three transmission routes were selected to
connect the Station with the applicant's distribution system and with
the other utilities of tha CAPCO group. The total length of lines
to be constructed in the applicent's service area is about 57 miles.
The design of the system ard the choice of routes are described in
Section 3.7 and in Appendix 4A of the Applicant's Environmental Report
Supplement. All applicable local, state, and federal standards and
guidelines have been complied with, and the necessary approvals and
permits have been obtained (Section 1.3).

The Staf f considers that, in the design of towers and choice of routes,
the applicant has taken account of aesthetic, social and environmental
values by avoiding as far as is feasible the removal of dwellings,
proximity to communities or community services (e.g. , schools, parks,
radio and television transmitters), following of highways, disturb-
ance of forested areas, and interference with public enjoyment of
recreational, conservational, and scenic areas, although some impact
on these amenities is inevitable. We judge that no feasible alternatives
would produce sufficient benefit to outweigh the costs already expended
or committed.

.
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11. BENEFIT-COST SUMMARY

11.1 BENEFITS

The primary benefits from completion and operation of the Station will
be the generation of about 6.1 billion kilowatt hours per year of elec-
trical energy and increased reliability within the CAPCO pool because
of 872 MWe additional generating capacity. About 51 percent of the
power will be sold to industrial users, 19 percent to commercial users,
and 25 percent to residential users.

'

Indirect local and regional benefits will include a revenue of about
$4 million per year in taxes to local governmental bodies and a simi-
lar amount to the State of Ohio. Some 89 persons will be employed in
the operation of the Station. The preservation and improvement of all
marsh areas on the site for wildlife and the addition to the National
Wildlife Refuge System of over 500 acres of prime waterfowl habit &t is
another indirect benefit of some importance.

11.2 ENVIRONMENTAL COSTS

11.2.1 Iand Use

A total of 150 acres of farmland has been removed from use by con-
struction of the Station. Access to the lakeshore at the site was
restricted by private ownership in the past and will remain so. Con-
struction of the Station intake and discharge piping and of the temporary
barge channel will disturb the lakeshore and bottom; however, the appli-
cant will restore the shore and bottom grade and, so far as possible,
the soil character so that long-term effects are unlikely. Although
1800 acres of off-site land, mainly farmland, will be used for trans-
mission lines, only that required for the towers themselves will be
removed from farm use.

The 500-foot natural-draf t cooling tower and vapor plume of the Station
will be conspicuous on the lakeshore landscape. A small increase
(probably undetectable) in the duration of naturally occurring fog
inland of the Station may occur. Similarly total snowfall in the vicin-
ity of the Station may be slightly increased.

11.2.2 Water Use

The net consumption of Lake Erie water by the Station (as evaporation
from the cooling tower) will'be about 5 billion gallons per year.
Natural evaporation from the lake surface is 1000-fold greater so that

!
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no detectable change in the lake level vill result. About 900 billion
BTU per year of waste heat will pass to Lake Erie with the blowdown
water; the effects will be undetectable outside of a very few acres of
thermal plume.

11.2.3 Biological Effects

Virtually all of the organisms drawn into the Station intake will be
killed. These will include plankton, fish eggs, and very small fish
but almost no adult fish. Since the rate of water intake at the Station
will be only about 0.015 percent of the flow through the lake, and the
annual. intake will only be about 0.006 percent of the lake volume, no
detectable effect on aquatic populations or species balance is expected.
While some birds will almost certainly be killed from time to time by
collision with the cooling tower, it is unlikely that major bird kills
will occur.

11.2.4 Radiological Effects

The total dose from' operation of the Station to the entire population
within 50 miles is estimated to be 22 man-rem per year, distributed
among about 2 million people who live within this area. The dose to
individuals in areas near the plant will be less than 3 percent of that

i due to natural background radioactivity; in more distant areas it will
'

be much less.

11.3 BENEFIT-COST BALANCE

The identified benefits and environmental casts associated with comple-
tion and operation of the Station have been described and evaluated in
this Environmental Statement. They are listed in Table 11-1.

The overall impact on the environment of Station construction and
operation is expected to be small. On balance, the Staff concludes
that the benefits will substantially outweigh the environmental and
economic costs.

