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TRANSPORTATION OF RADIOACTIVE MATERIAL
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INTRODUCTION
The transportation of radicactive materials in various forms and quantities
is necessary for operation and maintenance of all nuclear generating stationms.
These shipments include:
l. transportation of new fuel assemblies from the fuel fabricator
to the reactor.
2. shipment of solid radicactive wastes from the reactor to the
waste disposal facility.
3. shipment of irradiated fuel from the reactor to the fuel repor-
cessing plant.
These radicactive shipments are made in containers which are designed, built
and tested according to stringent Federal specifications intended to minimize
the release of radicactive materials under other than normal transportation
conditions. .
All radiocactive shipments must also conform with Federal regulations governing
the labeling and identification of the shipping containers and the mode of
. Lipment (rail, highway, and water).
All of the categories of radicactive material shipments described above which
are made to and from Davis-Besse will be made in accordance with all applicable
state and Federal regulations related to radicactive material packaging and
shipment. These regulations are intended to prevent significant impact upon A
life and property which may be related to the transportation of radiocactive
materials.
The following sections describe, to the extent possible, the general shipping

procedures, transport containers, volumes of waste, intransit safety arrange-



merts, routing and frequency of shipments. Also included is a discussion of
the potential envirommental impact of radicactive shipments associated with
Davis-Besse. Future changes in shipping containers or general shipping
procedures are likely to occur but are not expected to have a significantly
different impact on the environment.
5.2 PACKAGING OF RADIQACTIVE MATERIALS
The packaging of radicactive materials for transport is rigidly regulated
by the Federal government through the Department of Transportation (DOT)
and the Atomic Energy Commission (AEC). The regulations of these agencies
require that radicactive ma‘erials must be packaged in containers which
have been designsd to maintain shielding efficiency and nuclear safety,
where required, and leak tightness sc that, under normal transportation
conditions, there will be no release of radicactive material to the environ-
ment.
5.2.1 PACKAGING REGULATIONS
All radicactive materials, not specifically exempted by regulation, which enter
or leave the Davis-Besse site will be packaged and transported in accordance
with the following regulations, as applicable:
1. Code of Federal Regulations, Title 10, Part 20 (10CFR20) -
Standards for Protection Against Radiation (AEC)
2. 10CFRTQO - Special Nuclear Material (AEC)
3. 10CFRT1 - Packaging of Radicactive Material for Transport (AEC)
L. LOCFR, Parts 1 to 199 - Transportation (DOT)
5.2.2 TYPES OF SHIPPING CONTAINERS
Several types of shipping containers for cold fuel and radiocactive waste
may be specified at this time, at least in general terms. However, the

irradiated fuel shipping container is still in the conceptual design stage



and cannot be discussed in detail. This does not preclude an evaluation
of the environmental impact of irradiated fuel shipments since all irradia-
ted fuel shipping containers are designed to the same rigid specifications.

828X New Fuel Assembly Containers

New fuel assemblies will be packaged in a Babcock and Wilcox fuel shipping
container. The container was designed, built and tested by Container
Research Corporation to conform with all applicable AEC and DOT regulations.
These shipping containers meet the general standards for all packages,
criticality standards for fissile material, standards for normal conditions
of transport and standards for hypothetical accident conditions for a

single package as specified by the AEC and DOT. Their design, construction
and testing has been reviewed by the AEC and DOT and the required AEC license
and DOT permit have been authorized.

The fuel assembly containers are designed to accommodate 2 elements and each
transport vehicle will carry a maximum of six 2-element containers.

8% B, Radicactive Waste Shipping Containers

Solid radiocactive wastes will consist of spent ion exchange resins, evaporator
concentrate, radioactive filters and miscellaneous low activity level wastes.
The high level wastes, which include ion exchange resins, evaporator concentra-
te and radicactive filters, will be mixed with concrete at the drumming station
in the waste disposal area and packaged in DOT Specification 17-E, 55 gallon
steel drums.

Low activity wastes such as contaminated clothing, rags, paper, gloves and

shoe covers will be compressed by a compactor located in the waste disposal
area and stored in DOT Specification 17-H, S5 gallon steel drums prior to

shipment off-site for land disposal.
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Irradiated Fuel Shipping Container

Irradiated fuel reprocessing negotiations for the Davis-Besse Station have not

yet progressed to the point where the shipping container can be described

in detail. In all probability, it will be a container designed for rail ship-

ment.

Spent fuel containers are designed to meet the requirements of the AEC (10

CFRT1) and DOT (L9CFR173). These regulations require spent fuel containers

to withstand the following hypothetical accident conditions tc be applied

sequentially in the order indicated:

1.

FREE DROP == A free drop through a distance of 30 feet onto a flat
essentially unyielding horizontal surface, striking the surface

in a position for which maximum damage is expected.

PUNCTURE -- A free drop through a distance of 40 inches striking,
in a position for which maximum damage is expected, the top end

of a vertical cylindrical mild steel bar mounted on an essentially
unyielding horizontal surface. The bar shall be € inches in
diameter, with the top horizontal and its edge rounded to a

radius of not more than one-guarter inch, and of such a length

as to cause maximum damage to the package, but not less than 8
inches long. The long axis of the bar shall be perpendicular to
the unyielding horizontal surface.

THERMAL -- Exposure to a thermal test in which the heat input to
the package is not less than that which wculd result from exposure
of the whole package to a radiation environment of 1.4L75° F for
30 minutes with an emissivity coefficient of 0.9, assuming the
surfaces of the package have an absorption coefficient of 0.8.

The package shall not be cooled artificially until 3 hours after
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the test period unless it can be shown that the temperature on
the inside of the package has begun to fall in less than 3 hours.
4. WATER IMMERSION (fissile material packages only) -- Immersion in
water to the extent that all portions of the package to be tested
are under at least 3 feet of water for a period of not less than
8 hours.
The container must be designed and its contents so limited that if it were
subjected to the hypothetical accident conditions described above, it wu.l
meet the following conditions:
1. The reduction of shielding would not be sufficient to increase
the external radiation dose rate to more than 1000 millirem
per hour at 3 feet from the surface of the rackage.
2. No radicactive material would be released from the package except
for gases and contaminated coolant containing total radiocactivity
exceeding neither 1000 curies of noble gases nor 10 curies of

radiocactive halogens.

5.3 TRANSPORTATION .

All radioactive shipments to and from the Davis-Besse site will be made by
rail or over the highway by motor carrier. It is tentatively planned to
ship irradiated fuel by rail and all other shipments by truck. The regula-
tions governing transportation by rail and motor carriers are contained

in tne Code of Federal Regulations, Title 49, Part 173. This part of the
transportation code defines hazardous materials, which include radicactive
materials, and states the precautions that must be observed by the shipper
in preparing them for shipment. All shipments will conform with these

regulations.



5.3.1 GENERAL SHIPPING PRCCEDURES

8:3.2.1 Highway Transportation

Highway transportation of radicactive waste materials will be accomplished

by contract or common carriers under contract to Toledo Edison Company .

The motor carrier contractors will be responsible for providing the shipping
containers and associated handling equipment, traasport vehicle, and qualified
drivers. In the case of new fuel and irradiated fuel shipments, the new fuel
vendor and the irradiated fuel reprocessor will be responsibie for all ship-
ping services.

Prior to shipment from or to the Davis-Besse site, all containers will be
surveyed to assure that they have been loaded properly and are not damaged.

In addition, all packages will be surveyed to assure that external radiation
and contamination levels are within limits specified by the appropriate regula-
tions previously discussed. 4ill shipments will conform with all applicable
AEC and DOT regulations pertaining to required lables and placards and will be

shipped by exclusive use of the vehicle.

Qualified drivers will be equipped with appropriate personnel monitoring
devices and the tractor cab will also be monitored for radiation. The drivers
will have been trained in the fundamentals of radiclogical control and will
have detailed instructions concerning the actions to be taken in any concei-
vable emergency situation. Predetermined shipment routes will avoid populated
areas whenever practicable and, in general, will employ routes through rural
areas. Routine inspection of tne shipment at pericdic intervals will include
radiation measurements as well as visual inspections of the transport vehicle

for possible mechanical failures.



Equipment will be provided for determining the condition of the vehicle and
cargo, making minor repairs and adjustments and coping with emergency condi-
tions. Inspection equipment will include that which is required by DOT
regulations. Portable radiation survey instruments will be provided as
required for performing the prescribed surveys.

The drivers will be properly trained will be provided with written instruc-
tions covering emergency procedures to be followed in the event of an accident.
The transportation contractor will maintain an Accident Recovery Plan in
cooperaticn with the AEC Radiclogical Emergency Assistance Program. These
actions are designed to control release cr dispersal of radiocactivity and

to keep the public away from the scene of an accident. This program coordi-
nates efforts among Federal, State and local emergencies in recovery from
accidents involving radicactive materials.

In the event of a vehicular accident of any kind, the drivers will noctify
local civil authorities as quickly as possible. In the case of a major accident,
or one in which damage to the shipment is suspected, or in any case where
there ics suspicion or evidence of release of radicactive material, the drivers
will notify the Manager of the nearest AEC Operations 0ffice immediately.

The drivers shall be in attendance and maintain security in the event of any
accident. Such notification will also be given in the event of theft or loss
of the material.

5:3:1.2 Rail Transportation

The railroad accepting the irradiated fuel shipping container will have the
responsibility for assuring that the shipment is made in accordance with
applicable regulations. These shipments will be made using the same general
procedures previously discussed for highway transportation with regard to in-
transit inspection and safety. Thc same Accident Recovery Plan will be

effected by the Carrier in the event of an accident.
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5.k ESTIMATED QUANTITIES AND FREQUENCY OF SHIPMENTS

The number of radicactive shipments discussed below are estimates based upon

the best information currently available and are considercd conservative. The
numbers may change as additional information becomes available, however, they

are not expected to increase. In each case the number of shipments refers to

the operation of a single unit at Davis-Besse.

5.4.1 NEW FUEL

New fuel assemblies will be shipped from the fuel manufacturing plant to Davis-
Besse on a schedule consistent with reactor requirements. The maximum number of
truck shipments for the initial core will be fifteen, with five shipments annually

thereafter. This assumes each truck will carry six 2-element shipring containers.

5.4.2 RADIOACTIVE WASTES

The quantity of sclid radicactive waste has been estimated based upon an
evaluation of the performance of the radiocactive waste disposal system, antici-
pated reactor cperations and previcus recent experience at other operating
plants.

The quantity of high level wastes, such as spent resin and filters and evapora-
tor concentrates will be approximately 1800 £t.3 per year which will result

in about 3600 ft.3 per year of concreted waste. The 55 gallon steel drums
perviocusly discussed will be used for these shipments. This translates

to about 490 drums and about seven (7) truck shiprents per year.

The remaining low level waste will be about 900 £t.3 and will be compacted

in 55 gallon drums. These drums have a free volume of sbout 7.35 £t.3. Assum-
ing that the waste can be compacted to about 30% of the free volume of the drum,
approximately 150 drums of waste will be generated per year. Each truck ship=-
ment till accommodate about 80 drums which results in about two (2) shipments

per year.



The transportation contractor and the lchation of the waste burial facility
have not yet been determined.

5.4.3 IRRADIATED FUEL

The irradiated fuel reprocessing contractor and the reprocessing plant site
have not yet been designated. Each year about 59 irradiated fuel assemblies
will be shipped. It is expected that they will be shipped by rail in contain-
ers which will alcommodate up to 10 assemblies each. On this basis a total
of 6 shipments per year will be made.

5.5 ENVIRONMENTAL IMPACT OF RADIOACTIVE SHIPMENTS

The environmehtal impact of radicactive material shipments is imperceptable
under normal transport conditions. In addition, the use of nuclear power

for electrical generation significantly reduces the requirement for shipments
of raw materials to, and waste products from, fossil fueled electrical generat-
ing stations.

5.5.1 LAND USE COMPATABILITY

The transportation of radicactive materials will be accomplished over exist-
ing rights-of-way and will not require additional land use. Alsc, the fre-
quency of shipments is too low to create traffic problems on U. S. highways
or railroads. The size and loaded weights of trucks and rail cars will be
well within legal limits. No oversized loads will be employed, therefore,
exclusive use of roadways or railways will not be necessary. The transporta=-
tion of radicactive materials should not affect normal traffic flow in any
way .

5+5.2 WATER USE COMPATABILITY

The transportation of radicactive materials will not require the use of

nor will it have any interaction with any water source external to the



shipping container or transport vehicle.

Water used in conjunction with cleaning, decontaminating and/or flusaing
shipping containers is considered in ancther section of this report since
these operations are carried ocut within the plant boundaries.

5.5.3 HEAT DISSIPATION

Spent fuel shipments will dissipate heat to the ambient air at rates that
are judged to have an imperceptable effect on air gquality.

5:5.h CHEMICAL DISCHARGES

Transportation of radicactive materials will not result in any discharge of
chemicals to the enviromment. Again, chemical cleaning of cask surfaces will

be accomplished within plant boundaries. Discharge of such chemical cleaning

agents are considered in another section of this report.

5.5.5 RADICACTIVE DISCHARGES

Shipping containers are designed such that any radicactive material is sealed

within the inner cavity during transportation. No radicactive discharges

can occur under normal conditions of transport. Any smearable contamination

on the outside surface of the container will be removed prior to shipment
such that dispersal of radicactivity will not occur due to weathering or
other effects of the container surface in transit.
5.5.6 DIRECT RADIATION EXPOSURE
All shipping containers will be shielded to maintain a maximum dose rate
less than 10 mrem/hr at § feet from the external surface of the vehicle,
The following precautions will be taken to minimize public exvosure:

l. A personnel shield will be ‘nstalled to physically prevent any

person from approaching closer than 4 feet from the vehicle

centerline.




2. DOT required radicactive materials labelling will be affixed to the
vehicle to warn the public that radiocactive materials are contained
on the vehicle.

3. The loaded vehicle will never be left unattendeu when not in
transit.

4. In the event that the vehicle is disabled in public areas, tae
operator will maintain an exclusion distance around it such that
the maximum dose rate will be less than 2 mrem/hr.

The greatest exposure of tne general population to the loaded vebinrle occours
when the vehicle is in transit. In general, the routing for both truck and
rail shipment will be selected to avoid population centers. Situations,

such as rush-hour traffic which would place a person in the vicinity of the

loaded vehicle for long periods of time will be avoided.



6. EFFECTS OF CONSTRUCTION

6.1 SCHEDULE AND CONSTRUCTION FORCE

As stated in Section 2.L of this Supplement, site preparation commenced in
May of 1970 and was essentially complete at the end of 1970. Construction

of the station structure commenced in September of 1970 after receipt of an
exemption from the Commission permitting certain below-grade work prior to
issuance of a construction permit. Construction activities increased sharply
after issuance cf the construction permit on March 2k, 1971, and presently
most of the major structures are complete below grade with the shield building
and turbine-generator foundation at full height and all other structures being

constructed above grade.

The turbine building and auxiliary building will be complete in the third

quarter of 1972 and the containment building will be complete in the fourth
quarter of 1972. 7 '-~=nt installation will be done as building areas are
complete and the : components of the primary system consisting of the reactor
vessel and two steam generators are scheduled for delivery and installaticn in
the fall and early winter of 1972. Installation of piping will commence early

in 1972 and continue through 1973. The turbine-generator is scheduled for de-

livery in spring of 1973 with erection following.

Check-out of systems by the operating force is scheduled to commence in the
last half of 1973 as systems and components are completed by construction and
will continue into 1374 until all systems ._< complete and cperational. Fuel
loading is scheduled for June of 197L with first turbine operation in September

and commercial operation in December 197L.

The average monthly construction force at the site from commencement of site

preparation in May of 1970 has gradually increased to the present construction
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force, as of November 1, 1971, of approximately €50. The peak employment will
be reached in early 1973 at which time approximately 1,000 construction workers

will be employed.

The building trade craft locals through which construction workers are hired

are located in Toledo, Port Clinton, Fremont, and Sandusky, depending on the
individual craft. This results in a relatively large area from which the con-
struction workers are drawn from and reduces the impact on the specific locality
of the station site. It is not expected, however, that all of the additional
construction force can be supplied from the existing force of local building
trades and a certain number of out-of-area workers will be temporarily located

in the area of the site ranging from Tcledo to Sandusky.

The present substantial employment has had no adverse impact on housing or
schools and the additional employment is not expected to have any significant
impact since the residence location of temporary out-of-area workers would be

scattered over a rather large area.

It is estimated that a total direct payroll amount of $75,192,000 will be paid
to the construction workers employed at the site which would peak at an esti-
mated monthly figure of $2,250,000. Since the construction labor force resi-
dence will te distributed over a relatively large area, the benefits to the

general level of prosperity would likewise be spread over the corresponding

geographical area.

6.2 SITE PREPARATION AND CONSTRUCTION

The station site contains 354 acres of which over 600 were marsh and beach front
ridge areas and about 230 acres were farmland. The remaining 100 acres were

wooded areas or low-lying grass areas unsuitable for farming. The marsh areas
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encompass the entire eastern portion of the site with a narrow marsh area on

the northern edge of the western portion.

When acquired, the site contained eight residences and with four residences,
there were barns and other farm-type structures. In addition, a large vacant
house and farm buildings were on the property acquired from the Eureau of

Sports Fisheries and Wildlife. Three of the residences were moved by their
previous owners to nev locations and all but three of the others were demolished
at the start of site preparation. Two of the three remaining will be demolished

and the one with farm buildings on the western edge of the site will remain.

