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1.1 INTRODUCTION |

The Paducah Gaseous Diffusion Plant ha# been operating since 1955 enriching
uranium for national defense and commercial nuclear reactors. Light water
nuclear feactors are fueled with uranlum containing from 2 to 4% uranium
235y isotope. Since naturally occurrlng uranium contains only 0.7% 233y,
the uranium must be processed to enrich it in the 235U isotope. In the
United States that enrichment is gained| in the gaseous diffusion process.
Three plants in the United States employ that process. In addition to the
Paducah plant at Paducah, Kentucky,‘gaséous diffusion plants are lqczated
at Oak Ridge, Tennessee, and Portsmouth! Ohio

.- The operation of the Pzduczh
plant is the subject of this document. |

1.2 BACKGROUND AND DESCRIPTION ‘

i
1.2.1 Need for uranium enrichiient facilities

. .. L ) ) .
The predominant need for enriched urznium is for fuels for commercial nucle

power reactors' The reactors currently in operation provide about 11%

% of
|
the nation's electrical energy. The gaseous diffusion plants, to supply

enriched uranium to the growing commercéial nuclear 1ndustry, nave a compined
capacéity of approx1mately 27.3 million separative work units (SWU) per vear.
The Pzducah plant alore has a capacity of 9 million SWU/yr and is an integral
part of the enrichment system, supplying sllghtly enriched uranium to the
other two plants.

|

1.2.2 Site location : \

The Paducah Gaseous Dltlu51on Plant is located in McCracken County, Kentucky,
near the town of Paducah, on a 3425-acre (l385—ha) Federally owned reservation.
Four cr;te*la initially were used in site‘selection: (1) supply of low cost
power, (2) water supply, (3) suppofring population (4) availability of govern-

ment-owned land. Additionally, the probabilitles of natural disasters ezt
the site are low. |

. : |
1.2.3 ' Paducan Gaseous Diffusion Plant (2GDP) Description

The first gaseous diffusion plant was built and operated in Oak Ridge, T
When plans for another diffusion plant were formulated in 1950 to meet the
increased demand for 235U, the Paducah, Kentucky, site was chosen in order to
provide some disPersal of the diffusion plants.

lennessee.
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The Paducah plant was designed and constructed to operate in conjunction
with the Oak Ridge plant. The original design consisted of 880 stages in
two process buildings, C-331 and C-333. Because of Atomic Energy Commission
projections for thé need for more enrichment capacity, plans were made in
1951 for 880 additional stages in two additional buildings, C-335 and C-337,
to be operated in a parallel type arrangement and essentially double the
capacity of the original plant. Plant construction was completed in 1954.
Enrichment. capacity was further expanded through the Cascade Improvement and
Cascade Uprating Programs (CIP/CUP) which were started inm 1971 and 1974,
respectively. The plant gross book value was listed as $791 million in
January, 1972. The completed CIP/CUP has significantly increased the book
value. The Paducah cascade consists of 1760 stages in buildings ccvering
approximately 74 acres (30 ha).

The Paduczh cascade enriches uranium to a product 23§U concentration of 1

to 2%. The depleted stream is stripped to a tails 235y poncentratiQn of

from 0.2 to 0.35% depending upon process optimization and DOE requirements.

The product of the Paducah cascade is used to feed the Oak Ridge ana3gor;sm0uth
plants. Although the Paducah cascade could be operated to produce U
enrichments needed for most ¢ivilian nuclear power plants, diffusion plant
complex optimization calls for combined operations.

The 1976 labor force was gpproximately 2300 employees. However, with the -

completion of the CIP/CUP, the labor force is expected to decline to about
1600 persons neeéded to maintain and operate the plant in the uprated conditioms.

1.2.4 Description of pover generating facilities

Electrical power for the PGDP is Supplied by the Joppa Steam Electric Plant
owned by Electric Energy, Incorporated and by the Tennessee Valley Authority
(TVA). The Joppa facility is located directly across the river from the PGDP
hear Metropolis, Illinois. The Joppa Plant uses Ohio River water for once-
through cooling. Coal is delivered by river barge and rail transport.

The Joppa Plant consists of six units rated at 181 MW each. Ash is disposed
of in storage ponds with a portion of the flyash being transported to a
cement plant for use as raw material or additive. Flue gas is treated in
electrostatic precipitators.

The large TVA pbwer network will not be treated in this assessment.
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1.3 EXISTING ENVIRONMENT

1.3.1 Paducah Gaseous Diffg§ipniPl§nt

The Paducah Gaseous Diffusion Plant is located on a 3,425-acre (1385-ha)
site in a gemerally rural area of McCracken County, Kentucky. The
climate is characteristic of the humid continental zohe whére summers
are warm and winters are moderately cold. Soils of the site are predom-
inantly silt Jloams, poorly drained, acidic, with little organic content.
The area is low in relief with small, scattered forested areas of upland
and rlparlan hardwoods surroundéd by agricultural lands. Much of the
plant property is leased by the West Kentucky Wildlife Management Area
which employs practices to maintain suitable wildlife habitat and food
supply. The area is drained by, afid plant discharges flow into, two
small tributaries to the Ohio River, Big and Little Bayou Creeks.

1.3.2 Jouoa _Illinois, power generating facility

The Joppa Steam Electric Plant is located on a 625-acre (253-ha) site on
the north bank of the Ohio River near Joppa, Illinois, approximately

13 mi (21 km) northwest of PGDP. Ecological conditions and land use are
very similar to those found at the PGDP site with the exception that the
area is not managed for wildlife. The area‘'is drained by the Ohio

River and two stiall unnamed tributaries, which receive plant site trunoff.

1.4  ENVIRONMENTAL IMPACTS OF CONTINUING OPERATIONS

1.4.1 Envirohmental impacts from the Paducah Gaseous Diffusion Plant

Aquatic communities in Big Bayou and Little Bayou Creeks have been adversely
ippacted by PGDP discharges resulting in alteration of standing crops and
number of species of algae, benthic macroinvertebrates, and fish. Levels

of residual chlorine ‘ifi Big Bayou Creek immediately below the sewage
treatment outfall frequently exceed concentrations toxic to aquatic life.
These impacts will be mitigated by relocation of the ourfall. Levels

of chromium also cccasionally were in excess of recommended criteria in
Little Bayou Créek. Much of the chromium problem was eliminated by a new
chromate teduction facility. Control of cooling tower losses resulting
from windage will further reduce chromium emissions.

nuclldes in the creek sedlments. Ievels of rad;oact1v1ty in fish tissue
are slightly higher in fishes from streams receiving plant dischatges than
in those from the reference stream. Levels at present are insufficient
to cause harm to the organisms and do not exceed limits for human consumption.
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There is no .anticipated impact on downstream Ohic River water users from
PGDP discharges. Thermal alteration caused by cooling tower discharges

is minimal; the plant easily complies with existing standards.

Essentially all deposition of cooling tower drift occurs within a l1-mi
(l.6-km) fédigs of thé cooling tower. No vegetation damage was observed
and no excessive deposition of trace contaminants (i.e., zinc, chromate,
sulfate) was observed outside the plant boundary.

Very litcle off-site fogging and icing have been observed ig recent years
from operation of the existing PGDP cooling towers. Conservative estimates
of fogging and icing are generally below 12.5 and 15 hrs/yr, respectively,
at 2400 MW. Aesthetic impacts of the tower plumes are minor because of
the low population density of the area immediately surrounding the plant.
Current projections indicate that the plant operating power level will

not exceed 2400 MW in the foéreseeable future.

On various occasions in the past, fluoride concentrations in air samples

at the PGDP property boundary exceeded Keritucky standards. These occurrences
were infrequent and of such low concentrations as to have caused no visible
fluoride damage to vegetation. No sample has exceeded Kentucky standards
since UFg manufacturing plant ceased operation in 1977. If the plant is
restarted mitigating actions will be takén to meet the standards.

No negative impacts associated with noise reSultlng from plant operations

were identified.

1.4.2 Environmental impacts from the Jopvpa,
I}};nqis,ﬂndver_zéneféﬁiﬁé'Eééiliti

The heated water effluent from the Joppa plant is discharged directly to
the Ohio River. Thermal alteration to the river is minimal; the plant
easily complies. with éxisting standards. The thermal plume follows the
shoreline. There is no blockage or impedence of fish movement. Overall
water supply ‘impacts are not anticipated.

Imgingeﬁent and entrainment investigations report 8.7 x 103 1b (3.9 x
kgq,of fish entrained on intake screens, and 1.17 x l09 larval fish
and eggs entrained in intake water, per year. It is estimated that these
removals do not significantly diminish the fish community of this section

‘'of the Ohlo River.

The plant has completed construction of three 550-fr (168-m) stacks to
commply with Illinois statutes. With the completion of the stacks, it is
estimated that concentrations of S0, and particdulates will be well within
air quality standards.
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A potential, which will be greatly reduced by the new stacks, exists for
accumulation of toxic trace elements in biota from deposition,
inhalation, or ingestion of toxlc trace elements present in the plant
plume. The existence and/or extent of these effects is only speculative
in the absence of a trace element study of the site.

Fumigation incidents resulting in crop damage have occurred in the
past. Inoplementation of the new stacks should reduce ground level
concentrations to less than toxic levels. -

1.4.3 Cunmulative and long=zerm impacts

1.4.3.1 Cumulative and long=term impacts of power generation

No significant cumulative effects are anticipated as a result of
continued power generating operations at Joppa.

Long-tera effects, minor in nature, may result from addition of metal
cxides, silicates, and carbonates in ash disposal area runoifi and
settling pond discharge and leachate to the Ohio River.

1.4.3.2 Cumulative and long-term impacts of continued overation of the
Paducah Gaseous Diffusion Plant T

Concentrations of salts and trace elements in cooling tower drift depo-
sition have not reached toxic levels to vegetation during 25 years of
operation. Impacts, if any, would be restricted to an area inside a 1-
mile (l.6-km) radius of the cooling towers.

The discharge of radionuclides in PGDP plant effluents is not expected
to produce any cumulative effects. There is sufficient dispersion in
the Ohio River at the point of discharge to quickly reduce concentrations
in water to background levels. Any cumulative sediment buildup would
be spread over a very large area.

No localized effects of radionuclide accumulation in Big and Lictle
Bayou Creeks are anticipated. Net accumulations are decreasing be-
cause of improved pollution control measures.

1.5 RELATIONSHIP TO LAND USE PLANS, POLICIES, AND GOALS

The continued operation of the gaseous diffusion plant 2nd the Joppa

Steam Electric Station does not conflict with khowa local, state, or

federal land use plans and policies. Compliance with air, water, and
solid waste pollution requirements is being met or, where deficient,

remedial action is being taken. '



1.6  ALTERNATIVES

Several major alternatives to continuing the operation of the Paducah Gaseous
Diffusion Plant were considered. Among them were (1) shutdown of theé PGDP,
(2) use of altermative enrichment procésses, (3) relocation, and (4) alter-~
native power systems. '

The conclusions reached were as follows: wuranium enrichment is essential;
replacing the gaseous diffusion process with the gas centrifuge proceéss is
not anticipated at this time; replacing the gaseous diffusion process with

the laser separation proééss is not feasible as the latter process is still
in the eXperimental stage; relocation is neither environmentally nor économ-
ically advantageéous; and similarly, adverse environmental and economic effects
of implementing alternative power systems appear to significantly outweigh

the advantages of such a change.
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2. DESCRIPTION OF PROPOSED ACTION

DOE's Paducah Gaseous Diffusion Plant has been supplying uranium enrichment
services for commercial and national defense purposes since 1955. DOE plans
to continue to operate in partial fullfillment of DOE's commitment to provide
energy choices as well as its commitment to the national defense.

2.1 URANIUM ENRICHMENT

2.1.1 Uranium enrichment znd the nuclear fuel cycle

Uranium enrichment is one step in the uranium fuel cycle. This step
involves the partial enrichment of the uranium-235 (235U) isotope

in naturally occurring uranium to obtain a product with increzsed
fissionable 235y content. The various steps in the nuclear fuel
cycle are shown in Fig. 2.1-1. This figure shows uranium enrichment
centrally located because it is of central concerm in this report;
actually, the purpose of the entire fuel cycle is to provide fuel

for the nuclear power reactors and to-process its waste products.
Many of the steps in this cycle raquire chemical processes to change
the characteristics of the uranium fuel. The earichment step, how-
ever, involves only physical separation of isotopes; i.e., the uranium
is in the chemical form uranium hexafluoride (UFg) when it enters the
separation equipment and remains Urg throughout processing.

As cafni be seen in Fig. 2.1-1, there are two possible feed streams to
the uranium enrichment step. One feed stream is "virgin" in that it
comes from uranium ore. The second feed stream has been through the
"enrichment-conversion-fuel fabrication-nuclear reactor-fuel re-
processing" chain prior to. being returmed to the enrichment step.
This second feed is termed ''recycle." Recycle feed will contain
trace amounts of fission products and transuranics that were formed
in the nuclear reactor and not completely removed in the fuel re-
processing step. The allowable concentrations of these contaminants,
along with other nonradiocactive contaminants, are strictly limited by
DOE regulation.

The uranium feed to the enrichment stép is separated into two compo-
nents: the "product" which is enriched in 235U, and the "tails,"

which are depleted in 235U. Tails consist primarily of 238y, which

is potentially a nuclear power fuel in the plutonium fuel cycle. Tails
are thus stored for possible future use.
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The majority of the world's current nuclear power reactor§ use en-—
riched uranium as fuel. The exceptions are, of course, heavy-water
reactors fueled with natural uranium. A limited number of these
reactors have been built in foreign countries, principally in Canada

and India; none exist in the U.S. The worldwide preference for reactors
that operate on enriched uranium is projected to continue.

The U.S. plants, located at Oak Ridge, Tennessee, Paducah, Kentucky,
and Portsmouth, Ohic, are owned by the U.S. Government and are operated
by private industry under contract. Initially, the U.S. pfants con-
tributed to the national defense effort by producing highly eariched
uranium, but the dominant need for enrichment has shifted almost exclu-
sively to fuels for commercial nucleaT power supply systems. Almost
all of the enrichment needs of the world's nuclear reactors have been
supplied by the three U.S. plants, because .only the U.S. provides enrich=
ment services on a large~scale basis to other nations. The amounts

of separative work furnished by the AEC from 1959 to 1975 to domestic
and foreign reactors in fulfilling enrichment requirements are given

in Table 2.1-1.

The assays for nuclear fuels vary with the types of reactors--low

assays (2 to 4% 235y) for light=water reactors, and high assays (zabout
937 235y) for high-temperature gas reactors.

2.1.2 Need for enriched uranium

Enrichmént contracts held by DOE call for deliveries of about 6,875,000
SWU to domestic customers and 3,406,000 SWU to foreign customers

(based on 0.27 tails assay) during Y 1980. The U.S. no longer re-
mains the only nation supplying uranium enrichment services to other
nations on a large-sciale commercial basis; the Soviet Union, France,
and the Tripartite Group (Netherlands, United Kingdom, and Federal
Republic of Germany) have also supplied enrichment services to the
world market.

The April 1980 status of domestic nuclear power reactors is summarized
*
below:

73 reactors with operating licenses 53,627 MWe
89 reactors with construction permits 97,395 MWe
2 limited work authorizations 2,300 Mve
17 reactors on order . 19,874 MWe
181 Total 173,196 MWe

. . [N .. . N . . R -

——

*See subsection 2.5 for Section 2 references.
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Table 2.1-1. Separative work production

. a
Power Reactor Requirements”

(Thousands of Separative Work:Uni;s}

cY
1947
1948
1949
1950
1951
1952
1953
1954
1955
' 1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

U.s. Non-U.S.
N.A.
N.A.
355 19
337 0
331 0
157 140
162 53
355 : 92
228 390
1062 319
529 630
1341 229
1830 1154
3740 12653
5256 2157
2069 1536
2731 10284
3143 2360
3401 4233
3578 5126
6248 4115
5551 5192
8679 5140

aShipments during 1957 and 1958 to the Shippingport Reactor

weére not recorded as such.

