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INTRODUCTION

Environmental evaluation.of potentiél nuclear power plant sites
has become a critical prerequisite for expediting permit application and
construction stages of nuclear power generating stations. Specifically,
section 50.34 of 10CFR Part 50 of the AEC regulations requires submission
of Preliminary and Final Safety Analysis Reports for construction and
operation permits, respectively. In addition, AEC's implementation of
the National Environmental Policy Act (NEPA, PL90-190) requires submission
of an Environmental Report at each stage for consideration by the Commission's
regulatory -staff, The most recent guidelines directing the organization
apnd content of Environmental Reports to be submitted to the AEC are presented
in Regulatory Guide 4.2 (March, 1973).

The American Electric Power Service Corporation, through its
regional subsidiary, The Ohio Power Company, has retained Battelle Columbus

Laboratories and The Ohio State University under separate contract to conduct

investigations pertaining to selected considerations of the characteristics

and potential impacts contingent to development of a potential nuclear power
plant site. The Site consists of an approximately 2,600-acre tract located
at N 41°24'40" - W 82°56'15", about eleven miles west of the City of Sandusky,

Ohio. The northern boundary of the Site is formed by the shoreline of the

- western basin of Sandusky Bay., Hereinafter, this tract will be referred to

as the Site.

Phase I investigations established an initial baseline characteri-
.zation of the Site and included a preliminary assessment of the environmental
suitability of the Site for comstruction and operation of a nuclear power
plant of up to 5,000 M{ capacity. Preliminary assessments of environmental
impacts which might occur due to Site development were alsc rendered. The
results of these investigations are presented in Battelle Columbus Labora-
tories' Phase I Report submitted to The American Electric Power Service

Corporation in February, 1973,

Phase II was initiated in March, 1973, in order to build upon
many of the investipgations initiated during Phase I. This is a progress
report containing the interim results of BCL and OSU environmental investi-

gations of the Site and environs during the first six months of Phase TII.
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Tt presents information which provides additional detaill to selected
characteristics of the Site and the surrounding regiom, including: regional
demography, land and water use; regional historic and natural landmarks;
geology; hydrology; and ecology. This information is responsive to the
suggested content and format of nuclear power plant site characterization
by AEC Regulatory Guide 4.2. The purpose of this Phase 11 progress report
is to update corresponding chapters of the Phase I report rather than

replace them.
Additional detail in the areas of "Regional Historic and Natural

Landmarks", "Geology", "Hydrology", and "gquatic Ecology" can be found in

original OSU draft progress reports submitted to The American Electric

Power Service Corporation in September, 1973.




g,l 1 REGIONAL DEMOGRAPHY, LAND AND WATER USE
;
v TNTRODUCTION

Interim Phase II supplements toO Phase T in the area of Regional

Demography, Land and Water Use include:

(1) Population projections for 2010 and 2020 for segmentd of

a circular area with radii of 10 miles and 50 miles from

the Site
(2) Population projections for 1980, 1990, 2000, 2010, and

2020 for segments of an area centered on the Site and 10
miles in radius

(5) A listing of all incorporated places less than 10,000
population within 50 miles of the Site |

(4) A listing of all unincorporated places between 1,000 and
10,000 population and within 50 miles of the Site

(5) Information on the presence of public facilities within
5 miles of the Site

(6) Information on diurnal population movements within 10
miles of the Site '

(7) Comparative investigations relating comulative population

and distance from the Site for the years 1970, 1980, 19950,
2000, 2010, and 2020.

POPULATION PROJECTIONS

An area was divided into equal segments by constructing lines

radiating from the Site and beginning at 360 degrees azimuth and repeating

every 30 degrees, and concentric circles spaced at 10-mile intervals from

the Site.
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M TABLE 1. POPULATION DISTRIBUTION (IN HUNDREDS) |
AT ONE-MILE INCREMENIS WITHIN 5 MILES OF
: SITE AND POPULATION DISTRIBUTION 5-10 MILES I
@ FROM THE SITE . ‘
E Population Distribution in "E_Sector
i 1970 1980 1930 2000 2010 2020
@ 1 .20 .30 .30 .40 .50 .70 ; !
: 2 .50 . 80 1.00 1.20 1.60 2.00 )
3 .90 1.40 1.70 2.00 2.60 3.30 |
@ 4 1.20 1.90 2.30 2.90 3.60 4,60 l
(1 5 1.50 2.40 3.00 3.70 4.70 5.90 |
6 12.70 22.70 26.20 32.70 39.00 48.50 E
ﬁ Population Distribution in "ESE" Sector
_ 1970 1980 1990 2000 2010 2020 l
D 1 .20 .30 .30 &0 .50 .60
2 .60 .80 1.00 1.20 1.50 1.90 E
£ 3 1.00 1.30 1.60 2.0 2.50 3.20 i
u 4 1.50 1.80 2.20 2.80 3.50 4.40
5 1.90 2.30 2.90 3.60 4,50 5.70 !
6 15.80 19,50 24,00 30.00 37.00 49,20 il
Population Distribution in "SSE" Sector ﬁ
1970 1980 1990 2000 2010 2020 E
1 .20 .20 .20 .30 .40 40 '
2 .50 .60 .70 .90 1.00 1.30
3 . 90 1.00 1.20 1.50 1.80 2.20 ﬁ
4 1.30 1.40 1.70 2.00 2.50 3.00 B
5 1.60 1.80 2.20 2.60 3.20 3.90
6 13.50 15.00 18.00 21.70 25.10 32.20 l
Population Distribution in "S" Sector E
! 1970 1980 1990 2000 2010 2020
1 o 1 .70 .70 .90 1.00 1.20 1.50
ﬁ 2 2.00 2.20 2.60 3.00 3.60 4,40
g 3 3,40 3.70 4. 40 5.00 6.00 7.30
; 4 4. 80 5,20 6.00 7.00 8.50 10.20 E
rﬁl 5 6.10 6.70 7.80 g.00 10.90 13.00
g L_,_J 6 54,00 58.50 68.30 81.00 95.80 113.60 E




TABLE 1 (Continued)

Population Distribution in UNHW!' Sectol

Area 1970 1980 1990 2000 2010 2020
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 .30 .40 .50 .60 .70 .90
6 16.70 18.60 22,50 28.40 36.30 46.10

Population Distribution in "H' SectoX

1970 1980 1990 2000 2010 2020
1 0 0 0 0 D 0
2 0 0 0 0 0 Y]
3 0 0 0 0 0 0
4 0 : 0 0 0 0 0
5 .70 .90 1.00 1.20 1.40 1.70
6 73.30 88.10 103.00 120.80 142.60 16%.30
Population Distribution in WENE" Sector
1 .10 .10 .10 .10 .10 .10
2 .20 .20 .20 .30 .40 &0
3 .30 40 .40 .50 .60 .70
4 .40 .50 .60 .70 .80 1.00
5 .50 .60 .70 .90 1.10 1.30
6 4. 50 5.20 6.00 7.50 9.00 10.50

e ——

H
B
¥
"
:
;
K
;
E

L




SY0IDES UHmma«mwoxmn IT ASVHd "7 440514

AINIWIYONI 3TIN-3AIS ‘9 v3dy
ANIFWIHON] 37IW-INO :G-L SVYIHY

) - .. ) . .mm_._:mm c.om._o.:
Fz vt |

w o4 - _ “a.
CLLEITES:]

s

-

J

ABL . vl 0y
..

J0QUOH 40
PR
Sa.00p,

ORI
NaL M

i anvis: vemy

BN N AN ARG RN AERN  pe  pres . gt Nuet W RS W W ] T W)




Eom e

w73

)

B

I

y

— 1

|0
o

10

TABLE 2. ALL INCORPORATED PLACES UNDER 10,000 POPULATION
UNINCORPORATED PLACES. OF 1 ,000 to 10,000
POPULATION WITHIN 50 MILES OF THE SITE

Distance &

1970 1960 % Direction
City County Pop. Pop. Change  from Site
Amherst city Lorain 0902 6750 46,7 37 mi. E
Arcadia village Hancock 689 610 13.0 37 mi. WSW
Attica village Seneca 1005 965 4.1 25 mi. 8
Bajrdstowm village Wood 138 182 24,2 39 mi, WSW
Ballvilie Sandusky 1652 1424 16.0 12 mi. WSW
Bay View village Erie 798 802 - 0.5 7 mi, ENE
Bellevue city Huron & Sandusky 8604 8286 3.8 12 mi. SSE
Berlin Heights village Erie 828 721 14.8 24 mi. ESE
Bettaville village Seneca 833 776 7.3 20 mi, WSW
Bloomdale village Wood 727 669 8.7 46 mi. WSW
Bloomdale village Seneca - 884 836 5.7 26 mi. S
Bradner village Wood 1140 994 14.7 27 mi. W
Burgoon village Sandusky 221 243 - 9.1 19 mi. WSW
Carey village . Wyandot 3523 3722 - 5.3 40 mi. SSW
Castalia village Erie 1045 954 9.5 7 mi. E
Chatfield village Crawford 291 263 10.6 40 mi. S
Clay Center village Ottawa 370 446  -17.0 24 mi. WNW
Clyde village Sandusky 5503 4826 14.0 9 mi. S
Crestline city Crawford 5947 5521 7.7 45 mi. SSE

Custar wvillage Wood 277 246 12.6 48 mi., W
Cygnet village Wood 629 593 6.1 38 mi. WSW
Deshler wvillage Henry 1938 1824 6.3 50 mi. WSW
Elmore village Ottawa 1316 1302 1.1 19 mi, W
Genoa village Ottawa 21389 1957 9.3 23 mi. WNW
Gibsonburg village Sandusky 2585 2540 1.8 20 mi. W
Grafton village Lorain 1771 1683 5.2 47 mi., E
Grand Rapids village Wood 976 670 45.7 48 mi, W
Green Springs village Sandusky, Seneca 1279 1262 1.3 13 mi, SSW
Greenwich village Huron 1473 1371 7.4 35 mi. SSE
Harbor View village Lucas 238 273 ~12.8 33 mi. WNW
Harpster village Wyandot 291 302 - 3.6 50 mi. SSW
Haskins village Wood 549 521 5.4 40 mi, W
Helena village Sandusky 298 281 6.0 19 mi. WSW
Holland willage Lucas 1108 924 19.9 43 mi, WNW
Hoytville village Wood 403 334 20.7 47 mi, WSW
Huron city Erie 6896 5197 32.7 20 mi., E
Jerry City village Wood 470 386 21.8 36 mi. WSW
Kellys Island village Erie 175 i71 2.3 17 mi. ENE
Kipton village Lorain 353 353 - 35 mi. ESE
Kirby village Wyandot 178 166 7.2 49 mi. SSW
Lagrange village Lorain ' 1074 1007 6.7 45 mi. E
Lindsey village Sandusky 652 581 12.2 15 mi. W




TABLE 2 (Continued)

! _ Distance &
| : 1970 1960 % Direction
City County Pop. Pop. Change from Site
. Tiro village Crawford 310 336 - 7.2 37 mi. S
Tontogory village Wood 395 380 3.9 41 mi. W
-y Upper Sandusky village Wyandot- 5645 4941 14.2 44 mi., SSW
Van Buren village Hancock 319 374 -14.7 42 mi. WSW
Vanlue village Bancock 539 386 39.6 42 mi. SSW
~ Vermillion city Erie, Lorain 9872 4785 106.3 30 mi. E
f Wakeman village Huron 822 728 12.9 30 mi. ESE
! ‘Walbridge village Wood 3208 2142 49.8 31 mi. WNW
Waterville village Lucas 2940 1856 58.4 41 mi. W
} Wayne village Wood 921 949 - 3.0 29 mi. WSW
! West Millgrove village Wood 215 196 9.7 31 mi., WSW
- Weston village Wood 1269 1075 18.0 45 mi. W
- Wharton village Wyandot ' 422 463 - 8.9 48 mi. SS5W
Whitehouse village Lucas 1542 1135 35.9 45 mi. W
- Willard city Huron 5510 5457 1.0 28 mi. SSE
Woodville village Sandusky 1834 1700 7.9 23 mi. W
. Forest village Hardin : 1535 1314 16.8 50 mi. SSW

" Source: U.S. Bureau of Census
Census of Population: 1970
CENERAL SOCIAL AND ECONCMIC CHARACTERISTICS

- Final Report PC(1)-A Ohio
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Cumilative Population

Figure 3 shows the cumulative population for portions of an
area of a 50-mile radius centered on the Site for the years 1970, 1980,
1990, 2000, 2010, and 2020. The population is aggregated by 10-mile
intervals, i.e., the total population is given for a circular area centered
on the Site and with a 10-mile radius for a circular area centered on
the Site and with a 20-mile radius for a circular area centered on the
Site, and with a 30-mile radius, etc. Total population is indicated on the
vertical axis of the graph and distance is indicated on the horizontal axis.
Figure 4 depicts cumulative population versus distance for other sites

used or under consideration for nuclear power plants.

Diurnal Population Variation

Within 10 miles of the Site there are at least two causes of
diurnal population variation. These are both schools which are located in
rural settings. Riley School has approximately 525 students and 20 staff
personnel. It is located approximately 4.3 miles southwest of the Site.
Townsend School has approximately 477 students and 16 staff members. It is
located 2.8 miles southeast of the Site.

' The locations of both schools in relation to the Site are
shown in Figure 5. Populations of the schools are also indicated. Figure 5
shows a circular area whose radius is 5 miles. The 5-mile circle is further
divided into concentric circles spaced at one-mile intervals from one mile
to 5 miles.

There is a probability that some portion of the rural population
commutes from;various 1ocations within a 10-mile radius of the Site
to industrial locations in Sandusky, Clyde, Port Clinton, and other
municipalities in the region. To the extent that this type of commuting
takes place, it is another cause of diurnal change in population that
exists within a 10-mile radius of the Site. Investigations are being planned
in order to determine the nature and extent of commuting patterns in the
region surrounding the Site. It is anticipated that the results will be
helpful in determining overall diurpal variations in population density and

distribution in the vicinity of the Site.
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MILES FROM SITE
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FIGURE 3.

CUMULATIVE POPULATION 1970,
1980, 1990, 2000, 2010, 2020
0 TO 50 MILES FROM SITE
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MILES FROM SITE
10 20 30 40 50
L ¥

1,000,000

500,000

100,000

50,000

10,000 }

1 NEWBOLD 1S, (1960}

2 INDIAN POINT (1960}

3 LINERICK (1950)

4 SUSQUEHANNA (1870)
B OYSTER CREEK (1972}
8 PEACH BOTTOM {1960}
7 CALVERT CLIFFS {1965)
B NOATH ANNA (1988}

§ cpses (2020)

10 CPSES {1970)

-NOTE:

DATES IN PARENTHESES INDICATE
THE DATE OF BASE POPULATION
ESTIMATE AT EACH SITE.

FIGURE 4. CUMULATIVE POPULATION AT
OTHER POWER PLANT SITES
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PUBLIC FACILITIES WITHIN 5 MILES OF SITE
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RILEY SCHOOL: 545 PERSONS

TOWNSEND SCHOOL: 493 PERSONS

LOCATION OF SCHOOLS IN RELATION TO SITE
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PUBLIC FACILITIES WITHIN FIVE MILES OF THE SITE

Within five miles of the Site there are only two public facilities
in which there are substantial concentrations of people. Both facilities
are schools, Riley School and Townsend School (see Figure 5).

Riley School: Riley School, approximately 4.3 miles southwest of
the Site, has 22 classrooms, 525 students, and approximately 20 staff members.
Given this number of students and classrooms, there is an average of 24
students per classroom. Any projections of future school enrollment at a
particular school depend not only on population increases but also on capacity
of the total school system and capacity of the particular school. The future
capacity of the schoel system depends on many factors,'including voter approval
of financing. The capacity of Riley School is at or near capacity according
to the school district superintendent. It is, therefore, assumed that
enrollment at Riley School will not exceed approximately 550 students.

Townsend School: There are approximately 477 students and 16
staff members at Townsend School which is located 2.8 miles southeast of

the Site. Townsend, according to the school district superintendent, is

"also at or near capacity. It is thus assumed that future enrollment at this

school will not exceed 500 students.
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REGIONAL HISTORIC AND NATURAL LANDMARKS

NATURAL LANDMARKS

Several additions to the Phase I list of natural landmarks within
30 miles of the Site have been made. during Phase II. The following listing

includes only these new landmarks. Bracketed numerals and letters designate

distance in miles and direction from the Site. Letters and numerals in
parentheses designate corresponding map locations. The locations of all
natural landmarks discovered to date within 30 miles of the Site are shown

in Figure 6.

Natural Features Located Between
0 and 10 Miles From the Site

Crystal Rock Caves: Castalia [5,E] (E-10)

Two small caves in the Put-in-Bay Formation, a dolomite of
Silurian age, are open to the public at this location on a rocky ridge
one-half mile south of Sandusky Bay. The caves are shallow, contain
dripstone deposits, and one has an underground lake and spring. The caves
appear to be the result of a small dome structure which has collapsed,
possibly as interbedded evaporite deposits were removed by groundwater
solutioning. A commercial campground and a natural woodlot are located

on the property. Area: 50 acres.

Natural Features Located Between
10 and 20 Miles From the Site

Cedar Point: Sandusky [ 14,ENE] (E-13)

This area was once a natural sand spit seven miles long at
the east side of Sandusky Bay. Much of the natural area is now lost
to development except for marshes inside the boundary of an amusement

park. Area: 100 acres.







R o W ___TR. -

L.

| E s . :
SN B DR TS

20

Camp Hertzer: Tiffin [l?,SW] {SE~1)

The camp is situated on the east bank of the Sandusky River which

ig reported to be too cshallow for swimming or boating. Twelve acres are

reforested farmland designated as a "wildlife conservation area' which

contains 10,000 black walnut, white pine, Carolina poplar, and locust trees
planted in 1959. Twelve acres are in open grassland with the balance
riverbank, aﬁ old mill race, and woodland., Two deep ravines in their natural
condition-may be explored along undeveloped trails. Wildflowers, birds, and
small mammals are normally in residence. Mature trees include several

varieties of oak, maple, elm, ash, sycamore, tulip, dogwood, and sassafras.

