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2.1.1 TEMPERATURE DIFFERENTIAL, °F 1982

1982 Minimum Maximum Average
January 6 18 12
February 5 15 10
March 1 16 7
April 0 6 2
May 0 5 2
June 0 5 2
July 0 3 1
August 0 6 2
September 1 11 7
October 8 14 1l
November 7 19 13

December 8 19 13
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2.3.1 BIOCIDES

Chlorine was the only biocide used in the circulating water at
Davis-Besse during the 1982 period. Monitoring of chlorine residuals
is covered by the Station's National Pollutant Discharge Elimination

System (NPDES) Permit. The limits of the permit were not exceeded

in 1982.
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2.3.2 pH MONITORING 1982

1982 Minimum Maximum
January Ted 8.1
February 71 8.5
March 7o 8.6
April 6.4 8.2
May 6.5 8.5
June 757 8.5
July 1:1 8.1
August 7.6 8.2
September 7.8 8.6
October 7.7 8.5
November 7.5 8.5
December 8.0 8.4

The pH limit of 6-9 was not exceeded in 1982.
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2.3.3 SULFATE 1982

mg/1
1982 Minimum Maximum Average
January 55 120 74
February 50 85 68
March 57 100 72
April 65 100 89
May 57 75 62
June 55 70 63
July 50 61
August 60 70 65
September 60 75 67
October 60 78 66
November 55 100 70
December 73 125 84

The sulfate limit of 1500 mg/l was not exceeded during 1982.
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Table 3.1-1
DAVIS-BESSE NUCLEAR POWER STATION

UNIT NO. 1
CHEMICAL USAGE FOR 1982
DISCHEARGCE
CHEMICAL SYSTEM USE QUANTITY INTERMEDIATE FINAL
Chlorine Circulating Water Biocide 36,8334 N/A Unit discharge
via cooling tower
blowdown
Chlorine Service Water Biocide 27,8924# Cooling Tower Unit discharge
Makeup via cooling tower
blowdown
Chlorine 'Cooling Tower Makeup Biocide NONE Cooling Tower Unit discharge
Makeup via cooling water
blowdown
Chlorine Water Treatment Disinfection 3,563¢# N/A Water Dist. sys.
Sulfuric Acid | Circulating Water Alkalinity Keacts with cir- Unit discharge via
Control NONE culating water cooling tower
blowdown.
Sulfuric Acid | Demineralizers Regeneration 3,128 gal|Neutralizing tank Unit discharge
for neutralization
Sulfuric Acid |Water Treatmenc Stabilization NONE N/A Water dist. sys.
Sulfuric Acid |Neutralizing Tank Neutralization NONE N/A Unit discharge

aOnly used when

the unit is operating

and service water is being returned to the forebay.




Table 3.1-1 (Cont'd.)

CHEMICAL

SYSTEM

USE

QUANTITY

INTERMEDIATE

DISCHARGE

FINAL

Sodium
Hydroxide

Sodium
Hydroxide

Calcium
Hydroxide

Sodium
Aluminate

Nalco 607

Nalco 8184

Demineralizers

Newtralizing tank

Water treatment

Water treatment

Water Treatment

Water treatment

Regeneration

Neutralization

Clarification
and Softening

Clarification
and softening

Clarification
and softening

Clarification
and softening

19093 gal

4948 gal

51150#

39004

NONE

12 gal

Neutralizing tank
for neutralization

N/A
Sludge to the

Settling Basin

Sludge to the
Settling Basin

Sludge to the
Settling Basin

Sludge to the
Settling Basin

Unit discharge

Unit discharge

Supernatant from
the settling basin
to the unit dis-
charge

Supernatant from
the settling basin
to the unit dis-
charge

Supernatant from
the settling basin
to the unit dis-
charge

Supernatant from
the settling basin
to the unit dis-
charge




Table 3.1-1 (Cont'd)

DIS G
CHEMICAL SYSTEM USE QUANTITY INTERMEDIATE FINAL
Morpholine Component Cooling pH Control NONE N/A N/A
Nalco 39L Turbine Plant Corrosion
Cooling Inhibitor 55 gal N/A N/A
Chilled Water Corrosion
Inhibitor 4 pal N/A N/A
Nalco 7320 Turbine Plant Microbiological NONE N/A N/A
Cooling Control
Chilled Water Microbiological NONE N/A N/A
Control
Nalco 7326 Turbine Plant Microbiological 80 gau N/A N/A
Cooling Control
Sodium Turbine Plant pH Control 504 N/A N/A
Hydroxide Cooling
Nalco 810 Water Treatment Clarification 32 gal Sludge to the Supernatant from
and softening settling basin the settling
basin to the
unit discharge
Nalco 7330 Turbine plant Microbiological 130 gal N/A N/A
cooling Control




-"—

Table 3.1-1 (Cont'd)
RGE
CHEMICAL SYSTEM USE QUANTITY INTERMEDIATE FINAL
Sodium Water Treatment Clarification 515# Sludge to the Supernatant from
Hydroxide and softening Settling Basin the settling basin
to the unit dis-
charge
Sodium Water Treatment Disinfection NONE N/A Water distribution
Hypochlorite system
Sodium Sewage Treatment Disinfection 1575# N/A Unit discharge
Hypochlorite
Hydrazine Secondary Coolant Oxygen Scavenging 419 gal N/A N/A
Reactor Coolant Oxygen Scavenging| NONE N/A N/A
Component Cooling Oxygen Scavenging 1 gal N/A N/A
Auxiliary Boiler Oxygen Scavenging 7 gal N/A N/A
Heating System Oxygen Scavenging 1 gal N/A N/A
Ammonia Secondary Coolant pH Control 60 gal N/A N/A
Auxiliary Boiler pH Control 11 gal N/A N/A
Boric Acid Reactor Coolant Neutron Moderator| 19775 gal N/A N/A
Lithium Reactor Coolant pH Control 7034 grams N/A N/A
Hydroxide
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3.1.1.a.3 CHLORINE MONITORING

Chlorine monitoring is covered by the Davis-Besse Station's National
Pollutant Discharge Elimination System (NPDES) Permit. The limits

of the permit were not oxceeded during 1982.
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HAZLETON ENVIRONMENTAL SCIENCES

PREFACE

The staff of the Nuclear Sciences Department of Hazleton Environmental Sciences
(Hazleton) was responsible for the acquisition of the data presented in this
report. Samples were collected by members of the staff of the Davis-Besse
Nuclear Power Station and by local sample collectors.

The report was prepared by C. R. Marucut, Section Supervisor, under the direc-
tion of L. G. Huebner, Director, Nuclear Sciences. She was 2ssisted in the
report preparation by L. Nicia, Group Leader, and other staff members of the
Nuc lear Sciences Department.
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HAZLETON ENVIRONMENTAL SCIENCES

1.0 INTRODUCTION

Because of the many potential pathways of radiation exposure to man from both
natural and man-made sources, it is necessary to document levels of radio-
activity and the variability of these levels which exist in an area prior to
the anticipated release of any additional radioactive nuclides.

To meet this objective, an extensive preoperational environmental radiological
monitoring program was initiated for the Toledo Edison Company in the vicinity
of the Davis-Besse Nuclear Power Station site. This program included collec-
tion (both onsite and offsite) and radiometric analyses of airborne particu-
lates, airborne iodine, ambient gamma radiation, milk, groundwater, meat and
wildlife, fruits and vegetables, animal and wildlife feed, soil, surface water,
fish, and bottom sediments. Approximately 5 years of preoperational monitoring
were completed in April 1977 by the same laboratory that currently operates
under the name Hazleton Environmental Sciences (HES).

Fuel elements were loaded in Unit 1 on 23 through 27 April 1977 and the initial
criticality was achieved on 12 August 1977. Unit 1 achieved one hundred
percent of its operational capacity on 4 April 1978. Approximately 5-1/2 years
of operational monitoring was completed by the end of December 1982.

This report presents the fifth full year of operational data for the Environ-
mental Radiological Monitoring at the Davis-Besse Nuclear Power Station.

The program was conducted in accordance with the Davis-Besse Nuclear Power
Station Unit No. 1 Technical Specifications: Appendix B to License No. NPF-3,
Section 3.2.

3.2-1



HAZLETON ENVIRONMENTAL SCIENCES

2.0 EXECUTIVE SUMMARY

Operational Nuclear Stations are required by Fuderal Regulations to submit
Annual Operational Reports to the U.S. NRC. The reports must also include the
results of the Radiological Environmental Monitoring Program.

This report summarizes the results of such a program. The program was conduc-
ted in accordance with the Davis-Besse Nuclear Power Station Unit No. 1 Tech-
nical Specifications: Appendix B to License Mo. NPF-3 Section 3.2. This
program included collection (both onsite and offsite) and radiometric analyses
of airborne particulates, airborne iodine, ambient gamma radiation, milk,
ground water, meat and wildlife, fruits and vegetables, animal and wildlife
feed, soil, surface water, fish, and bottom sediments.

Results of sample analyses during the period January - December 1982 are
summarized in Table 4.5. Tabulations of data for all samples collected during
this period, additional statistical analyses of the data, and graphs of data
tren?s are presented in a separate report to the Toledo Edison Company (HES
1983).

Radionuclide concentrations measured at indicator locations were compared with
levels measured at control locations and in preoperational studies. The
comparisons indicate background-level radioactivities in all samples collected.
No station effect on the environment was indicated in any of the sampling media
collected and analyzed.

3.2-2



HAZLETON ENVIRONMENTAL SCIENCES

3.0 ENJ/IRONMENTAL RADIOLOGICAL MONITORING PROGRAM

3.1 Methodology

The sampling locations for the Preoperational! Environmental Radiological
Monitoring Program at the Davis-Besse Nuclear Power Station are shown in
Figures 4-1 and 4-2. Table 4.1 describes the locations, lists for each
its direction and distance from the station, and indicates which are
indicator and which are control locations.

The sampling program monitors the air, terrestrial, and aquatic environ-
ments. The types of samples collected at each location and the frequen-
cy of collections are presented in Table 4.2 using codes defined in
Table 4.3. The collections and analyses that comprise the program are
described in the following pages. Finally, the execution of the program
in the current reporting annual period (January - December 1982) is
discussed.

3.1.1 The Air Program

Airborne Particulates

The airborne particulate samples are collected on 47mm diameter
mem: ~ane filters of 0.8 micron porosity at a volumetric rate of
approximately one cubic foot per minute. The filters are col-
lected weekly from eleven locations (T-1, T-2 T-3, T-4, T-7,
T-8, T-9, T-11, T-12, T-23, and 7-27), placed in individual
glassine protective envelopes, and dispatched by mail to HES for
radiometric analyses. The filters are analyzed for gross beta
activity approximately five days after collection to allow for
decay of naturally-occurring short-lived radionuclides. The
quarterly composites of all air particulate samples from indica-
tor locations (T-1, T-2, T-3, T-4, T-7, and T-8) and of all air
particulate samples from control locations (T-9, T-ll, Te12,
T-23, and T-27) are gamma-scanned and analyzed for strontium-89
and -90.

3.2-3



3:1.8

HAZLETON ENVIRONMENTAL SCIENCES

Airborne lodine

Each air sampler is equipped with a charcoal trap in-line after
the filter holder. The charcoal trap at each location is changed
at the same time as the particulate filter and analyzed for
iodine-131 immediately after arrival at the laboratory.

Ambient Gamma Radiation

The integrated gamma-ray background from natural radiation 's
measured with thermoluminescent dosimeters (TLD). Monthly and
quarterly TLDs are placed at thirteen locations (the eleven
air sampling locations and locations T-5 and T-24).

On 1 January 1980 eighteen (18) new TLD sampling locations were
added to the program. Twelve locations (T-38 - T-49) were
established at the site boundary ranging in distance from 0.5 mi
to 1.2 mi from the stack. Six locations were established at a
distance of 3.7 mi to 5.0 mi from the stack. Since about 50% of
the outer 5 mi ring is over Lake Erie, only six additional
locations were required to cover all sectors on the land.

Each shipment of TLDs includes controls which are stored in a
shield at the station and returned with the field TLDs after
their removal. In-transit exposures are measured by the control
TLDs and subtracted from the field TLD measurements to obtain
their net exposure.

The Terrestrial Program

Milk

Two-gallon milk samples are collected twice a month during the
grazing period (May through October) and menthly during the rest
of the year from two indicator locations (T-8 and T-20) and one
control location (T7-24). The milk samples are analyzed for
iodine-131, strontium-89 and -90, calcium, stable potassium, and
are gamma scanned.

Groundwater

One-gallon well water samples are collected quarterly from two
indicator locations (T-7 and T-17) and from one control location
(T-27). The gross beta activity is determined on the suspended
and dissolved solids of each sample. The samples are also gamma
scanned and analyzed for strontium-89 and -90, and tritium.

3.2-4



HAZLETON ENVIRONM IENTAL SCIENCES

Edible Meat

Semi-annually, domestic meat samples (chickens) are collected
from one indicator location (T-32) and one control location
(T-34) and one representative species of wildlife (muskrat or
raccoon) is collected onsite (T-31). In addition, one water-fowl
species and one snapping turtle are collected annually onsite
(T-31) or in the site vicinity (T-33). Gamma-spectroscopic
analysis is performed on the edible portions of each sample.

Fruits and Vegetables

Semi-annually, two varieties of fruits and vegetables are collec-
ted from each of the two indicator locations (T-8 and T-25) and
from one control location (T-34). The edible portions are gamma
scanned and analyzed for strontium-89 and -90.