CY-1971 includes 830 MTSW at 0.3%

Xw for German 0ffset; CY-1973 includes 7.975 MISW at 0.37 Xw
for Japanese Advanced Sales.

b.. .. . ‘ .
"Increase due to advance sales.
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The nuclear power reactors currently in operation provide about 11% of
the nation's electrical energy generationm. To provide fuel for the
nuclear reactors that are being built and operated, U.S. enrichment
capacity was expanded from 17.2 million Separative Work Units (SWU) /yr
to 27.3 million SWU/yr during the CIP/CUP program.

To ensure an adequate supply of énriched uranium, modifications have been
made at the three gaseous diffusion plants which increase enrichment
production through a Cascade Improvement Program (CIP) and a Cascade
Uprating Program (CUP). The CIP involves (1) thé modificatjon of process
equipment to incorporate recent advances in gaseous diffusion tec¢hnology,
and (2) the expansion of production support facilities. As a result:,
separative work production has been increased. The CUP involves the
modificéation and uprating of process utility systems and process equipment
so that operating power levels can be raised and the additional electric
power can be used more effectively. As a result, separative work levels
weré increased above the CIP level. The estimate of the fully improved
and uprated plant capacity is 27.3 million SWU/yr. This uprated three-
plant capacity is fully combnitted £6 supply nuclear reactors under
long-term contracts. Paducah's up-rated capacity is 9.0 million SWU/yr.

To maintain low tails assay at the DOE gaseous diffusion plants while
fulfilling existing c¢ontracts and to give DOE the potential to accept new
uranium enrichment contracts, DOE is expanding enrichment capacity. This
expansion is discussed in the Final Environmental Statement, Portsmouth
Gaseous Diffusion Plant Expansion, ERDA-1549. DOE is also developing
alternative enrichment technologies that provide more efficient sepafrationm,
that is, greatly reduced power consumption.

2.2 Historical background

The Paducah Gaseous Diffusion Plant nad its conception in July, 1950, when
the Department of Defense and the Atomic Energy Commission (AEC) began

studies which would lead to a significant increase in fissionable material
production capabilities and a determination of the effects of such expansion
on the national economy. Those studies analyzed the geographic and economic
characteristics of selected strategical portions of the United States.

In August, 1950, the Oak Ridge Operations Office initiated further detailed
studies at three sites selected from eight identified in an initial report
by the National Security Resources Board. These sites were (1) the Longhorn
Ordnance Works, Marshall, Texas; (2) the Louisiana Ordnance Works, Minden,
Louisiana; and (3) the Kentucky Ordnance Works, Paducah, Kentucky.
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Principal elements evaluated in the site selection process incluced

(1) supply of low cost power, (2) water supply, (3) supporting sepulaticr :-¢

(4) availability and suitabilicty from & strategic standpoint.
Based on comparisons of these elements among the three sites,
the Kentucky Ordnance Works was found the most suitable. The
transfer of these lands [approximately 1,365 acres (552.2 ha)]
from the Department of the Army to AEC was effeéted on January 4, 1951.
Additional acréage, largely privately owned land, was subseque“:'v
procured by the Corps of Engineers for the AEC, including 1361 zcres
(551.0 ha) for TVA and 41 acres (16.6 ha) bounding Little Bayou Creek
to its confluence with the Ohio River.

In 1959 and 1961, lands in excess of the needs of AEC were leased
to the Commonwezlth of Kentucky for use by the Kentucky Fish
and Wildlife Resources Department.

2.2. l General description of_ area

Paducah is located in western Kentucky on the banks of the Ohio River.
The surtounding tertain 1s gently rolling with large areas of open
space and farmland. Areas of steeper slope are forested.

The Paducah Gaseous Diffusion Plant is located on a 3,425-acre
(1385-hd) site approximately 10 mi west of the city of Paducszh,

which has a population of approximartely 37,500. Major industries

are Paducah Marine Ways, the Florsnheim Shoe Company, and the Pzducszh
Gaseous Diffusion Plant (Union Carbide Corporation). Distances be-
tween the Paducah site and other major population centers are zs
follows: St. Louis, Mo., 140 mi (226 km); Nashville, Tenn.,

112 mi (181 km); Evansville, Ind., 84 mi (135 km); Madisonville, Ky.,
72 @i (116 km); Murray, Ky., 50 mi (81 km), Mayfield, Ky., 20 =i

(32 km).

The PGDP site is located in the western part of the Ohio River Zasin.
Surface drainage from the site is to two small tributaries of the
Ohio River — Big Bayou Creek on the west and Little Bayou Creek ca the
east. These two streams join adérth of the site and discharge to the
Ohio River at about River Mile $47 (km 1524), which is approxizzrely
34 mi (55 km) upstream frozm the confluence of the Ohioc and
Mississippi rivers.

The existing plant site is largely nonforested, consisting of zreas
qf opeén grassland. These open areas are managed primarily by the
West Kentucky Wildlife Management Area for the maintenance of scit-

able wildlife habitat and food supply. Patchy wooded areas of
mature hardwood (upland and riparian) communities also exist on the
site.-
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2.2.2 Plant production

The first Paducah cell of 10 stages was put on st;egm”in October 1952
and all 1820 stages had been started by the end of 1955. The pro-=
duction peak occurred in the late 1950s and early 1960s after com-
pletion of the first cascade improvement program and with cascade
power of more than 2100 megawatts (Figure 2.2-2). Production dropped
sharply in the mid and late 1960s when all new feed was discontinued,
and the annual average power level fell to 1000 megawatts in 1970.
Production in million sSeparative work units (SWH) was 3.3 in- 1970.

It increased annually to 6.1 in fiscal 1977 and decreased to 5.0
million SWU in 1978 because of power reduction. Under uborated
conditions at full loading, expected production is 9 million

SWU.

Production of UFg from UO3 began in the C-410 feed plant in 1953.
Production rates reached 30,000 tons 6f UFg per year in the early
1960s. The plant was shut down in 1964 and was reactivated at a low
production level in 1968. Production continued intermittently until
April of 1977 when the plant again was deactivated except for four
fluorine cells.

2.3 DESCRIPTION OF THE PADUCAH GASEOUS DIFFUSION PLANT (PGDP)

[

2.3.1 External appearance

The Paducah Gaseous Diffusion Plant is located within an."L"

shaped, fenced tract of 750 acres (303 ha) located about four mi

(6.4 km) south of the Ohio River. The appearance of the plant is
dominated by the four large cascade buildings, each with its cooling
tower and large electrical switchyard. The plant area and the sur-
rounding wildlife management area are on relatively flat land draining
to two small streams, Big Bayou on the west and Little Bayou on the
east side of the plant. Figure 2.3-1 shows the plant layout.

A major support facility outside the main fenced area is the water
treatment plant located west of Big Bayou. This facility consists
of two large clarifier-type water softeners, other water treatment
facilities, settling basins, and sludge settling lagoons.
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2.3.2 Processes

PGDP proieises are described in detail in Oak Ridge Operations Document
ORO-684.

2.3.3 Supvort facilities

2.3.3.1 C-615 Sewvage Treatment Plant

The sewage collection system services all the occupied plant buildings with
the exception of the following relatively remote facilities: the C-337A vapor-
izer, and the C-633 and C-637 Recirculating Cooling Water (RCW) pump houses.

The C-615 Sewage Treatment Plant built in 1952 provides secondary treatment.
It consists of a comminutor, primary and secondary settling basins, trickling
filter, sludge digester and settling beds, chlorinator, and contact chambet.
Sewage is handled by four 400 gpm (25 1lps) basin pumps and 75 gpm (5 1ps)
sludge pumps which provide a basic plant capacity of 800 gpm (50 lps). VNormal
flow is between 200 and 300 gpm (13 to 19 1lps).

2.3.3.2 (=616 Liquid Effluent Treatment Plant

The C-616 Liquid Effluent Treatment Plant began treating RCW blowdown to
remove chromium and zinc corrosion inhibiters in June of 1977. All blowdcwa
except that lost through drift and windage is routed from the four RCW systems
to the C-616 plant. The pH is adjusted with HZSOA and the Cr"6 reduced to
cet3 by FeSOA. The pH is adjusted and the metals are precipitated by the
addition of slaked lime. A 105 ft (32 m) diameter clarifier provides a
mixing section, sludge blanket, and settling region. The sludge is pumped

to a 2.7-acre (l.1-ha) lagoon and the clarified effluent flows by gravity to
a 5.2=acre, 1l2-million-gallon (2.1-ha, 45,600 m ) polishing lagoon.

2.3.4 Decontamination and recovery facility, €-400

Equipment removed from the cascade after exposure to uranium hexafluoride zust
be disassembled for decohtamination of component parts prior to maintenance

or repair work. Decontaminated parts are routinely monitored to assure that
all parts meet approved plant allowable limits for surface and “wipe' radio-
activity counts. The plant allowsble limits for process and shop equipment is
2500 caunts per minuteé per 100 cm“ surface count and S00 counts per minute per
100 co” "wipe" count. Any part or piece of equipment not meeting these plant

allowable limits is retained in C-400 for further processing.

Individual decontamination, recovery, and other processes handled in C=400 are
described in the following subsection.
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2.3.4.1 Ur;pium récove;y

Uranium is removed from decontamipnidtion or other process solutions by
acidification followed by precipitation and filtration before the

liquid is discharged. . (See Appendix A, Fig. A-1). All solutions
entering the recovery system contain uranium enriched to less than

1.0 wr % 235y Those solutions containing uradanium of between 0.5

and 1.0 wt Z are precipitated with sodium hydroxide and filtered through
diatomaceous earth on a rotary drum filter. The filter cake is

drummed and sent to the Feed Materials Production Center -for uranium rve-
covery. Slaked lime is added to the filtrate and to solutions containing
uranium of less than 0.5 wt % 2353y to precipitate uranium and trace
quantities of transuranics. The precipitate is filtered, drummed,

and buried in the C-404 low level waste burial area. The filtrate is
discharged through the C-616 full flow lagoon to Big Bayou Creek.

Prior to burial, the sludge is analyzed for transuranics; drums con=
taining more than 10 picoCuries transuranics per gram are held for re-
trievable storage. Prior to dischange, the solution is analyzed to assure

that it meets discharge criteria.

A typical laboratory analysis of filtrate solutions is shown below:

FILTRATE SOLUTION C=400

v 2% 2395y 20m, %% Fluoride

5 pom <1 ppb <.01 ppb <.03 ppb 0.8 ppm 4.7 ppm

3.3% 0.6* 0.6% 0.6% 14% 4.7 og/l

*nanoCuries/liter

2.3.4.2 Spray booth

The spray booth decontamination system is designed for processing
large objects, such as compressor and converter parts. It conusists
of a spray booth with a grated floor drain, $olution tanks, puzps,
three filters, and associated piping and spraying fixtures.

‘The solution tanks are used in two sets of three. The first three
tanks used for the wash cycle contain a total of 450 gal

(}710 1) of ammonium carbonate solution. The three rinse tanks
contain 450 gal (1710 1) of watetr. '

Contaminated equipment is firsg cleaned using the ammeciiiuvm carbon-
ate solution, then rinsed using water from the recycle rinse tanks.
The final rinse (sanitary water) is discharged through the C-=616
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full flow lagoon. Recycle rinse solutions are utilized to make
up the ammonium carbonate decontamination solution. Spent de-
contamination solutions are processed through the precipitation
system (Appendix A, Fig. A-1).

2.3.4.3 Small parts hand tables

Hand tables are csed for thée decontamination of small parts. Each
table contains approximately S50 gal (190 1) of water which has
been treated with sodium carbonate. Spent solutions are trans-
ferred to one of two 500-gal (1900-1) holding tanks for pro=
cessing in the precipitation system.

2.3.4.4 Cylinder decontamination,faci}iti

This facility is designed for the decéntamination, including "heel"
removal, of 10- and l4-ton (9- and 13=T) cylinders. The uranium
solutions obtained from the decontamination process are stored

for eventual processing in the precipitation system. After decon-
tamination, the cylinders are rinsed with water and hydro-
statically tested. The water from the final rinse and hydro-
stating is discharged to a 20 x 20 ft (6.1 x 6.1 m) sump which

is periodically pumped to the C-616 full flow lagoor.

2.3.4.,5 Laundry facility

The facility contains two 200-1b (91-kg) capacity washer-extractors

and four 100-1b (45-kg) capacity dryers. All coveralls, socks,

underclothing, towels, lab coats, and other issued ¢léthing worn
by employees is laundered daily. Clean clothing is distributed
to various lockér rooms throughout the plant.

A list of chemicals used is presented below. In addition to thése

‘chemicals, the effluent wash selutions may contain minute trzaces

of uranium. The effluent discharges to the C=615 sewage treatment
facility via the sanitary sewer system.

LAUNDRY CHEMICALS

. _ Usage
Chemical 1b/vyr ~ ke/yr
Séur (ammonium bifluoride) 3,900 1770
Secap ~. 16,000 7260
Alkali (sodium orthosilicate) 3,400 1540
Bleach 3,500 1590
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2.3.4.6 Gold dissolver

The recovery of scrap gold is one of the many operations in C-400.

The bracs in the gold scrap is dissolved in a 64% nitric acid solution.

The gold is then separated and smelted into ingots if no other insoluble
material is present. If the gold is attached to plastics or other

insoluble material, aqua regia is employed to dissolve the gold. The nitric
acid in aqua regia is distilled off and the gold is precipitated by using
copper strips. -

The addition of lime to the residual solution precipitatés out most of
the heavy metals (Appéndix A, Fig. A-2). Lead, zinec, silver, and copper
are the major metal ions present. The pH is controlled at 9 to optimize
heavy metal removal. The treated effluent is discharged through the
C-616 full flow lagoon. ‘ '

2.3.4.7 Nickel stripper

To facilitate the repair of small parts, nickel plating is stripped off
in C-400.

The nickel stripper is prepared using a proprietary solutién [McDermid,
SCB-A 24 1b (11 kg) and SCB-B 25 gal (95 1)]. Each week, the solution is
discarded and a fresh batch mixed in two 50-gal (190-1) tanks. A typical
lab analysis of the discarded solution is presented in Appendix A, Tzble
A-1. The spent solution is discharged to the C-616-F full flow lagoon.

2.3.4.8 Vapor degreaser

The vapor degreaser is designed so that large [10 x 15 ftr (3.1 x 4.6 @) ]
pieces of process equipment can be handled. Trichloroethylene is
vaporized in the lower portion of the degreaser pit by steam coils.

The vapors diffuse and collect on the cooler metal parts or are condensed
by water-cooled condensing coils located on the walls of the dégreaser pit.
The condensate drains back into the heated portion of the pit from which

it may be revaporized.

Trichloroethylene vapors which escape the water-cooled and the upper
refrigerated coils and reéach the top of the pit are.vented through lip-
mounted exhausts to the atmosphere. This degreasing facility discharges
approximately 714,290 1b (324,000 kg) of trichloroethylene to the atmosphere
each year. A motorized cover to close the pit below the vents is being
installed to reduce tricllordethylene losses. Residues from the degreasers
are drummed and stored for disposal.
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2.3.5 Steam plant i

The C-600 steam plant is centrally located within the PGDP periméter.
It produces steam used to heat buildings, vaporize Urg, obtain UFg
satiples, maintain process temperatures, clean equipment, and provide
heat for other miscellaneous process operatiouns. It consists of three
water wall tube boilers (two coal-fired and onme oill= and gas-fired)
each capable of producing 100,000 1b (45,400 kg) of steam/hr at 250
psi (1725 k Pa), plus associlated equipment. Liquid effluents from
steam plant operation originate from three major sources: (1) water
treatment, (2) coal and ash handling, and (3) boiler blowdown.

2.3.5.1 Water treatment

Twenty percent of the steam production returns as condensate.

Additional boiler feed water comes: from the plant sanitary water

system. The water, which had received lime-soda softening at the

C-611 Water Treat3ent Plant, passes through one of four sodium

zeolite ion exclange vwater softemers. The soiteners remove calcium

and magnesium by fon exchange. The softemers are regenerated once

every 3 to 5 days, depending on the quantity and quality of the water

being softened. Approximately 700 1b (318 kg) of salt (NaCl) are

used per gemeration. The waste stream of CaCl, is discharged zo the

building drain pumped to the north-south ditch leading to the C=616 lagoon.
ter being softened, the feed water is degassed to the building drain znd

pumped to the drainage path leading to the C-616 full flow lagcon. The

combined stream of makeup water and condensate is then treated with sulfite

and phosphate and deaerated. Approximately 2400 1b (1090 kg) of sodium

sulfite and 1000 1b (454 kg) of phosphate ate added to the boiler water

feed system each year.