Area: 43 acres.

Crane Creek Wildlife Experiment Station or
Mapee Marsh: Oak Harbor [ 17,NW| (0-6)

The Lake Erie marshes have been famous for 75 years as one
of the best waterfowl hunting areas in the U. 5. This apﬁlies to
hunting~to-see as well as hunting-to-kill. Magee Marsh, purchased in
1951, has two functions: it serves as headquarters for wildlife waterfowl
research and management projects and it is a controlled, hunting-by-permit
waterfowl area. Canada geese, mallards, blue wing teal, wood duck, and
smaller numbers of other waterfowl nest here. But the number and large
variety of migrating waterfowl is amazing. State biologists have reported
concentrations exceeding 100,000 birds in this general area for brief
periods. Flocks of migrating whistling swans, peak at 5,000 birds, appear
in Mareh. Warbler concentrations during migration are reported to be among
the best in the state. Bitterns, herons, and a wide variety of shorebirds
are common to the area. A bird nature trail as well as dikes for hiking,
reached from the Turtle Creek Fishing Access where parking is available,
facilitate seeing the wildlife. A full-time naturalist is available and
maps may be requested. A new facility known as the Sportsmen Migratory

Bird Center has been added.
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Hauk's Pond: Middle Bass Island [20,NNE] (0-17)

This pond is formed by gravel bars on the east point of Middle
Bass Island. The area is a good example of pond succession and a swamp

forest. Area: 2 acres.

Lotus Beds: Huron [ 19,E} (E-12)

Located in Huron where Ohio Route 13 crosses Mud Creek are

large beds of lotus. American lotus as well as Oriental lotus are present

in the creek. Area: 10 acres.

Sand Point: Marblehead [12,ENE] (0-18)

Sand Point is a long'sand peninsula between Lake Erie and
Sandusky Bay. The area is now a private resort but there are still

natural dunes and marshes which are choice bird habitats. Winuous Point

in western Sandusky Bay, 4.4 miles northwest of the Site is also a choice

waterfowl area.

Natural Features Located Between
20 and 30 Miles From the Site

Berlin Heights Ravine: Berlin Heights [ 24,ESE] (E-11)

The ravine of 01d Woman Creek in the southwest corner of the

village provides many natural hebitats. Steep cliffs composed of Berea

. Sandstone (Mississippian age) form the gides of the ravine and contain

large flow-roll structures. The flora is rich consisting of hemlock,

up to 18" DBH, and butrernut trees. Area: 100 acres.
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Pearson Metropolitan Park: Oregon [ 30,NW] (LU-3)

Pearson Park is the most developed of the Toledo Metropolitan

Parks. There is fishing for children on the lake, ice skating in season, and

pedal boats for rent during the warm months. Macomber Lodge can be reserved

for meetings and programs. Spring wildflowers can be Seen along the trails

and it is an excellent area for miprating bird species with some nesting

species. Area: 320 acres.
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HISTORIC AND ARCHAFOLOGICAL LANDMARKS

Numerous archaeological landmarks in the vicinity of the Site
have been discovered during Phase II literature surveys and field recon-
naissance. The following listing includes ail new landmarks discovered
during Phase II. Bracketed numerals and letters designate distance in
miles and direction from the Site. Letters and numerals in parentheses
designate corrésponding map locations. The locations of all historic and
archaeological landmarks discovered to date within 30 miles of the Site

are shown in Figure 7.

Historical and Archaeological Landmarks
Located Within O and 10 Miles of the Site

Arthur Libbens Site: Bank of Portage River [ 10,NW] (0-12)

Located south-southeast of the intersection of Routes 163 and 358,

‘this site was excavated by 0laf Prufer in the summer of 1967. A small surface

" collection was made at this burial site by A. E. Galbraith, Jr. in 1957.

Burial Site: Sandusky Bay.[6, ENEl (E-48)

The location of this site is northwest of Crystal Rock on

Sandusky Bay.

Burial Sites: South of Sandusky [ 10,E] (E-44)

These sites are located on Mills Creek 2 miles south of Sandusky.

Early Gypsum Quarry: Margaretta Township [7, E] (E-50)

This quarry is located at the intersection of Routes 6 and 269,

Margaretta Township, on Sandusky Bay north of Castalia.
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Earthwork: Venice [9,E] (E-43) ‘
|

Gill Burial Ground: Portage Township [6,N] (0-11)

This site is located near Port Clinton. It was excavated by

Emiel Hostrup and C. J. Riley; burials and pottery were found.

Indian Village Site: Gypsuﬁ [7.88] (0-17)

Lacarne Cemetery Site and Village: Erie Township [9,NW] (0-10)

This site is located 4 miles west of Port Clinton on the
north bank of the Portage River. It was excavated by Bob Bell, Bob

Phelps, and Aronhalt in May, 1934. This is an Iroquoils culture site.

Montgomery Burial Site: Portage River [9,MW] (0-13)

This site is located on a sand knoll projecting into the
Portage River about 3/4 mile downstream from LaCarpe on the Montgomery
farm. Burials were excavated by Myron Weiss and Arthur G. Smith in

1917. .It is either Eriebor Late Woodland culture.

Mound: Northwest of Bellewvune, York Township [10,88E] (SA-15)

Port Clinton Mound: Portage Township [6,N] (0-8)

This mound near Port Clinton was excavated by E. F. Greenman

in June, 1932.

Ream Indian Villapge Site: Sandusky Township [8,W] (SA-9)

This village, located on the east side of the Sandusky River
just west of center section 14, Sandusky Township, was excavated by

Robert Goslin on May 30, 1930.
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Indian Villapge Site: Catawba [12,NNE] (0-18)

Inscription Rock State Memorial: Kellys Island [17,NE] (E-24)

Sometime between 1200 and 1650 A.D., the prehistoriec Erie
Indians, called the Cat Nation, incised pictographic writings in this
boulder. The inscriptions. are untranslated. This is the only known
Erie culture example of pictograph writing. The rock qualifies for

the National Register.

Takeside Mound: Between Lakeside and Marblehead [11,NE] (0=7)

This mound, located on a hill southeast of Lakeside, was
excavated by Clarence Loveberry in 1897. The stome mound is 60 feet

in diameter and 3~foot high.

lonz Winery: Middle Bass Island [ 19,NNE] (0-21)

The winery, built in 1884, is a two-story, castle-like building
(Romanesque Revival) of stone and brick 150 feet by 100 feet in size,

surmounted by turrets and battlements.

Mixter Site: vicinity of Milan [ 20,ESE] (E-39)

This site was excavated in 1951-1954 by A. G. Smith and is

located 2 miles northeast of Milan.‘

Mound: Kelleys Island [17,NE] (E-26)

A mound is located on the northwest shore of Kelleys Island,

probably constructed by the Erie Nation.

Mound: 2 Miles East of Locust Point, Carroll Tawnship [IS,NW] {0=20)
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Mounds, Burial Sites: Gouth of Wilmer [13,ESE] (E-42)

These mounds are located south of Wilmer midway between Sand

Hill and Union Corners.

New Salem Site: Vicinity of Hurom [20, ESE] (B-34)

This archaeological gite is located 3% miles northeast of

Milan on the Huron River.

North Bass Island Mbund: gouth Shore of
North Bass Island [ 20,NNE| (0-14)

This Woodland culture burial mound was reported by David M.
Stothers of the University of Toledo in 1973 and tested by Prowell in

1971.

Norwalk Works: Norwalk [20,SE] (H-13)

The Norwalk Works is iocated on the west side of Norwalk.

In 1848 it was partially excavated and consisted of a circle with 9

mounds, triangular earthworks, and 2 circles.

Oxford Village Site: South of Bloomingville [13,ESE] (E-31)

Surface collection of the Oxford Village Site was done in

1930 by Grunman.

Pete Williaws Earthworks Group: Vicinity of Milan r19,ESE] (E-33)

This group of earthworks 1is located 1% miles northeast of

Milan.
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Pontiac: Near Standardsburg [19,8E] (H-16)

This campsite 1s located on a ridge between two branches of

Slate Run west of the railroad. The site has been surface collected

only.

Raccoon Farm Earthworks: Vicinity of Milan [ 18,ESE] (E-32)

The Raccoon Farm Earthworks, 1% miles west of Milan, was

surveyed by Dr. Raymond Baby in 1966.

South Bass Island Site #1: Vicinity of Put-in-Bay [ 16,NNE] (0-15)

This Middle Woodland habitation site was excavated by the

University of Toledo.

South Bass Island Site #2: Vieinity of Put-in-Bay [16,NNE] (0-16)

This site was excavated by D. Stothers, University of Toledo.

Stone Mound: Kelleys Tsland [17,NE]1 (E-27)

Stone Mound, on the northeast shore of Kelleys Island, is

probably an Erie mound .

Taylor Village Site: south of Huron [ 20,ESE} (E-30)

The Taylor Village Site jocated on the Huron River 3% miles

south of Huron was excavated by Grunman in 1930. His field notes are

available at the Ohio Historical Museum.

Three Mounds: Perkins Township T15,BE] (E-45)

These mounds &re located north of Bogart Road on Plum Brook.
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Village and Burial Sites: Near Fort Seneca {19, swl (SE-3)

These sites are located 6 miles north of Tiffin on the

Sandusky River.

Village Site: Wilmer [13,E] (E-41)

This Indian site is located at Wilmer in Perkins Township.

Wickert Mound: Ballville Township [13,SW] (SA-11)

This 25-foot high mound was excavated in 1907 by Ralph Wickert

and Harry Flumerfelt.

flistorical and Archaeological Landmarks
Located Within 20 and 30 Miles of the Site

Tem MR WS U W O TH O WE W W @

Betschman Site: Norwalk [21,SE] (H-14)

The site is located on West Main Street, Norwalk. BSurface

collections have heen made &t this ancient Indian village.

Earthwork: 3 Miles South of Tiffin on Hoﬁey Creek [28,SW] (SE-6)

Earthwork: 2 Miles Northwest of Bloomville On Honev Creek ‘jiﬁ,SSW] (SE-7)

First Congregational Church: Florence [28,ESE] (E-23)

This church, built ca. 1840 in Greek Revival style, is an

excellent example of the early Western Reserve-Firelands church. It

qualifies for the National Register.

Genoa Town Hall: Genoa [23,WNW] (0~22)

Located on the cormer of Main and Sixth Streets, this 1886 vintage

building is an excellent example of Victorian architecture., It gqualifies

for the Natiomnal Register.
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Creat Lakes Museum; Vermilion [29,E] (E-49)

This building, located at Perry Street at the waterfront in
Vermilion, is the old Wakefield Mansion now used as a museum of Great

Lakes History.

Historic Indian Campsite: Viecinity of Huron [21,E} (E~36)

An Indian campsite is located 2 miles south-southwest of

Huron on the east bank of the Huron River.

Indiap Burial Site; Bascom [27,SW] (SE-9)

Tndian Village Site: Vicinity of Tiffin [27,8W] (SE-5)

This site is located 2 miles south of Tiffin on Honey Creek.

Indian Village Site: 1 Mile South of Melmore op South

Bank, Honey Creek [30,5§ﬁ] {SE-8)

Mound: West of Trowbridge, Benton Township [22,NW3 (0-19)

Reno Beach Excavations: Reno Beach [25,NW}  (L-1)

These excavations have been conducted by the University of

Toledo.

Three Mounds: Vicinmity of Tiffin [ 26,8W] (SE-4)

These three mounds 2 miles sautheast of Tiffin on Rock Creek

are burizl mounds.
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Historical and Archaeological Landmarks
Located Within 30 and 45 Miles of the Site

Fitchville Cemetery: Fitchville [33,SE] (H-15)

The Fitchville Cemetery was excavated in 1910 and reburied.

Harbor View Excavations: Harbor View [ 33,NW] (L-2)

These excavations have been conducted by the University of

Toledo.
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GEOLOGY

GEOLOGICAL CHARACTERISTICS OF THE SITE

Bedrock

The bedrock underlying the Site is consolidate sedimentary
rock deposited during the Paleozoic period when the entire area was inundated.
These sedimentary rocks have been folded into a broad anticlinal structure
called the'Cincinnati Arch. The axis of the arch passes along the western
boundary of the Sandusky watershed. The arch is composed primarily of

limestones of the Mississipian, Devonian, and Silurian ages (in order of

- decreasing elevation and hence increasing age). The bedrock involved in

this fold dips east and west away from the axis.
Outcrops of these various limestones are distributed from Mississipian

in the %outheastern parts of the region to Silurian along the western
boﬁndary of the Sandusky Basin as shown in Figure 8,

The Niagaran formations of Silurian age are predominately dolomites
and limestones with interbedded shales. The blue-gray crystalline dolomite
and limestones are quite dense and fine-grained.

The deposition of the Monroe Group began during Silurian and con-
tinved into Devonian time. Typically dense dolomite and limestone are the
predominant rock type, but thin-bedded anhydrite and shale are also present.

The upper part of the Monroe Group, the Cayugan Series, contains gypsum and
salt.
The Devonian rocks may be divided into two groups. The Columbus
and Delaware Formations are composed of limestone with chert and small amounts
of fine sand and clay-sized material. The upper Devonian material of the
Ohio and Olentangy Groups consists of gray to black carbonaceous and argillaceous
shale with minor zomes of siltstone.
The Mississipian rocks consist of shales and sandstones with minor
The sandstones and conglomerates have a high porosity

amounts of conglomerate.

and usually make excellent farm and domestic aguifers if not contaminated.
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l| Permian Age
]" l Pennsylvanian Age

V7] wuississipian Age
Waverly and Maxville
Shale and Sandstone

E_—‘:I Devonian Age

Columbus, Delaware,
and Monroe limestone

“l ”'l Silurian Age

Monroe and Niagaran
limestone

Ordovican Age

FIGURE B. BEDROCK GEOLOGY OF OHIO
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In two places (Crystal Rock, five miles east of the Site and
Put~-in-Bay on South Bass Island) collapse-type caves apﬁarently made by
settlement caused by solution of underlyiﬁg gypsum are known, but these
appear to be localized. The chances of encountering such a feature at the
proposed power plant Site are very small. Chemical analysis of the bedrock
(Stout, 1941) from near Gypsum on the north shore of Sandusky Bay are given
in Tables 3 and 4.

Topography of the buried bedrock surface (Figure 9) reveals
buried valleys to the east and west, but only somewhat irregular buried upland

at elevations of 520-530 feet under the Site (Carman, 1927, 1957; Stout, 1941;
Shaffer, 1951; and Forsyth, 1971).

Surficial Materials

Lying above the bedrock is a layer of glacial till about LO-foaot
thick overlain along the Sandusky Bay shore by about 20 feet of lacustrine
(lake) clay. Thickness of the entire section of surficial materials is
thus about 60 feet as shown in Figure 9.

The till, like all other northwest Ohiec tills, is compact and
calcareous and is composed dominantly of clay and silt with a small amount
of sand and pebble-sized material and rare boulders scattered throughout
it. The till is saturated with as much water as its compact clayey nature
will permit.

Retween the till and the bedrock in places is a thin zone, generally
about 5-foot thick (though locally increasing to as much as 10 to 12 feet),
which is called variously by drillers "sand and gravel" or "broken rock".
This zone is apparently a combination of broken fragments of bedrock,
meltwater-washed sediments, and/or other periglacial-type materials which
is quite permeable in some places and almost éompletely impermeable in
others. Where it is thick enough and permeable enough, this zone carries
water which can be tapped by wells. In such places near the Site, the water
in this zone is under pressure, perhaps being related to the water in the
series of springs called blue holes, one of which (Miller Blue Hoie)

l1ies less than 2 mile southeast of the Site.
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TABLE 3. CHEMICAL ANALYSIS OF BEDROCK IN THE VICINITY OF THE SITE

Silica, SiOE..................................... 6.50
Alumina, AIQOS.................................. 1.65
Ferric oxide, FeQOS............................. 0.12
Ferrous oxide, FEO,.oeseassassansecsesrassstocss 0.28
Pyrite, FeSe.................................... < 0.01
Magnesium oxide, MGO.eesneosrossnssoossenccenss 18.42
Calcium oxide, CaD.cevoasssssssnsssassansmonsonsss 25.72
Strontium oxide, SPO .ceasscnscnsnasssssssnarcses 3.43"
Barium oxide, BaO.coeseaesssncsassnsseanseccnccs < 0.01
Sodium oxide, Na'QO..........‘......_............. 0.04
Potassium oxide, KQO........................... .10
Water, hydroscopic, HQO—.................'....... 0.19
Water, combined, HoOFeeesnoensnanasannononsenns 0.40
Carbon dioxide, COpesraseecenseacenaeacrstnsssss 40.35
Titanic oxide, TiOg.............................. 0.07
Phosphorus pentoxide, PoOg-ssesssecsvnaocreccsse 0.07
Sulphur trioxide, SOS........................... 2.70
Manganous oxide, MAD . ecsncanscsenssssesssasnssscs 0

Carbon, organic, Cuvveeveossasassasesasonsnasoscsas 0

TOTAL..Dl..-..-.-‘IOO.II...OI-.l..lll.-.. 100.155%
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§
: TABLE 4. MINERAL COMPONENTS OF BEDROCK IN THE VICINITY OF THE SITE
"
K
{ Sericite, (K,Na),0.8Al,05.6510,.2H20. v o evenee.  1.33
5’ Kaolinite, A1203.25102.2H20..................... 2.86
.. . Celadonite, (Fe, Mg, Ko, NaE)O.ESiOQHQO_: .
: FeQOS;BSiOQ.SHaO......................... 0.26
- Quartz or free silica, SiOgeecccscccsscsccceccn.. 4,40
Limonite, 2FepOg.8H 00 e raecreecsannencacanas 0.12
‘ Pyrite, FeS eeeettsrereasscnacerncnccscesanonns 0.00 -
- Rutile, TiOo.ccoveracessnssasadcccaccncctccracnns 0.07
" Apatite, 8Ca0.Po0geeescccsssrecronccnsronccnnee 0.15
| Anhydrite, Ca0.S0gccessceaccssacerssornccanans 0.09
g Celestite, SrO.S0g.tesereccsscccccrsncnnnessee 6.08
- Main MgQ.COs 38.52 '
1 ; Components
i\ CaO. COQ 45,69 84.21
Jf‘f Dolomite Parts in FeO.002 0.37
| solid _
i solution - {MnO.COs G.055
o Water,hydroscopic, HoO—cicsecaesercrccsevsvencs 0.425
£ Hydrocarbons, CnHopgpessssesreccssecancerennccns 0.08

Unbalanced parts (excess COs, HEO)' seccssssssssse  —0.11

TOTAL-.‘.-..IIICII.II.‘.I..C'.I‘............. 100.155%

P T coubl it i




FI11§ HHL A0 ALINIOI

-OC?

