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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U. S. Nuclear Regulatory Commission, Office of
Nuclear Reactor Regulation.

1.
2,

This action is administrative,

The proposed action is the issuance of construction permits to the Public Service Company

of Indiana, Inc., Northern Indiana Public Service Company, Inc., East Kentucky Power

Cooperative, Inc., and Wabash Valley Power Association, {nc.. for the construction of the

Fsl?;ble l;:;l Nuclear Generating Station, Units 1 and 2 (MH 142), Docket Nos. STN 50-546 and
50-547.

The MH 142 station, located near the Ohio River in Jefferson County, Indiana, will

employ two pressurized water reactors to produce up to 3425 megawatts thermal (MWt)

from each unit. Steam turbine generators will use this heat to provide 1130 MWe

of electrical power capacity from each unit. The assessments contained in this statement
were made on the basis of the above power levels from each unit. The exhaust steam will be
cooled by mechanical draft cooling towers with make-up water obtained from and discharged
to the Ohio River.

Summary of environment2] impact a. . auvarse effects:

a. The 987-acre site is predominate forest and cropland. Construction-related activities
on the site would disturb about 250 acres. The portion of this land not to be used
for the plant facilities, parking lots, roads, etc., will be restored by seeding
and landscaping. The temporary removal of vegetation will tend to promote erosion.
Increased siltation and turbidity can be expected in local streams during
construction, but measures will be taken to minimize these effects. (Secs. 4.1,

4.3)

b. A maximum of 69 cfs of cooling water will be withdrawn from the Ohio River of
which 9 cfs will be returned to the river via pipeline with the dissolved solids
concentration increased by a factor of about 6. About 60 cfs will be evaporated
to the atmosphere by the cooling towers. (Sec. 5.2)

¢. Minor and temporary ympa:ts to the biota of the river and its west bank will result
from construction activities. (Sec. 4.3)

d. The volume of discharge (9 cfs) is very smail compared with the river fli
(annual mean is about 110,000 cfs) and the thermal effect on the river ecosystem is not

expected to be significant. (Sec. 5.3)

e. Chemical discharges from the plant will be diluted to concertrations below those
which might adversely affect aquatic biota. (Sec. 5.5)

f. The risk associated with accidental radiation exposure will be very low. (Sec. 7)

g. Transmission lines (about 115 miles) constructed by the applicant will require about
3475 acres of land for the corridors; of this about 85 acres will be occupied by
transmission tower bases. About 1110 acres of forest habitat will be replaced by
low vegetation and edge habitat. The railroad spur will require about 200 acres
of cropland and about 45 acres of forest; however, about half of this area is in
a transmission corridor. The 245 acres occupied by the railroad spur will remain
clearud for the life of the station, (Sec. 4.1)

h. Plant construction will involve some community impacts. Hunting, fishing, and other
recreational activities on the site will cease. Traffic on local roads will increase
substantially due to construction and commuting activities. Influx of workers'
families (2200 peak work force) could cause some housing and school problems,
although most of the work force is expected to commute from the surrounding area.

(Sec. 4.4)
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1. [INTRODUCTION

1.1 THE PROPOSED PROJECT

Pursuant to the Atomic Euergy Act of 1924, as amended, and the Commission's regulations in
Title 10, Code of Federal Regulatioms, an application was filed by the Public Service Company of
Indiana, Inc. for construction permits for two pressurized light-water nuclear reactors designated
as the Marble Hill Nuclear Generating Station, Units 1 and 2 (Docket Nos. STN 50-546 and STN 50-
547), each of which is designed to operate at about 3425 thermal megawatts (MWt) with a gross
electrical output of about 1192 megawatts (MWe). PSI will retain 65% of the capacity of the
station, 20% of the capacity is committed to ownership by Northern Indiana Public Service Compan
(NIPSCO), and the remaining capacity will be owned by East Kentucky Power Cooperatives, Inc. (8%
and Wabash Valley Power Association (7%). These four utilities are hereinafter referred to as
the applicant, or PSI. The proposed facilities are to be located on the applicant's site in
Saluda Township, Jefferson County, indiana. The site is about 11 miles (18 km) south-southwest
of *-“ison, Indiana, and on the Ohio River. The excess heat will be dissipated by means of
n.chanical-draft cooling towers, with initial fill and makeup water obtained from the river.

Title 10, Part 51 of the Code of Federal Regulations (10 CFR 51) requires that the Director,
Nuclear Reactor Regulation, or his designees, analyze the environmental report that accompanies
each application and prepare a detailed statement of environmental considerations. It is within
this framework that this Environmental Statement related to the constructfon of the Marble Hill
Nuclear Generating Station has been prepared by the staff of the U. S. Nuclear Regulatory Com-

mission (HRC).

The major documents used to prepare this Statement were the applicant's Preliminary Safety
Analysis Report (PSAR),* Environmental Report (ER),** and changes thereto, issued for the Marble
Hi11 Generating Station. Independent calculations and sources of information were also used as
a basis for the assessment of the environmental impact. In addition, some of the information
was gained from site visits by the staff to the Marble Hill site and surrounding areas in August
1975 and from meetings with State and local officials in September and October 1975.

As part of its safety evaluation leading to the issuance of construction permits and operating
licenses, the Commission makes a detailed evaluation of the applicant's plans and facilities for
minimizing and controlling the release of radicactive materials under both normal conditions and
potential accident conditions, including the effects of natural phenomena on the facility.

Inasmuch as these aspects are considered fully in other documents, only the salient features that
bear directly on the anticipated environmental effects are repeated in this Environmental Statement.

Copies of this Environmental Statement and of the applicant's Environmental Report (ER) are
available for public inspection at the Commission's Public Document Room, 1717 H Street N,
Wwashington, 0. C., and at the Madison-Jefferson County Library, Madison, Indiana.

**The Public Service Company of Indiana, Inc., Marble 11i11 Nuclear Generating Station, Units 1
and 2, Preliminary Safety Analysis Report," Vols. 1-7 and amendments, Docket Nos. STN 50-546
and STN 50-547, September 1975. (Hersinafter this will be cited as the PSAR, with specific
section number, page number, etc.)

**"The Public Service Company of Indiana, Inc., Marble Hill Huclear Generating Station, Units 1
and 2, Environmental Report,"” as amended, Vols. 1-4, with supplements, Oocket Mos. STN 50-546
and STN 50-547, September 1975. (Hereinafter this will be cited as the ER, with specific sec-

tion number, page number, etc.)
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1.2 STATUS OF THE PROJECT

Based on starting construction about July 1976, the applicant planned for Unit 1 to commence
operation in January 1982, and Unit 2 in January 1984, The applicant has requested a Limited
Work Authorization to permit certain non-safety-related activities to be initiated prior to the
issuance of full Construction Permits (Letter of June 25, 1976 from J. Coughlin of PSi to

Mr. 8. C. Rusche of NRC).

1.3 STATUS OF REVIEWS AND APPROVALS

The applicant has provided a status listing of environmentally related permits, approvals,
licenses, etc., required from Federal, regional, State, and local agencies in connection with the
proposed project (ER, Table 12.0-1). The staff has reviewed that listing and has consulted with
some of the appropriate agencies, and has found ng significant environmental impacts of concern
to the reviewing agencies.




2. THE SITE ARD ENVIRONS

2.1 STATION LOCATION

The proposed nuclear power station is to be located on a 987 acre {400-hectare) site near the
. Ohio River in Saluda Township, in the southeastern corner of Jefferson County in the State of
Indiana. The site is approximately 11 miles (18km) south-southwest of Madison, Indiana, 3]
miles (50km) north-northeast of Louisville, and 62 miles (100km) southwest of Cincinnati (see
Figure 2.1). The coordinates for the reactor units of the proposed power station are 39° 36' Q"W
; latitude and 85° 26' 53"W longitude (ER, p. 2.1-1). The site contains portions of Section 17,
L 18, 19, and 20, Township 2 North, Range 10 East of the 2nd Principal Meridian.

\ Most of the station structures are to be located on a flat upland area bounded on the east by the

| valley of the Ohio River and on the north and west by the valley of Little Saluda Creek. The

r relief from the upland to the valley bottoms varies from about 150 feet (45m) on the west to about
300 feet {90m) on the east (see Figure 2.2). The area within 2200 feet (670m) of Units 1 and 2

! will be maintained as an exclusion zone. Mo public roads or public railroads will traverse the

exclusion area.

i 2.2 REGIONAL POFULATION AND LAND USE

] 2.2.1 Regional Population

1

- Table 2.1 summarizes the applicant’s population estimate for 1374 and projections for the

N censual years from 1980 to 2020. In 1974, the total estimated population residing within five

, miles (Bkm) of the Marble 1iill Station was 2,350; by the year 2020, the population in this area

: will increase to 3,527 persons (See Figure 2,3). Population density averages 30 people per

! square mile (12/km?), indicating a sparse pattern of development. Within the frve-mile radius
of the station site are several small communities {less than 500 people): Bethlehem, 4.5 miles

south-southwest of the site; Paynesville, 3 miles west-northwest; Saluda, 4.5 miles northwest;
and Wise's Landiny, 3.7 miles southeast of the site. With the exception of Wise's Landing, Ky.,
these communitie. are located in Indiana. Additional information on population can be found in
Sections 2.1 and 2.2 of the ER.

:

!

{

! Population estimates and projections for the 0- to 50-mile (0-80km) zone are presented in Figure

[ 2.4. In 1970, the total number of people was 1,242,651; populaticn in this zone is expected to
increase 51% to 1,878,313 by the year 2020. Particular attention ~hould be called to the south-

r west and south-southwest sectors between 30 and 40 riles (48 and 6hxm) from the station site
{See Figure 2.4). Here the population is quite large, reflecting the presence of Louisville,
Kentucky (3} miles SSW) which had a 1970 population of 361,470. Table 2.2-1 in the ER lists

| the populations of all cities and unincorporated areas of over 1,000 people that are located
within 50 miles (80km) of the site. After Louisville, the next largest concentrations are in
liew Albany, Indfana (population 38,400; 29 miles SW) and Pleasure Ridge Park, Kentucky (papulation

’ 28,600; 38 miles SW). The Cincinnati Standard Metropolitan Statistical Area (SMSA), which is 12

I miles beyond the 50-mile radius, had a 1975 estimated population of 1.545,000.

Overall, population density within the 50-mile radius was 158 people per square mile (61/km?) .

According to projections supplied by the applicant, this density is expected to increase to an

. average of 239 people per square mile by 2020. The most ¢ sely populated area in 1970 is the

? ring between 30 and 40 miles from the site w th a density of 252 persons per square mile. Pro-
jections by other sources were essentially similar (Table 8.13).

2.2.2 Land Use

Within 10 miles of the station site approximately 71% of the land was in farm use in 1969, Of
this amount, 55%, or 348,100 acres, was devoted to crop production (ER, Tables 2.2-5 and 2.2-6).
Most cropland was planted in soybeans, corn and hay, and the most commen livestock were cattle,
hogs and chickens (ER, Tables 2.2-8 thru 2.2-11). This area also contains some forested land
that is being used for timber production. ’lthough the area in Kentucky is more heavily wooded
than the lndiana sectors, the latter have prufited more from their forest resources (ER, Table
2.2-7). In 1974, a livestock survey was made of 193 farms vithin a five-mile (8km) radius of
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TABLE 2.1
PROJECTED POPULATION AROUND THE MARBLE HILL STATION

Year
Rldhls )
Miles 1970* 1980 1990 2000 2010 2020
0-1 72 72 70 87 95 109
0-5 2350 2420 2644 2908 3139 3527
0-10 18609 21060 23312 25643 28225 31075
0-50 1242651 1387206 1504394 1619089 1743426 1878313

SOURCE: ER FIGURES 2.2-1, 2.2-2, AND 2.2-4
*POPULATION DATA WITHIN FIVE-MILE RADIUS BASED ON A 1974 SURVEY.
the station site. Beef cattle, hogs and chickens were the most numerous kinds of livestock in
this area of Jefferson County (ER, p. 2.2-9). The location of dairy cows and goats within the
five-mile zone is presented in Table 2.2-21A and Figure 2.2-8 of the ER.
The station site itself will comprise 987 acres (400 hectares), which were used ‘or cropland,
pasture, woodland, and residences in 1974 (ER p. 2.2-9). Table 2.2 below summarizes the uses
on the site,

TABLE 2.2

LAND USE OF THE MARBLE HILL STATION: 1974

USE ACRES PERCENT
FOREST 545.7 _55.3
Hardwood 528.5 96.8
Riparian 13.1 2.4
Pine 4,1 0.8
AGRICULTURAL 415.8 a0
Corn 155.5 37.4
Soybeans 67.7 16.3
theat 13.8 3.3
Pasture 82.0 18.7
Fa’low 96.8 23.3
RESIDENTIAL 8.0 0.8
MISCELLANEOUS 17.9 1.8
Ponds 1.4 7.8
Cemetery 0.4 2.2
Ecotone 16.1 90.0
TOTAL 887 .4 100.0

SOURCE: ER, Tables 2.2-20 and 2.2-21.






ey R

2.3.2 Groundwater

The area surrounding the site relies heavily on the abundant ground water resources, in particular
the permeable glaciofluvial aguifer along the Jhio River. Within 10 miles (16 km) of the site,
there are six municipal water supply centers utilizing groundwater. Table 2.1 lists these centers
and their average and maximum daily use. Maximum daily municipal groundwater use in this area,
excluding local domestic or rural wells, is about 12 Mgd (4.5 = 10* m?/d).

2.4 GEOLOGY AND SEISMICITY

The geclogy and seismicity of the proposed site will be discussed very briefly. A detailed dis-
cussion and evaluation of the geological features will be included in the staff's Safety Evaluaticn
Report,

2.4.1 Geology
2.4.1.1 Physiography

The proposed site is divided into three physiographic areas: the upland, the river bluff, and

the Ohio River Valley bottom. The upland is bounded on the east by the valley of the Ohio River
and on the north and west by the valley of Little Saluda Creek. The upland is essentially flat
with local relief up to 40 feet (12 m). From zhe upland to the valley bottom, the relief varies
from about 150 feet (45 m) on the west to 300 feet (90 m) on the east. The Ohio River Valley
bottom is nearly flat and ranges in width from 200 feet (60 m) at the .outhern site boundary to
1000 feet (300 m) were Little Saluda Creek joins the Ohio River, The valley bottom slopes toward
the river from an elevation of 460 feet {140 m) to about 420 feet.

2.4.1.2 Stratigraphy

At the Marble Hill site glacial deposits overlie the sedimentary bedrock of Silurian age dolomites,
limestones and shales. The station will be founded upon the Salomonie Dolomite formation which
ranges in thickness from 2° to 78 feet (8.8 to 24 m). The base of the containment structure will
lie 75 feet below ground level near the top of the Saluda Nolomite formation.

2.4,1.3 Soils

The predominant soils (see Fig. 2.5) on and adjacent to the proposed s n are loess (windblown
silts) on the upland and bluff areas, and alluvial-glaciofluvial depos .s on the valley bottoms.
Seven major soil types were identified (ER Supp. 1). The Avonburg series (Symbol 572 on Fig. 2.5)
occur on the nearly level portions of the uplands, and are developed in poorly drained loess that
overlies glacial till. The Rossmoyne series (Symbol 573 on Fig. 2.5) occur on the nearly level

to gently sloping portions »f the upland, and are developed in moderately well drained loess over
glacial till. The Grayford series (Symbol 594 on Fig. 2.5) occur on the nearly level to mocarately
steep portions of the upland, are developed in a thin mantle of well drained loess cver glacial
till, and exhibit poor to good stability characteristics. The Crider s..ies (Symbol 844 on

Tig. 2.5) are found on the nearly level to strongly sloping portions of the uplands, are developed
in well drained loess that overlies material weathered from limestone bedrock, and exhibit poor

to fair stability characteristics. The Fairmount series (Symbol 9636 on Fig. 2.5) occur on the
strongly sloping to very steep portions of the uplands, zre developed in well drained interbedded
limestone and soft calcareous shale, and may exhibit possible slope stability problems. The
Wilbur series (Symbol 73 on Fig. 2.5) are developed in nearly level alluvial deposits along
streams and rivers, are moderately well drained, and exhibit poor stability characteristics. The
Huntington series (Symbol 54 on Fig. 2.5) consist of deep, well drained, nearly level floodplain
soils developed in recent Ohio River alluvium with fair stability characteristics and a suscepti-
bility to flooding.

The soils along the proposed transmission routes can be identified in only a very general manner
from data obtained from the U. S. Soil Conservation Service,

Soil types encountered along the proposed Rush Line (see Sec. 3.7) include the Avonburg, Ross-
moyne, Fairmount, and Grayford series found on the site, as well as the Wakeland-Stendal-Haymond-
Bartle series (somewhat poorly drained silty soils found on alluvial deposits along the larger
streams), the Fincastle-Ragsdale-Brockston series (poorly drained loess founded on glaciai till
on the uplands), and the Miani-Russell-Fincastle series ( somewhat poorly drained loamy loess
founded on glacfal till on sloping terrain).
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Table 2.3, Municipal Wells in the Regional Area

Population Number Average Average Daily Maximum Daily
Pumping Center Served of Wells Depth (ft) Use (Mad) Use (Mgd)
Indiana:

Charlestown 5,700 2 78 1.10 1.40

Hancver College 1,700 3 65 0.30 0.43

(in Hanover)

Madison 11,600 6 14 2.50 3.70
East Well Field 2 98 1.10 1.80
West Well Field 2 108 1.40 1.90
Madison State 2 137 b b
Hospital

Washington Township 1,125 3 63 0.13 0.17

Water Corporation

(in New Washington)

Kentucky:
Milton 450 2 a a 0.20
Trimble County 453 2 El 0.12 0.24

Water District No. 1
(in Bedrord)

From £R, Table 2.2-29.
3Not available.
bSemrate water supply.

Soil types encountered along the proposed Columbus Line (see Sec. 3.7) include the Avonburg,
Rossmoyne, and Wakeland-Stendal-Haymond-Bartle series previously mentioned. Other series are
Genesee-Shoals-Eel (moderately well-drained loamy soils founded on alluvial deposits near stream
beds), Fox-Nineveh-Ockley (well-drained locamy soils on outwash sand and gravel), Martinsville-
Whitaker (moderately well-drained loamy soils on outwash or lake-deposited sand and silt found
along the hillsides), and Princeton-Ayrshire-Bloomfield (well-drained to somewhat poorly drained
loamy loess located on hillsides and .plands).

Soil types encountered along the proposed 345-kV Locp (see Sec. 3.7) include the Avonburg and
Rossmoyne series.

2.4.2 Seismicity

The site lies in an area ciassified as Zone 2 on a Seismic Rick Map of the conterminous United
States. Zone 2 is described as one of moderate anticipated damage, corresponding to Modified
Mercalli (MM) intensity VII. This is the intensity level at which damage may be widespread, but
is considerable only in poorly built or badly designed structures.

Most of the seismic activity in Indiana has occurred in the southwestern part of the State.
Events that occurred in several surrounding states have been felt also.

2.5 HYDROLOGY

The station will be located on a moderately undulating upland about 350 feet (105 m) above and
about 0.5 mile (0.8 km) west of the Ohio River at River kile (RM) 570 (miles downstream of
Pittsburgh). This stretch of river, designated "Ohio River Main Stem-Louisville," is within the
upper reach of the storage and navigation pool between McAlpine Dam (RM 607) and Markland Dam

(RM 532).
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2.5.1 Surface Water

Surface drainage features in the site vicinity include: the Ohio f..er, Big Saluda Creek,
Iéitt:a Saluda Creek, Squaw Creek, Corn Creek, Hollow Knob Creek, Camp Creek, and Little Camp
reek.

The major surface water stream in the region is the Ohio Fiver as shown in Figure 2.6. The main
stem of the river drops 429 feet (131 m) across its 981-miie (1580-km) length and drains an area
of about 204,000 square miles (528,000 km?). It flows generally in a southwesterly direction but
in some short reaches turns to all points from south to north. Its valley is rather narrow
compared to its drainage area, probably as the result of glacial influences. Within the valley
and immediately along the river, alluvial deposits of varying widths occur; some of these have
thicknesses of over 100 feet (30 m)." In the site vicinity, the river is a>out 2200 feet (670 m)
wide and is flanked by steep banks on the west ard a wide floodplain on the east. Normal water
depths at the site reach a maximum of 24 feet (7.3 m) at the normal pool elevation (420 ft or
130 m MSL). The water level is higher than 420 ft MSL at least 90% of the time. The average
discharge of the river at its mouth is 258,000 cfs (7310 m3/sec).®

Stream gaging station records for the two dams above and below the site indicate river discharge
ratus as follows: (1) the maximum and minimum recorded flows at the Markland gage (RM 531.5) are
465,000 and 10,500 cfs (13,200 and 300 m?/sec), respectively; and (2) the maximum, ainimum, and
average recorded flows at the Louisville gage (RM 607.3) are 1,100,000; 2100; and 113,000 cfs
(31,000; 59; and 3200 m?/sec), respectively. The minimum flow recorded at Louisville predates
completion of the lock-and-dam system, thus the more recently recorded low-flow data at the
Markland gage (10,500 cfs or 300 m?/sec) is considered as the minimum regulated flow affecting
the sgte v;cinity. because it is lower than the calculated 7-day 10-year low flow (14,200 cfs or
402 m?/sec).

Inasmuch as the proposed plant will draw its cooling water from the McAlpine Pool of the Ohio
River, a study of the water balance for this pool will be discussed. This pool is taken to be
the body of water between the Markland aid McAlpine Dams. The data given in Table 2.4 are
estimates of inflow and outflow for this pool. From this table we find that the small ungaged
streams and areas of direct river drainage account for about 316 square miles (818 km?) of
drainage area and contribute about 150 cfs (4.2 m?/sec) to the pool. The table also shows that
the estimated values for inflow anu outflow are in good agreement, suggesting relatively little
conrsuymptive loss from the pool.

Table 2.4, Estimated Flows into and out of the McAlpine Pool
(averaged for last four years of record 1971-1974)3

Gaging Station Drainage Area Flow Rate Flow

or Stream Name (sq mi) (cfs) Direction
Markland Dam 83,170 126,675 in
Kentucky River 6,970 10,967 in
Eagle Creek 437 81 in
Indian-Kentuck Creek 28 28 in
Harrods Creek 24 45 in
Beargrass Creek (south fork) 17 27 in
Beargrass Creek (middle fork) 19 34 in
Silver Creek 189 205 in
McAlpine Dam 91,170 138,650 out

Sources: "Water Resources Data for Indiana," USGS Documents: 1971 through 1974. "Water Re-
sources Data for Kentucky,” USGS Documents: 1971 through 1974,

'The last four years of rocord were used in this comparison because these are the only data avail-
able for the Markland Dam gage.
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2.5.2 Groundwater
Discussion of ter hydrology is limited to the area west of the Ohio River in the site
region, This is fate because the river essentially forms a hydraulic boundary between the

Indiana and Kentucky groundwater systems,

The most productive (up to 3.3 cfs or 0.1 m"/sec) aquifer in the site r ion is the alluvial-
glaciofluvial deyosit along the Ohio River. Other aguifers in the iun include: sand and
gravel lenses in glacial deposits, Louisville Limestone, the Brassfield Limestone and alluvial-
glaciofluvial deposits in local stream valleys. Within 10 viles (16 km) of the site, groundwater
is utilized as the primary (963 to 100%) water supply. Genevally, domestic wells are developed
at depths between 80 feet and 140 feet (about 25 m and 42 ~'. Most municipal supplies in the
site vicinity draw water from the alluvial-glaciofluvial aquifer along the Ohio River. The
station vill draw water needed for construction and potable uses from the same alluvial-
glaciofluvial aquifer at the rate of about 1.3 cfs (0.04 m?/sec). This aquifer is charged by

the Ohio River. Therefore, withdrawals by the Station will not affect other groundwater users,

2.5.3 MWater Quality
2.5.3.1 Surface Water

Waters of the Ohio River are classified as moderately hard to hard depending on the season of the
year, Hardness values (as CaC0;) range from 80 mg/1 to 275 mg/1.° Water temperatures and
chemical analyses of Ohio River water are shown in Tables 2.5, 2.6, and 2.7. It should be noted
here that the water quality parameters presented are generally averages or single analyses and
that variation can be expected from year to year and season to season. Runoff entering the
McAlpine Pool (about 12,200 cfs or 345 m*/sec) accounts for 10% of the pool's total inflow, and
its generally higher water quality compared to the incoming Ohio River water tends to upgrade
water quality in the pool.

2.5.3.2 Groundwater

Vater from the glaciofluvial aquifer is generally hard (150-600 mg/.;, and has a high ‘von content
(up to 3.5 mg/1). The general chemical characteristics of water withdrawn from this _juifer are
Tisted in Table 2.8 and analyses of a groundwater sample taken near the site are listed in

Table 2.9,

lore detailed information about the chemistry and physical charactziistics of the surface and
groundwater in the site vicinity is presented in the ER, Section 2.5 and PSAR, Section 2.4,

2.6 METEOROLOGY

2.6.1 Regional Climatology

The climate of che Marble Hill site, located above the Ohio River about 30 miles northeast of
Louisville, can be described as continental, The site lies along the principal paths of cyclonic
and anti yclonic pressure sysiems tracking east and northeast through the area during the winter
and spring. The contrasting air masses alternating over the area can produce frequent large
fluctuations in temperatures,

2.6.2 Local Meteorology

Information from the Climatic Atlas,® and data collected at Louisville,? Cincinnati!®,'! [about
60 miles northeast of the site), Madison'? (about ten miles NNE of the site), and onsite have been
uwsed to assess the meteorological characteristics of the site.

Mean monthly temperaturrs may be expected to range from about 33°F in January to about 77°F in
July,® =11 Record maximum and minimum temperatures in the area have been 108°F and -20°F at
Madison and 107°F and -20°F at Louisville.®,!?

Annual average precipitation is about 44 inches at lladison and 43 inches at Louisvilie,®,'! Pre-
cipitation is well-distributed throughout the year, with the maximum monthly average occurring in
March and the minimum monthly average occurring in October.”,”,!? The maximum 24-hour rainfall
reported at Louisville was 6,87 inches in March 1964. Annual average snowfall in the area
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Tahle 2.5. Monthly Average Tmora%gr: Data of the Ohio River at Louisville
F

1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973

Jan 37.6 41.6 39.8 38.0 34,4 349 3.3 40.0 42,6 40.8
Feb 40.4 38.9 376 41,2 37.5 9.9 39.3 40.0 39.5 40.0
Mar 50.9 44.9 42.0 45,9 46.8 43.4 43,5 442 43.9 449 49.0

Apr 52.1 58.8 57.5 52,8 652.3 61.6 59.0 56.3 53.6 53.7 54.1 54.0
May 72.3 67.5 70.5 68.9 63.8 64.1 65.] 65.2 70.2 61.9 64,
Jun 79.3 77.8 79.0 77.5 76.0 75.7 73.0 76.2 78.5 74.6 73.
Jul 79.9 82.5 82.4 B1.0 850 80.9 8.7 8.8 820 80.8 73.

3 60,1
0 73.
5 79.4
Aug 83.3 82.0 8.0 82.2 79.4 82.9 81.3 831 786 80.0 80.2
Sep 76,2 78,3 77.7 759 76.9 739 76.9 7.1 80.5 76.5 77.2 79.0
Oct 683 71.4 64.6 65.3 63,1 64,1 67.9 67.0 68.0 7.2 65.6 71.0
Nov 59.2 659.9 57.0 55.8 51.5 49.4 55.2 52.8 53.5 59.7 51.9 - 65.7
Dec 42.7 44.5 45.1 42.0 41.8 41,1 40.3 454 48.0 43.0 443

Adapted from the ER, Table 2.5-10.

TABLE 2.6. Trace Metal Analysis Results From Two Marble Hill
Sampling Stations on the Ohio River During 1974

(A11 values as ug/liter)

STATION A-1
In ot Fe cd - "3_‘ Hg M As
March 19 10.9 7.1 116.0 <0.,5 <3.0 1.0 <0.7 0.3 10.5 NA
June 20 13.5 2.0 5.7 <0.5 <3.0 0.8 <0.7 0.4 8.9 1.5
September 26 7.0 3.0 380.0 81.0 20.0 10.0 <10.0 0.4 29.0 1.8
December 18 10,4 7.4 17.5 0.2 3.7 0.5 0.5 0.3 8.3 NA
STATION A-4
March 19 12.5 2.6 133.0 <0.5 <3.0 0.8 <0.7 0.3 10.3 NA
June 20 16.1 2.6 20.8 <0.5 <3.0 0.8 «0.7 0.3 7.0 1.0
September 26 3.0 4.0 350.0 56.0 10.0 10.0 <10.0 <0.1 39.0 <0.5
December 18 10.7 8.2 19.7 0.2 2.6 0.6 0.5 0.4 8.3 NA
Overall Average 10.5 4.6 132.0 17.0 6.0 3.0 3.0 0.3 10.0 1.0

NA - Not Available,

a
Detection 1imits vary due to water quality differences.

Source: ER, Table 2.7.5.



Table 2.7. Chemical Data from Marble Hill Sampling Station A-3 on the Ohio River,
March 1974 to February 1975
{mg/1 except as notec)
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Alk. Chiorides |
Date 00 Setaretion 30D coo® i caco,b (S:::ib $10,° a 50, o;ag T::.'g TOC T
19 Mar  10.8 92 4.8 <0.1 7.24  52.0 197 6.8 23.0 7.0 053 0.84 9 |
19 Apr  10.3 % c 275 7.4 57.0 23 7.1 26.2 7.0 0.5 0.7 6 ‘
2My 7.3 79 0.9 19.7 7.3 38.0 252 5.3 .0 68.4 0.5 073 27 "
20dn 7.2 83 .35  3%.6  7.41  64.0 220 4.7 3.1 §72.2 052 078 10 |
2531 6.1 7% 265 <1.0 7.30 4.0 281 6.2 7.8 7n.2 0.5 0.8 10 'ja
29 Aug 5.5 68 1.5 7.6 7.3 70.8 N8 2.1 58.2 6.2 051 088 21

, 2 Sep 6.9 78 2.0 202 7.24  66.0 307 7.2 40.0 9%5.0 0.51 078 13
230ct 8.6 84 1.60 0.2 7.48  75.0 D) 4.3 .5 1156 0.63 1.2 13 ~
20 Nov 9.6 86 2.85 3.3 7.60 8.6 295 4.0 5.5  134.0 0.6 092 24 oy
18 Dec  12.5 95 3.90 22.0 7.9  65.0 236 2.9 33.0 6.8 0.52 1.00 18
22 Jan 3.1 97 .10 4.0 7.51 64.0 226 6.0 3.0 8.8 047 06 20
27 Feb 1.4 89 4.20 38.0 7.5  56.0 232 1.3 32.0 4.2 048 1.82 2

: SEE FOOTNOTES AT END OF TABLE.



Table 2.7. Continued
NH, and Total
Date mf’iu:s ST Seitds e G M Na K P?ﬁ;m MBAS i T
19 Mar  0.12 196 110 0.64 258 7.5 7.5 1.8 <10  <0.025 7.0 < 0.00 4.9
19 Apr  0.34 121 210 230 356 9.6 105 1.9 12.0 < 0.025 5.2  <0.01 4.52
22May  0.19 45 138 0.60 29.7 9.0 12.0 2.1 4.0 <0.025 <1.0 <0.00 3.6
20 Jun  0.40 9 157 1.63 315 9.0 120 1.5 4.0 <0.025 1.3  <o0.01 7.00
25 Jul  0.60 2 332 2.39 945 10.4 13.6 1.9 3000 <0.025 4.9  <0.01 1.50
29 Aug  0.66 a4 320 9.47 38.3 10.5 21.7 21  <1.0  <0.02 3.2 <0.00 5.28
26 Sep c 12 272 1.45 34.0 107 18.9 3.2 <1.0 < 0.025 7.7 <o0.00 1.50
230ct  0.45 7 360 2,02 40.0 2.1 21.6 3.3 2.0 < 0,025 6.8 < 0.01 2.85
20 Nov  0.74 3 420 1.86 54.8 13.6 30.8 9.7 6.0 <0.025 70.0 < 0.01 2.78
18 Dec 0.2 174 209 0.88 37.3 9.1 124 43 <1.0 <0.025 122 <0.00 1.70
22 Jan  0.20 108 226 0.92 33.9 9.1 127 4.0 12.0 <0.025 850 < 0.00 1.20
27 Feb  0.16 618 198 1.07 35.3 8.8 1.5 3.8 10.0 0.025 4.0  <0.00 3.70

From the ER, Supp. 1, pp. 30-31 and Table 2.7-2.

3netection limits vary due to water-quality differences.

bAverage of two determinations.

“Not available.

9L-2
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Table 2.5. General Hydrologic and Chemical Characteristics of the Alluvial-Glaciofluvial Aquifer
(Numerical ranges represent typical values and do not include unusually high or low values)

Yields of Depths Total
High-Capacity Well to Dissolved
Thickness wells Depths Water Hardness Sulfate Chloride Iron Solids
Source (ft) (gpm) (ft) (ft) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
Glacial and alluvial sand and 0-120 100-1500 40-120 5-50 150-600 5-50 5-30 0.2-3.5 200-900

gravel in the Ohio River Valley

Adapted from “Ohio River Basin Comprehensive Survey, Appendix E," U. S. Geological Survey, Water Resources Div., Mid-Continent Area,
(Undated) Table 11.

Table 2.9. Water Quality Analyses® of the Alluvial-Glac.ofluvial
Aguifer at the Marbla Hill Site, Well Number 36
(ppm except as noted)

pH 7.26 Ca 101.0
Cond, umho 480 Mg 30.5
NO, as N 0.40 Na 3.2
S0, 36.4 Hardness 378.2
as CaCo,
£l 18.0
Dissolved 450
Alkalinity 326 solids
as CaCd,
Fe 0.1

Adapted from the ER, Table 2.5-18.

Shate. samples were collected on 10 December 1974 and analyzed in
the onsite monitorina proaram.

B e
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varies from about 13 inches at Louisville to about 24 inches at Cincinnati.?®"!1 The maximum 24-
hour snowfall reported at Louisville was 15 inches in December 1917.°

At Louisville, heavy fog (visibiiit{ 1/4 mile or less) occurs about nine days annually, and
humidity averages about 68 percent,’ Annual average humidity at the 199-foot level of the onsite
tower for the perio¢ January through December 1974 was about 70 percent (ER, Sec. 2.6).

The station is situated about 350 feet above the Ohio River, about one-half mile from the river.
Figures 2.7 and 2.9 indicate the onsite wind roses for the 33-foot and 199-foot levels, respec-
tively, for the period January through December 1974. Figure 2.8 indicates the 33-foot level
wind rose from a satellite ncteorological tower located along the river for the same period. The
predominant wind directions at the 33-foot level of the onsite tower are from the SSW (13.7%) and
from the southwest (12.1%), with calms occurring 2% of the time. Winds from the SSW are also
predominant at the 199-foot level of the onsite tower, occurring about 14% of the time. Data
from the satellite tower reflect the expected bimodal river valley airflow, with winds from the
south and southeast occurring a total of almost 23% of the time, and winds from the north and
northwest occurring a total of about 15% of the time.

2.6.3 Severe Weather

Because of the location of the site with respect to principal storm tracks and contrasting air
masses alternating over the area, severe weather is not uncommon.

Thunderstorms can be expected to occur 45 to 50 days each year, with about 60% of these days
occurring from May through August.®-!!

In the period 1955-1967, 12 occurrences of hai] greater than 3/4 inch in diameter and 32 occur-
rences of winds greater than 50 knots were reported in the one-degree latitude-longitude square
containing the site.'? The "fastest mile" wind speed reported at Louisville was 68 mph in May
1916.% Also in the period 1955-1967, 17 tornadoes were reported in the one-degree latitude-
longitude square containing the site,'’ giving a mean annual frequency of 1.3. The computed
recurrence interval for a tornado at the plant site is about 900 years.'“ A tornado passed
northwest of the site during the majar tornade outbreak of April 3-4, 1974, The maximum wind
speed associated with this tornado was estimated by Fujita'S to be Setween 207 and 260 mph,

Ice storms accompanied by strong winds are not uncommon, and the applicant has presented infor-
mation that an ice storm depositing almost three inches of ice can be accompanied by wind speeds
about 30 mph (ER, Sec. 2.6).

In the period 1936-1970, there Jere about 36 atmospheric stagnation cases totalling about 170
days reported in the site area.'® August has the highe-t frequency of atmospheric stagnation
cases.

2.6.4 Dispersion

PSI has submitted one full year (January through December 1974) of onsite joint frequency dis-
tributions of wind speed and direction at the 33-foot level of the 199-foot tower by atmospheric
stability (defined by the vertical temperature gradient between 33 feet and 199 feet) in accor-
dance with the recommendations of Requlatory Gu.de 1.23. Data recovery was 83%. The staff has
used these data to provide relative concentration (y/Q) and deposition (D/Q) values for the site.
A "Straight-Line Trajectory Model," as described in Draft Regulatory Guide 1.0D, was used in
evaluating atmospheric transport and dispersion characteristics. Partial elevated releases were
considered when the exit velocities and building configurations met the criteria established in
Draft Regulatory Guide 1.0D. An estimate of maximum increase in calculated relative concentra-
tion and deposition due to recirculation of airflow, not considered in the straight-line trajec-
tory model, was included in the calculations.

Because of tr 83% data recovery for the first year of onsite data, the staff will use data from
the second year (January through December 1975) of onsite monitoring to confirm estimates of
atmospheric transport and diffusion.

2.7 ECOLOGY

2.7.1 Terrestrial
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Fig. 2.7. Period of Record Wind Rose, January-December 1974, 33-Foot Level, Onsite Tower #1.
From PSAR, Finure 2.3-4,
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2.7.1.1 Vegetation

The basic vegetational features of the site are depicted in Figure 2.10. The central portion of
the site was cropland, pasture, and fallow field (420 acres or 170 hectares in all) until 1975,
when most farming ceased. It is that area upon which most of the station will be built. There
s a small area of upland pine forest (4 acres or 1.7 hectares) (stated by the applicant to be
unique in the regiong and upland grassianc (21 acres or 8.5 hectares) dominated by tinothy, tall
fescue, and Kentucky bluegrass,

The applicant's terrestrial sampling program indicated (see ER, Sec. 6.1.4.3) that there is an
ecotone (18 acres or 7.3 hectares) that is abandoned pasture, and was formerly cultivated field.
(The applicant uses "ecotone" in the sense of a habitat that is undergoing a rapid change in
species compcsition and that lies adjacent to another habitat.,) It is now in an early succes-
s;onal‘stage with ground cover mainly of Kentucky bluegrass and with some trees dominated by
black locust.

The river floodplain (11 acres or 4.6 hectares) is fallow agricultural land now dominated by red
clover, yellow sweet :lover, and plain plantain. Of trees bordering the Ohio River, silver maple
is the most abundant, followed by sycamore, American elm, and cottonwood; however, black locust,
honey locust, and yellow poplar are also found. This indicates the area is a second bottom,'”’
where less-water-tolerant trees can establish themselves Lecause of infrequent flooding.

The remainder of the site (530 acres or 215 hectares) is hardwood forest. The upland woods is a
Towland-depressional-forest type!® dominated by sassafras and yellow poplar. The east-facing
slope is dominated by sugar maple, chinquapin cak, and white ash, and is best characterized as a
mixed woods, '8

None of the plants sampled by the applicant at the Marble Hill site is listed as an endangered
species (ER, Table 2.7-117).

2.7.1.2 Animals

Invertebrates

The invertebrates identified in the applicant's sampling are listed in Appendix B (Tables B.)
through B.°).