Green Leafy Vegetables

Monthly, during the harvest season, green leafy vegetables are
collected from one indicator location (T-36) and one control
location (T-37). The samplies are analyzed for iodine-13l.
Shculd green leafy vegetables from private gardens be unavail-
able, nonedible plants with similar leaf characteristics from the
same vicinity may be substituted.

Animalt!delife Feed

Animal feed is collected semi-annually from one indicator loca-
tion (T-8) and one control location (T7-34). Cattlefeed is
collected during the first quarter and grass is collected during
the third quarter. Also, once a year, a sample of smartweed is
collected from location T-31 (onsite). Gamma-spectroscopic
analysis is performed on all samples.

Soil
Once a year, soil samples are collected from all eleven air
sampling locations; six indicator locations (T-1, T-2, T-3, T-4,
T-7, and T-8) and five control locations (T7-9, T-11, T-12, 1-23,
and T-27). Gamma-spectroscopic analysis is performed on all
samples.
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3.1.3 The Aquatic Program

Treated Surface Water

Weekly grab samples of treated water are collected at one
indicator location (T-28, Unit 1 treated water supply, onsite)
and two control locations (T-11 and T-12, Port Clinton and
Toledo filtration plants). The samples from each location are
composited monthly and analyzed for gross beta activity in
dissolved and suspended solids. Quarterly composites from each
location are gamma scann:d and analyzed for strontium-89 and
-90, and tritium.

Untreated Surface Water

Weekly grab samples of untreated water from Lake Erie are collec-

ted from one indicator location (T-3) and from two control

locations (T-11 and T-12, Port Clinton and Toledo filtration

p'ants, untreated water tap). In addition, hourly grab samples

are collected from one in-plant water supply (T-28, Unit 1

untreated water supply, onsite). The samples from each location .
rre composited monthly and analyzed for gross beta activity in

dissolved and suspended solids. Quarterly composites from each

location are gamma scanned and analyzed for strontium-89 and -90,

and tritium.

Fish

Two species of fish are collected semi-annually from each of
two locations in Lake Erie; from one indicator location in
the vicinity of the discharge (T-33) and one control location
approximately 15 miles from the plant (T-34; Put-In-Bay area).
The flesh is separated from the bones and analyzed for gross
beta and gamma-emitting isotopes.

Bottom Sediments

Semi-annually, bottom sediments are collected from three loca-
tions in Lake Erie; at two indicator locations, intake (T-29) and
discharge (T-30), and at one control location about 5.3 miles WNW
from the plant (T-27). The samples are gamma scanned and anal-
yzed for gross beta and strontium-89 and -90.

3.2-6
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Program Execution

Program execution is summarized in Table 4.4. The program
was executed as described in the preceding sections with the
following exceptions:

1. There were nc gross beta in air particulate and airborne
iodine-131 data from locations T-1, T-2, and T-3 for the
collection periods ending 6-28-82, 7-6-82, 7-12-82, 7-19-82,
and 7-26-82 because a power line to the samplers was down.

2. There were no gross beta in air particulate and airborne
jodine-131 data from Location T-7 for the collection period
ending 3-15-82 because of pump malfunction.

3. There were no gross beta in air particulate and airborne
iodine-131 data from location T-9 for the collection period
ending 8-9-82 because the fuse was blown.

4. There were no gross beta in air particulate and airborne
iodine-131 data from location T-23 for the collection period
ending 1-11-82 because the location was inaccessable due to
bad weather.

5. There were no gross beta in air particulate and airborne
jodine-131 data from location T-23 for the collection periods
ending 12-20-82 and 12-27-82 because the sample collector was
on vacation and could not find a substitute.

6. Weekly samples of untreated surface water were not collected
from Lake Erie (T-3) for three weeks in February, 1982
because the lake was frozen.

7. There was no TLD data from Location T-49 fo~ the third
quarter of 1982 because they were lost in the fie'd.

Census of Milch Animals

In compliance with Appendix B, Section 3.2 of the Technical
Specifications for the Davis-Besse Nuclear Power Station, the
annual census of milch animals was conducted on May 25 and 27,
1982 and June 1, 1982 by the Environmental Monitoring Group
personnel, Davis-Besse Nuclear Power Station.

The census results were as follows:

Goats

Allen Avery Farm, 4 miles S of the Station; 3 goats, 2 are
milking.
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Dan Biggert Farm, 3 miles SSW of the Station; 3 non-milking
goats.

Clark Brown Farm, 4.5 miles SSE of the Station; 7 goats, 2 will
be milking late August or early September.

Ralph A. Miller Farm, 4.5 miles SSE of the Station; 1 milk goat
and 3 kids. Milk will be used for personal consumption after
kids are weaned.

Mary Waugh Farm, 7.5 miles SE of the Station; 2 goats, could not
be confirmed if milking or non-milking.

Lyle Wooley Farm, 2.5 miles SSW of the Station; 1 goat and 2
sheep, could not be confirmed if goat is milking or non-milking.

Arthur Bruns Farm, 4 miles SSE of the Station; 1 non-milking
goat.

Milking Cows

Car]l Gaeth Farm, 5.5 miles WSW of the Station; 35 milking cows.
Earl Moore Farm, 2.5 miles WSW of the Staticn; 35 milking cows.

Gordon Sandwisch Farm, 1 mile SSW of the Station; 1 milking cow
steer, and a calf. The milk is used only to nurse the calf.

Non-Milking Cows and .attle

David Appling Farm, 0.5 miles W of the Station; 5 beef cows.
Gerald Daup Farm, dairy cattle for breeding and marketing only.
Ed DeWitz Farm, 15 beef cattle.

Alvin Gates Farm, 4 miles SW of the Station; 4 beef steer.

Results and Discussion

The results for the reporting period January to December 1982 are
presented in summary form in Table 4.5. For each type of analysis
of each sampled medium, this table shows the annual mean and range
for all indicator locations and for all control locations. The loca-
tion with the highest annual mean and the results for this location are
also given.

The discussion of the results has been divided into three broad cate-
gories; the air, terrestrial, and aquatic environments. Within each
category, samples are discussed in the order listed in Table 4.4.

3.2-8
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Any references to previous environmental data for the Davis-Besse
Nucleir Power Station refer to data collected by HES (or its predeces-
sor companies, NALCO Environmental Sciences and Industrial BIO-TEST
Laboratories, Inc.).

The tabulated results of all me:zsurements made during 1982 are not
included in this section, although references to these results are made
in the discussion. The complete tabulation of the results is submitted
to the Toledo Edison Company in a separate report.

3.2.1 The Effect of Chinese Atmospheric Nuclear Detonation

There were no reported atmospheric nuclear tests in 1982. The
last reported test was conducted by the People's Republic of
China on 16 October 1980. The reported yield was in the 200
kiloton to 1 megaton range.

There was a moderate residual effect from this test on the gross
beta levels in airborne particulates. The annual mean gross beta
activity was three times lower than in 1981. The highest
activity was reached in the first quarter and then declined
steadily to the level observed in 1980.

3.2.2 The Air Environment

Airborne Particulates

Gross beta measurements yielded annual means that were nearly
identical at the five control locations and at the six indicator
locations (0.022 pCi/m3 and 0.024 pCi/m3, respectively). The
annual mean activity in 1982 was approximately four times lower
than in 1981 (0.090 pCi/m3). The decrease in the activity is
attributable to the cleansing of the atmosphere of the radioac-
tive debris which was introduced into the atmosphere by the
nuclear test conducted October 16, 1980. The highest annual mean
(0.026 pCi/m3) was measured at control location T-23, 14.3
miles ENE of the station.

Gross beta activities at all locations were also statistically
analyzed by months and quarters. The highest averages were
for the months of January and February and the first gquarter.
The elevated activity was due to an early spring peak, which has
been observed almost annually (1976 and 1979 were exceptions) for
many years (Wilson et al., 1963). The spring peak has been
attributed to fallout of nuclides from the stratosphere (Gold et
al., 1964). It was more pronounced in 1981 and, to a lecser
degree, in 1982 because of the addition of the radioactive debris
from the latest nucliear test.
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Strontium-89 and strontium-90 activities were below their respec-
tive LLUs of 0.0005 and 0.0002 pCi/m3 in all samples.

Gamma spectroscopic analysis of quarterly composites of air
particulate filters yielded nearly identical results for indica-
tor and control locations. The predominant gamma-emitting
isotope wai: beryllium-7 which is produced continuous'y in the
upper atmos.nere by cosmic radiation (Arnold and Al-Salih, 1955).
A trace amount of cerium-144 was detected in one sample.
Presence of cerium-144 in the atmosphere is attributable to the
fallout from the most recent nuclear test conducted 16 October
1980. There was no indication of a station effect on the data.

Airborne lodine

Weekly levels of airborne iodin3-131 were below the lower limit
of detection (LLD) of 0.02 pCi/m° in all samples.

Ambient Gamma Radiation

At thirteen (13) regular locations the monthly TLDs measured a
mean equivalent dose of 13.5 mrem/91 days .t the indicator
locations and a mean of 14.4 mrem/91 days at control locations.
These results were in agreement with the values obtained by
quarterly TLDs and were nearly identical to the levels observed
in 1980 (13.6 mrem/91 days and 14.5 mrem/91 days, respectively),
and in 1981 (13.8 mrem/91 days and 14.9 mrem/91 days, respec-
tively). The highest annual means for monthly TLDs (17.8 mrem/91
days) and for quarterly TLDs (19.3 mrem/91 days) occured at
indicator location T-8.

At the twelve special locations established at the site bound-
ary, the mean equivalents were essentially identical to those
measured at the regular indicator locations (14.1 mrem/91 days
and 13.9 mrem/91 days, monthly and gJuarterly, respectively).

At the six special locations established within 3.7 mi to 5.0
mi radius the mean dose equivalent was higher (17.3 mrem/91
days and 17.6 mrem/91 days, monthly and quarterly, respec-
tively).

Higher gamma radiation levels measured at locations away from the
lake were also observed in previous years and are attributed to
the higher potassium-40 content in the soil.

The annual mean dose equivalent for all locations measured by
monthly and quarterly TLDs was 14.5 mrem/91 days and was iden-
tical to that measured in 1980 and similar to mean dose measured
in 1981 (14.8 mrem/91 days). This is lower than the average
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natural background radiation for Middle America, 19.5 mrad/
quartert; and is primarily due to the lower potassium-40 content
in the soil in the area.

3.2.3 The Terrestrial Environment

Milk

A total of 54 analyses ror iodine-131 in milk were performed
juring the reporting period. All samples contained less than
1.0 pCi/1 of iodine-131.

Strontium-89 was below the LLD level of 1.7 pCi/1 in all samples.

Strontium-90 activity was detected in all but four samples and
ranged from 0.6 to 2.8 pCi/1. The annual mean value for stron-
tium-90 was slightly higher at the indicator location (1.7
pCi/1) than at the control location (1.5 pCi/1). The loca-
tion with the highest mean (1.8 pCi/1) was control location
T-20. The mean values were similar to those measured in 1977,
1678, 1979, 1980, and 1981.

The activities of barium-140 and cesium-137 were below their
respective LLDs in all samples collected.

Results for potassium-40 were nearly identical at control and
indicator locations (1310 and 1300 pCi/1, respectively). Indic-
ator location T-20 had the highest mean (1330 pCi/1).

Since the chemistries of calcium and strontium, and potassium
and cesium are similar. organisms tend to deposit cesium-137
in muscle and soft tissue and strontium-89 and -90 in bones.
In order to detect potential environmental accumulation of
these radionuc)ides, the ratios of the strontium-90 activity to
the weight of calcium and of the cesium-137 activity to weight
of stable potassium were monitored in milk. The measured
concentrations of calcium and stable potassium were in agree-
ment with previously determined values of 1.16+0.08 g/1 and
1.5040.21 g/1, respectively (National Center for Radiological
Healtn, 1968). No statistically significant ‘ariations in the
ratios were observed.

1 This estimate is based or data on pp. 71 and 108 of the report Natural
Background Radiation in the United States (National Council on Radiation
Protection and Measurements, 1975). The terrestrial absorbed dose (uncor-
rected for structural and body shielding) ranges from 35 to 75 mrad/;, and
averages 46 mrad/y for Middle America. Cosmic radiation and cosmogenic
radionuclides contribute 32 mrad/y for an average of 78 mrad/y or 19.5
mrad/ quarter.
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Groundwater (Well Water)

Gross beta activities in suspended solids were below the LLD of
0.7 pCi/1 in all samples. Gross beta activities in dissolved
solids averaged 3.3 pCi/1 at the indicator locations and 6.8
pCi/1 at the control location. The location with the highest
annual mean was the control location T-27 and averaged 6.8 pCi/l.
The range of gross beta activities were similar to those observed
in 1978, 1979, 180, and 198l.

Tritium activity was below the LLD of 330 pCi/1 in all samples.

Strontium-89 and strontium-90 activities were below the LLD's
of 2.0 pCi/1 and 1.2 pCi/1 in all samples.

A1l samples were beiow the LLD of 10.0 pCi/1 for cesium-137
activity.

The activities detected in well water were not significant when
compared with the LLDs and were not attributable to the station
operation.

Edible Meat

In the edible meat samples (chickens, muskrats, goose, and
snapping turtle) the mean potassium-40 activity was 2.77 pCi/g
wet weight for the indicator locations and 2.66 pCi/g wet weight
for the control location. Cesium-137 activity was below the LLD
of 0.078 pCi/g wet weight in all but one sample.

Fruits and Vegetables

Strontium-89 and strontium-90 activity was below the LLD of 0.0l11
pCi/g wet weight and 0.007 pCi/g wet weight respectively in all
samples.