-l
-

A 9UHL NI (IVINAIVA TYI0I1

N\

«dr| puss UMmoy

— = gAL ATy

\)
.

1

09 YA

— - p—

-t
A—

|

_ 0 INENANYS

— =5 vMVLL0

Fdans 40 SgANMOIHL) M00¥ OL HIJdd

‘6 NI

aa)




B Wl Wl e il will el W mw Y RN A

TETT S

'

Eaihani

%ﬁ?
’
7"?;

41

Above the till is about 20 feet of lacustrine clay, which is the
material present at the surface throughout the Site area. The entire five-
foot exposure along the low wave-cut cliff west of Bayshore is composed of
this material which is wvulnerable to wave erosion. The material is composed
dominantly of silt and clay with the latter predominating and has very faint
laminations. It is weak and, at the surface where it is exposed to the air,
granulates or tends to crack and break into small pieces. In additionm,
larger cracks form which may extend as deep as two feet down into the clay.
This combination of granulation and cracking makes the clay susceptible both
to erosion by waves and to attack by frost action and rain wash. In addition,
the clay is reported to slake, that is, after having been thoroughly dried
in the sun, the clay, if it becomes completely soaked with water again, will
break down into a mass of poorly cohesive material (Shaffer, 1951).

The soil at the surface of this deposit is the Toledo silty clay
(Redmond et al, 1971) originally called the Newton silty clay. This soil,
which appears dark colored at the surface and mottled brownish to dark gray
in the subsoil, is characterized by its poor drainage. Water completely
saturates the clayey material composing this soll, but because of its tight
natufe, does not readily drain out. For this reason and also because of
the extreme flatness of the,ground and the low height of the area above
Sandusky Bay, the soil is very poorly drained, often having small ponds of
water standing at the surface for extended periods of time. The organic
content is high and the tilth is generally good. Where the land has been
satisfaectorily drained the soil is very productive. For normal construction
uses the soil is marginal because of its clayey plastic nature, its unstable
character, its poor drainage, its high shrink-swell potential, and its high
corrosion potential for steel (Redmond et al, 1971; Moseley, 1905, 1906;
shaffer, 1951; Corps of Engineers, 1953; and Erie Regional Planning Commission,
1967). However, suitable engineering design can circumvent many of these

problems.

Surface Topography

The land surface south of Sandusky Bay 1is very flat, rising very
gradually to the south away from the Bay. Along the shore the land surface
is almost at the level of the water so that, at times of especially high

water (such as now in 1972-73), flooding and erosion are extensive. A
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shore of the Bay, and the fact that the‘greatest storms come mainly from
the northeast so that the winds which have gained strength by blowing
straight across the whole of central and eastern Lake Erie blow directly
into the mouth of Sandusky Bay resulting in tremendous erosion. Because
of the orientation of the Bay's shores in comparison with the long axis
~of Lake Erie it is especially the shore by the Site where erosion has
been greatest. Locally, where rocks, trees, fallen tree trunks, or
human construction of some kind provide a 1ittle strengthening of the
shoreline, the shore has not been eroded so fast resulting in small
promontories at each edge of the Site suggestiﬁg that adequate protection
from shore erosion would not be difficult to accomplish here. The rise
in water level in the Bay during northeast storms (seiche) can be as much
as 5 feet, but waves rarely get bigger than 2 or 3 feet because of the
restricted size of the mouth of the Bay and its shallow waters so that
shore erosion design need not be higher than 7 or 8 feet.

The combination of rising water levels in Sandusky Bay and north-
cast storm winds, winds that are especially effective when water levels are
higher, has almost destroyed many islands and much Bay-shore mainland in
the western end of the Bay. Islands such as Eagle Tsland and Squaw Island
have been completely or almost completely destroyed, and many marginal main-
lapnd areas that were once farmed are now marshes or flooded land (effects
recorded by Moseley and shown by photographs of 0ld maps and of the modern
shoreline by Lowden).

Floodiﬁg will not get significantly worse in the next 50 to 100
years at the Site; the land is already very low and swampy and will simply
remain that way. Wave erosion, however, unless checked, will cause consider-
able loss of land; the unusually big storm of November, 1972, produced an
estimated retreat of the shoreline in this area of about 20 to 30 feet.
Unless erosion-control structures are built in the area adjacent to the
gite, destruction of the vulnerable clay to either side of the Site might
result in the formation of & peninsula or even an jsland in the Bay, which
will increase the strength of wave erosion here. This could be alleviated
by additicnal erosion-contrel measures (Moseley, 1505, 1906; Moore, 1948;

Corps of Engineers, 1953; Lewis, 1969; and Lowden, 196%).
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5-foot bluff (called 8 feet by the Corps of Engineers in 1953 when the lake
was about 2 feet lower) is present along the shore. Back from this bluff
the slope of the land up to the south is only about 8 to 10 feet per mile.

Because of the flatness of the land, drainage by field tile and open ditches
has been used almost everywhere (Moseley, 1905, 1906; Shaffer, 1951; and
Corps of Engineers, 1953).

Sandusky Bay Topegraphy

The bottom of Sandusky Bay is very flat and water depths are
shallow., The bottom slopes out away from the shore at a rate of 4 to 8
on 100 for the first 100 feet and then, farther offshore, becomes more
gentle with a slope of only 0.5 to 1.0 on 100 (Corps of Engineers, 1951).

The material on the surface of the Bay basin is soft lake mud
material that was originally sediment suspended in the water and is easily
resuspended. Sediment is generally 4- to 6-foot thick, almost as thick as
jake water standing above it. Farther out in the Bay some of the sediment
is part of the estimated 30,000 tons of material brought into the Bay and
Lake each month by the Sandusky River.

Beneath the mud is very cémpact clay, so compact that bottom-
sampling devices which penetrate the mud with ease can be forced into it
only with the greatest difficulty. This clay is 1ak¢ clay wnderlain at
about 40 feet by clay-rich glacial till.(Moseley, 1905, 1906; Corps of
Engineers, 1951; Lake Erie Navigational Chart 39 published by the Lake
Survey Center; and 1972 Ohio Geological Survey unpublished sampling data).

Shore Erosion

Erosion is most evident along the south shore of Sandusky Bay
where measurements show that the shorelinme had retreated as much as 1,150
feet between 1820 and 1951, an average rate of retreat of more than
g feet per year. This very fast rate of erosion is a product of two

factors: the very soft, easily eroded lacustrine clay forming the south
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HYDROLOGY

WATERSHED ANATLYSTIS

General Characteristics

The Sandus#y and Pickerel Creek watersheds are situated in the
northcentral part of Ohio. They border on Sandusky Bay to the north
which forms part of Lake Erie. The sandusky watershed is far larger than
the Pickerel Creek watershed. The drainage area of Pickerel Creek is approxi-
mately 3.26 percent of the drainage area of the Sandusky River. The Pickerel
Creek Basin lies almost entirely in Sandusky County while the Sandusky Basin
extends through Sandusky, Seneca, Wyandot, and Crawford Counties.

A large portion of these watersheds lies within the lake plain of

ancient Lake Maumee. This plain is crossed to the southeast by three narrow,

nearly parallel ridges représenting shore deposits laid down at successive
stages of the receding glacial lakes known as Lakes Maumee, Whittlesey, and
Warren (in chronological and volumetric order) .

A difference in drainage characteristics is apparent between the
upper and lower Pickerel Creek watershed. The lower portion of the basin
exhibits some parallelism in its natural drainage and man-made ditches are
prevalent. In the upper basin there is a noticeable lack of drainage with
the exception of a few man-made ditches.

The upper basin, with its definite lack of any develcoped surface
drainage, must exhibit better subsurface drainage than the lower portiom.
This section of the basin is underlain by limestone and dolomite covered by
only a few feet of glacial till. The many depressions in this area of the
watershed seem to indicate that most of the incoming precipitation is

delivered directly to the groundwater. The limestone and dolomite can transfer

_this water through fractures, solution channels, and along bedding planes

providing adequate, although chemically hard, water to areas in the lower

basin.

T
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The subsurface hydrology is by far the most important in this
basin and produces several very interesting effects. Where the greatest
amount of water enters the bedrock aquifer, in the upper basin, the eleva-
tion is much higher than the lower basin areas. This leads to artesian
conditions in many wells penetrating this agquifer in the lower portion of
the watershed. Miller's Blue Hole is a natural spring which lies on the
boundary of the Pickerel Creek watershed. It is fed from the above-mentioned
gquifer but the water is then diverted out of the basin through an apparent
man-made channel. The fact that Pickerel Creek is a perennial stream is

also due to the underlying artesian conditions of the groundwatexr in the

‘upper basin.

Instantaneous Unit Hydrograph

Tn order to analyze the hydrologic performance of the Sandusky
River Basin it is necessary to derive an outflow hydrograph for the water-
cshed. One method that has been applied is the Instantaneous Unit Hyﬁrograph
Method. This prbcedure synthesizes a unit hydrograph of an instantaneous
rainfall by routing 2 time-area histogram through'the basin.

To derive the required time-area histogram, the basin is first
divided into areas of equal flow time by equal time contours known as
isochrones., This is accomplished by computing the flow time frdm various
points along the main stream and its tributaries to the basin outlet. A
formula, proposed by Kirpich for watersheds with an area greater than
fifteen square miles, is used for computing the time of concentrafion at

various points. This formula is

T, = 0.0078 | L_ 0.77

VS
where: Tc is the flow time in minutes

L is the flow length in feet, and

§ is the channel slope in feet per foot

B



10) was constructed when equal flow ti
1ines were drawn comnecting these points.

for the basin was found to be 120 hours and since & s

Taking the length fro

L6

m topographic maps, the isochrone map (Figure

mes were plotted on the streams and

was desired the time interval was chosen as 20 hours.

After completion of the isochrone plot,

the area between each

contour was planimetered to determine its area. These are expressed as

a fraction of the total basin area in Table 5.

TABLE 5. WATERSHED CONTOUR AREAS

Time Area Fraction of the
(hrs) {sq mi) Total Area
0 - 20 81 .057

20 - 40 304 214

40 - 60 271 191

60 - 80 225 «158

80 - 100 221 .156

100 - 120 317 224

associated hydrograph will have two maxima.

Since the input has two distinct maxima, it is likely that the

The total time of concentration

ix~element isochrone

Their occurrence, however, will

probably be lagged due to the attenuation of the flood wave in the channel

storage.

input over the entire basin.

This resulting hydrograph would, however, represent an instantaneous

Since the basin is so large (1,420 square miles)

and the time of concentration so great (120 hours or 5 days) it is unlikely

that there will ever be a storm over the entire basin at the same time such

that each area could contribute to form the derived hydrograph shape.

of all climatological situations over the basin.

as duration,

shape.

It can be seen then that one hydrograph could not be representative

Storm characteristies such

time-intensity pattern, and areal distribution will effect the




FIGURE 10
I1SOCHRONE MAP
(Time in Hours)

SANDUSKY RIVER BASIN
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- SEICHE ACTIVITY

= verber (1959) conducted several experiments toO determine empirically

the applicability of the Merian Formula to Lake Erie. For his first experi-

- ment he used a rectangular tank of uniform depth. After initiating & seiche

with a glass plate he timed the period and found it to be in agreement with

the period calculated by the Merian equation. He then modified the end and

side slopes and again found the Merian formula to yield the same quantity

as the observed results. 1n his last experiment he modified the shape of

the tank to simulate the Lake Erie Basin. He found from visual observations
that the western basin of the simulated lake did not actually participate

. in the seiche. The Merian formula did vérify his assumption. The only

length that yielded the propel period of oscillation was the length excluding

™ the western basin.
The reason that the western basin may not participate in the longi-

tudinal seiche is the constrictions in line with Point Pelee and the shallow-

ness of the basin. The western basin may act as a runoff for the rising
water during a seiche. As the water rises on the western end it surges
through the southern channel then the water recedes and pours out of the
western basin through the anorthern channel. This creates a cireular motion

. in the western basin and deposits sediment on the east side of Point Pelee.

The major rise and fall of Sandusky Bay 18 due to the primary
seiche on the longitudinal axis of the lake. There is a secondary rise
and fall within the individual basins which can be attributed only to the
; seiches within the respective basins.

- yverber (1959) also made a physical model of the Sandusky Bay to
dete ymine whether or not & seiche could act over the entire basin. He

- found that at no.time could a seiche started on one side propagate to the
opposite side. This is due to the constriction at the middle. However,
the water did tend to pile up at the constriction causing currents that
in actuality sometimes attain a velocity of five miles per hour through

!! the constriction caused by bridge abutments.

Consequently, even if the resonant period of the outer basin did

I occur it may not affect water ievels in the inner basin. Additional investi-

gations, ineluding the acquisition of empirical data, will be required to

pzin insight inte the response of the wectern basin of Sandusky Bay to

- seiche activity in lake Erie. E%

- - e e
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The level of Lake Erie (and therefore the level in Sandusky Bay)
varies through the years, depending on the overall amounts of precipitation
and rates of evaporation throughout the Great Lakes watershed; at the present
time (1972-73) Lake Erie is at an all-time high. Judging from past records
published by the Corps of Engineers' Lake Survey Center in Detroit, the level
of the lake shouid begin to lower in a few years reaching a low level in the
cycle about 1985 or so, and then it should rise again, reaching a maximum
height about 1994. Whether that height will be as high as the present level
cannot be predicted, but the possibility must be considered. Superimposed
on the overall pattern of lake-level cycles are smaller variations related
to season, rainy spells, etc. '

There is also a very slow rise of water levels in the Lake and Bay
as a result of very gentle tilting of the region produced by removal of the
heavy weight of the Ice Age (Pleistocene) glaciers. The heavy ice weighed
the land down, especially to the north and northeast in Canada where it was
thicker; melting of the ice has permitted the land to rise. These responses
go on very slowly, however, with considerable lag after the act which
triggered them. Most of the postglaéial rise appears to have taken place
already, but it is still going on very slowly. The present rate of uplift
at the east end of the Lake Erie Basin, the position of the outlet which,
of courée, also controls the level of the Lake is extremely slow having
been estimated at rates from 0.5 to as much as 2 feet per century (Moseley,
1905, 1906; Corps of Engineers, 1953; and Lewis, 1969). Clearly, therefore,
thOugh this uplift of both the outlet and the Lake and Bay is indeed going
on, its rate is not enough to produce any serious flooding problems in the

next 50 to 100 years.

There are no strong currents in Sandusky Bay. Gentle inflow of
water from the Sandusky River produces a very slow movement of water toward
Lake Erie, but drifting of marked bottles, even submerged ones (released by
Moseley), appeared to respond only to the effects of the wind. Littoral
drift along the shoré adjacent to the Site is very weak, but is toward the
west, apparently as an eddy off the main Sandusky River water flow to the
east. None of the current is strong enough to create any shoreline erosion
problems or even to stir, to any observable extent, the soft mud on the
bottom of the Bay. The same cannot be said for the effects of strong north-
east winds which commonly stir up this soft mud and greatly increase the

turbidity of the Bay water.
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GROUNDWATER

croundwater occurs in both colomite bedrock and the clay-rich
surficial materials (lacustrine clay and glacial till), but it cannot
readily be removed from the latter.

in terms of obtaining 2 water supply from wells, water is avail-
able from the bedrock; present wells close to the Site provide approximately
15 gallons per minute from depths of 60 to 75 feet. Some of this water
comes from shallow aquifers in the rock, but much is derived from the "broken-
rock! zone. Greater amounts of water, reportedly up to 300 gallons per minute

(Walker, 1962), are available from depths of several hundred feet in the

rock, though this water in some places may contain considerable amounts of
sulphur.

All water here is artesian and in almost all wells is flowing at
the surface. It is possible that the extra pressure which produces such a
high percentage of flowing wells may be a result of waterl coming from
springs like the Blue Hole and welling up through the bedrock and into the
"proken-rock' zone from which many of the local wells derive their water.

In only a few places js this zone so thin and/or so impermeable that it
does mot contain much water.

Water quality reported from wells in the immediate area of the Site
is good, though the water is hard (as is the water of sapdusky Bay). Sulphur
water, a problem clsewhere in northwest Ohio, has not been reported for this
part of Sandusky County, though it is possible that deep drilling here (to depths
of several hundred feet) might encounter it as happens elsewhere in northwest
phic. More critical, in terms of water quality, is the belt of contaminated
water flowing northward through the bedrock from the sewage-disposal wells
of Bellevue to the south. Only recently has this town built a sewage treat-
ment plant. Before that sewage of both individual homes and the entire muni-
cipality was disposed of in wells leading down into the cavernous limestone
helow the town, the same area that, in part, serves as a watershed feeding the
Blue Hole. The distribution of the groundwater contamination produced by this
disposal has been mapped (Figure 11); it lies entirely east of the Site; its
western margin extending just into the eastern edge of Townsend Township. Now
that Bellevue has a sewage treatment plant, it is highly unlikely that such

contamination will ever spread as far west as the Site.
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Although there has been no extensive groundwater study done on
the Site itself, many regional studies have discussed portions of the area
which may give a helpful insight to the area's general groundwater picture.