Removal of only a few trees was required to accomplish all site preparation
work since almost entirely all of the areas involved were farmland or grass
areas. Of tbe original 230 acres of original farmland, all but about 80 had
been removed from this category. About 15 acres are now under cultivation in
the southern portion of the western half of the site on an arrangement whereby

25% of the crop will be unharvested to provide field forage for waterfowl.

The station structures being located in the center of the site on original up-

land has not required any use of the marsh areas and the only constructicon work
involved in these areas has been that involved with the intake canal. Work in-
volved in installing the buried discharge pipe to the lake will be along the

edge of the intake canal and will not be in the marsh area.

The main station area of about 5€ acres has been graded up to a common elevation
which ranges from 6 tc 12 feet above the original grades. This graded area has
installed within it, a storm drain system which collects all storm water and
discharges it to a drainage ditch so that there is no storm run-off from the
construction area entering the marsh. The ditch receiving the storm water draine-

age was rormed when previous owners of the lavarre Tract dredged material to
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construct dikes along the property line and runs approximately 7,000 feet along
the site boundary pricr to entering the Joussaint River. The type of socils

used for the grading, the manner in which it was placed, the storm drain system
and the length of the on-site ditch assures that there is no possibility of any

silt being discharged to the river or lake from the construction area.

The £ill material for the grading of the station area has been taken from three
other upland locations on the site. These three borrow pits total about U6
ac'es in surface area. Quarry cperations and rock crushing are being conducted
in a portion of one borrow pit to provide a stockpile of granular backfill ma-
terial for construction purpcses. These ar<as are shown on Figures 3-1 and 4-1,
All exposed earth surfaces around these borrow pit areas and the cooling tower
location drain into the borrow pits which prevents any silt or raw earth from

being carried into the marsh areas or other waterways with storm water drainage.

The purpose of the quarry and rock crushing cperaticn is to provide the granular
backfill material now being placed in the excavated areas around the lower
portions of the station structures. This crushed rock granular material is
stockpiled adjacent to the quarry. Most of the amount required has been pro-
cessed and quarry cperations will be discontinued in the near future. The re-
maining quarry operations will all be performed within the present borrow pits
and will involve no further disturbance of the site area. Stockpiled material
is now being used and the major portion will be placed in the next few months.
This quarry area and the other borrow pit areas will fill with water upon com=-
pletion of construction de-watering operations. The surrounding land areas
will be landscaped which will result in attractive pond areas compatible with

and enhancing the wildlife refuge nature of the marsh areas.
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The on-site quarry and crushing operation is awvay from the marsh areas and
has had no effect on the wildlife areas. This arrangement has also reduced
considerably the truck delivery traffic to the plant site which would have put

a burden on area rcads and highways.

The site is underlain by glaciolocustrine and till deposits which overlie
sedimentary bedrock. These soil deposits have a very low permeability and
range in thickness from 15 to 20 feet. These geophysical features have pro-
duced an artesian ground water condition in the upper layer of the bedrock
which is generally independent of any surface water. Since the main station
structures are founded on rock, aad, in the case of some structures, 30 feet
below the upper rock surface, the excavation required for these structures
results in a water flow through the rock aquifer into the excavated area.
This presently requires constant pumping from the excavated area to maintain

a dry condition for comstruction.

To prevent excessive water flow into the excavation snd excessive lowering of
the rock aquifer level off-site, the upper tedrock layer was grouted at the
perimeter of the excavation area. This has limited the water flow to a small
amount, but the zone of influence on the water table does extend off-site for

a short distance, but has not in any manner affected the surface water condi-
tions. This rock aquifer water is generally not suitable for human consumption

or household use and the effect on local area wells has been minimal.

With the current construction schedule, all below-grade work in excavated
areas will be complete in December 1371 and this pumping will be permanently

stopped restoring the rock aquifer to a normal level.

The=e groundwater elevations have been monitored continucusly. In December

of 1970, a detailed analysis was made of the groundwater contours resulting
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from this operation and contours predicted for the maximum expected effect
for December 1971. The results of this analysis are shown on Figures 6L,

5, and 6,

Continuous checks on piezometer BW-1 has shown that the lowest elevation for
this location occurred in December 1971 with an elevation of 556.1 or 0.3
feet higher than predicted. In June of 1972, this elevation was 563.0 due
to a lesser amount of pumping required in the previous several months since

the deepest excavations had been backfilled.

With site preparation essentially complete, the remaining work will involve

mostly final grading and placing of top soil on the station areas after com-
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pletion of construction. The construction roadways on-site are wet down during

dry pariods to reduce any dust problems, both on-site and off-site.

The on-site quarry has eliminated the need for large quantities of off-sit2

fill material with the resulting large amount of truck traffic on area highways.
The concrete batch plant for the supply of all concrete required for the station
structures is located on-site with the resulting elimination of all traffic on

area roads of this type of equipment.

In cooperation with the Ohic Department of Highways, State Route No. 2 which
adjoins the western site boundary was widened at the construction road entrance
area to provide turning and passing lanes to reduce traffic problems. Parking

for all construction workers is provided on-site.

6.3 MARSH AND LAKE AREAS

The only construction activities associated with the staticn in any of the more
than 600 acres of marsh area on the site has been the construction of the intake
canal. This work was completed in late 197C and in the spring of 1971, the
dikes wer2 seeded to prevent erosion of the banks and to provide ground cover
for wildlife. The buried discharge pipe will be installed alongside the east

bank of the intake canal and will not disrupt any marsh areas.

A dike was constructed thrcugh the marsh in the northern portion of the site
adjacent to the site bourdary in the late summser of 1971. This dike was con-
structed pursuant to the exciaenge agreemcnt with the U.S. Bureau of Sports
Fisheries and Wildlife t» separate the site refuge area from the adjacent pri-
vate marsh and to per-it water level control in *he si‘e marsh area for improved
aarsh management., This work was done during this period s> as nct to interfere
witl nesting wildlife during spring and summer and to have construction com-

pleted pricr to arrival cf the major migratory flights of waterfowl.
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The existing dikes on the Navarre Tract of the site were in poor repair when
the site was acquired. These have since been repaired and the water level in
the large marsh area lowered in early summer of 1971 with portable pumps to
permit added vegetation growth during the summer. This work was done in coop-
eration with the Buwreau and has decidedly enhanced the large marsh area for

wildfowl.

Permanent pumping installations will be installed pursuant to the exchange
agreement to be operated by the Bureau through the Ottawa National Wildlife
Refuge Manager for marsh water level control in accordance with the Bureau's

marsh management practices.

The major marsh areas are screened from the ccnstruction area by tree growth
on the existing dikes and construction activities have ia no way adversely
affected the use of the marsh areas by wildlif~ as evidenced by the census
count of waterfowl reported in Section 3.4.2 of this Supplement. The local
area is a stopping point for the spring migration of whistling swans and these
wvaterfowl were seen in abundance on the north marsh areas of the site in the

spring of 1971 in full view of the construction area.

A shall temporary channel with its bottom 3.6 feet below lake datum will be
dredged from a point approximately 650 feet offshore into the intake channel
to permit delivery of the barge shipment of the reactor vessel. This dredging
will be commenced in August of 1972 to permit delivery of the reactor vessel
in October. The dredging will be done using a clam bucket method with the 1
excavated material depcsited on the northwest side of the channel. lmmediately

following delivery of the vessel, the excavated material will be replaced.

In the summer of 1973, the intake and discharge pipes will be installed using

similar excavaticn methods with the excavated material being replaced following

the installation of the pipes.
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Both of these anticipated dredging cperations have been reviewed by Dr.
Charles E. Herdendorf of the Center for Lake Erie Research, The Chio State
University, who has concluded that there will be a negligible effect on the
shoreline, minimal effect to water quality and benthic habitats, and that

no lasting environmental damage will result from these cperations.
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6.4 QENERAL

To illustru'.e the character of the site in its original conditicn and the
character of the site with the present construction, Figures 6-1, 6-2 and
6-3 are included. Figure 6-l is an aerial photograph of the site taken on
May 17, 1964, prior to acquisition, while Figure 6-2 is an aerial photograph
taken on July 31, 1971. Figure 6-3 is a low level aerial photograph taken
on August 3, 1971, showing most of the station site. These Figures
illustrate dramatically the almost complete absence of any construction

effect on the marsh and the very limited construction effect in the area.
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i SITE BOUNDARY

DAVIS-BESSE NUCLEAR POWER STATION
SITE PLAN
AERIAL PHOTOGRAPH
MAY 17, 1964
FIGURE 6-1



W SITE BOUNDARY

DAVIS-BESSE NUCLEAR POWER STATION
SITE PLAN
AERIAL PHOTOGRAPH
JULY 31, 1971
FIGURE 6-2



WIS |ITE BOUNDARY

DAVIS-BESSE NUCLEAR POWER STATION

AERIAL PHOTOGRAPH
AUGUST 3, 1971
FIGURE 6-3
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7 EFFECTS OF OPERATION

T:1 GENERAL

In this section the effects of station operations on the environment are
presented together with a discussion of water standards and how the standards
will be met by the station discharges. The effects of released radicactivity,
while adding a small burden to the envircnment due to radiation exposure,

are insignificant when compared to exposures from naturally occuring back-
ground radiation. The effects of water use and discharge are extremely small
and will result in no adverse effect to the environment or lake biota. The
cooling tower effluent may result in some small inconvenience to the population
in limited areas for short periods of time but will not have any significant

adverse enviromment effect.
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7.2 RELEASE OF RADIOACTIVE MATERIALS

Subsequent tco the submittal of the Preliminary Safety Analysis FReport (PSAR)
and Environmental Report dated August 3, 1970, the radicactive waste disposal
systems to be installed in the Davis-Besse Station have had minor modifications
to provide additicnal processing capability to reduce redicactive releases below
those projected in the PSAR stage of design. The presen: design of these systems
are described in section 4.4 of the report.
Based on the expected releases of radicactive material from these systems as
described, the expected radiation doses to individuals to the entire population
living within 50 miles of the station have been estimated. In establishing
the expected radiation doses that might be delivered to the surrounding pcpula-
tion, the following significant exposure pathways to man were considered:

&. external whole body exposure to gaseous emissions,

b. inhalation exposure of the thyroid to radiociodines contained in

the emissicons, and
¢. exposure of the whole body resulting from liquid discharges via
ingestion of water or fish.

Table T-1 shows the projected doses that would be delivered from the expected
release of radiocactive material through the gaseous waste processing system,
from containment purging and from minor system discharge. Table 7-2 shows the
projected radiation doses that would be delivered from the expected releases
through the liquid waste processing systems while Table 7-3 shows the combined

effect of considering all possible significant exposure routes,

In addition to estimating the whole body doses that would be delivered as a

result of the ingestion of water or fish, calculations were made for certain
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cther organs dcses for selected nuclides which could deliver significant doses.

The results of this examination show that the whole body dose exceeds any

other single organ dose.

Appendix TA gives the computationel models used tc calculate doses delivered

as a result of station operatiocns along with the assumptions necessary.

To develop doses resulting from station operation a number of assumptions

concerning reactor operating conditions, democgraphy, and food comsumption

must be made.

as follows:

l.

Those assumptions used to develop doses in this section are

The reactor is operating with the expected equilibrium activity

in the reactor coolant, i.e., the activity associated with 0.1%
defective fuel.

The reactor is assumed tc be operating with the expected maximum
reactor noolant system toc steam system leakage of 100 gallons

per day.

The reactor i; operating with the expected maximum reactor coclant
leakage to the containment vessel of 100 gallons per day.

200,000 gallons of the water processed in the clean liquid

radiocactive waste system is released to environment per year.

. An estimated 48,000 gallons of the reactor coolant per year finds

its way, through leakages etc. into the miscellaneous radwaste

system.

. Radwaste system effluents are diluted with 20,000 gom of dilution

water; a mixing factor of 0.8 was assumed.

To determine the maximum possible dose to the individual, he was
assumed to reside at the station fence 365 days per year, 24
hours per day, and consume 40 lbs of fish per year taken from
waters with the maximum radionuclide concentration, and to ingest
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2.2 liters of wvater from the station discharge system prior to

any dilution with lake water.

To determine population doses it was assumed that all fish were

obtained from waters around Camp Perry - Erie Industrial Park
and the drinking water was cbtained from municipal water intakes
of Camp Perry - Erie Industrial Park, Port Clinton, and Toledo =-
Oregon.

The total fish harvest for District 1, about 1,280,000 lbs

of edible fish flesh, is consumed by the population within SO

miles of the station.




TABLE T-1

Radiation Doses from Gaseous Releases

Rem
Individual Doses
a. WBE Noble Gas Site Boundary ZExposure
1. Decay Tank Releases 1.96 x 10~7
2. Containment Purgirg 2.70 x 10=5
b. WB Noble Gas Per Capita Exposure
1. Decay Tank Releases: 1980 L.91 x 10-8
2000 .78 x 10-8
2. Containment Purging: 1980 7.87 x 10~8
2000 7.66 x 108
¢. Child Thyroid Site Boundary Milk Ingestion Dose
1. Decay Tank Releases 915 % 10‘2
2. Containment Purging T.40 x 10°
Population Doses
Man-Rem
a. Total WB Noble Gas Exposure From
Decay Tank Releases: 1980 1.31 x 101
2000 2.03 x 10-1
b. Total WB Noble Gas Exposure From
Containment Purging: 1980 2.10 x 10-1
2000 3.25 x 10-1
TABLE T-2
Radiation Doses from Liquid Releases
Rem
Individual Dosec
a. L0 1b. fish/year Undiluted Station Discharge 3.52 x 10~
Camp Perry 3,08 x 10-8
b. 220 cc's/day Undiluted Station Discharge 1.10% x 10=3
Drinking Water Camp Perry 9.66 x 10~/
Port Clinten 3.31 x 10-7
Toledo & Oregon 1.2k x 10~
Population Doses (1) Man-Rem
a. Total Man-Rem in 50-Mile Radius: 1980 0977
b. Annual Average per Capita Dose 8
wvithin 50-Mile Radius: 1980 3.66 x 10°

(1) Based on fish ingestion dose from Camp Perry concentration and assuming
drinking water from Camp Perry, Port Clinton, and Toledo for pepulation
in the appropriate annuli and sectors.
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TABLE T-

Total Whole Body Radiation Expcsures From

Gasecus and Liquid Releases

Individual Doses

a. LO 1b. fish/year Undiluted Station Discharge
Ingesticn

b, 2200 cc's/day Undiluted Station Discharge
Drinking Water

¢. Site Boundary Notle Gas Dose
Population Doses
a. Total Man-Rem in SC-Mile Radius: 1980

©. Annual Average per Capita Dose
within 50-Mile Radius: 1980

7-6
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3.52 » 105
1.104 x 1073

k.66 x 107
Man-Rem

Lk

1.6 x 10=7
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7.3 EFFECTS OF WATER USE AND DISCHARGE

7.3.1 EFFECTS OF HEAT

The limited amount of heat in the station discharge which ranges from a with-
drawal of heat from the lake under certain limited conditions to a maximum

6

emount of 138 x 10” BTU per hour will have no adverse effects on the lake.

The excess temperature of water discharge over ambient lake temperature is
rapidly degraded by entrainment mixing with lake water by reason of a Ligh
velocity discharge through a slot-type orifice designed to produce optimum
mixing. The resulting area of the lake that will see temperatures of 1°F

or higher than ambient lake temperatures resulting from this discharge is 2.1k
acres for the maximum conditions of heat discharged. This area extends for

only 658 feet from the discharge orifice which in contrast is 5,000 feet away
from the mouth of the Toussaint River and 16,250 feet from Toussaint Reef whicl
is the closest offshore reef of a group of reefs which are of concern as fish
spawning areas, particularly pickerel. In contrast with the 2.li-acre size of
the area having a 1° F or higher temperature, the 3° or higher area envelops only
0.34 acres and extends only 264 feet from the discharge orifice.

Appendix L-B contains the computational model used for the determination of plumes
and the verification of the adequacy of this model. This Appendix also contains
a comparison of the effect on the heat input into Lake Erie with that from the
natural sources and shows that it is insignificant and that.spatial variations

on the order of 2 to 3° F often occur naturally over distances of 5 to 10 miles.

The maximum exposure time of organisms entrained in the thermal plume has been

calculated to be less than four minutes for exposure to excess temperatures of

-l
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3°For higher and this exposure time has been shown to not result in measurable
biological consequence as cited by Dr. Pritchard in Appendix U4B.

Since the thermal plume commences as a thin l.S5-foot-thick wedge at the lake
bottom and increases in thickness along the axis of discharge, the excess tempera-
ture in the plume at the point it thickens to the extent of reaching the surface,
is only a few degrees. As a result, there will be no large open water areas that
would tend to hold late migrating waterfowl in the area.

T.3.1.1 Temperature Standards

There are nc emission standards applicable to the Station and we are concerned
only with water quality standards, which for certification purposes, are criteria
adopted by the proper State agency, here the Ohic Water Pollution Control Board,
as authorized by Section 6111.041 Ohio Revised Code, and approved by the Secre-
tary of the Interior (now EPA) pursuant to Section 10 (c) of the Federal Water
Pollution Control Act, as to interstate waters.