The only gamma-emitting isotope detected was naturally-occurring
potassium-40. The mean activities were 1.45 pCi/g wet weight for
the indicator locations and 1.38 pCi/g wet weight for the control
locations. The activities detected were identical or similar to
those detected in 1977, 1978, 1979, 1980, and 1981. All other
gamma-emitting isotopes were below their respective LLDs.

Green Leafy Vegetables

Green leafy vegetables (cabbage; collected during harvest season
were analyzed for iodine-131. A1l results were below the LLD of
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0.023 pCi/g wet weight. A1l gamma-emitting isotopes, except
potassium-40 and cerium-141, were below their respective LLDs.
Potassium-40 activity averaged 1.49 pCi/g wet weight and 1.60
pCi/g wet weight for indicator and control locations, respec-
tively. Cerium-14]1 was detected in one control sample and was
0.078 pCi/g wet weight. No plant effect was indicated.

Animal-Wildlife Feed

In grass, smartweed, and corn the only gamma-emitting isctope
detected was potassium-40. The annual mean for control location
T-34 was (2.04 pCi/g wet weight) nearly identical to the mean
value for indicator locations (2.10 pCi/g wet weight). AIll other
gamma-emitting isotopes were below their respective LLDs.

Soil

1

Soil samples were collected in June 1982 and analyzed for gamma-
emitting isotopes. The predominant activity was potassium-40
which had a mean value of 17.2 pCi/g dry weight at the indicator
locations and 21.0 pCi/g dry weight at the control locations.
Cesium-137 activiy was above the LLD of 0.048 pCi/g in eight of
the eleven samples. The mean activity at the indicator locations
was 0.246 pCi/g dry weight and 0.705 pCi/g dry weight at the
control locations. The highest cesium-137 activity, 0.986 pCi/g,
was detected at the control location T-23, 14.3 miles ENE of
station. The level of activities and distribution pattern was
very similar to those observed in 1978, 1979, 1980, and 198i.
Beryllium-7 was detected in one control sample and the activity
was 1.54 pCi/g dry weight.

The Aquatic Environment

Water Samples - Treated

In treated water samples the gross beta activity in suspended
solids was below the LLD of 0.9 pCi/1 in all samples. Gross beta
activity in dissolved solids averaged 2.3 pCi/l at indicator
locations and 2.6 pCi/1 at control locations. The values are
similar to those measured in 1975, 1976, 1977, 1978, 1979, 1980,
and 1981. Annual mean tritium activities were similar at indica-
tor and control locations (<330 and 370 pCi/l, respectively).

Strontium-89 and strontium-90 activities were below the LLD
levels of 3.2 and 1.7 pCi/l, respectively in all samples.
Cesium=137 level was below the LLD of 10 pCi/1 in all samples.
Essentially identical results were obtained in 1979, 1980, and
1981.
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Water Samples - Untreated

In untreated water samples the mean gross beta activity in
suspended solids was 1.8 pCi/1 at indicator locations and below
tha LLD of 1.0 pCi/1 at control locations. In dissolved solids
the mean activity was 3.1 pCi/1 at indicator and 2.9 pCi/l at
control locations. For total residue, the mean activities were
3.4 pCi/1 at indicator locations and 3.0 pCi/1 at control loca-
tions. None of these results show statistically significant
differences between indicator and control locations.

The mean tritium activities for indicator and control locations
were essentially identical (<330 and 420 pCi/1, respectively).
These results were slightly higher than those obtained for
treated water, (<330 and 370 pCi/1, respectively) but differ-
ences are not statistically significant since the counting
uncertainty is larger than the difference (140-160 pCi/1).

Strontium-89 level was below the LLD of 2.1 pCi/1 in all sam-
ples. Strontium-90 activity was nearly identical at indicator
and contra! locations, 0.8 pCi/1 and 0.9 pCi/1, respectively.

Cesium-137 activity was below the LLD of 10.0 pCi/1 for all
locations. No plant effect was indicated.

Fish

The mean gross beta activity in fish muscle was similar for
indicator and control locations (2.84 and 3.13 pCi/g wet weight,
respectively).

Potassium-40 was the only gamma-emitting isotope detected. The
mean potassium-40 activity was 2.81 pli/g wet weight for the
indicator location and 2.77 pCi/g wet weight for the control
location. Cesium-177 activity was below the LLD level of 0.040
pCi/g wet weight in all samples. The levels of activities were
similar to those observed in 1978, 1979, 1980, and 1981. No
plant effect was indicated.

Bottom Sediments

The mean gross beta activity in bottom sediments was 19.3
pCi/g dry weight for indicator locations and 20.5 pCi/g dry
weight for the control location. The location with the highest

3.2-14




3.2.5

HAZLETON ENVIRONMENTAL SCIENCES

mean was control Location T-27 (20.5 pCi/g dry weight). Control
Location T-27 also hac the highest mean potassium-40 activity
(15.3 pCi/g dry weight) which was the major contributor to the
gross beta activity at all locations.

Strontium-89 activity was below the LLD level of 0.041 pCi/g dry
weight in all but two samples, one indicator and one cortrol. The
activities were 0.081 and 0.063 pCi/g dry weight, respectively.

The mean strontium-90 activity was 0.028 pCi/g dry weight for
indicator locations and 0.716 pCi/g dry weight for control
location. The location with the highest mean was indicator
Location T-29 (0.031 pCi/g). The difference between these
values is insignificant.

Cesium-137 activity was detected in one of six samples and was
0.124 pCi/g dry weight at control location T-27. Similar levels,
distribution, and composition of detected radionuclides were
detected in 1978, 1979, 1980, and 198l.

Summary and Conclusions

Results of sample analyses during the period January - December
1982 are summarized in Table 4.5. Tabulations of data for all
samples collected during this period, additional statistical
analyses of the data, and graphs of data trends are presented in
a separate report to the Toledo Edison Company (HES 1983).

Radionuclide concentrations measured at indicator locations were
compared with levels measured at control locations and in pre-
operational studies. The comparisons indicate background-level
radioactivities in all samples collected. No station effect on
the environment was indicated in any of the sampling media
collected and analyzed.
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4.0 FIGURES AND TABLES
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Table 4.1. Sampling locations, Davis-Besse Nuclear Power Station, Unit No. 1.

Type of

Code Location®

T-1 [ Site boundary, 0.6 miles NE of station. near intake
canal.

T-2 I Site boundary, 0.9 miles E of station.

T-3 I Site boundary, 1.4 miles SE of station, near Toussaint
River and storm drain.

T-4 I Site boundary, 0.8 miles S of station, near Locust
Point and Toussaint River.

T-5 [ Main entrance to site, 0.5 miles W of station.

T-7 I Sand Beach, 0.9 miles NNW of station.

T-8 I Earl Moore Farm, 2.7 miles WSW of station.

T-9 C OQak Harbor, 6.8 miles SW of station.

T-11 C Port Clinton, 9.5 miles SE of station.

1-12 C Toledo Water Treatment Station. Airborne particulate
and iodine collected 23.5 miles WNW of site and water
samples taken from intake crib 11.25 miles NW of site.

T-17 I Irv Fick's well onsite, 0.7 miles SW of station.

T-20 [ Gaeth Farm, 5.5 miles WSW of station.

1-23 C Put-In-Bay Lighthouse. 14.3 miles ENE of station.

T-24 c Sandusky, 24.9 miles SE of station.

T-25 I Miller Farm, 3.7 miles S of station.

T-27 C Magee Marsh, 5.3 miles WNW of station.

T-28 I Unit 1 treated and untreated water supply, onsite.

T-29 [ Lake Erie, intake area, 1.5 miles NE of station.

T-30 I Lake Erie, discharge area, 0.9 miles ENE of station.
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Table 4.1. (continued)

- Type of

Code Locationd

T-31 I Onsite.

T-32 I Land, within 5 miles radius of station.

T-33 [ Lake Erie, within 5 miles radius of site.

T-34 c Land, greater than 10 miles radius of site.

T-35 C Lake Erie, greater than 10 miles radius of site.

T-36 [ The private garden or farm having the highest X/Q.

T-37 c The farm 10 to 20 miles from the site in the least
prevalent wind direction.

T-38 [ Site boundary, 0.6 ENE of station near lake.

T-39 I Site boundary, 1.2 miles ESE of station near ditch to
Toussaint.

T-40 I Site boundary, 0.7 miles SE of station near ditch to
Toussaint.

T-4] I Site boundary, 0.6 miles SSE of station near ditch to
Toussaint.

T-42 [ Site boundary, 0.8 miles SSW of station by ECC.

T-43 [ Site boundary, 0.5 miles SW of station along Route 2
fence.

T-44 [ Site boundary, 0.5 miles W of station by railroad
tracks.

T-45 [ Site boundary, 0.5 miles WNW of station on access
road behind cooling tower.

T-46 I Site boundary, 0.5 miles NW of station along access
road.

T-47 [ Site boundary, 0.5 miles N of station along access

road by gate.
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continued)

- i
iype of
Locat iond

Site boundary,

Site boundary,
road by lake.

Industrial Park,
Tower.
Daup Farm, 600 Tet
.

tau Road. Port Clinton, Ohio
4.5 miles SSE of the

he station.

Miller Farm, 3.7 miles S ; : Camp Perry
western Road.

Nixon Farm,
Western Road.

f site on Genzman

Lenke Farm, 5 miles west of site on Route 2.

i]-Indicator locations: C = Control locations.
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Table 4.2. Type and frequency of collection.

B A A

Location _ Type ~ MWeekiy ~ Monthly  Quarterly _ Semi-Annually ___ Annually
1 I AP Al LD LD S0
2 I AP Al TLD LD S0
3 I AP Al SWU LD LD S0
4 I AP Al TLD LD SO
5 I LD LD
7 I AP Al LD TLD WW . S0
8 I AP Al o M LD VE AF© S0
9 c AP Al LD Lo S0
11 C AP Al SWU SWT LD LD S0
12 C AP Al SWU SWT Lo LD S0
17 I WW
20 I M2
23 c AP Al LD LD S0
24 C o M LD "
25 I VE
27 C AP Al LD TLD WW BS S0
28 I SWU  SWT
29 I BS
30 I BS
31 I WL SMW
32 I Mi P
33 I o z WF ST
34 C ME VE® A
35 ¢ F
36 I 6LV
37 c GLV
38-55 I TLD LD

aSemi-monthly during the grazing season. May through October.
c/wo varieties from each location.

Cattlefeed collected during the Ist quarter grass collected during 3rd quarter.
dTuo species from each location.
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Table 4.3. Sample codes used in Table 4.2.
Code Description
AP Airborne Particulate
Al Airborne lodine
TLD (M) Thermo luminescent Dosimeter - Monthly
TLD (Q) Thermoluminescent Dosimeter - Quarterly
M Milk
i Well Water (Ground Water)
ME Domestic Meat
VE Fruits and Vegetables
GLV Green Leafy Vegetables
‘ AF Aivimal Feed (silage, grain, grass)
SMW Smartweed
SWT Surface Water - Treated
SWU Surface Water - Untreated
F Fish
BS Bottom Sediments
SO Soil
WL Wildlife (muskrat or raccoon)
ST Snapping Turtle
Wk Water fowl (goose)
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Table 4.4. Sampling summary.

Collection  Number  Number of Number of

Sample Type anda of Samples Samples
. Type _ Frequency  Llocations Collected Missed _ Remarks
Air Environment
Airborne particulates C/W 11 563D 20 See text p. 3.2-7
Airborne iodine C/W 11 563D 20 See text p. 3.2-7
TLDs C/M 31 372 0
c/Q 31 123 1 See text p. 3.2-7
Terrestrial Environment
Milk (May-Oct) G/ SM 3 36 0
(Nov -Apr ) G/M 3 18 0
Groundwater G/Q 3 12 0
Edible Meat
a Domestic meat G/SA 2 4 0
b. Wildlife G/SA 1 2 0
(one species)
c. Waterfowl G/A 1 1 0
d. Snapping Turtle G/A 1 1 0
Fruits and Vegetables G/SA 3 12 0
(two varieties from
each location)
Green leafy vegetables G/M 2 6 0
(during harvest season)
Animal-wildlife feed
a. Cattlefeed G/A 2 2 0 Collected 1st Q
b. Grass or corn G/A 2 2 0 Collected 3rd Q
c. Smartweed G/A 1 1 0
Soil G/A 11 11 0
Aquatic Environment
Treated surface water G/WM 3 1560 0
Untreated surface water G/WM 3 153b 3 See text p. 3.2-7
G/HM 1 520 0
Fish (two species) G/SA 2 8 0
Bottom sediments G/SA 3 6 0

. Type of collection is coded as follows: C/ = continuous; G/ = grab. Frequency is
coded as follows: /HM = hourly grab composited monthly; /WM = weekly grab com-
posited monthly; /W = weekly: /SM = semi-monthly; /M = monthly; /Q = quarterly,
/SA = semi-annually; /A = annually.

b Samples are sent to laboratory weekly.
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Table 4.5

P ——

*___ipnitsl

|Airborne
Parlicslates
(pCi/m>)

A!rborae
lodine
(pCi/m3)

TLD (Monthly)
{mrem/91 days)

TLD (Quarterly
(mrem/91 days

S ——

swole Tk

Type and
Number of
_Analyses®

68 563f

K-40

N -95
Ir-95
Ru-103
Ru-106
Cs-134
Cs-137
Ce-141

LLDb
0.0029

0.0005
0.0002

0.0054

)

~Ottawa, Ohio
{County, state)

o IndTCafdr"'l
Loca* ion

0.024 (298/302)
(0.006-0.073)
<LLD

<LLD

0.058 (4/4)
(0.057-0.065)

<ALLD
<LLD
<LLbD
<LLD
<LLD
<LLD
<LLp
<aLp
0 005 (1/4)

(lLo

" 13.5 (84/84)
(9.3-18.9)

14.0 (28/28)
(9.2-21.3)

Docket No.