An important consideration when undertaking any groundwater study is the
sur face water characteristics, such as drainage patterns, stream hydrographs,

and seepage runs. These studies can be instrumental in determining permeabili-

ty rates and recharge areas. 1t was for this reason that reference 18 made

to published works on the Sandusky River, the Portage River, Pickerel Creek,

and other tributaries of Sandusky Bay.
There are pronounced boried valleys which run through the Site

and out into the Bay. Another buried valley occurs just east of the Site,
These valleys, depending on the character of their fill, are potential areas

of high groundwater yield. In this case, previous studies have indicated

only variable amounts of sand and gravel {n these valleys, most of the fill

being composed of lacustrine clay. Therefore, only locally high yields in

the fill are expected.
. Former beach ridges are located northeast of the city of Clyde, Ohio.

They run nor theast-southwest through the city. In the area of these beach
ridges are located sand and gravel deposits. These permeable deposits,

which underlie 3 thin layer of lake eclay, are rather loose in texture and

therefore, transmit water readily to the underlying rocks. Recharge for

the dolomite bedrock is derived from.precipitation falling directly omn

this sandy area. Because of the flow of underground water toward the

bay, the recharge water from the Clyde-Bellevue area flows northward into

the Site area (the general sssumption that the water flows north shall be

substantiated when additional data become available). So recharge for the

dolomite on the g te comes from northward flowing water from the beach

ridge recharge area, and also from areas on the Site where the bedrock is

covered by only 2 thin veneer of glacial drift.
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The beach deposits noted in the above discussion is probably the
reason accounting for the fact that the Clyde-Bellevue area has no surface
drainage. The deposits, which are very permeable and thus allow water to
infiltrate easily,.are formed by the beach ridges of three former glacial
lakes. These lakes are known as Warren, Whittlesey, and Maumee. In this
particular area, the proximity of the three beaches and their permeahble
deposits accounts for the absence of surface drainage.

A considerable amount of time has been spent on the hydraulic
properties of the Site with particular attention given to an estimation
of the transmissibility of the dolomite aquifer. The transmissibility of
an aquifer is a measure of the movement of water through the entire thick-

ness of the aquifer. The importance of transmissibility is that it serves

e GE A o wd wed e e Ry A W
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as a basic tool in determining the maximum yield of an aquifer, in case
development of the Site required groundwater to supplement its supply from
the shallow Sandusky Bay. Also, determination of transmissibility is

required to predict the effect of pumpage on other wells and springs in

the vicinity.

The best way to determine transmissibility is by a pumping test.

Ab
—

This is a test of the response of an aquifer when pumping water out at a
particular rate. Unfortunately, there-are no pumping tests on file with
the Ohio Division of Water for any wells on the Site. The only

information available to estimate the transmissibility for the Site area

are some specific capacity data from some wells just outside the area. The

.

method used for the transmissibility approximation from the specific capacity
was taken partly from Ogden (1955). It involves a rearrangement of Theis'

non-equilibrium equations for a non-leaky artesian aquifer.

]
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Theis' equations

g = 114.60 W(u) where u = 1.87r2s
T Tt
are rewritten as:
T = 114.60 W(u) .
5 and T = l.87r25
ut

Then the two above expressions for T are equated and solved for uW(u).

ulW(u) = 1.87r255
114,6Q¢t

I

Where Q = discharge, in gpm
s = drawndown, in feet

= coefficient of transmissibility, in gpd per foot

22 I |
1

= coefficient of storage, fraction

r = distance from the pumped well, in feet

t = time after pumping started, in days

W(u) = well function

All variables on the right-hand side of the equation can be

determined except S, which is assumed. After uW(u) has been determined,
a table and/or graph of uWu(u) versus u is constructed from previous tables
of u versus W(u) and then a corresponding u is determined; u is substituted

into the following equation and T is calculated.

T = 1.87r28
ut

The value determined for T may or may not be a good estimate.
in this particular case, after comparison with known T's in the area (values
obtained from the Ohio Division of Water) it was found that by use of this
method, T is consistently about 65 percent too large. This value of 653

percent was determined by finding the T of wells in the general
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area of the Site from information at the Division of Water. When this T was
compared with the T found from the above method; it was noted that the T

value calculated was about 65 percent larger than the value obtained by :
the Division of Water. Since the closest well to the Site (about : ’
10,000 feet southeast of the Site) is located in the same area as those i
above, the T should then be multiplied by 0.65 to obtain a value correspond- E
ing to the work of the Division of Water. This fraction is a.correction i
factor for the area's hydraulic characteristics in reference to this farticular

method. The following calculation is a calculation for T from specific

capacity data on a well 10,000 feet southeast of the Site:

Q=60 gpm

s = 17 ft

£ = 2880 min. or 2 days

r=0.33 ft |

S = 0.0002 (assumed value for artesian conditions)
aW(u) = 1.87(.33)2(.0002)17 = 4.7 x 1078

114.6(60)2
by the graph v = 2 x 10-2

T then is equal to 1.87(.33)2(.0002) = 10,000 gpd per foot
‘ (2 x 10-9)2

Actual T, 10,000(.65) gpd per foot
Walton (1970) gives a formula which relates T to the specific

capacity, so this gives a means to check the computed value for T.

The equation is as follows:

Q T
s 264 log __Tt - 65.5
2693r S
! | g specific capacity, in gpm per foot
L ‘ "
o
143 G discharge, in gpm
| 5 drawdown, in ft
|
‘ T coefficient of transmissibility
S coefficient of storage, fraction

radios of well i

t time after pumping began, in min,

P N e
£ .-
=
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ECOLOGY

TERRESTRIAL ECOLOGY - r

Vegetation

Existing Vegetation ‘

The portion of the terrestrial field work designed to assess the
existing dominant vegetation is largely completed. This work has included
the statistical analysis of the tree canopy and understory vegetation of i
the woodlots on the Site.

Tocation of the woodlots is shown .on Figure 12. Quantitative

sampling was accomplished in those areas numbered 1 through 10 on Figure 12.

Qualitative information in the form of notes taken on apparent dominants.
and/or any unusual or flowering species was taken in those areas numbered
N1 through Ni0. In areas where gquantitative information was obtained a
transect was laid out to a maximum iength of 100 meters. Several lengths
were shorter since many woodlots were not of sufficient size to contain

this length. Widths of the transects were usually two meters but was extended

to ten meters in one particularly open woodlot (No. &), i.e., sparse canopy

with very few trees. The total size of each sample is reported on the appro-

priate table (Tables 6 through 15). Within this area all woody plants
were recorded as to species jocation within the unit and diameter if greater
than one inch. Herbaceous vegetation for each area was sampled by means
of a i/#-meter quadrat placed at 10-meter intervals along the transect.
Data for these areas were recorded to jpndividuals and species,
Statistical analyses of observed terrestrial vegetation patterns

were conducted. Frequency, density, dominance, and relative importance of

each species in each woodlot were calculated according to various approaches

(Oosting, 1948; Phillips, 1959: and Daubenmier, 1968). Expressions in the

analyses are as follows:
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After plugging in all values, the specific capacity (60 gpm 3 ends
17 ft.

up being equal to 3.3 which is close to what would be expected.

The T of 6500 is given additional confidence by observing the trans-
migsibility of a well in Port Clinton, Ohio. It was found to be 6400
by the Division of Water.

Because all of the aforementioned wells were drilled in the Tymochtee
dolomite, complication results due to the relatively high solubility of the
carbonate rock. If the groundwater usually moves through openings between
grains and so0 results in fairly uniform flow and (if the aquifer's thickness
remains constant and there is mo loss or gain of water) a fairly uniform T.
However, in 1imestone and dolomite the space between the grains is very
cmall and the water moves along joints and fractures which slowly enlarge due
to dissolution. 4&s a result the flow of water through these carbonates is
erratic depending on susceptibility to solution, occurrence of joints or
fractures, and the length of time of exposure to groundwater movement. There-
fore, it is because of the nature of limestome and dolomite that T can vary
greatly over very short distances. Great care must be given when estimating
T in carbonate aquifers of any size.

Much information is still needed in order toO interpret the
groundwater conditions of the area, Such data as piezometric elevations,
thin sections, chemical analyses, stream hydrographs to determine basin
permeability, and, if available, seismic refraction surveys will be helpful
for additional detail on grounduater hydrology in the vicinity of the Site

and at the Site itself.
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TABLE 6. WOODLOT TRANSECT I

Total Percent Percent Percent Relative

Species Count Density Frequency Dominance Importance
Green & white ash 15 2.16 10.87 73.13 28.87
Black locust 261 45.39 13.04 .00 19.48
Dogwood 155 26.96 15.22 .00 14.06
Silver maple 7 1.22 4.35 16.88 7.48
Hawthorn 25 4.35 13.04 .00 5.80
N. Red oak 4 .70 4,35 9.99 5.01
Red elm 36 6.26 8,70 .00 4.99
Bur oak 11 1.91 8.70 .00 3.54
Eastern wahoo 30 5.22 4,35 .00 3.19
Blue ash 9 1.57 4.35 .00 1.97
Grapevine 2 .35 4.35 .00 1.57
Serviceberry 8 1.39 2.17 .00 1.1%
Mulberry 5 .87 2.17 .00 1.01
Black ash 5 .87 2.17 .00 1.01
Chestnut oak 2 .35 2.17 .00 .84

Diversity index = 2.426

Total area = 160 sgq. m .
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TABLE 7. WOODLOT TRANSECT II

Total Percent Percent Percent Relative

Species Count Density Frequency Dominance Importance
Dogwood 136 48.75 16.07 2.14 22.32
Pin oak ’ 12 4.30 7.14 54.33 21.93.
Silver maple 34 12.19 14.29 19.35 15.27
Red elm 24 8.60 12.50 4.59 8.56
Box elder 10 3.58 12.50 ‘ 1.46 5.85
Shagbark hickory 3 1.08 3.57 12.65 5.76
Hawthorn 29 10.39 5.36 .00 5.25
Green & white ash 5 1.79 5.36 4,08 3.74
Black cherry 7 2.51 5.36 A1 2.76
Sumac 6 2.15 5.36 .00 2.50
Grapevine 3 1.08 5.36 - .00 2.14
N. Red oak 5 1.79 3.57 . .76 2.04
Hazelnut 3 1.08 1.79 .23 1.03
Black ash 2 .72 1.79 .00 .83

Density index = 2.609 Total area = 200 sq. m .
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~ TABLE 8. WOODLOT TRANSECT III
N
- Total Percent Percent Percent Relative
-~ Species Count Density Frequency Dominance. Importance

Silver Maple 94 24 .74 17.31 54.98 32.34
». Green & white ash 184 48.42 - 17.31 15.82 "27.18
. ‘Box elder 6 1.58 1.92 18.12 7.21
l‘ Sumac 23 6.05 9.62 .82 5.49
EJ Hawthorn ) 21 5.53 9.62 00 5.05
F Swamp white oak’ 11 2.89 9.62 .95 b 49
N Black ash 18 4. 74 7.69 .23 4.22
I Pin oak 2 53 - 1.92 7.87 3.4
s Bed elm 7 1.84 5.77 .00 2.54
hi Grapevine 3 .79 5.77 .00 2.19
L Shagbark hickory 2 .53 3.85 .97 1.78
LJ Dogwood 5 1.32 3.85 .00 1.72
o Unidentified 2 .53 1.92 .00 .82
ij Basswood . 1 .26 1.92 .24 .82

N. Red oak 1 .26 1.92 .00 : .73
j

Diversity index = 2.340 _ Total area = 166 sq. m .
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; TABLE 9. WOODLOT TRANSECT IV

] Total Percent Percent Percent Relative
B Speciles Count Density Frequency Dominance Importance
Pin oak 5 33.33 28.57 37.69 33.20
Bur oak 3 20.00 21.43 16.56 . 15.33
Swamp white oak 2 13.33 14.29 19.93 15.85
Shagbark hickory 2 13.33 14.29 5.69 11.10
Green & white ash 1 6.67 7.14 7.64 7.15
Walnut 1 6.67 7.14 ©6.33 6.7
N. Red oak 1 6.67 7.4 6.16 6.66
Diversity index = 2.549 ' Total area = 1000 sq. m .
TABLE 10, WOODLOT TRANSECT V
Total Percent Percent Percent Relative

Species Count Density Fregquency Dominance Importance
Red elm 85 25.9% 26.32 43.71 32.01
Dogwood 166 50.76 23.68 10.33 28.26
Hawthorn 39 11.93 23.68 28.06 21.22
Box elder 32 9,79 13.16 4,58 .18
Walnut 1 .31 2.63 7.10 3.35
GCreen & white ash 2 .61 5.26 2.22 2.70
Honey locust 1 .31 2.63 4.00 2.31
Grapevine 1 .31 2.63 .00 .98

Diversity index = 1.817 Total area = 196 sq. m .
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TABLE 11. WOODLOT TRANSECT VI

Total Percent Percent Percent Relative

Species Count Density Frequency Dominance Impor tance
N. Red ozk 9 2.71 9.84 69.41 27.32
Green & white ash 93 28.01 14.75 8.28 17.02
N Shagbark hickory 36 10.84 14.75 17.93 14.51
:%i Dogwood 86 25.90 13.11 .05 13.02
B Hawthorn 33 9.94 14.75 1.36 8.68
% Red elm 28 8.43 8.20 1.97 6.20
n Black cherry 15 4.52 11.48 .05 5.35
Eastern wahoo 25 7.53 4.92 .00 4,15
Hackberry 1.20 3.28 .32 1.60
Bur ocak .60 3.28 .64 1.51
Grapevine .30 1.64 .00 .65

4 TABLE- 12, WOODLOT TRANSECT VII
Total Percent Percent Percent Relative
Species Count Density Frequency Dominance Importance
Pin oak 2 2.22 8.70 77.09 29,33
el Dogwood 40 b bl 21.74 .12 22.10
- Green & white ash 15 16.67 17.39 110.73 14,93
N Mulberry 6 6.67 8.70 4.3k 6.57
il Black locust 7 7.78 8.70 .00 5.49
s Hawthorn 1 1.11 4 .35 3.99 3.15
:J L Swamp white oak 1 1.11 4.35 3.05 2.84
o Red elm 2 2.22 4.35 .49 2.35
i Bitternut hickory 1 1.11 4.35 .00 1.82
. | Shagbark hickory 1 1.11 4,35 .00 1.82
Diversity index = 2.506 Total ares = 100 sq. = .
v s TRPEPAP TR s R

Diversity index = 2.769

Total area = 200 sq. m. .




TABLE 13.

WOODLOT TRANSECT VIII

Total Percent Percent Percent Relative
Species Count Density Freguency Dominance __ Importance

Basswood 26 13.47 11.27 40.13 21.62
Bur -oak 3 1.55 2.82 52.10 18.82
Red elm 41 21.24 14.08 .15 11.82
Green & white ash 40 20.73 14.08 .09 11.63
Heckberry 30 15.54 11.27 2.96 9,92
Bitternut hickory 7 3.63 7.04 3.10 4,59
Dogwood | 13 6.74 7.04 .00 4.59
Biack locust 9 4.66 7.04 .00 ©3.90
Mulberry 4 2.07 5.63 .00 2.57
Serviceberry 4 2.07 4.23 .00 2.10
Shagbark hickory 5 2,59 1.41 .00 1.33
Hawthorn 2 1.04 2.82 .09 1.31
Elderberry 2 1.04 2.82 .00 1.28
Chestnut oak 2 1.04 2.82 .00 1.28
Swamp white oak 1 .52 1.41 1,31 1.08
Sugar maple 2 1.04 1.41 .09 B4
Walnut 1 .52 1.41 .00 .64
H. Red oak 1 .52 1.41 .00 .64

Diversity index = 3.247

Total area = 200 sq. m .
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TABLE 14. WOODLOT TRANSECT IX
Total Percent Percent Percent Relative
Species Count Density Frequency Dominance Importance
Green & white ash 21 15.91 13.79 60.22 29,98
Dogwood 39 T 29.55 17.24 .92 15.90
Red elm 13 5.85 6.90 17.39 11.38
Shagbark hickory 11 8.33 13.79 6.56 9.56
Serviceberry 19 14.39 13.79 .00 9.40
Bur oak 3 2.27 6.90 14.91 8.03
Black cherry 14 10.61 10.34 .00 6.98
Elderberty 4 3.03 6.90 .00 3.31
Black locust 3 2.27 6.90 .00 3.06
Hawthorn 5 3:79 3.45 .00 2.41

Diversity index = 2.895

Total area = 100 sq. m ..

TARLE 15. WOODLOT TRANSECT X
Total Percent Percent Percent Relative
Species Count Density Freguency Dominance Importance
Green & white ash 182 54.49 21.43 17.80 31.24
Shagbark hickory 17 5.09 16.67 32.42 18.06
Bur oak 3 .90 4,76 42,48 16.05
Black cherry 68 20.36 14.29 .00 11.55
Red elim 39 11.68 16.67 .00. 9.45
Dogwood 20 5.99 14.29 .00 6.76
N. Red oak 2 .60 4.76 7.30 4.22
Chestnut ocak 2 .60 4.76 .00 1.79
Hawthorn 1 .30 2.38 .00 .89
Diversity index = 1.943 Total ares = 180 sq. m .
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Relative Density = Total Number of Ind1v1duzls of Specxes
Total Area {(m )

Number of Units_in Which Species Occurred

Relative Frequency = Total Number of Units Measured
i(d'a et r}2 1T
‘rotal Basal Area/Species = Adiam ae

Total Basal Area for Species

Relative Dominance = >
Total Area (m )

Percent density, percent frequency, and percent dominance are
calculated by summing the "relative'" values for all species for each calcula-
rion for each quadrat and dividing the trelative" value by the corresponding
sum, The importance value of each species is calculated by summing percent
density, percent frequency, and percent dominance and dividing by 3. These
measures of density, frequency, and dominance give a picture of the structure
of the vegetative community in a quantitative but dimensionless manner.