1
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TABLE 11-1. Benefit-Cost Summary for Davis-Besse Nuclear Station

Benefits

Primary benefits:
Electrical energy to be generated 6.11 billion kilowatt-hours

per year
Generating capacity contributing to

reliability of electrical power in
the CAPCO service area 872,000 kilowatts

Secondary local benefits:
Employment of operating staff 89 persons
State and local taxes paid $8 million per year
Conservation Over 500 acres of water fowl -

habitat

Environmental Costs

Land Use:
Farmland for station 150 acres
Transmission line right-of-way 1800 acres

Water Use:
Water evaporated 9000 gallons per minute

(average)
Lake Erie surface area within 3*F

excess isotherm of thermal plume 0.7 acres
Chemicals discharged to lake 13 pounds per day of chlorine;

700 pounds per day of salts
occurring naturally in lake
water

Radiological Impact:
Normal operation:

Cumulative population dose
(50-mile radius) 22 man-rem per year

Whole-body dose to nearby
residents Less than 1 percent of

natural background

Biological Impact: Small destruction of aquatic
life-no significant effect
on Lake Erie ecology; pos-
sible lethal collisions of
night-flying migrant birds
with 500-ft. cooling tower--
expected to be rare.

. _ _ , _ _ .
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APPENDLX A

WATER POLLUTION CONTROL BOARD
OHIO DEPARTMENT OF REALT'I

COLUMBUS, OHIO !

RESOLUTION ESTABLISHING AMENDED CRITERIA 0F STREAM-WATER QUALITY FOR
VARIOUS USES ADOPTED BY THE BOARD ON APRIL 14, 1970

WHEREAS, Section 6111.03, of the Ohio Revised Code, provides, in
part, as follows:

"The water pollution control board shall have power:

(A) To develop programs for the prevention, control and
abatement of new or existing pollution of the waters of
the state; ...." and

i WHEREAS, Primary indicators of stream-water quality are needed as
guides for appraising the suitability of surface waters in
Ohio for various uses; and

WHERFAS , The stream-water quality criteria for various uses and
minimum conditions applicable to all waters adopted by the
Board of June 14, 1966, have been amended by the Ohio River
Valley Water Sanitation Commission; .and

WHEREAS, The criteria adopted by the Board on October 10, 1967, have
been further amended by the Ohio River Valley Water Sanita-
tation Commission;

THEREFORE IT BE RESOLVED, That the following amended stream-water
quality criteria for various uses, and minimum conditions
cpplicable to all wcters, and policies for protection of high
quality waters and for water quality design flow, are hereby
adopted in accordance with amendments of the Ohio River
Valley Water Sanitation Commission, and the recommendations
of the Federal Water Pollution Control Administration.

AND BE IT FURTHER RESOLVED, That the amended stream-water quality
criteria for various uses, for minimum conditions, for pro-
tection of high quality waters, and, for water quality

.
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design flow, be made applicable to the following' waters
of the state:

1. Maumee, Tiffin, St. Joseph, and St. Marys River Basins;
2. Lake Erie & Interstate Waters thereof;

3. Great Miami, Whitewater, and Wabash River Basins;
4. Ashtabula River, Conneaut and Turkey Creeks;
5. Ohio River of Ohio-West Virginia and Ohio-Kentucky;
6. North Central Ohio Tributaries of Lake Erie;
7. Scioto River Basin;
8. Little Miami River Basin;
9. Rocky, Cuyahoga, Chagrin, and Grand River Basins;
10. Muskingum River Basin;
11. Hocking River Basin.

MINIMUM CONDITIONS APPLICABLE TO
ALL WATERS AT ALL PLACES AND AT ALL TIMES

1. Free from substances attributable to minicipal, industrial or other
discharges, or agricultural practices that will settle to form
putrescent or otherwise objectionable sludge deposits.

2. Free from floating debris, oil, scum and other floating materials
attributable to municipal, industrial or other discharhes, or
agricultural practices in amounts sufficient to be unsightly or
deleterious.

3. Free from materials attributable to municipal, Ludustrial or
other discharges, or agricultural practices producing color, oder
or other conditions in such degree as to create a nuisance.