2.3.5.2 3oiler blowdown

Proper concentration of suspended and dissolved solids in the boiler
drums are maintained by blowdown from the system. The average blow-

down rate 1is 13,000 gal/day (49,400 1/day). All liquid effluents
from C-600 are pumped to the C-616F full flow lagoon.

2.3.5.3 Coal and ash handling

Coal is presently received by rail car and unloaded to a coal cérusher.
From here, cocal may go directly to the coal chute or to the coal
sterage yard, which has a 20,000 ton (18,140 T) capacity. The steam
Plant uses approximately 35,000 tons/yr (31,745 T/yr). Runoff water
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from the coal yard flows to a drainage ditch north of the coal yard
and is pumped to the C-616F full flow lagoon. The pH of the water

is approximately 2.2 in the drainage ditch. Analyses of the water in
this drainage dirch are presented below.

Coal Yard Runoff Water

Element (g/1)
Fe 1.7 )
504 8.6
Si 0.15
Al 0.05
Ca 0.04
Mg 0.02

The acidic coal pile runoff mixes with other effluents, including the
water from the C-616 clarifier. As a result, the pH is raised and
most of the dissolved solids are precipitated in the C-616 full flow
lagoon.

Pulverized coal feed to the boilers contains from 7 to 11% ash. The
ash falls to the bottom ash hoppers or is collected in highly efficient
electrostatic precipitators. A steam jet propels the ash to a stor=
age silo where the transferring medium is discharged through a water
scrubber. The scrubber solution is transfertred, by the same path as
coal pile runoff, to the C-616 full flow lagoon for settling and equal-
ization. Ash is stored in a 70-ton (63=T) capacity silo prior to
removal to the sanitary landfill.

Purchase specifications for coal are written to result in a maximum

of 1.2 1b sulfur/million Btu (0.5 kg/billion J). Coal analyses
conducted in 1978 show this limit is usually met.

2.3.6 Maintenance facilities, C-720, C-724, C-750

The C-720 building is located approximately 100 vd (91 m) northwest
of the main plant entrance. This facility fabricates and maintains
equipment and instrumentatioi.

Liquid effluents from C-720 flow via the Southwest Ditch and East-
West Ditch to Big Bayou Creek. Appendix A, Table A-2, summarizes
major wastes generated within C=720. The individual operations con-
tained within C-720 are described briefly as follows.



2.3.6.1 Instrument shop, C-720

Although some of the electronic instrumentation used at the Paducah
plant can be purchased through commercial vendors, many of the instru-
ments used are special-purpose and must be designed and fabricated by
plant personnel. The instrument shop fabricates and/or performs main-
tenance on electric, electronic, and pneumatic instrumentation em-
Ployed at the Paducah plant. Vendor-supplied equipment 1is tested in
the instrument shop prior to its installation.
Effldents and scrap material originating at the instrubent shop Tesult
primirily from the etching and repair of printed cifcuit boards.

2.3.6.2 Machine shop, C—]gO

The machine shop is a general purpose shop which deals in the f£sbri-
cation and maintenance of all equipment that requires precision
machine work. During the CIP/CUP programs the shop worked
primarily with cascade equipment components. Wastes include scrap
metal, oil, and water soluble ocil.

2.3.6.3 Electricglwmaintehance shop, C~720

The electrical maintenance shop cleans and strips motors before they
are repaired or, during the CIP/CUP programs, uprated. A trichloro-
ethylene dip tank is used to dip small parts and motor casings prieér

to surface finishing or electroplating. Some copper windings, brushes,
and other small metal parts are taken to the clean scrap yards for
eventual sale.

A few motors are taken to the C<750 garage for steam cleaning. O0il is
skizmed prior to discharge té the sanitary sewer.

2.3.6.4 Pump shop, C-720

The pump shop maintains all the pumps used at the Paducah plant. Most
of the effluents origifating in this shop are in the form of oil and
cleaning solvents used on small parts.
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2.3.6.5 Sheet metal shop, C-720

The sheet metal shops bends, cuts, and fabricates all types of thin
metals, primarily steel, aluminum, stainless steel, monel, and copper.
Excess cutting scrap is transferred to the clean scrap yard where it
is recovered and sold.

2.3.6.6 He;d shoo, C=720 -

The weld shop deals basically with the fabrication and maintenance

of plant equipment. Its primary role presently is the uprating of con-
verter assemblies. Wastes consist primarily of used welding rods and
other secrap metal. O0il from turning fixtures, jigs, and other equip-
ment requiring lubrication is collected and sent to the C-750 garzge
for storage and eventual sale. Welding fumes are discharged through
roof vents from both gemeral and local exhaust ventilation.

2.3.6.7 Garage, C-750

The C=750 garage provides the facilities for tepair atfid servicing

of automobiles, tow trucks, fork lifts, trucks, and similatf equipment.
The facilities include gascoline and diesel fuel dispensing, lubri=
cation pit, washing rack, and maintenance bays. As stated above,

the garage prdvides steam cleaning for some electric as well z2s auto-
mobile motors. A buried storage taznk is used to collect waste crank-
case oil and waste oil from other plant activities. A contract

waste 0il reclaimer picks up the oil when a sufficient quantity is
accumulated.

2.3.6.8 Plant services building, C-724

The Plant Services Building contaians a rigging loft, carpenter shop,
and paint shop. The rigging loft has no effluents. The sawdust ex-
hausted from poWer $aws 1s collected by an imertial éyclohe separater
and is buried in the sanitary landfill. The paint shop uses a water
scrubber on the exhaust of the paint spray booth to ceollect overspray.
Paint and thinner residues are collected, poured into 55-gal (209-1)
driums and shipped off-site for reclamation.

2.3.7 Laboratory facilities, C=710

Various laboratory facilities within the Tec¢hnicdl Services Division
are housed in Building C-710. The Technical Services Division is made
up of five departments: Classification and Information Services, Ana-
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lytical Laboratory, Environmenal Control, PTP and Systems Technology,
and Process and Materials Technology. Out of these five departments,
only two utilize laboratory facilities which make significant contri-
butions to the plant effluents. These are (1) the Analytical Labora-
tory Department and (2) the Process and Materials Technology Department.
The functions of these two departments are described in 2.3.7.1 and
2.3.7.2.

All sanitary effluents from C-710 are discharged to the sanitary sew-
age system. Effluents from the laboratory facilities are discharged

to the southwest ditch which flows into Big Bayou Creek. Appendix A4,
Table A-3 summarizes the yearly effluents from the laboratory fazjli-
ties.

2.3.7.1 gpa;y;icalﬂLabgygtpryiDguartmen;

Routine services of the analytical laboratory include analysis of pro-
cess gases and environmental samples, metallurgical testing, and radio-
analysis. Other services include testing of materials purchased in
2ccordance with established specifications—oils, coolants, chemicals,
netals, etc.

The lab is involved in finding solutions to specific plant problems and in
providing consultation, theotretical solutions, and experimental work

of an original nature. In addition, the lab is involved in the develop-
ment and.improvement of existing lab and plant instrumentation, ana-
lytical methods, and techniques. The laboratory wastes are of insigni-
ficant quantities, but are given a degree of equalization in a collection
pit south of C~710. '

2.3.7.2 2Process and Materials Teéchnology Devartmerfit

The Process and Materials Technology Department is made up of three
sections: Chemical Technology, Diffusion Technology, and Materials
Technology. Each group provides technical support for various process
operations.

Chemical Technology conducts research in environmental control =methods

and designs experiments to reduce effluents from various chemical pro-
cesses, including the use of monitoring devices in problem areas.
Special projects range from testing chemicals on material integrity

to developing new cleaning methods for out-of-service coolant con-.
densers. i

Diffusion Technology-provides technical support for the C-490 and €-720

converter assembly and testing facilities. The group also conducts
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permeability tests on converters in the test facility and is respon-
sible for determining the separative quality of the barrier in the
different cascade stages. A laboratory system is now being con-
structed to facilitatre Bore extensive barrier testing. There are no
¢continuous of regular liquid wastes. Very small quantities of gaseous
fluorides are emitted above the C=710 roof with no measurable effects
on ambient fluoride levels.

2.3.8 Nitrogen Plaat, C-601 -

The Nitrogen Plant is located in C-60l1. The generating equiprent
consists of a compressor, air dryers, a separation column, storage
facilities, and piping. It is designed to produce 150 standard cubic
ft (scf) (4.2 n3) of nitrogen per minute.

Gaseous nitrogen is used at the Paducah Gaseous Diffusion Plant chieily
for purging or imertinag various UF6 processing systems; liquid nitro-
gen is used as a low temperature refrigerant.

Liquid effluents from the nitrogen facility consist of lubricating

0il and condensate. Six pints (2.8 1) of oil are used daily for the
lubrication of the compressor cylinders. About half of this is re-
covered from leaks around the compressor shaft; the other half is dis-
charged to the storm sewer with condensate from the compressor and the
entrainment separators. The effluents from the nitrogen facility

flow into the 0il skimmer ditch and finally into Big Bayou Creek.

The oil is first skimmed with a belt-type skimmer in C-600 beiore
going to the storm sewer system served by the oil skimmer at the west
perimeter fence. It is skizmed from the ditch before the water is
discharged to the creek and Is drummed for salvage.

2.3.9 Air Plant Facilities, C-335, €~600, and C-620

The air plant facilities are located in buildings C-335, C-600, znd
C-620. Buildings C-335 and C-620 contain two electric-powered com-
pressors each. 7Two steampowered air compressors are located in
C-600. The six compressors. are capable of producing a total of

26 x 106 scf (7.3 x 104 m3) of clean dry air per day.

The plant air distribugion system is used primarily for process systems
and instrumentation. The air is dried to less than 50 ppm water and
supplied to the plant distribution system at 88 psi (606 k Pa).

A typical air-plant flow diagram is illustrated in Appendix A, Fig.
A-3. As dry air is produced, cooling water and condensate are
released to Big Bayou and Little Bayou Creeks$s. Approximately 6 pints
of o0il are used for lubrication during the daily operation of
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the two electric compressors in C-620. 0il mixed with cooling water
and condensate from compressor<associatéd equipment flow through an
oil recovery system and into the 340 effluent ditch. The 340 effluent
ditch exists on the plant's east side and flows into Little Bayou
Creek. An o0il collection system intercepts floating oil.

The steam engines used to power the air codpressors in C-600 require
approximately 3 gal (11l.4 1) of lubricating o6il per day when
operated. The compressors themselves require approximately three
pints (1.4 1) of .-lubricating oil daily. C-600 is equipped with an
0il skimmer to remove this oil before the condensate and cooling
water enter the effluent ditch.

2.3.10 Fluorine Plant}ﬁgfﬁ;o

Fluorine for use in the various process systems is produced at C-410
by an electrolytic process dissociating anhydrous hydrofluoride (HF)
in a potassium,bifluoride electrolyte. Hydrogen, containing some en-
trained HF, 1is vented to the atmosphere through a mist eliminator and
a flame arrestor. A maxirmum of 300 1b (136 kg) of HF is vented to
the atmosphere with the hydrogen gas each year. The fluorine plant
has the capacity to produce over 10 tons (9 T) of Fy per day. How-
ever, with the UFg manufacturing plant shut down, only 500 to 1500

1b (227 to 681 kg) of Fy are produced per month.

Four fluorine cells, or gemerators, are presently empléoyed to p:oduce
fluorine. The fluorime is then pumped to one of three 1000 ft3 (28 md)
storage tanks to be used as needed.

Failed or defective FZ generators are not repaired but are replaced by
one of the spare generators available. The defective generator is
sto;ed with the electrolyte in a frozen state within the electrolytic
cell.

2.3.11 Anhydrous hydrogen fluoride storage facility, C-410H

The anhydrous HF storage facility consists of seven 10,000 gal (38,000 1)
tanks, Only one of these tanks is presently being used.

The HF storage tanks are pressurized with nitrogen [maximum 30 psig
(206 k-Pa)] to facilitate the transfer of liquid HF to the HF vaporizer
in C-410. The transfer header is equipped with flow-limiting orifices.
If an excessive pressure differential is detected in the transfer
header, the transfer header valves close automatically.

Other safety features are incorporated in the storage facility
to minimize the possibility of a significant release. The storage
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tanks are within a 2 ft (0.6 m) deep concrete pit and HF senscrs are
-placed at various locations in the facility. In the event of an HF
release, anm alarm will sound. Plant emergency squad personnel may
manually activate a fog nozzle system to absorb HF from the air. The
water and HF would collect in the concrete pit area and drain to a
holding pond where the acid would be diluted and held up for neutral-
ization.

2.3.12 Water treatment facility, C-611

The C-611 water treatment plant supplies all the water requiremernts
for the facility. An average 26 (wmillion galloms per day) [S8 million
liters per day] is required at the present with a peazk of 30 ts 32 dgd
(114 to 121 mld) expected usage for uprated operations.

The water treatment process is based on conventional water treatzment
techniques which include softening, coagulation, flocculatiocn, sedi-
mentation, and chlorination. A schematic diagram cf the C-611 Zfacility
is shown in Appendix A, Fig. A-4.

Raw water is obtained from the Ohio River through an intake station
at the TVA Shawnee Power Plant and pumped through water-sofrenin
units at the water treatment facility. The water is chlorinated and
flocculated in the mixing basin. Approximately 99% of the susrvended
solids are settled out in four reinforced, concrete-lined settling
basins with a total capacity of 12 million gal (45 x 106 1). ‘

After the sedimentation process, zpproximately 157 of the water is
filtered, postchlorinated, and pumped to the sanitary water disgri-
bution system (subsection 2.3.14). The remaining water is puzmped into
the plant water distribution system for use as once-through cooling
water or for usé in the recirculating cooling water system.

Waste effluents with high solid content are generated at C=0l1l as a
result of the softening process and during sand filter backwasning

and sludge removal from the settling basins and mixing basins. This
sludge is accu=ulated at a rate of about 5.5 tomns/day (5 T/da) in

two lagoons which are conmected in series. Typical composition of

the sludge 1s shown in the following tabulation. The sludge is removed
from the settling basins several times a year and the filters are
backwashed two or three times a day. Sludge is blown down from the
softeners several times a day to the two lagoons leading to the NPDES
discharge point.
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C-611 SLUDGE COMPOSITION
Substances = we ¥

Aluminum hydroxide 2
Calcium carbonate 50
Ferric hydroxide 10
Magnesium hydroxide 4
Manganese 3
Silicon dioxide 6
Silc 26
Titanium 1

The only liquid effluent from the water treatment facility consists

of the supernate liquid flowing from the second lagoon. Approximately
0.7 mgd (2.6 mld) are discharged into Big Bayou Creek. Typical
supernate data are presented below. This lagoon effluent is per-
mitted under the NPDES system with limits oo pH (10) and on suspended
solids (50 mg/l).

C-611 LAGOON SUPERNATE LIQUID

COD (chemical oxyger demand) 15 ppm

Flow 0.7 mgd (2.6 mld)
pH $.0-10.0
Suspended solids 15 ppm

Turbidity 9 ntu

2.3.13 Recirculation water system

An efficient coolant system is an integral part of gaseous difiusion
plants. Approximately 90%Z of the electrical émnergy consumed on the
plant site is converted to heat in the enrichment process when UF¢ is
compressed to force 1t through the stage converter. The recirculation
water system removes this heat of compression from the précess gas,
along with waste heat from a few auxiliary processes, and dissipates
this energy to the environment. A flow diagram is presented in
Appendix A, Tig. 4-5.