Density reflects the absolute number of individuals per area
sampled. AS such, it is a dimensional expression and may misrepresent the
densities of tightly-clumped species as opposed to abundant but evenly”
distributed species.

Frequency, on the other hand, provides information as to the
uniformity of distribution. Frequency js defined as the percentage of
occurrence of a species in a series of samples of uniform size contained
in a single stand. This measurement 1is obtained by dividing a transect
up into a series of smaller units and recording the presence OT absence
of each species in each subunit.

The measure of dominance expresses the size or bulk of the
species within the sample in relation to the space available within the
area.

By calculation of these statistics & measure of the abundance
of each species, its spacial layout within the unit being measured, and
each species' contribution to the ground cover OT its spacial cccupation
is obtained. By blending the three independent measures a measure of
vimportance' is achieved., While useful in determining the relative
jmportance of a species; evaluation of the data requires interpretation

of all statistics available on that gpecies, Results of these analyses

zre presented in Tables b through 15.

e TR T = TR T R T T T T T T Aol RGE TR R TIRIT aatercailt
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Cursory analysis of the results indicate.that each of the woodlots
at White's Landing has developed under slightly different conditiomns, i.e.,
soils, surface water stresses, grazing preésures, etc., and as such, exhibit
singular compositions. Taken as a whole, the woodlots do not present any
new or unique species but do in total reflect the composition of larger
jess disturbed forests of the region.

Further detailed comparison will require completion of the
herbaceous vegetation analysis. Data collection on the herbaceous
ground cover of the woodlots is complete and is currently undergoing statis-
tical treatment. Oldfield herbaceous plants and wildflowers are also being
studied. Data collection for summer-blooming species is complete for this
year. Fall-flowering plants are currently pnder investigation and spring
flower work is anticipated to follow. Spring-flowering plant analysis was
attempted in the spring of 1973 but was abandoned due to unusually high
winter and spring water levels which precluded terrestrial plant growth
over most of the White's Landing Site area. |

‘The species account required for vegetational characterization
of the Site is being continued by field surveillance.

The vegetation species list presented in the Phase 1 report is
being used as a compléte 1ist on which all vegetation species observed can

be recorded. The updated list is presented in Table 16.

Effects of Environmental Stress om Existing Vegetation. Investi-

gations of the effects of seﬁeral types of environmental stress on vegetational
communities on the Site are in progress. Stresses include vegetational
stripping and salt spray application and were selected on the basis of those
most likely to occur coincident with Site development. This aspect of the
program includes: determination of oldfield productivity in the region,
investigations into the initial successional patterns, i.e., natural revege-
tation following land clearing, and investigations of the potential for

detectable effects of soil and leaf salinization.
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TABLE 16. TERRESTRIAL AND SEMI-AQUATIC FLORA EXPECTED TO
OCCUR ON AND/OR IN THE VICINITY OF THE STTE™

PTERIDOPHYTA

Tquisetaceac

*Equisetum 2YVCDRSE L. Field Norsctail.

S ———— Rk —a—

16 anum SehaffineY geouring-rush.

Fauisetid Year
EqursCrhill S

Ophioglassaccat

* potrrychiom vigpinianum {L.) Sw. pattlesuzke Fern

Polypedinctat
cai M=rsh Ferm.

T..) Gra var. pubescens Tazwson Hak
’ __‘.-_—-—-—"-"-"‘

Pryopteris ‘I‘hﬂ}.vptcris
——w,_-l——-—‘_'.v-—r-r-“-" ey g .

L
SPERMATOPINTA~
" MOROCOTYLED ONAE

Lo
Typhaceac

* Yvpha g_ggy:_tifo].iq 1. Narrow-leaved Cat~tail

SparganiacCat
- Sparganivm curycarpui Engelm. Bur-reede

Zosteracaal

L
Potamngeton foliesus Raf. Leaiy Pondweed.

L.
oo Triglochin palustris L. Arrow-grass.
=
Alisma suhcordafnm Ral. Vater-plantain.
... Ariiim
SR
Species has been identified during current field investigations, 1972-1973.

wkAfter Lowden, 196G.

Juncaginaceae &

PR TS T R e A e e
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TABLE 16 , (Continued)

Gramineae

*Bromus inermis Levss. Awnless Brome Grass

*Dactylis glomerata L. Orchard Grass.

#Note: Other less sbundant and/or less identifiable grasses have been

identified only to fémily, thus GRAMINEAE.

Cyperaceae

*Note: This family has been identified only to genus. Members of the

genéra Carex, Scirpus, and Cyperus have been identified.

Lemnaceac
#Lemna minor L. Small Duckweed.

Lema trisulca L. Star Duckweed.

Juncaceae

Juncus balticus Willd. Rush.

Juncus -dudleyi Wieg. Dudley's Rush.

Juncus torreyi Coville Torrey's Rush.

%A1lium ecanadense L. Wild Garlic.

#Allium vineale L. Field Garlic.

Asparazus officinalis L. Garden AsparaguSe.
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TABLE 16. (Continued)

ellow Dog's—tooth~violet;

Erythronigg_americaggm‘Kcr Y

Hemerocallis fulva T.. Common Orange Day-1ily.

Lilium michiganense Farw, Michigan Lily.

Smilacina ctellata (L.} Desf. Starry False golomon's Seal.

& Smilax tamnoides L. var. Eiggigg (Muhl.) Ferm. Pristly Creenbrier.

Tridaceae

Iris versicolor L. Iris.

Sigyrinchium angustifoiivm Mill. Blue-eyed-grasse

SPERMATOPHYTA
DTCOTYLEDONAE
Salicaceae

* Populus deltoides ¥arsh. Cottonwood.

Populus tremuloides Michx.

Qualing Asper.

+Salix nigra Marsh. Black Willow.

galix humilis Marsh. Small Pussy Willow.

Juplandaceac

*carva ovata (Mill.) K. Koch Shagbark Hickory.

st

gprvlaceae

aroliniana Walt. American Hornbean.

Carpinus C

Corqug,americana Walt. Anecrican Bazelnut.

Fagaceag
%Quercus glba L, White Oak.

*Quercus picolgEAWilld.

Swamp White Oal.

£Quercus macYoCarpa Michx, Bury Oak.

*Quercus vaukra L. red Oal.
ucrot s 18

e et
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TABLE 16.  (Continued)

Ylmaceae

* celtis occidentalis L. Hackberry.

% Jimus gmericana L. American Elm.

* gimus rubra Mubl. Slippery Elm.

Moraccae

Maclura pomifera (Raf.) Schneid. Osage-orange.

% Morus alba L. White Maulberry.

Cannabinaceage

fiumulus lvpulus L. Common Hop.

Urticaceae

Pilea pumila (L.) Gray Clearweed.

%* yrtica procera Muhl. DNettle.

Santalaceae

Comandra umbellata'(L.) Nutt. pastard~toadflax,

Polygonaceae

Rumex altissimus Wood Pale bock.

*Rumex grisnus L. Curled or Yellow Dock.

*Rumex obtusifolius L. Blunt-leaved Dock.
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TABLE 16. (Continued)

Chenopodiacoac

Atriplex patula L. Orach

win album L. Lamb's~gquarters.
ailbum

Chenopgg_:}___‘

Amaranthacca

Amaranthus hgbridus L. Green Amaranth.

yhztolaccacnae
% Phytolacca americana L. Pokeweed. -
*hytolacr® Lo orm—

Portulacacede

Portulaca 0leracei L. Comwon Purslane.

Caryoghxllncuac

Cerastium nutans paf. Nodding Mousc-ear Chickweed.

o

Lychngg_alha Mill. White Campion.

¢ mrr——

Saporaria officinalis L. Soapwort.

gilene cucubalus Wibel Bladder Campion.

Ranunculaceae

Ancmone quinguefolia L. Wood Anemonc.

Anemone virginiana L. Thimble weed.

Clematis virginiana L. virgin's-bower.

RanuggglgsngbgytivgﬁiL. Kidney-leaf Buttercup.

Thalictyum dasycarpun Fisch. & Lall.

perberidaceae

* Eggophvl]um peltatom L. May=-apple.

Menispermaceac

aniﬂpbxﬂyg{ggygdunnv 1. Hoonsiecd.

Jurple Meadow-ruc.

23
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TABLE 16. (Continued)

Cruciferae

Arabis canadensis L. Sickleced.

Barbarea vilgaris R. Br. vellow Rocket.

* prassica kaber (c.) L. C. Wheeler Charlock.

Brassica nigra (L.) Koch Black Mustard.
Shepherd's Purse.

* gapsella hursa-pastoris (L.) Medic.

brachycarpa (Richards.) Ferm.

vDescurainia pinnata (Walt,) Britt., var.

Tansy Mustard.

Lepidium campestre (L.,) R. Br. Cow-cress.

% Jepidium yvirginicum L. Poor Man's Teppel.

Nasturtium officinale R. BY. True Water Cress;

* . . . _
Thlaspi arvense 1,, TField Penny-cress.

Crassulaceae

Garden Qrpine.

Sedum telephium L.

Saxifragaceae

Ribes americanui Mill. Wild Black.Currant.

Platanaceae

* platanus occidentalis L. Sycamore.

Rosaceat

Aprimonia parviflora Ait. gmall~flowered Apgrimony.

dmndbe e

% Crataegus Sp.
% Crataepgus SPp.

* Fraparia virginian

Hawthorn.

Hawthorn.

a huchesne Strawbérry.

* Geun canadense Jacq. White Avens.

Potentilla norvegica L. Rough cinquefoil.

Prunus Emericana Marsh. Wwild Plum.
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TABLE 16. (Continued)

Prunus virginiana 1,. Choke Cherry.

Pyrus coronaria T. Wild Crab.

% Rosa palustyis Marsh. Swamp Rose.

Rubus flapellaris Willd. Common Dewberry.

# Rubus occidentalis L. Black Rasbexry.

Leguminosae

* Amphicarpa bracteata (L.) Fern. Hog-peanut.

Cassida hecbhecarpa Tern. Wild Senna.

Desmodiuvm perploxum Schub. Tick-trefoil.

* Gleditsia triacanthos L. Honey~locust.

Lathyrus palustris L. vetchling.

Medicago lupuling 1. Black Medick.

% Medicapo sativa L. Alfalfa.

% Melilotus alba Pesr. White Sweet Clover.

Melilotus officinalis (L.) Lam. vellow Sweet Clover.

* Trifolium hybridum L. Alsike Clover.

% 7rifolium pratense L. ERed Clover.

Oxalidaceac

*(Qxalis europaea Jord. Wood Sorrel.

geraniaceas

Geraniun maculatam L. Wild Cranesbill.

gutaceae

yanthoxylum amaricanum Mill. Prickly=-asli

i
L
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TABLE 16.  (Continued)

Euphorbiaceae

Acalypha virginica L. Three~secded Mercury.

Euphorbia dentata Michx. Toothed Spurge.

Fuphorbia maculata L. Eyebane.

Anacardiaceae

% Rhus glabra L. Smnoth Sumac.

% Rhus radicans L. Poison-ivy.

% Rhus typhina L. Staghorn Sumac.

Celastraceae

#Celastrus scandens L. C1limbing Bittersweet.

*Euonymus atropurpureus Jacd. Wahoo.

Aceraceae

#Acer negundo L. Box-elder.

% pcer saccharinum L. Silver Maple.

palsaminaceae

% Tmpatiens capensis Meerb. Spotted Touch~-me~not.

Rhamnaceae

Rhamnus lanceolata pursh Buckthorn.

Vitaceae

Parthenocissus inserta (Kerner) K. Fritsch Woodbine.

% Vitis riparia Michx. River~bank Grape.

Tiliaceae

% Tilia americana L. Passwood.

Malvaceae

Abutilon theophrasts Medic. Velvet-leaf.

* dMalva ggg]bcta Walir. Cowmon Mallow.
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TARLE 16. (Continued)

Viplaceag

*yjola papilionacea Pursh Common Blue violet.

Onagraceae

Caura biennis L. Gaura.
Oenothera biennis L. Common Evening-primrose.

Hggglliferae

Anpelica atropurpurea L. Alexanders.

Chaerpghvllum Erocumbens (L.) Crantz Spreading Chervil.

¢icuta hulbifera L. Pulb-bearing Water-hemiock.

Qicuta maculata L. Spotted Water-hemlock.

Cryptotaeniﬂ canadensis (L.) bC. Honewort.

%* Daucus carota L. Wwild Carrot.

Oasmorhiza longistylis (Torr.) DC. Anise~root.

Pastinaca sativa 1. Parsnip.

anadensis Le Black snakeroot.

—

* ganijcula

Sanicula gregarid Bickn. Black cnakeroct.

trifoliatum (L.) Gray Meadow-parsnip.

* Thaspivm

T AT T T
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TABLE 16. (Continued)

% Cornus

Cornacede

drupmondi Meyer. Dogwood.

%* Cornus

obliqua Raf, Silky Dogwood.

* Cornus

racemosa Lam, Panicled Dogwood.

* Cornus

stolonifera Michx. Red Osier.

Primulaceae

Tyrimachia ciliata L. Loosestrife.

Oleaceae

% Fraxinus pennsylvanica Marsh. Green Ash.

% Fraxinus americand.

Syringa vulgaris L. Lilac.

Apocynaceae

Apocynum cannabinum L. Indian Hemp.

Asclepiadaceae

% Asclepia incarnata L. Swamp Milkweed.

% Asclepias syriaca L. Common Milkweed.

Asclepias tuberosa L. Butterfly-weed.

Convolvulaceae

Convolvulus sepium L. MHedge Bindweed.

#Cuscuta campestris Yunzker Dodder on Trifolium pratense L.

Boraginaceae

Hackelia wirginjana (L.) I. M. Johnston. Sticksecd.

Lithospermum arvense L. Corn Cromecll.

Verhena hastata L. Blue Vervain,

Verbena urticifelia L. White Vervain.

R LR

3!
P:i':g
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TABLE 16. (Continued)

Axastachc neEetoidcs

Glechoma hedaracea L.

Tamivm amglexicaule L

Lahiatac
(L.) Xtze. vellow Giant HysSOP-
Ground-ivy. |
Common Henbit.

Water-horehound.

% Mentha arvensis L. Mint.

Mentha pipexita 1. Peppermint.

Nepeta cataria L.

Prunclla yulearis L.

chnanthemum

geutellaria lateriflora Toe

virginiznuin (I,.) Duran

Catnip.

fleal-all.

d & Jackson. Nountain—mint.

vad-dog Skullcap.

olia Willd. Hedge-nettlee

Stachys tenuif

Teucy ium occidentale

Datura atramonium L.

Phgsalis heterophvlla Nees.

labrata Mackenz. & Bush.

Phgsalis subg,

% gplanum ﬁplcamara L.

gplanum nifrum L.

Gray. Bailry Germander.
Solanaﬁeae
Common Jimsonweed.
Ground-cherry.
Ground-cherry.

Rittersweel Nightshade.

Black.Nightshade.

§gggEhu1ariaccac

Gerardig purpures 1,. Gerardia.

Mimuiun ringons L.

bt

ponkey~flower.

lardica Lo Garpenter's-£quarc.

gerophularia mard
Serophulal e Sl

Verbagoeunm hlattaria

# Yerba haspul
yerbascum £aasplis L

1. Moth wullein.

Comman Mullein.

i

" "
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TABLE 16. (Continued)

P

Lentibulariaceae

Btricularia vulgaris L. Bladderwort.

Plantaginaéeae

Plantago Janceolata L. English Plantain.

. % Plantago major L. x P. rugelii Dene. Plantain.

* Galium aparinc L. Common Cleavers.

* @Galium concirnum T. & G.  Shining Bedstraw.

Galium triflorum Michx. F¥ragrant Bedstraw.

Caprifoliaceae

Lonjcera-tatarica L. Tartarian Honeysuckle.

# Sambucus canadensis L. Common Elder.

Triosteum perfoliatum L. Tinker's Weed.

Viburnum lentaco L. Sweet Viburnum.

Valerianaceae

* Valerianella umbilicata (Sulliv.) Wood. Corn-salad.

Dipsacaceae

* Dipsacus sylvestris Huds. Wild Teasel.

Cucurbitaceae '

Echinoecystis lobata (Michx.) T & G. Wild Cucumbef.

Campanulaceae

Lobeliia siphilitica L. Great Blue Lebelia.

Lobelia spicata Lam, Pale~spike Lobelia.

% Ambrosia artemesiifolia L. Common Ragweed.

Arhrosia trifida L. Great Ragweed.

Anthemis cotula L. Stinking Chamomile.

Arctium minus (Hi11) Rernh. Cowmon Rurdock.
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TABLE 16. (Continued)

Aster junciformis Rydb, Aster.

Acter novae-anelise L. New England Aster.

Aster pilosus Willd. Aster.

Aster sagittifoliug Wedemeyer. Arrow-leafl Aster.

Aster simplex Willd. Aster.

%Bidens cernva L. Stick-tight.

#Bidens conppata Muhl. Beggar-ticks.

*Cichorium intybus L. Chickory.

*Cirsium arvense (L.) Scop. Canada Thistle.

Cirsium vulgare (Savi) Tenore. Bull Thistle.

Erigeron annuus (L.) Pers. Daisy Fleabane.

Irigeron canadensis L. Horse-weed.

« .Erigeron pﬁiladelphicus L. Philadelphia Fleabane.

Fupatorium maculatum L. Joe-Pye-Weed.

Eupatorium perfoliatum L. Comnon Boneset.

Eupatorium ruposum Houtt. White Sankeroot.

Galinsopa ciliata (Raf.) Blake. Galinsoga.

*llelianthus gisanteus L. Sunflower.