Amphibians and Reptiles

Lists of amphibians and reptiles known or thought to occur in the areas of Marble Hill or the
transmission lines are given in Appendix B (Tables 8.10 and 8.11).

Birds

It has been estimated that nearly 300 species of birds could inhabit the site area (see Table B.12
of Appendix B). One hundred and ten species were identified on the plant site environs during

field observations by the applicant during March, April, May, June, September, and December, 1974
(ER, Table 2.7-124). This species composition is considered to e characteristic of southeastern
Indiana. A total of 132 species have been identified as breeding birds of southeastern Indiana.!9®,20
Table 2,10 lists these birds according to habitat preference. Some or all of these birds may breed
on the site itself,

The Marble Hi1l area is not part of any heavily traveled waterfowl migration corridor, although
the site does lie within the corridor used by 3000-5000 Canada geese in the fall.?! Ten species
of waterfowl are known to breed in the area of the site (see Table 2.8). The waterfront of the
Marble Hill site has about 2.2 miles (3.5 km) of suitable wood duck breeding habitat, and it is
likely that one to two broods are raised annually in this region. Other species that breed in
the area and are frequently hunted i lude the mallard, black duck, and blue-winged teal,

Three species of upland gamebirds occurring on the site are bobwhite quail, American woodcock,
and uourn!n? dove. The average annual harvest of bobwhite quail from 1940 to 1957 in Jefferson
County was 16 quail per hunter.?? Over 50% of the site is good bobwhite habitat. Although
woodcocks are not hunted as heavily as quail in the Midwest, hunting pressure has been increasing
steadily: the U. S. Department of the Interior has estimated that the woodcock harvest in the

U. S, increased by 50% from 1967-1972.23 The average number of woodcock wings (an index of
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Table 2.10. Breeding Birds of Southeastern Indiana,
Denoting Principal Habitats?

Specie”

Ripariand

ForestC

Opend

Edage (Ecotone)®

Pied-billed grebe

Great blue heron

Green heron

Black-crowned night heronf
Yellow-crowned night heron

Least bittern
American bittern
Mallard

Black duck
Blue-wingced teal

Wood duck

Hooded merganser
Turkey vulture
Black vulture
Sharp-shinned hawk

Cooper's hawkf
Red-tailed hawk
Red-shouldered hawkf
Broad-wing;?d hawk
Marsh hawk

American kestrelf
Bobwhite quail
Ring-necked pheasant
King rail

Virginia rail

Sora

Common gallinule
American coot
Killdeer
American woodcuck

Upland plover

Spotted sandpiper
Rock dove

Mourning dove
Yellow-billed cuckoof

Black-billed cuckoo
Barn owl ¥

Screech ow!l

Great horned owl
Barred owl

Long-eared owl
Chuck-will's widow
Whip-poor-will
Common Mghthaukf
Chimney swift

Ruby-throated hummingbird
Belted kingfisher

Common flicker

Pileated woodpecker
Red-bellied woodpecker

SEE FOOTNOTES AT END OF TABLE.
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Table 2.10. (Continued)

Species Riparian®  Forest¢ Opend  Edee (Ecotone)®

Red-headed ker X X

Hairy woodpecker X

Downy woodpecker X

Eastern kingbird X X
Great crested flycatcher X X

Eastern phoebe X X
Acadian flycatcier X
Willow flycatcher (Traill's) X X
Least flycatcher X
Eastern wood pewee X

Horned lark X
Bank swallow

Rough-winged swallow
Barn swallow X
Cliff swaliow X

> >
>

Purple martinf X X
Blue jay

Common crow
Carolina chickadee
Tufted titmouse

EL

>

White-breasted nuthatch

House wren

Bewick's wrenf

Carolina wren

Long-biiled marsh wren X

e

Short-billed marsh wren X

Mockingbird

Gray catbird

Erown thrasher

American robin X X

< > 2

Wood thrush X
Eastern bluebird X X
Blue-gray gnatcatcher X
Cedar waxwing X
Loggerhead shrikef b

Starling X
White-eyed vireo

Yellow-throated vireo X

Red-eyed vireo X

Warbling vireo X

> =

Black-and-white warbler X

Prothonotary warbler X

Worm-eating warbler X

Blue-winged warbler X
Parula warbler X

Yellow warbler f X X X
Cerulean warbler X
Yellow-throated warbler

Pine warbler

Prairie warbler X

DC > >

Ovenbird X
Louisiana waterthrush X

Kentucky warbler X X
Common yellowthroat X
Yellow-breasted chat

< >

SEE FOOTNOTES AT END OF TABLE.
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Table 2.10. (Continued)

Species

Riparian®  Forest®

Opend

Edqge (Ecotone)®

Hooded warbler
American redstart
House sparrow
Bobolink

Eastern meadowlark

Red-winged blackbird
Orchard oriole
Northern oriole
Coumon grackle
Brown-headed cowbird

Scarlet tanager
Summer tanager
Cardinal

Rose-breasted grosbeak
Indigo bunting

Dickcissel

American goldfinch
Rufous-sided towhee
Savannah sparrow
Grasshopper sparrowf

Henslow's sparrowf
Lark sparrow
Bachman's sparrowf
Chipping sparrow
Field sparrow

Swamp sparrow
Song sparrow

X X
X

> € <

EL

D 2

>

<

X

<

€ € 2

> > D 2 2w €

'Species listed in more than one habitat category may be found in either, or
require a combination of those habitats.

t’Morog streams, lakes, or rivers; similar to the riparian woods and floodplain
habitat on the Marble Hill site.

CMixed forest similar to the upland woods and east-‘acing slope on the site.

dFields and meadows similar to the upland grassland on the site.

®Low, shrubby-type vegetation similar to the ecotone area of the site, or area
along the edge of a right-of-way.

'On the National Audubon Society's "Blue List" (species considered by some auth-

orties to be suffering abnormal population declines).
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success) mailed in by Indiana hunters during this period was seven per year per hunter. The
ecotone and floodplain habitat along Little Saluda Creek and the Ohio River are suitable woodcock
habitat. Unlike the bobwhite and woodcock, the mourning dove cannot be hunted legally in Indiana;
however, it is hunted in Kentucky and surrounding states. Indiana has one of the highest popula-
;;:nsh:;‘:::oding mourning doves in the U. S. Over half of the site represents good mourning

3 >

The most common raptors observed on the Marble Hill site during the breeding season were the
American kestrel, turkey vulture, red-tailed hawk, broad-winged hawk, screech owl, and sharp-
shinned hawk (ER, p. 2.7-51). The kestrel frequented the west and south boundary areas while the
vulture, red-tail, and broad-wing hawks hunted the entire site. The screech owls prefer wooded
slopes and upland savannahs; the sharp-shinned hawk was observed over the east slope and flood-
plain. The great horned owl and barred owl are also likely residents of the site. The red-
should2red hawk and the marsh hawk also have been observed on the site. The populaticn of these
hawks has declined considerably in Ohio and Michigan since the pesticide era began.?®

Several non-gamebird species considered by various authorities!®»?“ tn be rare or uncommon have
been observed on the Marble Hill site. At least one pair of pileates woodpeckers was observed
frequently on the wooded slopes above the Ohio River. Although the Marble Hill site is within
the sharp-shinned hawk's breeding range,'® Monroe?“ describes the species as being very rare in
summer near Louisville, Kentucky, with no breeding record. Uncommon species of warblers breeding
on the site include the blue-winced warbler, prairie warbler, hooded warbler, Louisiana water-
thrush, prothonotary warbler, and the black and white warbler. All of these warblers were found
in the ecotone, floodplain, riparian woods, and/or east-slope woods along the north and east
boundaries of the site; the black and white warbler was also found in the upland woods.

Mamma | 5

The manmals sampled by the applicant or considered by the staff on the basis of distribution maps
as likely to occur at Marble Hill or in the transmission-line areas are listed in Appendix B
(Table B.13); a number of interest to hunters and trappers are discussed below.

The white-tailed deer is the largest game animal in the area. It has 2 home range of about one
mile (1.6 km). [t is a browser that eats twigs and shrubs in forest areas and grass, soybeans,
and corn in farmed areas. The deer's favored habitat is edge environment of the type prevalent
on the Marble Hill site.

The eastern cottontail rabbit is Indiana's number-one game animal. It feeds on a wide range of
plants including apple, willow, dogwood, hickory, sumac, clovers, corn, and soybeans. It lives
in heavy brush, strips of forest with open areas nearby, ind weed patches, so the Marble Hill
site furnishes good habitat, Population densities are generally in the range 0.25 to 3 per acre
(0.6 to 8 per hectare).

The gray squirrel and fox squirrel do not interbreed, and may exclude each other. Both live in
trees and feed on nuts and fruits, but the fox squirrel may also feed on birds' eggs. Of the
1.3 million squirrels bagged by hunters in Indiana each autumn, only 300,000 grays are taken, in
part because they are more difficult to hunt.?® The red squirrel is also found in the area but
is generally considered to be tco small to be a worthwhile game animal.

Muskrats live along or in rivers, streams, drainage ditches, marshes, lakes, and ponds. They are
normally vegetarians eating mainly cattails; however, they will eat fish, frogs, and other musk-
rats. A quarter-million pelts are taken by trappers in Indiana each winter; most mink are taken

in conjunction with trapping efforts for muskrat.

About 170,000 racc~nns are taken annually in Indiana. The raccoon is omnivorous, dens up in
hollow trees, rock crevices, or ground burrows, and is seldom found in densities greater than one

per acre (about 2 per hectare).

Fur bearers hunted or trapped to a lesser extent, or for cortrol purposes, are Toxes, woodchuck,
coyote, beaver, and opossum.

Protected Species

Five species of animals on the current Federal 1ist?’ of endangered, threatened, or status-
undetermined species could exist on the Marble Hill site or along the transmission and railroad

rights-of -way.
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The Indiana bat (Myotis sodalie) 1s listed as endangered.?’ Large groups of this bat hibernate
in caves during the winter; several thousand use the Wyandotte Caves about 50 miles (80 km)
southwest of the site.”® Although there are no caves on the site itseif, there are several caves
within one mile (1.6 km) of the proposed transmission corridors. ODurina the spring and sw. °r
the bats leave the caves and the females form small (20-30 individuals) groups, callad nursery
colonies, to raise their young, generally under the loose bark of trees, The Indiana bat is best
classified as crepuscular (feeds at dusk and dawn) in activity and forages totally on insects,
usually in the crowns of tall trees near small streams. The riparian-woods habitat along the
north side of the site could contain one or more nurse+y colonies. Although none were caught
during the 24 hours of mist-net sampling on the site, Indiana bats have been recorded frequently

in Jefferson County and other counties of southeastern Indiana. Bec use of the bat's very restricted

nabitat requirements and its similarity in appearance to the little brown bat, an expert would be
required to determine if the bat does indeed inhabit the site. However, there is no critical
habitat on the site nor in the proposed transmission corridors, because the critical habitat is
in caves (See Section 4.3.1.1).

Both the southern bald eagle (Valizectus leucccephalus leucocephaluz) and the peregrine falcon
(Faleo peregrinum anatum) are listed as endangered species.?’ The peregrine falcon, which is
presently being reintroduced in several areas of New England, is strictly a transient of this
area and is quite rare, Although southern bald eagles do not breed in southeastern Indiana,
juveniles frequently winter along large rivers such as the Mississippi and Ohio.

The osprey (Pandion haliaetus) and the eastern pigeon hawk (Faleo columbarius oclumbarius) are
listed as sta‘us-undetermined species,”’ which indicates they could be endangered or threatened
but that not .nough is known to determine their proper status. The osprey is a transient in
southeastern Indiana and one or more ospreys were observed on the site during the ecological
survey and listed as a “species repeatedly observed and assumed to be a resident or migrant
consistently using the site" (ER, Table 2.7-240). The pigeon hawk is also a transient of this
area and is very rare,

On the basis of published 1i.erature,”® % there are four species of mammals on the Indiana list
of rare or endangered mammals that may inhabit the Marble Hill site or the transmission and
railroad rights-of-way. They include the Indiana bat, the big-eared bat (F eccotus rafinesquii),
the badger (Tacidea tawue), and the bobcat (Lynr rufus).

The big-eared bat is found in the forested regions of the southern U, S., including southern
Indiana. In the summer, nursery calonies are most frequently found in badly dilapidated build-
ings; males are generally solitary and can be found in hollow trees, in crevices behind loose
bark, and in buildings. OQuring the winter, the bats ?enerally hibernate in caves or similar
shelters. The big-eared bat emerges late in the evening to feed on insects caught in flight.

Badgers live in open country, such as grass lands and open prairies;’? they may dig out burrows
of ground squirrels or woodchucks, or dig their own burrows to live in. Badgers are active at
night, and occasiorally during daylight hours, feeding mainly on ground squirrels, woodchucks,
and meadow mice. No badgers were found on the site during the applicant's field studies,

The bobcat vrequents wooded areas along rivars and streams, especially timbered bluffs and
slopes. ' Broken country with open areas provides ideal foraging ground for the bobcat, because
mice, rabbits, squirrels, birds, and insects abound there. A bobcat den may be located under a
log, within a fallen or standing hollow tree, under a rocky overhang, or sometimes in a dense
thicket. Bobcat tracks and scat were found on the site during the ecological studies. The staff
considers the site to be excellent habitat for bobcat because of the forested areas on the site
and in its vicinity.

2.7.2 Aquatic
2.7.2.1 Aquatic Habitats

Construction and operation of the proposed Marble Hill Station will affect the fauna and flora of
tha Ohio River, Little Saluda Creek, and 51 offsite streams crossed by proposed new transmission
lines and railroad spur. Since the completion of the lock and dam system in 1929, the Ohio River
has been changed from a lotic (fast-moving water) to a lentic (slow-moving water) ecosystem
through a series of impoundments or pools. The proposed station will be located at River Mile
(RM) 570 of the McAlpine Pool, which extends from Markland Dam at RM 532 to McAlpine Dam at

RM 607. Because of their reduced flow and impounded nature, these pools are similar to reser-
vofrs and contain aquatic biota typical of this type of lentic ecosystem. The Ohio River will be
the source of makeup water and receiver of discharge water for the Marble Hill Station.
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Little Saluda Creek is a small intermittent tributary to the Ohio River. It lies in the northern
portion of the site and receives drainage from much of the site, It has several riffle and pool
areas with fauna and flora more typical of lotic ecosystems. s

The 51 offsite streams (see Table 2.11) are quite variable in their characteristics with some
being intermittent (Harberts Creek and Brush Creek) and others having a constant flow (Muscatatuck
River and Vernon Fork).?! These 51 sireams are located to the west, north and northwest of the
site (see Sec, 3.7, Fig. 3.10) and will be crossed by the proposed transmission lines and railroad
spur for the Marble Hill Station. The aquatic biota within these 51 streams should be typical of

lotic ecosystems.

2.7.2.2 Aquatic Biota

The data on aquatic biota giving species and/or species groups present and their relative abun-
dances limit the staff to a qualitative identification of the dominant communities and important
species in the Ohio River and Little Saluda Creek, including those species most likely to be
impacted by the proposed station. Data on fish standing crops and relative abundances in the
offsite streams crossed by the proposed new trans: ission lines were not supplied (ER, Supp. 1,
pp. 46-47) so that impacts of construction and maintenance of these lines on aquatic biota may
not be quantitatively assessed. However, in view of the small aquatic impacts expected in both
the onsite and offsite cases, the staff considered that sufficient information was available to
assess impacts or to set conditions to protect the biota., (See Section 4.3.2, 5.3.3.6 and 5.5.5)

Phytoplank ton

The applicant identified 269 species of phytoplankton (ER, Table 2.7-29) from March 1974 through
February 1975, including many identified in previous studies on the Ohio River near the statio..
site.32-35 [In the Ohio River, phytoplankton is comprised predom:nantly of diatoms with ‘yelatella
spp. (September), Melosira spp. (na{-August and October-February), and Navicula spp. {March and
April) being dominant. Seilheimer®® and Riley®” indicated that in 1960, 1962, and 1966, respec-
tively, diatoms were the dominant phytoplankters, with Melosira spp. being the most abundant
species group. In Little Saluda Creek, (yclotella spp. and Naviewla spp. were the dominant
species groups in March, Gomphomema spp. in April, Navioula spp. and Stepharodiscus spp. in May,
Achnanthee Spp. in June and August, and Navieula spp. in July.

Phytoplankton standing-crop estimates in Table 2.12 and productivity measurements (C!'“ uptake,
ER, Table 2.7-25) indicate that the Ohio River is more productive than Little Saluda Creek.

These C'“ values and those of Seilheimer®® indicate that productivity values in the Ohio River
reach levels typical of eutrophic waters (300-1000 mgC/m?-day) while those in Little Saluda Creek
are typical of oligotrophic waters (30-100 mgC/m?-day).?® Peak productivity occurred during
August in the Ohio River and during December in Little Saluda Creek (ER, Table 2.7-25).

Only limited phytoplankton data are available for streams to be crossed by the transmission

lines and railroad spur. A study®® by the Indiana State Board of Health in 1972 on the Muscata-
tuck River near Austin, Indiana, indicated that phytoplankton densities (see Table 2.13) are
similar to those observed in Little Saluda Creek (see Table 2.12). Unlike Little Saluda Creek,
however, non-diatom orders such as the Chlorophyta (green algae) were at times as abundant as
diatoms. Cyclotella spp. were the most abundant diatom group and Chlorella spp. “ne most abundant

rnon-diatom group.

Zooplankton (excluding ichthyoplankton)

Studies funded by the applicant identified 77 species of zooplankters in the Ohio River and

Little Saluda Creek (ER, Tables 2.7-30 through 2.7-42), including crustaceans, protozoans, and
rotifers, typically found in faster flowing rivers and streams. In the Ohio River, protozoans
were dominant in January-April, whereas rutifers predominaced in May-December (excepc July) and
vrustaceans in July. In Little Saluda Creek the most abundant species groups were rotifers

( iovember-January), grotozoans (February-larch) and crustaceans (April-October). Studies on the
Ohio River by WAPORA32-3% support the applicant's findings with regard to rotifers; however, no
aaprotozoans were noted. Seilheimer?® found that protozoans were dominant in all (except June) of
his 1962 Ohio River samples; rotifers were the second most abundant group.

Zooplankton densities observed by the applicant (see Table 2,17) indicate that July and August
are the months of peak abundance. Densities in the Ohio River are higher than *hose in Little
Saluda Creek and indicate that this river is fairly productive. These density figures are simi-
lar to those in other studies®?~?* completed near the plant site in 1970-1971, 1972, and 1973.
No studies regarding zooplankton densities and composition for any of the 51 offsite streams were

found .



Table 2.11. Streams that Will Be Crossed by the Transmission Lines and Railroad Sp.* from the
Marble Hill Nuclear Generating Station to the Columbus and Rush Substations, by County

Columbus Line® Rush Line? Railroad Spur®
Barthoiomew County Decatur County Jefferson County
Brush Creek Creek West Fork Fourteen Mile Creek
dill Ditch Righthand Fork fast Fork Fourteen Mile Creek
Salt Creek (2 branches) Main stem and 4 branches)
Jackson County
Sand Creek Jefferson County Scott County

Jefferson County

East Fork Fourteen Mile Creek

West Fork Fourteen Mile Lreek

Ea<t Fo.k Muscatatuck Creek

Hog Creex

Lewis Creek (main stem and 2 branches)
Little Czney Fork

Big Creek

Big Saiuda Creek
Camp Creek
Chicken Run
Goose Creek
Harberts Creek
Henslsy Creek
Middle Fork Creek
Ramsey Creek

Thompson Branch

Jennings County Turkey Branch

Fowler Branch

Mutton Creek Jennings County
g::t:ié:eg:“k Big Graham Creek
Storm Creek Brush Creek

Tea ":' Finch Creek

e Otter Creek

Vernon Fork Muscatatuck River

Scott County Ripley County
Wood Coeek
e Flatrock Creek
Honey Creek
Leatherwood Creek
Sugar Creek

Rush County

Bull Creek
South Fork

West Fork Fourteen Mile Creek

0e-2

3nerived from Tables A and B of the ER, Supplement No. 1, m. 135-136.
bBased on telephone conversation with the applicant.
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Table 2.12. Monthly Density and Biomass of Fnytoplankton on the Indfana Side
of the Ohio River near River Mile 570 and in Little Saluda Creek,
March 1974-February 1975

Density (number/1) Biomass (vg/1)
Month Ohio River®  Little Saluda Creek Ohio Riverd Little Saluda Creek
Mar 3,387,000 387,000 5.12 0.32
Apr 1,100,000 1,293,000 1.54 1.19
May 1,218,000 116,000 0.85 <« 0.0
Jun 2,351,000 237,000 1.49 = 0.01
Jul 255,000 16,000 0.25 < 0.0
Aug 2,148,000 470,000 1.57 0.04
Sep 460,000 0 0.29 0.00
Cct 2,178,000 0 0.92 0.00
Nov 4,175,000 19,000 2.03 < 0.01
Dec 594,000 2,000 0.39 < 0.01
Jan 150,000 0 6.1 ¢.00
reb 147,000 4,000 0.14 < 0.01

Derived from Table 2.7-28 of the applicant's ER.
%average values for 5 stations.

Tabie 2.13. Monthly Densities for Various Phytoplankton Groups
in the Muscatatuck River near Austin, Indiana, during 1972

" Number/1iter

Month Blue-Greens Diatoms Flagellates Greens Total Dominant Genera
January 60,000 320,000 40,000 20,000 440,000 Cyelotella spp.
February 540,000 327,000 860,000 Cyclotella Spp.
March 100,000 80,000 180,000
April 440,000 1,520,000 920,000 2,880,000 Chlorella sOPp.
May 80,000 20,000 60,000 160,000  hlorella spp.
June 140,000 220,000 360,000 Chlorella Spp.
July 100,000 20,000 40,000 160,000
August 320,000 20,000 50000 840,000 Chlorella spp.
September 540,000 20,000 300,000 860,000 Cyelotella spp.
October 100,000 120,000 220,000  Chlorella $pP.
November 20,000 40,000 60,000
December 80,000 60,000 140,000

From "Indiana Water Quality, 1972," Indiana State Board of Health, Indianapolic, Indisna, 116 pp.
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Table 2.14, Monthly Density of Zooplankton on the Indiana Side of the
Ohio River near River M.le 570 and in Little Saluda Creek,
March 1974-February 1975

Density (number/1)

Onjo River® Little Saluda Creek
Month Surface Subsurface Surface
Mar X7 4.2 0.6
Apr 9.3 87 8.1
May 52.7 45.0 4.3
Jun 52.6 74.0 25.4
Jul 252.0 291.1 56.9
Aug 199.2 142.1 134,2
Sep 43.3 62.9 11.3
Oct 86.6 124.3 16.1
flov 65.5 63.9 2.0
Dec 16.8 16.4 -
Jan 9.7 13.1 12.1
Feb 17.4 19.9 10.7

Derived frow Table 2.7-44 of applicant's ER.
'Avenge values for § stations.

Periphyton

Eighty-six species of periphyton, typical of impounded waters, were identified by the applicant
i the Ohio River, using artificial substrates (ER, Table 2,7-45;. Oiatoms always represent
more than 86% of the periphyton collected on artificial subs?rates. The number of periphyton/
cm’ in the discharge area (see Sec. 6.1.5.2, Fig, 6.2, Stations 3 and 4) ranged from 545 x 10°
in April to 4351 x 10° in August (ER, Table 2.7-50). No data were found concerning periphyton
in Little Saluda Creek and the 5] offsite stireams but the staff made its assessment on the
basis of the environmental conditions imposed on the construction of transmission lines across
these streans (Sections 4.5.2 and 11.2.17).

thos and Macroinvertebrates

Sixty-five snecies of benthic organisms, typical of riverine ecosystems, and 42 species of
macroinvertebrates have been identified by ‘“e applicant (ER, Tables 2.7-53 and 2.7-54, respec-
tively), as have 34 benthic and 36 macroinve ebrate species in the Ohio River and 41 benthic and
14 macroinvertebrate species in Little Saluda Creek. Table 2.15 is a summary of the applicant's
benthic data from the proposed discharge area of the Ohio River aad riffle and pool areas in
Little Saluda Creek.

The incomplete Ohio River benthic data only indicate that oligochaetes (/iminodrilus spp. and
Branchiwra soverbyi) are dominant during March and the pelecypod (Corbioula mmilensis) during
October. Insects (0,009 g/m® in December--0,448 g/m" in August) and amphipods (0.018 g/m? in
October) were the most abundant macroinvertebrates collected in the discharge area (Stations 3
and 4) of the Ohio River,

A list of freshwater mussels occurring in the discharge area (Station 3) of the Ohio River is
given in the ER (Table 2.7-71). Usirq a crowfoot bar, 6.99 kg of mussels, predominantly Amiiema
avetata (6,74 kg), were collected at this station in July and 6.25 k?. predominantly 4, costata
(4.37 kg) and Proptems alata (1.85 kg), in October (ER, Table 2.7-72).

In Little Saluda Creek, benthic data were sufficient to indicate seasonal trends in biomass for
riffle and pool areas. Insects (Diptera, Plecoptera, and T‘richoqtem). isopods (Lircews sp.),
and gastropods (Physa gyrina) were the most abundant groups in al! samples. The greatest insect
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Table 2.15. Average Biomass Estimates for Benthic Organisms in the Proposed
Discnarge Area of the Ohio River and in Little Saluda Creek from

Marble Hill Nuclear Generating Station
March 1974 to February 1975

Biomass - )
Little Saluda Creek
Ohio Rivert ) varf Junf Sepd 0ctd Decf

Taxa Mard Octb Jand v 2b® Pool  Riffle Pool Riffle  Pool Riffle Pool Riffle  Pool  Riffle
0ligochaeta 0.822 0.114 0.122 0.153 3.086 0.392 0.058
Hirudinea 0.015
Turbellaria 2.912 0.229 0.401
lLisecta 0.036 0.095 0.241 0.258 3.668  2.445 0.10 0.515  0.956 0.088
*sopoda 0.038 0.045 2.942  0.764 8.080 4.125 18.775 14.096 7.411 4.183 8.5 8.788
Amphipoda 0.159 0.229 0.531  0.076 0.277 0.612 £.53 0.382  0.335 1.108
Gastropoda 10.696 0.031 0.420 13.284 7.965 19.826 0.936 0.3  0.115  1.675
Pelecypoda 0.331 2499.300 272.840 32.737 0.076 0.067

Total 1.386 2510.434 273.780 33.0M 3.897 4.432  27.507 7.047 26.969 33.922 9.034 5.825 10.430 11.77

Derived from Tables 2.7-55, 2.7-56, 2.7-58, 2.7-59, and 2.7-61 to -64 of the ER.

a

®0ne sample at Station 3.

“No data for June or September.
dAverage of three samples at Station 3 and two at Station 4.
®Average of two samples at Station 3 and one at Station 4.

1“Average of two pool and two riffle samples.

Yone sample only.

~verage of two samples at Ste*ion 3 and one at Station 4.

~
i

a
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biomass occurred in the riffle areas during March (3.67 g/m?) and in the pool areas during June
2.44 g/m’). The {sopod Lircews sp. was most abundant in riffle and pool areas in September

14.10 and 18.78 g/m’, respectively): and the gastropod /wea gyrina in pool areas during June
13.28 g/m?) and riffle areas during September (19.83 g/m?). The isopod Lircews $p. also accounted
for 85% (0.37 g/m?) and 98% (0.039 g/ﬁg of the avcnge macroinvertebrate biomass in Little

Saluda Creek during June and October, respectively (ER, Tables 2.7-67 thru 2.7-69).

Although the benthic and macroinvertebrate data were quite limited (because of vandalism of
artificial substrates, ER, p. 2.7-26), 1t appears that the Ohio River discharge area has more
biomass per unit arez than Little Saluda Creek, whereas the creek has a greater species diver-
sily. No data on benthos and macroinvertebrates for the 51 offsite streams were located during
a litarature search by the staff.

Ichthyoplankton

A total of 510 fish eggs and 1213 fish larvae were collected during a 51-hour sampling at five
stations located along a transect across the Ohio River in the area of the proposed intake
between March and the end of July 1974 (ER, Tables 2.7-94 and 2.7-95). The greatest number of

s and larvae were found at mid-depth and one meter off the bottom where lower current
velocities were recorded. Although the eggs were not identified, the applicant stated that most
of those collected during May and June {about 50% of the total) were abcut the size (0.75 nm)
reported for gizzard shad (Dorosoma cepediwum). Many of the fish larvae were identified to at
least the family level and were predominantly the young of forage and rough fishes; Catostomidae
(e.g9., white sucker, Catoetoms commersoni), (yprinidae (e.g., emerald shiner, Notropie atherinoides)
and Sciaenidae (e.g., freshwater drum, Aplodinotue grusmiens) accounted for 92% (1110/1213) of
;ho larvae collected. Of these three families, the Sciaenidae represented 82% (991/1213) of the
arvae,

An entrainment study“® carried out in 1975 at the Robert A. Gallagher Power Plant on the Ohio
River just below Louisville, Kentucky, found that 97.8% (about 134,000,000) of fish eggs and
larvae entrained were gizzard shad and freshwater drum. Other species included bluegill (Lepomie
macrochirue) and gar (Lepiscetews sp.). This and the applicant's studies concur in that most of
the spawning in the Ohio River occurs from early spring to early summer, because eggs and larvae
are absent in March and diminish rapidly af the end of July. No ichthyoplankton samples were
taken in Little Saluda Creek or the 51 offsite streams.

Fish

Forty-one jecies of fish were collected by the applicant (see Table 2.16). Thirty-three species
mostly forage and rough fishes) were found in the McAlpine Pool of the Ohio River and eleven
mostly forage fishes) in Little Saluda Creek. Only three species, bluegil’, emerald shiner, and
green sunfish ( ia cyanellua), were common to both ecosystems. Emerald shuner (44.7%) and
gizzard shad (36%) accounted for 81% of the total Ohio River catch and blacknose dace represented
61% of the fish collected from Little Saluda Creek. Very limited data (a species 1ist) on the
fish in streams crossed by the transmission 1ines are available in the ER, Supplement No. 1,

pp. 46-47. A 1971 study by the Indiana Department of Natural Resources“! identified 61 species
in the Muscatatuck Watershed (see Table 2.17). (Severa' of the streams crossed by the transmis-
sfon lines are in this waterskad.) Four of the 61 species, bluntnose minnow (Pimephales notatus),
common shiner (Notropie cormutus), longear sunfish (L. megalotie), and stoneroller (Campostoma
anomalum), represented about 76% of the total catch in the Indiana study. Additional species
(not Tisted in either the ER or the Indiana study) that may occur in the Ohio River, Little
Saluda Creek, and the 51 offsite streams are included in Table C.1 of Appendix C. As many as 77
species may occur in the Ohio River and 137 species may occur in the streams crossed by the
transmission and railroad spur corridors.

m:gﬁrigol ng_s_ in ﬁho Fish Fa*m. There has been a shift in the fish species composition in
o River since . st game species (e.g., lake sturgeon) have decreased markedly
in abundance, while less desirable species (e.g., carp) have increased since tne turn of the
century. In 1894 carp represented only 0.7% of the commercial catch, but currentiy averages 25%.
Collectively, buffale, carp, and catfishes made up 70%, 80%, and 90% of the commercial catch in
1960, 1962, and 1963, respectively.“? The decrease in abundance of game fish took place even

though commercial fishing has been linited to gatfisii and rough species.
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Table 2.16. Total Numbers and Relative Abundance of Fish Collected from the Indiana Side
of the Ohio River near River Mile 570 and from Little Saluda Creek by
all Sampling Methods, March 1974-January 1975

Ohic_River _Little Saluda Creek Total
Species Numbers Rel. Abund.® (%) Numbers Rel. Abund. (%) Numbers Rel. Abund. (%)

Emerald shiner 599 44.7 2 3.3 601 40.4
Gizzard shad 482 36.0 482 32.4
Blagknose dace 9N 60.7 91 6.1
Longnose gar 33 2.5 33 2.2
Skipjack herring 29 2.2 29 1.9
River carpsucker 27 2.0 27 1.8
Sauger 22 1.6 22 1.5
Bluegill 7 0.5 14 9.3 21 1.4
Freshwater drum 17 13 17 1.1
Bluntnose minnow 14 9.3 14 0.9
wWhite bass 14 1.0 14 0.9
Sand shiner 13 8.7 13 0.9
Channel catfish n 0.8 n 0.7
Spotted bass 1 0.8 1 0.7
Redhorse (?7) 10 0.7 10 0.7
Green sunfish 7 0.5 2 1.3 9 0.6
White crappie 9 0.7 9 0.6
Carp 8 0.6 8 0.5
Goldeye & 0.6 - 0.5
Largemouth bass 8 U.6 8 0.5
Bullhead minnow 7 4.6 7 0.5
Shiner (?) 7 0.5 5 0.5
Spotted sucker 6 0.4 6 0.4
S5malimouth buffalo 5 0.4 5 0.3
Smailmouth bass 4 0.3 4 0.3
Creek chub 3 2.0 3 0.2
White sucker 3 0.2 3 0.2
Black crappie 2 0.1 2 0.1
Rainbow darter 2 1.3 2 0.1
Bigmouth buffalo 1 0.1 1 n.1
Blue catfish 1 0.1 1 0.1
Common shiner 1 0.7 1 0.1
Flathead catfish 1 0.1 ] 0.1
Goldfish 1 0.1 1 0.1
Longear sunfish i 0.1 ] 0.1
Mooneye 1 0.1 : 0.1
Mosquitofish 1 0.7 1 0.1
Pumpk inseed 1 0.1 1 0.1
Rockbass 1 0.1 1 0.1
Walleye 1 0.1 ] 0.1
Yellow perch - 0.1 - 0.1
Total 1339 150 1489

Number of species 33 1" 4

Derived from Table 2.7-76 of the applicant's ER, Supplement No. 1. Numbers of fish collected (23)
in Squaw Creek are not included.

Relative abundance is equal to the total number collected of a given fish species divided by the
total number collected of all fishes.



Table 2.17. Relative Aburdance, Average Standing Crop and Frequency of Collection of Fish
Collected from Several Stations in the Muscatatuck Watershed, 1971

Relative Abundance Standing Crop? Collection Frequency
Species b4 /hectare) %

Longear sunfishd 9.13 23.47 100.0
Golden redhorse 1.72 13.86 72.2
Bluntnose minnow 49,14 11.89 100.0
Carp 0.10 3.39 27.8
Common shiner 11.68 6.98 83.3
Rock bassP 1.3 8.38 66,7
Stoneroller 6.22 5.08 66.7
Smallmouth buffslo 0.03 0.02 16.7
Largemouth bass 0.14 0.83 33.3
Green sunfis 1.29 6.98 72.2
River carpsucker 0.07 0.26 27.8

ellow bgllhudb 0.44 6.48 77.8
Bluegill 1.22 4.14 72.2
Gizzard shad 0,33 0.28 27.8
Smallmouth bassb 0.29 6.66 55.6
Spotted bassb 0.36 4.33 77.8
Spotted sucke 0.47 1.48 44 .4
white crlpphg 0.17 0.82 33.3
White sucker 0.25 2.55 44 4
Bigeye chub 3,39 1.29 61.1
Tadpole madtom 0.21 0.27 27,8
Creek chub 0.83 1.36 44.4
Northern hog sucker 0.33 1.08 38.9
Bigeye shiner 3.29 1.02 66.7
Quillback 0.01 5.6
Logperch 0.35 0.73 50.0
Silverjaw minnow 2.32 0.52 44 .4
Grass pickerel 0.09 0.89 38.9
Hybrid sunfishb 0.06 0.68 33.3
Freshwater drum 0.02 0.52 16,7
Brindled uh::g 0.58 0.42 44 .4
Black bull 0.09 0.97 1.1
Black crappied 0.02 0.13 16.7
Steelcolor shiner 0,42 0.09 s 5
Longnose gar 0.01 5.6
Warmou th? 0.04 0.20 33.3
Channel catfishb 0.05 0.04 16.7
Creek chubsucker 0.02 0.55 11.1
Silver shiner 0.56 0.16 §0.¢
Greenside darter 0.37 0.13 66.7
Rainbow darter 0.76 0.1 61.1
Redfin shiner 0.56 0.15 72,2
Pumpkins 0.0 0.18 1.1
Blackside darter 0.17 0.04 33.3
Spotfin shiner 0.14 1n.a
Brook silverside 0.14 0.06 61.1
Fantail darter 0.22 0.03 27.8
Johnny darter 0.19 0.03 44.4
Orangespotted sunfish 0.01 0.13 5.6
Suckermouth minnow 0.05 0.03 22.2
Flathead catfishb 0.04 0.09 | P8
Pirate perch 0.01 0.02 16.7
Slenderhead darter 0.04 0.01 5.6
Eastern sand darter 0.04 0.01 11
Blackstripe topminnow 0.01 0.01 11

SEE FOOTNOTES AT END OF TABLE.
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Table 2.17. (Continued)

Mlltln’an Aver: Standing Cropd Collection Frequency

Species kqg/hectare) i

rthern studfish 0.01 0.01 5.6
i minnow <« 0.00 « 0.01 5.6
allid shiner < 0,01 < 0.01 5.6
rangethroat darter < 0.01 < 0,01 ».6
chestnut lamprey 0.01 5.6
American brook lamprey < 0.01 5.6
Total 99.85 119.9
Game Lpecies total 14,66 64,40

From W. J. Zook, “Muscatatuck River Watershed Fisheries Investigations Report, 1971," Indiana
Department of Natural Resources, Indianapolis, Indiana, 1972, 52 pp.

%8ased only on Stations 1-15 of the above report.
bsae species.



2-38

These changes may be related to at least two major changes in the river system: an increase in
turbidity caused by industrialization and farmming, and a series of locks and dams completed in
1929, Puffalo, carp, and catfis.ies adapt well to turbid impounded waters and have increased in
numbers  Largemouth bass, sauger, walleye, and other fish mentioned above do not adapt well to
turbid impounded waters and their numbers have decreased, The decrease in freshwater drum is
difficult to explain, because they normally do well in turbid waters and their preferred habitat
is in open-water areas.“? Except for the catfishes, this change represents a shift from an
abundance of game fish to an abundance of "rough" (less desirable) species.

More recent studies done by ORSANCO®® and EPA““ indicate that the overall standing crop of fish

in the McAlpine Pool of the Ohio River (RM 532-607) has increased (see Table 2.18); gizzard shad
(228.7 kg/hectare), freshwater drum (9£.5 kg/hectare), carp (36.2 kg/hectare), and ch2.nel
catfish, 17, ;i:unctatuc (33.0 kg/hectare) represented 99% of thg noted increase in s*.nding crop
between the 1957-1959 and 1968-1970 studies and now represent 92% of the standiny crop. Aside
from the channel catfish, the bluegill was the only game fish to show an increase (0.04 kg/
hectare). Decreaser were observed in three forage species: skipjack herring, Aloea chrysocholoris
(56.7 kg/hectare); emerald shiner (15.4 kg/hectare); and silver chub, Hubopeis storeriana (1.5
kg/hectare); and one game fish, flathead catfish, Pylodictie olivarie (1.2 kg/ hectare). Overall,
the data in Table 2,18 indicate that standing crop increased in six species and decreased in four
species. These changes in the Ohio River indicate that the fish fauna have changed from those
typical of rivers to those more typical of reservoirs.“5 In summary, sport fishing is poor and
commercial fishing is not good enough to be profitable.

Major changes in fish fauna in the 51 offsite streams are not apparent, based on a study of the
fish fauna of the Muscatatuck watershed between 1942 and 1971. An additional six species (0.05%

nf the total number), not present in 1942 or 1954-1959, were noted in 1971 (see Table 2.17).