The double-loop cooling system employed is designed to reduce the
possihility of water contacting the process gas. The primary loop,

utilizing freon (R-114) as a heat, transfer medium, removes thermal energy

from the UFg. This thermal energy is transferred to the seconaary
loop, recirculating cooling water, which releases its energy to the
atmosphere in mechanical cooling towers. The cooled water is then

pumped back to the heat exchangers through the building supply piping
systems.
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‘There are 14 cooling towers (six old and eight new), all of which will
be needed when the plant reaches its uprated capacity.

Air is both heated and humidified as it is pulled through the towers
by fans. The amouht of humidification depends on the moisture content
of the air; thus, the rate of evaporation of the recycle cooling

-5 water varies with weather conditions. As water falls through the

; towers, it is broken into small droplets, some of which are carried
out of the tower with the heated air or blown o6ut the side of the
tower by wind.

Evaporation of recirculating water concentrates the dissolved solids
that are present in the makeup water, in the corrosion inhibitor;, and
in sulfuric acid used for pH control. The concentration of solids,
especlally the carbonate and sulfate ions, must be controlled to pre=-
vent fouling of the water-coocled condenser heat transfer surfaces.
The control is obtained by continuously removing some of the water.
The discarded water, referred to as blowdown, leaves the cool side

of the system at the basin temperature (about 95F, 34C).

The total amount of blowdown water depends upon the plant power

level, the concentration of dissolved solids in the makeup water,

and the number of cycles of concentration allowable. Dissolved solids
concentration in the makeup water is minimized by the water=softening
process at the C-61]1 Water Treatment Plant where the calcium and
magnesium carbonates are reduced from typically 100 ppm to 30 ppm.
However, in addition to the constituents of the makeup water, a
chromate-based corrosion imhibitor is added, the pH is maintained

at 6 to 6.5 with sulfuric acéid, and chlorine is added to control algae.
Despite the inhibitor, some corrosion of the steel pipes and copper
tubing occurs, addin; these dissolved and sSuspended solids. Leaching
of wood preservatives by the water is assumed, but not detectable

in the water. Cooling tower cells are taken out of service each

year for spraying with Betz F-16 fungicide, which contains about 20%
pentachlorcphenate. The chemical feeds to thée recirculating water

are presented in Appendix A, Table A-=4.

2.3.14 Sanitary sewage treatment facility, C=615

The C-615 sewage treatment facility processes the sanitary waste water
from the Paducah plant prior to dischatrge into Big Bayou Creek. The
faciliry was designed for a 3,000-person loading and a maximum in-
fluent flow of 0.8 mgd (3 mld).

Lo

Influent enters-a comminutor which grinds up large debris before it
enters a 20,000-gal (75,700-1) settling basin (Appendix A, Fig. A-6).

... i Lo e . .
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This basin is equipped with a collector and a skimmer toc remove floating
s6lids. This settling removes approximately 50 to 65% of the suspended
solids and 25 to 40Z of the BOD. This is a preliminary step to the
biological treatment units. The bioclogical system is a 40 ft (12 m)
diameter trickling filter. The secondary effluent guideline is an

85Z removal for the biological oxygen demand. Effluent flows through
a 17,000 gal (64,300 1) secondary settling basin where mote solids

are removed. Effluent can be recycled through the trickling filter

for additional treatment, if necessaty.

Sludges from the primary and secondary settling basins are pumped to

a 9000 ft3 (207 m ) anaerobic digestor to decompose the waste to
methane, water, and COj. Small amounts of methaqe are vented to the
atmosphefe during the process. The digested sludge, approximately

10 ton/yr (9 T/yr) is then transferred to sludge drying beds for mois-
ture reduction before being disposed of in landfills. Sludge compo-
sition 1is prgsented below. .

C-615 SLUDGE COMPOSITION*

Component . we %

Nitrogen 1.5
Phosphorous 0.85
Potassium 0.005
Uranium 0.1
Organic 7
*pH - 5.2

The final treatment is chlorination of the effluent to reduce the
fecal coliform bacteria to less than 200 per 100 ml of sample. A
typical monthly monitoring report is included in Table 2.3-2.

2.3.15 Storm dralnage system

The storm drainage system of sewers, c¢ulverts, and ditches collects
surface runoifif from buildings and grounds and empties this runoif
into either Little Bayou Creek, on the east side of the plant, or

Big Bayou Creek to the west. This system is also used to conduct
the effluent from some of the process facilities, such as cooling
water from the dry air and nitrogen plants and final rinse water from
the C-400 decontamination facility (Fig. 2.3-1).

Weekly composite samples from two of the drainage ditches existing on
the plant site are collected and analyzed. Average flow rates for
each of the drainage ditches on the plant site are tabulated in
Appendix A, Table A-5. Total effluent is continuously monitored at
stations loca;ed in Little Bayou and Big Bayou Creeks (subsection
2.3.23).
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‘7 Table 2.3-2. Monthly monitoring of C-615
T sanitary sewage treatment facility
No. of ) N NPDES
. Samples Minimum Maximum Average Requirements
Influent pH 22 6.6 9.6 - Monitor
Effluent pH 22 5.7 7.3 - 6-9
Effluent total 30 1.1 6.2 2.0 Monitor
chlorine, ppm
Influent 5 4 179 71 Monitor
suspended solids -
(Ss), ppm _
Effluent SS, ppm 5 3 18 9 Monitor
Reduction of SS, -— - - 87
pec-cent
Effluent total 3 2 6 <3 ==
coliform, per
100 ml
Effluent fecal 1 <2 <2 <2 200
coliform, per
100 ml
Influent BOD, 5 59 138 86 Monitor
PPm _
Outfall BOD, ppm 5 6 15 12 15(10) *
Reduction Of BOD, 0 0 0 - 0
z - - -—— 86 y—
Effluent uranium, 25 0.012 0.030 0.019 -=
PpPm )
Effluent CrQ4, 25 0 0 0 -
PPD
Chlorine feed, - - - 11 -=
ppd
Flow, mgd, - 0.187 0.337 0.319 Monitor
metered
Recycle flow, - - - 1.339 -
mgd, metered
*#]1981 draft NPDES permit limit for BOD is 30 ppm
2.3.16 Full flow lagoon
: Effluents from the C-400 decontamination facility and the C-600 steam
plant, and leachate from the C-404 radioactive waste burial area, flow
. into the C=616F detention basin prior to discharging into Big Bayou
: Creek.
The detention basin was originally designed to serve as a settling
E basin for the chromium treatment facility in the event of a clarifier
3 malfunction. However, in July 1977, the storm sewers from C-600,

C-404, and C-400 wete routed through the detention basin to provide
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settling for fly ash from C-600 and small amounts of low level radio-
active contaminants from C-400 and C-404.

2.3.17 Radioactivgfygs;e systems

Uranium removed from the process other than in the product or tails
streams either goes through the C-400 NaOH precipitation for eventual
material recovery or goeés to radioactive waste. Impure uranium having
assays (235U to total U ratio) of less than 0.5% 1is considered non-
recoverable and therefore in the waste category. Radioactivé waste
sludges from the C-400 lime precipitation containing this low assay
uranium, low concenttrations of 99Tc, and traces (less than 10 uCi/gram)
of transuranics are buried in the C-404 Radioactive Waste Burial Area.
Other materials going to the C-404 facility include contaminated
debris from the process areas and vacuum cleanings and impure UF,

from the C-400 green salt, screening and drutming unit.

The C-404 burial area was converted from an existing holding pond.
The pond was constructed én d tamped clay bottom and enclosed by a
tamped clay-lined dike. It was first used as a burial area in the
late 1950s to receive contaminated magnesium fluoride slag from a
uranium smelter. It is now filled to the top of the dike; drums are
stacked in rows and additional dirt cover is placed on the drums.
The final clay cover will be packed and sloped to prevent rainwater
absorption and leaching of the burial area.

The C-400 lime precipitation process is considered a radioactive waste
treatment system. The system and its typical discharge are described
in subsection 2.3.4.1.

The C-310 purge cascade is not considered a radioactive waste system
unit. However, the final stages of the purge cascade strips essentially
all the UFg from the purge gases and permits the light gases to be
discharged to the dtmosphere.

2.3.18 Biocides

The Paducah plant uses many pesticides. Bulk use of these agents is
handled by the plant's Roads and Grounds Department under the suver=
vision of plant personnel who have been certified by the Commonwealth
of Kentucky as private applicators. There is no environmental
monitoring for these compounds. Application of Betz F-16, a penta-
chlorophenate-based fungicide, on cooling tower wood is discussed in
2.3.14.

Chlorifne is added to the recirculating cooling water (RCW) to inhibit
bacteria and algae. It is also used in the water treatment plant and
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Table 2.3.3. Continued.

Average for

1l month NPDES 7
Parameter (ppm) Requirements (max)
Chromium (total) 0.16 0.3 ) (1.0)
Chromium (CRTS) 0.005 0.05 (0.1)
Zinc 0.26 0.5 (1.0)
Copper 0.08 0.5 (1.0)
Suspended solids 6.0 30 (453)
Total dissolved solids 1848.0 - -
Fluoride 1.05 - -
pH . 8.7 6.0-9.0 -
Turbidicy 2.0 ntu -
0il/grease 6.0 10 (13)

== e —

2.3.19.2 Waste oi}

Approximately 22,500 gal (85,200 1) of various grades of waste oil are
generated znnually. Approximacrely 5,500 gal (20,800 1) of the clean waste
0il are used in the air intake filters and for sweeping compound; 9,000 gal
(34,100 1) are sold to a salvage company.

The remaining 8,000 gal (30,300 1) may be contaminated with radioactive
materials and other izpurities such as various ctypes of oil, cleaning solutioms,
solvents, water, etc. Slightly contaminacted oil is now being accumulzted for
eventual incineration in the C-600 boiler.

Uranium emissions from C-600 due to burning of contaminated oil were calculated

to be insignificant when compared to the uranium normally found in cozl and
in the ash resulting from burning coal.

2.3.20 - Szaitary landfill

The present sanitary landfill employs a cut-and-fill burial technique. This
landfill is circular and covers approximately 3 acres (1.2 ha) outside the
southwest plant perimeter fence.
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Approximately 13,200 tons (12,000 T) of combustible refuse and 30,800
‘tons (27,900 T) of steam plant ash are generated each year and disposed
of in the sanitary landfill. About 2% of the material comes from the
plant cafeteria. The remaining debris is composed of waste paper,
cartons, pallets, and similar waste.

Big Bayou Creek flows near the eastern edge of the landfill. Surface
runoff and some leachate drain into Big Bayou from the disposal area.
Leachate analyses atre summarized in Table 2.3-4.
Table 2.3-4. Detectable Trace Elements
in Landfill Effluents

Sanitary Big Bayou Creek
Landfill below Sanitary
Element Leachate (mg/l) Landf1ll (me/1)

Al 100 ’ 4

B 1 0.2

Ca 400 40

Fe 200 8

Hg 0.3 N.D.

Mg 100 8

Mn 100 .10

Na 10 8

Si 15 40

Ti 0.3 0.4

Sr 2 0.4

’roblems with fugitive dust from ash disposal are experienced during
the dry summer months. Fugitive dust is controlled by wettiag the
dusty areas with water and covering the inactive portion of the land-

£ill with dirt and vegetation. Decomposition gases and odors have
not been problems at this site.

The current landfill will be closed out in 1982 when a new landfill

to be located on the north side of the plantsite (north of XY Route 386)
is operational. The current site will be contoured, and capped with clay
and vegetation. The prel.minary design and soil survey for the new
landfiil was submitted to the Kentucky Department of Narural Re-

sources and Envirommental Protection for comment. The construction

and operation 1is subject to the Kentucky permit system.
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2.3.21 Burial grounds

There 1s a total of 22 burial sites managed by the Paducah Gaseous
Diffusion Plant (20 inside and two outside the perimeter fence). Only
four of these sites are active at the present time. The other 18 have
been filled and earth capped.

A description of the burial grounds and the types of scrap buried
are presented in Table 2.3-5. The location of each site is shown in
Appendix A, Figure A-8.

Groundwater samples have been taken monthly from two monitoring wells
for several years and have not indicated any leaching of the burial
grounds. A series of samples from shallow borings also did not indi-
cate groundwater contamination. All surface,watér flowing from the
plant site is monitored at the water monitoriné stations on Big and
Little Bayous.

2.3.22 Effluegt:and environmental monitoring

The environment of the PGDP is continuously fionitored by air and water
samplers and monitors. Grass sampled at established locations is

dlso used as a monitor for ambient ‘gaseous fluorides. An annual
report of the monitoring has been issued each year for 20 or more
years. Distribution is made to the DOE and to area news media.

Locations of all PGDP routine monitoring points are presented in
Appendix A, Figure A-9.

2.3.22.1 Air monitoring

Ambient monitoring is accomplished by a network of ten continuous
monitoring stations. Air filters are changed out weekly, then
analyzed for fluorides and counted fof gross alpha and gross beta
radicactivity. Compliance with the Kentucky zmbient fluoride limit
(2 ppb HF weekly) is determined by the monitoring data and results
are summarized in annual Environmental Monitoring Reports(3)

Stack effluent data are obtained routinely from che C=400 UF,; pul=
verizer exhaust and from the C-310 purge vent. Emissions from the
C-400 pulverizer exhaust through a bag filter. A sample is withdrawn
continucusly from the stack and particulates are collected on a thimble

filter. This thimble filter is changed out monthly and analyzed for
uranium. '



Table 2.3-5. Areas used for burial of scrap materials at
the Paducah plant through Calendar Year 1978

Depth Depth
Slze Area of liole of Earth Primory Type of Qusatity of Percent of
Descriptlon Location (fe)a (fe)a (fe)s Cover (ft)® Perlod of Use Scrap Burled Scrap Burled?® Ares Uged
Ursnlus burlal ground C-749b 160-x 200 29,800 ? 4 1957-1927 Pyropliorle uronlun 270 Short Tu; 14
wetol 59,000 gal ofl
Solld radloactive c-s04V - 131 & )BO 52,000 6¢ —_ 195)-1957 f.1quid vostey froa 2,900 xgu —
vaste dlipossl srea C-400
6¢ 6-8" 1957-Present ‘Hetals plant scrap, 3,200 Shore TU b2
reject UFy, filter
cake:
Clasalfled scrap €-166-7 175 x 400 70,000 .8 4 1967-Present Class|fled: Materfale 1,800 tons 3
burfal yard not vorthy recovery 'l\’
Trash burlal area Aree A 68 x 275 18,700 10-12 ] 1962-1967 Noncombustible tresh 90 W
1967-1979 Noncombustible trash Ll
(cloeed) and contaainsted
combustlble trash
C-340 drua and con- Ares ¥ 10 x- 20 200 6-7 3 1957-1959 Enpty contamlnated 50-15 druns 100
tazlnated burlal . puvder Jruns
srea 20 2 28 560 6-7 3 19)§-1972 Miec. contaminated 100
moterlal & equip-
. aent
70 x 110 1,100 * 6-7 b ] 1972-1978 Uranlum contaminated
. druss
Sanltery landfll1 C-746-K 400’ dlamcter 125,000 20 1-2 1967-Present Noncontamlinated com- £5
' bustsble traeh and
) steam plant ash
Subcontractero’ dla- Area P 1000 x 1000 1,100,000 :None to Nune <o 1951-Preusent Conatructlon ruhbtah —_—
cord ares (near nevw varlouya varlous Industriol Jandf11}

senltary land(I11) (rernle pending)




Table 2.3-S.