Envirommental Radiological Monitoring Program Summary.
Name of facility Davis-Besse Nuclear Power Station
tocation of facility

P ==

Locat iond

-+ - - —_—————— e ——

T-23, Put-in-Bay
Lighthouse
14.3 mi ENE

" 1-8, Earl “oore Farm
2.7 mi WSN

T-8, Earl Moore Farm
2.7 mi WSW

“""location with Highest
__Annual Mean

50-346

“Report ing period January -

Hean(F)

0.026 (48/53
(0.010-0.066

e —. 0 ettt . 2 e e s

l7 8 (12/12)
(16.5-18.9)

19.3 (4/4)
(18.4-21.3)

o SE——

Range

EE—

-y

_December 1982

0.022 (255/261)
(0.008-0.066)
<ALLp
<LLD

0.075 (4/4)
(0.065-0.089)

<LLo
aio
LD
aw
<LLD
a
Lo
LD
<UD
a
4.4 (12172)
(10.5-17.4)

15.5 (24724)
(10.0-20.5)

Nusber of
Non-rout ine

g

Results®

0

oo © & ©6 © © © © ©
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Table 4.5 (cont inued)
Name of Facility
Sample Type and
Type Number of
| (Units) | Analyses?
TLD (Monthly) Gamma 143
mrem/91 dyas)
Inner Ring
Site Boundary)
TLD (Quarterly) Ganina 47
(mrem/91 days)
(Inner Ring
Site Boundary)
TLD (Monthly) Gamma 72
(mrem/91 days)
(Outer Ring, app.
5 mi distant)
TLD (Quarterly) Gamma 24
(mrem/91 days) |
(Outer Ring, app.
5 mi distant)
Milk (pCif1) i-131 54
Sr-89 54
Sr-90 54
6S 54
K-40
Cs-137
Ba-140
(g/1) Ca 54
|
K 54
(stable)
(pCi/g) Sr-90/Ca 54
(pCi/g) { Cs-137/K 54

1.0

1.0

1.0
1.7
0.53

100

10
10
0.5

0.04

" Indicator

-

Locationz
Mean(F)

__Range® |

14.1 (143/143)
(8.4-19.9)

9 (47/47)
(8.5-21.3)

17.3 (72/72)
(12.4-18.9)

17.6 (24/24)
(12.4-22.3)

ot Ll

<aLb
<LLD

1.7 (32/36)
(0.6-2.€)

1300 (36/36)
(1080-1590)

<L
<LLD

1.2 (36/36)
(0.9-1.4)

1.52 (36/36)
(1.33-1.81)

1.4 (36/36)
(0.9-2.2)

<iLp

Tower

_Davis-Besse Nuclear Power Station

" location with

_Locationd

1-45, Site boundary
0.5 mi WNW

T-45, Site boundary
0.5 mi WNW

1-50, Erie Industrial

Park, 4.5 mi ESE of
Station by Water
Tower

T-50, Erie Industrial

Park, 4.5 mi ESE of
Station by Water

1-20, Gaeth Farm
5.5 mi WSHW

1-20, Gaeth Farm
5.5 mi WSW

No highest location,
all are identical

1-20, Gaeth Farm
5.5 mi WSW

1-20, Gaeth Farm
5.5 mi WSW

Highest

Annual Mean

T Wean(F)

] Range

19.2 (12/712)
(17.9-19.9)

18.9 (4/4)
(14.1-21.3)

16.3 (12/12)
(14.3-18.9)

18.8 (4/4)
(16.3-20.3)

1.8 (18/18)
(1.4-2.86)

1330 (18/18)
(1240-1590)

1.2 (54/54)
(0.7-1.4)

1.51 (18/18)
(1.38-1.81)

1.5 (18/18)
(0.9-2.2)

Control
Locations
Mean(F)
_Range |

None

None

<LLD
<LLD

1.5 (18/18)
(1.0-2.8)

1310 (18/18)
(1030-1820)

<LLD
<ALD

1.2 (18/18)
(0.7-1.4)

1.49 (18/18)
(1.17-2.07)

1.3 (18/18)
(0.9-2.4)

<LLD

Number of
Non-rout ine

_Resulis® |

0
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Table 4.5

Sample
Type

well Water
(pci/n)

Edible Meat
(pCi/g wet)

Vegetables
(pCi/g wet)

__(unitz)

Fruits and

__Davis-Besse Nuclear Power Statfon

330
2.0
1.2

10.0

0.1

0.078

0.011

0.007

0.50

0.036
0.064
0.33
0.033
0.093
0.20

(continued)

Nawe of Facility
.

| Analyses® |
GB (SS) 12
GB (DS) 12
GB (TR) 12
H-3 12
Sr-89 8
Sr-90 8
GS 8
Cs-137

| & 8
K-40
Cs-137

S8 12
Sr-90 12

| 6S 12
K-40
Nb-95
Ir-95
Ru-106
Cs-137
Ce-141
Ce-144

Indicator |

Loca tione
Mean(F)
_Range®

<LLD

3.3(8/8)
(2.4-4.7)

3.4 (8/8)
(2.7-4.7)

<LLD
<LLD
<ALd

<LLD

2.77 (6/6)
(2.24-3.48)

<LLd

<LD
<LLD

1.45 (8/8)
(1.02-2.93)

<LLD
<LLD
<LLD
<LLD
<LLD

<LLD

Tocation with Highest

Annual Mean I
= | VEaWF)
Locationd Range
1-27, Magee Marsh 6.8 (1/4)
5.3 mi WNNW -
T-27, Magee Marsh 6.8 (1/4)
5.3 mi WNW -
i :
1-32, Lieske Farn , 2.94 (2/2)
3.0wmi W (2.58-3.30)
1-8, Earl Moore Farm' 1.65 (4/4)
2.7 mi WSW (1.05-2.93)

-

Control
Locations
Mean(F)

Range
<LLD

6.8 (1/4)

6.8 (1/4)

<LLD
<LLD

<LLp
<LLD

2.66 (2/2)
(2.62-2.70)

<LLD
<LLD
<LLD

1.38 (4/4)
(0.84-1.89)

<LLD
<LLD
<LLD
aw
<LLD
<LLD

Number of
Non-routine
Results® |
0
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Table 4.5

Sample
Typ
___(Units) |

Soil

(pCi/g dry)
{cont'd)

Treated Surface
Water
(pCiNN)

Untreated Surface
Water
(pCi/1)

(cont inued)
Name of Facility

Type and
Number of
Analysesd

Ru-103

Ru-106

Cs-137

Ce-141

Ce-144
68 (55) 36
GB (DS) 36
GB (TR) 36
H-3 12
Sr-89 8
Sr-90 8
6S 8

Cs-137
GB (SS) 47
GB (DS) 47
68 (TR) 47
H-3 16
Sr-89 8

0.16
0.67
0.048
0.14
0.3
1.0
1.0
330
3.2

1.7

10.0
1.0

1.0
1.0
330

<

LLDb

| 0.9

" Indicator
Localioné
Mean(F)
Range€
<LLD
<Led

0.246 (3/6)
(0.163-0.292)

<LLD

<LLo
Caw
2.3 (12712)
(1.1-3.2)

2.3 (12/12)
(1.1-3.2)

<LLD

<ALD
<LLD

<LLD
1.8 (2/23)
(1.2-2.3)

3.1
(1.8

23/23

| Gl

i

i 3.4 (23723)
(1.8-5.5)

<LLD

<LLD

____Davis-Besse Nuclear Power Station

Location with

T-23, Put-in-Bay
14.3 m? ENE

T-11, Port Clinton
9.5 mi SE

T-11, Port Clinton
9.5 m1 SE

1-12, Toledo Tap
23.5 mi WNW

1-3, Lake Erie Site
boundary, 1.4 mi SE
of Station near

Toussaint R. and
storm drain

T-3, (see above)

1-3 (see above)

T-12, Toledo Tap
23.5 mi WNW

SRR R

Highest

_ Annual Mean

e ——————— Sy

Mean(F)
_ Range

0.986 (1/1)

2.7 (12/12)
(2.1-3.8)

2.8 (12/712)
(2.1-3.8)

370 (2/4)
(340-400)

1.8 (2/11)
(1.2-2.3)

3.1 (11711
(2.2S3.4) )
3.6 (11/11)

(2.2-5.5)
430 (1/4)

Control
Locations

Mean(F)

_Range

<LLD
<LLD

0.705 (5/5)
(0.385-0.986)

<LLD
<LLD
aLo

2.6 (24724)
(1.7-3.8)

2.6 (24724)
(1.7-3.8)

370 (4/8
(340-400

<LLD
<LLD

<LLD

< Lo

2.9 (24/24)
(2.1-3.8)

3.0 (24/24)
(2.2-4.2)

420 (3/8
(410-430

<LLD

Number of
Non-rout ine

__ Results® |

0
v

e ©, © ©

3
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Table 4.5 {cont inued)

Name of Facility  Davis-Besse Nuclear Power Station
RN TR AR " Indicator ” ~— " Tocation with Highest | Control ~ TR
Sample Type and Locat iong =, ~ Annual Mean Locations Number of
Type Number of Hean(Fz L Mean(F) ) Mean(F) Non-rout ine
| (units) | Analyses® | o |  Ranget |  locationd | Range 1 ~ Range | Results® |
lUntreated Surface| Sr-90 8 0.3 0.8 (4/4 NA NA 0.9 (4/4) 0
Water (0.6-1.0 (0.4-1.4)
1/
(pCiN1) es .
Cs-137 7.8 aLp . : <ALLD 0
IENEEENI———— SR ST [T (. PR Se SR s S NSRS ol
Fish 68 8 0.1 2.84 (4/4) 1-35, Lake Erie 3.13 (4/4) 3.13 (4/4) 0
(pCi/g wet) (2.10-3.20) 15 mi NE (2.76-3.38) (2.76-3.38)
65 8
K-40 0.1 2.81 (4/4) 1-33, Lake Erie 2.81 (4/4) 2.77 (4/4) 0
(2.59-3.02) 1.5 mi NE (2.59-3.02) (2.48-3.36)
Cs-137 0.040 aLp . % ) 0
Bottom Sediments | 688 | 6 1.0 | 19.3 (4/4) 1-27, Magee Marsh 20.5 (2/2) 20.5 (2/2) 0
(pCi/g dry) ! (17.2-22.6) 5.3 mi WNW (20.0-21.1) (20.0-21.1)
w Sr-89 6 0.041 0.081 (1/4) 1-30, Lake Erie 0.081 (1/1) 0.063 (1/1) 0
~n - Discharge Area - -
'8 0.9 mi ENE
Sr-90 6 0.005 0.028 (4/4) 1-29, Lake Erie 0.031 (2/2) 0.016 (2/2) 0
(0.015-0.048) Intake Area (0.015-0.048) (0.010-0.021)
1.5 mi NE
6S 6
K-40 0.1 14.0 (4/4) 1-27, Magee Marsh 15.3 (2/2) 15.3 (2/2) 0
(13.1-15.5) 5.3 m) WNM (14.1-16.5) (14.1-16.5)
Cs-137 0.056 aLo 1-27, Magee Marsh 0.124 (1/2) 0.124 (1/2) 0
5.3 mi WhW - .

a GB = gross beta, SS = suspended solids, DS = dissolved solids, TR = total residue.

b 11D = nominal lower limit of detection based on 3 sigma counting error for background sample.

€ Mean based upon detectable measurements only. Fraction of detectable measurements at specified locations is indicated in parentheses. (F).
Locations are specified by station code (Table 4.1) and distance (miles) and direction relative to reactor site.

€ Non-routine results are those which exceed ten times the control station value.

f Five results have been excluded in the determination of the means and ranges of gross beta in air particulates. The results were
unreliable due to pump malfunction.

9 Three results have been excluded in the determination of the LLD for gross beta. Higher than norman LLM's resulted from pump malfunction
or low volume.

h Quarterly composites of all samples from indicator locations and control locations were gamma scanned separately. Thus, the location with
the highest annual mean cannot be identified.

¥ Thirty-eight results have been excluded in the determination of the LLD of airborne iodine-131. These results have been excluded due to
apparent pump wmalfunction or low volume.

J Twe high LLD values of 1.2 and two LLD values of 1.1 and 1.0 resulting from low chemical recovery have been excluded from
determination of LLD.