Heliopsis helianthoides (L.) Sweet Ox-~cye.

s«Lactuca floridana (L.) Gacrtn. Blue Lettuce.

Jactuca scariola L. DPrickly Lettucc.

Prenanthes alba L. White Lettuce.

Ratibida pinnata (Vent.) Barnh. Prairie-coneflower.

Rudheckis lJaciuiata L. Concfiower.

‘udbeckia trileta L. Concilowen.

Sencecia aurcus L. Golden Ragwort.
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TABLE 16.  (Continued)

Silphium terebinthinaceum Jacq. Prairie-dock.

Soljdapo altissima L. Goldenrod.

Solidago canadensis L. Canada Goldenrod.

Solidago gipantea Ait., var. leiophylla Fern. Goldenrod.

SolidaggAgraminifoiia (L.) Salisb. Grass-leaved Goldenrod.

#Sonchus oleraceus L., Common Swo-thistle.

#Taraxacum officinale Weber., Common Dandelion.

Vernonia altissima Nutt. Tall Ironweed.

*Xanthium pensylvanicum Wallx. Cocklebur.
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The first phase of these experiments will be completed in the

fall of 1973. Replications and slight expansions will occur next summer

with work beginning early in the spring to get full growing season effects.

Procedures and interim results are discussed in the following

subsections.

Productivity studies were initiated in July, 1973,

) Productivity.
and will continue through the fall of 1974. The studies are designed to

analyze ceasonal productivity as well as yield data relevant to quantitative

analysis of net productivity. Since biomass analysis will be done at a

species level this information would be useful in the determination of

successional patterns of revegetation following land clearing required for

construction activities.
or the productivity studies.

in an oldfield on the

Standard methods are being utilized £
1/42m quadrats are established on 2 random basis with
(see Figure 1) selected for the study. The quadrats are then clipped
pecies, dried, and weighed. FPercent

Site
and the vegetation is separated by S

composition by weight of each species is calculated to determine standing

biomass of each species within the oldfield. Studies will be continued

throughout the next year in order that a seasonality index to productivity

may be determined. Table 17 lists the data obtained to date. This

includes the percent biomass comtribution of the species
11 be useful (1) for baseline

information

present in each quadrat. This information wi
assessment and (2) for inclusion in measurement oI productivity which is

preceding.

Succession. guccession studies have been initiated to provide

a record of the reappearance of vegetation following disruption of the

vegetative cover. This study will result in determination of the order of

vegetation reappearance on & seasonal basis for one year and it would also

serve in prediction of the type of post-constructicn revegetation that

would be anticipated to occur naturally. Data are being collected from

2 x 2-meter plots from which all vegetation was cut and removed and the

soil tilled (see Figure 12). Although seed sources would not be as

apundant on the Site following construction as at present, it is felt

that the results of this testing progranm will be applicable to post-

construction conditions.

T
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TABLE 17. STANDING BIOMASS AT PRODUCTIVITY QUADRATS
ON THE SITE, JULY, 1973

|
I Percent
— Sample Wt (Grams) by wt
h Productivity Quadrat No.
l ‘
- 1P 1/4 o’
]
Clover 86.3 65.9
Ragweed 18.1 13.8
- Grass 12.1 : 9.2
Meadow garlic 10.0 7.6
: Sedge i 4.0 3.1
;- Broadleaf Dock 0.3 0.2
s Unknown #3 0.1 0.08
2 130.9
?’ 2P 1/4 m
FH Curled dock 40.9 29.6
% Clover 32.5 23.6
Grass 24.7 17.9
‘- Queen Anne's Lace 23.9 17.3
3 Sedge 15.0 10.9
. Smartweed 0.5 .3
' Plantain 0.2 14
a Broadleaf Dock 0.1 .07
o ) 137.8
j 3P 1/4m
%h Clover 51.6 . 32.4
P Qusen Anne's Lace 39.4 24.7
# Grass 31.9 20.0
% | Scelepus 11.0 . 6.9
. Ragweed 10.0 ' 6.3
Curled Dock 7.1 4.5
i Meadow Garlic 6.5 4.1
Sedge .8 .5
o Smartweed : 0.7 A
1 ' Unknown #1 0.1 .06
o Unknown #2 0.1 .06
= 9 1539.2
g 4P 1 m
.. Clover 150.9 37.1
g Queen Anne's Lace 91.6 22.5
= Grass 34.5 8.5
o Curled Dock : 34.3 8.4
? Miscellaneous 33.6 8.3
LI Brome grass 13.6 3.3
. Meadow garlic 12.7 3.1
‘; Ragweed 11.6 2.9
§ Sedge 8.8 2.2
o Unknown 6.2 1.5
Ty Alfalfa 2.9 .7
1 Smartweed . 2.9 .7
. Broadleai Dock 1.7 N
Unknown #4 0.5 .1
& ‘ Plantain 0.3 -07
P Unknown #5 0.2 <04
‘ 406.3
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‘ galinization. The short-term effects of salt application are being

1

&
4 jnvestigated at the present time. The data collected should lead to a limited
|

;f' statement regarding the potential effect, if any, of salt application on vegeta-
v

4l tion. lm2 test plots were set Uup in an oldfield on the Site (see Figure 13).

Salt spray application rates approximate the net amount of salts in one

ey

month's drift from &4 c¢ycle cooling towers required to dissipate the heat

B e 8 e

from five 1100-megawatt umits running at 80 percent capacity. Salt solu~-

L

ved solids composition

.._A‘,‘

tion composition approximates the average dissol

. of Sandusky Bay water.
3 plots at 1/2 the base concentration applied once, 3 pléts with

. with no spray,
1 application of the base concentration, 3 plots with 2 applications of
and 3 plots with 3 applica-

Applications were made as follows: 3 control plots

e D &

Lol

1 ? the base concentration applied one month apart,

ﬁ ) tions of the base concentratiom applied one month apart. This method while
'é{ yielding short-term effects approximates accumulative effects also. Figure
% : 12 is a schematic diagram of the plot layout. Tabie 18 lists the data

é r obtained to date. This jneludes analyses of the vegetative composition of

M !‘ the test plots and percent cover of the ground by vegetation.

% ¢ Following the final spraying vegetative composition and percent

?'A . ground cover will be reevaluated in order that any significant changes may

be identified. A series of monthly pictures of each quadrat is being made

to further facilitate any necessary interpretation.

Wildlife

Yoo

I‘ Mammals

Preliminary investigations show that at least 13 species of

The marsh and adjoining

e oA

mammals utilize the Sandusky Bay Site (Table 19).

flooded areas are inhabited by both mink and muskrat.
particularly the woodlots and

The western portion

f—

of the Site is frequently used by deer,

The fields and fence rows appear to support high popula-

adjacent fields.

3 . -

Fox tracks are common in the fields and

tions of mice, voles, and shrews.

Rabbits are frequently seen aiong the fields, fence

along the fence TroOWS.
Woodchucks are present in some of the

sl

rows, and abandoned house sites.
Fox squirrels have been seen occasionally in the

fields and road banks.
and skunks are also present on the Site.

| A

woodlots. Raccoons, OPpOSSUMS,

b
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TABLE 18. (Cont.)

-gf Plants Plant-Common Name Latin Name % Cover
| Quadrant 7
(total percent cover 65)
1 Unknown thistle COMPOSITAE 2
4 Platain Plantago Sp- 7
Red and white clover Trifoliuom spp. 15
Ragweed Ambrosia sp. 10
Grass GRAMINEAE 15
2 ‘Broad leaf dock Rumex obtusifolius 1
12 Curled dock Rumex crispus io
4 Unknown 5
Quadrant 8
(total percent cover 897)
20 Curled dock Rumex crispus | 20
Grass GRAMINEAE 27
Ragweed . Ambrosia sp. 20
white clover ' Trifolium repens 25
3 Unknown~-smooth 3
1 Plantain Plantago sp.
1 Unknown-serrated 1
Quadrant 9
(total percent cover 100)
2 Curled dock Rumex crispus yA
Ragweed ' Ambrosia sp. 20
20 Smartweed Polygonum Sp. 10
White clover Trifolium repens 35
Sedge Scirpus Sp. 15
Unknown-serrated 15

Grass GRAMINEAE 3
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TABLE 18, (Cent.)

Ne. of Plants

Plant~Common Name Latin Name : 7 Cover

13

Quadrant 10

(total percent cover 100)

Field pepper grass Lepidicum virginicum

Curled dock Rumex crispus
Ragweed Ambrosia sp.
Red and white clover Trifolium spp.
Grass | GRAMINEAE
Thistle unknown COMPOSITAE
‘Meadow garlic Allium canadense
‘Unknown-smooth
Quadrant 11

(total percent cover 96)
Sedge | ‘ Scirpus sp.
Plantain Plantago sp.
Broad leaf dock - Rumex obtusifolius
Curled dock Rumex crispus

Field pepper grass - Lepidicum virginicum

White clover Trifolium repens
Ragweed Ambrosia sp.
Grass GRAMINEAE

Queen Anne's Lace Baucus carota
Smartweed Polygonum sp.
Meadow garlic Allium canadense

Quadrant 12

(total percent cover 73)

Curled dock Rumex crispus
Ragweed Ambrosia sp.
Grass GRAMINEAE
Smartweed Polygonum sp.
White clover Trifolium repens
Unknown-serrated

Plantain Plantago sp.

Broad leaf dock Rumex obtusifolius

17

20
40
15

20

10
20
30

[aa N o B s I (N R W |

12
20
25

10
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TABLE 18. (Cont.)

£ Plants Plant-Common Name Latin Name % Cover
Quadrant 13
(total percent cover 85)
Smartweed Polyponum sp. 5
Ragweed Ambrosia sp. 31
2 Common sow thistle Sonchus oleraceus 2
6 Curled dock ‘ Rumex crispus 5
Red and white clover Trifolium spp. 30
Grass GRAMINEAE 10
1 Unkn-serrated 1
1 Unkn-smooth 1
Quadrant 14
(total percent cover 98)
Red and white clover Trifolium Spp. 25
Pepper grass Lepidicum virginicum 15
Plantain Plantago sp- 10
10 Curled dock Rumex crispus
Smartweed Polygonum sp. 3
Unkn-serrated 10
Ragweed Ambrosia sp. 17
Grass GRAMINEAE 10
| 1 Meadow garlic Alliuom canadense 1
Quadrant 15
(total percent cover 100)
15 Circled dock Rumex crispus 7
Ragweed Abrosia sp. 33
5 Alfalfa Medicago sativa 5
1 Meadow garlic Allium canadense 1
3 Unkn-serrated 5
| Smartweed Polygonum Sp.
Plantain Plantago SP. 1
Grass GRAMINEAE i4
Red and white clover Trifolium Spp. 32
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TABLE 18. (Cont.)

No. of Plants Plant~-Common Name Latin Name % Cover
i (total percent cover 100)
! 14 Curled dock Rumex crispus 15
l_i Brome grass Broml.ls 8p. i0
] Sedge ' Scirpus sp. 15
L Ragweed - Ambrosia SPP- 20
L: ' Red and white clover Trifolium EppP. 34
- Smartweed Polygonum Sp. 3
F Unkn-serrated
| Grass GRAMINEAF. 3
I_ Quadrant 17
‘ (total percent cover 75)
i 12 Curled dock Rumex crispus 7
[~ ' Smartweed - Polygonum sp. 40
E.J i Unkn-serrated smooth _ 1
- Red and white clover o Trifolium spp 15
i | Unkn-serrated
_ Grass GRAMINEAE
| Ragweed : Ambrosia sp. .
- Quadrant 18
B (total percent cover 95)
_J 1 Broad leaf dock Rumex obtusifolius 1
- sedge Scirpus sp. 10
LJ 4 Swamp thistle Cirsium muticum 27
Smartweed Polygonum sp. i5
‘ } 7 Curled dock * Rumex crispus 3
- Ragweed Ambrosia sp. 10
1 Meadow garlic Allium canadense 1
25

{
E
B
E Red and white clover Trifolium sSpp.
|
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TABLE 19, MAMMALS OBSERVED OGN THE SANDUSKY BAY
SITE TO DATE

Common Name Scientific Name
QOppossum Didolphis virginianus
Shorttail shrew Blurina brevicauda
Eastern Cottontail Sylvilagus floridanus
Meadow vole Microtus pennsylvanicus
Wood mouse Peromyscls leucopus
Muskrat Ondatra zibenthica
Weodchuck Marmota monax
Fox squirrel Sciurus niger
Red fox Vulpes fulva
Raccoon Procyon lotor
Mink Mustella vison
Striped skunk Mephitis mephitis

Whitetail deer pdocoileus virginianus
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Mammal studies conducted on the Site have thus far been pre-

liminary and of a 1imited pature. Records and notes have been kept on all

during the course of work in progress

on other faunal components. Intensive studies will be conducted in both

the fall and spring to determine the composition and abundance of mammalian

populations on the Site.

Birds

Bird populations on the gite hawe been studied in the spring and

summer much more intensively +han the mammals. A list of the species found

on the Site and the habitats in which they were observed is presented in

Table 20. Th

winter observation period.
ter to determine the utilization of the area by migrating waterfowl,

Additional work is planned

is list also includes the birds observed during the Phase I
An intensive bird study is planned for the fall

and win
winter residents, and permanent residents.

for next spring to observe use of the Site by spring migrants.
_ There are indications that bald éagles may use the northwestern

portion of the Site for nesting. Battelle personnel have seen two adult

eagles on the Sandusky Bay Site as recently as September 12, 1973.

Two nests on the Site have been 106ated."Eag1es were observed

using the northern nest during the winter of 1972-73. No eagles
were seen while conducting other field studies in the spring of
1973. The Pickerel Creek nest and the Schlegel farm nest were both used

for nesting in 1972; only the Pickerel Creek nest was used for nesting

in 1973 (Branzell, personal communication).

Present population estimates for bald eagles in the continental

United States (which includes members of both subspecies) is 750 breeding
pairs (Knoder, 1972). About a dozen of these magnificent birds nest in

the vicinity of Lake Erie and its larger bays, but their numbers are

decreasing (Campbell, 1968).
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Richard Branzell, U. S. Game Management Agent, (personal
communication) reports that there are 10 traditional bald eagle
nesting sites in the Lake Erie region of Ohio. His aerial survey in
1972 revealed only six nesting pairs with no young produced. 1In
1973 there were Seven nesting pairs which produced a total of two
eaglets.

"causes of eagle mesting failure are complex. Some leading
authorities state the presence of humans and their interference
are greater factors than pesticides. In 1961, a pair which built a
nest at Crane Creek Beach (Ottawa County, Ohio) was ultimately driven
away by persons who pounded on the tree with large clubs in order to
frighten the female from her eggs sO that they could see her."
(Campbell, 1968:91-92).

Alexander Sprunt, IV, Research Director of the National Audubon
Society, (personal communication) stated that detrimental effects of
pesticides on bald eagle production may be decreasing due to bans on the
use of DDT in recent years. He feels that an increase in the Chesapeake
Bay eagle population may indicate an upward trend in continental bald
eagle populations formerly on the decline due to eggshell thinning caused
by DDT and its metabolites. Both Roger Thackef (personal communication)
and Sprunt (personal communication, 1969) believe that the greatest
limiting factor to eagle populations in Ohio will probably be human
disturbance. Shooting of bald eagles may also be a significant limiting
factor (Branzell, personal communication).

There are two subspecies of the bald eagle: Haliaeetus leucoce=-

phalus, the southern bald eagle, and Haliaeetus leucocephalus alascanus,

the northern bald eagle which is the subspecies nesting in Ohioc (Snow,
1973 and H. G. Smith, personal communication). Only the southern sub-
species is on the Threatened Species List of the United States (U.S.D.I.,

1973). However. the northern subspecies is on the Rare and Endangered
yertebrate List of Ohio to be published soon by the Ohio Chapter of the

Wildlife Society (H. G. Smith, personal communication) .
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The Federal Code of Regulations states that the taking,

or transport of bald eagles or their parts, nests, Or

possession,
u of Sport

eggs is prohibited except by a permit issued by the Burea

Fisheries and Wildlife.
wer plant next to an eagle's nest which caused the

Branzell (personal communication) indicated

that building a po

eagle to abandon the nest, would not be illegal, but it would certainly

have public relations ramifications.
Ohio law states that bald eagles may not be killed or possessed

and the nest may not be disturbed. No legal definition of "disturbed" is

available (Dick Francis, Enforcement Section, Ohio Division of Wildlife,

personal communication).

"I+ must be evident that those who live in the vicinity
of an eagle's nest become very much attached to these
stately birds, and view their comings and goings with
unfailing interest. In some parts of Erie and Ottawa
Counties the eagles are regarded very highly, and
anyone who attempted to molest one of them would get

into serious trouble with its human neighbors."

(Dawson, 1903:416)

Althoughi the preceding St ++ i old, the current

interest in bald eagles nesting along Lake Erie is still high.

Preservation of nesting habitat around the bald eagle nests on the Site

if it were developed would be highly recoﬁmended in order to avoid

unfavorable public reactions (Smith, Branzell, Sprunt, and Thacker,

personal communication).

Sprunt (personal communication) recommended two strategies

for maintaining the potential for bald eagles to use onsite nests.

1. Establish a refuge of at 1
These areas should be closed to

east a 0.25-mi. radius around

each nesting site.

construction activities, particularly during the nesting

season (March 1 to August 1).

2. Leave several acres of old-growth trees (in the vicinity

of the present nests) for potential renesting sites and

roosting trees.
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These recommendations coneur with those made by Snow (1973) for the

Bureau of Land Management. She reported that the Bureau of Sport

Fisheries and Wildlife does not allow timber cutting or human
disturbance (including construction) within a 0.5-mi. radius around
nal wildlife refuges.

nest trees during the nesting season on natio
three to five old-growth trees for roosting and potential

They reserve
nest trees within the buffer zone.
Two examples of guccessful eagle nests in the vicinity of

heavy human disturbance were recorded. An eagle pair continued to

nest after construction of a freeway in Florida. The nest was 400

yards from the road (Thacker, personal communication). Another pair

of eagles renested in the vicinity of the Site when their original

: nest blew over in a windstorm. This nest is about 0.25 mile from the

end of the Sandusky Airport runway in Ohio {(Branzell, personal

communication}.