The main discharge from the Station will be into Lake Erie, an interstate water.
Under date of Apfil 11, 1967 the Board adopted criteria as to Lake Erie, by
reference tc stream-water quality criteria for various uses adopted by the

Board June 14, 1966, and made criteria for all uses applicable to this

part of the Lake. In other words, the highest criteria for any use would

be applicable. Stream water criteria were revised and tightened by a Becard
resolution of October 10, 1967 and another under date of October 17, 1967.

All of these were submitted to the Secretary of the Interior and approved

by him under date of March 4, 1968, except that he withheld approval of
temperature and dissolved oxygen standards for Aquatic A, which would have
applied to Lake Erie and was the nighest use prescribing temperature stand-

ards. There has been no further Federal approval of Lake Erie criteria

and accordingly there are no Federally approved temperature standards for
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Lake Erie. This was confirmed by Mr. Harlow, the EPA representative, in his
statement to the Ohic Water Pollution Control Board (Appendix ZH of this
Supplement ).
The latest action of the Ohio Board with respect to Lake Erie is its resclu-
tion of April 14, 1970, included as Appendix 7C, which is not Federally
approved. Here temperature criteria were prescribed under Aquatic Life A,
and were "applicable at any point in the stream except for areas necessary
for the admixture of waste effluents with stream water." Subject to this
general provisicn as to mixing zone:
"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."



Max imum 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 ™8 70 57

The corresponding maximum ambient lake temperatures by months are as follows:

Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Note 1 41 39 L6 5T 66 17 81 82 81 TO 61 99
Note 2 35.7 35.5 40.T 51.6 63.4 71.8 76.5 T76.8 T73.6 63.6 52.8 33.4

Note 1 - Maximum temperature over past 28 years at Toledo municipal water intake.

Note 2 - Average of the maximum temperatures over past 28 years at Toledo
municipal water intake.

It will thus be seen that with allowance for the small mixing zones as shown in
Section 4.6.6.3 of this Supplement whick is 2.1k acres for 1° F above ambient at
the perimeter and 0.1l acres for 5° F, there should be no question as to compli-
ance with Ohic criteria as presently adopted.

As to the Toussaint River, since it is not an interstate water as defined in

the Federal Act, no federal approval is required and accordingly the Board's
resolution of April 1k, 1970 provides the applicable standards.

This resclution prcvides monthly tempe sture standards ranging from S0° F

to 90°. Since the discharges into the Toussaint will only be storm water

runoff, there should be ro question of compliance with standards.
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7.3.2 CHEMICAL AND SANITARY RELEASES

The character of the chemical and sanitary releases are detailed in Section

b.6.6.2 of this Supplement and the character of existing lake water guality is
discussed in Section L4.6.6.1.

Nearly all of the dissolved solids in the discharge were contained in the

incoming lake water; very little additional dissolvea solids will be added

from station processes. The concentretion of these dissolved sclids,

hovever, will be slightly more than twice that of lake water due to the eva-

porative loss of water in the cooling tower and resulting concentration of

Since the constituents of the dissclved solids are essentially that of lake
water and the concentration in discharge water will be reduced within a very

dissolved solids.
small area in proportion to the reduction in excess temperature of the discharge,
there will be no adverse effects to the lake or lake biota. ‘
17:3.2.1 Water Quality Standards \
As stated under T7.3.l1ll, the latest water criteria adopted by the Chio Water !
Pollution Control Board and Federally approved (except dissolved oxygen and

temperatures for Aquatic A) were covered by resoclutions of the Board of October |
10 and October 17, 1967, and since all uses were applied to Lake Erie, the
highest criteria for any use would be applicable, The October 10 and October |
17 resclutions are included as Appendices 7D and TE.

These may be Summarized as follows:

BACTERIA

Coliform not over 1000 per 100 ml as monthly average (not exceed this in more

than 20% of samples in month, or over 2L00 per 100 ml any day) (Rec-10-10-6T)
THRESHOLD-ODOR NUMBER

Not to exceed 24 (at 60° C) as daily average (PWS 10-10-6T7)
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DISSOL, 4D SOLIDS

Not over 500 ug/l as monthly averasge value, or over 750 mg/l any time
(PWS 10-10-67)

RADIOACTIVITY

Cross beta not over 1000 picocuries per liter (pCi/l) nor activity from
dissolved strontium-90 exceed 10 pCi/l, nor from dissolved alpha emitters

exceed 3 pCi/l (PWS 10-10-67). Irrelevant since in exclusive jurisdiction

of AEC.

CHEMICAL CONSTITUENTS

zg/1
Arsenic 0.05%
Barium 1.0
Cadmium 0.01
Chromium (hexavalent) 0.05
Cyanide 0.025
Fluoride 1.0
Leud 0.05
Selenium 0.01
Silver 0.05

(PWS 10-10-67)

DISSOLVED CXYGEN

® Not less than 5.0 mg/l during 16 hours of 2i, not less than 3.0 mg/l
at any time (Aquatic A 10-10-57) (not apnroved)

pH

* 5.0 to 9, daily average (or medium) preferrred 6.5 - 5.5 (Aquatic A
10-10-67) shall be 6.5 = 8.5 (92 10-17-67)

TOXIC SUBSTANCES

® Not over 1/10 of 48 hour median tolerance limit, with exceptions

(Aquetic A 10-10-67)

* All Aquatic A applicable at any point in stream except for areas immediately
adjacent to outfalls. There cognizance will be given to opportunities for
admixture of waste effluent with stream water (Aquatic A 10-10-67) (not approved
as to dissolved oxygen or temperature)

T-12



The April 14, 1970, rescluticn of the Board (Appendix 7C), the latest action
relating to Lake Erie Criteria, tut unapproved Federally, made sligh*® changes
in these standards which are immaterial to the discussion here.

The approved state standards contain criteria relating to bacteria, threshold
odor, dissolved solids, radiocactivity, chemical constituents, dissclved oxygen,
pH, and toxic substances. The standards pertaining to dissolved oxygen have
not been Federally approved.

In regards to coliform bacteria, the only potential source of coliform input
to any water eventually released from the Davis-Besse Station is in the sewage
system. The sewage treatment plant will process all sewage wastes and will
provide both primary and secondary treatment. In addition, the effluent will
be fully chlorinated with a resulting zero release of ccliform bacteria to the
lake. Since chlorine will be periocdically added to the cooling tower system
water, any coliform bacteria present in the incoming water from the lake will
be removed. The chlorine will be aded to the inlet to the condenser and ccoling
tower with the blowdown being taken ri'n the cooling tower return. This will
ensure that little or no chlorine enters the lake.

Threshold odor is not a consideration since no odor-containing substances will
be added to the station effluent.

Since the principal source of discharge is from the coocling tower blowdown, the
level of dissolved solids is dependent on that contained in the lake water
coming into the station. Based on an average value of 225 mg/l dissolved
solids in lake water, which was based on inshore sampling and higher than what
would be expected from the more offshore intake locaticn, the average monthly
dissolved solids concentration would be about 478 mg/l with a maximum one<hour
peak of about 590.

Data from the "Lake Erie Ohioc Intake Water Quality Summary 1969," collected
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by the Ohio Department of Health and Federal Water pellution Ceontrol Administra-
tion at the Port Clinton water intake showed an average dissolved solids content
of about 129 mg/l. Current sampling in the lake offshore from the site at a
water depth 7' and 2,700' from shore shows a dissolved solids content of 169 mg/l.
This approximates very closely the 1967-1968 data from the "Lake Erie Surveil-
lance Data Summary," conducted by the Cleveland Program Office of the Federal
Water Pollution Control Administration, which showed 170 mg/l. Using data from
deep water, the average monthly dissolved solids content of the discharge would
be 359 mg/l with a one-hour peak of LL3. All of these values are within tne
standards of 500 mg/l on a monthly average and 750 mg/l at any time. It

should be noted that of the pounds of dissolved solids contained in the station
discharge for one mont's operation, S4% of the dissolved solids are contained

in the intake water to the station. The total addition amounts to only a

15 mg/l increase.

The standards contain limits on specific chemical constituents. Specifically;
arsenic, barium, cadmium, hexavalent chromium, cyanide, fluoride, lead,
selenium, and silver. There will be no releases to plant discharges that contain
any of these chemical constituents except possible traces in the form of
radicnuclides.

The standards pertaining to dissclved oxygen have not been Federally approved.
Since the majority of the discharge from the station will be from the cooling
tower, the dissolved oxygen content would be controlled by cooling tower
conditions. Due to the fact that the cooling tower system water has prolonged
and intimate contact with air in the tower, the tower ocutlet water will

always be saturated with oxygen with the content in mg/l corresponding to the
saturation temperature limit. At the maximum tower outlet temperature expected

which will produce the lcwest dissolved oxygen content, the oxygen will be
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7.1 mg/l. For many periods of a year, dissolved oxygen content in the discharge
will be higher than ambient lake water.

The standards in regard tc pH call .ur a preferred range of from 6.5 to 8.5.

The pH of the cooling tower system water will be controlled to set value and
since the largest guantity of water discharges will De from the ccoling tower
system, the pH of the discharge will be 2 constant T.3.

In regard to toxic substances, there will be no use of toxic substances that
will result in a release to the discharge water.

The approved water quality standards have four minimum conditions which are
applicable to all waters at all places and at all times. These are:

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.

There will be no substances in the discharge from Davis-Besse Staticn
that will settle. In fact, the discharge will be freer of

suspended solids than the ambient lake water due to settling inm th
tower basin and settling lagoon.

2, Pvee from floating debris, oil, scum, and other floating materials
attributaocle to municipal, industrial, or other discharges, or
agricultural practices in amounts sufficient to be unsightly or
deleterious.

No debris, oil, scum, or other floating material will be discharged
from the station. An oil senarator will be installed on the floor
drainage system to prevent even an accidental spill.

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.
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There will be no cdor or color-producing materials discharged
from the station.
L. Free from substances attributable tu municipai, iuaustrial or
other discharges, or agricultural practices in concentrations
or combinations which are toxic or harmful to human, animal,
plant, or aquatic life.
The quantities and concentration of the liquid effluents from the
station are set forth in Section 4 of this Supplement. As
shown therein, they will be inzignificant and accordingly they
will not be harmful tc human, animal, plant, or aguatic life.
The discharges to the Toussaint River will be from storm drains, equipment
drains, and floor drains where the water will be ambient lake gquality or
better.
Tednd OTHER WATER USE AND DISCHARGE EFFECTS
The submerged intake and its entrance design is expected to prevent any
significant passage cf fish from the lake into the intake canal. The use of
traveling water ecreens in front of the intake wells where all service pumps
are located will prevent entry of any fish into the plant systems. The arrange-
ment of the screen backwash system will allow monitoring and recovery of

any fish which might gain entry intc the canal and be caught on the screens.

The holding basin which receives this beckwash water will be routinely checked
daily if the traveling screens have been operated. A detail check will be made
on a weekly basis cof this basin or when operaticn of the screens indicates fish,

in any number, have been washed off.

The lake bottom in the area of the slot-type discharge orifice will be rock
filled for an adequate distance in front of the discharge so that the rela-
tively high velocity discharge will not cause bottom scour and resulting .igh
turbidity.

T.4 COOLING TOWER EFFLUENT

In 1969, the environmental effects of cooling tower effluent were studied
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when alternatives for condenser-cooling systems were studied. This study
assumed the use of two towers for the Duvis-Besse Station and was based on
general design information. The results of this study were included in the
Report and Plan for Water Use submitted to the Ohio Department of Health

in 1969 as discussed in Section 2.3.2.4 of this Supplement.

Following the contract for the single taller cooling tower now being installed
at the Davis-Besse Station in spring of 1971, a more comprehensive study

of the envircnmental effects was undertaken by the NUE Corporation based on
actual design data for tne specific installation and is included in this
Supplement as Appendix TF.

This study analyzed a representative five-year period of meteorclogical data
from the Toledo Express Airport to determine those conditions related to

the natural occurrence of fog. The use of Tocledo Airport data was necessary
since the recording of occurrence cf fog conditions was a part of the

data required to be analyzed and data from no closer point was available.

The analysis of the Toledo data formed the basis for evaluating the potential
of producing or intensifying local fog conditions. A comparison of the
Toledo data with the two-year on-site meteorclogical data showed that the
Toledo data is quite representative of climatic conditions at the Davis

Besse site.

The Toledo data were also processed by the NUS computer codes to determine
the envirconmental effects of the operation of the cooling tower. These

codes are based on ananalytical model for calculation, on a hour by hour
basis, of plume rise, dispersion and transport utilizing hourly meteorologi-
cal observations and cooling tower design and cperaticon parameters as input.
Results were then examined to determine cons®stency with on-site meteorclogi-

cal data and the occurrence of such local effects as the lake breeeze and alse
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to assess anomalous situations such as plume downwash. The average
visible vapor plume is only 1.5 miles long and is not considered to be

a significant environmental effect. The vapor cloud is not expected tc be
visible over pcpulation centers of Toledo or Port Clinton or present any
hazards to aircraft operationms.

Ground level effects of fog and icing conditions (excluding downwash plume
situations) which would be induced by operation of the Davis-Besse cooling
tower are considered to be negligible. The probability of the increased
occurrence of fog conditions based on analysis of Toledo Airport data

has been calculated to te only 0.42% which is not considered to be an
environmental problem. It is important to note that the increased oceurre-
ence of fog conditicns does not represent discrete cases of fog, but
rather represents the possibility of fog occuring earlier and lasting longer
than normal. The predicted increase in icing conditions attributed to the
cooling tower effluent, a maximum of one minute for any 22.5% sector for
the winter season, is also considered negligible.

The occurrence of downwash conditions under which the cooling tower effluent
is caught in the turbulent wake of the tower structure and brought down

to the surface will not be a frequent effect and the persistence of these
conditions will not be great for any direction due to expected gustiness
and variability of the wind. Approximately 0.79% of the time during the
winter season (-17 hours) downwash conditions are calculated to occur

that covld result in icing on surfaces off-site at a rate of 0.03 - 0.07
inches of ice per hour. However, these calculations are :onsidered to be
extremely conservative upper limits since downwash occurrences have not
been verified in actual cooling tower operations in the United States.

Due to the low drift carry-over rate of 0.01% only L x 10° pounds of water
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per hour would be expected t. leave the tower in the form of water droplets
entrained in the cooling tower exhaust. This drift loss is considered an in-
significant amount, and less than l% of this amount would be deposited off-
3ite.

None of these factors associated with the cooling tower effluent are expected

to have any significant adverse environmental effects.
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APPENDIX TA

COMPUTATIONAL METHODS FOR DOSES

RESULTING FROM GASEQUS EFFLUENTS
Because of decay the gaseous radicactive effluents consist solely of the following:
Krypton-85, Xenon-l3lm,-133m,-133 and Iodine-131, =132, =133, -134 and -135,
exposurs of a man to an atmosphere contaminated with these radionuclides results
only in an external, whole body dose (from submersicn in the radicactive cloud
of ncble gases) and a thyroid dose from the icdine. Since the noble gases are
not incorporated in the body, there are no resultant internal doses except
from the iodine.
The external, whole body, population dose within annulus "a" resulting from
the release of Q, curies of the 1*8 radionuclide per year from the Davis-Bess.

Power Station was computed by means of the following eguation:

D (man-rem/yesr) =
Bl
1 - i -
> [Pa x x/Q x Qi x 10 g X lO6 X 3.7 x th % Ei £1.6x 10 6 £1.13 %
5 . i

1.293 x 10~3 10< 1)

where:

1l/2 = Geometry factor. The body is assumed to be irradiated from half
the solid angle by the radiocactive cloud &% large volume,
that is, it is assumed tc be surrounded by an infinite, semi-
pherical radiocactive cloud.

Pa = Estimated number of persons living within annulus "a".
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(:VQ)a = Factor computed from atmospheric dispersion equations for
the distance of the midpoint of annulus "a" from the station,
and expressed in units of sec/meter-.

Q4 = Jumber of curies of the i'® radionuclide relessed from

the station per year.

10-6 = o3/cc

10° = wci/ct

3.7 x 10 = dis/sec - Ci

Ei = Effective energy in MeV (of 3's and y's) per disintegration
of the ith radionuclide.

1.6 x 10-6 = Ergs/MeV
1.13 = Stopping power of tissue relative to air, for g's and

secondary electrons produced by x- and y- radiation. (1)

1.293 x 10.3 = Density of air, gm/cm3.

102 = Ergs/g-rem

To facilitate the calculaticns, the terms in the above equation were grouped
as follows.

Values for Pa were estimated for the year 1980 population data presented in
Figures 2-5 and 2-6 of the Davis-Besse PSAR. In these figures, ten concentric
circles of varying radii are drawn sbout the Davis-Besse site, forming ten
annuli, and population data are given for each annulus as well as direction.
All values of Pa used in these dose calculations were estimated figures of the
year 1980.

The average value of (x/Q) for a specific annulus was taken to be that for the
distance of the midpoint of that annulus from the station. For example,

the average x/Q for the annulus 10-20 miles was taken to be that for a distance

TA=2



of 15 miles from the station. The numerical values for x/\) used in this

(2)

evaluation were obtuined using computer code WINDIF. These gaseous
releases are based on a 30- and €0-day decay (see Section 4.4.2) period
before release and assumed 0.1% fuel defects.

The remaining factor in the dose equation is Ei’ the effective energy

(8's and y's) per disinegration of the ith radionuclide. The value of

E; for each radionuclide of interest was obtained from ICRP Publication

2 (l). It is to be noted that for radio-gases Kr-85,Xe-131lm, Xe-133 and Xe-
133m the Qf (Quality Factor) and "n" (relative damage factor) are taken

to be unity. Hence, the ratio of rems to rads is unity and the dose eguations
given above may be expressed in units of either rads cf rems.