4. Free from substances attributable to municipal, industrial or
other discharges, or agricultural practices in concentrations or
combinations which are toxic or harmful to human, animal, plant
or aquatic life.

PROTECTION OF HIGH QUALITY WATERS

Waters whose existing quality is better than the established standards
as of the date on which such standards become effective will be main-
tained at their existing high quality, pursuant to the Ohio water
pollution control statutes, so as not to interfere with or become
injurious to any assigned uses made of, or presently possible, in i uch
waters. This will require that any industrial, public or private
project or development which would constitute a new source of pollut'on

!
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or an increased source of pollution to high quality waters will be
required, as part of the initial project design, to provide the
most effective waste treatment available under existing technology.
The Ohio Water Pollution Control Board will cooperate with other
gencies of the state, agencies of other states, interstate agencies

and the Federal Government in the enforcement of this policy.

WATER QUALITY DESIGN FLOW

Whe.re applicable for the determination of treatment requirements, the
water quality design flow shall be the minimum seven consecutive day
average that is exceeded in 90 percent of the years.

STREAM-QUALITY CRITERIA

FOR PUBLIC WATER SUPPLY

The following criteria are for evaluation of stream quality at the
point at which water is withdrawn for treatment and distribution as a
potable supply:

1. Bacteria: Coliform group not to exceed 5,000 per 100 ml as a
monthly average value (either MPN or MF count); nor exceed this
number in more than 20 percent of the samples examined during
any month; nor exceed 20,000 per 100 m1 in more than five percent
of such sampled.,

2. Threshold-odor Number: Not to exceed 24 (at 60 deg. C.) as a
daily average.

3. Dissolved solids: Not to exceed 500 mg/l as a monthly average,

value, nor exceed 750 mg/l at any time.

4. Radioactivity: Gross beta activity not to exceed 1,000 picoeuries
Per liter (pCi/1), nor shall activity from dissolved strintium 90
exceed 10 pCi/1,~ nor shall activity from dissolved alpha emitters
exceed 3 pCi/1.

5. Chemical constituents: Not to exceed the following specified
concentrations at any time.

-. - .- - _-- . - . .
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Constituent Concentration (mg/1)

Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05

(hexavalent)
Cyanide 0.025
Fluoride 1.0
Lead 0.05
Selenium 0.01
Silver 0.05

FOR INDUSTRIAL WATER SUPPLY

The following criteria are applicable to stream water at the point at
which the water is withdrawn for use (either with or without treatment)
for industrial cooling and processing:

1. Dissolved oxygen: Not less than 2.0 mg/l as a daily-average
value, nor less than 1.0 mg/l at any time.

2. pH_: Not less than 5.0 nor greater than 9.0 at any time.

3. Temperature: Not to exceed 95 deg. F. at any time.

4. Dissolved solids: Not to exceed 750 mg/l as a monthly average
value, nor exceed 1,000 mg/l at any time.

FOR AQUATIC LIFE A

The following criteria are for evaluation of conditions for the mainte-
nance of a well-balanced, warm-water fish population. They are
applicable at any point in the stream except for areas necessary for
the admixture of waste effluents with stream water:

.

1. Dissolved oxygen: Not less than an average of 5.0 mg/l per
calendar day and not less than 4.0 mg/l at any time.

2. pH:

A. Nd values below 6.0 nor above 8.5.

B. Daily fluctuations which exceed the range cf pH 6.0 to pH 8.5 '

and are correlated with photosynthetic act: vity may be tolerated.

.
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3. Temperature:

A. No abnormal temperature changes that may affect aquatic life
unless caused by natural conditions.

B. The normal daily and seasonal temperature fluctuations that
existed before the addition of heat due to other than natural
causes shall be maintained.

C. Maximum temperature rise at any time or place above natural
temperatures shall not exceed 5 deg. F. In addition, the water
temperature shall not exceed the maximum limits indicated in
the following table.

Maximum Temperature in Deg. F. During Month
WATERS Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

All waters
except
Ohio River 50 50 60 70 80 90 90 90 90 78 70 57

Main Stem-
Ohio River 50 50 60 70 80 87 89 89 87 78 70 57

4. Toxic Substances: Not to exceed one-tenth of the 48-hour median
tolerance limit, except that other limiting concentrations may be
used in _ specific cases when justified on th,e basis of available
evidence and approved by the appropriate regulatory agency.