TRy T
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AQUATIC ECOLOGY

Plankton

Species Composition

To date work has consisted primarily of sample cleaning and slide
preparation for analysis of the diatom community. So far, 127 species of diatoms
have been identified from samples of both bay plankton and stream diato-
meter slides, with a greater diversity in the stream samples. These are
listed in Table 21. No unusual diatoms have been encountered in appre-
ciable numbers. The diatometer slides and stream samples have consisted

primarily of epiplytic gehera of Cocconeis and Symedra. The stream from

the Miller's Blue Hole has a considerably different flora than do Bayshore
Diteh and Pickerel Creek. The planktonic diatom community made up the
majority of the phytoplankton of Sandusky Bay during the spring months

with Melosira ambigua, Melosira granulata, and Diatoma tenue Var. elongatum

the dominant taxa. Other common planktonic diatoms of the genera Aster-

ionella, Coscinodiscus, Stephanodiscis, and Fragilaria were present in

smaller numbers.
With the onset of summer, the abundance of diatoms in plankton
samples decreased and was largely replaced by blue-green algae. Although

not yet counted, samples from July show a bloom of Aphanizomenon flos-agquae

with some Anagbaena sp.
Plankton samples show a considerable difference in quantity between
various stations. Those obtained further out toward Lake Erie show a greater

number of planktonic organisms than do samples obtained further back in the Bay.

Primarv Productivity

The radioactive carhon technique is being employed for determina-
tion of carbon fixation rates by pelagic phytoplankton. Although this
technique is rather complex, its accuracy outweighs any disadvantages. The

general work plan for primary productivity analyses in Sandusky Bay involves
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SANDUSKY BAY DIATOM LIST
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Achnanthes
Achnanthes
Achrnanthes
Achnanthes
Achnenthes
Achnanthes
Achnanthes
Achnonthes
Achnanthes

affinis

coarctata

erigua

hungarica

lanceolata

lanceolata var. dubia
microcephala
minutissima.

pinnata

Aehnanthes 5P.

Amphipleura pellucida

Amphora ovalis

Amphora ovalis var. pediculus
Amphora veneta '

Ampl: ra submontana

Caloneis amphisbaena

Caloneis bacillaris var. thermalis
Caloneis bacillum

Caloneis limosa

Caloneis ventricosa var. truncatula
eoc: ngis pediculus

Coccurets placeniula

Cossoneis placentula var. lineata
Cyclotella kutzingiana

Cyclotella meneghiniang
Cymatopleura solea

Cymbella cistula

Cymbella parva (W. Smi) CI.
Cymbella parva

¢ whalla ventricosa

Diatoma tenue

Diatoma vulgare

Diploneis oblongella

Epithemia turgida

Epithemia zebra

Epithemia zebra vax saxonica
Eunotia curvata -

Fragilaria eapucina var. mesolepta
Fragilaria consiruens var. binodis
Fragilaria consiruens var. punila
Fragilaria construens var. venter
Fragilaria lapponica

Fragilaria pinnata

Fragilaria vaucheriae

Frustulia vulgaris _
Gomphonema acuminatum var. coronata
Gomphonema angustatum

Gomphonema cons trictur

Gomphonema gracile

Gomphonema intricatun

Gomphonema montanun

.~ Gomphonema montanun var.
.Gomphonema olivaceum

Gomphonema parvulum
Gyrosigma spencerii
Hantzschia amphioxys
Mastogloia grevillei

Mastogloia smithii var. lacusiris, Grum.
- Melosira
. Meridion

Navieula
Navieula
Navicula
Navieula
Navicula
Navieula
Navicula
Navicula
Navicula
Naviecula
Navicula
Navicula
Navicula
Navicula
Navicula
Navieula
Navieula
Naviecula
Navicula
Navieula
Navicula
Navicula
Navicula
Navicula
Navieula
Navicula
Navicula

i1taliea
eirculare
biconica
capitata
cineta
etreuntezic

conferaceae var. peregrina

econtenta var biceps
eryptocephala
cuspidata
(dicephala?) o
exigua var. capitata

heufleri var. leptocephala

laneceolata
lyra

menisculus var. upsaliensis

minuscula

mutica

mutica var. cohnii
oblonga

pupula

pupula var. elliptica

pupula var. rectangularis

radicsa

seereta var. apiculaba
simplex

sp.

tenera

tripunctata

Neidivm iridis
Nitzschia amphibia
Nitzschia bremensis
Nitaschia dissipata
Nitzschia fonticola
Nitzschia hungariea
Nitzschia linearts
Nitzschia microcephala
Nitzschia palacea
Nitzsehia palea
Nitzschia sigma
Witzsehia sigmoidea
Nitzschia sp. 2 {Young)

subelavatum
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TABLE 21. (Continued)

l

.

101.
102.
103.

104

105.
106.
107.
108.

108
110

111.
112.
113.
114.
115.
116.
117.
118.
119,
120.
121.
- 122,
123.
124,
125.
126.
127.

Nitzsehia SPp.

Nitaschia tryblionella var. debilis
Nitaschia trybiionella var. vietoriae
Pinnularia brebissonii

Pinnularia clevel

Pinnularia mator

Pinnularia/Navicula Sp.

Pinnularia Sp.

Pinnularia substomatophora
Pinnularia viridis

Pinnularia viridis var. minor
Rhotcosphenia eurvata

Rhopalodia gibba

Rhopalodia gibberula

Sta.roneis anceps

Stauroneis phoenicenteron f. gracilis
Stauroneis Sp.

Surirella ovalis

Surirella ovata

Surirella ovata var. pinnata

Synedra fasciculata var. truncatula
Syndra filiformis var. exilis
Synedra parasitica var. subconstricta
Synedra pulchella

Synedra Sp.

Synedra tenera

Synedra ulna
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placement of water samples enclosed in giass bottles and "spiked" with
aliquots of carbon-1l4 solution at 6 stations throughout Sandusky Bay

(Figure 14). At each station water is obtained from 0.Z-m and 0.B-m depths
using a PVC Kemmerer sampler. This water containing constituent phyto-
plankters is decanted into 125 Pyrex glass-stoppered containers serving

as incubation bottles. At each station, 3 bottles are used for each depth;
one of the bottles to be incubated at the two depths is covered with a

black polyethylene bag in order to exclude sunlight. Activity inside the
"dark" bottle is used to indicate uptake of carbon-14 by non-phototrophic
organisms, i.e., heterotrophs. The contents of each incubation bottle is
jnnoculated with precisely ZPCi of Clé prior to in situ suspension. After
addition of the isotope, the bottles are placed into holders designed
specifically to support 3 bottles, equally spaced, in a horizontal position.
Fach set of 3 incubation bottles is then suspended at that depth from which
the water was obtained (one set at 0.2 m and the other at 0.8 m). The bottles
are held in place by a system of lines, floats, and anchors and allowed to
incubate in situ for approximately 4 hours during midday.

Upon terminating the incubation period, the suspended bottles are
removed from the Bay and their phytoplankténic contents are killed by the
addition of formalin. This is done to stop active uptake or incorporation
of 014 by the phytoplankton. A portion (25 ml) of the contents of each
bottle is filtered using special filters (Millipore: 25 mm dia., 0'45F pore)
and filtering apparatus. The phytoplankton remain as a residue upon the
filters and these in turn are air-dried, dissolved in a scintillation cock-
tail, and radioassayed using a Packard Tri-Carb Scintillation Unit. Primary
productivity rates are computed from the count data obtained.

Concommitantly, several other physical and chemical parameters are
measured: alkalinity, pH, temperature, splar insolation, and transparency
of the water. Temperature is measured at each station using a YSI telether-
mometer. Secchi disc readings are also made at each station. Water samples
are obtained at each statiom, returned to the field laboratory where pE is
determined with 2 Beckman ChemMate Portable pH meter, and total alkalinity

is determined potentiometrically (A.P.H.A., 1971).
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Solar insolation js measured in 1angleys/min using a YSI Model 68

pyranometer equipped with a silicon solar cell and attached to a strip-chart

recorder. Data from the pyranometer charts are transferred to numerical

data, langleys/incubation period and langleys/12-hr day, by using a K&E

polar planimeter. These data are required for caleulating carbon fixation

rates on a daily basis.
Primary productivity experiments have,
Results from the most recent field

to date, been conducted

biweekly commencing August 16, 1973.

mission are being processed. A portion of the findings resulting from these

investigations are presented in Table 22. 'Optimum carbon assimilation rates
face (0.2 m) waters in

represent carbon fixation rates recorded from sur

sandusky Bay. Other data available, but not yet completely processed, include

areal and daily carbon fixation rates and carbon uptake due to heterxotroph
activity.

Highest productivity rates within the Bay were recorded from

gtration 4. Lowest values were recorded at Station 3 located in or near

the mouth of the gandusky River. The trend in carbon assimilation rates for

that portion of sandusky Bay examined appears to be as follows: (1) lowest

values near the mouth of the gandusky River possibly due to high turbidity

and low transparency acting in concert to reduce light penetration and

photosynthetic activity (Secchi disc readings have regularly been lowest

at Station 5)3

TABLE 22. OPTIMIM CARBON ASSTMITATION RATES
mgC m~3 hr-1

Stations
Date 1 2 3 4 5 6
8-16-73 62.0 99.3 112.3 156.4 45.8 116.7
8-29-73 12.1 23.1 29.2 37.2 24.7 33.6
9-12-73 15.3 14.6 19.0 21.8 14.7 17.5

. w3 W W
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(2) highest values at Stations 4 and 7 -- an apparent settling-out of

suspended sediments occurs and 51nce these stations are closest to the Bay's

primary nutrient input, the Sandusky River, these waters exhibit high carbon

fixation rates; and (3) a general lessening in rate of carbon- assimilation
moving away from the Sandusky River toward the outer Bay.

On a preliminary reconnaissance mission to Sandusky Bay during

the week of July 9-12, 1973, a "heavy" phytoplankton (Aphanizomenon flos-aquae)
bloom was in progress. The alga bloom covered approximately 2/3 of the

ipner Bay. Although comparisons between primary productivity measurements
reported here and those reported by other workers for Sandusky Bay and

western Lake Erie (see Cody, 1972) cannot at this time be made, the Bay

waters are apparently capabie of supporting plankton blooms greater than

those known to.occur in the western basin of Lake Erie.

Benthos

Methods

Seventeen stations have been saupled'in'Sandusky Bay and adjaéent

areas to determine the structure and spatial distribution of benthic popu-

jations and commmities. The sampling sites were selected to gain information

on the benthos from three potentially different habitats: the open Bay, most
probably influenced by the Sandusky River outflow, the shore and immediate
offshore area of the Bay adjacent to the Site, and the onsheore tributaries

in the vicinity of the Site. Stations 21, 33, 35, 36, and 38 (see Figures

15 and 16) are situated in almost a straight transect from the mouth of the
sandusky River to the outer Bay between the City of Sandusky and Johnson's

Tsland. Samples taken at these stationms would be most indicatlve of Bay

and accompanying River influence. Stations 5, 6, 8, 16, 17, 19, 29, and

31 are situated at the shore and offshore sites and would be most indica-

tive of Bay and shore conditions. Stations 29, 40, 41, 42, and those located

at Sherz Ditch and Miller's Blue Hole Stream are representative of onshore

tributaries.
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A1l samples were taken with either a 6" x 6"- or 9" x 9" -Ekman

dredge and the organisms screened from the accOompanying mud and silt through

a Wildco wash bucket with a bottom of 40-mesh wire cloth. All organisms

were placed in wide-mouth polyethylene bottles and fixed in 10 percent

formalin.

Results

geven taxa have been identified from the open Bay and shore-offshore

habitatse.

‘Data on the benthic community, at this point in time, indicate a
g in the open Bay habitats. The mean number
Bay stations (21, 31, 35, 36, and 38) is

762 for the shore-offshore areas.

larger number of organisms livin
of organisms collected in the open
3,965 per square meter as compared to 1,
Spatial distribution and abundance of benthos 2as determined from Phase 11

sampling and analysis are jisted in Table 23.

The benthic community structure in both the open Bay and shore-
offshore area habiltats is apparently dominated by Oligochaetes (aquatic
segmented worms). The Dipterans (insect midge larvae) comprise the bulk

of the remaining community. The Hirudineans (leeches) while present in

both habitats, never represented more than 2.6 percent of the total community.

The Oligochaetes occurred in 100 percent of the open Bay stations
and showed a mean concentration of 3,574 organisms per squdre meter. They

represented between 77.0 and 95.0 percent of the total organisms collected

at each station in the open Bay. In the shore-offshore stations, the Oligo-

chaetes occurred in 75 to 87.5 percent of the stations and showed a mean
concentration of 1,530 per square meter.

Oligochaetes were most abundant at Stations 31, 35, and 36 which
are located toward mid-Bay, northeast of the Site. The lowest number of
Qligochaetes were found at Stations 5 and 8 which are located scuthwest
of the Bite.

Tmmzture Oligochaetes wWere most numerous; representing &s high

as 91.7 percent of the total Oligochaetes at & single station. In the open

Bay the immatures totaled 76.1 percent and in the shore-offshore habitat they

represented 64 percent of the total Oligochaete community.
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TABLE 23, SUMMARY OF BENTHOS DATA FOR MAY, 1973

SHORE-OFF-SHORE STATIONS (GRID)

--5, 6, 8, 16, 17, 19, 29, 31

MAY, 1973
o i} 8 18 17
Taxa - #/sq. m. #/sq. m. #/sq. m. #/sq. m. #/sq. m.
g % % % Y % 2 % 2 %
‘Taxa Total Taxa Total Taxa Total Taxa Total Taxa Total
0ligochaeta
Brauchiura 0 134 0 .18 191
9.7 9.5 5.2 3.8 34,5 23.2
Limnodrilus 19 96 57 76 115
. 8.3 5.5 7.0 6.8 0.0 42.9 21.0 15.4 20.8 14.0
Peloscolex 96 38 38 76
7.0 6.8 40.0 28.6 10.5 7.7 13.7 9.2
Immatures 210 1051 0 229 172
. 91.7 61.0 76.3 74.3 63.3 46.3 31.0 20.9
100.0 100.0 100.0 100.0 100.0
Total 229 1377 95 362 B54
¢ of Total :

Station 66.6 97.3 71.4 73.1 67.4
Diptera _ : ' -
Chironomus 0 0 0 0 0
Prociadius 96 19 38 76 115

g3.5 28.0 50.0 1.3 100.0 28.6 57.7 15.4 46.2 14.0
Coelotanypus 19 19 0 57 134
16.5 5.5 50.0 1.3 42.8 11.5 53.8 16.3
100.0 700.0 100.0 100.0 100.0
Total 115 38 38 133 249
% of Total :

Station 33.4 2.7 28.6 26.9 30.3
Hirudiuea _

Helobdel la )] 4] 0 0 19

100.0 2.3
100.0 100.0 100.0 100.0 100.0 100.0
Total 0 0 0 0 19
% of Total

Station 2.3

Total 344 1415 133 495 822
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TABLE 23. (Continued)

19 28 31
#/sq. m. #/sq. m. #/sq. m. Total 4 of % of Mean % of Taxa
%% A % % Grid Total Stations of of Total
axa Total Taxa Total Taxa Total Stations Grid Occurrence Grid Grid

229 172 115 860 6.1 75 107.5 7.0
3.4 21.8 6.9 5.5 1.8 1.7

439 0 1509 2311 6.4  87.5 . 288.9  18.9
.2.2 41.8 | 23.4 22.4 o

38 0 955 1241 8.8  87.5 155.1  10.1
.4 3.6 14.9 14.2
0 2311 3858 7831  55.6 75 978.9  64.0
o 93.1 74.2 60.0 57.4
"30.0 100.0 - 700.0 100.0

706 2483 6437 12,243 S 1530.4

67.2 79.8 95.7 -

76 38 38 152 1.1 37.5 19 8.3
22.1 7.2 6.0 1.2 12.3 0.6 -
134 210 134 822 5.8 100.0 102.8  44.8
9.0 12.8 33.3 6.7 46.7 2.0

134 382 115 860 6.1 87.5 107.5  46.9
39.0 12.8 60.6 12.2 40.1 1.7
~00.0 100.0 100.0 —100.0

344 630 287 1834 229.3

32.8 20.2 4.3

0 0 0 19 0.1 12.5
100.0 100.0 100.0 100.0
0 0 0 19
1050 3113 6724 14,096 1762
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TABLE 23. (Continued)

OPEN BAY STATI1ONS--33, 21, 35, 36, 38

MAY 1973
33 21 38 36 28
Taxa #/sgq. m. #sg. m. #/sq. m. #/sq. m, #/sq. m.
% % Y % 2 % % % 2 %
Taxa Total Taxa Total Taxa Total Taxa Total Taxa Total
0ligochaeta
Brauchiura - 115 267 688 210 301
2.8 2.7 24.1 21.5 11.7 10.6 3.8 3.4 23.3 17.9
Limnodrilus 172 497 172 172 431
. 4,2 4.0 A4.9 40.0 2.9 2.7 3.1 2.8 33.4 25.7
Peloscolex 306 - 229 229 401 86
7.6 7.2 21.0 18.4 3.9 3.5 7.2 6.5 6.7 5.1
Immatures 3457 115 4775 4775 474
g5.0 80.8 10.4 9.3 a1.4 73.7 86.0 77.6 36.7 28.2
10G.0 100.0 100.0 - 100.0 100.0
Total 4050 1108 5864 5558 1292
% of Total
Station 95.0 89.2 90.6 90.4 77.0
Diptera
Chironomus 4 19 57 115 129
0 14.2 1.5 9.6 0.8 20.1 1.9 38.0 7.7
Procladius 228 19 535 229 129
: 100.0 5.4 14.2 1.5 90.4 8.3 40.0 3.7 38.0 7.7
Coelotanypus 96 0 229 . 8B
72.0 7.7 40.0 3.7 24.6 5.1
100.0 100.0 100.0 100.0 100.0
Total 222 134 592 573 344
% of Total
Station 5.0 10.8 9.1 9.3 20.5
Hirudinea
Helobdella 0 0 19 19 43
100 0.3 100 0.3 100 2.6
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Total 0 0 19 19 43
% of Total
Station 0 0 .3 .3 2.6
Total 4279 1242 6475 6150 1679
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- TABLE 23. (Continued)

Total % of % of Mean of 9 of Taxa

ransect Total Stations Transect of Total
Transect}  Occurrence Transect?
1581 8.0 100 316 8.8
1444 7.3 100 288 8.1
- 1251 6.3 100 250 7.0
13,596 68.6 100 2719 76.1
: 100.0
17,872 3574
320 1.6 8 64 17.1
1141 5.8 100 228 61.0
411 2.0 60 82 22.0
100.0
1872 , 374.4
81 0.4 60
100.0
3965

1y of Branchiura from all stations against total organisms from all <tations 1581/19,825. E

™~
el

¢ of Branchiura from all ctations against total 0ljgochaetes 1581/17,872.
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seems to prefer the open Bay

The Oligochaete, Branchiura sowerbyi,

more than the shore-offshore habitat. This species was present in 100 percent

of the open Bay samples and comprised 8.8 percent of the Oligochaetes while

in the shore-ofishore ar

and comprised the lowest, 7 percent, of the communlty.
steri and Peloscolex ferox, were most abundant

ea it was only present at 75 percent of the stations

However, the Oligo-

chaetes, Limnodrilus hoffmei

in the shore-offshore habitat. Limmodrilus represented the highest, 18.9

percent, of the Oligochaete commumity in the shore-offshore as compared to

8.1 percent in the open Bay area.