The population dose (man-rem/year) within the entire area (a2ll ten annuli)

resulting from releases of both the radicnuclides is given by the equation:
C

D, = L D . (2)
=

The following equation was used to compute 5} the average annual dose per

person living within the entire area of interest (i.e., all 10 annuli):

2 10
D = Dy L P, (3)
a=1
10
where I P, is the total population within that area. .
as=1

The dose rate in rem/year, at the site boundary (at a distance of T30 meters
from the station), due to the radiogases released, was also computed. For
a continuous one-year occupancy at the si.e boundary, a person would receive

a dose of .0125 mrem from exposure to the four radiogases released.

TA-3




The computed dose and dose rate values are based on the estimated expected

releases of radiogases.

Small amounts of radicactive icdine-131, -132, =133, and -1:5 are expected
to be released from the Davis-Besse Station during normal cperation.
Although the external whole body dose from submersion in the cloud of radio-
active gases is negligible, iodine taken into the body produces an internal
dose (thyroid) because of the large uptake ratio of this organ. The thyroid
dose is calculated as follows:

D (rem/ye~r) = (Q) (x/Q) (BR) (DCF)

Where:

(1) -4 3
(BR) = Standard man breathing rate, 2.32 x 10 m /sec.
(DCF) = Dose conversion factors for iodine are:

1.48 x lO6 rem/curie for I-121

N
5.34 x 107 rem/curie for I-132
L.00 x lOS rem/curie for I-133
2.5 x lOh rem/curie for I-134

p)

1.24 x 10” rem/curie for I-135

TA-k
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Units: sec/m

Figure TA-1 -DAVIS — BESSE DISPERSION PARAMETERS
X/Q ISOPLETHS FOR 0 — 5 MILES

(Based on Toledo,Qhio Data - Jan. 1959 - Dec. 1963)
Reference (3) from Main Text






APPENDIX TB

COMPUTATIONAL METHCDS FOR DOSES
RESULTING FROM LIQUID EFFLUENTS

-
The annual whole body dose ( rem/year) received by a person who consumes 50
grams daily of fish grown in waters contaminated with radionuclide "i"

can be determined from the following equations:

D . Daily intake of "i" via fish
a,i Daily intake of "i" resulting in 5 rem/year

x 5 (rem/year)

uCi/g
50(sa/day) x Cv (“Ci/ccw)i x Cf uCi7ccw i
(MpC) (uCi/gw)i x 2200 (gw/da.y)

D (rem/year) =

{1
x 5 (rem/year) (1)

Where:

Cv = Concentration of radionuclide "i" in the ambient waters of the
organisms. For the subject calculations, these values were
taken Lo be the same as those calculated for Camp Perry-Erie
Industrial Park.

Ce = Concentration factor for the edilile part of the marine organisms
concerned. Values by Lawrence Radiation Laboratories were used
in these c&lculations.(h)

(MPC)V = ICRP - derived value(l) for the maximum permissible concentra-

tion of radionuclide "i" in potable water, applicable to chronic
intake (168 hr/week) by radiation workers, and for the whole
body as the organ of reference.

2200 cc/day = Intake of water by standard man. (1)

5 rem/year = Whole body dose resulting from continuous daily intake (by
ingestion) of (MPC)v(uCi/cc) x 2200 (cc/day) uCi of radiomuclide

"i" .



For the radionuclides of interest, the Qf (Quality Factor) and the relative
damage factor "n" are both taken to be unity. Hence, the ratio of rems to
rads is unity and the dose equations in the Appendix may be expressed in
units of either rads or rem.

The fish ingestion dose was calculated as follows:

= (C) x (50.0) x (5)
Da,i (rem/year) 2£X

Where:

c=(C,) x (Cr) (Mpc),,

When the fish is contaminated with n radionuclides, the total, annual whole

body dose is:
n

Da (rem/year) = L D
i=1

For these calculations, all radicnuclides (excluding the radiogases) listed
in Table 8A-2 of Appendix 8A.

The population doses resulting from the liquid effluents discharged to Lake
Erie were calculated as follows:

If it is assumed that one perscon consumes 50.0 grams of fish flesh daily,

the number of persons, Pa’ who in one year consume the annual amount, Aa

(gross pounds), harvested is:

A, (gross pounds/year) x faediblegpounds x 453.6 (gm/1bv)
gross pounds

Pa (Persons) =
50.0 (gm/day-person) x 365 (days/year)

Where:

6 (5)

A = 3.8 x 107" lbs/year® (landings from District 1)

TB=-2



fa = Approximately one-third for fish(b)

The total population dose Dy (man-rem/year) = (Pa) x (EDQ)

Where P, is as determiaed by equation (3) and ,, by equation (2).

Population Dose
Type of Seafood Fa (Persons) Ds’i(rgn/yr/person) D; (man-rem/yr)
(a) Fish 3.15 x 1oII 2.61 x 10‘F .082

" The annual whole body dose (rem/year) received by a person who consumes his
total daily water intake (2200 cc) contaminated with radionuclides "i" can

be calculated from the following equations:

Di = _ Concentration of i in drinking water % § desiive (6)
Concentration of i resulting in 5 rem/yr ) .
B et
1 Ty, %

When the water is contaminated with n radionuclides, the total annual whole

body dose is:
n

ID; (rem/year) = L Di (7)
i=1

The calculation of the concentration of radicactive materials as a function
of distance from the point of discharge was based on the computation made for
tritium (H-3). More tritium is discharged intc the lake from the station
than any other radiocactive material.

The modified Fickian equation used for calculation of tritium dispersion is

as follows:

Q
2m (Ky Kz)2/2

C (x,0,0) = (8)



Where:

C (x,0,0) = Average centerline (maximum) concentration Ci/cm3

< = Continuous release source term (Ci/sec)

x = Downstream distance (cm)

Ky = Diffusivity in lateral direction (cm®/sec)
Kz = Diffusivity in vertical direction (em®/sec)

From Okubo and Farlow'T) for Lake Erie drogue studies, K, >3 x 10" e /sec.
in all cases. The same was observed in the Lake Michigan studies. Jor
conservatism, a value of 1 x lohcmz/sec has been used in this study

The conservative estimate of K, (1 cm®/sec) used in the PSAR (Appendix

2D page 2D-82) is also used here. Thus, the centerline concentration is
expressed as:

c(x,0,0) = & = 1.5 x 1073 /
2mx - x

The calculations of average annual concentration isopleths were made using
the following assumptions.
1. The warm discharge rises to the surface and follows the surface
current.
2. The surface current is in the direction of the surface winds
(approximately).
3. All winds from ENE to NNW result in a southerly directed surface
current at the shore line. Similarly all winds ranging from E
to SSE result in a northly directed surface current at the shore
line.

Using the above equations and assumptions the isopleths may be calculated

by weighting the annual average source term by the frequency of flow in that




direction based on the available meteorclogical summary from the PSAR.
Calms are accounted for by distributing the occurrence over all directions
proportionately.
- In order to compute the population dose from ingestion of radiocactive
material from drinking water, th: following assumptions regarding population
were made:
1. The total 1980 population from the 0-5 mile annuli (2380)
received potable water at the Camp Perry and Erie Industrial
Park concentraticn.
2. The total 1980 projected population from the 5-10 mile anulus,
SE sector (3098); S sector (4678); and SW sector (3369) received
potable water at the Port Clinton concentration.
3. The total 1980 projected population from the 5-10 mile anulus,
W sector (2429); 10-20 mile annulus, W sector (28,488); 20-20
mile annulus, W sector [479,888 - - includes Toledo (429,000)];
the 10-20 mile annulus, NW sector (970); and the 20-30 mile
anulus, NW sector (150,928) received potable water at the

Toledo and Oregon concentration.
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APPENDIX 7C

WATER POLLUTION CONTROL BOARD
OHIO DEPARTMENT OF HEALTH
COLUMBUS, OHIO

RESOLUTION ESTABLISHING AMENDED CRITERIA OF STREAM=-WATER QUAL.TY
FOR VARIOUS USES ADOPTED BY THE BOARD ON APRIL 14, 1970

WHEREAS ,

WHEREAS ,

WHEREAS ,

THEREFCRE

AND BE IT

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

Primary indicators of stream-water quality are needed as
guides for appraising the suitability of surface wvaters in
Ohio for various uses; and

The stream-water quality criteria for various uses and
minimum conditions applicable to all waters adopted by the
Board of June 1k, 1966, have been amended by the Ohio River
Valley Water Sanitation Commission; and

The criteria adopted by the Board on October 10, 1967, have
been further amended by the Ohioc River Valley Water Sanitation
Commission;

BE IT RESOLVED, That the following amended stream-water quality
criteria for various uses, and minimum conditions applicable to
all vaters, and policies for protection of high quality waters
and for water quality design flow, are hereby adopted in
accordance with smendments of the Ohio River Valley Water
Sanitation Comnmission, and the recommendations of the Federal
Water Pollution Control Administration.

FURTHER RESOLVED, That the amended stream-water quality criteria
for various uses, for minimum conditions, for protection of high
quality waters, and, for water quality 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. Ohioc 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. uskingum River Basin:

11. Hocking River Basin.



MINIMUM CONDITIONS APPLICABLE TO
ALL WATERS AT ALL PLACES AND AT ALL TIMES

1. PFree from substances attrihutable to municipal, industrial or other
discharges, or agricultural practices that will settle to form pu-
trescent or othervise objectionable sludze 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 meterials attributable to municipal, industrial or other
discharges, or sgricultural practices producing color, odor or other
conditions in such degree as to create a nuisance.

L, 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 aguatic
life.

PROTECTION OF HIGr QUALITY WATERS

Waters whose existing quality is better than the established standards as
of the date on which such standards become effective will be maintained at
their existing high quality, pursvant 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 such waters. This will require
that any industrial, public or private project or development which would
constitute a new source of pollution or an increased source of pollution
to high quality waters will be ra:quired, 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 cooperatc
with other agencies of the state, agencies of other states, interstate
agencies and the Federal Govermnment in the enforcement of this policy.

WATER QUALITY DESIGN FLOW

Where applicable for the determination of treatment requirements the water
quality design flow shall be the minimum seven consecutive day averaze
that is exceeded in 90 percent of the y=:ars,

STREAM-QUALITY CRITERIA

FOR PUBLIC WATER SUPPT .

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 &
morthly average value (either MPN or MF count); nor exceed
this number in more than 20 percent of the samples examined
duwing any month; nor exceed 20,000 per 100 ml in more than
five percent of such samples.

2. Threshold-odor Number: Not to exceed 2u (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 picocuries
per liter (pCi/l), mor shall activity from dissolved strontium-90
exceed 10 pCi/l, nor shall activity from dissolved alpha emitters
exceed 3 pCi/l.

5. Chemical constituents: Not to exceed the following specified
concentrations at any time.

Constituent Concentration (mg/1)
Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05
(hexavalent)
Cyanide 0,025
Fluoride &9
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 maintenance
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: Nct less than an average of 5.0 mg/l per calendar day
and not less than 4.0 mg/' at any time.

2. pH:
A. No values below 6.0 nor above £.5,

B, Daily fluctuations which exceed the range of pH 6.0 to pH 8.5
and are correlated with photosynthetic activity may be tolerated.

3. Temperature:

A. No abnormal temperature changes that may affect aquatic life
unless caused by natural conditioms.

B, The normal daily and seasonil 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 e
WATERS Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

All waters excent
Ohio River 50 50 €0 T0 80 90 90 90 90 T8 70 5T _

Main Stem-Ohio River 50 S50 60 70 80 87 89 8 87 78 70 _ 57

4. Toxic substances: Not to exceed one-tenth of the 4B-hour median
tolerance limit, excep* that other limiting concentrations may be
used in specific cases when justified on the basis of available
evidence and approves by the appropriate regulatory agency.

alje



FOR_AQUATIC LIFE B

The following criteria are for evaluation of conditions for the maintene-
of desirable biclogical growths and, in limited stretches of a stresm, 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, 'or
less than 2.0 mg/l at any time. ~

2. pH: Not less than 6.0 nor greater than 8.5 at any time.

3. Temperature: Not to exceed 95 deg. F. at any time.
L. Toxic substances: Not to exceed one-tenth of the L8-hour median

tolerance limit, except that other limiting concentrations may be
used in specific cases when justified on the basis of available
evidence and approved by the appropriate regulatory agency.

FOR_RECRCATION

The following criterion is for evaluation of conditions at any point in
vaters 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 LOO per 100 ML in more
then 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-
wvatering purposes:

1. Free from substances attributable to municipal, industrial or other
discharges, or agricultural practices that will settle %o 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 discha.ges, or agricultural practices producing color,
odor or other conditions in such degree as to create a nuisance,

L, Free from substances attributable to municival, industrial or other
discharees or agricultural practices in concentrations or combinations
which * toxic or harmful to human, aunimal, plant or aquatic life,
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OHIO DEPARTMINY OF HEALTH
COLUMBUS, OHIO

RESOLUTION RECARDING AMENDED CRITERIA OF STREAM-WATER QUALITY
FOR VARIOUS USLS ADOPTED BY THE BOARD ON OCTOEER 10, 19oT7

WHER

WHEREAS, Primary indicators of stream-water quality are needed as guides

EAS, Section 6111.03, of the Onio Revised Code, provides, in part,

as focllows:
“The water pollution control boaord shall hiuve power:
(A) To develop programs for the prevention, control and

sbatement of now or existing pollu;.on of the waters of the
state; . . « " and

for cppraising the suitebility of surface waters in Ohio four
verious uses; and

WHERCAS, The stream-veter quality criteria for various uses and

pinircum conditions applicable to all waters adonted bty the
Board on June 14, 1966, have been amended by the Chio kiver
Vulley Water Sanitation Comnmission;

THEREFORE BRE IT RESOLVED, That the followinz amcnded streanm-water

1.

2.

3.

evnlity eriterin for various uses, and minimum ccndi:inns

Gppiicalic 1o Wil waterc, ere herety edapied ir nucord
wvith amendments of the Ohio River Valley Water Sanitation
Ccamission.

MINIMUY ('f“:DITIO::: DI u&\-AELr TO
I\Lh k/‘ :ﬁ~ ’-’L‘ ALL uI\Cuu I‘.na AT :4:: ':T”::)

Free from substunces attributable to municipal, industrial or other
discherges, or agricultural practices that will settle to form
putresccnt or otherwise objectionable siudge deposits.

Free froa floating debris, oil, scum and other floating materials
attributcble to municipal, industrial or other discharges, or agri-
culturul practices in wmounts sufficient to be unsightly or
deletericus.

Free from naterials attributadle to municipal, industirisl or other
discharges, or agricultural practices prcducing cclor, odor or
other conditions in such degrec as to create a nuisance.

Free from substances attributavle to municipal, indusirial or other
discharges, or agricultural practices in ccncentrations or combtina-
tions which ere toxic or harmiul to human, animal. plant Or aguil.c
life. \
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JOR_PULLIC WATER CUTLY

The following criteria are for evauluaticn of stresm cunlitr wu
tae point at vhich wvater is withdrawn for treutment and distribulion
&3 a potutle supply:

1. Bact.ria: Coliform group not to excerd 5,000 per 100 ml as o
*  monthly aversse valuc {either MPN or MF count) nor exceed thic
punber in wore tlhien €0 perceat of the camnleg oxnmined durine any
monili; nor exceed 20,000 por 100 ml in more than Jive perouit of
such swnmples.

2. Threshold-odor Number: Not to exceed 24 (at GU depg. C.) an n
daily average

3. Diszolved solids: Not to exceed 500 nmp;/l as a monthly averar:
valuc, nor exceed 750 mg/i at any time.

L, Radionctivity: OCross bete activity not to excerd 1,000 pioncurics
per - liter (pui/;), ner shall activity Crom dissolved stironcinm-90
exceed 10 pli/l, nor shall activity from dissolved alpha omlt @ er:
excced 3 pCi/l. :

S Chemnicnl eonstituents: HNot to exceel the followinz spesifiod
concentrations ¢t any time:

Constiturnt Concentratisn (me/3}
Arsenic 0.05
Barium 1.0
Cadziun 0.01
Chromiun 0.05
(hexnvalent)
Cyanide (o] 0..25
Flucride [:j D ¢
Lead 0.05
Seleniun 0.01
Silver 0.0%

.

FOR INDUSTRIAL WATER CUPDLY

The following criteria are applicable to strcam water at the point
at wvhich the water is withdrawn for use (either with or without treatment)
for industirial cooling and processing:
4+ Dissolved oxvren: Not less than 2.0 mig/l as a daily-avernre value,
por less than 1.0 mg/l at any tize.

2., pid: Not less than 5.0 nor greater than 9.0 at any time,
3. Teancrature: Not to exceed 95 deg. F. at any time.

b, Dizcolved sullls: Not to exceed TS ma/) as a monthly Avorase
value, nor exceed 1,000 rz/l at any time.

:D‘\. AN
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FOR £(117.7IC LIFE A

The follovwing eriteria are for evaluxtion of conditions for the
meintenriice of a well-balanced, warm-vater fish population. They are
appliguble at any point in the stream except for ureas immediately
adjacent to outfalls, 1In such arens coznizence will be gliven o
opportunities for the admixture of waste ef{lucnts with stream water:

&s Dissolved oxyiun: Not less then 5.0 m/1l during at least 16 hours
of tny 2u-hour period, nor less than J 0 mg/l at any time.