(Concluded)

Percent of

drea

Sire Primacy Typo of Quantiity ol.
Deccription Location (et () Purind of Uoe Scrap Burled Scrap Duried Ates Used
Cuntaninsted sceap Area 60 » 172 23,000 1958-1962 Honcumbustible trash; 100
Surlal scea Aren 60 x 160 contaninated and
Area 2! 122 noncombuatible ma-
iterlal & equipount
Conceetis burlal acea Area 15 x 14) 3,650 1960 Concrete pleces [row Y 200 tons 100
Area 15 x 99 resctor tray basae
MYagnasiue acrap Area 12 % 13 180 197 Hagnesium ecrup 10 full drume 100
burlal ares
Exhaust fan burlal Area 8 x 35 480 1966 ‘Exbiaust hood blovera B blowers 100
ares contansinated vith
perchloric scid
Contariaated aluainua  Area . 37 x 100 4,000 1960-1962 Contaninated sluminua '100-150 -full 100
borial ccea ‘anta, boite, plaotes, drums
ete,
Magnesium scrap Aren 12 x 15 ‘180 1968-1969 Magneslum ecrap 20 full druma. 100
bLurlal ares
Modine trap burlal Ares 20 x 30 600 1969 ‘Cuntaninated modline 1 trap 100
trup
Yut salvage yard Area 15 x 50 8,300 1952-1958 Trash, saterials & ’ 100
burial area 50 x 150 . equipment .
Chenlcal vaste yard Atres ‘80 x 230 » 18,000 1942-1945 Materfols & equipment 100
120 x 280 (4) from old KON ares

contaminated vith
THT

'Approllnnte.

bA nonitoring vell located approximately 850 ft north of tlicee arcas I3 asmpled monthly to clieck the wazer table ifor urantus, fluorldes, and alpha and beta

sctivity.

“I'e bottom of the discard arca 1a at grade level.

d

treegulur shape (trapezoldal)

The sres le aurrounded by an eacthen dike,

[A%ar/
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Grab samples are obtained monthly from the C-310 cascade purge vent
and are analyzed for uranium, transuranics, and technetium. Fluoride
discharges from the cascade are estimated on the basis of chemical
usage.

Sulfur dioxide emissions from the C-=600 steam plant are based upon
coal usage and sulfur analysis of the coal. A continuous 502 analyzer
was installed on the two coal-fired beoilers at C-600.

Particulate emissions have been measured by EPA Method 5 at thé C-405
incinerator, C-746 nickel induction smelter, and C-746 aluminum sweating
and reverberatory smelters and have been determined to be in compliance
with Kenrtucky particulate emission limits.

2.3.22.2 Effluent liquid monitoring

Environmental and effluent water samples are collected routinely from

a number of locations including Little Bayou Creek downstream of plant
discharges, Big Bayou Creek and the Ohio River upstream and downstream
of plant discharges, and groundwater samples from wells in the area.
Monthly grab samples are taken at all locations. Samples are routinely
analyzed for hexavalent chromium, uranium, alpha and beta radiocactivity,
pH, fluoride, and nitrate. The stations on Little Bayou and Big Bayou
are continuously monitored for pH, conductivity, flow, temperature,

and dissolved oxygen. A composite sampler receiving signals from

the flow recorder collects 24-hr composite samples proportional to flow.
Samples obtained from these stations are analyzed for total chromium,
turbidity, dissolved solids, and oil and grease in addition to the
parameters mentioned above.

A Parshall flume is used as a flow channeling device and flows are
measured using a bubbler and manometer. The monitoring instruments
are housed in a heated vandal=resistant shelter.

In~-plant effluent samples are obtained routinely on the South-North
Diversion Ditch and on the West-East Ditch exiting the plant near C-340.
Continuous 7-day samples are obtained weekly for analysis using a shop-
made water sampler. Effluent samples are also collected routinely

from the filtrate from the C-400 decontamination solution treatment.
Each filtrate batch is analyzed for radionuclides and fluorides.

Water collected from the C-404 radioactive waste burial facility is
analyzed for uranium, nitrate, and fluorides before being released to
the drainage ditch. '

2.3.22.3 Vegetation and soil samples

Bimonthly vegetation samples are obtained from 17 locations. Grass is
collected, allowed to dry, and then ground in a cutting mill. Samples
are analyzed for fluoride.



Soil samples are obtained arnually from ten locations. Samples are
dried, pulverized. and analyzed for radionuclides. Stream sediment
samples are also collected annually and are analyzed for various
radiocactive and nonradicactive parameters. )

2.3.23 Transportation

2.3.23.1 Prtoduction materials

Nuclear material is received and shipped by rail and trucks.

All shipments are made in conformance with DOE Manual Chapters 2405
and 5201, the Department of Transportation (DOT) regulations CFR 49,
parts 170-189, and the International Atomic Energy Agency (IAE4)
Safety Series No. 6. All UFg shipping containers must meet American
National Standards Institute (ANSI) N14.1-1972 specifications. All
enriched UFg having an assay greater than 1% of 35y is shipped in
steel cylinders enclosed in DQE-DOT approved protective packages.

UF; (green salt) is packaged in 55-gal. (208-1) steel drums and is
transported within the plant on pallets, on special trailers or trucks,
and are handled by forklifts. UFg cylinders are handled by special
equipment, cylinder carts and overhead cranes. Handling is minimized
until the UFg in the cylinder is completely solidified. The only
equipment used to handle cylinders o¢f liquid UFg are the cylinder
carts cradling the cylinder while it is being filled and the overhead
crane which moves the cylinder from the cart to a nearby cradle for
cooling. Handling methods have been subject to both quality assurance
and system safety analyses.

Movements of nuclear materials inside the plant are handled by
trucks, carts, and other specially designed vehicles. Plant-approved
transportation practices control the transportation of production
materials.

2.3.23.i Qgpggrgaggrialsj

Nonnuclear materials are shipped to and from the plant by both highway
and railroad. The plant railroad system is served by Illinois Central
Gulf Railroad. The plant access road connects directly to U.S. Route 60.
All shipping and receiving is handled through Receiving, Purchasing,

and Stores in Building C-720.
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2.3.23.3 Employees
Most employees live within 30 mi (48 km) of the plant. Personal

automobiles are used. Since there is no public transportation avail-
able, many of the plant persomnnel use car-pdol arrangements.

- 2.3.24 SafeguardSLand securityv

A comprehensive safeguards and security program is maintained at

the Paducah Gaseous Diffusion Plant to meet DOE requirements and to
assure adequate protection for the enriched uranium produced, the
facilities used for enrichment, and the classified technical informa-
tion used in the production of enriched urznium.

Acts of sabotage by individuals or groups knowledgeable of plant lay-
outs, external support facilities, and physical security measures
could result in the disruption of production and the possible release
of hazardous materials to the environment. Safeguards and security
measures are designed to make the success of sabotage efforts highly
improbable. Plant design is based on the principles of contzinment
to minimize this possibility.

2.3.24.1 Systems

2.3.24.2 Physical protection

l The physical protection system for the Paducah plant includes trained
. armed guards, multiple physical barriers, strict access control to
the facility and classified areas, multiple communication systems with
l local law enforcement authorities, and security control facilities.
Protective measures further include the prohibition of personal ve-
hicles within protected areas, backup guard forces, written records
of all persons visiting controlled areas, and random search of all
' packages, briefcases, containers, or vehicles entering or leaving a
conitrolled access area.

A guard force is provided to conduct regular inspections of buildings
and grounds to assure that there are no breaches of security. Additioral

inspections are conducted when facilities are not attended by other
personnel.

2,3.24.3 ﬁuclear materials control

..

A measurement program is used to establish the quantities of material
received, shipped, and in inventory, permitting the timely notice of

e



apparent losses and the localization of possible loss mechaniszs.
These measurements also serve in process control, criticality control,
environmental safety, and inventory management.

The accountability measurement method includes weighing and determining
the volume of bulk material and analyses for chemical and iscropic
content from representative samples. The measurement of uranium iso-
topes in the dynamic gas phase in cascade equipment presents a unigue
challenge in engineering and chemistry principles because itemn=by-item
accountability is impossible.

2.3.24.4 Personnel security

New emplovees cbtain access to the plant only after an investigation

by DOE which establishes that access can be permitted without endanger-
ing the common defense and security. The extent of the investigation
.1s zppropriate to the degree of access required.

Employees of subcontractors requiring access to the plant area and
visitors to the plant are also appropriately cleared unless it is
practical to control access to classified information by escorts.

An identification system is employed which includes the prominent
display of a photographic badge by each individual. Access, even
by cleared individuals, is limited to areas and information required
in the performance of duties.

2.3.25 Acécidents

2.3.25.1 A¢cidents involving radioactive materials

Criticality accidents

Considering the nature of the material handled at the PGDP, in con-
junction with the controls placed on the handling, the probability of
an accidental criticality at this facility is exceedingly small.

It is impossible to obtain an _accidental criticality with uranium
enriched to less than 1 wt % 5U when dealing with the uraniuz com-
pounds encountered at a gaseous diffusion plant. It is also impossible
Lo create a criticality with gaseous uranium hexafluoride. The
wajority of the operations at the PGDP deal with either gaseous UFg,

or with material at or below 1% enrtichment, or a combination of both;
such operations are always nuclearly safe.
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Other areas possessing potential for criticality have been analyzed.
Design parameters and/or administrative controls have been imple-
mented to assure nuclear safety under abnormal operating conditions.
Some of the design criteria utilized in maintaining nuclear safety
include: gecmetric sizing of process equipment, limitations on allow-
able mass accumulations, control of potential moderating substances,
protective spacing between uranium solutions, and installation of fixed
neutron absorbers. Some of the current administrative controls in=
clude: roéutine audits of all enriched uranium areas by the nuclear
safety stdff; review of all equipment and procedure modificationms,
‘additions, or deletions; and annual criticality safety training ;of
all operating personnel working in enriched uranium areas.

Emergency radiation procedures are maintained and are current. Radia-

tion alarms and evacuation procedures are designed to minimize the
exposure from an acc¢idéntal criticality.

Noncriticality accidents

Uranium nexafluoride releases outside of buildings

The only credible accident scenario resulting in a significant UEs
release outside of a building would involve the breaching of a cylin-
der containing liquid UFg. This cylinder breach could occur if the
valve becomes damaged, if the cylinder should be dropped or if the
cylinder itself shoéould be punctured or cracked below the liquid line.
It should be noted that in order for UFg to be released through the
valve damaging sequences, the cylinder would also have to roll ta

such a position that the valve would be below the liquid level. Pro-
cedures are in eifect to assure safe handling of all UFg cylinders,
particularly those in which the UF6 is still liquid. These procedures

include safe handllng distances, safe load limits, minipum solidification
cooling periods, and guidelines to assure the protection of the cyllnder

from structural damage.

Cylinders';ontainihg liquid UF; are moved at three on-site locations
(i.e., C-310, C-315, and C-337A; the product withdrawal, tails with-~
draual, and product sampling facilities, respectively). Valve pro-
tectors are required to beé secured over the cylinder valve prior to
any movement to gtard against acc1dental damage to the valve. At
C-310 and C-315 the cylinders filled with liquid UFg are moved away
from the withdrawal positions on rail carts. Outside the buildings,
they are lifted by overhead crame and placed in cooling positions
where they remain until solidified. The total distance travelled

by crane is small. At C-337A, an overhead crane is used to transport

liquid UFg cylinders from the preheat bath to the actual sampling bath
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and then from the sampling bath to the cooling position where they re-
main until solidified. This cooling area is located immediately ad-
jacent to the sampling bath, reducing the distance the cylinders =must
travel with the liquified UFg. Fixtures or equipment presenting a
sharp projection which could puncture a cylinder during transit have
been removed or modified.

During 25 vears of operation, only three incidents of uranium release
greater than 5 kg have occurred in those three areas. The largest

of these resulted in a 665 kg release to the environment (0.32 Ci

of radiocactivity). Using typical meteorological data for PGDP and
dispersion modeling, this 666 kg release produced a ground concentra-
tion of only 8 nCi/m3 at the nearest residence. (This conservatively
assumed that the eatire 666 kg became airborne). The risk oI developing
a fatal cancer from inhalation is estimated to be approximately

3.34 x 10-8, or inconsequential (4).

Uranium hexafluoride releases inside buildings

Uranium releases within buildings can be grouped into two basic cate-
gories — releases involving liquid U¥g and releases involving gaseous
UFg. Liquid UFg releases may occur at either the tails or procduct
withdrawal stations where liquid UFg is drained into cylinders, or

at the feed vaporization facilities where UFg is liquified in the
cylinders in autoclaves. Gaseous- Urg releases may result irom fzilures
of equipment operating above atmospneric pressure or from pigtail
breaks at the feeding positioms. :

In C-315 and C-310, liquid UTg is drained into evacuatad cylincers.

The flexible pigtail used to. connec: these cylinders to the drain

line offers the largest potential for a liquid UZg release. 1f this
connection is .broken, liquid UFg could drain from the accumulator onto
the floor. To minimize the size of the release, UF, detectors and
shut-off valves are designed and installed to close off this liquid
drain' line. If the cylinder valve is still open, release of gaseous

Urg is also possible. To date, the largest release due to this type

of accident at the PGDP was 414 kg. This release occurred prior

to the installation of the shut-off valve. Since this installatiomn

the largest release from a broken pigtail has been 63 kg. A conservative
estizaté of uranium released to the enviromment f{rom this incident is

25 kg, assuming total vaporization and 40Z% escape from the puilding.

This constitutes only 0.012 Ci of radiocactivity, or a ground concentration
of 0.2 nCi/m2 at the nearest residence, an inconsequential risk from
inhalation(4), Only five releases ranging from 5 to 666 kg of uranium
of this type have occurred in 25 years.

In the vaporizatiocn areas, a hydraulic rupture of a cylinder or a
failure of an end plug can release large amounts of liquid Urg to
the interior of the zutoclave. Only cne such incident has been
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recorded at the PGDP. This release occurred in a temporary vaporization
facility. The result was a release of 3077 kg of uranium (1.5 Ci)
to the building, the drainage system, and the plant eaVironment.
There was no detectable surface uranium contamination outside the
plant fence. No significant releases have occufred in a permanent
vaporization area.

There is also a possibility of sustaining an accidental pigtail break
at the vaporization facilities. Such a break would release gaseous
U?s inside the autoclave. Gaseous UFg could also escape intp the
autoclave via a faulty valve or a lezky pigtail connection. Two
accidents of these types have released a total of 25 kg of uranium to
the environment in the PGDP operation history.

Any equipment which contains gaseous,UFs above atmospheric pressure
presents, under abnormal operating conditions, a potential for release.
PGDP's operating philosophy in case of a release is to first assure
personnel safety and then quickly find and stop the UFG leak.
Buildings, even when not designated to contain UFg, act as a fairly
efficient mechanism to confine the release. It has been estimated
that only about 40% of the uranium released may é&vet migrate to the
environment. At Paducah's top assay of 2.0 wt % 235U, a major release
would still represent ornly a minimal environmental exposure. At

the present time, very little equipment operates at greater than
atmospheric pressure at the PGDP. '

2.3.25.2 Yonradioazctive releases

Chemical spills

Administrative and engineering controlsare used at PGDP to

reduce the possibility of chemical spills. These measures include
the diking of bulk chemical storage tanks, emergency oil containment
dams, routine inspectioén patrols, and employee spill prevention aware-—
ness training.

Ferrous sulfate, nitric acid, sulfuric acid, and trichloroethylene
storage tanks, as well as pentachlorophenol stored in drums, aré stored
in diked areas. Leaks from chromic acid, potassium hydroxide, and
sodium bisulfate tanks would flow to a collection sump ocutside C-400
for recovery, neutralization, or pumping to the C-616 treatment
facility. Spills of dry chemicals such as calcium oxide and cupric
sulfate are swept up and have little potential for reaching the plant
drainage systems. Spills of cupric nitrate, hydrofluoric acid, and
sodium hydroxide can be treated at the C-616 facility after collection.
Protection against an accidental chlorine release is accomplished
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primarily by routine inspections. Should a release occur, a wvater
fog would be used on the airborne release to minimize injury to human
health. ‘

Oils or PCB

All PCB transformers are diked. Floor drains near these transformers
anid capacitors located inside buildings are sealed. 0il containment
dams located on each major plant ditch serve as backup containment
for floating oil. The bulk fuel 6il storage tanks and process drain
tanks are also diked and visually inspected for structural defects.
The dikes are equipped with drains which are closed except to drain
tainwacer. Damage tc piping caused by vehicular traffic is minimized
by careful location of pipe lines. Inclined pipe oil retention dams,
located on each plant drainage ditch, provide oil sebaration as well
as contaimiment should an cil spill reach thé drainage system. The
design of these dams permits overflow only during very severe rain-
storms. A spill control trailer is available on the plant site for
0il spill coiittol and cleanup. Various types of equipment are avail-
able in this trailer to deal with spills.