FOR AQUATIC LIFE B

The following criteria are for evaluation of conditions for the mainte-
nance of desirable biological growths and, in limited stretches of a
stream, for permitting the passage of fish through the water, except
for areas necessary for admixture of effluents with stream water:

1. Dissolved oxygen: Not less than 3.0 mg/l as a daily-average value,
nor less than 2.0 mg/l at any time.

2. pH: Not less chan 6.0 nor greater than B.5 at any time.

3. Temperature: Not to exceed 95 deg. F. at any time.

--
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4. Toxic substances: Not to exceed one-tenth of the 48-hour median
- tolerance limit, except that other limiting conditions may be
used in specific cases when justified on the basis of available
evidence and approved by the appropriate regulatory agency.4

FOR RECREATION.

| The following criterion is fo; evaluation of conditions at any point
in waters designated to be used for recreational purposes, including

; such water-contact activities as swimming and water skiing:

Bacteria: The fecal coliform content (either MPN or MF count)
not to exceed 200 per 100 ML as a monthly geometric mean based on
not less than five samples per month; nor exceed 400 per 100 ML
in more than ten percent of all samples taken during a month.

FOR AGRICULTURAL USE AND STOCK WATERING

The following criteria are applicable for the evaluation of stream
quality at places where water is withdrawn for agricultural use or
stock-watering purposes:

1. Free from substances attributable to municipal, industrial or other
discharges, or agricultural practices that will settle to form
putrescent or otherwise objectionable sludge deposits.

2. Free from floating debris, oil, scum and other floating materials
'

attributable to municipal, industrial or other discharges, or
,

agricultural practices in amounts sufficient to be unsightly or
deleterious.

3. Free from materials attributable to municipal, industrial, or
other discharges, or agricultural practices producing color,
odor or other conditions in such degree as to create a nuisance.

- 4. Free from substances attributable to municipal, industrial or other
discharges or agricultural practices in concentrations or combina-
tions which are toxic or harmful to human, animal, plant or aquatic' |

life.
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APPENDIX B

DEVELOPMENT OF BLOWDOWN SCHEDULE TO PREVENT DISCHARGE
OF EXCESSIVE CHLORINE FROM RECIRCULATING COOLING WATER SYSTEMS

The decay and buildup of chemical species in the recirculating condenser--
cooling tower circuit was analyzed by using the following equation for
the rate of change of the content of a solute,

Vff=cM-cB-cFR,y (1)

where, V is the volume of the system, e is the concentration in the
system at the time t, is the concentration in the makeup at rate M,
B is the blowdown rate, is the recirculation flowrate and F is the
fraction of the solute lost (by evaporation or chemical reaction, e.g.,
light-catalyzed reduction of free chlorine) per pass through the system.

Integrating (1) and solving for c gives:

be
' ~

c- (2),

A

where c , is the solute concentration at time zero, and A E B + FR.
The use of equation 2 involves the assumption that the composition in
all parts of the system is the same, therefore, for rapid changes,
the appitcability would be poor.

For the present case, we wish to examine the possibility of operating
with no blowdown for periods when the concentration of residual chlorine
in the recirculating system is in excess of some quantity declared to
be the maximum permissible. For purposes of the calculation, we shall
use 0.1 ppm, the maximum figure declared by the EPA to be without harm
to the aquatic ecology if discharges are limited to 30 minutes per day.

Assuming that the chloramines are predominantly produced by reaction
between the ammonia nitrogen in the makeup water and the free chlorine

'

added, the concentration reaches the level of 0.021 ppm in the 30-minute
chlorination period, if none are lost by aeration in the cooling tower
(see Table 3.1) . Actually, it is expected that a significant amount
will be lost; in Section 3 of this Statement, we have chosen 50% as a
conservative estimate of the fraction of chloramines lost in one pass
through the cooling tower.

| '
.

,

\ \
/
I

. .



__ _ _ _ _

.