2. pH: lo values below 5.0 rnor above 9.0, and daily average
(or medien) velues preferably between 6.5 and 8.5.

3 Temperature: Not to exceed 93 des. F. at any time during the
monihs of May through lovember, and not to exceed 73 dep. 7.
at eny time during the months of Deccmber through April.

b, Toxic substances: Not to exceed one-tenth of the L8-hour median
tolcrance linit, except that other limiting concentrations
be used in specific cases vhen Justified on the bdasis of availab.e
evidence and approved by the appropriate regulatory agency.

FOR ACUATIC LIFE B

L AN LB . -~ . L - faNIAr i e S eV
P AT A R e - A% s o NI
1) e avilela GIT ave SUVESWLLLVILL W K :

unintenvnce of d051rnb1c violerical growths and, in imited stretches
of a sireen, for permitting the passage of fish thro ‘vh the wvaler,
except tor areas immediately adjacent to outfalls. In such arecs

cogniznnce will be given to opportunities for admixturc of effluents
vith siream water: .

-

1. Dinsolved oxvren: No:t less than 2.0 mp/l as a daily-averaze
value, nor lecss than 1.0 mg/l at any time.

2. pi: Not less than 5.0 nor greater then 9.0 at eny time.
3. Tcomperature: Not to exceed 95 deg. F. at any time.

4., Toxic substances: Not to exceed onc-tenth of the WB-hour median
tolerance linit, except that other limiting-concentraticns may be
used in specific cases when justified on the basis of available
GV1dence and approved by the appropriaste regulatory agency.

FOR RECREATION

The following criterion is for evaluntion of conditions at any point
in waters designated to be used for recrentional purnoses, mcluduw such
vater-contact activities as swism. g and water skiing:

-3-
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Eacterin: Coliform proup not to exceed 1,069 por 100 w o a
montnly avernse value (either MY or M count); nor exceed
this punbler in more then &0 percent of the zumples examined
during eny month; nor excecd 2,400 per 100 ml (MPN or M
count) ¢a any day.

POR AGRTCULTURAL USE ARD STOCK WAY SPRING '

- The following criteria are upplicable for the evaluation of stroam
quality at places where weter is withdrawn for agricultural use or
stock-watcring purposes:

1. Free from sudstances attributsble to municiral, industrial cor
other discharres, or agricultural practices that will setilce %o
form putrescent or otherwise objectionable sludpe deposits.

2. Free from floating debris, ¢il, scum and other floating materials
attributedble to municipal, industriel or other discharics, or

agricultural ‘practices in amounts sufficient to be uasipghtly or
del>terious.

3. Free from materiuls attributable to municipsl, industrinl or othe-

discharges, or agricultural prectices producina coler. odor or
other conditions in such depree as to creaste a nuisance.

" Pree frcn substanees att=ibutahle tn minicinal  induetwial A=
Oy dinciwywes Or avriculture: piactices in concenirations or
eczbinations which are toxic or hermful to human, animal, plant
or aguatic life.
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APPENDIX TE -

WATER POLLUTION CONTROL BOARD
OHIO DEPARTHENT OF KEALTH
COLUIBUS, 51IO

AMENDLEDR RESOTUTICN REGARDING ENHAWCLIULNT OF WATERS OF TiE STATE

APPROVID BY THE BOARD Ol OCTOBER L7, 1967

To cmphasize its continuing progrem of pollution abatement
and to insure further enhancement of the gquality of the waters of
the statce, the Ohio Water Pollution Control Board hercby adopts
the ftollowing policies and requirements to. supplement the Water

Quality

Standards for interstate waters which were adopted on

January 10, April 11, and June 13, 19€7:

1.

Where applicable for the determination of treatment
requirements the water quality design flow shall be
the mininum seven consecutive day averasee that is
exceeded in 90 percent of the years.,

Where applicable, the treatment requircments shall be
such as to maintain 'the pH of the recciving waters in
the preferred range of 6.5 to 8.5.

Where applicable, the treatment requirements shall be
based on maintaining a preferred average of 3.0 mc/l
and a minimum of 2.0 mg/l of dissolved oxygen for
waters designated as Aquatic Life B.

In addition to the criteria for waters designated for
Aquatic Life A, specific requirements shall be set
for each area wherc thermel discharges are of im-
portance in order to limit the rate of change of
temperature, and to limit thc increasc to 5 deg. F.
in the stream section under consideration, This
requirement shall not be applicable to those arcas
where the water temperature is affected by the hydro-
dynamics of the recciving waters.

The staff of the Ohio Department of Health shall cooperate
with the Ohio River Valley Water Sanitution Commission,
the Commonwcalth of Pennsylvania, the Federal Water
Pollution Control Administration, znd other in-

tercsted arencies in studies for the dcetermination of
desirability of poussible amendments to the threshold
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Pennsylvania state line, and shall report and make
recommcadeLions to the Beard by not later than
October 1, 1969,

The Junc 1, 1967 report of the Lake Friec Teclnical
Committce recommending phosphate level objectives
for Lake Erie shall be used as a guide in deter-
mining trcatment requiremecntis.

Furthermore, with respect to ull water quality stan-
dards for interstote and intrastate waters, the

Board and the QChio Department of Hezlth will en-

courage and ascist other agencies cuch as the Ohio
Water Comnisgsion and the Soil Conservation Service,

U. S. Depariment of Agriculturc, in the implementa-

tion of effcciive soil erosion control programs, and
programs {or the reduction of the run-off of phosphorus,
nitrogen compounds, and pesticides.
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I. SUMMARY AND CONCLUSION

NUS has undertaken an evaluation of environmental effects of the

493' high natural draft cooling tower being installed for the Davis-
Besse Station as part of Toledo-Edison's over-all program of environ-
mental quality assurance. The NUS computer codes that have been
developed for this type of evaluation work, are based on accepting
meteorological data that has been processed by the National Oceano-
graphic and Atmospheric Administration. This extensive data for a num-
ber of years of record, is available for all major weather stations such
as the Toledo Express Airport. On-site meteorological data, available
for the Davis-Besse site for a 2-year period, can be correlated with
National Oceanographic and Atmospheric Administration data from any

location.

The approach chosen was to analyze a representative S-year period of
meteorological data from the Toledo Express Airport (which records the
occurrence of fog conditions) to determine those conditions related to
the natural occurrence of fog. The relative humidity was determined to
be an acequate indication of the probability of the occurrence of fog for
the Toledo area. This information formed the basis for evaluating the
potential cf producing or intensifying local fog conditions. Comparison
of on-site meteorological data with the Toledo data indicates that the
Toledo data are quite representative of climatic conditions at Davis-

Besse,

The Toledo data were also processed by the NUS computer codes to deter-
71ine the environmental effects of the operation of the cooling tower.

These codes are based on an analytical model for calculation, on a hour



by hour basis, of plume rise, dispersion and transport utilizing hourly
meteorological observations and cooling tower design and operation para-
meters as input. Results were then examined to determine consistency
with on-site meteorolcgical data and the occurrence of such local effects
as the lake breeze and also to assess anomalous situations such as plume
de. .. sh. The average visible vapor plume is only 1.5 miles long and

is not considered to be a significant environmental effect. The vapor
cloud is not expected to be visible over population centers of Toledo or

Port Clinton or present any hazards to aircraft operations.

Ground level effects of fog and icing conditions (excluding downwash
plume :. 1ations) which would be induced by operation of the Davis-

Besse cuoling tower are considered to be negligible. The probability of the
increased occurrence of fog conditions based on analysis of Toledo Air-
port data has been calculated to be only 0.42% which is not considered

to be an environmental problem. It is important to note that the increased
occurrence of fog conditions does not represent discrete cases of fog,

but rather represents the possibility of fog occurring earlier and lasting
longer than normal. The predicted increase in icing conditions attributed
to the cooling tower effluent, a maximum of one minute for any 22.5%

sector for the winter season, is also considered negligible.

The cccurrence of downwash conditions under which the cooling tower
effluent is caught in the turbulent wake of the tower structure and brought
down to the surface will nout be a éequent effect and the persistence of
these conditions will not be great for any direction due to expectad gusti-
ness and variability of the wind. Approximately 0,79% of the time during

the winter season (~17 hours) downwash conditions are calculated to occur



that could result in icing on surfaces off-site at a rate of 0.03 - 0.07
inches of ice per hour. However, these calculations are considered to
be extremely conservative upper limits since downwash occurrences have
not been verified in actual cooling tower operations in the United States.
Due to the low drift carry-over rate of 0.01% only 4 x 102 pounds of
water per hour would be expected to leave the tower in the form of water
droplets entrained in the cooling tower exhaust. This drift loss is con-
sidered an insignificant amount, and less than 1% of this amount would
be deposited off-site.



II. DAVIS-BESSE STATION LOCATION

The Davis-Besse Nuclear Power Station is located 20 miles east-south-

east of Toledo and 17 miles west-northwest of Sandusky, Ohio, with

1960 populations of 379,133 and 31,989 respectively, on the southwestern
shoreline of Lake Erie. The closest population center (17 miles to the south)

is Fremont with a 13960 population of 17,573. However, there are two populated
areas (the first about two-thirds of a mile northwest of the site, and another

to the southwest at the same distance) consisting mainly of summer

cottages near the site. The Davis-Besse sjite location and geographic

features for a 50-mile and 20-mile radius are presented in Figures 1 and

2, respectively.

T 1e topography of the site and the region in general is relatively flat
w ith elevations varying only approximately six feet above lake level
with very little silcpe. The major topographical feature is Lake

Erie which borders the site on the northern and eastern boundaries.

The site plan is presented in Figurec 3.

The nearest highway is Ohio State Route 2, which runs along the west
site boundary and turns west at the northwest corner of the site. This
highway, which connnects Cleveland and Toledo, crosses the Toussaint
River on a two-lane bridge at the southwest corner of the site., Ohio
State Route 19 runs south from State Route 2 to Oak Harbor and Fremont,
Ohio. This highway crosses the Toussaint River about three miles west
of the ¢ tation site. A country road runs directly west of the site, one-

half mile south of State Route 2 to State Route 19.



The closest commercial airport is Toledo Express Airport, 38 miles west
of the static~, and the nearest airport with a paved runway is located 13
miles to the east-southeast at Port Clinton. The nearest VHF Omni-
Directional Radio Range Airway (designated V232) runs west-northwest

and east-southeast, approximately seven miles south of the site.



III. APPLICABILITY OF SITE METEOROLOGICAL DATA

The purpose of this section is to demonstrate the applicability of the Toledc
Express Airport meteorological data to the Davis-Besse site and to

identify the local meteorological conditions pertinent to evaluation of

the effects of cooling tower operation. In order to determine the
environmental impact of the natural draft cooling tower, Toledo Airport

data (rather than site data) were utilized for computer reduction. The
Toledo data are available on magnetic tape compatible with available

NUS computer codes. More importantly, the occurrence of fog conditions
at the airport are noted along with other pertinent metecrological parameters.
Site meteorclogical data were also analyzed in detail in order to preperly
apply the results of the Toledo analysis specifically tc the Davis-Besse

site.

The Toledo data which were used for the analysis of environmental

effects from operation of tt Davis-Besse cooling tower consisted of

five years of observations for the period of January, 1959 through December,
196 Selection of the five-year period is arbitrary, since any anomalous
meteorological occurrences would tend to average out in a climatological
record of a five-year duration. Data for a similar time pericd during

which site measutements were recorded were not available in computer

compatible form for utilization in this study.

The Toledo Express Airport is located on a wide (five to seven miles),
level, sandy region in a rural area about 25 miles southwest of Maumee
Bay which is on the western end of Lake Erie. This location (38 miles

west of the Davis-Besse site) would generally be expected to be influenced



by the same climate and meteorological conditions as the site, with the
possible exception of the lake effect which will be discussed later in

this section.

On-site meteorological data from the Davis-Besse Station are available
for the period October, 1968 through November, 1970, including wind
data and temperature lapse measurements (AT) at 20-foot, 100-foot,
and 300-foot tower levels as well as surface (5') temperature and wet bulb
readings at the site. These data provide a basis for comparison with
meteorological observations available from the Toledo Express Airport
for the period 1959 through 1963 (representative of average climatic
conditions at Toledo) in order to determine the applicability of Toledo
Airport data to the Davis-Besse site. To accomplish this task it is
necessary to compare wind direction, wind speed, atmospheric stability,
and temperature and humidity distributions for the two locations. The
300~-foot wind level of the measured levels at Davis-Besse is considered
most representative of wind conditions at and above the cooling tower

exit elevation, which will be 493' above grade elevation.
A. Wind Direction

Wind direction determines the actual trajectory of the cooling

tower plume effluent and thus the areas of possible environmental

effects. Comparison of average wi'nd direction roses for the low tower
level (20') at Davis-Besse for the period October, 1968 through November,
1970 with data from the Toledo Airport (also at a 20' elevation) for the
period January, 1959 through December, 1963 indicates that the direc-

tional frequencies of occurrence are very similar., However, the wind

aPs



data measured on-site at the 300' tower level are considered more repre-
sentative of plume transport conditions at or above the cooling tower
exit elevation. Comparison of the annual 300' wind rose from Davis=-
Besse for the period October, 1968 through November, 1970 with the
low-level (20') Toledo data for the S-year period also indicates a close
similarity. Therefore, it can be reasonably stated that wind directions
reported at Toledo will generally (on an annual average basis) be
representative of effluent transport (directional) conditions for the
natural draft cooling tower.

The wind roses for the period january, 1959 through December, 1963
from Toledo (20') and for the 20-foot and 300-foot levels of the Davis-
Besse tower for the period October, 1968 through November, 1970 are
presented in Figure 4 for compa ative purposes. The three wind roses
show quite similar distribution with a predominant flow from the south-

west,

Seasonal wind roses for the Toledo data and for the 300' Davis-Besse
data are presented in Figures 5 and 6, respectively. The lake breeze
effect (the local onshore flow of air from the lake to the shore due to

tiue surface temperature differences) results in an increase of northerly
and easterly component winds during the spring and summer at Davis-
Besse as indicated by the site 300' wind data. The lake effect is not as
noticeable at the inland location of the Toledo Express Airport. The lake

effect will be discussed in greater detail in Section III-E.



B. Wind Speed

Wind speed is an import int parameter as a measure of the relative dilut:on
of the cooling tower eff.uent and also of possible conditions of downwash
of the plume to the ground. Comparison of low-level wind speed data
from Davis-Besse and Toledo reveals the similarity between the two
sites. The annual average wind speed for Davis-Besse and for Toledo
for the same data period are presented in Table I. The applicability of
Toledo wind data to Davis-Besse is indicated by the similarity of the
low-level average wind speeds for the period October, 1968 through
November, 1970. (Differences in average speeds can generally be
attributed to the higher sensor exposure elevation of 30' at Toledo for
this data period since the wind sensor at Toledo was changed from 20°

on November 1, 1968.) In assessing the environmental impact of the
Davis-Besse cooling tower, low-level wind speeds were extrapolated to
appreopriate plume heights. (The basis for these extrapolations are dis-
cussed in Section III-F.)

C. Atmospheric Stability

Atmospheric stability is a measure of the dispersion capacity of the
atmosphere. Dispersion is generally enhanced during unstable conditions
and somewhat suppressed during stable conditions. There are several

methods to categorize stability conditions which are described below.

Stability classifications at Davis-Besse were based on temperature lapse
measurements (4 T). The vertical temperature profiles of the uppermost
layer for which on-site measurements were available (AT

300' - 145')
are most representative of actual dispersion conditions at and above



TABLE I
COMPARISON _F TOLEDO AND DAVIS-BESSE WIND SPEED DATA

Average Wind Speed, m.p.h.

300' (10/68 - 11/70) Davis-Besse 16.0
100" (10/68 - 11/70) Davis -Besse 11.8
20" (10/68 - 11/70) Davis-Besse 8.8
|
30" (10/68 - 11/70) Toledo 9.5 }
|
|
20" *(1/59 - 12/63) Toledo 8.8 1

* Wind sensor elevation changed to 30' at Toledo Express Airport on
November 1, 1968.
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the level of the cooling tower effluent. A listing of the distribution of
stability based on Davis-Besse AT measurements {s presented in Table

II. Stability classifications for the five years of Toledo data are incluaed
in Table III for comparative purposes. These data were classified by the

(1,2) method based on time of day, solar insolation,

Pasquill-Turner
wind speed, etc. which is an accepted method for classifying standard
Weather Bureau Station observations. The stability classes proposed by
Pasquill-Turner range from "A", the most unstable and best dispersion,

to "F", stable and relatively poor dispersion. An additional classification
category, "G", has been added to facilitate a more complete classifica-

tion system. Comparison of the two data sets indicate a fairly similar
distribution. The Toledo data have higher frequencies of unstable and neutral
occurrence. However, use of the Toledo stability data to assess environ-
mental eftects of the proposed cooling tower is conservative since higher
ground level concentrations result during unstable conditions for elevated

releases.