Administrative procedures stress that operators are aware of spill
control measures, oil unloadifig operations are attended, spill reporting
and Quality Assurance plans are in effect, routine inspection patrols
are conducted twice daily, and drain valves in dikes are kept

closed.

Recirculating water (RCW) svsStem accident

Potential exists fofr a large release of héxavalent chromium from RCW
lines or cooling tower basins. The chromium content of this water is
9 ppm. In one incident 300,000 gal (113.4 million 1) of RCW were
released to Little Bayou Creek when a cooling tower basin was over-
filled. This quantity of chromium was below the EPA reporting limit

but exceéeded the NPDES limit. The total quantity of chromium released was
approximately 23 1b (10 kg). Instrumentation is in place to minimize such

releases.

2.3.25:3 Fires

Two serious fires have occurred at the Paducah Gaseous Diffusion Plant
since it began operation 25 years ago. Both resulted in losses of fronm
2 to 3 million dollars. Since the first fire, a sprinkler systea has
been installed throughout the plant. This system helped reduce damage
from the second incident by suppressing and localizing the fire.
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Should a fire begin to spread to a lubricationm o0il collection pit,
0il can be discharged to the storm drains by manually opening the
valve releasing the oil to the plant drainage system where it would
be contained by the inclined pipe 0il retention dams.

As soon as water begins to flow out of the fire water storage tank, a
pump is activated to make up the water loss. This water is pumped
out of the C-611 water plant basins. If the flow to fight the fire
should rise above 400 gpm, another pump activates to compensate for
the increased water usage from the tank. This pump draws from the
cooling tower basins which are chromated at 9 ppm. Potential iZpace
exists for releasing chromated water to the environment. Since izm-
plementation, no chromated water has been released by this system.

2.3.25.4 Natural disastets

Seismic hazard

Within the 25 years during which the PGDP has been operating, there
have been several tremors at the site. There has never been a
rtelease as a rtesult of these occurrences.

Should PGDP experience significant ground movement associated with a2
major earthquake, three areas seem to be most vulperable. These are

the interbuilding tie lines, the flanged pipe joints, and the dis-
lodging of c¢ylinders at the withdrawal positions. Depending upon the
number of openings created and the length of time that power is main-
tained, the potentially released quantity of UFg could be large.
Estimates approximate this quantity to be 100 tons. Assuming worst

case dispersion conditions, evacuation of persons within 5 miles of

the plant 2ay be necessary. Procedures have been formulated at the plant
to deal with this type of emergency. )

Associated with the UFg release would be a corresponding release of
HF. HF release rates from broken tie lines would be relatively slow.
Should an HF storage tank become dislodged or pierced, the liqui

(which. b01ls at 69°F) could escape rapidly, with the potential of personal
injury."-

The effect of an earthquake upon the release of chemlcals and their engineered
controls has not been quantified.

Tornadoes and high winds

The building walls on all of the Paducah plant process buildings are
designed to withstand a force ¢f 20 1b/ft?. This corresponds to a
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90 mph (55.8 km/h) wind speed. The recurrence interval for a 90 aph
wind at the Paduc¢ah site is once in 200 years. A 90 oph tornado may
be experienced once in 5000 years.

The worst credible release which could occur from tornado or high wind
damage would stem from a break in an inter-building tie line. The
actual quantity of UFg released would depend upon the size of the
break and the length of time before the line could be isolated.
Emergency procedures are in effect which deal with the consequences
of such an event, including evacuation of surrounding communicies,
should it be necessary. A release sustained during high winds or a
tornado is subject to extremely turbulent meteorological conditions.
This reduces the probabilitiés of Jjeeding to evacuate areas because
of the increased dilution of the UFg in the atmosphere in conjunction
with favorable,dispersion characteristics. Airborne and ground lavel
concentrations would be lower because of these conditions.

Chemical storage tanks could be ruptured by airborne objects driven
by the high winds. The diking around the majority of these tanks
should be sufficient to éontain these spills. 1Inclined pipe dams on
211 plant effluent ditches would serve as secondary containment for
insoluble, floating materials.

Flood hazard
Flooding presents no hazard to operations at the Paducah plant. The
largest flood to date in this vicinity was recorded in 1937 at 247
ft above mean sea level. The average elevation of the Paducah

plant is 380 ft=33 ft above the highest water mark ever recorded

for this area. The usual pool level at the nearest dam is 312 £ft.
This places PGDP well above all potential flood levels.

2.3.25.5 Transvortation accidents

The majority of the radioactive shipments to and from PGDP consist

of UFg and depleted UI-'4 totaling approximately 2200 shipments per year.
All radiocactive transportation activities are conducted in compliance
with regulations established by the U.S. Department of Tramsportation and
the U.S:! Nuclear Regulatory Commission.

Throughout the history of gaseous diffusion operations, there has never
been a release of radiocactive material from a UF, cylinder because of a
transportation accident. There were two accidents involving radio-

active shipments in 1977 which illustrate the survivability of the

shipping containers when subjected to an accident environment. One
consis;ed of a derailwent of 17 railcars. No cylinders received any
appreciable damage. The other accident involved a tractor-trailer unit
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which ran off of .the highway, throwing the radiocactive materiél con-
tainers from the trailer. Again there was no rupture of any cylinder
and no release of material.

Normal safety precautions in the shipping of UFg cylinders include
protecting the valve stem by securing a protective cover over it,
shipping only solidified UFB cylinders, shipping all product cylinders
in protective overpacks, phasing out the limited usé of thin-walled
cylinders for the transportation of normal or depleted UF, in favor
of thick-walled cylinders, and shipping only cylinders in which the
vapor pressure is below atmospheric pressure. -

2.4 DESCRIPTION OF POWER GENERATING FACILITIES

Power is supplied to the PGDP by two electric utilities. The larger
of the two is the Tennessee Valley Authority (TVA), which contracts
with DOE for large power allocations in essentially the same manner as
with other industrial customers in the TVA service area. Since the
power supplied from the TVA power system is drawn from a network and
not from a single plant, the impacts are not quantifiablé and will not
be addtessed in this assessment.

The other supplier is Electric Energy Incorporated, which has contractually
dedicated 735 MiWe of the 1050 MWe capacity of the Joppa-Steam Electric
Plant to the PGDP. 'This power supply is limited to one plant, discussed
herein.

2.4.1 Jppog,wlllinois, Facility

The Joppa Steam Electric Plant is located on the north bank of the
Ohio River at approximately River Mile 952 (km 1535). It is situated
in southern Illinois about 1 mi (1.6 km) west of Joppa and about 8 ai
(13 km) horthwest of Metropolis. The plant site consists of about
624 acres (253 ha) which includes about 92 acres (37 ha) of abandoned
ash disposal area, another 55 acres (23 ha) of ash disposal pond pre-
sently in service, and another 50 acres (20 ha) of planned ash dis-
posdl facility. An easement to the Trunkline Gas Company by former
ovners carries several high pressure natural gas lines from the under-
water river crossing to the pumping station, which lies north of the
plant property. The property is bounded by C&EI Railroad right-of-way
and tracks on the east, by county road F.A.S. 937 on the north, and by
C&ET Railroad property immediately on the west édge, beyond which lies
the Missouri Portland Cement Company's Joppa plant:
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fhe plant site is grade elevation 350 ft (107 m), about 60 fr (18 m)
above Ohio River pool stage of 290 ftr (88 m) elevation, and about 13
to 18 ft (4 to 5 m) above past or expected 1l00-year flood stages of the

Ohio River. The C&EI Railroad, now a part of the Missouri Pacific Railroad,

provides rail access for coal and miscellaneous incoming materials.

The spur feeds a 5-track 'loaded" storage yard, which has access to
rotary car dumper and/or shakeout for unloading coal, and then to a
6-track "empty'" storage yard, which in turn terminates onto the C&EIL
main line tracks in the opposite direction of travel. On the bank of the
Ohio River are installed the barge unloading facility and the cooling
water inraké and discharge structures, and moie recently a waste water
settling lagoon. A coal storage yard, main plant site, and switch-

yards are located just north of the river embankment. Three pairs of
steel towers carry six 161 KV circuits across the Ohio River :to the PGDF.

The generating plant consists of six individual units rated at 181 MW
(gross) each consisting of Combustion Engineering reheat tangential
fired boilers using pulverized coal. Each boiler supplies 1,200,000
1b/ht (545,000 kg/hr) main steam at 1050 F (566 C) and reheated steam
at 1000 F (538 C) to turbo-generators rated at 183,375 KW at 38 psi

(207 k Pa) hydrogen. Each unit will consume about 1700 tons (1540 T)
of coal per day at fully capacity, or about 10,200 tons (9250 T) per
day for the plant. About half of the fuel needed is received from

rail suppliers and about half is received by river barge transportation.

Coal is norm2lly unloaded directly from barge or rail car to the bunkers
as required, and additional receipts are stored in either "live"

storage or ''regular' storage piles which are connected. Coal is

moved in or out of '"live" storage by bulldozers, and in or out of
"regular'" storage by rubber-tired self-propelled scrapers.

Coal used is pulverized and burned in 'dry" bottom boilers where the
ash produced éither flows with combustion gases to the electrostatic
precipitators, or falls to the furnace botrom as "bottom ash." 3oth
ashes are transported hydraulically to the ash disposal ponds as needed.

Each unit had originally installed a mechanical ash separator with a
design efficiency of 85% removal of dust which was not more than 267
under 10 micron size. These separators were unable to provide partic-
ulate control adequate to meet air quality requirements of the State
of Illinois. They were removed afrer installation of the electro-
static precipitators.

The electrostatic precipitators were installed in 1971-1972 at the
direction of the Illinois Air Pollution Control Board, and were pur-
chased to meet the 98.6% removal specifications raquired by regula-
tions. ZEach unit's precipitator comsists of two isolated sides each
containing a 9-ft (2.7-m) inlet section, a 6 ft (1.8 m) center section,
and a 6~ft (1.8-m) outlet section. Each unit's inlet, ceénter,

and outlet section is powered by its own transformef which is normally
used to power both sections in half wave but may be changed to powar
either section in full wave modes if required.
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A sigﬁificanc portion of the flyash is transported dry (in a separate
.pneumatic transport system) to the nearby cement plant which uses it
as a raw material or as an additive to their cement.

Three chimneys, each 250 ft (76 m) high and 24 ft (7 @) top diameter,
are installed such that each chimmey serves a pair of units located
on either side of the chimney. Exit gas is about 315 F(157 C) at

49 ft per second (15 mps) velocity and total volume from each chimney
at full load is about 1,346,000 acfm (38,100 acmm). The chimneys are
co-linear with a NNE-SSW orientation and are 336 ft (102 m) and

420 ft (128 m) apart.

Cooling water is withdrawn from the Ohio River by eight circulating
wvater pumps of 600 HP each serving Units 1-4, and four pumps of 1000
HP each serving Units 5 and 6 separately. Each pump is designed to
pump 42,000 gpm (159,000 lpm). Each unit operates two pumps,; and each
pair of units is supplied by up to four pumps through one water con-
duit. Each water conduit supplies cooling water to both condensers
of the pair of units. Intake water passes through screen bars, is
chlorinated if necessary, passes through revolving screens, is pumped
to the condensers, and flows by gravity back to the river through a
water conduit for each corresponding pair of units to the discharge
structures. One discharge structure serves Units 1l-4 and a separate
structure serves Units 5 and 6.

Both the intake structure and the discharge structures are located
about 200 ft (61 m) north of the normal pool shore line, and are
connected with the main river by canals or channels dredged to ade-
quite depths. The intake canal requires infrequent dredging to main
tain adequate water volume for proper cooling.

In the transition period between the Air Pollution Control Board and
the new Illinois Environmental Protection Aét regulations as promul-
gated by the new Illinéis Pollution Control Board, it was necessary
to petition for a variance to continue to operate while installing
new electrostatic precipitators. The petition was submitted June 29,
1971, to continue operating until July 1, 1972. Because of severe
maintenance problems on the Unit 5 turbine, Unit 6 was delayed from
coming into compliance until September 1972.

Illinois Pollution Control Board (IPCB) regulation Chapter 2 (Air
Pollution) Rule 204(e) limits sulfur dioxide emissions with present
chimneys to abeut 13,890 1b (6310 kg) ‘of SO, per hour based on chimmey
height of 250 ft (76 m). After a comprehensive study had been com-
pleted, a petition was submitted to the IPCB to comply using a Supple=
mental Control System to limit level of SO, in ambient atmosphere.

A hearing was held in 1975 and evidence presented. Further conferénces
resulted in a somewhat different compliance program agreeable to the
Illinois Environmental Protection Agency, and this program was then
subitted to the IPCB as an amendment to the petition before the Board.




I N .

L}

2-46

The Board approved and ordered the amended program on September 1, 1977.
This program consisted of: (1) construction of three new chimmeys 550 £t
(168 m) tall, (2) installation of an ambient air monitor for S0,, and
(3) limitation of SO, emission to 36,875 1b/hr (16740 kg/hr) through use
of fuel blending by July 1, 1978. The program has now been completed.

The IPCB adopted various water effluent standards which were published

in January 10, 1972, and required compliance by December 31, 1973, for
existing sources. A program was formulated to achieve o¢verall compliance
with the regulations. The program included: (1) construction of a

new ash disposal pond and associated equipment to adjust the pH of

thé effluent to meet standard requirements; (2) construction of new
secondary treatment for plant sewage which inc¢luded a retention,
aeration, and chlérination facility; (3) rerouting of certain plant
drains and consolidation of eifluents not meeting standards; and (4)
construction of a settling lagoon near the river to treat these effluents
to the degree required to meet standards. This program was initiated

in 1972 and completed in 1974. A subsequent problem with pH of the
settling lagoon effluent was solved by rerouting this effluent to the
cooling water intake. A problem with effluent from sewage plant

required only modification of operating parameters to bring it into
compliance. '

2.5 REFERENCES FOR SUBSECTIONS 2.1-2.4
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3. Union Carbide Corporation. 1971-1978. Annual environmental monitor%ng
reports, Paducah Gaseous Diffusion Plant. United States Department oL
Energy. Union Carbide Corporation, Nuclear Division, Oak Ridge, Tennesse

4, U.S. Environmental Protection Agency. 1979. Radiological impact caused
" by emissions of fadionuclides into air in the United States. Preliminary
report. EPA 520/7-79-006. Office of Radiation Programs (ANR-461), U.S.
Environmental Protection Agency. Washington D.C.
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3. CHARACTERIZATION OF THE EXISTING ENVIRONMENT
3.1 PADUCAH GASEOUS DIFFUSION PLANT

3.1.1 Regional and local geomorphology

The PGDP plant site is located to the south of the Ohio River in an area
of low geographic relief. Topographic relief in the vicinity of the
plant varies from 290 ft (88.4 m) above sea level at the river to 380

fr (115.8 m) above sea level at the ‘plant site about 3.6 mi (5.8

km) away. The average slope of 23.7 feet/mi (100.5 m/km) is typical of
both the immediate site area and the region south of the river as a
whole.

The major determinants of surface geomorphology are the streams and
rivers whose beds have become incised into the thick deposits of uncon-
solidated loess, alluvium, sands, and gravels typical of the region. No
surface outcroppings of consolidated roc¢k formations are noted within a
25 mi (40 km) radius of the plant site. Topographic features range from
rolling terrain in the upland areas to relatively flat flood plain

type of relief near the Ohio River.

3.1.2 Geology

The eight-county Jackson Purchase Region is bounded on the east by the
Tenneéssee River (Kentucky Lake), on the north by the Ohio River, on the
west by the Mississippi River, and on the south by the Kentucky-
Tennessee state line. McCracken County is at the northern end of the
Mississippi Embayment, a depositional basin filled with Cretaceous and
younger deposits that uncénformally overlie Paleozoic rocks. Structur=
ally, the basin is a broad south-plunging syncllqe the axis of which
coincides roughly with the Mississippi River.

3.1.3 Hydrology

3.1.3.1 Surface water

The Paducah Gaseous Diffusion Plant site is located in the western part
of the Ohio River Basin. Surface drainage from the site is to two small
tributaries of the Ohio River, Big Bayou Creek on the west and Little
Bayou Creek on the east. These two streams join north of the site and
discharge to the Ohio River at about river mile 947 (1524 km) which is
about 34 miles (55 km) upstream from the confluence of the Ohio and
Mississippi Rivers.