These were the American brook lamprey (Lampetra lamottei), blackstripe topminnow (Fundulus
notatus), chestnut lamprey (Iehthyomyaom castaneus), northern studfish (7. catenatus), pallid
shiner (¥, @mie), and pumpkinseed (L. gibboeus)--all considered nonedible except the pumpkinseed,3?

General Life-History Features. In the Ohio RivEr, forage and rough fish are the predominan’
species isee Ta§|e ¥.|Bl. whereas forage and game species are the most abundant in the offsite
streams (see Table 2.17). Forage fish include “minnows" (blacknose dace, Fhinichthye atratulus,

bluntnose minnow, common shiner, emerald shiner, and stoneroller) and "herring" (gizzard shad and
skipjack herring). The emerald shiner, gizzard shad, and skipjack herring are the dominant
forage fish in the Ohio River with the other-named species being dominant in the offsite streams.
These forage species generally feed on benthic organisms, detritus, periphyton, phytoplankton,
and zooplankton.“® Because forage fishes convert energy from lower trophic levels into energy
that can be utilized by higher trophic levels, they are essential to many predaceous species,
including game fish that depend heavily on these fish as a food source.

Rough fish are very abundant in the Ohio River and are gencrally considered undesirable because
of poor flesh quality, competition with more desirable species, and destruction of the habitat of
more desirable species. Carp and freshwater drum are the dominant rough fish species in the Ohio
River (see Table 2.18), and they feed on benthic invertebrates, detritus, plant material, and
zooplankton.“®,“" They fecd mainly on or near the bottor. by touch and taste. In order to oot
food, the carp is “nown to disturn sediments, causing local increases in turbidity. This maios
the water unsuitable for fish that feed visually, e.g., game species.“®

Game fish are very abundant in the streams to be crossed by the transmission lines. Bluegill,
green sunfish, longear sunfish, rock bass (Ambloplitee rupeetrie), smallmouth bass (M. dolomieui),
spotted bass (M. punetulatus), and yellow bullhead (I. natalie) are the dominant species in these
streams (see Table 2.17). These species are actively sought because of their high quality flesh,
size, and/or aggressiveness. Many are vistual feeders and feed on benthic organisms, fish, and
zooplankton.“® Greater abundance of game fishes in the offsite streams compared to the Ohio
River is probably to be attributed in part to better water quality, abundance of forage fishes,
and small populations of rough fish,

Because a shallow underwater terrace, about 50 feet (15 m) wide, exists in the gropnsed discharge
area (ER, Supp. 1, p. 32 and Fig, 2.5-1A), 1t is likely that fish spawn there.“® Preferred
spawning temperatures of several of the species known to occur in the Ohio River or the 51 offsite
streams are listed in Table 2,19 and in the ER, Table 2.7-96.

Life-history features of the various fish families are presented in Appendix 2G of the ER.
Specific food categories based on stomach analyses of certain fishes collected are given in
Table 2.7-84 of the ER.
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Table 2.18. A Comparison of the McAlpine Pool, Ohio River, Fish Fauna in 1957-195%% and in 1968-1970h (river miles 532-607)
Fish/Acre/Effort Weight of Fish (kg/hectare/effort) Relative Abundance Change in
Species 1957-1959 1968-1970 1957-1959 1968-1970 1957-1959 1968-1970 Standing Crop

Gizzard shad 1686.5 1275.° 193.4) 422.19 29.2 §71.7 +
Freshwater drum 498.9 457.3 26.50 124.99 8.6 20.7 +
Emerald shiner 3148.0 204.5 15.91 0.48 54.5 9.2 -
Channel catfish 74.8 84.3 13.77 46.73 1.3 3.8 +
Skipjack herring 125.1 62.7 60.90 4.20 - 2.8 -
Longnose gar 0.7 17.3 29.26 < 0.1 0.8 ?
Carp 26.2 16.6 16,02 52.15 0.4 0.8 +
Bluegill 4.2 16.6 0.08 0.12 0.1 0.8 +
Silver chub 100.7 15.8 1.52 0.04 1.7 0.7 -
American eel 0.1 13.0 1.81 < 0.1 0.6 ?
White crappie 0.6 13.0 3.22 < 0.1 0.6 ?
River carpsucker 2.6 6.5 7.94 < 0.1 0.3 ?
Longear sunfish 1.5 4.3 0.13 < 0.1 0.2 ?
Sauger 0.4 4.3 1.75 < 0.1 0.2 ?
Flathead catfish L 3.6 1.65 n.42 0.1 0.2 -
Redear sunfish 3.6 0.04 0.2 ?
Smallmouth buffalo 4.5 2.9 0.64 5.38 0.1 0.1 +
Smallmouth bass 0.1 1.4 0.10 < 6.1 0.1 ?
Spotted bass 0.3 1.4 0.16 < 0.3 0.1 ?
Black crappie 0.3 0.7 0.01 < 0.1 < 0.1 ?
Rock bass 0.2 0.7 0.16 < 0.1 < 0.1 ?
Threadfin shad 1.3 C.7 0.03 < 0.1 < 0.1 ?
Highfin carpsucker 1.4 1.46 0.1 ?
Goldfish 0.7 1.4¢ < 0.1 ?
Walleye 0.7 0.2 < 0.1 ?
Others 97.2 __5.98 o =

Total 5779.4 2209.5 336.38 704.46

“"Aquatic Resources of the Ohio River," Ohio River Valley Sanitation Commission, Cincinnati, Ohio, 1962, 218 pp.
b“Ohio River Fish Study--McAlpine Lock and Dam (M. P, 607.0)," U. S. Environmental Protection Agency, Wheeling, West Virginia, 1968-1970, 1 p.

=



Table 2.19. Spawning Temperatures of Some of the
“ishes Known to Occur in the Southeastern Portion
of Indiana, Including the Ohio River

Species Te ,erature, °F
Sau?tr 41.0
Walleye 44.6
Longnose gar 51.4
White bass 53.1
Least darter 53.6
Spotted sucker 55.0
White sucker 53.6-55.4
Silvery minnow 55.4
White crappie 57.2-60.8
Fathead minnow 57.9
Bigmouth buffalo 60.1-64.9
Largemouth bass 60.
Common shiner 60.1-64.7
Golden shiner 60.1
Green sunfish 60.1
Paddlefish 60.8
Blackside darter 61.7
Gizzard shad 62.1
Spotted bass 64.0
Johnny darter 64.4
Orangespotted sunfish 64.9
Smalimouth bass 65.7
Smallmouth buffalo 66.0
Black buffalo 66.0
Carp 66.2
Bluegill 66.9
Channel catfish 68.0
White catfish 68.0
Pumpk inseed 68.0
Black crappie 68.0
BErook silverside 68.0
Brewn bullhead 70.0
Threadfin shad 70.0
Warmouth 70.0
River redhorse 71.1-75.9
Blue catfish 72.0
Flathead catfish 72.0
Freshwater drum 73.4
Redear sunfish 73.4
Longear sunfish 73.9
River carpsucker 75.0

From EPA, "Water Quality Criteria, 1972."
Report #EPA-R3-73-033, Washington D. C., 1973,

594 pp.
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Commercial and ;gort Fisheries. Presently, no important commercial fishery exists in the

pine Poo o River. Fish populations of potential commercial value arc apparently
not large enough to warrant commercial operation; therefore, the lational Marine Fisheries
Service no lorger keeps commercial catch statistics on this stretch of the Ohio River (ER, Supp.

1, p. 45).

Sportfishing is the main fishery on both the Ohio River and the streams to be crossed by the
transmission lines. More aggressive and edible game species such as sauger and walleye are not
very abundant in the Ohio River (see Table 2.18). According to a creel census done by the appli-
cant, carp, catfish, freshwater drum, and "bass" are the species most often caught by Ohio River
fishermen iER. Table 2.7-88). This probably reflects the historic increase in the former species
and a decrease in the latter species. In some states, carp and freshwater drum are considered
rough fish, and programs have been established to reduce their populations in order to help
increase the population sizes of more desirable game species.®® It is likely that, if species
such as sauger and walleye were more abundant, fishermen would prefer them over carp and fresh-
water drum,

Special-Status Fishes. As indicated in Appendix C (Table C.1) several species that occur or may
occur in the Ohio River and the 51 offsite streams deserve special consideration due to their

reduced population sizes. Lake sturgeon, which may occur in the Ohio River and its larger
tributaries, is protected nationally.! Trout-perch (Fercopeie omiscomaycus) and longhead

darter (Fercina macrocephala), both of which may occur in the Ohio River and its tributaries,

are protected by Kentucky law.? The Tippecanoe darter (Fthecatoma tfgpecande) may occur in some
of the 51 offsite streams; however, it is protected only by Kentucky.3? The remaining species,
including the sauger and walleye, have been recommended for legal protection in both Indiana and
Kentucky waters,®

2.7.3 Transmission Corridors and Railroad Spur

The applicant has not sponsored studies to provide data sufficient for an adequate characteriza-
tion of the ecology of the transmission corridors and railroad spur right-of-way. On the basis
of limited data available from other sources the staff can indicate only in a general manner:

(1) terrestrial biota (flora and fauna) of the area through which the transmission
lines and railroad spur will pass,

{2) composition of the forest to be cut, and
(3) protected (e.g., endangered) species habitats crossed.

The two 765-kV corridors (conservatively assumed 250 ft or 83 m wide) and the 345-kV corridor
(conservatively assumed 150 ft or 45 m wide) will require a total of about 3475 acres (1390

hectares), based on a length of about 115 miles (185 km). Cropland, pasture, roadway, and

nonforested idle land represent 2365 acres (947 hectares); typical crops cf the area include

corn, soybeans, wheat, and hay. The remaining 1110 acres (444 hectares) are deciduous forest, |
and may include some pastured forest. ‘
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The railroad spur right-of-way (conservatively assumed 200 ft or 60 m wide) will require a total
of about 256 acres, based on a length of about ten miles. Cropland, pasture, roadway, and non-
forested idle land represent 200 acres, with the remaining 50 acres being deciduous forest.

Most of the forested land in southeastern Indiana is a commercial oak-hickory type, with some
areas of maple-beech-birch. The ecological characteristics of the community are assumed to be
similar to the mixed-woods community of the site, described in Section 2.7.1.1.

Tables B.10 through B.13 in Appendix B list vertebrate species that might be found along the
proposed transmission and railroad rights-of-way. A1l of the protected (e.g., endangered)
species recorded by the applicant or indicated by the staff to occur on the site itself may
also occur along the transmission and railroad routes.!®,?® 2°

2.8 SOCIAL AND ECONOMIC PROFILE

Impact area characteristics are discussed in terms of population, housing, the economy, government
structure, and community facilities and services. The focus of this section will be on Jefferson
County where, it is expected, the critical impacts of plant construction and operation will occur.
Construction-related impacts occurring outside Jefferson County are expected to be slight. However,
impacts from the operation of a nuclear facility located at Marble Hill mav also be felt in
neighboring Floyd and Clark Counties.

2.8.1 Population, Housing and the Economy

2.8.1.1 Population

In 1970, Jefferson County had a population of 27,006 and a density of 73.8 persons per square
mile. More than 52% of the County's population is concentrated in two areas: the City of Madison
and the town of Hanover. The remaining population is distributed among scattered farms and
settlements located at the junctions of county roads.

Planning studies in 1971 and 1973 projected a population growth of 24% by 1990 in Jefferson

County, as shown in Table 2.20. The urbanized areas are expected to grow most rapidl{. with
population increases by 1990 of 39% in Hanover Township and 25% in Madison Township.®S

TABLE 2.20
POPULATION GROWTH BY TOWNSHIP

TOWNSHIP 1970 1980 1990

Graham 1,262 1,385 1,541
Hanover 3,738 4,395 5,202
Lancaster 1,345 1,483 1,651
Madison 15,628 17,434 19,518
Milton 818 m 678
Monroe 398 430 472
Republican 1,061 1,213 1,337
Saluda 1,236 1,359 1,430
Shelby 705 670 675
Smyrna 215 853 948
TOTAL 27,006 29,993 33,453

SOURCE : zogt. Sage ;nd Pflum Consultants, Comprehensive Plan Report: Jefferson County, Indiana
n.p.. 1973), p. 8.

R R N
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2.8.1.2 Housing

The 1970 Census indicated 8,554 year-round housing units in Jefferson County, with a median value
of $13,000. Nearly 7!. of these were owner-occupied. Among those units listed as vacant, almost
2/3 were for rent (sc¢ Table 2.21).%° Between December 1970 and January 1976, permits were issued
for 1163 housing units including 270 mobile homes (see Table 2.22).°% The one-family units had
an average value (exclusive of land) of $25,000.

Recent residential development has occurred primarily in Hanover and Madison Townships. These
areas are the most likely to experience residential development in the future because they can
be provided with sanitary sewers and water supply more easily than the other townships.®”

2.8.1.3 The Economy

The shift in population from farm to urbanized areas has paralleled a change in the County's
employment structure which has shifted from agricultural to nonagricultural industries, particularly
since 1950. In 1970, over 30% of Jefferson County's labor force, or 3,090 workers, were employed

in manufacturing compared with 430 farmers and agricultural laborers (see Table 2.23). Dominating
the occupational distribution are operatives; craftsmen and foremen; clerical workers; and service
workers (see Table 2.24). Each of these categories has increased in the past two decades while
other categories have remained stable or declined.>®

TABLE 2.21

HOUSING CHARACTERISTICS IN JEFFERSON COUNTY AND
THE STATE OF INDIANA: 1970

Jefferson

Lounty Indiana
Occupancy, Tenure, Financial

Characteristics

Year-Round Units 8,554 1,711,868
Occupied Units 7,890 1,609,494
% Ownc-'-f)ccu?ied 74.9 71.6
Median alue $13,000 $13,800
Mediam Cuntract Rent? $ 67 $ 83
Condition
Substandard Occupied Units’? 927 87,859
% Substandard 11.7 9.5
Substandard Vacant Units 268 22,822
1 Substandard 40.4 2.3
Vacancy Status
Total 664 102,374
For Sale 98 15,037
For Rent 216 41,176
Other 350 46,161

Source: U. S. Department of Commerce, Bureau of the Census, 1970 Census of Housing, General
Housing Characteristics: Advance Report, HC (v1)-16 Indiana (Washington, D.C.:
Government Printing Office, 1971), pp. 5 and 15.

1. Limited to one-family homes on less than 10 acres and no business on the property.

2. Excludes one-family homes on 10 acres or more.

3. Substandard is defined as the absence of some or all plumbing facilities.



TABLE 2.22

4 RESIDENTIAL BUILDING PERMITS ISSUED IN
: JEFFERSON COUNTY: 1971-1975

Structure Type 'l

Total
Year 1-family Multi-Family Mobile Units*
197 175 4 59 284
1972 138 4 69 217
1973 151 3 37 191
1974 153 3 83 244
1975 170 7 22 227
i01nk 787 21 270 1,163

Source: "Annual Report of Building Pem'its 1ssued for New Residential Construction” for 1971
to 1975 from files of Jefferson County Plan Commission and City of Madison Building
Inspector's Office.

* The number of multi-family units was estimated from the value recorded on the building permit,

TABLE 2.23
INDUSTRY OF EMPLOYED PERSONS: 1970

Industry Number
Agriculture, Forestry, and Fisheries 433
Mining 19
Construction 369
Manufacturing 3,093
Transportation, Communications, Utilities 672
Wholesale Trade 267
Retail Trade 1,600
Business Services 333
Personal and Househald Services 1,629
Government and Others 1,487

Total 9,90

Source: U. S. Department of Commerce, Bureau of the Census, 1970 Census of Population, General
Social and Economic Characteristics, PC (1), Indiana, C-16 (llashington, D.C.: Govern-
ment Printing Office, 1972), p. B14.
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TABLE 2.24

OCCUPATION OF INDIVIUALS IN
LABOR FORCE: 1970

Occupation Number
Professional, technical and kindred workers 1,218
Managers and administrators, except farm a4
Sales workers 515
Clerical and kindred workers 1,351
Craftsmen, foremen and kindred workers 1,460
Operatives, except transport 1,780
Transport equipment operatives 426
Laborers, except farm 411
Farmers and farm managers 332
Farm laborers and farm foremen 69
Service and private household workers 1,499

Total 9,902

Source: U. S. Department of Commerce, Bureau of the Census, 1970 Census of Population, General
Social and Economic Characteristics, PC (1), Indiana, (-16 (Washington, D.C.: Govern-
ment Printing ce, v s .

ATl of the 36 manufacturing firms in the County are located in or near the City of Madison. The
most recent additions to Madison's manufacturing firms -- Conn Organ, Rex Chainbelt, Reliance
Electric, Grote Manufacturing, Madison Plastics -- have located on the plateau above "0Old
Madison."%? Other large scale employers in Jefferson Country include the Jefferson Proving
Ground, Indiana Kentucky Electric, the Madison State Hospital, and Hanover College. Table 2.2-
18 (ER p. 2.2-34) provides a comprehensive list of industry within 10 miles of the Marble Hill
site. Future industrial development is exgected to locate in North Madison, both within and
outside the corporate limits of the city.®

The recession has had a particularly harsh effect on Jefferson County. Between June 1975 and
January 1976, unemployment rose from 12.1% to 12.7%. HNot only is this upward trend contrary to
national unemployment patterns, but the level in Jefferson County is considerably higher than
the average rate throughout the State (8%).%!

Madison attracts many tourists because of its historic and architectural resources. It has been
estimated that 147,000 annual out-of-state visitors spent $2.3 million in a recent year for food,
lodging, recreation and other services.®?
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2.8.2 Government Structure and Community Facilities and Services

2.8.2.1 Government Structure

Jefferson County is composed of 10 townships, 3 towns (Brooks, Dupont, Hanover) and 1 city (Madison).
Each of these jurisdictions has tax levying powers. Currently, the tax rate in the County ranges
from a low of $6.49/3100 of assessment in Hanover fown to a high of $8.99/$100 in Madison City;
Saluda Townsnip, the location of the proposed Marble Hill Station, has a 1976 rate of $6.62/$100.

2.8.2.2 Community Services and Facilities
2.8.2.2.1 Schools

Education is provided by two independent school districts in the County. The Madison Ccnsolidated
School System serves the following townships: Graham, Lancaster, Madison, Milton, Monroe and
Shelby. Total enrollment in 1975-1976 was 4270, or an 18% underutilization of existing classroom
space (see Table 2.25).%? Southwestern Jefferson Consolidated Schools which serves Smyrna, Hanover,
Republican and Saluda Townships had a 1975-1976 enrolliment of 1,693 which represents 85% of
capacity.®® In addition to public school facilities, North Madison is the location of an elementary
school and « high school operated by the Catholic Church. Enrollment during the 1975-1976 school
year was 458, or 28% below planned capacity.®S

2.8.2.2.2 Mater Supply

Residents of Jefferson County receive drinking water from one of three sources: the City of
Madison, Hanover College, and private wells. The Madison system supplies water to six distribution
systems in widely dispersed areas of the County. ODuring 1975, customers of the Madison System
consumed an estimated 2.3 million gallons of water per day at peak which is approximately 62%

of effective capacity (see Table 2.26).5% In addition to providing for its own needs, the wells
at Hanover College supply water to more than 500 customers in the Town of Hanover. In 1975, peak
daily consumption amounted to an estimated one-half miilion gallons, or 57% of effective
capacity.®”

Both the Hanover and !‘adison systems are interconnected to provide additional water in emergency
situations.®® Residents not connected to either of these systems drill deep wells.

2.8.2.2.3 Sewage Treatment Systems

Jefferson County has three sewage treatment systems, serving the towns of Hanover and Dupont

and the City of Madison. All other municipalities and areas of the County are served by private
septic tanks. The Madison sanitary sewer system has a design capacity of 3.5 million

gallons per day. Present treatment averages 2 million gallons per day (see Table 2.27).%°

The Hanover system which serves both the College and the Town of Hanover has a rated

capacity of 540,000 gallons per day and is treating 230,000 gallons per day.”® The Dupont system
consists of one pumping unit and serves only part of the town.’!

Solid waste in the County is disposed of at the sanitary landfill site just outside the City of

Madison. Recent estimates indicate that the site has a useful life of 5 to 10 years.’? Rubbish

and garbage collection is provided to all communities in Jefferson County by the City of Madison
and several small private operators.’?

2.8.2.2.4 Police

Police services in Jefferson County are provided by State, county, #nd municipal agencies.
Staffing and equipment of the State and city forces have been judged to be adequate for the
present population; county forces may be considered understaffed. The indiara State Police Post
at Versailles, 34 miles from the proposed Marble Hill site, includes 27 troopers, each with a
radio equipped patrol car. The County Sheriff's Department staff includes the sheriff, four
deputies and one matron, all of whom work fulltime. The City of Madison has a force of 23 full-
time men and six radio-equipped patrol cars. Although the City is adequately protected, this
force cannot be considered a resource for county-wide protection; the Madison police have no
jurisdiction outside the incorporated Madison area. A new Jefferson County jail has been
constructed; this facility should meet contemporary standards of size and space allocation.’"
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TABLE 2.25
FNROLLMENT AND CAPACITY I SCHOOL SYSTEMS

1975-1976 Planned Surplus
System/School Grades Enroliment Capacity (Deficit)
Madison Consolidated
Canaan k-6 110 120 10
Central K-6 279 400 121
Depucy K-6 167 215 48
Dupont K- 172 325 153
Eggleston K-b 263 350 87
Michigan Road K-6 232 270 40
Middleton K-6 251 350 99
Muncie K-6 662 860 198
Jr. High 7-9 1,168 1,200 32
Sr. High 10-12 966 1,100 134
Sub-Total 4,270 5,190 922
Southwestern
Elementary K-6 911 N.A, N.A.
Jr. High 7-9 425 N.A. N.A.
Sr. High 10-12 357 N.A. N.A.
Sub-Total 1,693 1,947* 254
Parochial
Pope John XXIII K-8 334 425 91
Shawe Memorial 9-12 124 210 86
Sub-Total 458 635 177
TOTAL 6,421 7,772 1,353

Source: Enrollment and capacity figures were supplied by school system officials; additional
capacity information is given in James and Berger Associates, Base Studies: Jefferson
County Comprehensive Plan (n.p., 1971), p. PF-45,

N.A. - Data not av-.lable.

* letter from Mr Issac Hogg, Superintendent of Southwestern Jefferson County Consolidated School,
to Ms, Sue Anr Curtis, Argonne National Laboratory, 25 August 1975,



TABLE 2.26
UATER SUPPLY SYSTEMS IN JEFFERSON COUNTY: 1975

Madison Hanover

Pump Ratings (2) 1,000 gpm 600 gpm
(2) 850 gpm 325 gpm

300 gpm

Design Capacity 5,328,000 gpd 1,764,000 gpd
Estimate Effective Capacity! 3,729,600 gpd 1,234,800 gpd
Average Daily Consumption 1,848,200 gpd 425,000 gpd
Estimated Peak Consumption? 2,310,250 gpd 531,250 gpd
Excess Capacity 1,419,350 gpd 703,550 gpd

Source: Mr. Charles Keller and Mr. Thomas Champion of the Madison Utilities Office; Mr. Wilbur
Heitz of the Hanover College maintenance department; and USNRC staff estimates.

1. Effective capacity is assumed to represent 70% of design capacity.

2. Peak consumption is assumed to obe 125% of average daily consumption.

TABLE 2.27
SEWAGE TREATMENT SYSTEMS IN MADISON AND HANOVER: 1975

Madison Hanover
Design Zapacity 3,500,000 gpd 540,000 gpd
Estimated Effective Capacity* 2,450,000 gpd 378,000 gpd
Treatment 2,000,000 gpd 245,000 gpd
Excess Capacity 450,000 gpd 133,000 gpd

Source. Mr. Charles Keller of the Madison Utilities Office; Mr. James Long of the Hanover Town;
and USNRC staff estimate.

*Effective capacity is assumed to represent 70% of design capacity.
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2.8.2.2.5 Fire Protection

Nine fire departments serve Jefferson County. Among the eight departments that serve outside the
City of Madison, there are 142 men, all serving on a volunteer basis, and 21 fire trucks. The
City of Madison Volunteer Fire Uepartment operates six stations and has a membership of over

200 active volunteers. These stations have a working agreement to provide additional protection
to the Town of Hanover and all outlying small communities.’® As discussed in the Base Studies
report of 1971, fire fighti.g resources are substandard due to problems of communication, equip-
ment deficiencies, and service area limitations.’®

2.8.2.2.6 Hospitals

The principal source of hospital services in Jefferson County is the 130-bed King's Daughter's
Hospital, a private non-profit organization located in Madison. During 1975, the .ospital pro-
vided service to 5,000 patients and achieved an occupancy -ate of 74%. Current comparisons of
hospital service in Jefferson County with those prevailing throughout the United States and the
State of Indiana indicate that county residents presently have adequate hospital facilities and
services (see Table 2.28). An application has been approved by State officials for the demolition
of the existing non-fireproof south wing and the construction of a three-story 30-bed wing that
will also contain laboratories, an emergency room, and other ancillary facilities.”’

Also, Jefferson County is served by Scott Ccunty Memorial Hospital which has 62 beds and an 82%
occupancy rate, and Clarke County Memorial Hospital, a 234-bed facility with a 77% occupancy
rate (E.R. Supp. 1, p. 2.2-3). Emergency ambulance service is provided by five mortuaries --
three in Hadison, and one each in Hanover and Dupont -- which have a total of 10 vehicles. All
areas of the County are within the 25-mile maximum running distance standard recommended by the
Indiana State Board of Health.”® Each of the ambulances is available on a 24-hour basis and is
equipped with oxygen and first aid equipment,’?

2.8.2.2.7 Recreation Facilities

Only a small fraction of the land in the area surrounding the proposed site is used for recrea-
tion. The major recreational areas of Jefferson County are centered in Clifty Falls State Park,
Hardy Lake state Reservoir, Hadison, and Hanover. Clifty Falls State Park has 1357 acres of

land and offers facilities for camping, fishing, riding and hiking. In 1975, the yearly attendance
at the park was 214,400 persons; the addition of new swimming facilities may increase attendance
by 1976 or 1977 (ER, Enclosure 1). Hardy Lake Reservoir, which is used for water-related sports,
includes 2100 acres (850 hectares) of recreational land. Jefferson County also contains many
smaller private recreational facilities, Table 2.29 lists the major recreational facilities in
the Madison-Hanover area and their availability to the public. There are no designated hunting
areas within 10 miles of the site, although the area provides good habitat for wildlife.

The MNcAlpine Pool, between Markland and McAlpine Davis on the Ohio River, is an important recrea-
tional resource for boating and sport fishing. The quality of sport fishing on the Ohio River
has been poor in recent years (see Section 2.7.2.2).

Special events in the Madison area are listed in Table 2.2.2-19 of the ER. In addition, the
Hanover College offers a community concert and theatrical season. These activities, particularly
those in the Madison area, are an attraction for tourists.

PSI has constructed a public information center in the City of Madi.on which features displays on
the history of Madison and on the Marble Hill Nuclear Generating Station. The facilities of the
center are available for use by community groups (ER, p. 8.1-8),

2.8.2.8 Road Systems

Within Jefferson County, the principal access routes are U.S. 421 and State Roads 7, 56, 62,

and 107 (see Section 2.2.2). These routes are classified as rural minor arterials and are in
good condition.® Recent studies by the Indiana State Highway Commission indicate that the
Madison-Hanover corridor is heavily-traveled with routes 107 and 62 carrying at least 5000 vehi-

cles during an average day.®!
2.9 REGIONAL AND LOCAL LANDMARKS

2.9.1 Region

Several sites of historic importance located within 10 miles (16 km) of the Marble Hill Station
are listed in Table 2.3-1 of the ER.
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TABLE 2.28

SERVICE COMPARISONS FOR SHORT-STAY GENERAL MEDICAL
AND SURGICAL HOSPITALS: 1974

Population* Population* Hospital Personnel
Per ilospital Bed Per Hospital Personnel Per Bed
Jefferson County 213 123 BT
Indiana 205 96 N |
United States 223 9 2.5

Sources: American Hospital Association, Guide to the Health Care Field, 1975 Edition (Chicago:
American Hospital Association, 1975, po. -

*
Population information from U.S. Department of Commerce, Bureau of the Census, Current Po ula-
tion Reports: Population Estimates and Projections, Series P-25, "1973 Population and |§92
Fe_rCapEta Income Estimates for Counties, Incorporated Places, and Selected Minor Civil Divi-
sions in Indiana," No. 559 (Washington, D.C.: Government Printing Office, 1975), pp. 1 and 11;
and U.S. Department of Commerce, Bu~eay of the Census, Current Population Repo:ts: Population
Characteristics, Series 20, "Househo'd and Family Characteristics: March |§;5,"' 0. Wash-
ington, 0.C.: Governme~t Printing Office, 1976), p. 1.

TABLE 2.29

RECREATIONAL FACILITIES IN THE MACISON-HANOVER AREA

Name of Facility Activities Availability
fladison Country Club Golf, picnicking, swinming Private
Madison Golf Area Golf Public
Clifty Golf Range Golf Pu iic
Kelly's Landing Boating Private
Madison Marina Boating Private
Bennett's Boating Boating Private

Weaver's Dock Boating (not known)
Mcz::ang;ex:ea Boating, swimming, field sports Private
Hanover Beach Switming, summer homes Private
Hanover Town Park Field sports, picnicking Public
Madison City Park Field sports, picnicking Public
Madison Playgrounds 17 play areas Public
Delta Queen Sightseeing river tours Public

Source: James & aor?or Associates, Base Studies: Jefferson County Comprehensive Plan
1

{n.p., 1971), pp. REC 5-8.
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In general, most of these historic sites are near Madison, Indiana, although a few additional
sites are listed for the towns of Hanover, Indiana; Milton, Kentucky; and Bedford, Kentucky.
This list includes two Madison areas that are also recorded in the National Register of Historic
Places and one State museum.®2 In addition, Historic Madison, Incorporated, has preserved
several buildings that are open to the public.

Within 10 miles (16 km) of the station site, there is a series of scenic and natural areas so
designated by Jefferson County. These locations are shown in Figure 2.3-2 of the ER and include
waterfalls, caves, and forests.

The nearest scenic locations in the National Registry of Natural Landmarks®® are Officer's Woods
and the Ohio Coral Reef (Falls of the Ohio). The Woods are about 12 miles and the Falls about 25
miles from the site.

2.9.2 Site

The site of Marble Hill Station has some areas of scenic as well as cultural-historical importance.

Esthetically, the northern portion of the site is very attractive, and the white pine forest in
this location is unique to the general region (ER, pp. 2.3-2a).

The site also includes an early 19th-century cemetery, two 19th century houses of Federal-style
architecture, and evidence of prehistoric settlement. Twelve archeological sites are reported
to be within and adiacent to the station property (ER, App. 2A). Several of these sites are
record~4 as being ve,y early in the archeological sequence of Eastern North America.

The State Preservation Officer has been contacted and his comments are summarized as follows:
(1) this project does not affect any sites now listed in the National Register; (2) any
archeological sites uncovered by construction activities should be evaluated by an archeologist
and salvaged as needed; and (3) the historical and architectural value of two 19th-century
buildings on the station site should be investigated (ER, App. 2B).

Since the DES was issued, the buildings on the site have been examined by a consultant of the
applicant who concluded that the buildings did not possess significant historical or archeological
values. The Indiana Historic Preservation Officer, on reconsideration, concurred with this

assessment %
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3. STATIOil DESCRIPTION

3.1 EXTERNAL APPEARANCE

lMost of the Marble Hill facilities will be constructed on a leveled plateau with a base elevation
of about 775 feet (236 m) MSL, about 350 feet (105 m) above the normal level of the Ohio River.
The principal structures of the station will be:

(1) the turbine building (containing two steam turbine-generators and associated equipment),

(2) two reactor containments (each housing a pressurized-water reactor and associated
reactor coolant system),

(3) the solid radioactive waste storage and service building,
(4) the auxiliary building,

(5) the fuel storage and handling building,

(6) two banks of 25-cell mechanical-draft cooling towers,

(7) a conventional electrical switchyard, and

(8) an administration building.

In addition to these structures there will be two mechanical-draft cooling towers for essential
service-water cooling located above a concrete reservoir that will store water for the ultimate
heat sink. Several water storage tanks for emergency back-up cooling, refueling, and potable
water will be located north and south of the central complex along with three biocide (NaOC1)
storage tanks and a fuel oil tank. Other facilities wi’l consist of a train washdown shed asso-
ciated with the fuel storage and handling building, transmission towers and lines, and a river
screenhouse and blowdown discharge structure on the Ohic River (PSAR, Fig. 1.2-2). There will
also be a 250-space parking area (ER, Fig. 4.1-1). Figure 3.1 shows the site layout. An artist's
rendition of the station is given in Figure 3.2, but may not accurately represent the overall
appearance of the station when completed.

The station complex will be of a unified architectural design. The turbine building, auxiliary
building, and fuel storage building will form a "T" shape with the turbine and fuel storage
buildings at the top and the auxiliary building at the base flanked by the two reactor containment
buildings. Adjoining the turbine building will be the service and solid radwaste storage building.
Housing for each reactor unit will be 150 feet (45 m) in diameter and will extend 200 feet (60 m)
above grade elevation. The height of the turbine building will be 125 feet (38 m), with other
adjoining buildings slightly lower. The central complex of buildings will be about 880 feet (270
m) long by 680 feet (210 m) wide at the maximum points.

Views uf the structures from nearby locations will be obstructed by the existing forest vegetation,
most ot which will be preserved, The site itself will not be visible from any major transporta-

tion route or nearby communities.

3.2 REACTOR AND STEAM-ELECTRIC SYSTEM

The description of the reactor and steam-electric system that follows is brief and general
because its purpose is to provid- the descriptive basis for the assessme.t of environmental
impacts. More detailed technical descriptions of this system are discussed in the applicant's

PSAR, Sections 1.2, 4.0, and 10.0.!
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3.2.1 Nuclear Reactors

The Marble Hill Huclear Generating Station (Units 1 & 2) will utilize two Vestinghouse Electric
Corporation pressurized water reactors (PWRs). The generated steam will drive two tandem-compound
1800-rpm turbines, also of Westinghouse manufacture, each having ons high-pressure and three low-
pressure stages. Variations in turbine back pressure from winter to summer during normal operation
are expected to range from 2.58 to 4.70 inches of mercury, absolute (0.87 to 1.6 newtons per
square

centimeter).

3.2.2 Fuel Description

Fuel used in the station reactors will consist of uranium dioxide ceramic pellets encapsulated
under pressure in Zircaloy-4 fuel rods; U-235 enrichment of fuel rods is expected to vary from
2.1 to 3.1 percent, by weight. There will be 264 fuel rods in each fuel assembly, and each
reactor core will consist of 193 fuel assemblies arranged in the shape of a cylinder. During
routine operation about one-third of the fuel assemblies will be replaced each year.

2.2.3 Power Qutput

The gross power output of each unit is estimated at 3425 Mkt or 1192 MWe, at rated capacity.
Plant-related electrical consumption will be about 60 MWe. Thus, net power output will be about
1130 !We per unit, 2260 MWe for the station. However, because the containment and engineered
safety features are designed for a power rating of 3565 MWt, the analysis of radicactive dis-
charges (see Sec. 3.5) is based on this maximum rating.

3.3 MVATER REQUIREMENTS

At the Marble Hill Nuclear Generating Station water will be used in the circulating-water systems,
the service-waier systems, the steam-cycle makeup, and the potable-water system. A flow chart
detailing predicted water usage is depicted in Figure 3.3.

The makeup water required for operation of the proposed generating station will be obtained from
the Ohio River near the station site. Because the pool elevation at the site has been maintained
at 420 ft (130 m) by the Corps of Engineers, no station outages resulting from lack of water are
expected, At this elevation, the pool represents an abundant reservoir for the station's needs.
The precise volume of required makeup water will be dependent primarily on the following factors:

(1) the amount of make’~ water required to prevent scaling in the condensers and
cooling towers, and

(2) the amount of water lost to evaporation and drift.

3.3.1 Circulating-Yater System

The circulating water of each unit will flow in a closed-cycle cooling-water system that will
dissipate heat from the steam condensers. When flowing through the condensers at a rate of

1263 cfs (35.76 m3/sec) per unit the circulating water is expected to be warmed about 28°F
(16°C). Reduction of the water temperature will be accomplished through evaporation and sensible
heat transfer to the atmosphere by means of mechanical-draft cooling towers.

The estimated seasonal average evaporation rates for the mechanical-draft cooling towers have
been estimated to range between 52.7 and 57.4 cfs (1.49 and 1.62 m*/sec), depending on weather
conditions. The losses from hoth banks of cooling towers due to drift will be about 0.53 cfs
(0.015 m*/sec), or 0.02% of the circulating-water flow. The blowdown necessary to maincain the
total dissolved solids (TDS) level in the circulating-water system was calculated using these
rates of evaporative and drift losses. Blowdown volume will vary between 7.9 and 9.9 cfs (0.22
and 0.28 m3/sec) from spring to summer depending on the river condition and the evaporation
rate. By varying the blowdown volume, the TDS level in the circulating-water systems can be
maintained at 1500 mg/liter (a value chosen by the applicant to insure that condenser scaling
does not occur). The highest blowdcwn volume will occur during the summer when evaporation
rates are high. To compensate for losses due to evaporation, drift, and blowdown, makeup water
at rates varying between 61 and 69 cfs (1.7 and 1.9 m*/sec) will be withdrawn from the Ohio
River. These figures for evaporation, drift, blowdown, and makeup have been calculated by the
applicant based on two-unit operation at a 100% capacity factor. Variations in station water
consumption are given in Table 3.1 for the following conditions: 100% operation, 50% cperation,
hot standby, and cold shutdown,
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Fig. 3.3. Water Use Flow Diagram. From ER, Fig. 3.3-1.
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Table 3.1. Variations in Station Water Use
(cfs, 2-unit operation)

100% 50% Hot Coid
Operation Operation Standby® Shutdown
Mechanical-Draft
Cooling-Tower System
Makeup 64.5 30.9 4.23 0
B1owdown 8.9 3.7 3.7 0
Evaporation §5.1 26.7 0 0
Orift 0.53 0.53 0.53 c
Sanitary System 0.023 0.023 0.023 ¢.023
Radwaste System’ 0.58 0.58 0.58 0.58
Demineralizing Systemc
Makeup to steam 0.33 0.17 0 0
generator
Essential-Service-Water
Cooling-Tower System
Makeup a9 49 2.5 0
B1owdown g gt 2.0 0
Evaporation 2d Zd 0.5 0
Drift 0 0 0 0

From ER, Tuble 3.3-2.
aSubject to operating variables.

hA major portion of this flow rate will be recycled; 3% will be lost as evaporated concen-
trates.

“The demineralizers will be designed to have a greater capacity to supply demineralized water
during start-up conditions.

dPeak.

3.3.2 Nonessential-Service-Water System

Th. nonessential-service-water system cools equipment that is neither safety-related nor essential
for safe reactor shutdown, such as the turbine-o03l coolers, the sample coolers, and the vacuum-
pump-0il cooler. The water, taken from the cold side of the cooling towers, will be supplied by
two pumps, one for each unit. A full-capacity standby to serve either unit is also provided.

This system requires a total flow of about 134 cfs (3.79 m?/sec).

3.3.3 Essential-Service-Water System

The essential-service-water system (ESWS) cools safety-related equipment. The design provides
for two icantical, full-capacity systems for each unit. Each unit will have two full-capacity
pumps, each of which will take water from a separate supply line. The equipment includes the
diesel-generator coolers, the component-cooling heat exchangers, and other components necessary
for safe reactor shutdown. The flow rate through this system will be about 57.9 cfs (1.64 m?/sec)
per unit. Two mechanical-draft cooling towers will cool this water. Makeup water for this
cooling system will also come from the Ohio River. Blowdown from the ESWS will be combined with
blowdown from the circulating-water-system cooling towers.