D. Temperature and Relative Humidity

The dimensions of the visible plume and the possibility of icing during

certain winter conditions are dependent on the ambient temperature

and relative humidity., A comparison of Davis-Besse and Toledo average
monthly data presented in Table IV illustrates the similarity of the two
locations. In general, Toledo temperature and humidity data are repre-
sentative of Davis-Besse with the possible exception of lake breeze

.(flowing from the lake to the shore) effects. During the laie spring and summer
lower temperatures and higher humidities can be expected during lake

breeze situations. However, plume dissipation conditions are at a maximum
during these seasons. During the winter the frozen lake essentially acts

as a land surface and is not a major local influence.

il
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TABLE II

DAVIS-BESSE (8 T . 0. 145"

ATMOSPHERIC STABILITY DISTRIBUTIONS (% OF TOTAL OBSERVATIONS)
(Lapse Rates oC/lOOm)

UNSTABLE NEUTRAL  SLIGHTLY STABLE STABLE
(8T<-1.5%  (-1.5< 61<-0.5%) (-0.5<aT<1.5%) (AT > 1.59)

Spring ('69,'70) 15.2 49.5 20.6 14.7

Summer ('69,'70) 12.6 43.9 27.6 15.9

Autumn ('69,'70) 3.5 38.2 29.1 29.2

Winter ('68-'69 4.3 64.0 25.0 6.7
'69-'70)

ANNUAL (10/68~-
11/70) 8.3 49.6 25.5 16.6
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TABLE III
TOLEDO EXPRESS AIRPORT (PASQUILL-TURNER CLASSIFICATIONS)
ATMOSPHERIC STABILITY DISTRIBUTION (% OF TOTAL OBSERVATIONS)

UNSTABLE NEUTRAL SLIGHTLY STABLE STABLE
(1/59 - 12/63) (A-C) D) (E) (F-G)
Spring 13.3 62.8 9.6 14.4
Summer 32.9 33.6 8.2 25.3
Autumn 13.8 53.5 11.3 21.4
Winter §:5 75.6 9.7 10.2

ANNUAL 16.2 56.3 9.7 17.8



TABLE IV

TOLEDO EDISON - DAVIS-BESSE
Average Temperature and Relative Humidity

Toledo Davis-Besse
1970 TCF)  R.H.(%) 1970 )  1,0CR  R.H.(%)
Jan. 16.2 74 Jan. 16.3 14.8 74
Feb. 24.3 72 Feb. 25.5 23.4 73
Mar. 31.8 71 Mar. 30.0 a7.2 70
Apr. 48.9 70 Apr. 48.0 42.0 60
May 61.1 64 May 61.4 54.0 62
Jun. 67.2 69 Jun. 68.4 62.2 71
Jul. 71.1 72 Jul. 72.3 66.3 73
Aug. 639.6 74 Aug. 148 67.5 76
Sep. 64.4 75 Sep. *x» 65.8 60.6 74
Oct. 54.0 72 Oct. 54.0 49.5 73
Nov. 39.8 77 Nov. 40.4 37.7 78
Dec.* 26.6 80 Dec.* 30.1 27.9 77
* 1968

** Based on Limited Data
Tw- Average wet bulb temperature
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E. lake Breeze

Although the Toledo Airport is located 25 miles from Lake Erie, the annual
distributions of wind direction and atmospheric stability are quite similar
to site data. This implies that the Toledo Airport data are applicable to
Davis-Besse on an annual basis, although the lake breeze effect may be

a significant factor, especially during late spring and early summer.
During periods of light geostrophic winds in spring and summer, surface
winds may develop which blow onshore (lake to land) during the day,

and offshore (land to lake) at night. The formation of the lake breeze is
the result of the temperature variation between water and land. Although
water has a higher thermal capacity than soil, turtulent mixing by wind
and waves effects a continuous downward transport of surface heat through
large masses of water. In contrast with the strong heating of the air over
the shoreline region, the air over the strip of water off shore is only mildly
warmed and, as a result, a temperature difference between land and water
develops. This difference diminishes toward sunset and may reverse during
the night. As the warmed air over the land begins to rise, a horizontal
density gradient is formed which causes the heavier colder air over the
water to flow underneath the warmer air. To insure the continuity of the
circulation cell, there is a return motion of the warmer air from land to

lake at higher levels.

Studies of lake breeze phenomena at the Great Lakes have been made,

including several investigations on the eastern shore of Lake Michlgan.(3'4's)

(3)

Moroz has examined the physical features of a lake breeze wind system
occurring on the eastern shore of Lake Michigan, about midway between
Muskegon and Holland, Michigan. Observations made during the summer

of 1964(3) and 1965 @) show that over the land the depth of the layer of

-]15=



onshore flow varied from approximately 400 meters to 750 meters, with -
maximum velocity of S to 7 m sec.1 (11 - 15.5 mph) observed within 250
meters of the surface directly over the lake shore. Above the lake breeze
circulation, a well-defined return flow was noted which is two to four
times as thick as the onshore flow, with velocities being somewhat iess.
The region of onshore flow extended 20 to 30 km inland (12.5 to 18.5 mi).
In early afternoon, the onshore flow is directed approximately perpen-
dicularly to the shoreline, gradually veering in a clockwise direction to

a course parallel to the shoreline, under the influence of the Coriolis

. Force of the earth's rotation.

The occurrence of the lake breeze is dependent upon the magnitude of the
gradient wind and the temperature differential across the shore. Lake
breezes occur when the land surface is cooler than the lake surface. The
stronger this differential, the more intense the circulation, and the greater
its horizontal and vertical extent becomes. Olssonm reports that studies
conducted on the western shore of Lake Erie and on the eastern shore of
Lake Michigan found lake and land breezes to occur on more than one-

third of the aays in the summer half of the year.

Intense lake breeze surface inversions have been observed ncar the shore
under onshore flow conditions. Lyons(n has indicated that these inver-
sions rarely extend much beyond the 100-meter level. Vapor plumes

from the Davis-Besse cooling tower would easily penetrate these

lake breeze inversions, and for most situations the tower height would
be above the inversion layer; also, the surface layer will immediately

be heated by the land, destroying the surface inversion as verified by

analysis of site data. In fact, the cooling tower plume would tend to

-16-



penetrate and/or loft above low-level inversions reducing possible ground

(8)

level effects. Moroz and Koczkur' ' have investigated plume behavior
from a large thermal generating station on the Lake Ontario shecreline.
The authors observed that in order to penetrate the onshore flow to reach
the off shore flow aloft, final piume heights on the order of 500 to 750
meters above the surface must be attained, which are commensurate with
calculated plume heights for the cooling tower. Therefore, it is
concluded that the lake breeze will pose no significant restriction to

dilution conditions,

Another potential effect of the lake breeze is the decrease in ambient

air temperature and increase in relative humidity with the onshore flow of
warm moist air during the late spring and summer. However, these con-
ditions are concurrent with conditions of maximum plume dissipation and
would only influence the lowest 100 m air layer. The cooling tower
effluent would not normally encounter this moist surface air layer which
will be rapidly transformed with overland travel. During the winter the

frozen lake will essentially act as a land surface with no local effects. (4)

F. Upper-Air Meteorology

Hourly data records obtained from the To edo Airport Weather Station are
representative of the surface meteorology. However, the magnitude of the
heat dissipation from the Davis-Besse plant is sufficient to carry vapor
plumes to substantial heights. It is necessary, then to obtain some
representations of the upper atmosphere. This is of particular interest
with regard to the depth of surface inversions and the variations of
relative humidity with height,

*] %



Five years of upper-air data from the weather station at Flint, Michigan
(1958 - 1962) were processed with the NUS computer program, LAPSE, to
determine the height and depth of inversions. Although the thickness of
ground-based inversions varies from less than 50 meters to over 500 meters
during the year, the mean depth was about 250 meters (820 feet), which
would be easily penetrated by the Davis-Besse cooling tower effluent, re-

sulting in a lofting plume.

Inversions above the surface are also quite variable in height and depth,
but do affect the extent of vapor plume rise, As a limit to the maximum
)

height of vertical plume rise, the data of Holzworth for mean maximum
mixing depth (MMMD) fer the southwestern shore of Lake Erie were ap-
plied. The MMMD by month is given in Table V. Since the mixing depth
is a function of the maximum surface temperature, in most areas of the
United States it is lowest in the coldest months. During summer in the
Great Lakes region, mean maximum mixing depths are also relatively shal-
low (in comgarison to other regions) because maximum temperatures over

the water are less than over the adjacent land.

The extent to which the atmosphere can absorb water from an evaporative
heat dissipation system without forming a visible cloud is dependent on

the temperature and relative humidity at the height at which the vapor plume
stabilizes. The Flint, Michigan upper-air data was, therefore, investi-
gated to obtain a representation of the variation of relative humidity with
height. The mean value of relative humidity versus *_:_ ht is presented

in Table VI for the months of January, April, July, and October.
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TABLE V

ESTIMATED MEAN MAXIMUM MIXING DEPTHS
FOR THE DAVIS-BESSE SITE

MMMD

(Meters)
January 480
February 500
March 820
April 850
May 1100
June 1190
July 1400
August 1320
September 1100
October 600
November 650
December 500
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TABLE VI

VARIATION OF RELATIVE HUMIDITY WITH HEIGHT

height Range RH, % i

(Feet) January April July October
1000 - 1500 75 65 67 75
1500 - 2000 77 55 67 75
2000 - 3000 80 60 67 70
3000 - 4000 77 75 72 70

«20-



As is observed, the values do not change significantly with height. In
addition, an examination of vertical relative humidity profiles recorded
at the lake shore under lake breeze conditions showed that the relative

(3 ). Accordingly, the assump-

humidity was almost constant with height
tion of constant relative humidity with height was considered a satisfactory

relations aip for application in this study.

Since the wind sneed normally increases with height in the atmospheric
layer of interest in dispersion studies, an adjustment of the surface wind
speed is made. The variation in wind speed with height is related to
the stability. A power law profile may be expressed as:

The value of the exponent used in the study was Pz = 0.24 based on
average wind speed data recorded at Davis-Besse at 20' and 300°'.

-



IV. METEOROLOGY AND NATURAL FOG OCCURRENCE

The purpose of this section of the report is to examine the meteorological
conditions representative of the Davis-Besse Station area and to determine
those conditions related to natural fog occurrence. This information

forms the basis for evaluating the potential of producing or intensifying
local fog conditions. It is not the purpose of this phase of the investi-
gation to develop an actual fog prediction model (in the sense of predicting
related to time) but only to determine when and under what conditions fog

occurs.

A. Meteorological Data

The occurrence of fog in the vicinity of the Davis-Besse Station site was
investigated using the 24-hour meteorological data available from the Toleco,
Ohio Airport. The Toledo Airpoft Weather Station is located in a well-ex~
posed location, approximately 25 miles southwest of Maunee Bay on Lake
Erie. The weather conditions observed at the airport are considered rep-
resentative of the power station site.

The data used for the Toledo Airport consisted of a five-year period (January,
1959 through December, 1963). The Toledo Airport data were reported in
accordance with the Weather Bureau standard WBAN form and were obtained
On magnetic tape. An extensive computer reduction of data ‘was ., therefore,

possible.

B. Natural Fogs

Fog is essentially a cloud that has developed on the ground. Therefore,
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the processes leading to fog formation are similal to those for cloud for-
mation with some modifications for the presence of the earth's surface.

In general, the conditians that promote water vapor condensation in ground-
level air may lead to fog conditions. Aside from the inter-related thermo-
dynamics of the surface air and ground layer, a number of other factors

may indirectly influence the formation of fog. These factors include: the
size, character and number of condensation nuclei, the extent of cloud
cover, the wind speed and direction, the time of day, and the atmospheric

turbulence.

The surface air may generally be treated as a mixture of ary air and water
vapor, and the most frequent and effective cause of fog is the cooling of
humid surface air to a point where vapor condensation occurs. The con-
densation generally takes place on a larger and more active condensation
nucleus and may occur well before the dew point temperature (saturation)

is reached. However, as long as the moisture content is sufficiently dif-
ferent {rom the saturation value, condensation does not occur and fog con-
ditions cannot exist. The occurrence of fog is not solely a function of tem-
perature and cooling rates alone. As mentioned above, other factors are

of concern, particularly the vertical transfer of heat and moisture (atmos-

pheric turbulence), wind speed and presence of condensation nuclei.

C. The uence o ospheric Stabili

The dependence of fog formation on atmospheric stability is indicated in
Table VII and VIII, which present Pasqui'l-Turner stability distributions

for all observations and for fog only observations, respectively, for tie

five-year period of Toledo data. Although the occurrence of fog can be
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TABLE VII
PERCENT OCCURRENCE OF ATMOSPHERIC STABILITY (PASQUILL-TURNER)
CONDITIONS FOR THE TOLEDO AIRPORT

ALL ORSERJATIONS

ANNUAL AVERAGE ('59 - '63)

Slightly
Unstable Neytral Stable Stable
Stability Index A B c D E E S
Day .58 4.53 11.09 24.04
Night 22.83 9.73 11,17 6.65

T o L SR A U S I STy P SN

TABLE VIII
PERCENT OCCURRENCE OF ATMOSPHERIC STABILITY (PASQUILL-TURNER)
CONDITIONS FOR THE TOLEDO AIRPORT
FOG ONLY

ANNUAL AVERAGE ('S9 - '63)

Slightly
Unstable Neutral Stable Stable
Stability Index A B (o4 D_ £ F S
Day o g B 7.27 40.28
Night

36.65 2.77 5.46 4.33

-24-



generally associated with neutral stability ("D" occurs 76.9 percent of the
time during fog conditions); the reverse statement is not valid, since
fog occurs in anly 9.5 percent of the total observations.

D. The Influence of Wind Speed

The dependence of the occurrence of fog on wind speed is illustrated in
Figure 7 for the five-year period of Toledo data. It is evident that
wind speed is a factor in the occurrence of fog. However, this
relationship is indirect as opposed to the direct influence on the occur-
rence of fog of the relative water vapor content of the al1 (discussed in

the following section).
B =) uence of Relative Humidi

Relative humidity defect (RHD) is here defined as the difference between
saturated relative humidity (100 percei.t) and ambient relative humidity.
When air is saturated with moisture, the relative humidity defect is zero.
It is readily apparent that fog will be highly dependent on the value of the
RHD, but it is not necessary that the RHD be zero for fog to occur. The
relationship of the RHD to the occurrence of fog is illustrated in Figures 8
and 9 (plots of the RHD versus the probability of fog occurrence).

As expected, there is a strong relationship between the occurrence of
fog and the RHD. There is some variation in the probability of fog
occurrence for a given RHD with hours of observation and with season

of the year. However, these effects are averacged out on an annual
basis although fog conditions may be overestimated during the spring
and summer and underestimated during the autumn and winter. The prob-

ability of fog is approximately 65 percent for RHD values of zero and drops
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to 3 percent for RHD values of about 20 percent. It is, however, impor-

tant to note that fog conditions do exist with probabilities significantly
different from zero for the higher RHD values. To a great extent, the

higher RHD values may represent the remnants of a dispersing fog under
changing conditions of relative humidity. This should be particularly

true during the late morning hours. However, an examination of detailed obser-
vations has supported the conclusion that fogs do exist and can, in fact,

form under conditions where the relative humidity is different from zero,

i.e., unsaturated conditions.
F. Summa iscussion and the Quantitative Probability of Fo

The foreqoing paragraphs have examined the conditions related to natural
fog occurrance, which are considered represeniative of the Davis-Bescse
Power Station site. From the airport data, it is concluded that the single
parameter of greatest importance in fog formatio.: is humidity which has
been characterized in this report as the RHD. For RHD values approaching
zero, there is better than a 65 percent probability tiiat fog conditions will
be observed., To obtain an analytical representation of the probability of
fog formation, the correlated effects of the meteorological parameters of
cloud cover, wind speed, and RHD on fog accurrence were examined.

It has been found that, for the area of the Davis-Besse Station, the proba-
bility of fog 1s adequately represented by a single relationship with RHD.

After inspections of the various aspects of the meteorological data, a
mathematical expression was deveioped to represent the quantitative
probability of fog for the area of the Davis-Besse Station. The form of
the analytical representation is as follows:
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Probability of fog = 50 [1 - erf (BHD—')‘-X

C
where:
A = 0,046
C = 0.124

The production, or enhancement, of fog by operation of a high--volume
evaporative heat dissipation system can be expected to occur under simi-

lar conditions as those for natural fog occurrence.
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V. DISPERSIUN MF VAPOR FROM AN EVAPORATIVE HEAT DISSIPATION
SYSTEM

The effect of an evaporative heat dissipation system on the formation of

fog and icing conditions is determined by the quantity and location of added
moisture and the existing ambient air condition. The probability of fog
formation or fog persistence will be increased by the addition of moisture
from the cooling system effluent. The major factors of significance in
determining the enhancement of fog occurrence are the quantity and quality
of the effluent air, the height of cooling tower effluent rise, and the down-

wind dispersion of the effluent plume.

As eat Dissipation & em Parameters

The preliminary design characteristics of the subject evaporative heat

dissipation system, a natural draft tower, are presented below.

A natural draft (or hyperbolic) tower is a large cylindrical structure of hyper-
bolic cross section. The necessary cooling air flow is obtained by the natural
draft action of the air after it is heated and moistened by contact with the
turbine condenser cooling water. The reference design characteristics

and dimensions necessary to dissipate 6.2 x 10 ’ BTU /hour for the
Davis-Besse natural draft tower are as follows:

Heat Load, BTU/hr 6.2 x 109

Height of Tower, Ft. 493
Throat Diameter, Ft. 247
Base Diameter, Ft. 411
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Inlet Water Temp., °F 116

Outlet Water Temp., °F 90
Water Flow, gpm 480,000
App ~ach, % 18
Design Wet Bulb, OF 72
Evaporation Loss

(Winter), gpm 7500-8000
Evaporation Loss

(Summer), gpm 10,500

B. Plume Rise

The effective height of rise of a vapor plume ic the sur f twc factors:

the actual height of release above the plant grade, and the rise of the
plume above the release yoint due to buoyancy effects. There are a num-
ber of relationships which have been developed to relate emission para-
meters and the ambient conditions of stability and wind speed to the re-
sulting plume rise. However, the Briggs formulae were selected for ap-
plication to the present study 1o, “.) The formulations presented by Briggs
are a recent development, and have considered the data from a large number

of field research programs.