*See subsection 3.3 for Section 3 references.
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Ohio River
Average and extremes of discharge at Metropolis, Illinois are showm
below for the period of record which began in January, 1928.

Cubic Cubic 7
. feet/second meters/second Gallons/day
Discharge __(cfs) (cms) (god)
Average 265,000 7,500 171 x 109
Maximum 1,780,000 50,380 1,150 x 109
(Jan. 1, 1937)
Minimuz 15,000 430 10 x 10°

(July 30, 1930)

The maximum gage height recorded (Feb. 2, 1937) at the station is
66.6 fr (20.3 =) above gage datum of 276.27 ft (84.20 m) above
mean sea level. Monthly discharge data for the Ohio River at

this station are given in Appendix B, Table B-1l for the 1971, 1975,
and 1976 water-years (a water-year is from October through September).

Big Bavou Creek

Big Bayou Creek and its tributaries drain an area of 18.6 nil (48.2
km<), including that of Little Bayou Creek. The basin is about 8.3
mi (13 m) long and has an average length to width ratio of 3.7.
Total relief of the basin is abour 160 fr (49 m) with elevations
ranging from 450 ft (137 m) at the headwaters to 290 ft (88 m), the
normal pool elevation of the Ohio River at this location. Stream
gradients decrease from about 75 ft/mi (14 m/km) in the extreme
upper part of the basin to 10 ft/mi (2 m/km) or less near the Ohio
River.

Little 3avyou Creek

The area of the Littlé Bayou Creek basin is 8.5‘m12 (22 kmz) or a
little less than one-half the size 6f the Big Bayou Creek Basin.
The basin is 6 mi (1l0kx) long and has an average length to width
ratio of 4.2. Toral relief of the basin is 135 ft (41 m) with ele-
vations ranging from 424 ft (130 m) at the southern upland end of
the basin to 290 ft (88 m). Gradients of the stream are 50 ft/=i
(9.5 m/km) and 10 ft/mi (2 m/km) or less at the upper and lower end
of the basin, respectively. )

Estimated mean daily flow rates of Big Bayou and Little Bayou Creeks
are given in Appendix B, Table B-2. General characteristics are
summarized below: (1
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. Basin Values ,
Basin Characteristics Big Bayou Little Bayou

Population density 100 111
(per mil)

Housing density (per 36 42
mil)

Agriculture (% of 41 33
basin area)

Silviculture (% of 24 22
basin area)

Urban (% of basin 35 45 -
area)

Hydrologic soil D,C D,C
groups

a , . . an L
Incorporated places, residential, commercial,
and industrial areas.

Infiltration of .predomihant groups in basin;

A = high to D = low.

Both basins are predominantly rural in nature. Population and
housing densities are essentially equal. Infiltration properties
of the soils are similar on the basis of their assigned ratings.
Both exhibit rapid rises in stream flow. In the absence of dis-
charge from the plant, Big Bayou znd Little Bayou Creeks can be
expectad to be essentially dry on numerous days from May-June
through October-November and, on other occasions during that period,
to discharge many millions of gallons per day to the Ohio River.

May through November low-flow conditions in Big and Little Bayou
Creeks are improved by the discharge from the plant ditches.

3.1.3.2 Groundwater

Examples of specific capacities and yields from two wells in the
general environs of the PGDP are given below.(2)

Spec_ifica

g . . . b
Approximate Location Capacity Yield _

8 mi (13 km) ESE of PGDP 1.5 (18) 120 (154)
near Cecil, XY :

146 mi (23 km) SE of PGDP 3 (37) 80 (303)
and 5 mi (8 km) S of
Paducah, KY

agpm/ft drawdown (lpm/meter).

b
gpm (lpm).
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Groundwater in the Joppa and Heath quadrangles, which incluce the
location of the PGDP, is in abundant supply but the resource is
largely undeveloped.(3,4) Depending on thickness, the principal
aquifers, gravels, and Eocene sand may yield up to around 1,000 and

500 gpm, respectively (3,785 and 1,893 lpm).

The PGDP is in the pinch-out zone of the Porters Creek Clay. This
formation could thus be absent at least under the more northerly
part of PGDP property. General direction of shallow groundwater
movement at PGDP is toward the Ohio River. The soil of the area
is characterized by its extremely slow percolation rate; it is a
silty clay almost impenetrable by water. Well-filled farm ponds
are plentiful in the area. A geological survéy of the area de-
scribes the alluvium as follows: ' '

"Silt, gravel, and sand; mixed with interlensing, nonscraci-
fied to poorly stratified. Silt, mediumgray and vellowish-

brown, argillaceous,: commonly sandy and pebbly; contairs varying

amounts of carbonized plant material, very sparse mica, and
dark~brownish-gray earthy concretions as much as 1/4 inch in
diameter which at places occur in layers and pockets. Gravel
consists of pebbles of chert and quartz, and boulders cei chert
and sandstone in 3 silty sand matrix. Sand, reddish-=brown to
grayish-yellow, fine to coarse, poorly sorted; commonly con-
tains pebbles; crossbedded at places. Beneath Bayou Creek

and West Fork Massac Creek silt is dominan;."(s

The groundwater resources near PGDP are abundant and underutilized
at the present.

3.1.3.3 Flooding

Flooding is not a problem in the vicinity of the PGDP facilizv.
Flood plain profile maps for the Chio River have been prepared by
the U.S. Army Corps of'Engineers.(°5 These irfidicate the flocd
frequency elevations shown below:

Elevation (MSL)
Recurren;gLInterval ft (a)

Historic¢al High Wate: 341.7 (104.2)

100 yr 333.2 (101.6)
50 yr 331.6 (101.1)
10 yr 326.6  ( 99.5)

Because the enrichment plant is built on land ranging in elevation
from 367 fr (112 m) to 380.6 ft (116 m) above sea level, the possi-
bility of flooding is extremely remote. The 340-ftr (104-m) con-
tour extends up Big and Little Bayous t0 a point near the northern
boundary of PGDP property. Thus, flooding, even under the =mcst
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extreime meteorological conditions observed in the past, has not affected
the area within the facility boundaries. Additional information is
"available in Sectrion 3.1.9.

3.1.4 Climatology and air qualicy

3.1.4.1 Climatology

The ¢limate of Paducan, Kentuéky, is characteristic of the humid continental
zone in which it is located. Precipitation is well distributed throughout
the year with an average of approximately 47 in. (119 cm). Relative humid-
ity is estimated as approximarely 83% at 6 a.m. and 61% at noon. July is
the hottest month of the yeat; January is the coldest.  Average monchly
temperatures are 78F and 34.7F (25.6C and 1.5C), respectively. The average
length of thé growing season is 200 days.

Wind direction and wind speéd data were obtained from the Barkley Tield
Airport, Paducah, Xentucky. These data are presented in a wind rose in
Figure 3.1-1. Printed about the circumference of the wind rose are the
averages of. wind speeds associated with each observed wind direction. The
ffequency of occurrence of wind direction, ekpressed as percentages, is
printed to the righc.

The wind rose data indicate that the prevailing wind direction is south to
southwest. Generally, stronger winds are observed where the winds are
from the southwest and northwest difection.

A detailed discussion 6f the clizatological and meteorological fe%£§res

of Paducan has been prepared by Battélle's Columbus Laboratéries

3.1.4.2 Ambient air qualirty

McCracken County is classified a non-attainment area for two pollutants,
particulates, and sulfur dioxide. 2Previous air qualicy data indicared that
zmbient air qualicy for these pecllutants exceeded the allowable zmounts

as specified by the National Ambient Ai:(g?ality Standard (NAAQS). The
NAAQS -are shown in Appendix B, Tadle B=3‘“‘ However, Kentucky Division
of Air Pollution Contro%1§;ﬁples nave not exceeded ambient concentrations
in the past three years‘-/. A petition has been submitted to U.S. EPA
requesting that McCracken County be reclassified.as an attainment area
based on evidence of improved particulate and sulfur dioxide levels.(A)
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FIGURE 3.1-1.

WIND ROSE SUMMARY FOR BARKLEY FIELD,

PADUCAH. XENTUCKY, 1979




B N = B &l e
PR [ S '\r—-—-- ——
- J

]

\

- -,

Annual and 24-hour air qualicy su—caries Itom fourteen monito
sites in the izmediate vicinity of the Shawnes Steam Zower ?1anz are
oresented in Appendix 3, Tables 3-5 and 3-7.(6)

Air quality summaries for the eight state—operated air monitcring
starions ia MeCracken County, Xentucky, are presented in Aprendix
Tables 3-4 and 3-5 for che years 1976-1977. (3, 5) Figure 3.1-2 s
‘the locations of these monitoriang sites. The station closest to the
Gaseous Diffusion Plant, located iz Heath, Xentucky, comzenced
operations in 1975 and monicors cnly sulfur dioxide.

w 13

The prizary particulate standard was violated in 1976 and 1977 at

the Paducah monitoriag site on U.S. 45 at Lone Oak. Violations of
the secondary anmnual particulate standard occurred at three of the
six monitcring srations in Paduczh during the perzod 1976 .thrzougn

1977.

The total suspended particulates (ISP) air qualicty summary does not indicate
the second high maximum concentrztion of the 24-hour concehtTziion bur it
does show the number of times the concentrazions were above the primary and
secondary standard. A violartiom occurs when the standards are éxceeded

more than once. The secondary TS? 24-hour standard is violaced at nearly
all the sites in both 1976 and 1977 while the primary standard is noc
violated in either year.

The sources responsible for the vioclations of the secondary :57?
standard cannot be determined wicthout dispersicn analysis of fourly
meteorological data and @missions data for che days on which Ihe
violations océcurred. It is possible that these snort~tara viola

tions may have been caused by wind-blown fugitive dust.

Of the data available for sulfiur dioxide measurements, the Xentucky
S07 air qualicty sutmaries do hot show zay violations of the znnuzl
S0y standard. Unlike the Zata cc=position Zor particulactess, the
S09 summaries show the 24-hour seccnd-high concentrations so :that a
iirect comparison can be zade with the 2&4=hour SO0, standard. The
24-nour zand 3-hour standard was not violated at zny of the staticns
which had sufficient datca.

The annual SOZ concentrations are well within the national scan-
darés: So too are the par:iCula:e annual concentTations. Ior
shorI~terd averages, violations of tie 24-hour and 3-hour suliur
dioxide standards were recorded in 1976 ar nine of the TVA Shawmes
mogitoring stations. In 1977, three of the Shawnee monitoring
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stations recorded viclations of the short-term S02 standards. This
seemingly improved S04 air quality from 1976 to 1980 may have been

a result of overall becrter dispersion conditions that might have
been characteristic of not only the Paducah area but a large portiom
‘of the country.

Photochemical oxidants

The State of Kentucky opérates two monitoring stations in Faducah
that measure photochemical oxidants (Og) and ozome air quality.

The 1976 Keatucky air quality summary showed no- violation of the
one~hour oxidant standard of 0.08 ppm. The photochemical oxidant
standard was violated eight times in 1977 with the second highesc
one-hour reading being 0.102 ppm. This monitoring data was cerctaialy
used by the state to support its classification of McCracken County
as a oon-attainment area for photocnemacal oxidants. Yo violations
for this parameter were recorded from 1978 to 1980. (3, 7)

Nicrogen dioxide:

NO2 monitoring data for McCracken County was available for only
year 1977. This data is shown in Appendix 3, Table 3-8.

The data shows no v1olation of the nitrogen dloxzde annual
standard of 100 ug/=s.

Carbon mcnoxide

The State of Keantucky monitors CO concentration at only one site in
downtown Paducah. The 8~hour standard of 9 ppm was vioclatad cnce

in 1976 but mot in 1977. The omne-hour standard was not exceeded
in either year. '

Air quality summary

In summary, the Xeatucky monl.or-“g data presented suggest that the
overall air quallcy in McCracken County has ioproved frem 1976 to
1980. Specifically, annual averages of nartlculates, S04, and photo-
chemical ox;dants were reduced to zeet the national sgangards.

For the other regulated pollutants, carbon monoxide air qualizy levels

were not acceptable ia 1976 and 1977; nicrogen dioxide concentratioas
were well within the allowable l.mlts. » .
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The source(s) of these violations cannot be determined without a zodeling
analysis using meteorolecgical and emissions cdata for the days ¢n which zche

violations occurTed.

Radiocactrivicty and fluoride data at 2GD?

A rather extensive monitoring program was conduczad in 1979 o
sanple air qualicty for ambient concentratcions of radiocactive pollu=~
tzots and fluoricdes. Sampling data was collected from ten contin-
uously operated stations located in and zround the Paducah Gaseous
iffusion Plant. Tour of the stations are located on the rerizerer
fence, one ar the DOE proverzy boundary aorth of the plant, znd Zive
approxidately 1 2i (l.% =) from the plant proner:y.

Presented in Appendix 3, Tables B=9 through 3-12 are dara suzmzaries
showing pollutanrt averages in 1979. Ambient airborme radiocactivizy
pollutant levels averaged less than 1% of the applicable Radio- ’
activity Concentration Guide at the offsite sampling locations.
Approxizmately 0.02 Ci of vraniwm (0.2 to 2% 235U) and 0.06 Ci o
59TC were calculared as teing emitzad Zfom planrt overations ia

2s airborme radioac:tive effluents. . -

-

=
i
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Offsite analyses for fluorides ia grass met the Kentucky Air
Qualicy Requirements. All onsite and offsire airborae fluoride
samples met the Kentucky one-week znd one-monthi scandards fer

gaseous =T snown below (6):

e Maxinum 1 week average - 1.0 ppb as iT

e Maxizum 1 —onth average - 0.5 pppo as ET
On January 3, 1978, a chemical explosion occurfed in che C=315
tails withdrawal building, damagiag a centrifugal cowpressor.

sazples from the perimerer air monitoriag stacions showed the con-
ceatrations of urznmium o de well within acceptable limits.

3.1.5 isglogz

3.1.5.1 Terrestrial ecology

The terrestrial ecosystem at the PGDP sice is typical of western Xen-
tucky, alcthough iz is subjected, ia part, to management practices Ior
wildlife. The three Zajot components of the ecosystem are soils, vege-
tation, and fauna.
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Soils

The Paducah Gaseous Diffusion Plant is established on soils formed in
thick deposits of loess (wind-deposited) or alluvium (water-deposited).
Topographically, the plant site and immediate vicinity are low in re-
lief and dissected by naturally occurring drainageways. The dominant
soils are moderately to poorly drained due to low permeability, causing
a seasonally high water table. Low pH and little organic content neces-
sitate the use of lime and fertilizer for crop production.

The majority of the 10 soil series of the site belong to the Calloway-
Henry association (Figure 3.1-3). The soils of this association are
nearly level, poorly drained, medium textured soils found on uplands.(l)
Characteristically, all of the soils series of the site are silt loams,
most of which have an impervious fragipan of silty loam at a depth of
approximately 26 in. (66 cm). The soils can support cultivated crops
and pasture in rotation. Wooded areas are small in size and number.
The dominant soil series of the site is Henry silt loam, a very poorly
drained soil. Except for small plantings by the West Kentucky Wildlife
Management Area, the soils of the PGDP site are not under cultivation.
The areas of Vicksburg silt loam are potentailly the most prcductive;
however, it is only found in a small area along Big Bayou.

The woodland capabilities of the site's soils are principally lowland
oaks.(l) Forest acreage of the site is typical of this region of Ken-
tucky. Small woodlots of a few acres each are scattered; the only
substantial wooded areas are generally along water courses. As was

the case for agricultural productivity, the Vicksburg silt loam series
also has the highest potential productivity for timber. The most limi-
ting factor for timber production is competition from less desirable
tree species. The soils of the site are rated by the Soil Conservation
Service as generally good for supporting important wildlife habitat ele-
ments and numerous kinds of wildlife.(l) A good rating denotes a soil
on which wildlife habitat is easily created, improved, and maintained.