3.3.4 Sanitary-Water System

The potable-water system will provide water for sanitary purposes. Water will be obtained from
wells on the floodplain. The water will be filterad and gumped into a 150,000-gallon (570-m?)
water storage tank. From this tank, 15,000 gallons (£7 m’) per day will be drawn for final pro-
cessing through a chlorination and water-softening treatment system. Discussion of sanitary
water and its disposal is provided in Section 3.6.3.
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3.4 HEAT-DISSIPATION SYSTEM

3.4.1 Cooling System

when operating at full power the station will produce 1.65 » 107 Btu/hr (4840 MW) of waste heat
that will be transferred to the cooling water circulating at 2660 cfs or 75.33 m’/sec (2526 cfs
or 71.54 m?/sec through the condensers and 134 cfs or 3.79 m?/sec from the nonessential-cooling-
water system). The temperature rise of the cooling water passing through the condensers will be
about 28°F (16°C). Most of the waste heat will be dissipated tc the atmosphere via mechanical-

draft cooling towers.

Each of the two banks of mechanical-draft cooling towers will be about 60 feet (18 m) high, 1200
feet (365 m) long, 50 feet (15 m) wide and will consist of 25 cells. Figure 3.4 shows the impor-
tant parts of two typical types of mechanical-draft cooling towers that would meet the required
performance characteristics (the final design of the towers has not been chosen at this time).

Six circulating-water pumps are used to pump warmed water from the condenser into the top of the
tower. The water is allowed to flow by gravity through a fill material; this serves to slow the
falling water and to oreak it into small droolets, greatly increasing the time and area of contact
of the water with the air. Most of the cooling results from evaporation of a small portion of
the circulating water, but sensible-heat transfer by conduction to air also centributes to the

cooling process.

Air is circulated by a fan located at the top of the tower. ODrift eliminators placed inside the
tower trap water droplets so that the volume of liquid lost from the tower (drift) compared to
that of the circulating water is extremely small (< 0.02%).

In Table 3.2 are listed the design parameters for each of the mechanical-draft cooling towers.
The cooling-tower performance curve used to determine the cold-water temperature as a function of
wet-bulb temperature is shown in Figure 3.5, Because the cooling towers have not been purchased
at this time, it is possible that this assumed design curve could differ from the final curve;
however, deviations are not expected to be large.

3.4.2 Intake

The intake structure shown in Figure 3.6 will consist of a river screen house containing three
circulating-water makeup pumps with capacities of 40 cfs (1.1 mi/sec) each, two essential-service-
water makeup pumps, two traveling screens, and a 410-foot (120-m) intake flume (ER, p. 3.4-3a).
The operating floor of the screen house will be at 475 feet (145 m) MSL, 5 feet (1.5 m) above
flood level. The bottom of the intake flume will be at 405 feet (123 m) MSL, 15 feet (4.6 m)
below the 420-foot {128-m) water level maintained by the Army Corps of Engineers. The intake
flume will have a depth of 15 feet (4.6 m) and will be divided into two channels, each 11 feet

6 inches (3.5 m) wide. The intake flume will extend about 120 feet (37 m) into the river at a
water level of 420 feet (128 m) MSL and has a bar grill (with 3-in or 7.5-cm slits) at the
entrance and at the proximal end, just before the traveling screens. The top of the intake flume
will be covered by 11,800 ft2 (1100 m?) of heavy-gauge grating with hexagonal openings. This
will allow water to enter the intake flume from the top when the water ei.vation exceeds 420 feet
(128 m) MSL about 90% of the year (ER, Fig. 2.5-5). There is no fish-diversion mechanism incor-
porated i the intake-structure design. The intake velocity is expected to be no greater than
0.5 fps (£ cm/sec) at the surface of the traveling screens and 0.01 fps (3 mm/sec) at the

grating surface.

The traveling screens will be 11 feet 6 inches (3.5 m) wide and about 70 feet (20 m) high with
3/8-inch (1-cm) square mesh openings. These screens will be used to prevent debris and larger
aquatic biota from entering the condenser. This debris will be removed by rotating the screens
periodically and will be stored in a pit, sump, or basket until a private contractor removes it
for disposal offsite in a manner authorized by the State (ER, p. 3.4-3a; Supp. 1, p. 85; and

Supp. 3, p. 21).

3.4.3 Discharge

The blowdown of cooling water with higher concentration of dissolved solids resulting from

evaporation and addition of chemicals will be discharged tc the Ohio River by means of a single
point submerged discharge structure (ER, Suppl. 4, p. 3.4-3), extending about 50 feet offshore,
as shown in Fig. 3.7. The average blowdown flow will be 8.9 cfs (0.25 m®/sec) and the maximum

discharge velocity is expected to be 8.0 ft/sec (2.4 m/sec). (See Sections 5.3.3 and 9.3.3.)
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Table 3.2. Desigr Parameters for Each Mechanical-Draft
Cooling Tower

Parameter Value

8.25 « 10° Btu/hr

Heat dissipation tc the atmosphere

Circulating-water flow rate 1330 cfs
Wet-bulb temperature 75°F
Approach 20°F
Range 28°F
Blowdown rate (average) 4.45 cfs
Evaporation rate (maximum) 28.7 cfs
Drift 0.265 cfs
Makeup rate {maximum) 34 cfs

DESIGN CONDITIONS: FLOW - 597,000 GPM
RANGE = 28°F

WET-BULB TEMPERATURE = T75°F

APPROACH = 20°F

FAN POWER = 200 BHP

OUTLET TEMPERATURE - WET-BULB TEMPERATURE
PLUS APPROACH

l l | | I

20 30 40 50 60
WET-BULE TEMPERATURE (°F)

Fig. 3. 5. Cooling-Tower Performance Curve.
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3.5 RADIOACTIVE WASTE SYSTEMS

During the operation of Marble Hill Station, Units 1 and 2, radiocactive materials will be pro-

duced by fission and by neutron activation of corrosion preducts in the reactor coolant system,

From the radicactive material produced, small amounts of gaseous and liquid radicactive wastes

will enter the waste streams. These streams will be processed and monitored within the station

:? reduce the quantity of radionuclides ultimately released to the atmosphere and to the Ohio
ver.

The waste handiing and treatment systems to be installed at the station are uescribed in the
applicant's Preliminary Safety Analysis Report dated September 17, 1975 and the Environmental
Report dated September 11, 1975. In these documents, the applicant has prepared an analysis of
his radwaste treatment systems including estimates of the annual radicactive effluents.

In the following paragraphs, the radwaste treatment systems are described and an amalysis is given
based on the staff's model of the applicant's systems. The staff's model has been developed from
a review of available data from operating nuclear power plants, adjusted to appiy over a 30-year
operating life. The coolant activities and flows used in this evaluation are based on experience
and data from operating reactors. As a result, the parameters used and the subsequent calculated
releases vary somewhat from those given in the applicant's evaluation. The liquid and gaseous
source terms were calculated by means of the GALE Code as outlined in draft Regulatory Guide 1.BB,
“Calculation of Rcleases of Radioactive Materials in Liquid and Gaseous Effluents from Pressurizea
Water Reactors (PWRs)," September 9, 1975. The principal parameters used in the source term cal-
culations are given in Table 3.3. The bases for these parameters are given in draft Regulatory
Guide 1.BB.

In the Annex to Appendix 1 to 10 CFR 50 (dated September 4, 1975), the applicant was provided an

aiternative to Section I1.D of Appencix I. The applicant has chosen this alternative (ER, Suppl.
2, p. 2-1). Based on the following evaluation, the staff concludes that the liquid, gaseous and

solid radwaste treatment systems are acceptable and that the effluents meet as low as practicable
levels in accordance with 10 CFR 50.34a, Sections I1.A, II.B and I11.C of Appendix 1 to 10 CFR 50,
and the alternative to Section I1.D of Appendix I as provided in the Annex “o Apren. - 1.

3.5.1 Liquid

The liquid radicactive waste treatment system will consist of process equipment and instrumenta-
tion necessary to collect, process, monitor, and recycle or dispose of potentially radicactive
liquid wastes. Prior to releasing liquid waste, samples will be analyzed to determine the type
and amounts of radioactivity present. Based on the results of these analyses, the wastes will be
released under controlled conditions to the Ohio River after being diluted with coolirng tower
blowduwn or retained for further processing or recycle. A radiation monitor will automatically
terminate liquid waste discharge if radiation measurements exceed a predetermined level in the
discharge line. A simplified diagram of the liquid radwaste treatment systems is shown in
Figure 3.8,

The liquid radicactive waste treatment systems will be divided into three principal systems and
will be shared between Units 1 and 2: the Steam Generator Blowdown (SGB), the Radioactive Waste
Drains (RWD), and the Radiocactive Laundry Waste (RLW) systems. The SGB will be processed con-
tinually through the blowdown evaporator and polishing demineralizers. This water will be reused
in the plant. The RWD system collects water from floor dr>‘as, equipment leakage or chemical
operations in individual tanks. After sampling and analysis, RWD water will be processed batch-
wise with the appropriate combinations of filtration, evaporation and ion exchange. RWD water
may be reused in the plant or discharged after treatment. RLW water will be treated by reverse
osmosis and may be routed through the radwaste evaporator (if necessary) to remove radionuclides
and detergents. The permeate will be analyzed to determine if it is suitable to reuse or will be
retreated or ¢ischarged.

In addition to the preceding three systems, the Chemical and Volume Control System (CVCS) and the
Boron Recycle System (BRS) were considered in the staff's evaluation. The CVCS and BRS process
reactor grade water to control boron concentration and reactor coolant purity.

3.5.1.1 Steam Generator Blowdown (SGB)

The SGB system will process steam generator blowdown from both u.its, and it willlave a capacity
of 120 gpm. This water will pass through filters, a blowdown evaporator and, as need(, through
mixed bed demineralizers. After treatment the blowdown condensate stream will be returned to the
condensate storage tank for reuse. The SGB treataent system will have sufficient capacity to
allow total recycle of the blowdown stream. The staff assumed the blowdown rate would be approxi-
mately 60 gpm at secondary coolant activity and that 1% of this flow will be released to the
environment from the condensate storage tank after processing. Based on these assumptions,
approximately 0.00027 Ci/yr/unit, excluding tritium, will be released from this source.
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Table 3.3. Principa)l Parameters and Conditions Used in Calculating Releases of Radiocactive
Material in Liquid and Gaseous Effluents from Marble Hill Station

(per unit)

Reactor power level (Mit) 3565
Station capacity factor 0.80
Failed fuels® 0.12%
Primary system

Mats of coolant (1bs) 5.34 « 10°%

Letdown rate to CVCS (gpm) 75

Shim bleed rate (gpm) 1.9

Leakage rate to secondary system {1bs/day) 100
Leakage rate to containment building
(1bs/day) 1%/day of primary coolant noble gas inventory
0,.001%/day of primary coolant iodine inventory

Leakage rate to auxiliary building (1bs/day) 160
Frequency of degassing for cold shutdowns

(per year) 2
Secondary system E
Steam flow rate (1bs/hr) 1.5 = 107
Mass of steam/steam generator (1bs) 9,1 = 10°
Mass of liquid/steam generator (1bs) 1.17 = 10%
Secondary coolant mass (1bs) 5.06 = 10°
Rate of steam leakage to turbine building
{(1bs/hr) 1.7 = 103
Steam generator blowdown rate (1bs/hr) 3.0 ~ 10%
Containment building volume (ft') 2.93 = 10°
Frequency of containment pu-ges (per year) 24
lodine partition factors (gas/1iquid)
Leakage to auxiliary building 0.0075
Steam leakage to turbine building 1
Steam generator (carryover) 0.01
Main condenser air ejector 0.15
Decontamination Factors (liquids)
I Cs, Rb _Others
Boron recycie 1 x 104 2 = 10" 1 = 10°
Equipment drains 1 = 104 1 = 10° 1 = 10°
Waste drains Y = 100 1 = 10% 1 x 10°
A1l Nuclides
Except lodine lodine
Waste evaporator DF 104 103
BRS evaporator DF 10° 107
Other
Anion Cs, Rb Nuclides
Mixed bed demineralizer
Boron recycle feed (H.B0;) 10 2 10
Primary coolant letdown 10 2 10
Radwaste 104(10) 2(10) 102(10)
Evaporator condensate polishing 10 10 10
Cation bed demineralizer 1(1) 10(10) 10(10)
Anion bed demineralizer 107(10) 1(1) 1)
Containment Building Internal Recirculation System
Flow rate (cfm) 1.6 x 10
Operating period/purge (hours) 16
Mixing efficiency 70%

%his value is constant and corresponds to 0.12% of the operating power fission product source
term being released to the primary coolant.
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F1g. 3.8. Liquid Waste T-eatment Systems.

3.5.1.2 Radioactive Waste Drains (RWD)

The RWD system will collect Tiquid from the containment sumps, auxiliary building floor drains,
turbine building floer drains, auxiliary building equipment drains, turbine building equipment
drains, demineraiizer regereration waste drains nd chemical drains. Each of these substreams
wili be collected in its respective drain analysis tanks where its radioactivity level and
chemical composition will be ascertained and an appropriate treatment method determined. With
the exception of the turbine building drains, liquid radioactive waste will normally pass in
batches through a 60 gpm evaporator. The evaporator condensate will be processed through a
demineralizer. The treated wacte will then be discharged, reprocessed or reused based on its
radioactivity content and plant water balance requirements.

In its evajuation, the staff has assumed all of the water from the RWD system will be discharged.
This discharge will be approximately 1400 gpd/unit of treated water containing 0.0068 Ci/yr/unit
except tritium and nobie gas, and 7200 gpd of untreated turbine building water containing an
additional 0.018 Ci/yr/unit excluding tritium and noble gas. The staff's release values were
calculated using the parameters in Table 3.3.

The applicant estimates a combined release of 0.049 Ci/yr/unit of treated RWD water and untreated
turbine building water. excluding tritium and noble gases,

3.5.1.3 Laundry Waste Subsystem (L!'S)

Laundry wastes will be collected in the 4000 gallon laundry waste tank and processed by reverse
osmosis to resove detergeiits and particulate matter prior to treatment, if necessary, in the
waste evapc-ator. Based on its parameters, the staff assumed a generation rate of 450 gpd/reactor.
This entire volume is assumed to be discharged, and will contain 0.002 Ci/yr. The applicant
ls:uun:dall of the laundry wastes will be discharged, and that there will be nc adioactivity
released.



3.5.1.4 The Boron Recycle System (BRS)

Primary coolant will be withdrawn from the reactor coolant system at approximately 75 apm and
processed through the Chemical and Volume Control System (CVCS). The letdown rtream will be
cooled, reduced in pressure, filtered, and processea through one of two mixed-bed demineralizers.
Approximately 10 percent of this letdown stream will be passed through an additional cation
demineralizer to remove excess 1ithium and cesium. Radionuclide removal by the CVCS was evalu-
ated by assuming 75 gpm letdown flow at primary coolant activity (PCA) through one mixed-bed
demineralizer (L1,B0, form) and 7.5 apm fiow through one cation demineralizer in series with the
mixed bed, The CVCS will be used to control the primary coolant boron concentration by passing
a portion of the letdown stream through the boron thermal regeneration system. A side stream of
approximately 1.9 gpm of the treated letdown stream is diverted to the BRS as shim bleed. In the
boron thermal regeneration system, boron will be either absorbed from or desorbed into the
letdown stream depending upon the stream temperature. Since the thermal reqeneration deminer-
alizer resins will desorb as well as absorb radioactivity, the thermal regeneration system was
not considered for raiionuclide removal, However, use of the thermal regeneration system will
reduce the quantity of liquid waste generated from maintaining boron control.

Shim bleed from the letdown stream will be processed through one of two mixed-bed demineralizers
(Li;B0; form) and routed to the recycle holdup tanks. Valve leakoffs and equipment drain wastes
in the reactor containment as well as excess spent fuel pit water will ve transferred to the
recycle holdup tank where it will be combined with the shim bleed. These streams from each unit
will form the principal inputs to th ° ~ and will be processed batchwise from the recycle holdup
tanks. The staff calculated the shy. . =d input activity by applying the DF for a mixed-bed
demineralizer in the LIsB0, form, to the shim bleed stream, assuming 1.9 gpm/reactor flow and
CVCS output activity. %he reactor coolant drain tank input flow to the BRS was assumed to be 300
gpd/reactor at PCA based on the applicant's assumption which we find to be reasonable.

Radioactive decay experienced during collection in the recycle holdup tank was calculated using
the GALE Code. The collection time was calculated to be 16.5 days assuming the 112,000-gallon
recycle holdup tanks will be filled to 80 percent capacity using the combined shim bleed and
reactor coolant drain tank flow rates from both reactor units. Radionuclide removal was based on
the parameters in Table 3.3 for an evaporator and demineralizer in series. Additional credit for
radioactive decay time during processing of the contents of the recycle holdup tank through the
two recycle evaporators has been given. In its evaluation, the ;taff assumed that equipment
downtime and anticipated operational occurrences will result in a —: “ximately 10 percent of the
evaporator condensate stream containing 0.001 Ci/yr, excluding trit. .2 and noble aases, being
discharged with the cooling tower blowdown to the Chio River. The applicant assumed that the BRS
stream will be recycled and did not specify a discharge fraction in his evaluation.

3.5.1.5 Liquid Waste Summary

Based on the evaluation of the waste treatment systems using the parameters in Table 3.3, the
staff calculates the releases of radioactive materials in the liquid wastes to be 0.18 Ci/yr/
reactor, excluding noble gases and tritium. The results of these calculz*‘ons are given in
Table 3.4. Based on previous experience at operating reactors, the staff estimates the tritium
releases to be 510 Ci/yr/reactor, The applicant has estimated the releases to be 0.05 Ci/yr/
reactor, excluding tritium and 660 Ci/yr/reactor of tritium. The difference between the staff's
values for releases (excluding tritiun{ and those calculated by the applicant are due largely to
the quantity of BRS waste recycle in the respective models. The staff assumed 10 percent of the
BRS stream will be discharged over the 1ife of the plant due to equipment downtime and antici-
pated operational occurrences whereas the applicant assumed total recycle of this stream.

Based on the staff's evaluation, the radiocactivity in liquid effluents from Urits 1 and 2 will

not result in whole body doses to an individual in an unrestricted area greater than 3 mrem/yr or
critical organ doses greater than 10 mrem/yr from either reactor, in accordance with Section I11.A
of Appendix I to 10 CFR 50. Also, the radioactivity in the liquid effluents from both units,
exclusive of tritium and noble gases, will be less than 5 Ci/yr/reactor, and the whole body and
critical organ doses will be less than 5 mrem/yr from the site, in accordance with the alternative
to Section 11.D of Appendix I as provided in the Annex to Appendix I. The staff concludes that
the liquid radwaste treatment system will reduce liquid radioactive effluents to as low as practi-
cable levels in accordance with 10 CFR 50.34a, Appendix 1 to 10 CFR 50, and the Annex to Appendix 1

to 10 CFR 50 (see Sec. 5.4).

3.5.2 Gaseous

The gaseous waste treatment and ventilation systems will consist of equipment and instrumentation
necessary to reduce releases of radioactive gases and airborne particulates from equipment and
building vents. The principal source of radicactive gaseous waste will be gases stripped from
the primary coolant in the CVCS and BRS. Additional sources of gaseous wastes will be main
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Table 3.4. Calculated Releases of Radioactive Materials
in Liquid Effluents from Marble Hill Nuclear Generating Station,

Units 1 and 2
Nuclide Ci/Yr/Reactor
Corrosion & Activation Products
Cr-5 8(-5)%
Mn-54 5(-5
Fe-55 73-5
Fe-59 5(-5
Co-58 6.3(-4
Co-60 3.8(-4)
Np-239 3(-5)
Fission Products
Br-83 8{-5)
Rb-88 5(-5)
Sr-89 2(-5)
Y-91 9(-5;
Mo-99 S.l§-3
Tc-99m 5(-3)
Te-127m 1(-5)
Te-127 2%-5;
Te-129m 6(-5
Te-129 4(-5)
1-130 1.6(-4)
Te-131m 4(-5g
1-131 1(-1
Te-132 7.2(-4;
1-132 3.2(-3
1-133 4,9(-2)
1-134 3(-4)
Cs-134 2.5(-3)
1-135 7(-3)
Cs-136 8.3(-4)
Cs-137 2.2(-3;
Ba-137m 9(-4
All others 6(-5)
Total
Except Tritium 1.8(-1)
Tritium 510

'Exponential notation: 8(-5) = 8 = 1075,

condenser vacuum pump of fgases, ventilation exhausts from the auxiliary, radwaste, fuel handling
and turbine buildings, and gases collected in the reactor containment building. The principal
system for treating gaseous wastes will be the gaseous waste processing system (GWPS). The GWPS
will collect and store gases stripped from the primary coolant in a continuously recirculating
nitrcgen loop containing two compressors and six pressurized storage tanks. The GWPS will be
shared between Units 1 and 2. The ventilation exhaust from the auxiliary, radwaste, and fuel
handling building will norma’ly be processed through HEPA filters before release to the atmosphere.
The applicant states that when radicactivity levels are above a predetermined value, the ventila-
tion exhaust will be processed through charcoal adsorbers. The staff evaluation assumes continuous
flow through the charcoz] adsorbers. Offgases from the main condenser vacuum pump exhausts and
the turbine building will be released without treatment. The containment atmosphere will be
recirculated through filters and charcoal adsorbers prior to purging through HEPA filters to the
atmosphere.

The steam generator blowdown treatment system will provide for coolina the blowdown in heat
exchangers to prevent flashing. The blowdown condensate will be collected in the condenser hot-
well where degassing will occur due to the relatively low pressure in the condenser. The gaseous
waste ‘reatment systems are shown schematically in Figure 3.9.
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3.5.2.1 Gaseous Waste Processing System (GWPS)

The gaseous waste processing system will be designed to collect and process gases stripped from
the primary coolant in the CVCS, BRS, and miscellaneous tank cover gases. The GWPS will contain
a constant inventory of nitrogen which will be continuously recirculated as a carrier gas to
transport radioactive gases removed from the primary coolant. Illydrogen cover gas from the
volume control and reactor coolant drain tanks, and gases stripped in the BRS degassifier will
anter the nitrogen loop. The nitrogen, hydrogen, and radicactive gases will be collected,
compressed, ar* stored in one of six pressurized storage tanks.

The storage tanks will collect, store, and release gases to the loop in rotation to allow short-
lived radionuclide decay. After holdup, the nitrogen, hydrogen, and long-lived nuclides will be
reused in the loop or discharged to the environment if sufficient decay has occurred.

The applicant considers the system to be capable of retaining radioactive gases for at least 45
days. The staff has based its calculations on release after approximately 70 days hwidup which
will leave Kr-85 (10,7-yr hal® life) and Xe-133 (5.27-day half 1ife) as the predominant radio-
nuclides. The staff's holdup time of 70 days is based on a waste gas input flow rate of 140

cu. ft. per day and a storage tank pressure 70% of the design value. Of the six waste gas decay
tanks - the Marble Hill design, one tank is held in reserve for back-to-back shutdowns, one tank
is 1 ’'he process of fillin: and the remainder are used for storage. Based on the staff's
review of the Marble Hill application and experience with similarly designed systems, the staff
considers that the operation of the Marble Hill station will result in an expect:d holdup time
of 70 days for gaseous radionuclides in the GWPS. The staff has also analyzed the GwPS assuming
only 45 days holdup (the applicant's assumed holdup time), and has determined the system will
still meet all applicable codes and regulations, and specifically will still be in conformanc
with Appendix 1 to 10 CFR Part 50. The staff calculates the GW®S releases to be 520 Ci/yr/
reactor for noble gases, 0.04 Ci/yr/reactor for airborne particulates, 8 Ci/yr/reactor for
carbon-14, and negligibie for iodine., The applicant estimated 6,000 Ci/yr/reactor of noble
gases and negligible amounts of iodine and particulates will be released from the GWPS, The
applicant's more conservative estimate is based on operation with 0.25 percent of the operating
power fission product source term leaking to the primary coolant while the staff's analysis used
0.12 percent of the operating power fission product source term.

3.5.2.2 Containment Purges

Radioactive gases will be released inside the reactor containment when primary system components
are opened or when leaks occur in the primary system. The gaseous activity will he sealed
within the containment during normal operation but will be released periodically durinn contain-
ment purges. Prior to purging, the containment atmosphere will be recirculated through HEPA
filters and charcoal adsorbers for narticulate and iodine removal. Following this recirculation
procedure, the containment will be purged to the atmosphere through HEPA filters. The airborne
activity was calculated based on the parameters listed in Table 3.3 for primary coolant leakage
to the containment. Radionuclide removal was based on 16 hours of recirculation system operation,
70 percent mixing efficiency and a DF of 10 for the recirculation charcoal adsorber. The staff
assumed 24 containment purges annually. The staff calculated the containment purge releases to
be 6600 “i/yr/reactor of noble vases, 0.0075 Ci/yr/reactor of iodine-131, 1 Ci/yr/reactor of
carbon-14, 25 Ci/yr/reactor of argon-41, and a negligible amount of particulates. The applicant
estimated a release of 325 Ci/yr/reactor of noble gases, 0.016 Ci/yr/reactor of jodine-131, and
negligible amounts of carbon-14, aga::—ll. and particulates. The applicant's estimated releases
are different from the staff's valde™ue to his assumption of 10 purges per year fur each
reactor, resulting in more decay time prior to purge, and the use of a different piimary covlant
radionuclide inventory.

3.5.2.3 Auxiliary and Fuel llandling Building Vent Releases

Radioactive gases will be released to the auxiliary and fuel handling buildings due to leakace
from primary system components. These two buiidings will share a common ventilation system
designed to ensure that adrflow will be from areas of low potential to areas having a greater
potential for the release of airborne radiocactivity., Ventilation air will be exhausted through
HEPA filters for particulate removal. The system will have the ability to exhaust through
charcoal adsorbers in the event of high airborne radiation; however, the charcoal adsorber must
be in operation whenever required to meet the Timits of 10 CFR Part 20 and the dose design
objectives of Appendix I to 10 CFR Part 50. The staff's calculated releases were based on the
auxiliary building leakage rate and ifodine partition factor listed in Table 3.3 with credit
given for the charcoal adsorber in the operating stream. Based on these parameters, the staff
calculates the auxiliary building releases to be 400 Ci/yr/reactor of noble gases, 0.004 Ci/yr/
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reactor for iodine-131, 0,003 Ci/yr/reactor for airborne particulates, and 910 Ci/yr/reactor of
tritium. The applicant estimated the releases to be 1600 Ci/yr/reactor of noble gases, 0.007
Ci/yr/reactor for iodine-131, 780 Ci/yr/reactor of tritium, and negligible amounts of particulates.
The applicant's estimate 1s based on operation with 0.25 percent of the operating power fission
product source term leaking to the primary coolant while the staff's analysis uses 0.12 percent.

3.5.2.4 Turbine Building Vent Releases

Ragioactive gases will be released to the turbine building due to secondary system steam leakage.
The turbine building ventilation system exhausts will not be treated prior to release. The
staff's calculated release values are based on 1700 lbs/hr/reactor of steam leakage to the turbine
building assuming all of the noble gases and iodine remain airborne. On this basis, the staff
calculated the turbine building vent release to be negligible for noble gases and 0.002 Ci/yr/
reactor for iodine-131. The applicant estimated 0.016 Ci/yr/reactor for iodine-131 and a negli-
itle noble gas release. The applicant's more conservative estimate is based on operation with
.25 percent of the operating power fission product source term while the staff's analysis uses

0.12 percent,

3.5.2.5 Stean. Releases to the Atmogphere

The turbine design provides for bypassing 40% of the steam directly to the condensers. The
staff's analysis indicates that steam releases to the environs due to turbine trips and low
power physics testing will have a negligible effect on the calculated source term.

3.5.2.6 Main Condenser Offgas Releases

0ffgas from the main condenser vacuum pump exhausts will contain vadicactive gases resulting

from primary to secondary system leakage. Iodine will be partitioned between the steam and
liquid phases in the steam generators and between the condensing and noncondensable phases in

the main condensers and vacuum pumps. The major concentration of jodine present in the vacuum
pump exhaust will be released through a charcoal adsorber to the plant vent. Based on the
parameters listed in Table 3.3, the staff calculates the main condenser vacuum pump releases to
be approximately 250 Ci/yr/reactor for ncble gases and 0.003 Ci/yr/reactor for iodine-131. The
applicant estimated this release to be 1100 Ci/yr/reactor for noble gases and 0.005 Ci/yr/reactor
for iodine-131. The applicant's estimate is based on operating with 0,25 percent of the fission
product source term while the staff's analysis used 0.12 percent.

3.5.2.7 Gaseous Waste Summary

Based on the parameters Given in Table 3,3, the staff calculates the total radicactive gaseous
releases to be approximately 7800 Ci/yr/reactor of noble gases, 0.016 Ci/yr/reactor of iodine-
131, 9 Ci/yr/reactor of carbon-14, 910 Ci/yr/reactor of tritium, 25 Ci/yr/reactor of argon-41,
and 0.043 Ci/yr/reactor of airborne particulates. The principal sources and isotopic distribu-
tions are given in Table 3.5. The applicant has calculated an overall release of approximately
9000 Ci/yr/reactor of noble gases, 0.044 Ci/yr/reactor of iodine-131, 80O Ci/yr/reactor of
tritium, and negligible amounts of carbon-14, argon-41 and particulates.

Based on the staff's evaluation, the radicactivity in gaseous effluents from Units 1 and 2 will
not result in an air dose to an individual in an unrestricted area greater than 10 mrads/yr for
gamma radiation, 20 mrads/yr for beta radiation, or 15 mrem/yr for radioiodine and radioactive
particulates from either reactor in accordance with Sections 11.B and 11.C of Appendix I to 10
CFR 50. Also, the effluents from the site will not result in ar amual gamma air dose greater
than 10 mrads, a beta air dose grea'er than 20 mrads, a reiease of iodine-131 greater than 1
Ci/reactor, or a dose from radioiodite and radfoactive particulates released greater than 15
mrem, in accordance with the alternavive to Section I1.D of Appendix 1 as provided in the Annex
to Appendiv 1. The staff concludes that the gaseous radwaste treatment system will reduce
gaseous racioactive effluents to as low as practicable levels in accordance with 10 CFR 50.34a,
Appendix 1 to 10 CFR 50, and the Annex to Appendix I to 10 CFP 50 (see Sec. 5.4).

3.5.3 Solid Waste Summary

Solid waste containing radioactive materials will be generated during station operations. Solid
wastes will be categorized as "wet” and “dry" based upon the need for moisture absorption and
solidification during processing. The solid waste system will consist of a waste drumming sub-
system for dry solid waste and a separae system for wet solid waste,
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Table 3.5. Calculated Releases of Radioactive Materials in Gaseous Effluents
from Marble Hill Nuclear Generating Station, Units 1 and 2
(Ci/Yr/Reactur)

Reactor Building Auxiliary Building Turbine

Purge System Ventilation Building Waste Gas Processing System,

Nuclide Exhaust Systems Exhaust Vents Misceilaneous Vent Exhaust
Kr-83m a a a a
Kr-85m 2 2 a 1
Kr-85 110 3 a 510
Kr-87 a 1 a a
Kr-88 2 4 a 3
Kr-89 a a a a
Xe-131m 56 2 a 6
Xe-133m 41 5 a 3
Xe-133 6400 380 a 240
Xe~135m a 4 a a
Xe-135 1 7 a 5
Xe-137 a a a a
Xe-138 a a a a

1-131 0.0075 0.0043 0.002 0.0027
1-133 0.0045 0.006 0.0018 0.0038
Co-60 1.4(-5) 2.75-4; ¢ 7.0(-3)
Co-58 3.1(-5) 6.0(-4 ¢ 1.5(-2)
Fe-59 3.1&-6; 6.0%-5) c 1.5(-3)
Mn-54 9.0(-6 1.8(-4) c 4.5(-3)
Cs-137 1.6(-5) 3.0(-4) c 7.5(-3)
Cs-134 9'%-6; l.8§-42 c 4,5(-3)
Sr-90 1.2(-7 2.4(-6) C 6.0(-5)
Sr-89 7.0(-7) 1.3(-5) c 3.3(-4)
c-14 1 8

H-3 910
Ar-41 25

L ess than 1.0 Ci/yr noble gases, less than 10-* Ci/yr for iodine.
bExponential notation: 7.0(-3) = 7.0 = 10-3,
Cless than 1% of total for nuclide.

We . solid wastes will consist mainly of spent demineralizer resins, filter sludges, evaporator
bottoms, reverse osmosis concentrates and chemical drain tank effluents. These wastes will be
combined with a cement anc vermiculite mixture to farm a solid matrix and sealed in 55 gallon |
steel drums. Since the majority of the radicactivity entering the liquid waste streams will be
removed by demineralizers, evaporators, or filters and become wet =o0lid wastes, the staff con-
siders these wastes to be stored for at least 180 days for radioactive decay prior to shipment
offsite.

Jry solid wastes will consist of ventilation air filters, contaminated clothing and paper and
miscellaneous items such as tools and laboratory glassware. Dry solid wastes will be compressed
into 55 gallon drums using a hydraulic press-baling machine. Since dry solid wastes will contain
much less activity than wet solid wastes, the staff did not consider the need for onsite storage
of dry solid wastes in its evaluation.

Based on the staff's evaluation of similar reactors and operating reactor data, the staff estimates
that approximately 11,700 ft* of wet solid waste containing approximately 1900 Ci, and 4000 ft?

of Jdry solid waste containing less than 5 Ci total wi'l be shipped offsite annually due to the
operation of each reactor.

Greater than 90 percent of the radivactivity associated with the solid waste will be long-Tived
fission and corrosion products, principally Cs-134, Cs-137, Cu-58, Co-60 and Fe-55. The applicant
estimates that approximately 4000 drums of wet solid wastes ranging from negligible activity to
180 Ci/drum, and 70 drums of dry solid waste ranging from negligible activity te 10 Ci/drum will
be shipped offsite annually.
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In summary, all containers will be shipped to a licensed burial site in accordance with NRC and
DOT regulations. The solid waste system will be similar to systems which the staff has evaluated
ard found to be acceptable in previous license applications. Gased on its similarity to accept-
able systems, the staff finds this solid waste system to be acceptable.

3.6 NONRADIGACTIVE WASTE SYSTEMS
3.6.1 Chemical Effluents

Abeut 85X o. the makeup water for the condenser cooling systems will be evar ,rated in the cooling
towers. The entire original content of dissolved and suspended solids will be discharged in the
remaining 15% of the makeup as blowdown. A very small part (<0.02%) of the dissolved solids also
will be lost as spray (drift) from the cooling towers. In addition to the original content of
dissolved and suspended solids in the makeup water, a number of additional substances are added
in various station systems also, to be discharged with the blowdown. These substances are added
for control of corrosicn, prevention of inorganic (scale) deposits, prevention or removal of bio-
logical growth, and various other purposes in water or steam systems. In addition, discharges
occur from systems used to purify and sterilize water. A listing of the common additives, esti-
mated amounts, purposes, and methods of disposal is shown in Table 3.6. The different systems
producing the additives are described in the following paragraphs.

3.6.1.1 Circulating System

The major discharge is the blow’own from the condenser cooling system. !ith the exception of
bicarbonate and sulfate ions, the dissolved materials are identical in amount and kiri to those

in the river but are increased in concentration by a factor of six to eight. Susper .ed solids

may increase by a larger factor if large quantities of dust are in the cooling tower air, or by a
smaller factor as a result of settiing in sumps or ponds of the system. As a conservative estimate,
the suspended solids concentration is considered to increase by the same factor as the dissolved
solids. Ammonia or other soluble gases, if present in the air, can dissolve in the cooling

water,

Increasing concentrations of dissolved river solids by the facto~ of six or more causes the
solubility limits for calcium carbonate to be exceeded, and, in the absence of control, deposits
would form on heat transfer surfaces in the condensers. In order to aveid serious losses of
efficiency, prevention of such deposits is necessary. At the Marble Hill Station, the method of
prevention to be used is to decrease the concentration of carbonate to a nonprecipitating level
by the addition of sulfuric acid. Carbonate, mostly present as bicarbonate fon at the ambient
pH, is converted to CO, and removed by aeration. Because two bicarbonate ions are replaced by
one sulfate ion, the total weight of dissolved salts is decreased slightly.

The apglicant expects to use 93% sulfuric acid at a maximum rate of 0.9 gpm (3 liters/min) or

5 x 10° gallons per year (1800 m®*/yr). These quantities correspond to an increase in dissolved
sulfate in the blowdown of about 380 ppm and a decrease in dissolved bicarbonate of about 465 ppm.
The resulting bicarbonate concentration in the blowdown will be about the same as in the intake.
The average composition of the blowdown is shown in Table 3.7. The applicant states that it does
not intend to use corrosion inhibitors or other additives in the system.

3.6.1.2 Demineralizer System

The makeup-demineralizer system provides highly purified water for use in the primary- and
secondary-conlant systems of the nuclear station. The intake water is filtered, may be softened,
and then passed through a series of ion-exchange-type demineralizers. In the exchangers anions
are replaced by hydroxyl ions and cations by hydrogen ions in equivalent amounts; these combine
to form water, Mastes arise from the necessity of periodically regenerating the ion exchangers
with sodium hyd- axide and sulfuric acid for anion and cation exchangers, respectively. [he
applicant expects that daily regeneration of the beds will be necessary, during periods of maximum
make-up demards, as during startup. During normal operation, the demineralizers will be regen-
erated every ten days. For each regeneration, about 2400 1b (1090 kg) of sulfuric acid and

2000 1b (900 kg) of sodium hydroxide are used. Including rinscs and backwash, about 60,000 gal-
lons (230 m®) of wastewater will be produced for each regeneration. After combination and neu-
tralization (if necessary), the waste will be discharged over 24 hours at a rate of 36 gpm

(0.14 m*/min). The average composition of the waste-water is shown in Table 3.7.

In the filtration of the incoming makeup water, it will probably be necessary to use inorganic
coagulants, such as aluminum sulfate or organic polyelectrolytes. These materials will be
retained as siudges, which will be disposed of in a manner approved by the State, and thus do not

appear in the discharge waters.