The equations for plume rise developed by Briggs have been derived from
conventional power station chimneys and their applicability tu cooling
tower emissions requires additional consideration. In a power plant stack
the heat energy added to the intake air is seen as an increase in exhaust
air temperature with little change in the absolute humidity (pounds of water
per pound of dry air). The increased specific volume is, therefore, due

to the increased temperature. In an evaporative cooling system, both water
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and heat are added to the ambient air, and the water vapor has a signif-
icant effect in increasing the specific volume. Accordingly, to properly
apply the Briggs equations for cloud rise, an effective heat emission
rate, corresponding to the difference in specific volume of the tower ef-
fluent and the ambient air, is used. This effective heat is simply the
equivalent energy which would be required to obtain the effluent specific
volume by raising only the temperature of inlet air. A different cloud rise
will, of course, be obtained for each set of atmospheric conditions of
ambient air and wind speed. In the study performed, the conditions at
each hour were considered for plume rise and downwind concentration by
use of the computer program, FOG-3. The FOG 3 program is basically

a linking of NUS programs used for data processing, plume rise, and plume

dispersion calculations.

Two relationships are used for maximum plume rise. The first is appli-
cable to neutral, unstable and slightly stable conditions, and the second
to stable conditions (positive temperature lapse rate).

Plume rise as a function of downwind distance is given by:

AH = 1.6fF/3,71,23

where:

and:
L H = plume rise above discharge height (meters)

U = mean wind speed (m/sec)
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X = downwind distance, meters

Q = effective heat einission rate, calories/sec

The maximum plume rise AHm,m unstable, neutral, and slightly stable

conditions is taken as :

AH_ = 1.6 pt/3 -1 (3.5 x*)2/3
where:

x* = 14 PS/B F<5$§ m“/sec3
or

x* = 34 FZ/S F >55 m“/sec3

The maximum plume rise under stable atmospheric conditions ic given as:

1/3
SH = 2.9(—1—)

us
where:
¢« i 2
p z
and:
g = gravitational acceleration, m/sec2
T = average absolute temperature of ambient air, OK
§ 8
-G—z = vertical potential temperature gradient of atmosphere,

OK/meter
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=4 ispersion

The dispersion of the plume of warm, saturated air from the cooling tower
is *reated in a manner analogous tothe dispersicn of any material emit-
ted into the air. Relationships for computing the airborne concentration
parameters are presented in the literature The formulation used in this

2
(12,13 derived from the work of
(16)

analysis is that presented by Gifford

Cramer(“) ’ Pasquul(ls )

, and Meade , generally referred to as the
Gaussian plume model. Since the dispersion of the vapor cloud is the
result of turbulent transfer, the redistributiorn. of the heat and water vapor

in the plume may bhe treated in this manner using the Gaussian plume model.

The basic reiationship for inaximum ground concentration from an elevated

point source can be written as:

2
H + AH

T uo © 2

y 2 20

z
where:

X = grouna level concentration at downwind distanc ', x,

units/cubic meter
Q = emission rate, units/second
U = mean wind speed, meters/sesond

o v’ oz = plume dimensions in the crosswind and vertical dimen-

=ions, resractively, meters
AH = heicht of plume rise, meters

height of emission, meters



For this calculation, the material being dispersed (Q) is considered to
be the difference between the absolute humidity (pounds of water per
pound of dry air) of the cooling tower exit air and that of the ambieni

air. is excess moisture is dispersed as the effluent cloud grows and
increases the relative humidity (or decreases the RHD) of the surrounding

ambient air.

During the initial period of plume rise, up to the height of maximum rise,
the vapor plume can be considered to have a characteristic radius v z+r;
where the value z is the height of rise above the cooling tower exit, r is
tne exit radius of the cooling tower and v is empirically given as 0.5.

It is standard practice to select the cloud dispersion parameters such that
95 percent of the cloud is encompassed in a 2¢ radius. Accordingly, up
to the height of maximum cloud rise, the plume dispersion parameters can
be estimated as:

S 0.5 [vz + 1]
Beyond the point of maximum cloud rise, the vapor plume is dispersed by
the natural turbulent action of the atmosphere, rather than by entrainment
processes related to plume rise. At distances beyond the point of maxi-
mum rise, the plume dispersion parameters arerepresernited as suggested

by Hillsmeijer - Glfford(17).
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D. Length of the Visible Plume

A vapor plume is visible when the entrained ambient air produces a mix-
ture above the saturation level. Cold weather and high humidity are the
atmospheric conditions conducive to long visible plume lengths. A natural
draft tower is especially capable of producing long visible piumes, as

the vapor cloud is capable of rising to great heights where the upper-air

temperature is low and cannot absorb the added moisture.

To estimate the probable length of the visible vapor plume, tho tempera-
ture at the point of maximum rise is determined from the atmospheric
stability category which can be related to lapse rate. Using the maxi-
mum water content for saturated air at these temperatures, the travel
distance required to dissipate the excess moisture by plume growth and
entrainment of ambient air was calculated. To perform these calculations,
it is assumed that the rela‘ive humidity of the upper air does not exceed

a value of 90 percent for puryoses of plume length calculation. Relative
humidity values above 30 percent may occur at higher elevations but

these are likely to be associated with natural cloud cover. Thus, a long

plume would be expected to blend into the existing cloud cover.

.



VI. ENVIRONMENTAL EFFECTS OF EVAPORATIVE HEAT DISSIPATION
SYSTEMS

The environmental effects of evaporative heat dissipation systems can
be separated into direct effects related to the visible plume, and indirect
effects associated with the addition of moisture to the atmosphere, which

may induce fog conditions or icing from fog formation.

A. Effect of Visible Plume

The visible vapor plume aloft usually presents only an esthetic problem.
However, under conditions of high humidity, cold weather, and high
wind speed, the plume may be brought down to the ground relatively
close to the source. Under these conditions visibility could be impaired,
and, at freezing temperatures, icing of reads and structures could result.

This phenomenon is examined further in Part C of this section.

A natural draft tower has a relatively concentrated moisture emission and
a large plume rise, which may produce long visible plumes at times.
However, visible plumes longer than 5 miles are estimated to occur only
3 percent of the total hours of the year. The average visible plume

is 1.5 miles in length, and does not represent an environmental
problem.. The vapor cloud will not be visible nver population centers

as the frequency of occurrence of plume lengths longer than 9.3 miles

is estimated to be only 0.0l percent. A probability plot of these
estimates of the visible plume lengtl_'xs for Davis-Besse are presented

in Figure 10 for reference.
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B. Induced Fog and Icing Conditions

Beyond the visible portion of the vapor plume the evaporated moisture will
continue to be dispersed by the turbulent action of the atmosphere. It can
be anticipated that some of this moisture will be carried to the ground,
and increase the relative humidity to an extent which may increase the
likelihood of fog or icing conditions. To examine this, the meteorological
data were processed with the analytical formulations of fog probability and
plume rise and dispersion calculations to estimate the probable increase

in fog or icing conditions.

Table IX lists the increased probability of fog for a 22.5° sector (based

on the average of all directions) at distance up to 40 km (25 miles) for
operation of the proposed natural draft tower. These increased probabilities
for fog formation are actually negligible and are put into proper perspective
by Table X which lists the increased numbar of hours fog may be induced

by cooling tower operations on an annual basis. A similar listing for the
maximum seasonal increases (which occurs during winter) in fog formation

is presented in Table XI for onshore (winds blowing onshore from the lake)
and offshore (winds blowing offshore out over the laks) wind flows. Even
during these worse case situations the ground level effect of the cooling

tower operation would be neglible.

Although the maximum effects increase with distance from the plant site,

as indicated in Tables IX - XI, up to the 25 miles value for which the
computer codes presently calculate, it is expected that this value adequately
represents the maximum probable effect which would be attributed to the

cooling tower effluent. It should also be noted that the increase in fog is

-36~



TABLE X

PREDICTED CHANGE IN PROBABILITY OF FOG FOR A 22.5° SECTOR
(BASED ON THL AVERAGE OF ALL DIRECTIONS)
DUE TC OPERATION OF THE PROPOSED DAVIS-BESSE COOLING TOWER

(in percent of total observations)*

Distance (Miles) Spring _Summer Autumn Winter Annual
Mar, Apr,May Jun,Jul,Aug Sep,Oct,Nov Dec,Jan,Feb
0.3 3.2x10°%  1.5x107%  7.sx107®  3.ax107%  1.0x1078
0.6 5.5x10°%  2.3x10™%  1.4x107%  4.ax107% 1.sx1078
0.9 5.9x107%  2.3x107%  1.ax10™°  4.ax10”% 2.ox107°
1.2 6.2x10"%  2.3x107%  1.4x107°  4.ax10”%  1.sx107°
2.5 6.4x10"°  1.3x107%  1.3x107%  4.4x1075  1.5x10°°
3.7 1.6x107°  8.8x10°°%  7.9x107%  7.8x107%  5.6x10"°
5.0 8.3x107°  4.7x10™°  3.0x107%  s.ix10”? 2.2x1074
6.2 1.eax10™ 9.7x10™%  s.ax10™ 1Lox10™? 4.3x107¢
9.3 sax107t z2ax0t a0t 2.2x107d gL7x1074
24.8 1.7x1073  4.3x10™%  2.0x10™  7.0x10™  2.sx1073

* Based on Toledo Express Airport data 1959-1963
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TABLE X
PREDICTED INCREASE IN OCCURRENCE OF FOG (IN HOURS)

FOR A 22.5° SECTOR (BASED ON THE AVERAGE OF ALL DIRECTIONS)*
DUE TO OPERATION OF THE PROPOSED DAVIS-BESSE COOLING TOWER

Distance (Miles) Annual Increase in Fog (Hours)

8.7x10™4

1.3x10
1.7x10
1.3x10

-3
-3
-3
1.3x10™3

O O O W N - O O ©
. . - . - - . . -
® W N O NN Y W
e
@
x
—
o

~N
S

*Based on Toledo Express Airport data 1959-1963
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TABLE XI

MAXIMUM PREDICTED CHANGE IN PROBABILITY OF FOG FOR A 22.5° SECTOR
DUE TO OPERATION OF THE PROPOSED DAVIS-BESSE COOLING TOWER

(In Percent of Total Observations)*

Winter (Dec, Jan,Feb)

Distance (Miles) ENE sSw
(Onshore Flow) (Offshore Flow)
0.3 1.8x10"7 3.9%10"7
0.6 2.1x10"7 7.3%10""
0.9 2.1x10"7 7.4%10"7
1.2 2.1x10”7 7.4x10"7
2.5 2.1x10"7 7.4x10"7
3.7 9.3x10”7 1.9x107°
5.0 2.9x107° 6.5%10"°
6.2 6.4x10"° 1.4x10™°
9.3 1.7%10™° 3.8x107°
24.8 6.1x10™° 1.4x10”4

* Based on Toledo Express Airport data 1959-1963
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calculated for the centerline of the plume and treated as if representative
of an entire 22.5° sector. This {s quite conservative at large distances
since at 25 miles an arc span of 10 miles for a 22.5° sector would occur
and probabilities of increased fog conditions would be less when averaged
over the entire area.

It is possible that the lake effect may increase the probability of fog

over the values presented in Tables IX - XI. However, this is not considered
to be a =ignificant factor. The wind direction frequencies for fog occurrences
are presented in Figure 11 and indicates that even at Toledo Express Airport,
25 miles inland, that winds flowing off the lake have higher frequencies of
fog conditions.

A natural draft cooling tower essentially does not directly induce ground

level fog. It is important to note that the increased hours of induced fng

\as differentiated from direct plume effects) do not represent discrete

cases of fog occurrence which would not otherwise occur, but rather

represent the possibility of fog occurring earlier than normal and lasting
longer. During the year there are an average of 831 hours of fog occurring
naturally. An annual increase of 3.5 hours in the cccurrence of fog conditlons,
the highest increase observed, based on the summation of the individual

sector contributions at 40 km, represents only a 0.42 percent increase which
is not a significant change and therefore should not be a major environmental

problem.

The predicted increases in induced fog under icing conditions (temperatures
less than 32°F) which might be attributed to operation of the Davis-Besse
cooling tower are presented in Table XII and represent almost negligible

environmental effects. The associated increase in hours of icing conditions
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TABLE XII

PREDICTED CHANGE IN PROBABILITY OF ICING FOR A 22.5° SECTOR (BASED
ON THE AVERAGE OF ALL DIRECTICNS) DUE TO OPERATION OF THE PROPOSED
DAVIS-BESSE COOLING TOWER*

(in percent of total observations)

Distance (Km) Spring Autumn Winter
(Mar,Apr, May) (Sep, Oct, Nov) \Dec,Jan,Feb)
0.3 - 3.4x10°° 7.0x10"°
0.6 - 4.6x10°° 8.0x10™>
0.9 - 4.6x10"° 8.0x10™>
1.2 : 4.6x10° 8.0x10™>
2.5 2 4.6x10°° 7.9%10"°
3.7 3.2x107° 1.3x.0~% 3.8x10™%
5.0 7.5%x10™4 2.1%107° 1.8x10™°
6.2 1.7%10™° 4.2x10"3 3.7%10"°
9.3 2.8x10™° 5.5%10™ 7.5%10"°
24.8 3.6x10™° 6. 4x10™4 2.2x10" 2

* Based on Toledo Express Airport data 195%--1962
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TABLE XIII

PREDICTED INCREASE IN OCCURRENCE OF ICING CONDITIONS (IN HOURS) FOR A 22.5° SECTOR

Distance
(Km) NNE
0.3 --
0.6 --
0.9 -
1.2 -—-
2.5 -
3.7 5.7x10°
5.0 2.1x10"
6.2 5.4x10
9.3 1.6x10"
24.8 5.9x10°
Distance
]Km[ SSW
0.3 1.1x10
0.6 1.1x10
0.9 1.1x10
1.2 1.1x10
2.5 1.1x10
3.7 3.3x10°
5.0 2.0x10
6.2 3.7x10
9.3 6.8x10°
24.8 1.8x10°

7
5
~5
4
4

-6
-6
-6
-6
-6
-5
-4
-4
-4
-3

5.9x10
4.4x10
1.1x10
3.1x10

-6
-5
-4
-4
1.1x107 -3

SW_

2.8x10:;
2.8x10_
2.8x10_,,
2.8x10_6
5.0x10_S
5.7x10_4
l.7x10_4
5.5x10 3

2.2x107

(In Percent of Total Winter Observations)

2.7x10_
8.1x10
3.1x107

Winter (Dec,Jan,Feb)*

WIND DIRECTION**

6. leo
2.7x10
6.1x10
1.7x10
6.4x10

2.8x10
3.5x10
3.5x10
3.5x10°
3.5x10°
1.2x10
5.5x10
1.6x10
4.6x10
1.8x10-3

-6
-5
-5
-4
-4
w

-6
-6
-6
-6
-6
-5
-5
-4
-4

* Based on Toledo Express Airport data 1959-1963
** Affected area would be 180° from the indicated wind direction since wind direction is defined as the

direction from which the wind is blowing

9.4x10_
1.6x10
4.4x10_
9.2x10
2.4x10°
8.8x10"

WNW
5.7x10
1.1x10
1.4x10°
1.4x10
1.4x10°
6.3x10
3.8x10
1.1x10
3.3x10
1.2x10™3

-7
-6
-8
-6
-6
-5
-4
-4
-4

SE

Nw

2.ax10':
3.7x10_¢
3.7x10_¢
3.7x10_S
3.5x10_,
2.6x10_¢
l.4xl{)_4
3.lx10_4
5.3x10
1.3x10-3

DUE TO OPERATION OF THE PROPOSED DAVIS-BESSE COOLING TOWER

SSE
1.7x10"
2.0x10
2.0x10
2.0x10
2.0x10
4.6x10

-6
-6
-6
~-C
-6
-5
-5
2.6x10 -4
-4
-4

7.9x10°
4.2x10°
9.6x10"
2.7x10°
9.8x10-4

S

2.8x10:z
2.6x10_6
2.6x10_6
2.6x10_6
2.6x10_¢
6.lx10_4
4.2x10_4
7.2x10_4
9.2x10_3
1.3x10

N

2.8x10
2.8x10
2.8x10°
2.8x10°
2.8x10
6.4x10
3.3x10
7.7x10°
2.1x10
7.9x10-4

-7
-7
-7
-7
-7
-6
-3
-9
-4



are listed in Table XIII for each individual wind difection for the winter
season based on Toledo data. Less than | minute of icing conditions at
the maximum would be expected froin the cooling tower effluent according
to data in Table XIII. Significant variations from the indicated Toledo
data would not be expected at the Davis-Besse site since the lake effect
is not a major effect during the winter when the lake surface is generally
frozen and/or warmer than the land surface.