The Dipteran, Procladuis, W
It was, however, slightly more abundant in the open

as widely distributed. It was recorded

at every sample station.

Bay where it comprised 61.0 percent of the Dipteran community as compared

to 44.8 percent in the shore-offshore stations.

The Dipteran, Chironomus, Was considerably more abundant-in the

open Bay where it appeared in 80 percent of the stations as compared to

only.37.5 percent of the shore-offshore stations. It represented 17.1 per-

cent of the Dipteran community in the open Bay and only 8.3 percent in the

shore-offshore area.

The Hirudinean, Helobdella,
lar at Station 38 in the outer Bay off Johnson's Island.
it represented 2.6 percent of the total benthic community. It

was most abundant in the open Bay and

in particu At

this station

was recorded in only ome station offshore (17) and represented 2.3 percent

of the total community at that site.
the Oligochaetes are the only organisms that are
All other benthic organisms

Taxanomically,

currently being identified to the species level.

are identified to genus. If the species are worked out on these they will

be included in the data at a later date.

For more universal ease of interpretation of data, the diversity

indices discussed by Gaufin, the ASTM manual number STM528, "Biological

Methods for the Assessment of Water Quality", bave been modified to provide

an index called "exact diversity". This provides a statistic to indicate

precisely where the diversity of that particular station lies in relation

to the maximum and minimum diversity of all stations. This may be a more

valid statistic than “community" or nindividual' diversity. All appro-

priate diversity indices are given in Table 24,
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TABLE 24. TABULATION OF BENTHOS DIVERSITY INDICES

2 3 1
N A > c
5% g4 % o g 2l 5 2
0 o m £ w < © n
Number £ ¢l s§ |z L g < S ol s
Station & | General Number of g > B 2 xS ES D ¥ 2
NMonth Species Individuals 00 £ (=0 20 e w o |
5-May 4 345 148 | .4236 | 204| -517}.8112 -381
5-June 5 286 160 | .5579| 195| -878|.7433 -230 |
6-May 6 1417 560 | .4013 |1095] -2743|.8570 —2195 ‘
6-June 6 497 363 | .7812] 880| ~734|.6898 —389
8—-May 3 1383 g2 | .aB86| 61] -1611.7472 -105
g8-June 3 172 63 | .8675| 80| -227|.8148] —171
16-May 6 408 go5 | .6528 | 381] -736{.7246] —429
16-June 6 612 612 | .7221 ] 470] -960{.7037| —536
17-May 7 823 651 | .7906 | 687| -1342|.6905| -714
17-June 7 572 307 | .6942| 476| -8411.7143] —465
19-May & 1053 701 | .e657 | 812| —1902}.7491j—1221
19-June 6 690 435 | .6302 | 530} -1119}.7474} —702
21-May 7 1245 841 | .6751 |1043] —2256].7524|~1439
21—June 7 708 446 | .6000 | 590| -1108).7499) —~683
20~-May 5 3120 1485 | .3797 |2174| ~7362|.8777|-6195
20~-June 8 477 o35 | .4027 | 402| -835].7987) —422
31-May 7 6737 3445 | .5113 {5688| ~1717|.8505|~1375
: x 10° x 10° H
81-June 7 3024 1689 | .5585 |2546| ~6650|.8192|-4988
38-May 5 4287 1385 | .3280 |2089| 1071|9003 -9344 H
33-June ) x 105
33-Jun= 9 3521 1845 | .5240 |3347|-7590].83459-5780 ’
35-May 7 6488 og54 | .4081 |B472| 1643 .6801~-.138 l
% 10° x 10°
35-June 7 4249 0175 |.5120 |3580 | —9974 ) .8416-7827 I
as-May 8 6164 ns4g3 | .4028 {5554 | —~i511 .8814—.1265
x 105 x 107 !
36-luna 7 4077 pan7 | 5855|7435 | —0407 | .B176-7150 !
3B-May b 1672 1atg | .7847 |1508 | ~3163 .7246{-187'i
38— Jun= U DAG7 J1an |.asaa |2076 | ~5208 |.838874020
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The organisms present in the Bay, to date, are limited to three

species of 0ligochaetes; three genera of Chironomids; and one genera each

of leeches and mussels. There is one classification of Oligochaete that

is called "Immature". They are counted and listed separately. The immature
0ligochaetes cannot be identified.

The Oligochaete species are: Branchiura sowerbyi
Peloscolex ferox
Limnodoilus hoffmeisteri

The Chironomid genera are: Chironomus
Proeladius

Coelotanypus

.Thelleech is Helobdella sp. and the mussel is Anodonta sp.

To date, there are too few monthly samples to establish any sort

ed on the tabulated diversity indices, the Bay seems
and 19). The actual diversity

of seasonal trend. Bas

to be "healthy" at four statioms (8, 16, 17,

nearly equaled the maximum possible diversity. At the rest of the statioms,

except Statioms 33 and 36, the diversity at least exceeded half-maximum

diversity. At Stations 33 apd 36 the diversity was only slightly below

the half-maximum point. At this point, the benthos of Sandusky Bay shows

a healthy diversity of soft bottom forms.
Fish

From the period of May 13, 1973, to August 10, 1973, 16 species

of fish were collected. Relative abundance of species collected are

listed in Table 25. Gizzard shad were found to be the most plentiful,

comprising 61.9 percent of all specimens collected. Other major species

were white bass, white crappie, yellow perc

The 2-, 3-, and 4-year age classes were moS

h, and common emerald shiner.
t frequent in this sample, a

condition common to the particular seasom. The younger classes began to

appear in the August sample and should occur more in autumn months.

Table 26 lists percentages of frequency of occurrence of food

items in fish sampled from Sandusky Bay. Ttems identifiable in stomach

contents are probable biased toward organisms more difficult to digest.

owed by Cladocerans

Chironomids appear to be the most plentiful food item foll

T
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TAELE 25. SPECIES COMPOSITION OF FISH TAKEN FROM SANDUSKY BAY

May 15

, 1973 TO August 10, 1973

Number of Percent
Species Organisms of Total
1-Family Clupeidae o
Dorosma cepedianum~(gizzardshad) 1724 61.9
2-Family Cyprinidae
Cyprinus carpto (carp) 59 2.12
Carassius auratus (goldfish) 7 .25
Carassius (hybrid) . 3 L1
Notropis atherinoides {common emerald shiner) 633 22.73
Notropis spilopterus {spotfin shiner} 7 .25
3-Family Ictaluridae
Tetalurus punctatus (northern channel catfish) 26 .93
Tetalurus nebulosus (brown bullhead) 7 .25
4-Family Esocidae
Esozx lucuis (northern pike) 1 .04
5-Family_Serranidae
Horone|chrysops {(white bass) 39 1.40
6-Family Percidae
Perca flavescens (yellow perch) 182 6.53
Stizostedion vitreun (walleye) 10 .36
7-Family Centrarchidae
Pomoxis arnularis (white crappie) 39 1.40
Pomozis nigromaculat s (black crappie) -8 .28
8-Family Sciaenidae .
Aplodinotus grunniens (freshwater drum, sheepshead) 20 72
© Total 2765




TABLE 26, FREQUENCY OF OCCURRENCE OF FOOD ITEMS FROM SANDUS
MAY 15, 1973 TO AUGUST 10, 1973

119

KY BAY FISH

Food Item % Qccurrence
Cladocera 8.8
Copepoda 7.3
Diptera {not chironomids} 2.9
Chironomicae

C. chironomus 14.7

C. eryptochironomous 11.7
Insecta {unidentifiable) 4.4
Amphipoda . 2.9
Decapoda 4.4
Fish : 5.8
Unjdentifiable debris 26.4
10.2

Empty
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and Copepods. One-fourth of all stomachs examined were found to contain
unidentifiable debris. A large percent of the stomachs examined were found

to be empty because fish tended to regurgitate when captured.

Physiochemical Measurements

Water Quality

Seventeen parameters of-water quality have been measured during
the period from March 23 to August 28, 1973. The following parameters have
been routinely determined from March to August: (1) surface water tempera-
ture, (2) water temperature at mid-water interface (bottom), (3) dissolved
oxygen of surface water, (4) pH, (5) conductivity of surface water, (6)
conductivity of bottom water, (7) transparency, (8) turbidity, (9) total
alkalinity, (10) ortho-phosphate, and (11) nitrate-nitrogen. Measurements
of 7 additional parameters were jpitiated in August, but insufficient data
have been accumulated on these to justify informative discussion. Parameters
jntroduced in August were: (1) dissolved oxygen of bottom water, {2) carbon
dioxide, (3) silica, (&) sulfate-sulfur, and (5) manganese. In addition to
these chemical parameters, coliform and fecal coliform bacteria concentrate
and BOD (Biochemical Oxygen Demand) measurements Were initiated.

Water quality in the open Bay area (Stations 21, 33, 35, 36, and
38) was fairly uniform from the mouth of the Sandusky River to the outer
Bay of Johnson's Island. Temperature varied no more than 1.5 degrees C along
this transect and varied less than 2.0 degrees C between surface and bottom
water. pH remained within a range of 7.3-8.5 with the lowest value recorded
in August in the outer Bay at Station 38. Very little difference existed
vetween conductivity of surface and bottom waters with an overall seasonal
fluctuation between 330 and 560 uohms]cm?. The Bay water showed the greatest
clarity during June when transparency was highest and turbidity lowest.
Dissolved oxygen concentrations ranged between 71 and 94 percent of satura-
tion during spring and summer. There existed, during August, a difference
between oxygen concentraticn of surface and bottom waters, sometimes as high
as two-fold. Since oxygen concentration of bottom waters was not recorded
during the earlier months of the study, it is not known whether surface and
bottom differences existed during the spring and early summer. Ortho~phosphate
cshowed minor fluectuvations along the open Bay transect. Nitrate-nitrogen was

generally higher in the outer Bay (Station 38} between Johnson's Island and

the City of Sandusky.
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Water quality in the shore-offshore stations (5, 6, 8, 16, 17, 19,
29, and 31) showed greatest differences and fluctuations at stations where

the water was shallowest. Among the shore stations, water temperature

reached a maximum of 28.5 C. Turbidity showed greatest fluctuation and

magnitude along the same shore stations (5-16). The offshore stations
approximated the open-Bay conditions, including the different oxygen con-
centrations between surface and bottom waters. Conductivity remained fairly
constant within the range of 365 to 540 uohms.

Tn Sherz Ditch, conductivity averaged 2.5 fold higher and turbidity
averaged 1/2 that of the Bay. Other water quality parameters of this man- |
made ditch approximated the characteristics of the Bay. The approximation
of Bay conditions was more pronounced between Route 6 (Station 39) and the
Bay than between Route 247 (Station 44) and Route 6. Turbidity increased
from headwaters to the Bay while conductivity decreased along this course.
Ortho-phosphate and nitrate-nitrogen likewise decreased in close proximity
to the Bay.

Tn Pickerel Creek, a natural tributary, ortho-phosphate and nitrate-
nitrogen decreased slightly toward the Bay, while sulfate and turbidity
Water temperature was from 3 to 5 C higher toward the headwater

increased.
(Station 43) than at Bay-influenced Station 39 at Route 6. pH remained
fairly constant in Pickerel Creek ranging between 7.3 and 8.5, the higher
values occurred closer to the Bay.

The outflow from the Miller's Blue Hole was substantially different
from Sherz Ditch and Pickerel Creek. Water gquality of the blue hole stream
and the effluent from the flowing well at Bayshore were similar. The most
striking difference in the Miller's Blue Hole tributary was its low tempera-
ture and high conductivity. Water temperature remained fairly constant
between 12.0 and 14.5 C while conductivity ranged between 2,200 and 2,700
vohms. Dissolved oxygen was low, between 3 and 5 ppm even with the aeration
between the biue hole and Route 6. The water had a high clarity and very
low turbidity, never exceeding 15 JTU. pRH was rather constant varying be-

rween 7.2 and 8.4 and ortho-phosphate was quite low.



The flowing well at Bayshore, Station 42, is most probably of the
came origin as the Miller's Blue Hole. The water temperature was low,
between 11 and 13.2 C. ﬁissolved oxygen was the lowest of all stations,
averaging slightly higher than 1.0 ppm. Conductivity was high, approximat—
ing the blue hole station, between 2,200 and 2,600 uohms/sz. Turbidity
was lowest with a reading of 0.25 JTU. Ortho-phosphate was highly variable,
ranging between .05 and 1.2 ppm, but nitrate-nitrogen approximated that of
Bay water, around 12 ppm.

The Biochemical Oxygen Demand, while only analyzed once in August,
showed the highest values in the vicinity of the mouth of Pickerel Creek.,
Stations 5, 6, and 8 are situated in a straight line into the open Bay from
the mouth of Pickerel Creek, with Station 5 at the mouth. BODs of 10.5
were recorded at Station 5, 9.0 at Station 6, and 8.0 at Station 8. The
lowest reading of BOD, 3.0, was recorded near the opposite shore of the Bay
at Station 27. In the open Bay tramsect, the BOD was quite uniform; 6.0
at Station 33, 6.0 at Station 353, 5.0 at Station 36, and 7.0 at Station 38.

Coliform bacteria and fecal coliform bacteria were most concen-
trated at Station 35 which is just to the northeast of the Site; the
total coliform count was 10,000 and the fecal coliform concentration was 630.
The lowest total coliform concentration was only 287 and the fecal coliforms
only 26. At Station 37, across the Bay, the total number was 625 and the
fecal forms 12 while at the mouth of the Sandusky River the total coliform

concentration was 1,540 and the fecal forms 233.

Nutrient Budgets

During those periods when the productivity experiments are conducted,
water samples are obtained from Sandusky Bay and selected inflow streams(see
Figure 17) stored frozen, returned to BCL, and analyzed for total phosphate,
dissolved phosphate, total organic nitrogen, nitrate-nitrogen, and total
organic carbon.

Phosphates are analyzed using the stannous-chloride methed outlined

in Standard Methods (A.P.H.A., 1971).
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Total organic nitrogen is determined by digestion of the sample
following removal of free ammonia in Kjeldahl apparatus; final evaluation
of organic nitrogen content is completed with a titration of ammonia in the
distillate with standard 0.02N sulfuric acid. The ammonia is contained
under boric acid and the titration end-point 1is jndicated by a mixed indica-
ror solution consisting of methyl-red and methylene-blue indicatoxs.

The cadmium reduction method is being.used to determine inorganic
nitrogen components in the water samples. This method {adapted from Hach,
but also discussed in Standard Methods) registers hoth nitrate and nitrate-
nitrogen. Nitrate in the presence of cadmium is reduced almost completely
to nitrate which is then analyzed colorimetrically. The final result is
expressed as nitrate-nitrogen,

Analysis for total organic carbon is being conducted with a Beckman
infrared gas analyzer. A micro sample of the water to be analyzed is injected
into a catalytic combustion tube which is enclosed by an electric fuormace at
950 C. The water is vaporized and the carbonaceous material is oxidized
to carbon dioxide (COZ) and steam in a carrier stream of oxygen. The oxXygen
flow carries the steam and 002 out of the furnace where the steam is condensed
and the condensate removed. The COZ’ oxygen, and remaining water vapor emnter
an infrared analyzer sensitized to provide a measure of 002. The amount of
CO2 present is directly proportional to the concentration of carbonaceous
material in the injected sample.

Water samples from nine stations (Figure 17) have been
collected on five separate occasions. Analytical determinations for phos-
phates, organic nitrogen, mnitrate-nitrogen, and total organic carbon have
not been totally completed; therefore, no data tabulations are included at
this time. Data obtained to date indicate high inputs of phos-
phorus and nitrogen to the Bay via the Sandusky River and other smaller
streams. Total organic carbon is generally occurring at higher levels in
the Bay waters than in the Sandusky River due, no doubt, to autochthonous
organic production within the former. However, the trend is not always con-
sistent, i.e., the Bay receives significant inputs of carbonaceous organiés

from the River and tributary streams.
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