Three high LLD values (4.9, 7.2, and 7.3 pCi/1) have been excluded from the determination of LLD. High values resulted from high dissolved
solids content necessitating the use of small volume for analysis.
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Table A-1. U.S. Environmental Protection Agency's crosscheck program,
comparison of EPA and Hazleton ES results for milk and water
samples, 1975 through 19823,

Concentration in pCi/1P
Lab Sample Date HES Result EPA Eesu1t

Code Type Coll. Analysis $20 ¢ 233, n=1d
STM-40 Milk Jan. 1975 Sr-89 <2 0:15
Sr-90 73:2.5 75¢11.4
[-131 99+4.2 101£15.3
Cs-137 76£0.0 75£15
Ba-140 <3.7 0£15.0
K(mg/1) 1470+5.6 1510£228
STW-45  Water Apr. 1975 Cr-51 <14 0
Co-60 42146 425+63.9
In=-65 487+6 497+74.7
Ru-10€ 505¢16 497+74.7
Cs-134 38543 400£60.0
Cs-137 468+3 450+67.5
STW-47  Water Jun. 1975 H=3 1459+144 1499+1002
STW-48  Water Jun. 1975 H=3 2404+34 2204+£1044
STW-49  Water Jun. 1975 Cr-51 <14 0
Co-60 344+1 350453
In-65 3305 327249
Ru-106 315¢7 325449
Cs-134 291+1 304+46
Cs-137 387%2 378457
STW-53  Water Aug. 1975 H-3 331764 3200+£1083
STW-54  Water Aug. 1975 Cr-51 223+11 225438
Co-60 305+1 30746
In-65 28943 281+42
Ru-106 34645 279457
Cs-134 238¢1 256+38
Cs=137 292+2 307246
STW-58  Water Oct. 1975 H-3 128380 1203+988
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Table A-1. (continued)

Concentration in pCi/1P

HES Result EPA EeSUIt

Lab Sample Date
Code Type Coll. Analysis +20 € +30 , n=1¢
STM-61  Milk Nov. 1975 Sr-90 68.9+2.1 74.6%11.2
[1-131 64.6+3.8 75+15
Cs=-137 75.6+20 75¢15
Ba-140 <3.7 0
K(Mg/1) 143557 15494233
STW-63  Water Dec. 1975 H=3 1034439 10024972
S1W=-64 Water Dec. 1975 Cr-51 <14 0
Co-60 221+1 203+30.5
In-65 215%6 201£30.2
Ru=-106 17119 181+27.2
Cs-134 198+2 202+£30.3
Cs=137 15214 151£22.7
STW-68 Water Feb. 1976 H-3 1124+31 1080+£978
STW-78 Water Jun. 1976 H=-3 2500+44 2502+1056
STW-84  Water Aug. 1976 H-3 3097+21 3100+£1080
ST™.91  Milk Nov. 1976 1-131 83+0.6 85+15
Ba-140 <4 0
Cs-137 12¢1.7 11+15
K{mg/1) 1443431 1510+£228
STW-93  water Dec. 1976 Cr-51 105¢15 104£15
Co-60 <4 0
In-65 97+4 102+15
Ru-106 87+3 99+15
Cs-134 85+4 93£15
Cs-137 10324 101£1
STW-94 Water Dec. 1976 H-3 2537+15 2300+£1049
STM=97  Milk Mar. 1977 [-131 55¢2.5 51+15
Ba-140 <6 0
Cs-137 34+1 29+15
K(mg/1) 1520435 15504233
STW-101 Water Apr. 1977 H-3 1690+62 1760£1023
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Table A-1. (continued)
Concen‘ration in pCi/1P
Lab Sample Date HES Res. 1t esult
Code Type Coll. Analysis $2¢ € +30 , n=l
STM-130 Milk May 1977 Sr-89 38+2.6 44+15
Sr-90 12+2.1 10+4.5
1-131 59+2.1 5015
Ba-140 5324.4 72¢15
Cs-137 14£1.2 10£15
K(mg/1) 1533221 1560+234
STW-105 Water Jun. 1977 Cr-51 <14 0
Co-60 29+1 29+15
In-65 74+7 74%15
Ru=-106 64+8 62+15
Cs-134 411 44+15
Cs-137 35¢3 35+15
STW-107 Water Jun. 1977 Ra-226 4.7+¢0.3 5.1+2.42
STW-113 Water Aug. 1977 Sr-89 13:0€ 14£15
Sr-90 10+2¢€ 10+4.5
STW-116 Water Sep.1977 Gross Alpha 12#6 10£15
Gross Beta 3216 30+15
STW-118 Water Oct. 1977 H=3 1475429 1650+£1017
STW-119 Water Oct. 1977 Cr-51 132+14 153+24
Co-60 39+2 38+15
In=65 51+5 5315
Ru-106 63+6 74:15
Cs-134 30+3 30+15
Cs=-137 26+1 2515
STW-136 Water Feb. 1978 H-3 1690+270 1680+£1020
STW-137 Water Feb. 1978 Cr-51 <27 0
Co-60 36+2 34415
In-65 32+4 29+15
Ru-106 41+2 36:15
Cs-134 4742 52+15
Cs=137 <2 0
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Table A-1. (continued)
Concentration in pCi/1P
Lab Sample Date ! esuit esa t
Code Type Coll. Analysis +2g € 130 , n=l
STW-138g Water Mar. 1978 Ra-226 5.4¢0.1 5.5¢0.6
Ra-228 NA 16.7%2.5
STW-150 Water Apr. 1978 H-3 2150+£220 2220+1047
STW-151 Water Apr. 1978 Gross Alpha 20%1 20+15
Gross Beta 5614 59+15
Sr-89 1922 21215
Sr-30 8¢l 10£4.5
Co-60 1943 20415
Cs-134 16+1 15+15
Cs-137 <2 0
STM-152 Milk Apr.1978 Sr-89 85+4 101£15
Sr-90 8+1 9+4.5
[-131 78+1 82+15
Cs=-137 29+3 2315
Ba-140 <11 0
K(mg/1) 1503+90 15004225
STW-154g Water May 1978 Gross Alpha 12#1 13215
Gross Beta 21+4 18£15
STW-157g Water Jun, 1978 Ra-226 4.0:%.0 3.7£0.6
Ra-228 NA 5.6+0.8
STW-159g Water Jul. 1978 Gross Alpha 1943 2216
Gross Beta 2843 30+5
STW-162 Water Aug. 1978 H-3 1167438 12304990
STW-165g Water Sep. 1978 Gross Alpha 4+l 5¢5
Gross Beta 1321 1045
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Table A-1. (continued)
Concentration in pCi/1b
Lab Sample Date esult “esult
Code Type Coll. Analysis $20 € +30, n=1d
STW-167 Water Oct. 1978 Gross Alpha 1942 19£15
‘ Gross Beta 3642 34115
Sr-89 9+1 10£15
Sr-90 410 5+2.4
Ra-226 5.5¢0.3 5.0£2.4
Ra-228 NAf 5.4£2.4
Cs=-134 10+1 10£15
Cs=137 15+1 13215
STW=170 Water Dec. 1978 Ra-226 11.519.6 9.2+1.4
Ra-228 N 8.944.5
STW-172 Water Jan. 1979 Sr-89 112 1415
Sr-90 5+2 6+£4.5
STW-175 Water Feb. 1979 H-3 1344£115 12804993
STW-176 Water Feb. 1979 Cr-51 <2 0
Co-60 102 9+15
In-65 26%5 2115
Rn-106 <16 0
Cs-134 8+2 6+15
Cs=-137 1572 12+15
STW-178 Water Mar. 1979 Gross Alpha 6.3£3 10£15
Gross Beta 1544 16£15
STW-195q Water Aug. 1979 Gross Alpha 6.3¢1.2 5¢5
Gross Beta 42.7+7.0 40+4
STW=193 Water Sep. 1979 Sr-89 5.0:1.2 3.0£1.5
Sr-90 25.0£2.7 28.0+4.5
STW-196 Water Oct. 1979 Cr-51 135#5.0 113+18
Co-60 7.0¢1.0 6+5
Cs-134 7.3£0.6 7¢15
Cs-137 12.721.2 11£15
STW-198 Water Oct. 1979 He3 17104140 1560+£1111
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Table A-1. (continued)

Concentration in gCi/lb
Lab Sample Date H esult esult

Code Type Coll. Analysis +20C  #30, n=1¢
STW-199 Water Oct. 1979 Gross Alpha 16.0£3.6 2115
Gross Beta 36.3:l1.2 49415
Sr-89 10.720.6 12+15
Sr-90 5.7£0.6 7¢15
Ra-226 11.1£0.3 1125
Ra-228 1.6£0.7 0
Co-60 35.0¢1.0 33:15
Cs-134 50.7+£2.3 5615
Cs=137 <3 0
STW-206 Water Jan. 1980 Gross Alpha 19.0£2.0 30.048.0
Gross Beta 48.0+2.0 45.0¢5.0
STW-208 Water Jan. 1980 Sr-89 6.1¢£1.2 10.0£0.5
Sr=90 23.9¢1.1 25.5¢1.5
STW-209 Water Feb. 1980 Cr-51 112+14 101+5.0
Co-60 12.7£2.3 11£5.0
In-65 29.7+2.3 255.0
Ru=106 71.7£1.5 51%5
Cs-134 12.0+£2.0 10+5.0
Cs-137 30.0%2.7 30£5.0
STW-210 Water Feb. 1980 H-3 1800+120 1750340
STW-211 Water March 1980 Ra-226 15.720.2 16.0+£2.4
Ra-228 3.5¢0.3 2.6%0.4
STM-217 Milk May 1980 Sr-89 4.4+2.69 5+5
Sr-90 10.0£1.0 12¢1.5
STW-221 Water June 1980 Ra-226 2.0£0.0 1.72£0.8
Ra-228 1.620.1 1.7£0.8
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Table A-1. (continued)
Concentration in pCi/1b
Lab Sample Date HES Result EPA Eesu!t
Code Type Coll. Analysis £2¢ ¢ %30, n=10
STW-223 Water July 1980 Gross Alpha 31£3.0 38+5.0
Gross Beta 4414 35¢5.0
STW-224 Water July 1980 Cs-137 33.9:0.4 35£5.0
Ba-140 <12 0
K-40 1350460 1550+78
[-131 <5.0 0
STW-225 Water Aug. 1980 H-3 1280450 1210£329
STw-226 Water Sept. 1980 Sr-89 22¢1.2 24+8.6
Sr-90 12+0.6 15£2.6
STW-228 Water Sept. 1980 Gross Alpha NAf 32.048.0
Gross Beta 22.520.0 21.025.0
STW-235 Water Dec. 1980 H-3 2420430 2240+604
STW-237 Water Jan. 1981 Sr-89 13.0£1.0 16£8.7
Sr-90 24 .0+£0.6 34+2.9
STM-239 Milk Jan, 1981 Sr-89 <210 0
Sr-90 15.7+2.6 20+3.0
[-131 30.924.8 26+10.0
Cs-137 46.9+2.9 431£9.0
Ba-140 <21 0
K-40 1330453 1550+134
STW-240 Water Jan. 1981 Gross alpha 7.322.0 9+5.0
Gross beta 41.0:3.1 44+5.0
STW-243 Water Mar. 1981 Ra-226 3.5+0.06 3.4£5.5
Ra-228 6.5¢2.3 7.3z1.1




Lt e 50.
ﬁlL - . . - .
O U U et - O U W
4+ 4+ HHH a #H H A
O erderd sy s ) WHOoONM
(o0 8 » o C . S R S R ot oV
Pl - O
—d i

nl 3 /1D

in

ation

Law I o N - )

tr

o O
+41 H H
h et O
< M ™M
— e

Loncen

Ta
Ld

o)

Sr <R
r-90

r0sS be

-
ar
<
)
»

d)

0
w
0
Z
-
(4
0
|
<
-
4
w
2
4
0
&
2>
4
w
Z
0
-
w
o
N
<
I

ontinue

{C

1]




HAZLETOMN ENVIRONMENTAL SCIENCES

Table A-1. (continued)
Concentration in pCi/1B
Lab Sample Date HES Result EPA Eesg!t
Code Type Coll. Analysis +20 € +30 , n=1
STW-280 Water Apr. 1982 H-3 2690+80 2860360
STW-281 Water Apr. 1982 Gross alpha 75¢7.9 85+21
Gross beta 114.1+5.9 106+5.3
Sr-89 17.421.8 24+5
Sr-90 10.5+0.6 12¢1.5
Ra-226 11.4£2.0 10.9¢1.5
Co-60 <4.6 0
STW-284 \Water May 1982 Gross alpha 31.526.5 27.5+7
Gross beta 25.9+£3.4 2945
STW-285 Water June 1982 H-3 1970+£1408 1830+340
STW-286 Water June 1982 Ra-226 12.6%1.5 13.4+3.5
Ra-228 11.1£2.5 8.7£2.3
STW-287 Water June 1982 1-131 6.520.3 4,4:0.7
STW-290 Water Aug. 1982 H-3 32104140 2890+619
STW-291 Water Aug. 1982 [-131 94.6%2.5 87+15
STW-292 Water Sept 1982 Sr-89 22.7+3.8 24 .5+8.7
Sr-90 10.9£0.3 14.5+2.6
STW-296 Water Oct. 1982 Co-60 20.0+1.0 20+8.7
In-65 32.325.1 24+8.7
Cs-134 15.321.5 19.0+8.7
Cs-137 21.0:1.7 20.0£8.7
STW-297 Water Oct. 1982 H=3 2470420 2560+612
STW-298 Water Oct. 1982 Gross alpha 32+£30 55+24
Gross beta 81.7¢6.1 81+8.7
Sr-89 <2 0
Sr-20 14.1+0.9 17.2+2.6
Cs-134 <2 1.8+8.7
Cs-137 22.7+0.6 20+8.7
Ra-226 13.6£0.3 12.5+3.2
Ra-228 3.9:£1.0 3.6£0.9
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Table A-1. (continued)

Concentration in pCi/1®

Lab Sample Date HES Result EPA Result
Code Type Coll. Analysis +20C¢ 330, n=1¢
STW-301 Water Nov. 1982 Gross alpha 12.021.0 19.048.7
Gross beta 34.0£2.7 24.,0+8.7
STW-302 Water Dec. 1982 [-131 40.0£0.0 37.0£10
3Results obtained by the Nuclear Sciences Department of Hazleton Environ-
mental Sciences as a participant in the environmenta! sample crosscheck

program operated by the Intercomparison and Calibration Section, Quality
Assurance Branch, Environmental Monitoring and Support Laboratory, U.S.
Environmental Protection Agency, (EPA), Las Vegas, Nevada.

bA11 results are in pCi/1, except for ¢'emental potassium (K) data which
are in mg/1.

CUnless otherwise indicated, the HES results given as the mean 20 standard
deviations for three determinations.

dysePA Eesu1ts are presented as the known values & control limits of 3o
for n=1.

eMean + 2¢ standard deviations of two determinations.

fNA = Not analyzed.