C. Downwash

1. Technical basis and frequency of occurrence

Under particular conditions of wind speed and wind direction, the effluent
discharged from an elevated scurce can become entrained in the turbulent
flow fields which may develop leeward of the source and adjacent

buildings. Additionally, unfavorable flow patterns may form in the lee

of sharp topographical features close to the source. The exhaust entrained
in this turbulent wake can be brought down to the ground without appreciable
plume rise. This phenomena of plume behavior is called "downwash".
Downwash conditions would be the only basis for occurrence of a ground-

level plume at Davis-Besse and were therefore examined in this study.

The occurrence of downwash from the natural draft tower has been examined
using the criteria develcped by Overcamp and Hoult (18). Based on obser-
vations of a model cooling tower towed in a water-filled tank, they
concluded that downwash wiil occur if the wake boundary grows

faster than the plume rises. This will occur at the critical wind speed,
which is jiven by the following equation:

ol



where:

Fr*

Tk 0.53 (BFr)2/3

ratio of exit velocity to wind speed at the top of the tower
at which the plume will mix in the wake of the cooling
tower structure

antrainment parameter = 0,78

densimetric Froude number = o)

exit velocity

gravitational acceleration (m/sz)
cooling tower exit diameter
density of ambient air

density of exit air

* (Calculated for each season

Inscofar as the exit velocity and buoyancy vary with the ambient conditions

and the heat rejection requirements established by the station loading, the

Froude number (and hence the critical wind speed) will vary throughout

the year. Typical summertime and wintertime conditions indicate ground-

level critical wind speeds of 15 and 19 mph, respectively, as representative.

Wake mixing of the visible plume is, therefore, expected when surface

winds greater than 17 mph occur on an average annual basis which corres-
ponds to 28 mph at the 500-foot tower exit height.
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Plume

Length (Feet)

0-100
100-200
200-400
400-600
600-1000

1000-3000

3000-7000

7000-10000
10000-15000
Above-15000

Plume

Length (Feet)

0-100
100-200
200-400
400-600
600-1009

1000-3000

3000-7000

7000-10000
10000-15000
Above-15000

TABLE XIV

ANNUAL FREQUENCY AND LENGTH OF PLUME DOWNWASH CONDITIONS

FOR INDIVIDUAL WIND DIRECTIONS
(In percent of total observations)
Based on 1 Year of Toledo Airport Data

ENE

.02
.02
.02

L

ESE
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Plume

Length

0-100
100-290
200-4r0
400-000
600-1000

1000-3000
3000-7000
7000-10000
10000-15000
Above 15000

Plume
Length

0-100
100-200

200-400
4006-600

600-1000
1000-3000
3000-7000
7v00-10000

10000-15000
Above 15000

WINTER FREQUENCY AND LENGTH OF PLUME FOR DOWNWASH CONDITIONS
CONCURRENT WITH TEMPERATURES <32°F FOR INDIVIDUAL WIND DIRECTIONS

(Based on 5 Winter Seasons of Toledo Airport Data for Temperatures s 32°ﬂ

R e

TABLE XV

(In percent of total winter observations)

E ESE
w WNW

.01 09
44 30

.01% =2 Hours

SSE



Table XIV lists the annual frequency of occurrence of downwash conditions
and the length of the visible plume for each wind direction based on Toledo
Alrport data. A similar listing is presented in Table XV for winter occurrences
which generally represent potential icing conditions. For purposes of
evaluating ground-level effects, according to Overcamp and Hoult(ls) ,
the downwashed plume will touch the ground two-to-four tower lengths

(1000-2000 feet) downwind.

The distribution of downwash conditions listed in Tables XIV and XV
indicate that the frequency of the plume reaching the ground is rather
small for any individual wind direction. It should be emphasized in
interpreting these tables that the affected area will be opposite to the
associated wind direction. (Wind direction is defined as the direction
from which the wind is flowing.) However, only 1 year of Toledo data
were utilized for the particular detailed analysis of downwash plume
lengths distributions presented in Table XIV. The total frequency of
downwash conditions for this randomly chosen sample year was only
1.7% compared to 10.2% expected,based on the 5-year period of Toledo
data. However, the distribution of plume lengths during downwash
situations should be indicative of expected average annual conditions.
The distribution of downwash conditions based on analysis of 2 years
of 300" level Davis-Besse site data indicate that downwash conditions
may occur as often as 12.8% of the time, not greatly different than the
10.2% based on Toledo data.

The frequency distribution by direction of downwash conditions based

on site data are presented in Figures 12 and 13 on a seasonal and annual

basis, respectively. It is significant to note that downwash conditions
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are predominantly associated with southwesterly winds (or winds blowing
offshore out over the lake) and thus the possible offsite effects are
minimized.

Table XV is based on analysis of 5 winter seasons of Toledo data to more
accurately define potential icing conditions due to downwash. Frequencies
of downwash conditions presented in Table XV represent potential icing
conditions since concurrent ambient surface temperatures are _<,32°F.
Based on this data, the frequency of downwash conditions potentially
resulting in icing is generally less than 0.25% (~5 hours) for any on-
shore wind .on sector. The total frequency of icing conditions

for winds from the NW clockwise through SE which would be the most
significant directions for offsite areas is 0.79% of the winter observa-
tions. The extent of such effects based on plume lengths tabulated

in Table XV would be largely expected to be confined to the immediately
contiguous areas (i.e., within 3000').

It should be stressed, however, that these values of downwash are an
upper limit of occurrence, and that observations at operating natural
draft cooling tower installations in this country have not confirmed this

behavior.

2. lce formation from moist, non-visible plume effects
>
The cooling tower effluent is usually at substantially higher temperatures
than the ambient air and for all practical purposes is saturated with moisture.
As the effluent combines with the cooler ambient air the resultant mixture

may or may not be above the saturation limit, depending on the effluent
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temperature and the ambient conditions of temperature and relative humidity.
If the resultant mixture is below the saturation level, condensation will not
occur and the moist plume will not be visible. However, even if the plume is
initially visible due to condensation at some point downwind the condensed
water droplets will re~evaporate and the plume will no longer be discernable.
Even though the moist plume is not visible, contact with colder surfaces

will result in heat transfer to the surface and, potentially, condensation

of moisture onto the surface. Under freezing conditions, ice formation

is then to be expected. However, this will only be a significant ground

level effect during conditions of plume downwash, discussed in Section

Vi, C-1.

To determine whether the rates of ice build-up from a non-visible plume
could represent an area of concern, several cases were examined. The

assumptions made in this analysis are given below:

(1) The surface of concern (below the ice film) remained at
constant temperature of 10°F

(2) The moist plume was at 100% relative humidity

(3) The rate of ice formation is limited by the water vapor mass
transfer rate or the heat energy balance

(4) Heat balance is determined by heat conduction through ice, air,
to ice heat tranfer, heat of fusion, latent heat and heat radiation
from plume and ice surface

In the case of a 50°F plume (which is treated as representative of

the reduced plume temperature expected by the time the visible
plume dissipates at the ground during winter downwash conditions)

the rate of ice formation is limited by a water vapor mass transfer
rate of 0.03 inches per hour. In this case, potential ice thicknesses

are not great, requiring 10 hours to produce 0.3 inches of ice.
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However, these icing effects are only expected at ground level during the
occurrence of a downwashed plume. The frequency of these occurrences
affecting land areas (discussed in Section VI-C-1) are expected approxi-
mately 0.79% of the time during the winter. This frequency and the rates
of icing are considered to be quite conservative upper-limit estimates since
downwashing of plumes has not been operationally verified in the United

States from natural draft tcwers.
3. Ice formation from condensed water dréplets

The potential of ice formation from a non-visible moist plume has been
discussed. However, under ambient conditions of low temperature and
high relative humidity, tne mixing of the ambient air and hot, saturated
plume can result in condensation of moistura., Very fine water droplets

are formed from this condensation of moisture which produce the visible
nature of the plume. Due to the small size and, therefore negligible set-
tling velocity of these droplets, they are suspended and carried along
with the vapor plume. Therefore, this effect would only be of significance

during downwash conditions discussed in Section VI-C.

In the event that the visible plume intersects a structure, or surface, at
sub-freezing temperatures, the fine droplets impinging on the surface can
result in ice formation. The rate of ice buu.d-up is controlled by the in-
cident rate of droplets on the surface and the heat balance necessary to

sustain freezing conditions.

To examine the potential of ice formation from suspended fine water droplets,
an analysis was performed for a one-inch diameter wire and a flat surface
exposed to the visible plume. Basic assumptions in these analyses were

as follows:
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(1) Condensation droplets in a visible vapor plume are typical
of droplets in clouds; median diameter of 10 micron and con-
centration of 96 droplets per cubic centimeter

(2) The incident rate of suspended droplets is determined by the
wind speed

(3) The surface temperature of the wire and flat surface (below
the ice layer) remain constant

(4) Heat balance is determined by heat conduction through ice,
air to ice heat transfer, heat of fusion, latent heat and heat
radiation from plume and ice surfaces.

The rate of ice build-up on a one-inch diameter wire and maximum thick-
nesses of ice as limited by heat transfer considerations is approximately
0.023 feet/hour for a reference 10 m/s (22 mph) wind during typical winter
icing conditions 10°-20° ambient temperatures and 50°F plume temperatures
after mixing to the surface during a downwash situation. The rate of ice build-

up for a flat surface is approximately 0.07"/hour for the same conditions.

As is evident from icing rates, ice does not form rapidly from fine water
droplets impinging on a wire and the maximum ice thickness which can

be sustained while continuously exposed to the vapor plume is not great
(approximately 0.08 inches). Significant thicknesses of ice can, however,
result on flat surfaces where the geometry is more favorable for interaction
with the plume and for heat removal. It is interesting that the initial rate
of ice build-up on a flat surface due to fine water droplets suspended in
the plume can be less than observed for the non-visible plume under high
plume temperatures. At high plume temperatures and low surrace tempera-
tures, the partial pressure difference for water vapor is such that rapid
condensation of a surface from a non-visible plume is possible. At low
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vapor plume temperatures, the suspended droplets form ice at a faster rate

than can be affected by vapor diffusion.

The calculated ice formation rate is 0.07 inches/hour for a 10-meter/sec
(22 mph) wind, which is not irsignificant, and under long pericds of sub-
freezing conditions and persistent wird direction, substantial ice thicknesses

are possible. Also, the rate of ice formation does not decrease with de-

creasing plume temperatures.

Again, these icing effects are expected at the surface cnly during the
occurrence of a downwash plume. The frequer.y of these occurrences
affecting land areas (discussed in Section VI-C-1) are expected only
approximately 0.79% of the time during the winter season based on avail-
able site wind data. This frequency and the rates of icing presented

are considered to be quite conservative upper limit estimates since
downwashing of plumes has not been verified in the United States from

hyperbolic tower installations.

D. Drift

High-volume wet cooling towers of the type being installed at Davis-Besse,
remove waste heat by evaporation of large quantities of water., Evapora-
tion of 4 x 106 pounds of water per hour can be expected during winter

time conditions. However, the expected drift carry-over rate of 0.01%
would result in only 4 x 102 pounds of water per hour which would leave

the tower in the form of water droplets entrained in th~ cooling tower
exhaust. This drift loss is considered an insignificant amount, and

only less than 1% of this amount would be deposited off site.

.
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Figure 12
TOLEDO-EDISON , DAVIS—-BESSE ANNUAL (88—70)

FREQUENCY OF DOWNWASH CONDITIONS
BY WIND DIRECTION

(Based on 300’ Site Data)
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6 ERFLCIS UF ACCTDENTS

— - - —

8.1 INTRODUCTION

Several postulated events and abnormal conditions have been examined to deter-
mine the most probable environmental conseguences. A spectrum of asvents, accord-
ing to expected frequency of occurrence and severity, has been considered. These
events range in severity from small isolated activity releases up to the acci-
dents normally analyzed in the Safety Analysis Report. The accident analysis

and environmental consequences are evaluated using realistic assumptions in
accordance with the requirements of the AEC Guide, "Scope of Applicants Environ-
mental Reports with Respect to Transportation, Transmission Lines, and Accidents,"
dated September 1, 1971. The highly conservative assumptions and calculaticns
used in the safety evaluations in the Safety Analysis Report are not suitable

for the enviormnmental risks evaluation, because the probability of occurrence

of the unfavorable combination of circumstances leading to the conservative
assumptions is very low. Even though realistic assumptions were used, the
fundamental constants used in the analyses still represent conservative values.
The feedback coefficients are very conservative. In those analyses where
beginning-of-core life parameters are appropriate, a positive moderator coeffi-
cient has been used although it is expected that tie moderator coefficient will
be zero or negative throughout the entire life of the core. The control rod
worths are maximum calculated values. The values related to the Reactor Pro-
tection System anu the Control Rod Drive System are conservative with respect

to expected values. The contrcl rod assembly time to two-thirds insertion is
taken to be 1.4 seconds although experimental tests indicate this time will

be less than 1.4 seconds. The tripped rod worth is the normal expected rod

worth minus the maximum worth stuck rod. The trip delay time is the maximum

expected value.



8.2 SMALL RELEASES OUTSIDE CONTAINMENT
8.2.1 ACCIDENT DISCUSSION

All liquid spills or leakages from the reactor coolant system in the auxiliary
building drain to the sumps and ultimately to the miscellaneous waste drain
tank. These are then processed through an evaporator, demineralizer and a
filter prior to being released to the environment: All the releases to the
environment are monitored and controlled.

Any evaporation of liquids goes to the auxiliary building ventilation system,
and would contribute to airborne releases. Annual u-ses due to such release
depend on specific activities which vary greatly with position in the makeup
and purification and radwaste systems. Concentrations of radicisotopes used
in the estimates of doses due to these minor releases are all conservatively
assumed to be at primary coolant levels corresponding to 0.1 percent fuel
failure.

A two gallon spill and a continuous 10 gallons per day leakage of the reactor
coolant has been analysed.

8.2.2 ENVIRONMENTAL CONSEQUENCES

The environmental consequences of this occurrence were evaluated using source
activities in Table 8A-2 of Appendix £A. The dose calculational methods used
in the evaluation are shown in Appendix 8B. The table below and Table 8-1
summarize the environmental consequences of the occurrence by listing the dose
to an individual at the site boundary and the total population dose within a

50 mile radius of the reactor site.



TABLE

OCCURRENCE SITE BOUNDARY DOSE POPULATION DOSE
(mRem) (Man=-Rem)
Whole
Thyroid Body
1. 2 Gallon Spill 8.3 x 1072 3.3 x 107 1.8 x 1073
2. 10 GPD Leakage 2.8 x 107" 1.1 x 1072 C.1k




8.3 RADWASTE SYSTEM FAILURES

Various system malfunctions and/or human errors can be postulated which may
result in some radicactivity :releuse to the environment. Only significant
malfunctions are discussed here.

8.3.1 HEAT EXCHANGER LEAKS

8.3.1.1 Accident Discussions

Letdown coolers, Seal return coclers and various other heat exchangers
handling reactor coclant are cooled by the component cooling water system.
The component coocling water system is a closed cooling system which acts as
an intermediate barrier between the ultimate heat sink - the service water
system. The component ccoling water system is provided with radiation
monitors which close the atmospheric vent on the component cooling su-'ze
tank on receipt of a high radiation alarm. The tank is then vented to the
radwaste system., It is estimated that less than 13 gallons of reactor cool=
ant at an activity level equivalent to 0.1% failed fuel would leak into the
component cooling system before it is detected by the radiation monitors.
8.3.1.2 Environmental Conseguences

For the purposes of evaluating the environmental consequences of this
sceurrence, it was assumed that all the gaseous activity in 14 gallons of
reactor coolant was discharged to the atmosphere via the component cooling
surge tank vent. The dose calculational methods used in the evaluations
are shown in Appendix 3B. The Table below and Table 8-1 summarize the
environmental consequences of the occurrence by listing the dose to an
individual at the site boundary and the total population dose within a 50

mile radius of the reactor site.



TABLE

PATH SITE BOUNDARY DOSE POPULATION DCSE
(meRem) (Man-Rem)
Whole
Thyroid Body
Release to Atmosphere -5 -2 2
Unfiltered 5.8 x 10 2.2 x10 1.2 x 10°
8.3.2 UNCONTROLLED RELEASE CF CONTENTS OF A GAS DECAY TANK
8.3.2.1 Acc sion

It can be postulated that a relief valve on one of the gas decay tanks

is stuck open thus releasing the contents of that tank. However, the

system design precludes this since the relief valves do not directly vent to
atmosphere. Instead these successively relieve to various other tanks. The
only way the contents of a gas decay tank can be released to atmosphere is
in case of a damage to the piping or leakage through the flanged connections
for the relief valves or the manhole covers.

For this analysis the con‘ents of one gas decay tank was assumed to be
released to the atmosphere through the auxiliary building ventilation

system after it has been passed through charcoal filters.

8.3.2.2 Environmental Consequences

The environmental consequences of this occurrence were evaluated using the
source activities given in Table B5A-T of Appendix 8A. The dose calculatioral
methods used in the evaluation are shown in Appendix 8B. The Table below ard
Table 8-1 summarize the environmental consequences of the occurrence by
listing the dose to an individual at the site boundary and the total

population dose within a 50 mile radius of the reactor site.

8-5



TABLE

PATH SITE BOUNDARY DOSE POPULATION DOSE
(mRem) (Man=Rem)
Whole
Thyroid Body
Release to Atmosphere
via charcoal filters 4
at 16,000CFM 1.6 x 10 9.7 8.0
8.3.3 FAILURE OF PUMPS TO SHUT OFF
8.3.3.1 Accident Disc o%

Due to control melfunction or human error any of the various pumps in the
radvaste system may fail<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>