B-2

In Table B.1 are shown calculated values of the expected chloramine
concentrations (actually ppm chlorine present in the form of chlor-
amines) at the end of 30 minutes and four other times to be developed
below. The equivalent concentration in the incoming water was the
ammonia nitrogen. Only at the longest times and lowest evaporative
losses is the 0.1 ppm criterion exceeded. Accordingly, the free chlorine
concentration will be examined for its limitations.

TABLE B.l. Calculated Chloramine Buildup in Station Recirculating
.

System (concentrations in parts per million)

Time, ninutes
Fraction Lost

*
per Pass 30 66.45 89.78 201.3 376.9 _

.

0 0.021 0.047 0.064 0.143 0.267
0.1 0.020 0.041 0.053 0.096 0.133
0.5 0.016 0.025 0.028 0.033 0.033
0.9 0.013 0.017 0.018 0.018 0.018

Assumptions : Makeup rate = 9225 gpm
Blowdown rate = 0
Makeup concentration = 0.34 x 3f.6 = 0.861 ppm
Volume = 11.2 million gallons
Recirculating flowrate = 480,000 gpm
Initial concentration, zero

d

The planned procedure is to maintain 0.5 ppm residual free chlorine
during the chlorination periods. Following the time when chlorination
is stopped, the free chlorine concentration will decline by reduction
to chloride by reaction with chlorine-demand constituents in the makeup
water and by reduction to chloride by reaction with water, including
the catalytic effect of light. The fraction lost by reaction with water
per pass through the system is not known, and may vary, depending on
time of day and sunlight intensity. Calculations were therefore made of
the times required for the conce'ntration to decline from 0.5 to 0.1 ppm
(at the same four values of the loss fraction that had been employed
for Table B.1), with the results shown in Table B.2. Adding 30 minutes
to each of these times gives the length of the period during which blow-
down would be prohibited.

1
1
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TABLE B.2. Calculation of Blowdown Rates as a Function
.of Free. Chlorine Losses

Case 1- Case 2 Case 3 Case 4

Fraction of free chlorine lost during 0 0.1 0.5 0.9each pass thr *, ugh the system

Time (in minutas) for free chlorine 346.9 171.3 59.78 36.45to decay from 0.5 to 0.1 ppm

Period of prohibited blowdown 376.9 201.3 89.78 66.45(minutes)

Total dissolved solids built up during 552.2 517.6 495.7 491.1period of prohibited blowdown (ppm)

Recovery time (minutes) Impossible 158.7 270.22 323.55-

Required blowdown rate (gpm) - 19,390 11,880 10,840

.
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During such periods of no blowdown, the total dissolved solids content
would increase in the average case to the values shown in the fourth row
of Table B.2 (calculated using 239 ppm make-up concentration and 478
ppm initial cooling tower concentration). Chlorinating four times a day
allows 360 minutes each time for periods of prohibited discharge and
recovery to some chosen reference concentration. Selecting the value
given in the ER for the average TDS, 478 ppm, led to the calculated
required blowdown rates shown in the last row of Table B.2.

Note for the circumstances chosen, it would never be possible to blow-
- down if there was no significant loss of free chlorine by reaction with

water, because the rate of addition of chlorine-demand constituents in
the makeup water would require more than 330 minutes to decrease the
free chlorine-level to 0.1 ppm. Of course, employment of a less strin-
gent discharge criterion would alleviate this problem. Also, selecting
operating conditions so as to encourage the chlorine-water reaction
(e.g. , establish no-blowdown decay periods for daylight hours only, use '

shallow trough for return of water from cooling tower to recirculating
pumps) would be helpful. The service water used for cooling tower makeup
should not be chlorinated during the prohibited blowdown periods. S ched-

~ ules could be the same for chlorination of service water and recirculat-
ing cooling water.

4
For the three feasible cases calculated, the blowdown rates do not seem
unreasonable, being at worst somewhat greater than twice the presently-
expected average blowdown rate. With care in planning and design,
operation is probably feasible under blowdown restrictions for periods
when the residual chlorine in the recirculating cooling water is in
excess of a chosen level.

There would appear to be no substantial problem to such a general pro-
cedure if chlorine were destroyed af ter a no-blowdown period of chlori-
nation by the controlled addition of a chemical such as sodium sulfite.
Apparently, reasonable blowdown rates would then prevent the develop-
ment of excessive total dissolved solids concentration.
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