Table 3.6. Chemicals Used in the Station, per Unit

Chemical

Quantity

Use

Disposal

Sulfuric acid

Sodium hydroxide
Sodium hypochlorite

Hydrazine
Morpholine
Ammonia
Boric acid

Aluminum sulfate
soda ash

Organic poly-
electrolyte

3.5 = 10° 1bs/yr
4.4 < 10° 1bs/yr
3.5 = 10° 1bs/yr
925,000 gal/yr
40,000 gal/yr

35,000 gal/yr
1,850 gal/yr

Scale and pH control
Demineralizer regeneration
Demineralizer regeneration
Condenser cooling system biocide
Service water system biocide
Essentia) water system biocide
Sewage disiufection

Oxygen control in steam system
20-40 ppb in steam system

pH control in steam system
Reactivity control in steam system
Filtration aid

Filtration aid

Blowdown
Neutralized before blowdown
Neutrelized before blowdown
81 owdown

No normal discharge
No normal discharge
No normal discharge
No normal discharge

Sludge
Sludge

3staff estimate

22-¢



TABLE 3.7 MARBLE HILL BLOWDOWN COMPOSITION, PARTS PER MILLION

! Ohio River Blowdown Regeneration  Combined  Combi Water Quality Criteria
omponent Average (7 cycles) Waste Average Max imum (Drinking Water)
Calcium 40.92 286 280 286 661

Magnes ium 9.9% 69 73 69 95

Sodium 15,42 108 2279 120 236

Sulfate 72.2° 385 4770 920 1353 250

Chloride 37.7° 264 456 266 407 250
Alkalinity(CaC0y) 642 448 441 448 613

08 246° 1500¢ 8299 1560° 1560° 500

SS 162 812 812 4326

510, 4.8° 34 39 34 50

Zinc 0.010° 0.07 0.07 0.11

Copoer 0.005° 0.035 0.035 0.057

Iron 0.132° 0.92 0.92 2.7 0.3 =
Cadmium 0.017° 0.12 0.12 0.57 0.01 5
Lead 0.006° ).042 0.042 0.14 0.05

Total Chromium 0.003° 0.021 0.021 0.07 0.05
Hexavalent Chromium 0.003° 0.021 0.021 < 0.07 0.05
Mercury 0.0073° 0.0021 0.0021 0.002 0.002
Manganese 0.010° 0.07 0.07 0.27 0.05
Arsenic 0.001° 0.007 0.007 0.012 0.0
Discharge Rate

(gpm 2 units) 4000 4] 4041

3Marble Hill Station 3, 12 samples 1974, ER Table 2.7.2

BStations 1 and 4, 8 sampies, 1974, ER Table 2.7.5

Maximum TDS will be Timited by operator to 1500 mg/1

dcalculated as 7 times maximum observed river value

€From CR Table 6.2.2, most stringent of Federal, CRSANCO or Indiana Regulations
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3.6.1.3 MNiscellaneous

The auxiliary boilers, when they are operated, will normally be blown down for one to two hours per
day at a rate of 100 to 200 gpm (0.4 to 0.8 m*/min). The liguid will contain about 9, 40, and

40 ppm of morpholine, sodium sulfite, and trisodium phosphate, respectively, and a total dissolved
solid Tevel of 500 ppm. Discharge will be to the main blowdown system and will not appreciably
affect the overall composition because of the small quantities. Blowdown from the primary and
secondary coeling systems, which will contain boric acid, hydrazine, and other substances, will be
sent to the radwaste system, where organic and inorganic impurities will be removed before any
discharge.

In addition to quantities already mentioned, the average river composition near the plant site,
final effluent composition, and EPA or Indiana State water quality criteria are listed in Table 3.7.
It should be noted that river-water composition is highly variable, but that the applicant plans

to operate the system so that the maximum dissolved solid level in the discharge is 1500 ppm
regardless of the quality of the intake water.

1.6.2 Biocical Effluents

Unless prevented, biological growths generally occur on surfaces exposed to ambient water. These
growths can impede water flow in pipes, hinder heat transfer through surfaces, and are deleterious
to efficient plant operation. In the Marble Hill Station, it is planned to control such growths
by injection of 15% solutions of the biocide, sodium hypochlorite (NaOC1), into susceptible
station water systems,

For the condenser cooling system, the applicant plans to inject NaOC! solutions in three 30-
minute periods per day for each unit. Chlorination periods for the units will be staggered so
that blowdown from one unit can be used for diluting and reacting with chlorinated blowdown from
the second unit. The applicant exgects to add NaOCl to achieve a concentration of 5 ppm of chlor-
ine requiring about 19 gpm (0.07 m*/min) o the NaOC1 solution. The chlorine is to be injected
before the condensers, monitored at the condenser outlet, and also before discharging as blow-
down, wherein the averace concentration is expected to be about 0.05 ppm.

Simila~ staggered treatments are to be used for the essential and non-essential water systems,
but on a correspondingly smaller scale. The applicant expects to consume a per-year total of

18,500,000; 80,000; and 70,000 gallons (70,000, 300; and 250 m?) of the 15% NaOCl solution for
the condenser, non-essentizl, and essential systems, respectively.

One of the two units of (he station is esjected to be in operation for two years before completion
of the second. During this period chlorine cunsumption is expected to be about half of that

given above. However, unchlorinated flow from one unit will not be available to dilute the flow
from the unit being chlorinatea. Consequently, chlorine concentrations in the effluent may be
double those for two-unit operation.

3.6.3 Sani*ary and Other lastes

3.6.3.1 Sanitary Was*es

Sewage from the station is to be treated in an ertended aeration package system with a capacity

of 15,000 gpd (55 m*/d). The capacity is equal to that of the potable water system. The effluent
will be given tertiary treatment (filtration and recirculation) and chloripated to a 0.5 ppm
residual level before discharge to the blowdown system, The effluent is expected to contain
about 12 mg/liter BOD (about six times ambient) and 16 mg/liter of suspended solids. Dilution by
the blowdown will reduce these values to meet state standa~ds.

3.6.3.2 Other Waste Systems

The station will maintain four diesel engines for emergency use, which will be normally operated
only for testing. Two 75 x 105-Btu/hr (22-tW) tired steam boilers will be used for start-up and
at other times when the main steam supply is not available, These six units burn low-ash No. 2
diesel fuel i1, Estimated emissions for the two systems and Indiana State Stands.ds are given
in Table 3.8.



Table 3.8. tmission Standards and Estimate. Emission Rates

Estimated |
Indiana Gaseous |
Emission Estimated Gaseous Effluents
Standards® Effluents f from
(1b/10% Btu Steam Boilers Diesel
of actual Generators®
heat input) (16/10% Btu) (1b/hr) (1b/hr)
Carbon d 0.03 4.5 78.4
monoxide
Sul fur 3.2 1.0 (max) 150 (max) 48.0
Nitrogen d 0.6 (max) 90 (max) 84.0
oxides
Particulates 0.6 0.1 15 14.4
Visual scale 40%

Derived from ER, Table 3.7-1.

%From Air Pollution Control Board of Indiana Regulations APC 3, APC 4, APC 13, for
new units of heat input less than 250 = 10° Btu/hr.

bNo. 2 oil-fired heating boilers.

CFrom U. 5. EPA Publication Ap-42, "Compilation of Air Pollutant Emission Factors "
Second Edition, April 1973, p. 1.3-2.

dNo standard.

3.7 POWER TRANSMISSION SYSTEM

The applicant proposes to construct three new transmission lines to .~nect the Marble Hill Station
to the existing transmission network in southern Indiana. The ™-~ble . 11 to Rush Line will be a
765-kV single-circuit transmission line (65.5 mi or 105 km lo ; ¢85 feet wide) between the
station and a new substation to be located one mile (1.6 km) southeast of New Salem, Indiana.
The Marble Hi1l to Columbus Line will also be a 765-kV single-circuit transmission line (45.7 mi

or 73.5 km long and 250 feet wide) and will connect the Marble t ‘11 Station and an existing
substation two miles (3.2 km) southeast of Columbus, Indiana. T): third proposed line is the
5,.6-mile-long (9.0-kin-long and 150 feet wide) 345-kV double-circui. “arble Hill to Speed-Madison
Line Loop (see Fig. 3.10).

To provide construction and start-up power, a nearby 138-kV transmission line will be tapped.
The tap line will run on a single-pole and extend due west of the station switchyard for a dis-
tance of 0.5 mile (0.2 km) where it will connect with the existing north-south line.

The following descriptions of the three proposed transmission line corridors are based ca data
provide+ by the applicant and additional mati.1a) collected by the staff. The terrestrial and
aquati ecologies of the transmission corridors are discussed in Section 2.7 and archeological
features are <iscussed in Sections 2.9 and 4.1.1. Ecological, esthetic, and other impacts are
discussed in Section 4.3. The applicant has indicated that the design, construction and routing
of all transmission facilities will conform to criteria and guidelines prescribed by the U, S.
Department of Agriculture, the U. S. Department of the Interior, and the Federal Power Conmission.

3.7.1 MHarble H111 to Rush Line

The total area required for the right-of-way is 1985 acres (8.033 km?), including a portion of
the 1.2-mile (1.y-km) common corridor near the station. Gecgraphical features are given in
Table 3.9.

This 765-kV line will pass within 600 feet (180 m) of the city limits of the town of Volga, 0.2
mile (0.3 km) west of New Point, and 0.25 mile (0.4 km) west of San Jacinto. The applicant's
tentative route lies 2300 feet (700 m) west of the Jefferson Proving Ground, 900 feet (270 m)
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from the Brush Creek State Fish and Wildlife Area, and will be within 800 feet (240 m) of Officer's
Woods, designated as a highest-priority natural area by the Division of Nature Preserves, Indiana
Department of Natural Resources.? The route crosses the South Vernon Fork of the Muscatatuck River
and 25 perennial streams of various sizes. Ten major highways, including Interstate 74, and three
railroads will be crossed ‘see Table 3.9).

The single-circuit line will be supported by long-span metal four-legged towers or possibly quyed
"V" or guyed "Y" type structures for tangent touerspzsee Figs. 3.11 and 3.12). The galvanized-
steel or aluminum-alloy towers will be of lattice construction. Four-legged self-supporting

towers will be used at all points where the segments deviate by more than two degrees. The

number of towers will generally vary between four and six per mile, or about three per kilometer,
the nunber increasing in nilly and rugged tervain: the ruline span is expected to average over 1000
feet (300 m). The conductor will be one four-conductor bundle per phase of size 954 KCM ASCR or
larger, with a normal load capacity of 3200 MVA and an emergency load capacity of 4000 MVA,

3.7.2 Marble Hill to Columbus Line

The tetal area required for the right-of-way is 1385 acres (5.605 km?), including a portion of
the 1.2-mile (1,9-km) common corridor near the plant. Geographical features are given i1 Table 3.9.

This 765-kV line will pass 0.25 mile (0.4 km) north of the town of Deputy, 0.4 mile (0.6 km)
southwest of Paynesville, and 0.5 mile (0.8 km) east of Azalia. The applicant's suggested route
Ties within 4400 feet (134 m) of the Muscatatuck National Wildlife Refuge and 1500 feet (457 m)
east of Tribbett's Flatwoods, designated as a second-highest-priority natural area by the Division
of Nature Preserves, Indiana Department of Natural Resources.? The route crosses two rivers, the
Muscatatuck River and the Vernon Fork of the Muscatatuck River, and 19 perennial streams. Eight
major highways and four railroads are crossed (see Table 3.9). The towers, span, conductors, and
other engineering parameters are the same as those of the Marble Hi!) to Rush Line.

3.7.3 MNarble Hill to Speed-Madison Line Loop

The total area is 102 acres (0.412 km?), based on a length of 5.6 miles (9.0 km) and a width of
150 feet (45 m). The loop will pass 0.8 mile (1.3 km) southwest of the town of Paynesville, and
will cross one major highway, Indiana State Route 62.

This 345-kV double-circuit transmission line will be supported by four to six long-span -.tal
four-leggec towers per mile, or about three per kilometer (see Fig. 3.13). The galvanized-stee)
or aluminum;alloy towers will be of lattice construction with the ruling span averaging over 1000
feet (300 m).

The conductor will be one twin-conductor bundle per phase of size 954 KCM ACSR or larger, with a
normal load capacit of 950 MVA and an emergency load capacity of 1290 MVA.

3.7.4 Substations

The Rush Substation wi.! occupy about 100 acres (0.4 km?) of agricultural land about one mile
(1.6 km) east-southeast of New Salem. Indiana. It will be a 765-kV substation for transformation
to lower voltages, with an anticipated transformer-bank size of 1500 MVA.

The Columbus Substation will be enlarged by about 100 acres (0.4 km?), mainly agricultural land,
The existing facility is located in Section 33 TON R9E, about twn miles (3.2 km) southeast of
Columbus, Indiana. A new 765-kV (ransforme: ~ank . :d switchgear will be required for transforma-
tion to lower voltages, with an aniicipated bank size of 1200 MVA.

3.8 AUXILIARY FACILITIES

The applicant plans to build a railroad spur to connect the Marble Hill Nuclear Gene -t 1g Station
with the Baltimore and Ohio (B&0) Ruilroad line. The spur will be about ten miles i, length and
the right-of-way is assumed to be 2)0 feet wide. The spur will parallel the 345-«V transmission
corridor running to the northwest ‘or about five miles, with the remaining f*. miles running
westward to the B&D line at Nabb, Indiana. The right-of-way will occupy about 200 acres of crop-
land and 45 acres of forest,
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Fig. 3.10. Proposed Primary Transmission-Line Routes. Adapted from ER, Fig. 3.9-1.
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Table 3.9. Prese.t Land Use, Terrain, and Cultural Features for the Proposed Primary Transmissicn Routes

Rush Line Columbus Line 345-k¢ Loop
Percent lengtn snd area in acres 100t 1984.9° 008 1384.9° 100:  101.8°
Forested® 28.9t  573.6 36.5¢  505.5 25% 25.4
q)gnz 71.12 1411.3 63.5% 879.4 75% 76.4
Flat or gently rolling® 73.7%  1462.9 47.84  662.0 96.43 98,1
Hills or _significant topographic 26.3% 522.0 52.2% 722.9 3.6% 3.7
change®
Rivers crossed South vernon Fork of Muscatatuck Muscatatuck River None
River Vernon Fork of Muscatatuck River
Number of perennial creeks crossed 25 19 2
Hiaohways crossed
Interstate Int. 74 None None
Federal u.s. 50 u.s. 3N NGne
U.S. 52 U.S. 50 )
U.S. 421 3
State Ind. 7 Ind. 3 Ind. 62
Ind. 46 Ind. 56
Ind. 56/62 Ind, 62
Ind. 244 Ind. 250
Ind. 250 Ind. 256
Ind. 256 Ind. 356
Railroads crossed Baltimore & Ohio Baltimore & Ohio {twice) None

Nearest town

Towns less than 1.0 mile from line

Penn-Central (twice)

Volga-0.10 mi W

Volga-0.10 mi W

lvew Point-0.20 mi E
San Jacinto-0.25 mi E
Rossburg-0.30 mi NW
Smyrna-0.30 mi NW

St. Maurice-0.40 mi W
Saluda-0.40 mi E
Dupont-0.50 mi W

SEE REFERENCE AND FOOTNOTES AT END OF TABLE.

Chicago & Milwaukee
Penn-Central

Deputy-0.25 mi S

Deputy-0.25 mi S
Paynesville-0.40 mi NE
Azalia-0.50 mi W
Chalsea-0.90 mi NE

Paynesville-0.80 mi NE
Paynesville-0.80 mi NE

RIS —
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Talle 3.9. Continued

Rush Line Columbus Line 345-kV Louwp ;
Number of transmission lines crossed 7 5 1 '
Number of pipelines crossed 2 2 None
| Dedicated land within 1.0 mile
Wildlife preserves Brush Crsek State Fish & Wildlife Muscatatuck National Wildlife Refuge-
Area-0.2 mi NW, 1841 acres 0.2 mi W, 8000 acres
State parks and reservoirs Brush Creek Reservoir-1.0 mi W
Natural areas (private) Conboy Woods?-0.5 mi E, 20 acres Tribbett's Flatwoods?- < 0.01 mi W,
h 33 acres
Officer's Woods -0.15 mi E,
85 acres
Slider Cave-1.7 mi E Morris Cave-0.6 mi W
Recreational areas Camp Louis Ernest Boy Scout Camp-
1.0 mi £, 160 acres
Military reservations Jefferson Proving Ground-0.2 mi E

Adapted from ER, Table 3.9-1 and Supplement 3, and from information provided by the Indiana Department of Natural Resources.
3acreages based on right-of-way width of 250 feet.

Dacreages based on right-of-way width of 150 feet.

‘Refers to second- and third-growth hardwood, timber, and areas of pastured woodlots.

dﬂefers to agricultural farmland or pastureland cleared of timber except for wooded fence rows.

®Refers to prairie-type uplands typical of the region.

fRlsfers to smail hills, stream cuts, and changing terrain typical of the dissected southeastern Indiana region.
rerrestrial biological area with second highest priority rating set by the Indiana Nature Preserves Division, DNR.
"Terrestrial biological area with top priority rating set by the Indiana Nature Preserves Division, ONR.
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Fig. 3.12. 765-kV Single-Circuit Guyed Towers. From ER, Fig. 3.9-3.
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Fig. 3.13. 345-kV Double-Circuit Self-Supporting Tower. From ER, 7
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4. ENVIRONMENTAL IMPACTS OF CONSTRUCTION

4.1 LAND USE
4.1.1 Onsite

During construction about 250 acres (100 hectares) of the site will be disturbed, and 130 of
these acres (53 hectares) will eventually have buildings, roads, transmission corridors, and
other constructed facilities on them,

There has been agricultural production on 424 acres (170 hectares) of the 987-acre (400-hectare)
site, if pastureland is included. About 45% was corn, 20% soybeans, and the remainder either
winter wheat or left fallow. About 35% of the cropland in Jefferson and Clark Counties s used
for double cropping of soybeans and winter wheat. In 1975 the worth of those crops that could
have been produced onsite was about $16,000; this represents about 2.8% of the equivalent crop
revenue for Jefferson County, and about 0.007% of that of the State of Indiana. The applicant
calculates that the 1983 present worth of the foregone agricultural revenues at the site for 39
years will be $3,672,253 (ER, Sec. 8.1.3.3). The actual acreages lost will be 333.8 acres
(135.1 hectares) of cropland, 82 acres (33 hectares) of pastureland. Twenty-five acres (10
hectares) of woodland will be destroyed, including 23 acres (9 hectares) of upland forest for
part of the 765-kV switchyard and one to two acres (0.4-0.8 hectare) of slope forest for the
makeupfaggsbloudoun lines. Based on a value of $1000/acre ($2500/hectare), this represents a
cost 0 ,000.

Eleven homes on the site will be razed or moved, and the 17 residents have moved. A number of
ponds in the upland area will also be lost. Hunting in the forest area and fishing in Little
Saluda Creek w.11 be curtailed. Although 2579 small-game licenses and 753 deer tags were sold in
Jeff:rson County in 1973, it is not possible to tell what proportion was used for hunting at
Marble Hill.

Preparation of the site will be carried out in two stages. First, the areas to be occupied by
structures will be stripped, excavated, and filled. Supporting facilities such as construction
offices, drainage, unloading facilities, and water wells will then be developed (ER, Sec. 4.1.2).

The applicant proposes to control dust, smoke, engine exhaust, and concrete plant operations to
minimize air pollution. Construction roads will be of crushed stone and they will be wetted
during dry weather to control that source of dust. Trash and chemical wastes, including oil
from cleaning, will be collected and will be hauled from the site and disposed of in a legally
acceptable manrer (ER, Sec. 4.1.2).

The staff believes that noise of construction could disturb local residents despite the low
population density and remoteness of the site,

The applicant states that erosion will be controlled in part by the use of a settling pond and in
part by revegetation where possible (ER, Sec. 4.1.2). In general, drainage patterns will be
little altered and the settling pond will intercept runoff before it is discharged into natural
drainages. 0i] separators will be installed upstream of the settling pond to extract petroleum
contaminants from runoff water. Riprap at the ocutlet of the pond will be so constructed that the
velocity of debouching water will not exceed 2 ft/sec (0.6 m/sec). See Section 11.4.10.



Stabilization of erosion will be by grasses and/or legumes and the area will be permitted to
revert to natural vegetation, except that areas arcund buildings will be planted in grass. There
are some plans by the applicant to stockpile and reuse topsoil. Auxiliary facilities sich as
parking lots, laydown areas, and the switchyard will be graded with fill obtained from onsite
excavations. Horrow areas will be revegetated.

The applicant claims that siltation in Little Saluda Creek will be no greater than that caused by
agricul tural practices in the past; the staff concurs that long-term effects of construction will
not be serfous although short-term (construction-period) effects might be severe and due pre-
cautions must be taken (see Sec. 4.5).

There are several areas of potential cultural-historical impurtance located on the site, including
a 19th-century cemetery, two houses of potential local architectural significance, and 12 pre-
historic sites. There arc no landmarks in close proximity to the site listed in the National
Registry of Natural Landmarks (see Sec. 2.9). The applicant has stated the intent to avoid con-
struction in the cemetery area and to test-excavate the bottomland archeological sites if they
are to be disturbed (ER, p. 8.2-6).

The Indiana State Historic Preservation Officer has called attention to the two nineteenth century
houses on the site (ER, App. 2B). As discussed in the draft statement, a study wa: made to
determine the architectural and historical importance of these houses., The Indiana State
Historical Preservation Officer was satisfied that the two residences were of little value,

and could be razed during construction. The staff concurs in this opinion.

In the draft statement the staff expressed the belief that the archeological reconnaissance of
the station area was inadequate. A consulting archeologist of the National Park Service, Department
of the Interior, concurred in this opinion (see App. E). The State Historic Preservation Officer
also called attention to the probiem of site recognition and stated that “care should be taken
during excavation to report previously unrecorded archeological sites such as those that may

have been covered by vegetation" (ER, App. 28). Since the issuance of the draft statement,
further conversations have taken place between the applicant's archeological consultant and the
consulting archeologist of the Department of the Interior, regarding additional archeological
surveying of the site and of the transmission line and rail spur corridors. A letter is

expected from the Department of the Interior in the near future, detailing the understandings
reached in these consultations. The applicant shall follow the recommendations of the
Department of Interior in consultation with the State Mistoric Preservation Officer., 1f, during
site preparation and construction activities, any presently known site or any located during the
extension of the survey is to be disturbed, all activities in this area shall be suspended
pending evaluation by the State Historic Preservation Officer.

4.1.2 Transportation

Transportation of materials to the plant wiil be by barge, State Route 62, or the Chessie System
Railroad line, which comes within 10 miles (16 km) of the site. Use of this railroad would
require construction of a spur 1ine. Some of the spur will parallel the transmission corridor,
but at least five miles (about 8 km) will be over other land. Road use would require upgrading
of the county roads, and transport by barge would require building a barge facility at or near
Madison, at the site, or at Jeffersonville (ER, p. 8.2-3C, and Supp. 1, p. 251). Since no barge
facility has been proposed by the applicant, the assessments made herein do not include impacts
from a barge slip.

4.1.3 Transmission Corridors and Railroad Right-of-Way

The evaluation of transmission line impacts is based on preliminary information from the appli-
cant on corridor-width and routing. The transmission line corridor will require about 3475 acres
(1390 hectares); 2365 acres (350 hectares) essentially open farmland, and 1110 acres (444
hectares) forested (ER, Table 3.9-1). The railroad right-of-way occupies 200 acres (80 hectares)
of cropland and 45 acres (18 hectares) of wooded land, Construction of transmission lines will
remove the farmland from production for one growing season. Applying the monetary yield of
$400/acre/year (see Sec. 4.1.1) found for the site to the lands of the transmission and railroad
corridors, the staff calculates that the loss of revenue will be about $915,000. Production lost
during transmission-1ine operation will be restricted to 85 acres 34 hactares) occupied by tower
bases and monetary loss will be about $1,020,000 over the assumed life of the facility. The
production loss from railroad spur operations is about $2,400,000. If we assume that the forest,
mainly oak-hickory,” is clear cut, and that the value of ths wood that would have beer grown is
$100/acre-yr ($250/hectare-yr), then about $15,000 worth of "imber would be lost. Furthermore,
the Rush Substation will require an additional 100 acres (40 hectares), as will upgrading of the
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Columbus Substation; as a result, potential agricultural production valued at about $2,400,000
will be lost. The total loss for farm and forest can therefore be estimated 1s $6,850,000. This
estimate may be regarded as being high, based on current prices and evaluations, but escalatian
of values resulting from inflation forces might well drive the value even higher. However, the
staff's estimate is sufficiently conservative to take this into account. In addition, this
monetary estimate does nouv take into account the reduction ir the number of extensively wooded
areas in Indiana, which is already small. The probability ti -t none of the land will be returned
to i1ts present state after use must also be recognized.

During construction, laydown and storage yards will be spaced about every 40 miles (64 km) along
the right-of-way. After completion, soil compaction will be ameliorated by discing and seeding
tk2 area. Construction field offices may be established at the storage yard areas but the
ap. . .cant has not yet determined their spacing. It is planned to use oi)l company service sta-
tions as field offices and parking areas for construction workers.

The applicant states that archeological sites located before or during construction of trans-

mission lines will be avoided, or action will he taken to minimize impacts (ER, p. 4.2-5, and |
Supp. 1, p. 26). The staff requirements on archeological site disturbance presented in Section 4.1.1

sr2 also applicable to any site in the transmission line and rail spur corridors to be disturbed

or destroyed. The applicant shall follow the recommendations of the Department of the Interior

in consultation with the Indiana State Historic Preservation Officer.

4.1.4 Radiation Exposure to Construction Personnel

During the period between tine startup o¥ Unit 1 and the completion of Unit 2, the construction
personnel working on Unit 2 will be exposed to sources of radiation from the operation of Unii 1.
The applicant has indicated that this radiation exposure will be maintained “as low as practi-
cable" through admiristrative procedures, physical barriers, locked buildings, and radiation
monitoring,

The staff has estimated the integrated dose to construction workers to be about ten man-rem.

This estimate is based on 1500 Unit 2 construction personnel being employed during the first nine
months of Unit 1 operation and 700 personnel completing the last nine months of construction.
Based on the applicant's estimate of numbers of construction personnel the staff concludes that
this is a reasonable estimate. Estimates for other LWR's have ranged from 10 to 100 man-rem,

4.2 WATER USE
4.2.1 Surface Water

Construction of the Marbie Hill Ste*fon will involve clearing of land, grading, pipeline
trenching, hauling of soil, and si. /..~ activities that will denude areas, accelerate erosion,
and increase siltation in adjacent waterways. Althougn the applicant wiil take measures to
minimize erosion (ER, Sec. 4.1.2), some downstream siltation will be unavoidable.

The major impact of construction activities on surface water resources will result from construc-
tion of the intake and discharge structures along the Ohio River. These activities may interfere
with commercial and recreational river traffic but such interference will be temporarv and end
with completion of construction. The applicant has not submitted detailed plans for construction
activities along the river edge, but has stated that it "will adhere to the requirements of the
U. S. Army Corps of Engineers and the EPA" (ER, p. 4.1-6). Inasmuch as there are no agricul-
tural, domestic, or municipal water withdrawals from the river near the site, the staff considers
that, with implementation of proper measures as required by the above-named authorities, there
will be nn unacceptable impact on the water quality of the Ohio River.

4.2.2 Groundwater

During station construction, sanitary- and construction-water needs will be met by wells to be
devaloped in the Ohio River alluvial deposits just east of the site. An estimated average of 600
gpm (2.3 m¥/min) will be needed duriug the construction period. Pumped water will be stored in

a holding tank (with a capacity of 150,000 gal or 570 m’?ethereby obviating the need for con-
tinuous pumping. As the Ohio River Valley aquifer can support pumpages of up to 150" gpm (5.7
m*/min), no consequential impacts are expected from the required pumpages during the construction

phase.
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No offsite water-table fluctuations caused by dewatering at the site are anticipated as it
appears that no dewatering will be necessary.

4.3 ECOLOGICAL IMPACTS

4.3.1 Terrastrial
4.3.1,1 Site

The most serigus impact of the station construction on terrestrial ecosystems will be the strip-
ping of vegetatfon from about 250 acres (100 hectares) of former pasture, cropland, and a small
section of hardwood forest. About half of this area will be returned to vegetative cover after
construction. Upon the completion of site grading, the disturbed land will be reworked and
seeded as necessary (ER, Sec. 4.1.2). To help eliminate soii erosion and 'ater problems of
reseeding, topsoil should be removed and stockpiled until after the underlying land is reshaped,
and then respread over the land; the area should then be maintained in such a manner that revege-
tation 1s successful. {See Sections 4.5.2, 11.4.10 and 11.4.25.

Clearing vegetation from the site will cause a loss of habitat for several species of fauna as
well as the mortality of some less-mobile fauna, such as soil invertebrates, herpetofauna, and
small mammals. Initially much of the abandoned cropland or the station site will be disturbed,
and most of those species that depend on this type of habitat for nesting or feeding will be
forced to eiigrate to similar areas. White-tailed c2er, eastern cottontail rabbit, many micro-
tines (mice, voles, shrews), mourning doves, bobwhite, eastern meadow lark, and some swallows and
sparrows (see Table 2.8) are among the animals that are likely to be displaced by construction.
This in turn may affect the quantity of food available and thus the foraging patterns of those
species higher up on the food chain, such as birds of prey and other predators (e.g., red and
gray fox, and coyote) dependent on old-field species for food. In addition, the removal of three
small ponds will reduce breeding areas for some amphibians.

The noise from construction and otner human activities will cause some species not otherwise
disturbed by construction to leave the site area. Spocies such us the uncommon pileated wood-
pecker (a wary, secretive bird) are likely to leave the east-slope woods because of the noise.

The removal of about 23 acres (9 hectares) of upland mixed woods will reduce the amount of forest
habitat available to species dependent on it. Species such as the fox squirrel, woodchuck, rac-
coon, white-tai’ed deer, woodcock, some raptors, and several nongame birds may be displaced by
construction. Construction of the makeup and blowdown lines and the upgrading of the east-slope
road will eliminate one to two acres (4000 to 8000 m‘) of east-slope woods. Because the total of
25 acres (10 hectares) of woodland represents only about 5% of the total wooded area on the site,
the impacts to species indicative to those areas are expected to be minor.

About five acres (2 hectares) of ecotone and riparian habitats of the site will be Gisturbed for
construction of the screen house, intake and discharge structures, and potable water lines and
wells. Waterfowl (e.g., the wood duck), woodcock, white-tailed deer, and other species attracted
to this type of habitat may be displaced by construction,

Birdkills from collision with station structures, transmission towers and lines are expected to
be minor, with mortality occurring mainly during construction when floodlights are used. [lectro-
cution of large raptors is not expected since transmission wires will be a minimum of 24 feet
apart,

Construction of the station will have only a minor effect on the Federally protected Indiana bat,
southern bald eagle, and osprey. Initially all of the species may be disturbed by the noise of
construction, but little, if any, loss of habitat will occur, for these species would be expected
to inhabit the north and east-slope area, where no construction will take place.

In the draft statement, the applicant was required to zonfirm the adequacy of the survey for
possible impact on the critical habitat of the Federally protected Indiana bat, both on the

site and in the transmission line and railway spur corridors. This inquiry resulted in two
letters from the Department of Interior (Appendix F and G) which indicated that there was no
critical winter habitat (caves) for the Indiana bat either on tie site or along the transmission
line and rai) spur corridors. The staff estimates that a small part of its summer habitat may
be slightly affected during the short period of construction at the site and along the corridors.

A protected Indiana species, the bobcat, will be forced to emigrate because of construction noise
and loss of foraging habitat. It is possible that this species may find suitable habitat else-
where, but the staff considers this to be quite unlikely. However, Indiana law protects the
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bobcat only from hunting, not from loss of habitat. Another protected Indiana species, the
big-eared bat, although not observed, may occur on the site. The destruction of old buildings on
the site will eliminate preferred habitat for this bat,

Sixteen recreationally or commercially valuable animal species occur on the Marble Hill site:
white-tailed deer, cottontail rabbit, coyote, red fox, gray fox, striped skunk, raccoon, long-
tailed weasel, griy squirrel, fox squirrel, muskrat, mink, bobwhite, American woodcock, mourning
dove, and wood duck. Although station construction will eliminate some habitat of the white-
tailed deer and cottoniail rabbit, revegetation efforts after construction will restore some of
this habitat. Large species such as deer will be kept out of the exclusion area by the exclusion
fence. The coyote, red fox, and gray fox may also be disturbed, because these species are
unlikely to pecome habituated to the increase in noise and human activities, All of the other
memmals will suffer only minor loss of habitat. About half of the onsite habitat suitable for
bobwhite and mourning doves will be disturbed.

Nine species of raptors may breed on the site, including three species presently on the regional
Audubon Society's "blue 1ist* (birds not on Federal or State endangered-species 1ists but that
have experienced abnormal population declines in recent years,, that will be affected by con-
struction.? The loss of feeding habitat will greatly decrease the likelihood that these birds
will nest on the site.

Adjacent communities not directly affected by construction activities may be indirectly affected
ty the displacement of wildlife from construction areas if the carrying capacity of adjacent
areas is exceeded. In addition, the ability of an area to support wild'ife may be decreased by
overexploitation. Thus, the displacement of wildlife from the construction site can result in
increased wildlife mortality and habitat damage, depending on the net number of anim.is displaced.

4.3.1.2 Transmission Corridors and Raiiroad Spur

The routes of the proposed transmission lines are known by the staff only within about a miie
(1.5 km). Thus, the discussion of the ecological impacts of constructing them must be based on
general consideration; relating to the type of terrain being traversed.

The applicant has indicated that the transmission corridors will be prepared by clear-cutting,
tailored clear-cutting, or selective clearing, depending on the terrain. Because selective
clearing causes the least ecological damage to plants and wildlife and heips prevent soil ero-
sion, the staff requires that this method should be used to the fullest extent practicable. The
applicant will screen some of the corridors by planting dogwood, redbud, autumn olive, and gray
willow. Merchantable wood will be stored parallel to the right-of-way until sold by the owner.
Woud waste resulting from clearing or trimming will be buried, burned, piled, or hauled from the
area in conformance with State and local regulations. To prevent erosion, all disturbed areas
will be seeded immediately (weather permitting) with a mixture of perennial grasses or other
plants consistent with the recommendations of the property owner and the U. 5. Soil Conservation
Service. The applicant will keep the number of construction access roads to a minimum,

The applicant plans to use herbicides in the construction and maintenance of the transmission-
line rights-of-way (ER, Secs. 4.2 and 5.6). The herbicides, Silvex, 2,4-D, 2,4,5-T, Picloram,
and Dicamba will be used to eliminate tall-gruwing tree species, and to prevent resprouting of
stumps. The applicant plans to apply some herbicides by aerial spray. Aerial application will
result in nonselective vegetation destruction and may damage some plants outside of the right-of-
way; therefore the staff requires that aerial application be strictly limited (see Sec. 4.5.Z).
The staff recognizes that the use of herbicides is less expensive @nd may have several advantages
over mechanical removal of vegetation, but there are potential environmental hazards associated
with the phenoxy herbicides 2,4-D and 2,4,5-T. The EPA permits the use of tnese herbicides for
right-of-way clearing and maintenance; however, both of these compounds have been implicated as
possible teratogens (agents capable of causing birth defects or abnormalities).” Commercial
preparations of 2,4,5-T may contain up to 0.5 ppm of dioxin, a compound that has been reported to
be acutely toxic at 0.0006 mg/kg body weight in tests with guinea pigs.® The staff expects few
adverse effects from moderate use of herbicides for stump or basal application to prevent regrowth
of trees on the rigr*s-of-way, but the staff considers application by nonselective spraying
methods to be undesirable, even when precautions are taken to prevent drift dispersal outside the
rights-of-way. Therefore, the staff requires that aerial spraying be used only in terrain
inaccessible to ground transport and where the use of hand sprayers would not be safe or practicable.
In a¢dition to the potential hazard to human and other animal health, nonselective spraying
removes shrubs and brush that provide habitat and cover for wildlife and do not affect the
transmission 1ines; furthermore, it has been shown that the grassy right<-of-way are more quickly
reinvaded by trees than a shrub corridor,®,” requiring more frequent application of herbicides.
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The applicant should therefore restrict its use of herbicides to selective basal or s tump
application. The applicant has stated (ER, p. 4.2-5) that herbicides will not be sprayed on
brush along streams or ponds and that spraying will be done about every four years. In addition,
the staff will require the following precautions:

(1) Use of herbicides should be replaced by hand trimming and cutting in conserva-
tion, recreational, and residential areas. (Conservation areas are parks,
wildlife refuges, scenic areas, campgrounds and protected woods).

(2) Herbicides should not be applied during or sooner than 4 hours after a heavy rain,
nor when heavy rain is predicted within a few hours.

(3) Herbicides should not be applied in areas where contamination of water supplies is
likely.

(4) Herbicide applications by broadcast foliar methods should not be made when winds are
greater than five mph (8 km/hr),

(5) No formulation should be used whose dioxin (2,3,7,8-tetrachloro-p-dibenzoidioxin)
impurity in the undiluted insecticide exceeds 0.1 ppm,

(6) Herbicides should be applied only by a licensed applicator or under his direct
supervision. RS

(7) Herbicides should not be applied within 200 feet (60 m) of water bodies.

These requirements are intended to be consistent with the standards for herbicide usage developed
by the EPA and by the State of Indiana,

The greatest ecological impacts of construction of transmission corridors will occur in areas
where the lines traverse forest land. About 1110 acres (444 hectares) of forest habitat will be
eliminated. To minimize the impacts to forested land, the applicant shall follow the “Recom-
mended Wi’ Tife Practices for Utility Line Rights of Way through Classified Forest Land" set
forth by the Division of Forestry, Indiana Department of Natural Resources, whcore the corridor
traverses Classified Forest Land. Even with the use of approved practices, the elimination of
this much forest habitat will result in the mortality or displacement of many species of wild-
life that depend on this habitat for survival. In addition, the displacement of wildlife can
result in increased wiiZiife mortality and a temporarily reduced carrying capacity (due to
overexploitation). The creation of long stretches of open land through forests could lead to an
increase of animal and plant diversity in the area, whereas those species requiring unbroken
forest in which to Yive could be displaced.

The ecological impact on Federal and State protected species is unknown. The applicant has com-
mitted (ER, p. 4.2-7a, and Supp. 1, pp. 150-151) to avoid important breeding or nesting areas of
these species (such an area is defined by the applicant as a single den or nest of a rare species
or an unusually high breeding concentration of a more common species). The staff considers the
commitments adequate for the protection of these species.

The staff requirements (see Sec. 4.5.2) for the erection of transmission lines are consistent
with concerns of the Division of Nature Preserves of Indiana, the Division of State Parks of
Indiana, the U. S. Department of the Interior, and the Department of the Army, who made the
following requests. The edge of the right-of-way should not be closer than one-half mile (0.8 km)
to Officer's Woods anc Tribbet's Flatwoods.®:? These natural areas have been set aside for
scientific research, educational and cultural programs, esthetics, practical benefits such as the
protection of rare or endangered species, and for long range socio-economic benefits.!® The line
should not be closer than five miles (8 km) to Clifty Falls State Park to keep the line out of
sight of the park visitors.!! The manager of the Muscatatuck National Wildlife Refuge stated
that the tentative location of the transmission corridors “would be detrimental to Refuge
Objectives.”!? The staff believes that these objectives could be preserved by routing the right-
of-way not closer than one-half mile (0.8 km) to Muscatatuck National Wildlife Refuge to avoid
interference with waterfowl flight patterns into the refuge and, in addition, will require that
the applicant not use herbicides within the local drainage basin of the refuge. The lines should
be a minimum of 0.2 mile (0.3 km) from the perimeter of Jefferson Proving Ground to avoid irter-
fering with the proving ground's chronometers.!?
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In response to these letters and comments, PSI examined the proposed transmission line corridors
where they came close tu sensitive areas. In Dr. James Coughlin's letter of April 14, 1976 to

Mr. H. R. Denton of NRC, PSI indicated that the corridors would approach these areas no closer
than 800 feet to the west boundary of Officer's Woods, 1500 feet from Tribbet's Flatwoods, 4.4
miles west of the Clifty Falis State Park, 4400 feet from the Muscatatuck Mational Wildlife
Refuge, and 2300 feet west of the Jefferson Proving Grounds. Three of these distances are shorter
than requested, but the staff considered PSI's reasons for not increasing them to be valid.
Therefore, the staff has substituted these distances in item 4 of Section 4.5.2.

4.3.2 Aquatic

Impacts on aquatic biota will occur during the construction of buildings onsite, the intake and
discharge structurcs on the Ohio River floodplain, and the transmission and the railroad spur
corridors offsite. The main effects of plant ¢ nstruction will be due to increased suspended
solids and chemicals in site runoff and elimination of aquatic habitat during construction of the
intake and discharge structures and railroad spur. The greatest potential for construction
impact on aquatic biota will probably be associated with the transmission and railroad corridors,
because 51 offsite streams will be crossed (see Table 2.11).