9Analyzed but not reported to the EPA,
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* Code Type

Table A-2. Crosscheck program results, thermoluminescent dosimeters (TLD's).

Lab TLD
Measurement

2nd International Intercomparisonb

115-2b CaF p:Mn Gamma-Field
Bulb

Gamma-L ab

3rd International Intercomparison®

115-3% CaF 2:Mn Gamma-Field
Bulb

Gamma-Lab

4th International Intercomparison9d

115-49 CaF2:Mn Gamma-Field

Bulb
Gamma-Lab (Low)
Gamma-Lab (High)

5th International Intercompar ison?

115-5A"  CaFp:Mn Gamma-Field
Bulb
Gamma-L ab

at beginning

Gamma-Lab
at the end

Hazleton

Result
$20?

17.0¢1.9
20.8%4.1

30.743.2
89.616.4

14.1+1.1
9.3+1.3
40.4+1.4

31.4+1.8
77.445.8

96.6+5.8

mR 1
Average 20

Known (all
Value participants)
17.1€ 16.447.7
21.3¢ 18.847.6
34.9:4.8F 31.5¢3.0
91.7+14.6f 86.2424.0
14.1+1.4f 16.09.0
12.2¢2.4f 12.047.6
45.8+9.2f 43.9¢13.2
30.046.01 30.2¢14.6
75.247.61 75.8+40.4
88.418.81 90.7431.2
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Table A-2. (Continued)

mR a i
: ‘Hazleton 3 Average t 209
Lab TLD Result Known (all
Code Type Measurement +20 Value participants)
115-580 LiF-100 Gamma-Field 30.3+4.8 30.046' 30.2¢14.6
Chips :
Gamma-L ab 81.1¢7.4 75.2+7.6" 75.8+40.4
at beginning
Gamma-L ab 85.4+11.7 88.418.81 90.74131.2

at the end

3 ab result given is the mean +20 standard deviations of three determinations.

Second International Intercomparison of Environmental Dosimeters conducted in April of 1976 by the Health
and Safety Laboratory (GASL), New York, New York, and the School of Public Health of the University of
Texas, Houston, Texas.

Cyalue determined by sponsor of the intercomparison using continuously operated pressurized ion chamber.
Mean +20 standard deviations of results obtained by all laboratories participating in the program.

€Third International Intercomparison of Environmental Dosimeters conducted in summer of 1977 by Oak Ridge
National Laboratory and the School of Public Health of the University of Texas, Houston, Texas.

fyalue +20 standard deviations as determined by sponsor of the intercomparison using continuously operated
pressurized ion chamber.

9Fourth International Intercomparison of Environmental Dosimeters conducted in summer of 1979 by the
School of Public Health of the University of Texas, Houston, Texas.

Fifth International Intercomparison of Environmental Dosimeter conducted in fall of 1980 at Idaho Falls,
Idaho and sponsored by the School of Public Health of the University of Texas, Houston, Texas and
Environmental Measurements Laboratory, New York, New York, U.S. Department of Energy.

Value determined by sponsor of the intercomparison using continuously operated pressurized ion chamber.
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1982 LAND-USE AND MILK ANIMAL CENSUS

by

Gary Downing
and

Kelly Clayton

TOLEDO EDISON COMPANY
DAVIS-BESSE NUCLEAR POWER STATION

DECEMBER 1982



PURPOSE

The Toledo Edison Company performs an annual land-use and milk
animal census to satisfy the requirements of Section 3.2 of Appendix B
Davis-Besse Technical Specifications and Section IV B.3 of Appendix I,
10CFR50. The location of all dairy cows, meat animals and vegetable
gardens within 5 miles of the Davis-Besse Nuclear Power Station were
determined. Locations of dairy goats within a 15-mile radius were also

determined.



BACKGROUND AND METHODS

Appendix I to 10CFR50 states "The licensee shall establish an
appropriate survelllance and monitoring program for c¢valuating doses
t0 individuals from principal pathways of exposure.” Appendix B to
Davis-Besse Technical Specifications states "An annual census of
animals producing milk for human consumption shall be conducted at the
start of the grazing season to determine their location and number with
respect to the site". Pathways are defined as any means by which radio-
nuclides can get into the human food chain. Pathways recorded in the
land-use and milk animal census are residences, vegetable gardens,
milk animals and beef animals. The dose is determined by: (1) release
rate - the actual amount released to the environment; (2) meteorology -
the actual meteorological conditions during the time of release (includes
atmospheric stability class, wind velocity and wind direction).

A preliminary land-use census was done in September, 1¢3l1. The
1982 land-use census field work was done June 15 - June 18, 1982, while
the milk animal census was done May 25 and 27, 1982. Local agencies
such as the Goat Dairyman Association, and the Ottawa County and Sandusky
County Cooperative Extension Agencies provided lists of dairy animal
owners in their areas. The Ottawa County agency confirmed the presence
of all beef cattle, milk cows and milk goats reported within the S5-mile

radius of the station.

RESULTS
The results of the 1982 land-use and milk animal census are

presented in Table 1.
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Nuclear Regulatory Commission, 1982

Code of Federal Regulations" 10CFR Part 50, Appendix I, Section IV B.3
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Nuclear Regulatory Commission, 1979
"Radiological Effluent Technical Specifications for PWI's".

NUREG 0472

NUS Corporation, June 4, 1976
"Davis-Besse Nuclear Power Station Unit No. 1" Evaluation of Compliance

with Appendix I to 10CFR50
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PATHWAY IDENTIFICATICN

Distance (meters)
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Evaluation of Compliance With
Appendix I to 10CFR50: Updated
Population, Agricultural, Meat-Animal,
and Milk Production Data Tables

for 1982

Prepared by

Kelly L. Clayton



PURPOSE

Within the guidelines of Appendix I to 10CFR50 are recommenda-
tions to perform a survey of the 50-mile region surrounding any
nuclear power reactor. This survey should determine the number of
people, meat-animals, milk-animals, and crop production for this
region. These factors were determined to be key receptors in an
environmental assessment of the effects of a nuclear power station
on the environment.

Therefore, Toledo Edison personnel have updated data tables
containing the following information for the Davis-Besse Nuclear
Power Station: population, annual vegetation production, annual
meat production, and annual milk production. The main purpose of
updating this information is to incorporate the results of the 1980
United States Census statistics now available.



METHODS

Several methods were used to determine the distribution of popu-
lation; annual crop production, meat production, and milk production
for a 50-mile region surrounding the Davis-Besse Nuclear Power Station.
First, the 50-mile region was divided into 160 subregions (segments)
formed by sectors centered on the 16 cardinal compass directions and
annuli of 0-1, 1-2, 2-3, 3-4, 4-5, 5-10, 10-20, 20-30, and 40-50 miles.
The 50-mile region centered at the Davis-Besse Nuclear Power Station
covers the State of Ohio, the State of Michigan, and the Province of
Ontario, Canada. Sixteen counties are included within this region
with 9 locared in Ohio, 4 in Michigan, and 2 in Ontario. County
agricultural statistics for 1981 were used in distributing crop, meat,
and milk production throughcut the 50-mile subregions.

Subregions located over water (Lake Erie), State or National
parks, refuges, or wildlife preserves were removed from this study.

In similar fashion, segments within highly urbanized areas were
eliminated from agricultural distribution since crops, meat-animals,
and milk-animals would be in extremely low concencrations.

Crop production throughout the entire 50-mile region was deter-
mined from county statistics. The crop statistics used for this dis-
tribution were: corn, soybeans, wheat, oats, hay, sugarbeets,
tomatoes, and cucumbers. The annual meat production and milk pro-
duction was determined from county statistics on beef-cattle and
sheep marketed annually and the number of pounds of milk sold annually.
However, county statistics were used for meat and milk production only
within subregions located 5-50 miles from the station.

Due to the 0-5 mile region from the Davis-Besse Nuclear Power
Station being a more critical area, an accurate distribution was
important. Meat, milk, and population distribution were determined
from 1982 field work data and confirmed by the Ottawa County Coop-
erative Agriculture Extension Agency. Meat-animal distribution was
derived from the number of beef cattle located in each 0-5 mile sub-
region. Similarly, milk production was determined by the number of
milk-cows and milk goats in each subregion. Milk production was cal-
culated from the average daily production rates for these animals.

Population located in subregions of 0-5 miles was determined by
the number of houses within each subregion. The number of houses
per subregion was multiplied by the average number of individuals
occupying such households (2.0). The number of individuals per
household in these subregions had been previously determined by the
Emergency Planning Group for their evacuation procedures. Again 1980
census statistics were used.

Finally, population distribution in 5-50 mile subregions was per-
formed by a computer program designed by the Control Data Corporation.
This program used 1980 U.S. census statistics plus 1976 Canadian pop-
ulation figures.



The final data on population and agricultural distribution were
put into tabular form where the vertical columns represent the
cardinal compass directions and the horizontal columrs represent the
number of miles each subregion is located from Davis-Besse Nuclear
Power Station. The final results were converted into the following
units: Annual vegetable production in kilograms, annual meat produc-
tion in kilograms, and annual milk production in liters.
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BIOLOGICAL MONITORING

1982 STUDIES OF THE ASIATIC CLaM (CORBICULA)

ENVIRONMENTAL IMPACT APPRAISAL OF THE DAVIS-BESSE
NUCLEAR POWER STATION, UNIT 1 ON THE
AQUATIC EcoLoGy OF LAKE ERIE 1973-1979
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INTRODUCTION

The Asiatic clam (Corbicula) was first noted in North America when speci-
mens were taken from the Columbia River in 1938. The clam gradually
migrated eastward (Ingram et al., 1964; Britton and Murphy, 1977), and by
1957, specimens were being collected from the Ohio River Basin (Sinclair
and Isom, 1963). By 1971, the clam was found in the Atlaat.c drainage in
Georgia and began to move northward (Fuller and Powell, 1973; Sickel,
1973, Trama, 1982). As the Asiatic clam spread, it occasionally caused
blockage of industrial and municipal raw water systems (Ingram, 1959;
McMahon, 1977; Goss et al., 1979; Harvey, 1981). Concern that nuclear
power plants might be adversely affected caused the United States Nuclear
Regulatory Commission (USNRC, 1981) to note that under certain conditions
the Asiatic clam might pose a significant threat to power plants due to
colonization and subsequent blockage of raw water systems. The USNRC
requested that all nuclear power plants determine if the Asiatic clam was
found in the source water and if there was a potential problem with flow
blockage at the plants due to the clams. Since there were two recent
reports of this clam being found in the western basin of Lake Erie (Detroit
Edison, 1981; Clarke, 1981) we decided to conduct a survey to better
quantify the distribution of the clam in the areas around the three Toledo
Edison power plants. In 1981, our initial surveys revealed that Corbicula
were found in the thermal plumes of the Acme and Bay Shore Generating
Stations. Population densities ranged between 33 and 78 individuals per
square meter. No Corbicula were found in the vicinity of the Davis-Besse
Nuclear Power Station (Scott-Wasilk et al., 1982).

The monitoring program continued into 1982, and this report describes the
results of that monitoring. In 1982, we continued to closely monitor the
area around Davis-Besse for Corbicula. We also began a study of growth

rate and patterns of the Corbicula population in the Bay Shore discharge.
Bay Shore was chosen for the growth study because it has a l:rge, apparently
stable population and the discharge is readily accessible to sampling
equipment and people.

Sampling was also conducted at the Acme Generating Station and the Cleveland
Electric Illuminating Company's Eastlake Power Plant.

MONITORING LOCATIONS

Surveys were conducted in the vicinity of four power plants. Three plants
are operating by the Toledo Edison Company - Acme Generating Station, Bay
Shore Generating Station and Davis-Besse Nuclear Power Station. One plant
is operated by the Cleveland Electric Illuminating Company - Eastlake
Power Plant.

The Davis-Besse Nuclear Power Station is a nuclear-fueled generating
facility with a net electrical capacity of 890 megawatts. It is located
near Locust Point at the mouth of the Toussaint River. The condenser
cooling water system is closed cycle with a natural-draft cooling tower
used to dissipate heat into the atmosphere. A submerged cooling water
intake crib is located about 900 meters from the shoreline. Water from
the cooling tower blowdown and other plant systems is discharged through a
submerged pipe 370 meters offshore in Lake Erie. The discharge is about

3=
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level. This finding may demonstrate a selective adaptation on the part of
Corbicula for coping with the rigors of the cold temperatures of this
region. McMahon (1982) believes that with its introduction into the Great
Lakes (Clarke, 1981), Corbicula have probably reached the extent of their
northern distribution in North America. From a survival standpoint, this
mid-summer cut-off in spawning may reflect the inability of the clam
larvae produced after that time to reach a size sufficient to allow for
over-winter survival.

Consistent with our 1981 findings, there is no indication that Corbicula
have spread beyond the confines of the plumes of the Acme or Bay Shore
Generating stations. With the temperatures outside the thermal .lumes of
these two power plants remaining at 0°C for the entire months of January
and February, no Corbicula would be expected to survive over-winter in
other Lake Erie locations. Past investigations (Mattice, 1976) have found
that the ultimate lower lethal temperature is about 2°C.