4.3.2.1 Runoff

According to Cairns,'" increased concentrations of suspended solids can affect aquatic organisms by
(a) mechanical and abrasive actions, (b) increasing sedimentation, (c) reducing light intensity,
(d) increasing numbers of microbes by increasing surface area available to them, (e) affecting
adsorption and/or absorption of various chemicals, and (f) by their effect on water-temperature
fluctuation. These effects could reduce food availability to fishes in Little Saluda Creek and
the 51 offsite streams by (a) smothering benthic invertebrates, (b) clogging the feeding ap-
naratus of invertebrates (thus increasing their mortality), and (c) reducing fish visibility
sufficiently to prevent them from locating food items. Another important effec. could be a
decrease in hatching success of fish eggs.!S If suspended solids settle out and cover the fish
eggs, oxygen uptake is decreased and greater egg mortality can be expected. Potentially toxic
chemicals, such as oils, may also enter the stream via runoff during construction.

The applicant plans tc control runoff by means of a settling pond during site preparation and
construction, however, it is likely that some increase in suspended solids in runoff entering
Little Sal»”~ Creek will occur, especially during periods of high precipitation. This may also
be the si..ation for streams crossed by the transmission lines, especially if clear-cutting and
bank alteration is involved. Long-term impacts from site runoff will be avoided by implementa-
tion of *unoff control measures outlined in Section 4.5. Inasmuch as Little Saluda Creek is a
tributary of the Ohio River, some increases in suspended solids in the river may result; however,
because of the small size and intermittent nature of the stream and the chronic high turbidity of
the Ohio River, the increases will be relatively insignificant. No runoff is expected to enter
the Ohio River directly because the plant site is located on a bluff 350 feet (105 m) above the
Ohio River floodpiain.

serious runoff effects where transmission and railroad spur corridors cross off<ite streams can
be avoided by leaving 100-foot (20-m) wide vegetated buffer zones on each side of the crossing.
Also, tower bases shall be located above floodplain levels to the extent practicable. Areas
disturbed by railroad spur corridors will be stabilized to minimize erosiocn.

4.3.2.2 Temperature

In addition to “he potential direct impact to runoff from the transmission corridors and railroad
spur, clear cutiing of vegetation along stream banks can increase the water temperature due to
greater in.olation.'® Increased temperatures may inhibit spawning or may make the waters in the
affected area of the stream unsuitable for habitation by somc species.!” However, in view of the
small area of each stream that is affected (1 250 feet) it is highly unlikely that any significant
increase in stream temperatures will cccur. The staff concludes that optimum spawning tempera-
tures for fishes (Table 2.17) that may spawn in these streams will not be exceeded as a result of
construction of tha transmission and railroad spur corridors,
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4.3.2.3 Habitat Elimination

Some direct loss of benthic habitat, and its associated fauna and flora, will occur when the
discharge and intake structures are built, The discharge structure will barely extend into the
Ohio River at 420 feet (128 m) I'SL. The intake flume is about 23 feet (7 m) wide and will
extend 120 feet (37 m) into the river at 420 feet (128 m) MSL (ER, Supp. 3, p. 41). The combined
loss of tenthic habitat for the two structures should be about 0.1 acre (400 v?). In view of the
size of the Ohio River and the large amount of benthic habitat therein, this loss will be negli-
gible. During construction of the intake and discharge structures precautions will be taken to
mininize the amount of siltation during dredging and other construction activities. The dredge
spoil will be disposed of offsite (ER, Sec. 4.4.3.7).

Some benthic habitat will be eliminated in the seven streams crossed by the railroad spur if
culverts are used. Four of these streams are intermittent and benthic losses therein will be

negligible. Use of culverts in the remaining three st ms should not cause serious losses of
bentiiic habitat.

4.3.2.4 Recreational

Although there will be a temporary interference with recreational activities alorg offsite
streams during construction of transmission and raiiroad lines arros: the streams, the staff
assesses this impact as moderate and of short duration.

4.3.2.5 Conclusion

With implementation of the required mitigating procedures (see Sec. 4.5.2), it is unlikely that
any serious long-term impacts will result to the aquatic biota .s a result of construction of the
proposed station. The assessments made above and this conclusion are based on general considera-
tions of terrain, soil type, stream characteristics, etc. Should evidence accumulate in the
future that construction impacts are more severe than those evaluated herein, the applicant shall
submit to the staff a plan to eliminate or materially reduce the excessive impacts, as required
in paragraph 7f of the Summary and Conclusions, supra.
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4.4 SOCIAL ANU ECONOMIC EFFECTS

External impacts associated with the construction of the Marble Hill plant will be extensive.
The {mmigration of workers and tieir families will produce a dislocation in the supply of con-
suner products and private services. A noticeable strain will be placed on schools, police,
sanitary landfill and fire services currently provided to residents of Jefferson County. This
section will provide an analysis of the temporary external impacts associated with the construc-
tion of the Marble Hill station.

4.4.1 Construction Employment

4.4.1.1 On-site Requirements

A number of potential impacts on Jefferson County can be expected during the construction phase.
These impacts are directly related to the comutation of laborers, the in-movement of new house-

holds, and changes within the local econony.

The annual schedule for the construction work force is presented in Table 4.1.

Table 4.1. Annual Schedule of Construction Work Force

Number of Workers Per Quarter

Year Jan-Mar Apr-Jun Jul-Sep Oct-Dec
1976 6 6 9 9
1977 21 36 270 391
1978 685 752 1034 1221
1979 1573 1735 1941 2030
1980 2079 2180 2179 2178
1981 2127 2026 1733 157
1982 1424 1267 788 614
1983 527 448 - -

From LR, Table 4.1-1.

This schedule is based on the applicant's estinate that conmstruction would begin on July 1, 1976.
The staff estirates a starting date several months later. Table 4.2, which is derived from the
applicant's construction work force schedule, indicates that approximately 2,000 workers will be
at the Marble Hill site during a 3-year poriod, 1979 to 1981.

4.4,1,2 Regional Construction Labor Harket

The construction of a nuclear power station requires not only a large number of individuals but
many with very specialized skills. Most of Lhose who will work on the Marble Hill station will
be drawn from a broad labor shed. To determine ,ossible sources of labor and the size of the
pooi, the staff took into consideration (1) distances travelled by construction labor, (2) the
location and availability of local labor pools, and (3) regional access roads. From this
analysis, the staff has determined that the Potential labor shed for Marble Hill is bounded by
Louisville, Lexington (Ky.), Cincinnati (Oh.;, and Columbus (Ind.). The farthest city,
Lexington, is approximately 90 miles from the site. lithin the 28-county area descriged by
these points, 52,402 people were employed in the construction industry in 1970.'% Moreover,
within this regional labor shed, there exists a reservoir of power plant construction experi-
ence; cumnﬂ;. fifteen operating power stations are located on the Ohio River between Indiana

and Kentucky.'

The general unemployment rate for the labor market area in January 1976 was 8.2%. Unemployment
in Jefferson County at this time was 12.7%%7 towever, conversations with local labor union
representatives indicate that employment in the construction trades had been particularly
affected by the recession and that unemployment may be closer to 20%2!
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TABLE 4.2
ANNUAL CHANGES IN CONSTRUCTION WORK FORCE

CHANGES FROM CHANGES FROM
YEAR ENDING PEAK NUMBER PREVIOUS YEAR MEAN NUMBER PREVIOUS YEAR
1976 9 9 8 8
1977 391 382 180 172
1978 1,221 830 923 743
1979 2,030 809 1,820 897
1980 2,180 150 2,154 334
1981 2,127 -53 1,864 -290
1982 1,424 -703 1,023 -841
1983 527 -894 488 -535

SOURCE: Derived from E.R., p. 4.1-6.

Because of Marble Hill's proximity to areas of population and the availability of regional high-
ways, the applicant expects that only a small number of workers would move their families into
the Madison area (ER, p. 8.2-3). The staff concurs in this opinion. Workers drawn to the
project from beyond the regional labor shed, including PSI and contractor supervisory personnel
and workers with highly specialized nuclear facility construction skills, may wish to live in

the Madison/Hanover area to minimize commuting distance. In addition, some portion of the local
population -- experienced members of the labor force and entry level workers -- will be attracted
to the Marble Hill project, thus increasing the participation of the local labor force.

4.4.2 Stress on Community Facilities and Services

There will be increased demands on community facilities and services from construction workers
and their families who temporarily relocate to Jefferson County. These workers and commuting
construction workers will add to local traffic and increasa impacts on local roads.

For the purposes of the impact analysis which follows, the : ‘aff believes that the number of
construction personnel attempting to relocate in response to the Marble Hill project will not
be greater than about 200. The staff further believes that most of the inmigrants would be
married, with 1.5 children on the average, and would settle in the Madison/Hanover area. In
1980, the year of peak construction employment, 9,550 households with a population of 29,383
would live in Jefferson County (see Table 4.3).

4.4.2.1 Vehicular Traffic

Local roads and the number of cars passing specific points per day are shown in Figure 4.1

(ER, Fig. 2.2-3). Although onsite construction traffic will be managed by the development and
regulation of a road system and parking area that will allow for smooth traffic flow (ER,

pp. 4.4-1, 4.1-5), roads in Jefferson County will experience an increase in use. This increase
will primarily involve commuting workers (2200 maximum) but may also include the movement of
some construction vehicles.

Three kinds of impacts are expected from increased traffic. First, an increase in accident
frequency may be expected, particularly during periods of heaviest road use. Secondly, county
residents will be inconvenienced by heavy traffic on local roads. Traffic congestion on the
two-lane Ohio River bridge at Madison is a potential problem. Delays during peak traffic flow
and during the tourist season probably can be expected. Residents in the area of the plant

site will be inconvenienced by increased traffic on State Road 62, which is the primary access
road to the site. Some local roads may be obstructed by plant traffic (ER, p. 8.1-8a) which
could increase congestion and inconvenience. Thirdly, increased use of local roads and municipal
streets by commuting workers and by construction equipment may cause structural damage to these
highway systems. Although precise shipping plans have not been formulated, legal load 1limits on
roads will be met or variances from appropriate government agencies will be obtained. Most of
;?e heavy equipment to be used on the site will be transported by rail on PSI's spur (ER, p. 8.2-
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Table 4.3
HOUSEHOLD PROJECTIONS WITHOUT MARBLE HILL

1970 1975 1980 1485 1990
Households 7,890 8,620 9,350 10,275 11,200
Total Persons 27,006 28,470 29,933 33,693 33,453
Household Population 24,798 26,741 28,683 30,318 31,953
Persons /Household 3.14 3.10 3.07 2.95 2.85

Source: Vogt, Sage and Pflum Consultants, Comprehensive Plan Report: Jefferson County,
Indiana (n.p., 1973), p. 41; staff estimates for 1975 and 1985.

PS1 has stated that heavily traveled roads near the site may be improved to insure local safety
and may be provided with turn-around areas where roads are closed to local traffic (ER, p. 8.1-8b).

In response to a staff request in the draft statement, PS] investigated the feasibility of bus
service for transporting construction worke .22 Three bus companies in Indiara and one in
Louisville, Kentucky were contacted. They stated willingness to consider additional bus service

to the site vicinity if a sufficient market were demonstrated. special charter service would be
more convenient, but would be more expensive. The staff believes that the impacts of plant
construction on traffic congestion, and on the potential for accidents, would be mitigated by
staggered work shifts and by the provision of incentives by the app:icant for car pooling and

for bus service to the site. Accordingly, the staff requires that the applicant, within 30 days

of the issuance of this statement, submit plans to mitigate these impacts for the staff's review and
evaluation,

4.4,2.2 Impact on Housing

The impact on housing during the construction phase will be felt most notably in the rental and
mobile home submarkets. Only a marginal number of workers will seek sale housing; such house-
holds could be accommodated within tie existing and vacant-for-sale stock.

Between 1970 and 1980, it has been estimated that the housing need in Jefferson County is 260 units
per year. Housing need is defined as that number of housing units required to accommodate

(1) projected household growth in the County, (2) the removal of presently substandard and

future substandard units from the inventory, and (3) the in-movement of 200 construction labor
households (see Table 4.4). Building permits in recent years have been granted at the rate of
approximately 230 units per year (see Table 2.20).

Although current construction activity falls short of projected demand, the staff anticipates
that the housing market will be able to accommodate the in-migrating workers. This conclusion
is based on three factors.

First, housing need includes the removal of substandard housing units. Many of the substandard
units are occupied by households whose incomes are below the level served by private, non-
publicly-aided enterprise; without public subsidies these units will remain on the market.
Second, the staff expects that construction activity during the latter half of the 1970's will
surpass levels of activity recorded during the economically depressed 1971-1975 period. Third,
conversations with people familiar with the local housing market indicate that both mortgage
money and construction labor are readily available.??

The bulk of the relocating construction work force will probably seek mobile home sites in

park developments. In 1970, there was a total of 7 mobile home parks with a combined capacity
of 105 trailers located in Madison and Hanover.?“ Although the number of current vacancies may
not be sufficient to accommodate more than a limited number of workers, the rapid expansion of
mobile home sites in park developments is feasible. Madison Mobile Homes has a developable site
for over 100 homes adjacent to its existin? park; this facility has access to both city water
and sewers.25 Trailer sites are also available on the grounds of Madison State Hospital and the

Jefferson Proving Ground.”®
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The staff expects that a small number of the households relocating to the Madison/Hanover
area -~ perhaps 40 households -- wiil choose to live in rental apartments. These households
should find rental housing in either newly constructed or rehabilitated units, or in hotel and

motel rooms.

The swmall number of workers seekina more

tourist accomodations.

TABLE 4.4
ESTIMATED HOUSING NEED IN JEFFERSON COUNTY:]
1570-1930

2

Househoid Growth 1,460

3

Existing Substandard 930

Replacement Due to Obsolescence

4

and Other Causes 310
Construction Worker In-llovement 200
2,900

Existing Vacant 300
Estimated Need: 1970-1980 2,609
For Sale 1,800

For Rent 800

SOURCE: Staff estimates.

1. This analysis assumes that conversions are not a significant
factor in determining the size of the housing stock and that
present owner-rental relationships will be maintained in the

future.

2. Vogt, Sage and Pflum Consultants, C%rehensive Plar Report:
» P. 4L

Jefferson County, Indiana (n.p., 1

3. Occupied housing units lacking some or all plumbing.

4. Deterioration factor used by State of Indiana for Region 12; cited
in Indiana Department of Commerce, Division of Planning, Indiana

Housing Needs and Resources: A Social Priority (Indianapolis:
State of lna'iana. n.d.), p. 36.

temporary rental housing would preclude any shortage of
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The total estimated housing stock in the Madison/Hanover area in 1975 was 6,634 units. Projected
growth in this area attributable to county residents between 1975 and 1980 is estimated at 476
households, or 7.2% of the base (1.4% compounded annuaily).2” The expected increase in demand
due to Marble Hill construction workers will not be greater than 200 additional housing units.
However, this demand will be made on various sectors of the county's heusing stock. For instance,
although the bulk of workers will probably live in mobile homes, others will share rooms in
hotels and motels or rent apartments and homes. The staff's analysis indicated that obstacles

to the provision of adequate new housing, including mobile home sites, and the rehabilitation of
existing substandard structures do not exist. The staff concludes that the inflationary effect
on rents in the Madison/Hanover area will be negligible (see also ER, p. 8.2-2).

Local residents have expressed a concern that temporary housing developments in rural areas such
as Saluda Township would produce undesirable changes in their local life style.2® The staff
believes that housing development attributable to the construction of Marble Hill Station will
occur in the urbanized portions of the County, that is, in the Madison/Hanover area, and not

in the rural areas of the County. Moreover, it should be emphasized that changes due to
construction workers will be temporary.

Finally, through its zoning and enforcement powers, the County is able to control the location
of mobile homes, either in park developments or on isolated sites.

4.4.2.3 Schools

As Table 4.5 indicates, the total school-age population of Jefferson County should remain
stable over the next 15 years. However, the projected student enrollment in the Southwestern
Consolidated School District is expected to increase. Between 1975 and 1980, Southwestern can
expect an increase of 247 students, a 14% increase (see Table 4.6). Reference to Table 2.8
indicates that the capacity of existing facilities will scarcely accommodate the increase

of students projected for the District by 1980,

Assuming an average of 1.5 schocl-age children per construction worker household, the staff would
expect 300 or fewer additional students in Jefferson County by 1980. These students would
represent less than a 5% increase in enrollment. Any portion of these students locating in the
Hanover area would represent a burden to the Southwestern District system. On the other hand,
300 additional students could be absorbed in 1980 by the Madison Consolidated District which the
staff expects will be more underutilized than at present. The added students would create the
need for ;pproximately 14 teachers to preserve current student-teacher ratios and approximately
5 school buses.

According to the State law, there may be a delay of 18 months between tax acsessment and full
payment. Because of this delay, tax revenues from the Marble Hill Station may not be

generated soon enough to meet the initial demands on the Southwestern District by the children

of construction workers. Over the long term, the staff assumes that the tax revenues generated
by the Marble Hill Station at least will balance those demands on the Southwestern District.

The Madison Consolidated School District will not receive tax revenues from the station to defray
the cost of service demands arising from students from construction worker households living in
this District.

4.4.2.4 Hospitais

Current service relationships in King's Daughter's Hospital (See Table 2.27) in Jefferson County
compare favorably with those prevailing throughout the State of Indiana and in the United States.
The administrator of this hospital has stated that the anticipated additional demand for hospital
services by construction workers could be accommodated. (Summary Report for Site Visit by NRC
staff in August, 1975).

In addition to the local facility, PSI's prime contractor will maintain a field medical office,
an ambulance, and a nurse onsite during construction for the treatment of emergency cases.
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TABLE 4.5
ESTIMATED SCHOOL-AGE POPULATION:
1975-1990

Age Group 1975 1980 1985 1990
5-18 6,455 6,423 6,412 6,401

SOURCE: Adjusted data from Vogt, Sage and Pflum Consultants, Comprehensive Plan Report:
Jefferson Coun*ty, Indiana (n.p., 1973), p. 40.

TABLE 4.6
SOUTHWESTERI JEFFERSON SCHOOL SYSTEM WROLLMENT PROJECTIONS: 1975-1985

ACTUAL PROJECTED

1970 1975 1975 1980 1985
K-6 892 9N 1,019 1,161 1,323
7-8 247 268 285 325 371
9-12 415 514 473 540 615
TOTAL 1,564 1,693 1,776 2,023 2,304

SOURCE: James and Berger Associates, Dase Studies: Jefferson County Comprehensive Plan
(n.p.; 1971), p. PF-51. Actual data for 1375 containcd in a Jetter from Mr. Isaac
Hogg, Superintendent of Southwestem Jefferson County Consolidated School, to Ms. Sue
Ann Curtis, Argonne National Laboratory, August 25, 1975.

The medical demands of 2,200 construction workers at peak ar pproximately 500 dependents in
the Madison/Hanover area during construction could become a . rden on existing medical
facilities. This added demand will increase the urgency of the plans to replace and upgrade
existing facilities to meet future growth. Other hospital facilities within a 25-mile radius
(See Section 2.8.2.4) will also help meet the increased demand on King's Daughter's Hospital
during the construction phase.

4,4,2.5 Recreation and Tourism

Public and private recreational facilities are expected to receive an increase in use proportional

to the number of persons that may temporarily move into the Madison/Hanover area. However, the
County's 1971 consultant study indicated that, although new facilities may be desirable to
attract an increase in tourists, "the existing recreation facilities are expected to be generally
adequate for county residents throughout the planning period" (that is, until 1990) 7% Tax
revenues fram the Marble Hill station will offer the county an opportunity to provide those
facilities which would be attractive to tourists.
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Sl anticipates that the construction and operatior. of the plant will have no adverse impact on

the current recreational use of the Ohio River near the piant (ER, Supp. 1, p. 8.2-8). Similarly,

no fmpact is foreseen on the use of Clifty Falls State Park (ER, Supp. 1, p. 8.2-8). The staff |
concurs in these assessments. However, as indicated in Subsection 4.3.2.4, the construction of |
transmission lines for the Marble Hill station will rasult in a moderate, short-term inter- |
ference with recreational activities along offsite streams. Finally, the construction activities

in the Marble Hill area should not impact the level of tourism in the county, except for the

traffic effects indicated in Section 4.4.2.1; in fact, PSI's visitor's center n Madison may

serve as a tourist attraction.

4.4.2.6 Public Water, Sewage, and Waste Systems

The discussion of water supply in the Madison/Hanover area (Section 2.8.2.2.2) indicated unused
capacity of approximaalgoz.l million gallons per day in 1975. By 1980, increased daily demand
from 200 construction labor households (700 people) and from the expected 1975-1980 popuiation
growth (1,465 people) should equal 324,800 gallons per day, or approximately 15% of existing
excess capacity. The staff considers this ?ncrease well within the capacity of the water system.

The applicant has also stated that only limited pumping from wells in the site area would occur
to supply potable water for construction workers. Since no primary dewaterinu is planned, the
effect of site construction on groundwater is expected to be negligible (ER, p. 4.1-5).

Data presented in Section 2.8.2.2.3 indicated that both the Macison and Hanover sewage systems
were operating at far below estimated effective capacity. Using a standard of 100 gallons per
person per day, the staff estimates that each system could accommodate normal expected population
growth and the construction “ousehold in-movement.

During construction, chemical ‘oilet facilities will be used onsite and waste disposal will be
accomplished in an environmenta.ly acceptable manner. The applicant states that no adverse effect
on water use will occur from this method of sewage treatment and disposal (ER, p. 4.1-5).

Estimates of the useful 1ife of the cuinty's sanitary landfill site vary from 5 to 10 years under
current trends. Its use by as many as 209 construction labor households will shorten its

useful l11fe.

The staff believes that rubbish and garbage services wiil not be seriously impacted by the demand
from the construction worker households.

4.4.2.7 Police and Fire Services

Although State and City forces are above acceptable standards in terms of manpower and equipment,
the County Sheriff's Office is currently understaffed. The in-movement of 200 families and the
daily comuting of 2,000 workers will, by 1980, stress the Sheriff's Office, particularly in
matters of traffic control and surveillance. At a recommended standard of 1.5 male officers

per 1,000 population, the Sar%eriff's staff should be augmented by 5 full-time deputies and 4 to

6 police-equipped vehicles. Taxes from the Marble Hill station could be used to increase the
service capabilities of the Sheriff's Office

Onsite security fun:tions will be performer. by guards hired by PSI rather than by local police
forces. (ER, p. 8.2-4).

As discussed in Subsection 2.8.2.4, current fire protection services do not meet guideiines
established by the national insurance rating organizatior the American Insurance Association,
primarily because of distance from property. New resi ... associated with the construction
of Marble Hill would aggravate this problem, but it is expected that increased taxes from the
Station will enable the County tn replace aging equipment and to add new equipment as needed.

4.4.3 Other Impacts on Community Life

4.4.3.1 Inflationary Impact on Prices

Personal income and retail trade in Jefferson County are expected to rise by 2.7% and 93.‘7%.
respectively, at the peak of the construction period, compared to their values in 1972.3% The
staff expects these rises to result in moderate local price increases,
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4.4.3.2 Shortages of Experienced Labor and Craftsmen

The wage levals paid by PSI and its contractors will probably be higher than those paid by many
other employers in Jefferson County. The staff expects that a small fraction of the local skilled
labor force, notably plumbers, electricians, and manufacturing workers, may leave their current
employment to work at the Marble Hill site. This development will have two principal effects.
First, local residents may experience difficulty in hiring craftsmen for home and business repairs.
Second, local employers in the manufacturing sector may experience higher than usual levels of
turnover as employees leave their current jobs. The extent to which these effects will occ =

is impossible to estimate; however, the effects will be felt oniy during the construction g . iod.

4.4.3.3 Noise and Aesthetic Disturbances

Construction activities during the early stages of site preparation will involve clearing,
excavation, trash disposal, land fiiling, and grading. These operations, in addition to adversely
affecting existing terrai~ features, will produce a variety of pollutants including noise, dust,
smoke, and engine exhaust. These temporary disturbances should have minimal impact because of

the low population density near the site (ER, p. 8.2-4). Nevertheless, the applicant will under-
take a program to control dust, noise, oil and chemical wastes, and other physical impacts of
construction (ER, pp. 4.1-5, 4 4-1 to 4.4-3, 6.1-47a, and Supp. 1, p. 233).

4.4.3.4 Relocation
The acquisition of the 987 acres of land for the Marble Hill station required the relocation of
17 residents from the seven permanent residential dwellings located on the site. As of September

1974, all resident families had reached acceptable agreements with the applicant for their
preperties; some of these families have relocated (ER, p. 8.2-5).

4.4.4 Stimulation of Local and Regional Economies

4.4.4,1 Direct Payroll and Employment

The applicant has estimated that an average of 1,100 workers per year during the 6-1/2-year
constiruction period will result in a total payroll of $358,550,000 (see Table 4.7). Approximately
85% of this total will be for salaries of construction personnel living within the labor shed
defined in Section 4.4.2.2 (ER, Supp. 1, p. B.1-8). The staff views these estimates by PSI

as being reasonable.

TABLE 4.7
CONSTRUCTION PHASE EXPENDITURES

Expenditures 1983 Future-Worth Dollars

Qutside of the Recion

Equipment $554,198,033
Labor 53,782,734
Indirect Expenses 196,088,818
Transmission 16,812,655
Subtotal »820,882,240

Within the Region

Materials $ 35,374,343

Labor 304,768,827

Land 9,200,916

Transmission 34,025,610

Subtotal $383,369,696
TOTAL $1,204,251,936

SOURCE: ER, Supp. 1, p. 8.1-7.
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Semi-and unskilled laborers constitute a large segment of the local unemployed work force in
Jefferson County. Their recruitment for station construction may have the desirable effect of
reducing the present high unemployment rate. The possibility nf several years of employment
may attract some workers from their farm, service, and manufacturing jobs into unskilled jobs
at the Marble Hill site. 32 However, positions vacated in manufacturing and service firms will
more than likely be filled by local residents who are currently unemployed.

4.4.4.2 Local Purchases of Materials and Special Services

PSI anticipates that 3% of the construction cost of the Marble Hill station will be spent on
equipment and material purchases in what is broadly described as the "imnmediate region.”
Approximately $35,374,000 will be spent on such items as small tools, cement, stone, sand,
pre-cast roof slabs, valves, wire, conduit, and fittings (ER, Supp. 1, p. 8.1-8). The average
annual expenditure in the local economy due to construction of Marble Hill station would be
approximately $5,442,000, or an increase of 9.7% over Jefferson County's retail trade in 1972.
Other local businesses, particularly automobile service and repair, restaurants, and general
merchandise stores, will benefit from the increased purchases of construction workers.

As construction of the plant moves toward completion, the demand for goods and services in the
Madison area will probably decrease. However, the decline will be gradual enough to permit
readjustments in inventory and personnel by local businesses. One consequence of this retrench-
ment will be an increase in local unemployment rates if other employment does not become
available locally. A fraction of the personnel required for plant operation may be taken from
the local labor pool.

4.4.4.3 Capital Formation Effects

The Marble Hill station will stimulate capital formation in the region. One area that could be
of significant magnitude is housing. At the peak of the construction period, approximately 200
workers and their families will have relocated in the general Madison/Hanover area. This demand
will generate a need for about 40 new rental housing units. At an average value of approximately
$20,00C per housing unit, the staff believes this could amount to a $800,000 increase in the
value of Jefferson County's housing supply. In addition, capital formation, in the form of new
mobile home parks and improvements to existing dwellings, may also be realized.

4,4.4.4 Multiplier Effects on the Local Economy

A conservative estimate of PSI's expenditures at the peak period for labor, goods, and services

is $7.8 million: $5.4 million for goods and services, and $2.4 million for labor (240 workers

at $10,000 annual wages). However, for each dollar spent locally by PSI and its local labor
force, there will be additional economic activity and personal income generated within Jefferson
County. A conservative muitiplier of 2 would appear reasonable; therefore, the above $7.8 mil'ion
per year v.ould become $15.6 million of induced activity.

4.4.4.5 Property Values

Property values for land in the vicinity of the Marble Hill site have, in tne past, been based
upon " i . procuctivity in agricultural use. Average yield for agricultural land in Jefferson
County has beer .bout $300 per acre, and land values in the neighborhood of the proposed station
range ~om $400 to $700 per acre, depending upon local conditions,?? Current and future
relative property values in agricultural use should not be significantly influenced by the
construction of the tarble Hil. nuclear plant on the proposed site. rfurthermore, changes in
land productivities and property values along the transmission route are not anticipated as

a consequence of building the proposed plant. However, it is expected that substantial
appreciation in the value " a few selected parcels will probably occur where those sitec could
be used for commercial and other facilities cupplying service to construction labor and, later,

operation and maintenance personnel.



4.4.5 Sumary of Socioeconomic Effects

The staff believes that the net effect of construction on business and labor will be economically
beneficial. However, some local residents object to the disrupting influence of a large
construction project in a quiet rural community. The housing market, schools, utilities, and
recreational facilities will be able to accommodate both expected county growth and the projected
maximum number of in-migrating construction workers. The hospital, sanitary landfill site,
police and fire services, and roads, particularly State Road 62 and local access roads, will
probably experience increased stress; however, such stresses will be relatively short-lived.

PS!1 has indicated its intention to work in cooperation with county and city officials to ensure
that the improvement and maintenance of roads near the station will be sufficient to meet traffic
demands. Early consideration of these impacts by PSI and local government officials may allow
mitigating procedures to be more effective. In order for the staff to assess such mitigating
measures, the applicant was required to submit a plan by May 1, 1976, that defined the steps to
be taken in cooperation with government officials to reduce the impacts discussed above. PSI

has made engineering studies and has reached agreement with local officials regarding the
improvements needed, but no formal agreement regarding funding had been signed by August, 1976.

In addition to the transpertation planning process recommended above, the staff believes that
local officials should consider the following:

(1) consolidation of the County's two school districts; under present local tax jurisdictional
arrangements, the Madison Consolidated School District would receive a sizeable share of
the impact but no revenues directly from the Marble Hill station;

(2) an analysis of the potential for using the Jefferson Proving Ground, Madison State Hospital,
or the City's waterfront campgrounds as resources for accommodating mobile homes;

(3) a review of local zoning and health codes in lignt of past experiences with mobile homes;

(4) placing a high priority on hospital improvements with the view of completing those improve-
ments before the peak construction period;

(5) beginning the search for a new landfill site that will meet the County's needs beginning
in 1980,

{6) contracting for a traffic study to evaluate improvements for easing traffic in the area of
the bridge at Madison;

(7) a reevaluation of the cooperative arrangements (or lack of such) between city and county
police and fire forces in emergency situations; and

(8) negotiating with PSI to obtain tax payments as early as possible during the construction
process.

4.5 MEASURES AND CONTROLS TO LIMIT ADVERSE IMPACTS DURING CONSTRUCTION
4.5.1 Applicant's Commitments

To minimize impacts due to construction, the applicant has committed (ER, Sec. 4) to initiate an
impact-control program, the main features of which are summarized below.

4.5.1.1 Onsite Practices
1. Existing roads will be upgraded and widened and dust will be kept to a minimum

by using crushed stone and petroleum-base surfaces and by watering areas that
become dusty (ER, Secs. 4.1 and 4.4).

2. Drainage patterns will be maintained approximateiy as they are and a settling
pond far reducing sediment will intercept runoff water before it is discharged
into natural drainageways. The outlet of the settiing pond will be designed to
ensure that the velocity of the water released to natural drainageways will not
exceed 2 fps (60 cn/soc{

(ER, Secs. 4.7 and 4.4),
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Erosion of the graded plant site will be controlled by stabilization with grasses
and/or legumes. On erodabie surfaces that will support vegetation the soil will
be seeded as soon as possible after earthmoving activities have been completed.
After initial stabilization in this manner, these areas will be allowed to revert
to natural vegetation (ER, Sec. 4.4).

A1l fuels and lubricants will he stored and dispensed in accordance with appli-
cable local Taws. 0il separators will be installed in the drainage routes from
the switciiyard and reactor buildings to extract any petroleum products from the
runoff vater. Chemicals used for cleaning wiil be collected in a barge or tank
trucks and removed from the area to be disposed of in a legally and environmentally
acceptable manner* (ER, Sec. 4.4).

Chemical toilet facilities will be used during construction and the waste will be
disposed of offsite in an environmentally acceptable manner (ER, Sec. 4).

Hherever possible, slash and nonmerchantable timber will be piled in locations near

the edges of the wooded areas to provice »dditional wildlif. habitat (ER, Sec. 4.4).

Any disruption of floodplain archeological sites will be monitored by an archeo-
logist (ER, Sec. 4.1).

Dredge spoils from the construction of intake and discharge structures will be

disposed of in onsite spoils areas or loaded into barges or trucks and removed from the
site for disposal in an environmentally and legally acceptable ranner (ER, Sec. 4.4),

Solid trash from site clearing, construction, and cleanup operations will be
disposed of in an environmentally and legally acceptable manner (ER, Sec. 4.4),

Offsite Practices

Borings will be made at selected locations along the transmission corridors to
determine foundation suitability for tower bases, and each tower will be sited

to avoid as much as possible streaus and other water bodies. If areas of archeo-
logical or eco’>gical significance are located before or during construction of
the transmission lines, appropriate action to either avoid or minimize the impact
will be taken (ER, Supp. 1, p. 4.2-5).

During construction of the transmission lines, the following practices (see
Sec. 4.3.7 and 4.3.2 and the ER, Sec. 4.2) will be followed to mitigate environ-
rental impacts:

(a) The avoidance of unnecessary clear-cutting,

(b) The use of selective clearing and vegetative screening.

{c) Careful cleanup procedures,

(d) Restoration of soil and seeding of disturbed areas.

(e) Design of access roads to minimize effects on strears to be crossed.
Basal low-pressure herbicide spraying will be selectively used on tall-growing
trees and brush. Desirable low-growing ground cover or shrubs and stumps,
stubble and brush along streams and pond banks will not be sprayed or treated.

Where warranted in specific areas, application of herbicides may be by aerial
spray (ER, Sec. 4.2).

A1l important breeding or nesting areas of Federal and State protecte! species
will be avoided (ER, Supp. 1, Response to Question £3; see also Sec. 4.3).

*The phrase "in a Tegally acceptable manner" is construed by the staff to mean that a responsible
representative of the applicant will supervise the activities in accordance with applicable
local, State, and Federal laws and maintain a record, suitable for inspection, of the satis-
tfactory accomplishment of such activities.
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4.5.2 Staff's Evaluation

Based on a review of the anticipated construction activities and the expected environmental impacts
therefrom, the staff concludes that the measures and controls committed to by the applicant are
adequate to ensure that adverse environmental effects will ve at the minimum practicable level
with the following additional precautions.

¥.

8

Topsoil shall be removed during the grading of the site and stockpiled for later
useé in covering and seeding disturbed areas.

In preparing transmission corridors the applicant shall utilize selective clearing
to the fullest extent possible. The crossing of biologically productive streams

by transmissiun lines shall be carried out to the fullest extent practicabie during
dry seasons and not during spawning seasons or periods of high water. A 100-ft
(30-m) wide vegetated buffer zone on each side of the stream crossed shall be

left and tower bases to the extent practicable shall be located above floodplains.

In clearing and rmaintaining the transmission and railspur corridors, the ippiicant
shall use aerial spraying only in terrain inaccessible to ground transport and where
the use of hand sprayers would be unsafe or not practicable. No herbicides

shall be used within the drainage basin of the Muscatatuck National Wildlife

Refuge. In addition, the following precautions shall be observed:

. Use of herbicides shall be replaced by hand trimming and cutting in conserva-
tion, recreational, and residential areas.

« Herbicides shall not be applied during or sooner than 4 hours after a heavy
rain, nor when a heavy rain is predicted within a few hours.

. Merbici?n shall not be applied in areas where contamination of water supplies
is Tikely.

.« Herbicide application by broadcast foliar methods shall not be made when winds are
greater than five mph (8 km/hr).

. No formulation shall be used whose dioxin {2,3,7,8-tetrachloro-p-dibenzoidioxin)
impurity in the undiluted insecticide exceeds 0.1 ppm,

« Herbicides shall be applied only by a licensed applicator or under his direct
supervision,

. Herbicides shall not be applied within 200 feet (60 m) of water bodies. In the case
of flood plains broader than 200 feet, herbicides shall be biclegradable and shall
be applied between July and December, after the normal flood season.

The routing of the transmission lines shall be such as to ensure that the line does not
approach closer than:

a) 800 feet of Officer's Woods and 1500 feet of Tribbetts Flatwoods
b) 4.4 miles of Clifty Falls State Park, and

¢) 2300 feet of the perimeter of Jefferson Proving Ground

The recommendations given by the Department of Interior concerning archeology shall
be implemented according to the discussions in Sections 4.1.1 and 4.1.3.

If structures of possible historic value may be impacted by the construction or
operation of transmission lines, the applicant shall notify the staff and, in con-
sultation with the State Historical Preservation Officer, shall assess these values
and take appropriate action.

The applicant shall submit detailed plans for staff review and approval prior to the
initiation of construction activities associated with the following activities.

(a) transmission 1ine construction, after detailed routing has been decided,

(b) railroad spur construction, when detailed route is known, and

(c) the disposal of dredging spoil from the construction of intake and discharge
structures,

4.6 SUMMARY

A summary of the probable environmental effects of construction identified by the staff is given
in Table 4.8. The assessments of the impacts range from negligible to moderate. Those assessed
as moderate all relate to social stresses induced by construction activities.
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Table 4.8, Summary of Environmental Effects Resulti g from Construction

Applicant's Plan for

Expected Relative Available Corrective

Potential Effect Mitigation (Sec. 4.5.1) Significance Actions, Remarks
Dedication of about 1200 swall
acres to industrial use
(Sec. 4.1)
Loss or alteration of about Small Survey for endangered
1300 acres of natural habitat species
(Secs. 4.1 and 4.3)
Increased siltation in Use of settling ponds, Temporary
Little Saluda Creek and etc.
Ohio River
Downstream withdrawals Negligible
(Sec. 4.2)
Biota (Sec. 4.3) Negligible May lose some spawn-
ing habitat
Increased siltation in fish- Diversion ditches Small Temporary loss of
ing streams (Sec. 4.3) several hundred
angler-days
Disturoance of archeological Floodplain sites to be Small Conduct more ex-

sites (Sec. 4.1) monitored by arche-

ologist
Cal

Increased traffic congestion Upgrading and dust con-
(Sec. 4.4) trol on local roads

Increased stress on housing
market (Sec. 4.4)

Increased stress on public
services (Sec. 4.4)

Increased payroll
(Sec. 4.4)

Induced expenditures (Sec. 4.4)

Increased local tax revenues
(Sec. 4.4)

Radiation exposure to con-
struction workers (Sec. 4.1)

tensive archeolog-
ical surveys, extend
monitoring to upland
and transmission-
corridor sites.

Moderate incon-
venience to area
residents

Small Careful zonina

Moderate

$45 million/ Beneficial
year for seven

years (1983

dollars)

From $5 to $10 Beneficial

million/year for
seven years (1983
dollars)

Several $ million Beneficial to local
over construc- area
tion period

Negligible
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5. ENVIRONMENTAL IMPACTS OF STATION OPERATION

5.1 LAND USE

The station is au industrial facility placed in a rural area. Prior ‘v construction, the site
was used for cropland, pasture, woodlands, and residential areas (see Sec. 2.2). After the
construction phase, the applicant will permit the land around the station to revert to natural
vegetation (see Sec. 4.1.1). There will also be an attempt to maintain many of the current ~reas
of scenic beauty at the site, including the northern wooded slopes and portions of the eastern
slopes and floodplain (ER, p. 8.1-8a). Currently, PSI has no plans to develop any recreational
facilities at the Marble Hill site (ER, p. 8.1-8a).

It should be pointed out that the proposed housing-recreational community described in Section
2.8.3.1 and some local individuals (see Sec. 5.5.4) may place increasing recreational demands on
the scenic areas of the site.

Because the station is to be inland on the plateau, it will be partially camoufiaged by the
existing vegetation (ER, p. 8.2-5). The major material of construction is concrete. The vent
stacks of the turbine building will extend 150 feet (45 m), and the containment structures 199
feet (60.7 m), above grade. The containment vessels might be seen, and the plumes will be
visible from the piateau, Ohio River, and Kentucky (see Sec. 5.3.1.2). But the cuntainment
structures should not be visible from any major transportation route or population center. In
part, this is due to the remote setting of the station, bu. also it is due to the hardwood
forest that surrounds the station and partially screens it.

The chemical and thermal blowdowns will not adversely affect land or water use (see Secs. 5.3 and
5.5). An area of 987.4 acres (about 400 hectares), half of which is cropland and the remainde-
wooded or pasture, will be devoted to the site and unavailable for other uses. Construction w 11
disturb about 250 acres (100 hectares), mostly farmland.

The transmission lines and towers will have an adverse visual impact.

An area of about 3475 acres (1400 hectares) will be used for transmission corridors, and about
1110 acres (440 hectares) of regrowth deciduous forest will be destroyed to make room for the
towers and wires. That pertion of the forest that is destroyed will be converted from its current
use with effects discussed below (see Sec. 5.6). The remaining area, 2365 acres (950 hectar - ‘? is
cropland, pasture, roadways, streams, and nonforested idle land; except for the tower bases, % S
jand use will not be permanently altered. Operations over the railroad spur require the continued
use of about 200 acres of croplands and 45 acies cleared of the original forest.

The cooling towers will produce a plume, ground-level fog, ice, drift, and salt deposition;
however, it is not expected that any of these effects will interfere with present land use. Some
local people might object to the appearance of the plume and to plant noises that detract from
the scenic, natural character of the area,

The applicant has stated that access to the cemetery described in Section 2.9.2 will remain
feasible after construction (ER, p. 8.2-5) and that it will be undisturbed (ER, Supp. 3, p. 83);
however, prior to the aquisition of the land ty the ¢ppiicant the cemetery had not been maintained
and no visitors have been observed in recent years,

5.2 WATER USE

5.2.1 Surface Water

Waste heat generated by the station will be dissipated to the atmosphere by means of an evapora-
tive cooling-tower system utilizing water from the Ohio River. To provice for evaporation and
blowdown under normal operating conditions, 62-69 cfs (1.6-2.0 m’/sec) of makeup water will be
required. Of the cooling water utilized by the station, 55-60 cfs (1.6-1.7 m?/sec) will be

lost through evaportion and drift, and 8-10 cfs about 0.25 m%/sec) will be returned to the river
as blowdown. Withdrawal of 69 cfs (2.0 m¥/sec) from the river corresponds to about 0.06% of the
avcrage river flow past the site (112,000 cfs or 3170 m’/sec) and 0.7% of the minimum regulated

Tow flow (10,500 cfs or 297 m?/sec).
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The projected (2020) water use on the Ohio River main stem from the Louisville reach downstream
to its confluence with the Mississippi River is about 7100 cfs (200 m*/sec). When compared to
the average discharge at its moutn (258,000 cfs or 7310 m?®), the projected water use appears to
be easily supportable. The additional use of 60 cfs (1.9 m*/sec) by the proposed station is not
expected to adversely impact downstream uses of the Ohio River, nor will it appreciably lower the
assimilative capacity of the river for sewage or industrial wastes.

5.2.2 Groundwater

During operation the station will obtain only potable water from wells in the Ohio River valley
alluvial-glaciofluvial aquifers at the rate of 200 gpm (0.013 m*/sec). The yield of wells in
this aquifer ranges to 1500 gpm (5.7 m*/min) and no deleterious impacts on groundwater use are
anticipated.

5.3 HEAT-DISSIPATION SYSTEM
5.3.1 Heat Transfer
£,3.1.1 General Considerations

Two 25-cell mechanical-draft wet cooling towers (MDCT) of conventional design and layout, one
for each unit, will be used to discharge most (over 99%) of the waste heat from the condensers
directly to the atmosphere. In addition, two 4-cell MDCTs will be used to cool the station's
essential service water. In the MDCTs heat and vapor are transferred from the circulating-water
system to the air being pulled through the tower by the fans. On the average, about 75% of the
heat removal will be by evaporation; the fraction dissipated by evaporation varies from 60% in
winter to 90% in summer,

When the effluent leaves the tower, it will mix with cooler, less humid ambient air and more of
the weter vapor in the discharge will condense in the form of a visible cloud-1ike plume.
Because of its buoyance and momentum, the plume will, under most conditions, continue to rise
and carry along evaporated water and a mist of water droplets, called drift, swept from the
circulating water in the fill. The drift will contain whatever soluble chemicals are present in
the circulating water. Because large amounts of heat and water vapor are added to the atmosp-
here over a smail area, local atmospheric changes will occur. These atmospheric modifications
can be separated into four general categories: elevated visible plumes, ground-level fogging
and icing, drift effects, and cloud and precipitation formation.

The staff's analysis of possible effects of the MDCTs at the Marble Hill site is given below.

5.3.1.2 Visible Plume

The length of visible plumes created by the MDCTs will depend on plant factors (such as plant
load) and cooling-tower-design parameters (such as cooling range and approach), as well as local
weather conditions (air temperature, wind speed and direction, saturation deficit, and sta-
bility). Because air at low temperatures has a small capacity to hold water vapor, visible
plumes will be most pronounced in winter,

Under most meteorological conditions, the water droplets in the visible plume will evaporate
within a few hundred feet of the towers. Under other conditions (especially periods with low

air temperatures, high humidity, perhaps light rain or drizzle, moderate wind speeds, and a
stable atmosphere) the visible plume may extend for several miles.!,” Other than the appearance
of an extended plume, the main impact of the elevated plume is the reduction of sunshine reaching
the shaded area. The decrease in incoming light at ground level is not expected to be significant
because of the shifting shadow, the small area affected, and natural cloudiness (long plumes will
usually occur during periods of natural cloud cover). Visible plumes will be more frequent and
longer in winter than during the other seasons, and the minimum size and the lowest frequency of
long plumes will occur in summer. On the daily cycle, plumes will be longest just before and
after sunrise, and shortest in midafternoon.

Applicant's Analysis

Tae applicant has developed and/or used several computer models to estimate the atmospheric
effects (such as plume lengths, fogging, icing, and drift effects) of both natural- and
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mechanical-draft cooling towers at Marble Hill; these models are described in the ER, Appendix 6A.
A summary of the output of these models is given in the ER, Sections 5.1.7 and 10.1. One year
(1?74% o: onsite meteorological data, plus cooling tower design parameters, were used in the
calculations.

The numerical model used to predict the dimensions {length, height, thickness, and location)
employs the plume rise equations of Brig?s.3 the bent-over plume theory as applied to moist
plumes by Hanna,“ and standard atmospheric gaussian dispersion equations at the end of the bent-
over plume regime. The MDCT mode! was calibrated using the field data of Meyer et al.' and
other, unpubiished MOCT plume data (ER, p. 6A-5). The applicant's natural-draft cooling tower
(NDCT) model was tuned using data of Slawson et al.® for towers in Kentucky. ine calculations
incorporated the conservative assumptions that (1) both units operate at full capacity at all
times and (2) natural cloud cover is ignored.

The MDCT plume-length model is sensitive to the area and cenfiguration of the cooling tower exit.
The applicant used two idealized configurations that yield upper and lower bounds for visible

plume lengths. In one tower arrangement, the actual tower configuration (see Fig. 3.1) is replaced
by a single virtual tower whose radius is 113 feet (34.4 m), located in the center of the actual
cooling-tower location. This virtual source would have the same area as the 50 separate cooling-
tower exits, A “"virtual” source is a single theoretical source with distant consequences much like
those of the actual multi-pointsource. Computed plume lengths from such a concentrated source
would be longer than those of the actual, more dispersed sources. In the second configuration,

the radius of the source is set equal to one-half the length of the towers, o 517 feet (158 m);
the calculated plume lengths represent a lower bound. The actual lengths expected would be
between these two extremes.,

Figure 5.1 shows the upper and lower estimates for elevated plumes. Plumes one km in length are
expected to occur between 19% and 32% of the time. Very long plumes (20 km or longer) are
expected to occur between 1.3% and 3,02 of the time. For plumes longer than a few kilometers,
there is a high probability that low clouds and/or precipitation would also be present. The
village of Paynesville would be expected to experience elevated plumes overhead from about 20 to
50 hours per year; oedford, Kentucky, would have such plumes 5 to 10 hours per year.

Staff Analysis

The staff has concluded that the applicant's model does yield reasonable estimates of plume
lengths. Other than the esthetic impact of the visible plume, the staff e«pects no significant
offsite effects from the station's MDCTs, which are about 1250 ft (380 m) from the nearest site

boundary.

5.3.1.3 Ground-Level Fogging and Icing

The primary atmospheric effect created by the operation »¥ ""7Ts is the formation of surface fog
near the towers due to aerodynamic downwash.?,5-f Wherever wind flows over an elevated struc-
ture, a region of lowered pressure is formed behind the structure, and part of the visible plume
is drawn into this region.” Observations at operating MDCTs indicate that the plume at ground
level travels only a short distance (of the order of 0.5 km) before either evaporating or lifting
because of buoyancy.” ,® Downwash was observed 65% of the time at a large MDCT in Tennessee’ and
occurred whenever the wind speed was in excess of 3 m/sec (except for the cases in which the wind
was within + 10° of the long axis of the tower). The downwash phenomena would be the same in
Indiana as in Tennessee.

With air temperatures below 32°F (0°C), the recondensed water in the visible plume will become
supercooled water droplets. As a result of their small size, these droplets will be carried
around surfaces such as trees, poles, wires, etc, When solid surfaces wet by fog are below
32°F, icing occurs.

There is a second mechanism that, theoretically, could generate fog downwind of cooling towers:
the downward dispersion of water vapor (or the lower edge of the visible plume) from the elevated
plume. This type of fog is more likely to occur with MDCTs than NDCTs because of the lower
height of release of effluents from the former; however, fog from dispersion has never been

reported.” 10,12
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Applicant's Analysis

The applicant has used two models to simulate fogging from the station's MDCTs. In one the water
vapor increase at ground level is calculated using the models for plume lengths described above.
The increase in surface ground-leve! moisture for the least favorable meteorological condition is
only 0.042 gm/m?, a value in itself too small to cause significant fog, but sufficient to further
reduce visibility in an existing fog area.

The second model, described in the ER, Section 6A.2.1, was used to calculate the number of hours
of fogging due to downwash. Downwash was assumed to exist whenever winds perpendicular to the
iong axes of the towers was 5 m/sec or greater. For winds parallel to anc diagonal to the lung
axes, the threshold wind speeds were 0 m/sec and 7 m/sec, respectively. The postulated motion
of the plume during downwash conditions is showr in Figure 5.2. The model assumes that plume
rise is negligible in the zone in which aerodynamic eddies control plume motion (distance XT, in
Fig. 5.2). After this stage, the plume will start to rise because of buoyancy, and it is assumed
water vapor will disperse along the plume centerline, The analysis indicates that there will be
fog from downwash 100 meters from the towers for 2150 hrs/year, or 24.5% of the time. This
frequency decreases to 92 hours/year (1,0%) at only 600 meters. The spatial distribution of fog
is shown in Figure 5.3.

Staff Analysis

The staff considers the applicant's downwash model to be a significant advance in the art of MDCT
plume modeling, inasmuch as it includes downwash conditions. The postulated downwash threshold
wind speeds may be somewhat high, considering that Hanna’ observed downwash at speeds as low as 3
m/sec. In the Dak Ridge studies,?,”,” fog from downwash either evaporated, or lifted in the

form of a stratus deck. at distances greater than 0.5 km from the tower. The frequency of fog
over the Ohio River wi 1 be less than that shown in Figure 5.3 as a result of down-slope adiabatic
heating.

Based on the Oak Ridge studies and other studies® at operating power plants with MDCTs, the staff
concludes that ground-level fogging (and icing) will occur frequently, especially during the
cooler half of the year. On the other hand, the staff expects no offsite occurrences of icing or
fogging. The ice that does form from supercooled droplets will be very light and friable and
will not cause structural damage.!’

5.3.7.4 Cloud ana Precipitation Formation

The visible plume from a cooling tower is a <loud. In addition, clouds are sometimes observed to
form in the updraft created by a cooling tower after the initial visible plume has evaporated.
Hanna’ reports that cloud development is initiated by plumes from the Oak Ridge cooling towers
10% o: the time. There have been a few reported occurrences of very light snow due to cooling
tower plumes, but in all cases the amounts were very small.!“,!® Hanna’ and others have speculated
that local precipitation could be increased by natural rain and snow falling through the plumes,
but no ‘ata with which to appraise this effect are available.

Cooling-tower plumes do create clouds and slightly alter sunshine in the immediate area; however,
there is no evidence that they cause significant changes in local weather conditions.

§.3,1.5 Drifg

A small fraction (estimated to be 0,02% for this station) of the cooling water is carried into
the plume and discharged %o the atmosphere as drift. These water droplets will carry with them
whatever solids are contained in the circulating water system, and could cause impacts from
wetting, 1cing, and deposition of salts onto the soil, plants, and structures. Under most meteoro-
logical conditions, all of the water in the drift droplets will evaporate, and the salts will
remain airborne to be dispersea by wind currents, Under conditions of high humidity, the drops
may not evaporate completely before impacting surfaces. Studies at operating towers indicate
that almost all of the drift that does fall to the ground will do so within 1000 feet (300 m) or

so of the towers b-% 16.18

During periods of air temperature below freezing, the drift that falls to the ground can cause
icing. The staff does not consider this to be a problem at this station because ice will be
deposited onsite at areas very near the towers.®
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Applicant's Analysis

The applicant has used a combination of two of the published drift models to predict deposition
rates for the Marble Hill Station (ER, Sec. 6A.3). The Hosler et al, l? droplet trajectory mode)
was used for stable meteorological conditions, while the Schecker et al.20 tilted gaussian plume
method, which incorporates the effect of atmospheric turbulence on drift fallout rates, was used
for neutral and unstable conditions. The drift mode] assumes that all of the drift originates
from a single point source instead of two long rows of towers. The model thus overestimates the
drift rate at all distances; the overestimation is highest near the source. This procedure also
underestimates the area of salt deposition. The calculations are based on a conservatively
estimated drift release of 0.02%, a value much higher than those quoted (around 0.005%) for
state-of-the-art cooling towers.'® An additional conservative assumption is that of full (100%)
operation of both units,

The calculated maximum deposition rate of salt is 120.5 lb/acre-month (22.12 kg/bectare-month) in
the region 200 m north-northeast of the towers (ER, Table 5.1-15). Deposition rates between 10
and 100 1b/ acre-month (1.8 and 18 kg/hectare-month) will occur within one kilometer of the
source (that is, onsite) and decrease to the order of one Ib/acre-month {200 g/hectare-month)
within five kilometers. At the boundaries of the site the calculated maximum offsite deposition
will be about 35 1b/acre-month (6.4 kg/hectare-month) north-northeast of the towers, about 20
Ib/acre-month (3.6 kg/hectare-month) over the river, and about 10 1b/acre-month (1.8 kg/hectare-
month) over the nearest road (south of the plant).

Staff Analysis

The staff is not able to assess empirically the accuracy or validity of the applicant's drift
model because of the lack of detailed drift measurements at operating MDCTs with which to test

the model.?! The staff concludes that the calculated values are probably high (conservative) due
to the conservative assumptions used by the applicant (high drift rate, 100% load for both towers,
and the use of a single point source). General experience at operating MDCTs, however, indicates
that drift effects are "observed to be insignificant, except in the area within a few hundred
meters of the tower."® The staff agrees with the applicant's conclusion that almost all of the
drift that does return to the ground will do so inside the station boundary, and that the amounts
of salt deposition, even on site, will be too small to cause problems. No appreciable offsite
effects from drift are expected,

5.3.1.6 Acid Mist

It has been argued on theoretical grounds that water droplets in a visible cooling tower plume
could interact with ambient SO, or merge with fossil-fueled stack gases to form sulfuric acid,
and that this acid mist would %al] to the ground and cause damage to people, vegetition, and
structures.

Hundreds of wet cooling towers, both natural-draft and mechanical-draft, have been operating at
fossil-fired power plants for decades, both in the United States and Europe, without any reports
of significant adverse impacts due to acid mist from cooling tower plumes.® Although this lack
of reports of damage is certainly not proof that the phenomenon does not occur, {no systematic
observations have been made), the problem is probably a minor one at most. This conclusion is
in agreement with a recent EPA report,?2,2? which states that the rate of formation of acid mist
is very low, and with studies in England.?%

The statement above does not mean that acid rains and mists due to the use of high-sulfur fuels
do not occur or are not problems. The real question is "How does the presence of a cooling
tower plume alter the SO, cycle in the atmosphere?” The stack gases from a fossil-fueled plant
already contain all of tge ingredients (S0,, particulates to act as catalysts, water vapor from
the hydrocon in the fuel, and in cold-weather conditions water droplets due to the condensation
of this water vapor) needed to cause acid droplets and acid rain, Furthermore, natural weather
processes (fog, clouds, drizzle, rain, and snow) provide the liquid water needed to convert SO,
into 4,50, and to bring the acid to the ground. In other words, the problem of cooling-tower-
plume interactions is to isolate the effect of a perturbation on an existing chemical process
that goes on near all fossil-fueled plants, with or without cooling towers, Limited data co’lected
in England indicate that acid droplets observed aloft in a NOCT plume were due mostly to ambient
S0, entrained into the plume, and not due to merging of the plant's stack and tower offluents.?®
Acid dreps with pH values between two and three have been cbserved in the visible plume (but not
at the ground) from a HDCT in Pennsylvania.2®
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At the present time, the nearest major source of S0, is the Clifty Creek coal plant in Madison,
Indiana, located about ten miles (1€ km) north of tﬁc station. A number of fossil-fueled power
plants are reputed to be planned for the area near the station but their exact locations, fuels,
S0, emission levels, and cooling systems are not known to the staff. One of these power plants
(with a closed-cycle cooling system) could be located just across the river in Kentucky, about
one mile (1.6 km) from the Martle Hill Station (ER, p. 2.2-7; Supp. 1, p. 41, and Supp. 3, p. 69).

The staff expccts no additional a d mist to result from present S0, sources interacting with
plumes from the station's cooling towers. Should a fossil-fueled piant with a closed-cycle
cooling system be built near the station, the primary cause of acid mist (if any) would be the
interaction of that plant's stack gases and its own vapor plumes.

5.3.1.7 Summary and Conclusions

The environmental impact of an MDCT is minimal, except for the area within a few hundred feet of
the tower. The staff thus expects that the Marble Hill towers will have a very limited effect on
offsite areas (an occasional visible plume aloft),

5.3.2 Intake

Operation of the proposed intake system will result in entrainment and impingement of aquatic
biota and the displacement and elimination of some benthic habitat and organisms. Organisms

small enough to pass through the traveling screens, such as phytoplankton, zooplankton and
ichthyoplankton, will be exposed to excessive temperatures, high pressures and high concentrations
of biocidals for long periods of time and mortality close to 100% is likely.?” Fish that enter
the intake flume and are ~ntrapped therein will eventually be impinged against the traveling
screens and killed, The intake structure itself may disrupt water flow sufficiently to cause
silt deposition that may result in the loss of benthos, macroinvertebrates and fish spawning
areas upstream and downstream from the structure.

In view of the absence of operational data which will become available only after the station
begins to operate, only rough estimates of entrainment losses are possible. Based on the average
phytoplankton biomasses observed in the Ohio River by the applicant (see Table 2.11) and a maximum
water use of 70 cfs (about 0.06% of average river flow) by the proposed station, entrainment
losses (reflected and measured as reductions in primary productivity) could range from 20 kg/day
in January to 880 kg/day in March (assuming 100% mortality). Using the same average phytoplankton
biomass figures and data on existing water use for the McAlpine Pool (2400 cfs or about 2.2% of
average riv r flow: see Sec. 5.2.1?. existing levels of entrainment may range from 650 kg/day in
January tc .J,100 kg/day in March. The latter figures are probably overestimates since 92% of

the existing water use is for once-through cooling at the Clifty Creek Power Plant (2200 cfs)

and there is little evidence that the reduction in phytoplankton productivity will exceed 25-30%
in once-through cooling systems.?’ (100% mortality wes assumed for the cooling tower system)
Therefore, assuming a 30% reduction, existing entrainment losses may range from 195 kg/day in
January to 9000 kg/day in March, The entrainment losses calculated for the proposed plant represent
10% of these possible existing losses. While biomass data are not available for zooplankton and
ichthyoplankton, greater existing entrainment losses to these populations are expected. At the

J. M. Stuart Power Plant, upriver from the proposed station (RM 405.7), up to 56% of the entrained
zooplankton are killed and mortalities to fish eggs and larvae are known to exceed 90% at a

number of plants with once-through cooling.?”

The relative effects of these entrainment losses are greater when computed for the minimum regu-
lated flow (10,500 cfs) in the McAlpine Pooi. For the more sensitive ichthyoplankton species,
these losses may theoretically exceed the significant level of 20%. Losses of phytoplankton and
other zooplankton may reach this level in the immediate vicinity of the Clifty Creek Plant;
however, because of the short generation times, especially for phytoplankton, populations may
have recovered by the time the Marble Hill intake is reached.

Since most fishes reproduce only once a year, 1chth{oplankton losses are potentially more serious.
Most fishes spawn in spring and early summer when flows are high (> 50,000 cfs), thereby reducing
the potential for serious impacts to these populations. The spawning seasons of some fish species



extend into July and August when flows below 24,000 cfs occur (28 times from May 1970 to

September 1974),
could reach significant levels,

At these times the entrainment of ichthyoplankton at the Clifty Creek Plant
Therefore, entrainment losses of ichthyoplankton related to the

proposed plant must be considered in conjunction with existing levels of ichthyoplankton

entrainment by the Clifty Creek Plant,

Some impingement data are available for the McAlpine Pool (see Table 5.1) from an ongoing
zzigg:)mt study?® at the Clifty Creek Power Plant located about 12 river miles (19 km) upriver

from the proposed station,

This existina plant has a once-through cooling system (water

use-2200 cfs) with intake velocities of 0.4-2.2 fps (12 to 67 cm/sec),’® while the proposed sta-
tion will have a closed-cycle cooling system (water use-70 cfs) with intake velocities no greater

than 0.5 fps or 15 cm/sec (ER, Suppl. 3, p.

19-20).

Because impi

ement at 0.5 fps (15 cm/sec)

has been shown to be substantially less than at 1.0 fps (30 cm/sec),?® impingement figures for

the proposed station should be less per unit intake flow than those in lable 5.1.

These data

suggest that freshwater drum and gizzard shad young will represent the bulk of the impinged fish;
however, it is likely that young channel catfish, bluegill, sauger and white bass will also be

impinged.

Table
Due to

5.1. Estimated Annual Loss of Fish Species

Impingement at the Clifty Creek Power Plant
at Ohio River Mile 558.5

from Feoruary 1974 through January 1975

Species Number Weight (kg)
Gizzard shad 1,872,000 21,440.0
Freshwater drum 224,000 1,024.0
Skipjack herring 62,400 259.0
Sauger 624 93.0
Channel catfish 7,056 68.0
Bluegill 2,568 35.0
Silver chub 2,464 32.0
White bass 8,400 32.0
Emerald shiner 3,776 24.0
Carp 1,736 13.0
Longnose gar 1 10.0
Quillback 7 1.4
Mooneye 16 1.0
Black crappie 13 0.8
Paddlefish 1 0.2
Golden redhorse 20 0.1
Longear sunfish 1 < 0.1
White crappie 2 < 0,1
Flathead catfish 2 < 0.1
Black bulThead 2 < 0.1
Largemouth bass 4 < 0.1
Darter (?7) 1 < 0.1
Green sunfi h 1 < 0,1
White sucker P < 0.1
Carpsucker (?) 2 < 0.1
Highfin carpsucker 2 < 0.1
Pumpkinseed . 1 < 0.1
Total 2,185.110 23,034

From "Fish Entrapment on Cooling Water Intake Screens at Clifty

Creek Power Plant," Final Report, Indiana-Kentucky Electric Corp.,

Piketon, Ohio, 1975, 100 pp.
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The design of the propcsed intake structure may increase the probability of impingement. With
the river at the controlled 420-foot level, the structure may act as a partial dam, diverting
water from the upstream inshore areas to flow past the intake opening. Since inshore fish
densities are usually high compared to those in the mainstream, the diversion of the inshore
waters past the intake opening may increase impingement losses. During the 90% of the time that
the river level is expected to be higher than the top of the intake structure, the small fish
near shore can be drawn into the intake flume through its covering screen. Therefore, the staff
requires that the proposed intake structure be redesigned to permit unimpeded flow of near-shore
water and that the covering screen be replaced by a solid cover within 50 feet of the shoreline
at the 420 foot level (See Sec. 9.3.2).

Another possible impact of the proposed intake design is that of silt depositinn in the vicinity
of the structure. These deposits could alter favorable habitat for fish spawning, and benthic
macroinvertebrates, such as freshwater mussels.’? The above requirement to redesign the proposed
intake structure would mitigate this problem, also.

The staff makes this requirement in spite of the previous discussion indicating that the biotic
impacts of the proposed intake structure would not be large for the present biological conditions
of the Ohio River, because (1) the required changes would not be unduly expensive, and (2) biotic
impacts would be reduced. However, in the event that the State of Indiana approves the applicant's
proposed intake structure design under its authority under Section 316(b) of the Federal Wa.er
Pollution Control Act, the staff will withdraw the redesign requirement, in view of its finding
above that the impacts of the applicant's proposed design would be acceptable, although larger

than necessary.

5.3.2.1 Conclusions

The staff requires that the intake structure be redesigned to reduce silt deposition, entrainment,
and impingement. Alternative intake designs that consider these issues are discussed in Section

9.3.2.

§.3.3 Discharge
5.3.3.1 General Discussion

Table 3.2 lists the design parameters for each of the mechanical-draft cooling towers. Figure 3.5
shows the preliminary design curve from which the cold-water temperature as a function of wet-
bulb temperature can be obtained.

The blowdown from the towers is to be discharged to the Ohio River by means of the submerged dis-
charge structure shown in Figure 3.7. This type of discharge will fairly rapicly mix the blow-
down with the river water, decreasing the size of the surface thermal plume corpared to e surface
discharge, and decreasing the exposure time of river organisms in the plume. Il'ewer fish will be
attracted to the smaller plume, reducing the potential for cold shock in the erent of a two-unit
shutdown. Uilution of dissolved solids and chemicals in the blowdown will als) be more rapid

than with a surface discharge.

The analyses of the thermal effects and biotic effects of the blowdown from the cooling towers
were carried out for a shoreline surface discharge design in the draft statement. The applicant
converted to the submerged discharge design after issuance of the draft statement, in which the
staff suggested that the submerged discharge would be environmentally preferable to the surface
discharge. However, tie draft statement indicated that the environmental effects of the surface
discharge would be acceptable in view of the small discharge flow (9 cfs) and the large average
flow of the Ohio River (112,000 cfs). With the submerged discharge design, the blowdown would
mix more rapidly with the river water, resulting in a smaller river surface area heated more
than 5°F above natural temperature and a smaller volume of heated plume. Accordingly, all of
the biotic effects of the heated plume wouid be reduced. Since the analysis of the surface
discharge indicated acceptable biotic effects, the staff felt that a detailed analysis of the
effects of the submerged discharge was not required to show that its effects were acceptable.
The analysis of the surface discharge is updated in the following and the conclusions are
modified to indicate smaller effects from the submerged discharge.



5.3.3.2 Thermal Water yuality Standards

There are three sets of standa~ds promuilgated for the Ohio River at the site (ER, App. 2C). They
are:

(1) The Indiana Water Quality Standards,

(2) The Kentuc., “ster Quality Standards, and

(3) The Ohio River Valley Water Sanitation Commission (ORSANCO) Standards.

All three standards state that:

(1) The maximum temperature rise at any time outside the mixing 2one (determined on
zzcagg;by-cue basis) shall not exceed natural temperatures by more than 5°F

(2) A general guideline for the mixing zone is thzt its cross section perpen.i. ular
to flow should be less than 25% of the cross-sectional area of the river and the
plume should extend less than 50% across the width of the stream.

(3) Normal daily and seasonal fluctuations that existed before the addition of heat
due to other than natural causes shall be maintained, and

(4) The maximum temperature for the Ohio River outside the mixing zone shall not
exceed the values listed in Table 5.2,

5.3.3.3 Applicant's Analysis

Tables 5.3 and 5.4 1ist the important meteorological and hydrological variables that are
required as input for any thermal-plume model. These tables are basically those found in the ER,
Tables 6.1-3 and 6.1-4. The maximum wet-bulb temperatures listec are average maxima for the
1949-through-1972 period of record at Louisville, and thus may not represent true extremes at
the site, The applicant states (ER, Supp. 3, p. 47) that the minimum river-flow values (see
Table 5.4) are absc’ute minimum values for each month for the period 1960-1973 at the

Louisville Gaging St. “ion. However, USGS records list lower values for the mont' s of April,
June, July, and Augus: and these are given in parentheses in Table 5.4.

If one were to graph the velocities l1isted in Table 5.4 as a function of flow, some inconsis-
tencies that the applicant attributes to the combination of regulating effects of the dams and
the estimated nature of the tabulated veloci*ies would become apparent,

The applicant has assessed e effect of the blowdown from the cooling towers on the Ohio River
using the analytical plume >de!, LAKFEM (ER, p. 6.1-3), for their original surface discharge.
The analysis was applied to three cases of meteorological and hydrological conditi  i:

(1) Average values of river flow, river temperature, and wet-bulb temperatur ,data
from Table 5.3),

(2) Minimum river flow and temperature and maximum wet-bulb temperature (data from
Table 5.4), and

(3) Minimum river flow, maximum river and wet-bulb temperatures,
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Table 5.2, Maximum Allowable Temperatures
at the Edge of the Mixing Zone

Month b 4 i
January H-SO
February 50
March 60
April 70
May 80
June 87
July 89
August 89
Saptember 87
October " 78
November 70
December 57

Table 5.3. Applicant's Monthly Average Meteorological and Hydrological Data

Monthly Average

Average River Wet-Bulb Blowdown River River

Temperatured Temperature Temperature Flow Rate® atd velocit
Month (°F) (°F) {°F) (cfs) (°F) (ft/sec
Jan 39.2 31.8 77.2 125,090 38.0 1.70
Feb 40.1 33.7 78.4 167,860 38.3 1.80
Mar 46.6 39.3 80.1 271,940 33.5 1.90
Apr 57.4 49.5 84.2 207,860 26.8 1.90
May 66.4 58.9 87.1 152,750 20.7 1.85
Jun 77.7 66.7 90.5 68,710 12.8 v.78
Jui 81.2 69.9 92.9 46,520 1.7 1.70
Aug 70.2 68.4 92.0 36,880 21.8 1.65
Sep 68.8 62.1 88.4 24,500 19.6 1.60
Oct 70.1 62.2 85.5 29,680 15.4 1.60
Nov 53.6 40.6 80.2 63,960 26.4 1.70
Dec 47.6 33.4 1.2 116,400 29.6 1.80

Adapted from the ER, Table 6.1-3.
3pata from Aurora Gaging Station.
Bpata from Louisville Weather Station.
Cpata from Louisville Gaging Station.

‘ltm temperature minus monthly average river temperature.



Table 5.4, Applicant's Monthly Extreme Metecrological and Hydrological Data

":t?:‘:r. :::mb Minimum 81owdown River
Temperature®  Temperature River Flow® Temperature  aTd velocit

Mor:th (°F) (°F) (cfs) (°F) (°F)  (ft/sec
“Jan 31.8 37.6 16,100 78.8 45.0 1.30
Feb 32.0 39.5 20,300 79.9 47.9 1.40
Mar 37.4 45.3 25,600 82.5 a5.1 1.50
Apr 48.2 55.5 45,700 (39,900)% 86.3 38.) 1.70
May 59.0 63.8 21,700 90.5 31.5 1.30
Jun 68.0 70.9 8,390 (8,370)® 93.9 25.9 1.00
Jul 65.2 73.4 8,590 (7,600)% 93.4 28.2 1.00
Aug 62.6 72.2 6,640 (5,100)® 93.6 31.0 0.90
Sep 68.0 67.2 6,400 91.0 23.0 0.90
Oct 60.8 58.2 6,350 87.4 26.6 0.90
Nov 51,8 46.7 8,690 83.4 3.6 0.96
Dec 38.0 39.9 14,900 80.6 42.6 1.30

Adapted from the ER, Table 6.1-4.

%pata from Aurora Gaging Station.

bData from Louisville Weather Station.

“Data from Louisville Gaging Station.

dBlaudown temperature minus minimum river temperature.
®see discussion in text, Section 5.3.3.3.

The results of these calculations can be found in the ER, Tables 5.1-2, 5.1-3, and 5.1-5. Included
are the maximum width, maximum Tength, and total area enclosed by the 3°F and 5°F (1.7°C and 2.8°C)
excess isotherms. Plots of several of these plumes are found in the R, Figures 5.1-1 through 5.1-9,

5.3.3.4 Staff's Analysis

The staff also analyzed the thermal plume for the original surface discharge but used a different
set of meteorological and hydrological data as input to fts thermal-plume model (see Table 5.5).
The wet-bulb temperatures were those obtained from Meteorological Tower No. 1 located on the site.
Because only one year of data was available, the maximum observed wet-bulb temperature for each
month 1s used. These values will 1ikely be exceeded occasionally for brief periods during the
station's lifetime. It should be noted that these values are much higher than the average maximum

values used by the applicant in its calculations and would better represent extreme blowdown
temperatures.

The river temperatures nsed by the sturf were those measured at Louisville (ER, Table 2.5-10).
These data were chosen rather than those from the Aurora Gaging Station (used by the applicant)
because the Louisville data were more recent and appear to be more internally consistent.

Numerous analytical models have been developed to describe the physical characteristics of sur-
face discharges. Many of these models are reviewed by Policastro and Tokar.'! As a result of
the dearth of relfanle field data, none of these models has been adequately tested.

The mode] chosen by the staff was developed by Shirazi and Davis and is generally considered to
be among the best available.’? This model is based on the assumption that the heated effluent is
discharged from a rectangular channel into a large, deep body of water that is either at rest or



et T e b e B

5-15

Table 5.5. Meteorological and Hydrological Data Used by the Staff
(°F)

Wet-Bulb Temperature®  Blowdown Temperature River Temperatureb

Month Max.  Avg. Max.  Avq. Max. Avg.  Min. a1 © a1 ¢
Jan 60.2  35.2 88.2 78.9  47.9  38.6 321 40.3  56.1
Feb §6.6  31.0 86.3  71.5 4.3  39.4 32.4 381  53.9
Mar 63.7 42.2 89.7 81.2 56.5 4.4  36.7 35.8  53.0
Apr 67.2 48.8 91.3 83.8 64.5 55.5 46.1 28.3  45.2
May 3.7  57.4 9.4 87.0 79.5 66.2 56.4 0.8  38.0
Jun 7.1 61.6 9.0  88.9 84.9 76.1 63.6 12.8 32.4
Jul 73.8  66.3 94.5  90.8 87.2 81.0 64.7 9.8 29.8
Aug 74.0  67.2 9.7 91.2 86.6 81.3 76.7 9.9 18.0
Sep 72.9  57.9 9.1  87.3 83.9 77.1  €7.2 10.2  26.9
Oct 64.8  48.2 90.3  83.5 77.6  61.3 517  16.2  32.6
Nov 64.2  41.2 89.9  80.9 68.7 55.1 47.3 25.8  42.6
Dec 56.4 34,9 86.7  78.6 51.6 43.5 351 351 51.6

% rom the ER, Table 2.6-7.
PErom the ER, Table 2.5-10.
cAveraqe blowdown temperature minus average river temperature.
dﬂ-ximm blowdown temperature minus minimum river temperature.

moving at a uniform constant velocity. Although the cross section of the Marble Hill discharge
is trapezoidal, the depth of the heated effluent is small enough (about 1 ft or 0.3 m) so that a
rectanqular approximation is adequate. The velocities used by the staff are half of those given
by the applicant (see Tables 5.3 and 5.4). Recent measurements of near shore river velocities

agreed with the staff's estimate.

5.3.3.5 Comparison of Results

Figure 5.4 shows a comparison (staff and applicant) of size and configuration of the thermal
plume in January for normal mteoro\o?icn and hydrological conditions. In this case only, the
staff used the same values as the applicant for initial AT and river velocity, so that a direct
comparison can be made with the results of the applicant's model. It is seen that the area
enclosed by the applicant's £°F (2.8°C) isotherm exceeds that of the staff's by a factor of about
10. Comparison of the two models for other months shows that at times the applicant predicts
areas only four times those of the staff, whereas for some months the difference can be as high
as a factor of 50. In any case, the applicant's mode] appears to be overly conservative,

Table 5.6 lists the areas (from both staff's and applicant's calculations) contained within the
3°F and 5°F (1.7°C and 2.8°C) excess isotherms for both normal and extreme conditions. The
largest predicted areas enclosed by the 5°F (2.8°C) excess isotherm are 5.3 acres or 21,000 m?
(»Yliunt. October) and 0.27 acres or 1100 m* (staff, November). In all cases, both staff and
applicant predict that the thermal plume will hug the shore. Inasmuch as the staff's model does
not take into account the reduced availability of dilution water from this cause, it is expected
that the area listed by the staff might be low by a factor of about two; nevertheless, the area
in the most extreme case is less than one acre (4000 m?).
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Table 5.6. Comparison of Results for Norma! and Extreme Conditions

Staff-Estimated Area (acres) Applicant-Estimated Area (acres)

3°F Excess Isotherm  5°F Excess Isotherm  3°F Excess Isotherm  5°F Excess Isotherm
Month Normal Extreme Normal Extreme Norma | Extreme Normal Extreme
Jan 0.26 0.56 0.12 0.26 1.56 1n.s 0.53 : 3.9
Feb 0.22 0.49 0.098 n 23 0.95 12.1 0.30 3.5
Mar 0.20 0.45 0.088 Y 0.33 9.3 0.09 2.7
Apr 0.22 0.33 0.098 0.1%5 0.27 4.5 0.06 1.4
May 0.082 0.33 0.031 0.15 0.28 4.2 0.06 1.4
Jun 0.030 0.36 0.00% 0.15 0.49 7.0 0.10 2.7
Jul 0.015 0.30 0.004 0.12 0.52 7.3 0.10 3.0
Aug 0.016 0.10 0.004 0.03 2.28 12.4 0.90 5.1
Sep 0.016 0.28 0.004 0.10 1.92 8.0 0.73 3.1
Oct 0.052 0.38 0.017 0.16 1.60 14.6 0.52 5.3
Nov 0.13 0.60 0.050 0.27 1.84 15.6 0.67 4.7
Dec 0.20 0.49 0.088 0.27 1.02 1 0.32 3.7

The State standards limit the temperatures at the edge of the mixing zone to those listed in
Table 5.2. The 4Ts at the edge of the mixing zone for conditions of simultaneous extreme blowdown
temperature and maximum river temperature are listed in Table 5.7. This condition was not treated
by the applicant because it investigated only the case for maximum monthly average temperatures
and not the absolute maximum recorded. For the months of May and October, the maximum allowable
temperature is only 0.5°F (0.3°C) above the river temperature. The staff computes the area
contained in this 0.5°F (0.3°C) excess isotherm to be 1.4 acres (5700 m*).