We found no indication that Corbicula are established in the vicinity of
the Davis-Besse Nuclear Power Station.
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TABLE 1. SAMPLING RESULTS

1982
Power . ' " g ‘No. of “No. of
Plant Location Samples Equipment clams lemp . Substrate
Bay Shore Discharge 20 Ekman 6 19°-20°C rocky
Acme Discharge 20 Ekman 6 19°-20°C rocky
Acme Intake B Ekman 0 17°C loose sand/clay/muck
Bay Shore Intake 8 Ekman 0 18°C sand and clay
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PREFACE

The Ohio State University's Center for Lake Erie Area Research has
conducted an aquatic ecology monitoring program in Lake Erie in the
vicinity of the Javis-Besse Nuclear Power Station for the Toledo Edison
Company since April 1973. This effort has been supervised by Drs. Charles
E. Herdendorf and Jeffrey M. Reutter. Or. Herdendorf took responsibility

for water quality analyses, and Dr. Reutter was responsible for biological
analyses.

The following report provides an appraisal of the impacts of the
operation of the Davis-Besse Nuclear Power Station, Unit 1, on the aquatic
environment of Lake Erie in the vicinity of the Station. The primary

responsibility for the preparation of the varicus components of the report
are designated below:

Charles E. Herdendorf

Introduction
Station Description
Aquatic Environment
Impact Appraisal

-- Water Quality

Jeffrey M, Reutter

Executive Summary

Station Description

Impact Appraisal

-- Plankton Studies

-- Benthic Studies

-- Fisheries Population Studies

-=- Ichthyoplankton
Fish Egg and Larvae Entrainment
Fish Impingement
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EXECUTIVE SUMMARY

The Davis-Besse Nuciear Power Station is located in Ottawa County,
Ohio, at Locust Point on the southwest shore of Lake Erie, about 21 miles
east of Toledo. Unit 1 has a net electrical capacity of 906 MWe and a
closed cycle cooling system which dissipates heat to the atmosphere by
means of a natural-draft cooling tower, 493 feet high and 415 feet in
diameter at its base. Make-up water for cooling purposes is drawn from
Lake Erie from a submerged intake crib 3000 feet offshore through a buried
eight-foot diameter conduit to a closed, but uncovered, intake canal. The
canal is approximately 2950 feet long and terminates at the trash racks of
the intake structure. Water is drawn through the intake crib and conduit
by gravity. Design capacity for Unit 1 is 42,000 gpm with a resultant
approach velocity through the crib ports of 0.25 ft/sec. Cooling tower
olowdown is discharged at a point approximately 1200 feet offshore through
a six-foot diameter buried conduit which terminates in a hig% velocity
nozzle to promote rapid mixing. The maximum allowable AT is 20°F.

Studies of the aquatic environment in Lake Erie in the vicinity of
the intake and discharge of this station were initiated in 1973. From 1973
to 1979, with few exceptions, the following parameters were sampled,
during ice-free times, at approximately munthly intervals: water quality,
phytoplankton, zooplankton, benthic macroinvertebrates (60-day intervals
in 1977, 1978, and 1979), fish, and ichthyoplankton (approximately 10-day
intervals during the spring spawning season). Ichthyoplankton entrainment
studies and fish impingement studies were initiated after the plant began
operating in August 1977. As is to be expected when a new unit first goes
"on line", Unit 1 was operated sporadically from August 1977 through
December 1379, It is the purpose of this report to appraise the impact of
unit operation on the aquatic environment Dy comparing results obtained

prior to unit operation with those obtained from September 1977 through
December 1979.

Water Quality. Eighteen water quality parameters were monitored at
approximately monthly intervals beginning in April 1974. In general the
quality of Lake Erie water in the vicinity of the Station's discharge
structure has remained relatively constant over the past seven years. The
concentrations of dissoived and suspended substances were slightly higher
during the operational period, particularly: chloride, magnesium, silica,
sulfate, nitrate, turbidity, and suspended solids. Dissolved oxygen and
phosphorus were slightly lower after operation. The magnitude of these
differences was not great and appeared to be caused by the general

condition of the nearshore waters of western Lake Erie rather than Unit
operation.

Phytoplankton. Quantitative estimates of phytoplankton densities at
Locust Point were obtained at approximately monthly intervals from 1974
through 1979. Operatioral phytoplankton densities were larger during the
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spring and fall ‘than pre-cperational densities. This was a natural
phenomenon occurring throughout the nearshore waters of western Lake Erie
and not caused by unit operation.

Zooplankton. Quantitative estimates of zooplankton densities in
Lake Erie at Locust Point were obtained at approximately monthly intervals
from 1973 through 1979. With the exception of cladoceran densities, which
were very similar during the pre-operational and operational studies,
zooplankton operational densities, though generally similar to pre-
operational densities, were somewhat lower than the corresponding pre-
operational monthly density. However, these differences appeared to be
due to natural phenomena occurring along the south shore of the Western
B8asin and not related to unit operation.

Benthic Macroinvertebrates. Benthic macroinvertebrate densities in
Lake Erie at Locust Point were observed at approximately 30-day intervals
from 1973-1976 and 60-day intervals from 1977-1979. Operational densities
were within the ranges established during the pre-operational study for
every month except September. Differences were attributable to natural
variation.

Fish. Monthly gill net catches from Lake Erie near Locust Point from
1973-1979 were used to evaluate the impact of unit operation. Fish
populations for each of the eight major species at Locust Point, alewife,
channel catfish, freshwater drum, gizzard shad, spottail shiner, walleye,
wnite pass, and yellow perch, and the density of all species combined
show?d little or no variation between pre-operational and operational
results.

Ichthyoplankton. Ichthyoplankton densities from Lake Erie in the
vicinity of the intake and discharge were monitored at approximately 10-
day intervals from 1974 through 1979. Tremendous variability was observed
from year to year. However, due to the similarity in densities observed at
the intake and discharge and control stations, there is indication that the
activities of the Power Station have not significantly altered these
populations.

Entrainment. Ichthyoplankton entrainment estimates were not
developed until the spring of 1978 as entrainment is an operational
phenomenon, and there were few, if :ny, ichthyoplankters in Lake Erie to be
entrained during the first fall and winter of the operational period
(September 1977 - March 1978). During 1978 and 1979, the number of
ichthyoplankters entrained was insignificant compared to lake populations.
Furthermore, the off-shore intake, where larvae densities are lower, and
the low intake water volume due to the cooling tower and closed cycle
cooling system, result in a very low-level impact on western Lake Erie
fish populations.

Impingement. Fish impingement at the Davis-Besse Nuclear Power
Station was estimated from measurements of approximately 24 hours taken
approximately 3 times per week from January 1, 1978 to December 31, 1979.
Goldfish was the species most commonly impinged, representing 49.9 percent
(1978) and 78.6 percent (1979) of the total number of fish impinged. By
number, the 6,607 fish impinged during 1978 were 0.04 percent of the Ohio
1978 sport fishing harvest, while the 4,385 fish impinged during 1979 were



0.03 percent of the Chio 1978 sport fishing harvest. 3y weight,
impingement was less than 0.001 percent (both years) of the Ohio 1978 sport
fishing harvest. These figures become even less significant when one
realizes that the Ohio sport catch was only 33.4 percent of the Chio 1978
commercial catch and only 15.9 percent of the 1978 commercial catch from
all of Lake Erie.

onclusion., Based upon the results obtained to data, there are
indications that operation of the Davis-3esse Nuclear Power Station, Unit
1, has had no short-term deletarious effects on the Lake trie ecosystem.
Therefore, it is the conclusion of this appraisal that the Station has not
significantly altered the aquatic environment at L_ocust Point and that

long-term deleterious impacts are unlikely.




INTRODUCTION

The Davis-Besse Nuclear Power Station, Unit 1, initiated commercial
operation on August 29, 1977 (Table 1). The purpose of this report is to
provide an appraisal of the impacts of station operation on the aquatic
environment of Lake Erie. A pre-operational aguatic ecology monitoring
program at the Station was begun in 1973-1974 and continued through the
construction period. The program consisted of monitoring 18 water quality
parameters and biological populations, including plankton, benthos and
fish. Normally samples were taken monthly during the ice-free seasons on
Lake Erie. Once commercial operation was started, the monitoring program
continued essentially unchanged, except for the addition of fish
impingement/entrainment studies. This report will attempt to compare
natural water quality/biological variability, as measured during the pre-
operational period, with values obtained during the operational period.
The details of the monitoring program are found in Appendix B to License
NPF-3 "Environmental Technical Specifications”.

For the purposes of this report, the pre-operaticnal period is
considered to be from 1973 or 1974 (depending on when monitoring for a
particular parameter began) to August 31, 1977. The operational period
considered is from September 1, 1977 to December 31, 1979. The Station's
operating history, including: 1) reactor power record, 2) electrical
power record, 3) intake and discharge temperature records, 4) water
pumping record, and 5) water discharge record are presented in Figures 1 to
10. It can be seen from these figures that during the period of operation
being considered, average generation was approximately 33% of its
potential capacity. This circumstance was largely due to several months of
maintenance outage during the summer of 1978 and the Three-Mile Island
Incident in 1979. Of the 28 operational months being considered in 1977,
1978, and 1979 water quality/biological sampling and mean unit output of
greater than 453 MWe (50% capacity) coincided during six months.

STATION DESCRIPTION

Station Location

The Davis-Besse Nuclear Power Station, Unit 1 is located in Ottawa
County, Ohio, on the southwest shore of Lake Erie, about 21 miles east of
Toledo. The 954-acre site is located in Carroll gownship adjacent _to the
mouth of the Toussaint River (coordinates: 41735'57" N and 83%5' 28"
W).The site has 7,250 feet of Lake Erie frontage (Figure 11). This section
of shoreline is flat and marshy with a maximum elevation only a few feet
above the lake level (U.S. Atomic Energy Commission, 1973).




General Station Description

Unit 1 is a nuclear-powerad electric generating facility with a net
electrical capacity of 906 MWe. The facility utilizes a pressurized water
reactor (PWR) manufactured by Babcock and Wilcox Company. Most of the heat
from the turbine steam condenser is dissipated to the atmosphere by means
of natural-draft cooling tower, 493 feet high and 415 feet in diameter at
its base.

Cooling Water Intaks Design

The cooling water intake shown in Figure 12 is made up of three
principle elements; the intake crib and conduit, intake canal, and intake
structure. The Unit obtains its cooling water from Lake Erie through the
intake crib. Water entering the intake crib flows by gravity through the
eight-foot diameter intake conduit buried beneath the lake bottom to the
intake canal. The water then flows through the intake canal to the intake
structure located at the west end of the intake canal forebay. From the
intake structure cooling water will be pumped to the various systems within
the unit. These three principle components are described in detail in the
following sections.

Intake Crib. The intake crib for the Davis-Besse Nuclear Power
Station is located in the Western Basin of Lake Erie approximately 3000
feet offshore from the land area commonly known as Locust Point in
approximately 11 feet of water at low water datum (568.6 ft. I[.G.L.D.).
The lake area off of Locust Point has been identified as an area of
constant sand movement. The intake crib is a wooden cross shaped structure
rising 3'-10" above the lake bottom with intake screens (ports) located in
the ends of each of the four arms so that water enters the crib downward
through the ports. At the design maximum flow of 42,000 gpm, the intake
velocity has been calculated at 0.25 ft/sec (U.S. Nuclear Regulatory
Commission, 1975). Table 2 shows calculated intake velocities for various
pumping rates. At the 42,000 gpm design flow rate, the velocity through
the eight-foot diameter conduit would be approximately 1.8 ft/sec. This
design is similar to the one used at the Oregon, Ohio, and Port Clinton,

Ohio, municipal water intakes. Figure 13 shows the similarities of these
intakes.

Normal practice in intake design has been to locate intake cribs in
20 to S50 feet of water to avoid ice formation and the possibility of
blockage from ice jams. Inlet ports should be located four to eight feet
off the bottom to minimize the uptake of sand, silt, and other sediment.
However, adherance to these practices has not always been possible in the
Western Basin of Lake Erie because of its shallowness. This is the case
with the design chosen for the Davis-Besse intake crib. The Davis-Besse
intake crib is located in relatively shallow water, 11 feet below low water
datum, and five feet below the lowest water level experienced at the site,
562.9 IGLD computed from the Toledo gauging station records corrected to
the site. Therefore, the intake design must be such that the crib will not
be exposed by low water and the intake ports have to be high enough off the
bottom that sand and sediment are not drawn into the crib. Locating the
crib in deeper water was finvestigated but found not to be a
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viable alternative. Water depths of 20 feet are not reached in the
vicinity of the site until approximately four to five miles from shore.
The design finally chosen utilized a downward flow of water into the crib
so that the intake ports could be located as far off the lake bottom as
possible and still be under water during lTow lake level conditions.

Ouring the design of the intake crib, consideration was given to
using velocity caps to change the direction of the intake flow from
vertical to horizontal. However, this did not turn out to be feasible,
since under low lake level conditions the upper portion of the velocity
caps would have been above water. Also, since the velocity caps would
protrude above the top cf the intake cri>c, they would be subjected to
winter ice conditions. These ice conditions, floating ice, and wind blown
ice masses, wouid most likely damage the velocity caps annually and in
doing so could cause structural damage to the intake crib itself.

Intake Canal. The intake canal is an open channel with earthen
embankments to convey water from the intake conduit (bringing water from
the intake crib) to the intake structure located immediately east of Unit
No. 1. The intake canal is approximately 2950 feet long including the
forebay and is separated from the lake by a sand beach and beachfront dike
constructed of large limestone rip-rap. The canal is approximately 40 to
45 feet wide at the bottom, with 3:1 side slopes and a water depth of 13 to
14 feet at normal lake levels except in the vicinity of the intake
structure where it widens to form the forebay. At a flow rate of 42,000
gpm, the calculated velocity in the intake canal is approximately 0.1l
ft/sec. The intake canal forebay is approximtely 800 feet long, 200 feet
wide, at the bottom, with 3:1 side slopes and a water depth of 16 to 17 feet
at normal lake levels. ;

Intake Structure. The intake structure is shown in Figure 14 and is
located at the western end of the intake canal forebay. All of the water
which is used by the unit is pumped via the pumps located in the intake
structure. The following pumps are located in the intake structure.