The staff is not aware of any models that take into account the sinking-plume phenomenon. This
phenomenon occurs when the density of the warm effluent is greater than that of the ambient

river water (water has a maximum density at about 39°F or 4°C), a condition that would be likely
to occur only during the months of December, January, February, and March., It is estimated that
the areas within the 3°F and 5°F (1.7°C and 2.8°C) excess isotherms could double as they sink to

the bottom of the river,

Since the discharge design was changed from surface discharge to submerged discharge, more rapid
mixing of the blowdown with the river is expected, resulting in a surface thermal plume of smaller
area. The calculatiens reported above are of interest only to show that the surface thermal

plume was small even for a surface aischarge. Consequently, the smaller plume from the submerged
discharge will have smaller effects on river temperature and river biota,

In the response to a request in the Draft Environmental Statement for additional information with
respect to alternate discharge structures, the applicant has considered three additional alter-
natives to that originally proposed. ER, Suppl. 4, P. 10.3-1 to 10.3-4, They are:

(1) Single point submerged discharge
(2) Muiciport diffuser
(3) Single level spillway

Because of this requirement to look at alternative designs, the applicant has decided to change
its discharge structure to that listed under (1) above. This structure will consist of a single,
20-inch pipe discharging the blowdown at & feet below minimum water level, 420 feet MSL (see

section 2.5).

This method of discharge will result in more rapid dilution of the heated effluent relative to the
surface discharge. Thus, the maximum surface temperature will be only a fraction of the initial
temperature di“ference and the 5°F and 3°F isotherms will be smaller than shown in Fig. 5.4 for

the surface discharge. (See also Sections 3.4.3 and 9.3.3.)



Table 5.7. Predicted Areas Enclosed by Largest Isotherm
Allowed by State Standards for Maximum River
Temperature, Maximum Blowdown Temperature,
and Minimum River Velocity

a1® Area”
Month (°F) (Acres)

January 2.1 0.56
February 5.7 c
March 3:8 0.18
April 5.5 c
May 0.5 1.4
June 2.1 0,060
July 1.8 0.025
August 2.4 0.017
September 3 0.018
October 0.5 1.4
Nove” ber 1.3 0.58
December 5.4 c

dMaximum allowable temperature at edge of mixing zone
minus maximum river temperature.

bArea enclosed by allowable excess isotherm to conform to
maximum allowabie temperature.

“Met by 5°F excess isotherm standard.

5.3.3.6 Biological Impacts

Impacts to aquatic organisms that result from thermal discharges usually are due to thermal shock
when organisms rss through the plume, inaccessibility to spawning or feeding grounds from thermal
blocks, and "cold shock" to fish in the thermal plume as a result of sudden plant shutdowns
during winter months. More passive organisms such as ichthyoplankton, phytoplankton, and zoo-
plankton passing through the thermal plume could die if they remain in the plume for extended
periods, Because of the small size of the thermal plume, exposure times should not exceed five
minutes (river velocity of 1.0 fps or 0.3 m/sec and a plume length of 300 ft or 90 m). This time
interval represents the maximum amount of time required to pass through the plume, as defined by
the 3°F (1.7°C) excess isotherm, during extreme conditions (January aT of 56°F or 31°C). With
this short exposure it is unlikely that large numbers of plankton will be lost from thermal
shock.

A thermal block (preventing fish from getting to their feeding or spawning grounds) could cause a
reduction in growth, recruitment, and survivorship in the affected populations.’’ This is not
likely to occur because staff analysis indicates that the maximum width of the thermal plume at
the 3°F (1.7°C) excess isotherm should not exceed 200 feet (60 m) or 9% of the river's width.
Further, the high temperature regions will be at the surface, with cooler regions below. Fish
are known to avoid unsuitable waters’* and normally will have ample room for avoidance.
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Studies by WAPORA, Inc.?5 and Gammon’® have shown that fish species compositions upstream and
downstream of thermal plumes differ and that these differences can be related to preferred tem-
peratures. Species with higher preferred temperatures were more abundant in and downstream of
the plume whereas those with lower preferred temperatures were more abundant upstream of the
thermal plume. Such distributions may represent losses or changes in local species composition,
Therefore, it is possible that local changes in species composition may occur in the discharge
area. For Marble Hill, the fractional loss of spawning grounds is likely to be small because of
the small size of the thermal plume.

“Cold shock® could occur during winter months when fish congregate in the warmer waters of the
thermal plume if the station is shut down rapidly. Such a shutdown results in a relatively rapid
return to ambient temperatures and fish may die if they cannot acclimate. Gizzard shad are
particularly sensitive to changes in temperature and deceased sgecimens of this species have been
found during winter near theral discharges on the Ohio River.?’ Such occurrences considered for
the Marble Hil)l Station alone are not expected to result in serious impacts because of the small
volume of the thermal plume. In the event of plant shutdown the cooling tower blowdown can be
regulated to reduce the “cold shock" effects.

It is possible that thermal impacts of the discharge plume could result in loss of benthic
organisms, particularly freshwater mussels, and fish spawning habitat. A shallow (4 to 5 ft or
about 1.5 m of water) underwater terrace about 50 feet (15 m) wide at a river level of 420 feet
(128 m) MSL is present in the discharge area (ER, Fig. 2.5-1A and Supp. 1, p. 32). This type of
underwater terrace is typically excellent spawning habitat for bottom-nesting fishes such as
bluegill, channel catfish, and largemouth bass.?® The limited benthic data coilected by the
applicant indicates that the discharge area may also be good habitat for freshwater mussels. At
times (see Sec. 5.3.3.5) it is likely that the thermal plume will encroach on the bottom and
benthic organisms may be eliminated. Temperatures in excess of those stated in Table 2.18 for
the species mentioned above could make the area (up to | acre or 4000 m?) ursuitable for spawning.

Inasmuch as most bottom-nesting fish have rather specific nesting requirements, a loss of favorable
spawning habitat could reduce recruitment into the adult population, thus reducing the potential
for normal population regulation,

A1l of the biological impacts of thermal discharges discussed in this section are expected to be
considerably smaller for the submerged discharge than for the originally planned surface discharge.
(See also Sections 3.4.3 and 9.3.3.)

5.3.3.7 Conclusions

As previously mentioned, the staff has used very conservative values in performing thermal-plume
calculations for the surface discharge. These were:

Minimum river temperatures,
Half the river velocities quoted by the applicant, and

gl Maximum monthly wet-bulb temperatures measured at the site,
2
é3
4) No heat loss to the atmosphere.

In spite of these conservative assumptions, the heated discharge from the plant is quickly diluted.
Except n rare cases when ambient river temperatures might exceed those listed in Table 5.2 (a
situation not under the control of the applicant), the staff concludes that the originally
proposed surface discharge would have had acceptable effects on water guality and on aquatic

biota. With the curreatly proposed submerged discharge, the environmental impacts will be

still smaller.

5.4 RADIOLOGICAL IMPACTS FROM ROUTINE OP“RATION

5.4.1 Radiological Impact on Man

The models and considerations for environmental pathways leading to estimates of radiation doses
to individuals are discussed in detail in Draft Regulatory Guide 1.AA, Similarly, use of these
models and additional assumptions for population dose estimates are described in Appendix D of

this Statement.
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5.4.1.1 Exposure Pathways

The environmental pathways which were considered in preparing this section are shown in

Figure 5.5. Estimates were made of radiation doses to man at and beyond the site boundary

based on NRC staff estimates of expected effluents as shown in Tables 3.4 and 3.5, site
meteorological and hydrological considerations, an. exposure pathways at the Marble Hill Nuclear
Generating Station.

Inhalation of air and ingestion of food and water containing tritium, carbon-14 and radiocesium
are estimated to account for essentially all of the whole body radiation dose commitments to
individuals and the population within 50 miles of the station.

5.4.1.2 Dose from Radiocactive Releases to the Atmosphere

Radioactive effluents released to the atmosphere from the Marble Hill facility will result in
small radiation doses to the public. NRC staff estimates of the expected gaseous and particulate
releases listed in Table 3.5 and the site meteorological considerations discussed in Section 2.6
of this Statement and summarized in Table 5.8 were used to estimate radiation doses to indf-
viduals and populations, The results of the calculations are discussed below.

Radiation Doses to Individuals

The predicted doses to (maximum) individuals at selected offsite locations where doses are
calculated to be largest are listed in Table 5.9. The maximum individual is assumed to consume
well above the average quantities of the foods considered. (See Table A-2 of Requlatory

Guide 1.109.) The standard NRC models were used with the ‘ollowing modifications in order to
realistically model features of the ‘tarble Hill plant design and the site environs:

1. The fraction of the year milk animals and meat animals are on pasture was assumed
to be 0.5 to reflect grazing practices more typical of a midwestern site (value
for an unspecified site is 1.0). (Draft Regulatory Guide 1.AA.)

2. The fraction of the leafy vegetables consumed which are grown locally was assumed
to be 0.25.) This is more typical of midwestern sites (value for an unspecified
site is 1.0).

Radiation Dose Commitments to Populations

The radiation dose estimates to the population (within 50 miles) for the Marble HWill Station from
gaseous and particulate releases were based on the projected site population distribution for the
year 2000. Crop production data for Indiana were also used (1-7¢ World Almanac). Doses beyond
the 50-mile radius were based on the average population densities discussed in Appendix D of this
statement. The population doses are presented in Table 5.10. Background radiation doses are
provided for comparison. The doses from atmospheric releases from the Marble Hill facility

during normal operation are extremely small compared to the norma) population dose from background
radiation sources.

5.4.1.3 Doses from Radicactive Liquid Releases to the Hydrosphere

Radioactive effiuents released to the hydrosphere from the Marble Hill Station during normal
operation will result in small radiation doses to individuals and populations. NRC staff estimates
of the expected liquid releases are listed in Table 3.4, and the site hydrological considerations
are discussed in Section 2.5 of this statement. Conservative estimates of the latter are
summarized in Table 5.11 and were used to calculate radiation doses to individuals and populations.
The results of the calculations are discussed below.

Radiation Doses to Individuals

The estimated exposures to (maximum) individuals at selected offsite locations where doses are
expected to be largest are listed in Table 5.12, the closest drinking water intake being that of
Oldham County Water District 1. For the Louisville water intake farther downstream, complete
mixing of the river can be assured, resulting in a higher ¢ ition factor and smaller doses than
th?so gi:;;’in Table 5.12. The standard NRC models were ° for these analyses (Regulatory
Guide 1. .



Exposure Pathways to Man
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Table 5.8. Summary of Atmospheric Dispersion Factors and Deposition Va. »s for
Selected Locations near the Marble Hi1l Nuclear Power Station?

b Relative
Location Source x/C (sec/m?) Deposition (m™?)

Nearest® site A 2.7€-06 7.1¢-08
land tounda B 7.26-07 3.86-08
(0.68 mi una c 6.2E-06 1.0E-07
D 1.8E-05 1.0E-07

Nearest® residence A 2.3E-06 5,26-08
(0.83 mi NNE) B 6.0E-07 2.6E-08
c 4.9E-06 7.3E-08

D 1.2€-05 6.4E-08

Nearest® milk A 8.0E-07 1.9£-08
animal 3 1.4€-07 6.1E-09
(1.3 mi ENE) (W 1.3E-06 1.9€-08
D 2.2E-06 1.0E-08

35ee Draft Regulatory Guide 1.0D, “Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light Water Reactors."”

bSources:
Source A is reactor building purge
Source B is auxiliary building vent
Source C is waste gas processing system
Source D is turbine building vent.

CeNearest" in this usage means the location with the highest calculated dose.
Table 5.9, Annual Individual Doses due to Gaseous and Particulate Effluents

Dose (mrem/yr)

Location Pathway Total Body Bone Liver Thyroid Lung Skin GI-Tract
Nearest® Plume 0.23 0.23 0.23 0.23 0.24 0.85 0.23
residence Ground deposit ¥ }3 1.3 1.3 1.5 1.3
(0.83 mi NNE) Inhalation (infant) 0.17 a 0.17 0.24 0.19 0.17 0.17

Vegetation (child) b 9 | 3.1 4.0 3.3 2.9 2.8 2.9
Nearestb milk Plume 0.09 0.09 0.09 0.09 0.09 0.29 0.09
animal Ground deposit 0.33 0.33 0.33 0.33 0.33 0.39 0.33
(1.3 mi ENE) Inhalation (infant) 0.04 a 0.0% 0.07 0.05 0.04 0.04
Milk (infant) 0.70 0.98 1.3 4.1 0.73 0.65 0.6%
Vegetation (child) 0.83 0.82 1. 0.84 0.77 0.7¢ 0.77
Meat (child) 0.09 0.08 0.10 0.7 0.09 0.09 0.09

3 ess than 0.01 mrem/yr.
b“Nearest" means the location with the highest calculated dose.
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Table 5.10. Annual Population Dose Commitments in the Year 2000

Population Gose Commitment (man-rem)

Category 50 Miles U. S. Population
Natural radiation background® 170,000 26,000,000¢
Nuclear plant operation
Plant work force d 900
General public
Gaseous cloud 3% ; 6.1
Ground deposition 0.36 0.36
Terrestrial foods 6.5 67.
Drinking water 0.37 0.62
Aquatic food
Recreation o ©
Transportation of nuclear fuel
and radioactive wastes d 14

dunatural Radiation Exposure in the United States,” U. S. Environmental Pro-
tection Agency, ORP-SID 72-1, June 1972,

t’Usimy the average Indiana background dose in (a), and year 2000 t -
tion of 1.62 million. : P s

CUsing the average I © background dose in (a), and year 2000 projected
U. S. population fi vopulation Estimates and Projections,” Series Il
U. S. Dept. of Comwrce, Bureau of the Census, Series P-25, February 1975.

dtncluded in U. S. population, since some of the exposures are received by persons
residing outside the 50-mile radius.

‘Loss than 1 man-rem/yr.

Table 5.11. Sumrary of Hydrologic Transpur and Dispersion for Liquid
Releases from the Marble Hill Nuclear Power Station?

Location Transit Time (hours) Dilution Factor

Nearest drinking 6.5 1000
water intake
(10 mi downstream)

Nearest sport 0 10
fishing location

Nearest shoreline 0 1.0

35ee Draft Regulatory Guide 1.EE, "Analytical Models for Estimating Radio-
isotope Concentrations in Different Water Bodies.”




Table 5.12 Annual Doses to Maximum Individual (Adult) due to Liquid Effluents

Dose (mrem/yr)

Location Pathway Total Body Bone Liver Thyroid Lung Skin GI-Tract
Nearest water use Orinking 0.01 a 0.01 0.05 0.01 0.01 0.01
(10 mi downstream) water
Nearest fish Fish 0.54 0.36 0.70 1.5 0.11 0.54 0.06
production

(0.1 mi downstream)

Nearest shoreline Sediments a a a a a a a
(0.5 mi downstream)

| % ess than 0.01 mrem/yr.

Radiation Dose Commitment to Populations

The population radiation dose estimates to 50 miles k for the Marble Hill Station, from liguid
releases, based on the reported use of water and biota from the Ohio R!verls are shown in Table 5.10.

Doses beyond 50 miles were based on the assumptions discussed in Appendix

Background radiation doses are provided for comparison. The doses from liquid releases from the

Marble Hill Station represent small increases in the population dose from background radiation |
SOUrces.

5.4,1.4 Uirect Radiation

Radiation from the Facility

Radiation fields are produced in nuclear plant environs as a result of radiocactivity contained
within the reactor and its associated components. Although these components are shielded, dose
rates around the plants have been observed to vary from undetectable levels to values of the
order of one rem per year,

Doses from sources within the plant are primarily due to nitrogen-16, a radionuclide produced in
the reactor core. Because of variations in equipment layout, exposure rates are strongly depend-
ent upon overall plant design. Since the primary coolant of pressurized water reactors (PWRs) is
contained in a heavily shielded area of the plant, dose rates in the vicinity of PWRs are generally
undetectable (less than 5 mrem/yr).

Low-level radiocactivity storage containers outside the plant are estimated to contribute less
than 0,01 mrem per year at the site boundary.

Occupational Radiation Exposure

Based on a review of the applicant's Safety Analysis Report, the staff has determined that
individual occupational doses can be maintained within the limits of 10 CFR Part 20. Radiation
dose limits of 10 CFR Part 20 are based on a thorough consideration of the biological risk of
expesurs to fonizing radiation. Maintaining radiation doses of plant personnel within these
limits ensures that the risk associated with radiation exposure is no greater than those risks
normally accepted by workers in other present-day industries. Using information comgiled by the
Commission®” of past experience from operating nuclear reactor plants, it is estimated that the
total dose to all onsite personnel at large operating nuclear plants will be, on the average,
approximately 450 man-rem per year per unit. The total dose for this plant will be infiuenced by
several factors for which definitive numerical values are not available. These factore are
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expected to lead to doses to onsite personnel lower than estimated above. On the other hard,
improvements to the radiocactive waste effluent treatment system to maintain offsite popu'ation
doses as low as practicable may cause an increase to onsite personnel doses. If all other
factors remain unchanged, however, the applicant's implementation of Fegulatory Guide 8.7 and
other guidance provided through the staff radiation protection review process is expected to
result in an overall reduction of total doses from those currently experienced. Because of the
uncertainty in the factors modifying the above estimate, a value of 450 man-rem will be used for
the occupational raciation exnosure for each umit of this station.

Transportation of Radicactive Material

Bl - IR SIS e—— -——-l—ql

The transportation of cold fuel to eich of the Marble Hill reactors, of irradiated fuel from each
reactor to a fuel reprocessing plant, and of solid radioactive wastes from each reactor fo burial
grounds is within the scope of the Commission's Transportation Rulemaking Decision “Environmental

ffects of Transportation of Radioactive Materials to and from Nuclear Power Plants" promulgated
as 10 CFR Section 51.20(g). Pursuant to the rule, the environmental effects of such transporta-
tion are summarized in Table 5.13. For a detailed discussion of the transportation of radivactive
material, see the NRC report entitled, Envircwmental Swurvey of Tramsportation of Radioaetive
Material to and from Nuclear Power Flants,“®

Table 5.13. Environmental Impac*t of Transportation of Fuel and Waste
to and from One Light-Water-Cooled Nuclear Power Reactord

Normal Conditions of Transport

Environmental Impact

Heat (per irradiated fuel cask in transit) 250,000 ®tu/hr

; Weight (governed by Federal or State restrictions) 73,00 (b per truck;
100 tons per cask
per rail car.

Traffic density

| Truck Less than 1 per day
I' Rail Less than 3 per month
Estimated Range of Doses
Number of to Exposed Cumulative Dose to
Exposed Persons Individuals? Exposed Population
Population Exposed (per reactor year) (per reactor year)C
Transportation 200 0.01 to 300 millirem 4 man-rem
workers
General public
Onlookers 1,100 0.003 to 1.3 millirem 3 mbi=rom
Along route 600,000 0.0001 to 0.06 miliirem

Accidents in Transport

Environmental Risk

Common (nonradiological) causes 1 fatal injury in 100 reactor years; 1 nonfatal
injury in 10 reactor years; $475 property damage
per reactor year.

*pata supporting this table are given in the Commission's "Environmental Survey of Transporta-

Lion of %&4_&:’ tiavo H’@ﬂ;i‘alg;o and From Nuclear Power Plants,” WASH-1238, December 1972 | anc
bruEPrederal 3039&\ gunch ga's recommended that the radiation doses from all sources of

radiation other t*in natural background anc medical exposures should be limited to 5000 milli-
rem per year for individuals as a result of occupational exposure and should be limited to
500 millirem per year for individuals in the general population. The dose to individuals due
to average natura] background radiation is about 102 millirem per year.

“Man-rem is an expression for the summation of whole-body doses to individuals in a group.

| Thus, if each member of a population group of 1000 people were to receive a dose of 0.001 rem

| {1 millirem), or if “wo pe~ole were to re.2ive a dose of 0.5 rem (500 millirem) each, the total
man-rem in each case wuld be 1 man-rem.

|
| "Mthough the environme. ‘al risk of radiological effects stemming from transportation accidents
| is currently incapable o being numerically quantified, the risk remains small regardless of

| whether it is being app.ied to a single reactor or a multireactor site.

L—-hb-—.-_.;.-_—...—-_. TR . pe - ———. g — .
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)
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5.4.1.5 Evaluation of Radiological Impact

The radiological impact of operating the proposed Marble Hili Nuclear Power Station is presented
in terms of individual doses in Tables 5.9 and 5.12, and population doses in Table 5.10. The
annual individual doses resulting from routine operation of the plant are a small fraction of the
dose 1imits specified in 10 CFR Part 20. The population doses are small fractions of the dose
from natural environmental radioactivity. As a result, the staff concluded t..: there will be
no measurable radiological impact on man from routine operation of the Marble Hill facility,

5.4,1.6 Comparison of Calculated Doses with NRC Design Objectives
Tables 5.14 and 5.15 show a comparison of calculated doses from routine releases of liguid and

gaseous effluents from the Marble Hill facility with the design objectives of Appendix . to
10 CFR 50 and with the proposed staff design objectives of RM-50-2.

5.4.2 Radiological Impact on Biota other than Man

The models and considerations for environmental pathways leading to estimates of radiation doses
to biota are discussed in detail in Volume 2, "Analytical Models and Calculations" of WASH-1258, %4}

5.4.2.1 Exposure Pathways

The environmental pathways which were considered in preparing this section are shown in

Figure 5.6. Dose estimates were made for biota at the nearest land and water boundaries of the
site, and in the aquatic environment at the point where the plant's liquid effluents mix with the
Ohio River. The estimates were based on estimates of expected effluents as shown in Tables 3.4
and 3.5, site meteorological and hydrological considerations, and the exposure pathways antici-
pated at the Marble Hi1l Nuclear Power Station.

5.4.2.2 Doses to Biota from Radioactive Releases to the Biosphere

Depending on the pathway (as discussed in Regulatory Guide 1.109), terrestrial and aquatic
biota will receive doses approximately the same or somewhat higher than man receives. Dose
estimates for some typical biota at the Marble Hill site are shown in Table 5.16. Doses to a
greater number of similar biota in the offsite environs will generally be much lower,

5.4.2.3 Doses to Biota from Direct Radiation

Although many of the terrestrial species may be continuously exposed, and thereby receive higher

doses than man, aquatic species and some terrestrial species may receive somewhat lower doses

depending on shielding by water or soil (e.g., burrows). As a result of these uncertainties, it

was assumed that the direct radiation doses to biota at the site boundary will be about the same

gs for man. As discussed in Section 5.4.1.4, direct radiation doses are generally less than
mrad/yr.

5.4.2.4 Evaluation of the Radiological Impact on Biota“2,4?

Although guideiines have not been established for acceptable limits for radiation exposure to
species other than man, it is generally agreed that the limits established for humans are also
conservative for other species. Experience has shown that it is the maintenance of population
stability that is crucial to the survival of a species, and species in most ecosystems suffer
rather high mortality rates from natural causes. While the existence of extremely radiosensitive
biota is possible and while increased radiosensitivity in organisms may result from environmental
interactions with other stresses (e.g., heat, biocides, etc.), no biota have yet been discovered
that show a sensitivity (in termms of increased morbidity or mortality) to radiation exposures as
Tow as those expected in the area surrounding Marble Hill Staticn. The "BEIR" Report concluded
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Table 5.14 Comparison of Calculated Doses to a Maximum Individual
from Marble Hill Cperation with Guides for Design Objectives
Proposed by the Staff?

RM-50-2 Calculated
Criterion Design Objective Dose

Liquid effluents

Dose to total body or any 5 mrem/yr 1.6 mrem/yr
organ from all pathways

Noble Gas effluents (at site boundary)

Gamma dose in air 10 mrad/yr 0.51 mrad/yr
Beta dose in air 20 mrad/yr 1.8 mrad/yr
Dose to total body of an 5 mrem/yr 0.30 mvem/yr
individual
Dose to skin of an 15 mrem/yr 1.1 mrem/yr
individual

Radioiodine and pav-th:ulat.esb

Dose to any organ from 15 mrem/yr 5.4 mrem/yr
all pathways (at nearest residence)

3¢ .1des on Design Objectives proposed by the NRC staff on february 20, 1974;
considers doses to individuals from al! units ¢ <ite. From “Concluding
Statement of Position of the Regulatory Staff," Doca.* No. RM-50-2, Feb. 20,
1974, pp. 25-30, U. S. Atomic Energy Commission, Washing.on~. D. C.

| bCm"imn-u and tritium have been added to this category.

Table 5.15 Comparison of Calculated Doses to a Maximum Individual
from Marble Hi1l Operation with Appendix I Design Objectives?

Appendix | Calculated
Criterion Design Objective Dose
Liquid effluents
Dose to total body from 3 mrem/yr 0.28 mrem/yr
all pathways
Dose to any organ from 10 mrem/yr 0.80 mrem/yr
all pathways
Noble gas effluents
Gamma dose in air 10 mrad/yr 0.26 mrad/yr
Beta dose in air 20 mrad/yr 0.88 mrad/yr
Dose to total body of 5 mrem/yr 0.15 mrem/yr
an individual
Dose to skin of an 15 mrem/y” 0.55 mrem/yr
g individual
| Radiofodines and particulates®
| Dose to any organ from 15 mrem/yr 2.7 mrem/yr
| all pathways
I

3appendix 1 Design Cbjectives from Sections I1.A, I1.B, 1I1.C of Appendix I,
10 CFR Part 50; considers doses to maximum individual per reactor unit.
From Federal Register V. 40, p. 19442, May 5, 1975.

"Clrbon-ll and tritium have been added to this category.
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Table 5.16. Dose Estimates for Typical Binta at the Marble Hill Site

Biota Location Pathway Dose (mrad/yr)?
Deer Nearest site Atmosphere 4.4
land boundar
(0.68 mi NNE
Fox - . 2.7
Terrestrial flora . - 2.1
Raccoon Nearest site Atmosphere 6.2
water boundary Hydrosphere
(0.18 mi N)
Muskrat = " 15
Heron o . 52
Duck Plant outfall . 13
(0.45 mi SSE)
Fish .. Hydrosphere 4.6
Invertebrates o e 12
Algae . ¥ 3.8

'Atmospheric doses include estimates of plume dose, qround deposition dose, inhalation dose, and
ingestion doses where appropriate. Hydrospheric doses include estimates of immersion dose,
dose from consumption, and sediment dose where appropriate.

that the evidence to date indicates that no other living organisms are very much more radiosensitive
than man, therefore, no measurable radiological impact on populations of biota is expected from

the radfation and radicactivity released to the biosphere as a result of the routine operation of
the Marble Hil1l Station.

5.5 NONRADIOLOGICAL EFFLUENTS FROM ROUTINE OPERATION

£.5.1 Chemical Effluents

The major change in the blowdown composition from that of the ambient river water is an increase
in total dissolved solids concentration from ambient to 1500 ppm. The addition of -.)furic acid
to the cooling water causes the displacement of bicarbonate ion by sulfate ion, and the bicar-
bonate ion dissociates to carbon dioxide, which enters the atmosphere., About 465 mg/1 of
bicarbonate is replaced by about 380 mg/1 of sulfate in the station's cooling water. The

liquid is rapidly diluted in the mixing zone, and the staff does not expect untoward chemical
effects from sulfuric acid. Several ambient river components (iron, cadmium, and manganese)
already are close to, or exceed, the criteria listed in Table 3.7 and will be further concentrated
within the blowdown; however, no incremental additions are made in the station and these materials
will be rapidly diluted to ambient level in the mixing zone,

The condenser tubing material has not been chosen. Even if a copper alloy is selected, insignifi-
cant amounts of copper will be added to the water by erosion .nd corrosion.

Liquid effluents from the Marble h.1]1 Station are subject to restrictions from a number of agencies.

These include the EPA (Federal), the State of Indiana, the State of Kentucky, and the Ohio River
Valley Sanitation Commission. The regulations of each of these agencies pertaining to plant
effluents are contained in the ER, Appendix 2C. With some qualifications discussed in individual
sections (5.5.2, 5.5.5.1) and except when ambient river parameters already exceed criteria, the
staff believes the effluents will meet the most restrictive applicable conditions,

5.5.2 Biocidal Effluents

The applicant indicatas that each condenser will be treated with chlorine at an average rate

sufficient to produce a concentration of five ppm in the condenser water. The observed chlorine
demand of Ohio River water has varied between 1.5 and 7.0 ppm and the ammonia content from 0.08
to 0.74 ppm, equivalent to a tota' untake of chlorine of about 0.5 to 4.5 ppm. Consequently, an
effective and efficient chlorination program will have to allow for wide variations in the level
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of chlorine additicns. The chemistry and kinetics of chlorination are highly complicated,
deperiding strongly on pH, temperature, ammonia, and amine concentraticn, as well as nonnitrogedous
reducinrg agents, Consequently, even with accurate ind continuous monitoring of active chlorire
levels after the condenser, it is likely that mismatches of chlorine feed to demand will occur
oftan, A free active chlorine 1s highly ieactive and may be expectec to decay rapidlv at
reutral and acid pH levels, combined chlorine (.sith ammonia or substituted amires) is relatively
stable and may persist cver long periods.

In view of the above consicerations the statf believes trat free chlorine will very probably (but
not certainly) te below the 0,1 ppm level in the discharge. Combired chlorine may normally be
below (.2 ppm but it is likely that periods of relatively high chlorine levels will cccur in the
discharge to the river. For one-unit operation before the second unit is completed, concen-
trations may be double these and impacts will be correspondingly more severe. The staff therefore,
requires that the cooling system of the plant shall be constructed so that the concentration of
total residual chlorire discharged to the river not exceed 0.2 ppm as specified in the State of
Indiana Water Quality Certification ("401"), dated Jan. 30, 1976.

5.5.3 Sanitary Wastes

Inasmuch as the sanitary wastes will be treated at a tertiary level and highly diluted in the
blowdown, no detectable effects are expected.

5.5.4 Other Wastes

Gaseous effluents from the diesel engines and auxiliary boilers will meet EPA and State standards

for such effluents. The effects should be undetectable beyond a very short range of the emitting
units,

5.5.5 Biological Impacts

5.5.5.1 Chemical Effects

Expected average and maximum concentrations of metals and other chemical species in the plant
discharge are given in Table 3.7. Except for sulfate ion, these concentrations werc calculated
assuming that the cooling system will concentrate river water by a factor of 7.

Concentrations of metals known to be toxic (see Table 5.17) will occur in the immediate discharge
area.““ Also, metals taken up by lower trophic levels could be concentrated up the food chain
with concentrations reaching toxic proportion at the higher trophic levels. Aquatic biota pass-
ing through the thermal plume or benthic organisms affected by a sinking plume may be killed or
physiologically stressed (e.g., reduced reproductive capability). The possible impacts could be
intensified by elevated water temperatures, since studies have shown that a given chemical con-
centration may be more toxic at higher temperatures.“® The elevated temperatures of the discharge
could attract fish to the thermal plume during winter, which could expose them to toxic levels of
various chemicals in the discharge resulting in death or physiological stress. Unlike “cold
shock," this exposure, with accompanying possible acute or chronic effects, could occur for sev-
eral days during winter making the potential impacts more severe. However, because of the rapid
dilution of the blowdown with river water, particularly with the submerged discharge, major
impacts to aquatic biota from high chemical concentrations are unlikely.

Also, since the applicant will keep the TDS concentration in blowdown below 1500 ppm to avoid
scaling, the cooling system will be operated at times with concentrations factors less than 7,

At some times of year, the river TDS concentrations reach va ues such that a concentration factor
or 4 would result in a blowdown TDS concentration of 1500 ppm.

5.5.5.2 Biocidal Effects

Sodium hypochlorite will be used as a biocide by the applicant and, because of high ammonia
levels in the Ohio River, persistent residual chloramines will be present in the discharge.
Tatal residual chlorine levels in excess of 0.05 ppm are known to be toxic to aquatic biota;*®
this level occasionally will be exceeded in the inmediate discharge area and acute and chronic
effe ts could occur to aquatic biota passing through this discharge area or to benthic organisms
affected by a sinking thermal plume. The mixing zone has not yet been defined by the State of
Indiana. In order to estimate the probable concentration of total residua® C) at the edge of the
mixing zone, the staff has taken the 3°F isotherm to represent the boundary of the mixing zone.
Table 5.5 indicates the expected dilution factor will vary from 6 to 18; use of the most con-
servative of these estimates results in an anticipated concentration of 0.03 ppm at the edge of
the mixing zone for a discharge concentration of 0.2 ppm. This potential impact was calculated
for a su:gaee discharge; it will be reduced several fold by the submerged discharge.
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Table 5.17. Lowest Concentration of Various Chemicals that Are Known to Either Cause Mortality
or Affect Bohavior of Fishes, Insecis, and Phytoplankton that Occur in the Ohio River

Chemica! Conicentration (ppm) Effect Species
Sodium carbonate 250 Minimum lethal concentra- Notropie atherinoides
tion in 120 hours
Chloramines 0.154 Death in 3 days Pimephales promelas
Chromic sulfate 0.03 Acute 48-hour TLm 0. magna
Cobalt 0.12 50% loss in reproduction in 0. magna
3 weeks
Copper 0.035 50% loss in reproduction in 0. magna
3 weeks
Copper sulfate 0.023 96~-hour TLM P. rromelas
Copper + 2inc 0.025 + 1.0 Death in 8 hours P, promelas
Zinc 0.07 16% loss in reproduction in 0, mama
3 weeks
Zinc sulfate 0.024 Killed in hard water D. magna

From C, D. Becker and T. 0. Thatcher, "Toxicity of Power Plant Chemicals to Aquatic Life,”
WASH-1249, Battelle Pacific Northwest Laporatories, Richland, Washington, 1973, 222 pp.

3Median tolerance 1imit.

5.6 OPERATION OF THE POWER TRANSMISSION SYSTEM

Aside from the esthetic impacts cf transmission towers and lines from the Marbie Hill Station
(see Sec. 5.1), operation of these lines may cause the production of ozone, increased electrical
fields, shock hazards, radio and TV interference, and acoustical noise. The use of herbicides
during right-of-way maintenance also may be of concern.

Ozone and other gaseous pollutants, such as nitrogen oxides, are formed as a result of fonization
of air molecules that surround the cyiindrical conductors used for transmitting electrical

energy at high voltages. This fonization is caused by electrical discharge that is termed
corona. The degree of ionizaticn depends on voltage, humidity, conductor diameter, surface
roughness, and spacing between conductors. Calculations indicate that ozone production could be
45 times higher in foul than fair weather. Measurements at 345-kV 1ines show, however, that at
ground level beneath the conductors the ozone concentration does not rise above ambient; further-
more, ground concentration of ozone is the same on foul days as fair days, presumnlﬂ; because
factors favoring increased production rates also favor increased destruction rates.”

Recently, experiments were run over a one-year period in Jefferson County, Indiana, on 765-kV
lines running over open, flat cornfields. This is a situation closely duplicating much of the
proposed Marble Hill 765-kV lines. When instruments were placed six meters downwind from the
765-kV conductors at conductor height where corona-produced ozone concentration should be greatest
", . . no ozone attributable to the transmission lines was detectable during the test."“? The
natural increase in ozone concentration of two to three ppb for an increase of 30 meters in
elevation was observed.

The sensitivity of measuring instruments is about +2 ppb; hence, increases in ozone concentration
above :Dwimt due to corona from 765-kV lines are within the sensitivities of measuring instru-
ments.

The national, primary, air-quality standard for photochemical oxidants prescribes a leve of

80 ppb as a maximum one-hour arithmetic mean not to be exceeded more than once per year. Sus-
ceptible plant species show damage symptoms from ozone exposure at concentrations as low as

30 ppb,59+>! but over prolonged periods ozone is not considered injurious to vegetation, animals,
or human beings unless concentrations exceed 50 ppb.°* On the basis of these considerations the
staff concludes that ozone from Marble Hill Station's 765-kV lines will be environmentally

inconsequential.
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There is a possibility that electrical fields set up around cransmissfon lines could affect per-
sons in the field. Studies have been performed by members of the staff of the Johns Hopkins Hos-

ital to determine whether exposure to electrostatic fields such as those existing in transmission

ine substations result in adverse effects on humans, and were reported by Kouwenhaven et al, %}
The Kouwenhaven study gives the results of physical and medica)l examinations of eleven |inemen
over a period of 42 months during the time they were performing live-line maintenance work on a
345-kV transmission system. Measurements of currents induced in a man's body when doing typical
work on & 345-kV system such as on transmission towers and in buckets were reported on, In the
former case, the man is while in the electric field and in the latter, he is at line
potential (barehand work). Body currents of 100 to 400 microamperes for the tower work and from
85 to 710 microamperes for barehand work were measured, depending on degree of bucket shielding
used., Fileld intensities also were determined at various parts of the bodies of men doing bare-
hand work. These ranged from 0.4 kV/in (20 kV/m) to 12 kV/in (470 kV/m) at the top of the head
to 0 to.z kV/in (200 kV/m) at the knees, depending on whether full or partial bucket shields
were used,

As a result of this study, the authors reported that

“"Considering the period of observation (3-1/2 years) and the method of study, it can
be reported that the health of the eleven observed linemen was unchanged by their
exposure to HV lines. Also no evidence of malignancy was found, There was a decrease
in the sperm count of two of the 11 subjects. The significance of this is not clear
and warrants further study; but no correlation has been found between exposure to HV
1ines and any effect on the health of individuals in this investigation, Among the
11 men tested, there were four whe had had many hours of barehand work during the
period of this investigation. Not a single one of these men showed any change in his
physical, mental, or emotional characteristics, Their laboratory studies remained
entirely normal. No evidence was found that an adequately shielded lineman is
endangered in any way by working barehanded in a HV ac electric field, within the
limits of this study.”

Studies of this nature were also carried on in Russia and their results were reported at the 1972
International Conference on Large High Tension Electric Systems, Paris, France, in a pape. by
Korobkova et al.®* In this study, a systematic medical examination of about 250 persons working
in 500-kV substations for a long time was undertaken, Measurements were also made of field
strengths in various areas where these persons worked in 500-kV substations and similar locations
in 750-kY substations. Field potentials up to 26 kV/m were iadicated in the 500-kV substations.

The Korobkova report stated that "the examination showed that long-time work at 500-kV substations
without protective measures results a shattering the dynamic state of the central nervous system,
heart and blood-vessel system and in changirg blood structure. Young men complained of reduced
sexual potention.” It was also concluded that “the depth of these functionai diseases or troubles
directly depends on the time of stay in the field." Criteria for permissible duration of personnel
stay in electric fields were given and ranged from five minutes per day at 25 kV/m to unlimited
time at 5 kV/m.

In a follow-on report by the Johns Hopkins staff members,®® resuits were given for the continued
examination of ten of the previously examined linemen who were still employed by the power com-
panies. The report covers a period of nine years ending June 1973 during which the men were exam-
ined completely seven times. There were no significant changes of any kird found in the physical
examinations, neither were there any significant abnormalities in any of the laboratory studies.
No disease states were found that could be in any way related to the exposure of the men to
high-voltage lines.

The investigators were aware of the Russian paper and specifically looked for disorders described
in 1t. In particular, no disorders in the functional states of the nervous and cardiovascular
systeas of the workers as reported by the Russians were found. The report cautioned, however,
that in view of the two diverse populations examined, with entirely different cultures, working
conditions and environments, comparison of the two different studies should be “viewed with
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