Service Water Pumps - 2 operating, 1 standby
Cooling Tower Makeup Pump - 2 used as required
Dilution Pump - 1 used as required

Water Treatment Feedpumps - 1 operating, 1 standby
Screen Backwash Pumps - 2 used as required

These pumps are preceded by the trash racks and traveling screens.
The trash racks are fixed screens, have 4-inch by 26-inch openings, and
will be manually cleaned. The traveling screens have %-inch square
openings and will be automatically cleaned either on a pre-set time
interval or differential pressure across the screens. The impinged
material washed from these screens is sluiced through a trough to a holding
basin with an overflow weir discharge to allow monitoring of this material.
Collections of impinged fish were made by placing a basket within the
trough itself.



Water Use

The quantity of water used for cooling at the Davis-Besse Nuclear
Power Station, Unit No. 1, has been minimized by using a closed cycle
cooling water system and a natural draft -ooling tower. The unit's water
usage is also minimized by recycling the heated discharge from the service
water system and using it as makeup to the closed cycle cooling water
system. This exceeds the requirement of 40 CFR 423.13, "Effluent
limitation guidelines representing the degree of effluent reduction
attainable by the application of the best available technology
economically achievable" as well as 40 CFR 423.15, "New Source Performance
Standards" which would permit the heated discharge from the service water
system to be discharged, provided it meets chlorine limitations. Table 3
shows the unit's maximum, minimum, and average water usage for each month
during 1978 at the intake crib.

Discharge System

A1l station effluents (except storm water drainage and certain
building drains which go to the Toussaint River) are mixed in the
collection box prior to discharge into Lake Erie. Most of this mixture is
cooling tower blowdown water and its associated dilution water which is
added so that the concentration of dissolved solids in the discharge will
be less than twice the concentration in the lake. The collection box has a
small volume compared with the flow rates into it, and, therefore, the box
merely serves to mix the various effluents. From the collection box, the
station discharge flows through a six-foot diameter buried pipe to the
slot-type jet discharge structure (4.5 feet wide x 1.5 feet high) 1200 feet
offshore in Lake Erie (Figure 12). The alevation of the collection box
provides the necessary head for discharge through the pipe to the lake
under all predicted water level conditions. The s%ot-type discharge has an
exit water velocity of about 6.5 ft/sec at the design maximum discharge
flow of 20,000 gpm. The nominal calculated water velocity of 3.6 ft/sec,
at the typical discharge rate of 11,000 gpm, promotes rapid entrainment and
mixing with lake water. The lake bottom has been rip-rapped with rock for
about 200 feet in front of the slot discharge to minimize scouring of the
lake bottom and associated turbidity.

Chemical Discharge. All of the maieup water to the recirculating
systeM"Thoo1ing tower; is partially neutralized with sulfuric acid,
releasing carbon dioxide, and thereby reducing the amount of scale formed
in the condenser. The only other chemical added to the circuits fis
elemental chlorine for defouling. The recirculating cooling water
blowdown contains the major fraction of all chemicals discharged to Lake
Erie. Due to the evaporation of water in the cooling tower, the
concentration of dissolved solids in the recirculating water is
approximately double that in the lake. Because of the addition of sulfuric
acid and the loss of carbon dioxide, the sulfate ratio is slightly higher
and the carbonate ratio is slightly lower in discharge water while ratios
for various other chemicals are the same as in lake water.

Thermal Discharge. The discharge of cooling tower blowdown from the
station's submerged discharge structure generates a thermal plume in Lake




Erie. The plume is calculated to have a maximum surface area of 0.7 acres
(4.S. Atomic Energy Commission, 1973). The temperature difference between
cooling tower blowdown water and ambient |ake water ranges as high as 309,
Lake water is used to dilute the blowdown so that the effluent to the lake
never exceeds 2.9 above ambient lake water temperature.

AQUATIC ENVIRONMERN.

Habitat Description

Locust Point and Western Lake Erie. Llocust Point is a gently curving
headland on the <outh shore of western Lake Erie, approximately ten miles
west of Port (linton, Ohic (Figure 15). The Davis-3esse Nuclezar Power
Station is located on a 954-acre tract of land on this point. The terrain
of the point is relatively flat and contains about 600 acres of marshland.
The Station hcs a 7,250-foot frontage on Lake Erie along the point. The
point has a relatively stable barrier beach which separates Navarre marsh
from the lake. The shore is not tending to straighten itself or advance
over the wetland which 1is wusual for barrier ocaches with such a
configuration. This may be in part due to the extensive rip-rap dike
placed on the berm of the beach during the record-nigh water levels of the
1972 and 1973. The dike now protects the Station site, as well 2s the
wetland, from :he lake encroachment.

Hydrographic surveys show a very gentle siope of the lake bottom from
the shore out far a distance of at least 4000 feer (" ‘gure 15). Twe sana
bars typically lie ir the nearshore zone, one at 120 feet offhore and the
other at 280 feet fr¢ i the beach. The deeper ar2a between .he beach and
the first sand bar ‘as 2 thin bottom layer of fluffy s 1t and shell
fragments over the sand. The inshore slope of the first tar contains an
abundant popu’ation of naiad clams. The sand bottom, generally medium- to
fine-grained, extends to 300 feet offshore (5.0 feet water depth, IGLD,
1955). At this point the Dottom deepens by 0.5 feet and is composed of
hard, glaciolacustrine clay which forms a 500 tc 700-foct «ide strip around
the point. Lakeward the bottom again becomes sandy and the sand increases
in thickness in a lakeward cirection. The 1dke reaches 2 depth of ten feet
at a distance of 200 feet offshore and 12 feet at 4CQ00 feet offshore. The
sand and gravel bottom, underlain by hard clay persists lakeward to the
rocky reefs about three milas offshore (Figure 16,.

The offshore reefs consist of bedrock and a-sociated rock rubble and
gravel. The tcpography of the reef tups ranges fram rugged surf:ices caused
by bedrock pinnacles and large ancular bouiders, to smooth slabs of
horizontally bedded rock. In places the exposed becrock has the appearance
of low stairs with staps dipping slightly to the zast from the crast to the
fringe of the submerged reef. A1l of the bedrock formations that form the
reefs and shoals are carbonate rocks which contain abundant solution
cavities, in many cases up %o one or two ¢n in digmeter. The bedrock
itself is commonly masked %y rubble composed of both autochthonous and
glacial origin and ranging frum small pebbles to bouiders up to five feet
in diameter. On the reefs, isrlated patches cf sand and gravel fill
vertical Joint cracks and sma1 depressions in the Sedrock; at the fringes
of reefs, sand and grave! beds or glacial ti11 lap over the rock. DOuring
quiet periods the rocks are often covered by a .nin layer of fluff,
organic-rich siit, which can be several millime*ers thick (Herdendor?,
1970).
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Lakeward of the reefs the depths increase rapidiy to 24 feet. dere
the bottom is composed of mud (semi-fluid silt and clay-sized particles)
and less than ten percent sand (Figure 16).

The lack of permanent siltation on the bedrock and gravel reefs make
them the only suitable sites for “clean water" benthic organisms such as
certain mayflies, caddisflies, isopcds, and amphipods. These organisms
are important in the food web of many of the commercial and game fish
specias of western Lake Erie. The absence of these invertebrate animals on
or in the adjacent mud bottoms limits fish feeding to the reefs and inshore
areas.

The reefs project above the bottom and they are generally areas of
higher energy due to the force of waves and currents. These factors allow
simulation of the environment found in the riffles of streams. Several
species of fish, particularly walleye and white bass, appear to have
enjoyed success in Lake Erie because of the availability of this type of
habitat.

Because of the lack of shelter in the nearshore zone at Locust Point,
except che intake and discharge structures, the area does not appear to
support a large resident fish population. Monthly fish collections in this
area (gill net, shore seine, and trawl) show great variability in species
composition and relative abundance which strongly suggest a transient fish
population. Resuits from 17 years of sampling at Locust Point indicate
that 51 different species of fish have been captured (Table 4), but only
ten species are of any real numerical or comme :ial significance. Alewife,
carp, gizzard shad, white bass, emerald shiner, spottail shiner, yellow
perch, channel catfish, freshwater drum, and walleye constitute over 97%
of the total number that were captured (Reutter and Herdendorf, 1976).

The general flat or gently sloping lake bottom in the nearshore zone
(within one mile of the shore) of Locust Point is broken only by the intake
and discharge structures and uneven clay fill along the route of the buried
pipelines. An ice barrier of rip-rap rock has been constructed on the lake
side of the intake crib, and a scour prevention apron of similar material
has been placed on the bottom lakewaru of the discharge slot. In 1976,
icthyoplankton sampling stations were established in the vicinity of the
water intake discharge structure as well as control stations at similar
distances offshore in an attempt to determine if these structures were
fnducing higher than normal fish spawning rates for their position
offshore. The populations at these structures were within the normal range
observed at the control station, indicating that the populations at the
intake and discharge structures were not unusual for their position in the
nearshore zone (Reutter and Herdendorf, 1976).

Intake Canal. In September 1974, the intake canal was poisoned to
eliminate resident fish prior to the operation of the Station. During
periods of 1972 and 1973 the intake canal was open to Lake Erie, and fish
were free to enter the canal through an opening at the beachfront. In 1974
the canal was closed at the beach and the only water communication with the
lake was via the 3000-foot-long, buried, intake pipe. Immediateiy prior to
the poisoning, 22 trawls yielded 411 fish orf 18 species. Trawls taken in
the canal in October 1974, one month after poisoning, yielded cnly one
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fish, an adult carp, indicating that the kill was essentially compiete.
The benthic population was also destroyed in the process (Reutter and
Herdendorf, 1975). Later trawls, in summer 1975, yielded 420 individuals
of 13 species indicating some fish were entering the crib and traveling vra
the pipeline to the intake canal. The most common species found in the
can:l were white crappie, bullhead, black crappie, carp, yellow perck, and
sunfish,

Trawls in the intake canal were not continued after 1975. However,
there is evidence that white crappie, goldfish, and other species have
developed resident populations in the intake canal, and these populations
represent a sizeable percentage of the fish impinged on the traveling
screens. The size, age classes and relative abundance of species impinged
at the Station are markedly different than individuals captured with
trawls and gill nets in the vicinity of the intake crib.

The intake canal is constructed of earthen walls and has a mud bottom
over hard clay. The steep-sided walis of the canal preclude the
development of extensive aquatic vegetation. The entire surface of the
canal is unshaded. Velocities in the canal during 1978, are calculated to
have had a maximum, minimum, and mean velocity of 0.16, 0.02, and 0.06
feet/sec, respectively.

Hydrology

Circulation Patterns. Western Lake Erie is dominated by the large
in-flow of the Detroit River with a mean flow of approximately 210,000 cfs.
The mid-channel flow of this rive= penetrates deep into the Western Basin,
at times reaching the vicini‘y of Locust Point. The Maumee River, with an
average flcw of 4,700 cfs, is the second largest stream flowing into the
lake and carries 37 percent of the sediment loading to the basin, but
accounts for less than three percent of the total water drainage to Lake
Erie. Maumee River water enters the lake through Maumee Bay where it
divides into a northern flow along the Michigan shore and an eastern flow
along the Ohio shore toward Locust Point. The Toussaint River, with an
average flow of only 76 cfs, is a minor contributor to circulation patterns
in the vicinity of Locust Point.

East of the dominating effect of the Detroit River, the prevailing
southwest winds produce a clockwise surface flow around the Bass Islands to
the northeast of Locust Point. However, this surface flow is often altered
by changes in the direction, intensity, and duration of the wind. Strong
winds from any direction can drive the surface currents over most of the
basin toward the windward shore (Herdendorf, 1975). Current maps of
western Lake Erie in the vicinity of Locust Point for various wind
conditions are presented by Herdendorf (1970). Bottom currents have
essentially the same pattern as surface flows in that part of the basin
influenced by the Detroit River. However, in other parts of the basin
bottom currents are commonly the reverse of and compensate for strong,
wind-driven, surface currents.

Herdendorf and Braidech (1972) measured currents at 68 stations in
the vicinity of Locust Point and the offshore reefs during a three-year
study. The average recorded velocity for surface currents was 0.28 knots



(0.48 feet/sec) and 0.15 knots (0.26 feet/sec) for bottom currents. These
velocities are not capable of eroding bottom material, but are able to
transport fine sand, silt, clay, and fish eggs or larvae once they have
been placed in suspension. Velocities in excess of 0.5 knots (0.84
feet/sec) were reccrded on the reefs but not in the nearshore zone at
Locust Point., The mean intake velocity for the Station is approximately
half of the average bottom current velocity measured by Herdendorf and
Braidech (1972).

Littoral Drift., Locust Point is at a position of diverging littoral
(alongshore) drifts of sand which ordinarily would result in the beach
being starved of sand because of movement east and west away from the
headlands which form the point. However, the shore is apparently
maintained at near equilibrium by replenishment from an extensive sand and
gravel deposit which lies north of a narrow strip of compact
glaciolacustrine clay that fronts the point beyond the sandy nearshore
zone. Transportation of this material from offshore to the beach can be
accomplished by at least three forces: 1) currents induced by wind action
of Detroit River flow; 2) wave action; and 3) ice shove. Most of the sand
probably migrates shoreward by wave action and currents generated by
northeast and northwest storms. Evidence for the shoreward movement of
sand can be found in the position of bars before and after major storms.
For example, fathometer profiles of the lake bottom at Locust Point before
(13 June 1972) and after (28 June 1972) tropical storm Agnes revealed t<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>