Flora composition

The floristic structure of the PGDP site (Figure 3.1-4) is dominated by
two major habitat types —- forested and non-~forested. The forest com-
munities are dominated by woody tree species. Non-forested areas, all of
which are under management practices, are those dominated by non-woody,
herbaceous species, primarily grasses.

Mature hardwood forests dominate the riparian communities on the banks
of Little Bayou and Big Bayou Creeks. Forests above the stream banks
and over the remainder of the site are dominated by upland communities.
Immature hardwaod forests are sparsely scattered over the site.
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Soil series of the PGDP site.(l)

Figure 3.1-3.
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FORESTED AREAS

B Mature Upland Hardwoods
fﬁ Mature Riparian Hardwoods
Ejn\m@tyre Kardwoods

* NON-FORESTED AREAS (manaced)

Grasslands
B3 cultivated Fields
o Food Plots

: 1
Figure 3.1-4. Vegetation habitats of the PGDP site.( )
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The upland hardwoods are predominately ocak-hickory forests with numerccie
tree species being present. Southern red cak (Quercus falczta), shag-
bark hickory (Carya ovata), and post oak (Quercus stellata) are the
dominant speciEET(Z) There are no extensive areas of upland hardwood
forest on the site; instead, numerous small woodlots are cormen.

Riparian hardwood forests have many species in common with the upland
forests; however, they are dominated by different individuals.(2) Rives
birch (Betula nigra), black willow (Salix nigra), and cottonwood (Popu-
lus deltoides) significantly domihate over other species in the riparian
forests. The riparian forest type forms a continuous, though narrow,
band along the entire length of both water courses.

Immature forests are a minor component of the site's floral structure.
Due to the game management practices of the facility and the surrounding
wildlife area, natural succession has, in general, been prevented. Iz-
mature forests are dominated in composition by saplings. Occurrence ci
this floral type is limited to small areas which were formerly cut over,
such as power line rights-of-way and railroad cuts. The remaining
areas of this forest type are limited to the edges of mature woodlots,
primarily the riparian forest areas along water courses.

Virtually all non-forested areas within the site boundary are
managed by personnel from either the PGDP or the West Kentucky
Wildlife Management Area for wildlife habitat and food supply.
Management ‘practices are primarily limited to mowing, planting,

and controlled burnming. The mowing technique utilized is an

annual mowing of alternating strips, which results in any given
strip being mowed every other year. This practice maintains
grasses as the dominant vegetation, although numerous other species
exist in theése areas.{2 Woody species are virtually eliminated
from the community structure except in areas where mowing is inten-
tionally omitted. This results in the invasion of either scattered
young saplings or small thicket-like stands of herbaceous and woody
shrub gfcwth into grass-dominated fields. Woody species, which are
t@e most common invaders, include sassafras (Sassafras albidum),hr
vild black cherry (Prunus serotina), red maple (Acer rubrum), and
sumacs (Rhus spp.). Planting activities include the establishment
of numerous 0.1 acre wildlife food plots and a few larger culti-
vated fields.

Productivity

Net primary productivity of the riparian forests has been estimated to =2
72663 pounds per acre per year (8,600 kg/ha/yr); of the upland oak-
hickory forests, 6,772 1b/acre/yr (7,600 kg/ha/yr); and of thé immature
forests, 2,165 1lb/acre/yr (2,430 kg/ha/yr)(2). These values are con-—
si@e:gd to be reasonable estimates of net Primary productivity for the
forested areas of the site when compared to similar forests. (3)
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Standing crop or biomass measurement is a determination of Ehe.actua;_
aﬁoﬁnt of living matter present. As applied to forest vegetgtlg?, bio=
mass measurements include all aboveground parts of trees. Riparian
forests contained 98 tons per acre (220 metric tons per hectare); oak-
hickory forests, 92 T/acre (207 m T/ha).(2)

Another significant contribution of biomass to the sys;emvof the ?GDP
site comes from the extensive areas of grassland. Baséd on experimental
harvest dat;, grassland areas are capable of producing between 2,000 andw
5,000 lb/acre/yr (2200 and 3400 kg/ha/yr).(2) These values are less than
forested areas; however, grassland areas ccuprise a large portion of the
ovefall site and therefore contribute significantly to the system.

The site is thus characterized by forested areas typical of the
régibn.énd open areas of grasslands and food plots managed for

wildlife. :

Fauna

Birds

PGDP. is on the borderline between the Alluvial Forest Avifaunal Region
and the Limestone Plateau Avifaunal Region and, therefore, is characcer--
ized by bird speciées associated with both regions(h). Birds common to
both regions that were regularly seen at PGDP include such species as
the red-bellied woodpecker, wood thrush, red-eyed vireo, Kentucky Warbé
ler, and rufous-sided towhee.

Roadside bird surveys conducted during the breeding season of 1977 indi-
cated that the following five species were most numefous at the PGDP:
bobwhit?a)cardinal, indigo bunting, common grackel, and ruious-sided
towhee.\*

Surveys conducted zlong transects in six habitat types on PGDP proper:ty
provided comparative information on the relative abundance of species
and individuals utilizih§ each habitat during the beginning and middle
of the breeding season.( ) Analysis of these numbers resulted in the
following arrangement of habitat types from most to least diverse in
their avifauna:' (1) riparian woods, (2) grass and weed fields with tree
groves, (3) game management areas with food strips along tree rows, (&)
upland mature oak-hickory woodlots, (5) grass, weed, and shrub fields
under pqﬁéilines, and (6) grass and weed fields. Of these six habi-.
tats, the. game management areas were utilized by the greatest number ¢f
individual birds (but not number of species).

Surveys during midday at 10 pond sites on PGDP revealed that very litile
use of these small ponds is made by water birds (waterfowl, shorebirds,
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wading birds, etc.) during the breeding season(2). For example,
the maximum number of individuals per species recorded on any of
the four survey days is as follows: green heron - 6, killdeer = 2,
Amefican woodcock - 4, and belted kingfisher - 1.

Diurnal raptors are not numerous on the plant property. Two pairs
of red-tailed hawks and four pairs of American kestrels were the
only diurnal raptors noted during the field survey(z). It is
likely that many of the land birds and raptors included in the 224
bird species recorded in the area of the Land Between the Lakes(5)
also ﬁigiate through PGDP property and rest or feed in their pre-
ferred habitat types. Waterfowl and marsh birds, however, do not
stop at PGDP in any significant numbers due to a lack of appro-
priate marsh, sWamp, and open water habitats within the property
boundaries. Most of the ducks and geese migrating in the vicinity
of PGDP rest and/or overwinter at the Ballard County Wildlife
ﬂaﬁagement area(6),

The land management practices result in many habitats occupied by
birds typical of field and edge habitats at PGDP; birds common to
hardwood forest are also present in the woodlots. Marsh birds and
vaterfowl are sparse due to unsuitable habitats.

Mammals

Mammal populations are characterized by species associated with
ecotones and épen areas. The most abundant species on the site is
the house mouse. It occurs primarily in fields, with particularly
high demsities in areas where grain-type food plots have beén
planted for wildlife. Deer and cottontails 'are common to all parts
of the site. Deer use the woodlots for cover -and forage in these
areas and surrounding fields. Cottontails use primarily the forest
edges, borders, and fence rows for cover while feeding mainly in and
along the managed grasslands and fields. In recent years, the
cottontail population on the site has exhibited marked fluctuations
due to unknown causes, but disease (i.e., tularemia) Hhas been
suspected(2). Other species of mammals occur less commonly.

Gray and. fox squirrels, white=footed mice, and meéadow jumping mice
are associated mainly with forested and wooded areas. The white-
footed mouse is the most common mammal in the forested areas. The
southeastern shrew, a Kentucky endangered species(7), occurs in
fields and along fence rows and edges(s); it has been found on the
si;g(z). Eastern moles are found in the drier areas with loose
solls. . Few small herbivorous rodents (e.g., voles) are present on
the site. A few beavers are present in both Big and Little Bayous
as evidenced by dams and cuttings; the creeks are also used by mink
and muskrat. -Muskrats are more common in management area ponds
adjacent to the PGDP property. Some of the more mobile species,
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such as foxes and raccocns, use all portions of the site for foraging
and denning activities; forests are used mainly for cover while the
less wooded areas provide most of the food resources, such as fruits,
berries, and small prey. The coyote, an endangered species in
Kentucky(7) has reportedly been observed cn the site.(6)

The site is typified by diverse mammal populations indigenous to
several habitat types (grasslands, fields, riparian and upland
forests, and ecotones). Game management practices have resulted
in increased abundances of rodents, rabbits and deer.

Amphibians and reptiles

Amphibians occur in most areas of the site. American and Wood-
house's toads are found in essentially all terrestrial portions of

the site while frogs, particularly southern leopard and green frogs,
are found in and along the streams and ponds. Slimy salamsnders occut
in most forest situations. Salzmanders are sparse oOr honexistent

in streams on the site and in the surrounding area( ) perhzaps due

to substrates and the scouring effects in streams during intense
storms.

Reptiles are also common to all portions of the site. Their habizats ia-
clude fields, forests, streams, and ponds. The eastern box turtle is
ubiquitous and is the most abundant species. Red-eared turtles and cza-
mon snapping turtles are found in most water bodies. Snzkes are cozea
over the site with several species, both aquatic and terrestrial, beéing
present. The site lies within an area where the ranges of many reptils
and amphibian species overlap. As a result, a large number of species
may be present with hybrids and integrades occurring. An example of

this is the black racer-blue racer integrade, which is one of the zost
common snakes 6n the PGDP site.(2)

Important species

Several species of animals occurring at PGDP have particular signifi-
cance because of their recreational, functional, aesthetic, and legal
values. The interrelationships between these and the other components
of the local ecosystem are complex and involve the soil, producérs'(vng
egation), consumers (animals), and decomposers (vegetatioa, znimals, z=d
m;crggrganisms). Events affecting any group or population of organiszs
may dramatically affect other species present. These interrelationshics
are illustrated in Figure 3.1-5. ' '

Game zanimals

The two major game bird species occurring at PGDP are the bobwhite anc
mourning dove, with the bobwhite being the most numetous during the brzed-

-
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ing seasoa. In addition, a few ducks ?“d ondcock_make use of the proo-
erty.(b) Although hunting is not permitted on PGDP property, portions

of the property are leased to the Kentucky Department of Fish and Wild-
1ife Resources and are managed for bobwhite and mourning dove. Some of

the birds using the property are probably shot in adjacent hunting arezs.

Deer populations in the West Kentucky Wildlife Management Area,
which includes part of the PGDP property, are mandged for recrea-
tional hHunting by both firearms and archery. It is estimated that
the deet %ooulacions on the Management Area consist of 350-400 in-
dividuals for a density of approximately 16-18/km?; approxi-
mately 70 of the deer occur on PGDP property outside the perimerter
fence. Ixcellent habitats exist for the deer because of the
management programs. A result of hunting activity on the PGDP
site and the Management Areas, man has become the principal predator
of deer in the area a5 evidenced by the harvest of 100-150 deér
per season in recent yeafs 9.

Eastern cotténtail population management is one of the major ob-
jectives of the Management Area. The rabbit is a popular game
species and is widely hunted in the local region. Populations on
thé PGDP site have exhibited demsity fluctuations in recent years
as illustrated by harvest data from the Management Area .

Gray and fox squirrels are of recréational value on the =managemsnt
site. Neither species is abundant, but the gray squirrel is the
more common. Squirrels are not a major game species in thé local
area, but are in other regions where they are more common.

Threatened or endancered species

No federal or Kentucky threatened or endangered birds were observed
during recent breeding bird surveys(z) nor is the habitat at 2CDP
appropriate as a breeding or wintering area for these birds. How-
ever, three species (golden eagle, northern bald eagle, and osprev),
considered endangered in Kgntuéky,(7) have been known to spend part
of the winter at the Land Retween the Lakes(8) which is about 40 =i (64 k=)
southeast of PGDP. A few bald eagles and one or two golden eagles

2lso spend part of the winter dt the 3allard County Wildlife Manage-
ment Area which 1is aboutf 25 @mi (41 km) west of PGDP. ?2GDP is between and
within a relatively short Ilight distance from either of these two

raptor wintering areas; these raptors could temporarily stop at

PGDP, but would 0ot be expected to remain because of inzppropriate
habitact.

Two species of mammals listed as rare and endangered by Kentucky

have been identified as actually on the PGDP site. These are the
coyote and the southeastern (Bachman's) shrew.(2) Coyotes have

been observed. by plant personnel on several occasions in the vicinirty
of the main plant entrance in the past few years. The southeastern
shrew is considered rare throughout its range. It normally in-



habits lowland wveedfields, moist woods, and honeysuckle patches(a)
and has been found in field habitats on the site(Z).

Two species of bats, gray myotis and the Indiana myotis, which are in-
cluded on the United States endangered species list, may use the PGDP

" sité from time to time. These species are normally associated with

caves and are not expected to be found on the site except perhaps during

foraging activities. The southeastern myotis is on the state list and
probably occurs on the site, at least during foraging activities.(8)
It is usually associacted with caves but may also be found in culverts,
buildings, treés, and under bridges.

Two species of amphibians and six reptiles listed as rare or endangered
by Kentucky also have ranges which include the PGDP site. One species
of reptile listed on the Kentucky list, the prairie kingsnake, has been
found near Massac Creek, about 1 mi (1.5 km) southeast of the PGDP site;
this species probably occurs on the site also.

Game management practices at the site are beneficial to at least

two species of animals considered rare .and endangered by Kentucky
and alsc provide resources for several uncommon species of birds.
Other threatened or endangered species may occasionally pass through
the site.

Species critical to ecosvstem funétion

Raptors at PGDP, such as the red-=tailed hawk, American kestrel,
great horned owl, and screech owl regulate populations of prey
species (i.e., small mammals). Loss of these predators may result
in overpopulation of pest species, which in turn can result in
damage to native vegetatiom or crops and can potentially become a
public health problem.(10)

The brown-headed cowbird and common grackle can be a threat to many
of the perching birds(1l). The cowbird is a known nest parasite
and the grackle robs nests of both eggs and young.

Small @ammals, particularly rodents, often play important roles in
the structure and functioning of ecosystems. They have major roles
in nutrient cycling and are a major food source of predatory animals
such as snakes, foxes, hawks, and owls. At the PGDP site, the

house mouse is the most abundant rodent with the white-footed mouse
being the second most common. House mouse population densities
fluctuate dra@gtically.(a) Densities are usually a refléction of
food abundance, both by season and location. White-footed mice
occur mainly in woody and shrubby aréas. Populations are normally
stable with densities of 10-30 per hectare(12),

The site supports at least in part, several populations of animals
inportant to the structure and functioning of the ecosystem. These

(2)



e

)

l

-

3-21

include the small mammals which are important in recycling nutrients.
in the plants and soil, raptors and other predators which act to
keep the rodent populatioms in check, and grackles and cowbirds
wvhich have negative pressures on desirable perching birds.

3.1.5.2 Aquatic ecology

Fish, benthic macroinvertebrates, and periphyton plankton communities
were studied in the three aquatic ecosystems in the vicinity of the
Paducah Gaseous Diffusion Plant in 1977 and 1979 in order to de-
scribe the existing biological conditions of these streams and to
document effects of wastewater diversion in 1978. Data resulting
from the studies are presented in Battelle Columbus Laboratories'
report to Union Carbide Corporation(2,13).

West Fork of Massac Creek

The West Fork of Massac Creek drains an area similar in size and land use
to Big Bayou and Little Bayou Creeks. The biological quality of the
sampled area appears to be very good. The stream is used for spawning
by several clean-water fish species. 1In spite of intermittence, the
creek maintains a fairly diverse resident fish population. Resident
species are comprised of rough and forage fishes as well as several
species of game or higher trophic level species. Benthic and algal
populations are greatly influenced by natural phenomena—ilooding in the
spring, low flow in summer.

Little Bayou Creek

Little Bayou Creek is a small headwater stream which is intermittent
during surmer periods. The portion of the creek upstream from the
plant outfall supports a biological community typical of these con-
ditions——low numbers of species; species compositions tolerant of

low flows during dry periods. A total of 24 benthic species, in-
cluding dipteran larvae, fingernail clams, aquatic earthworms,
amphipods, crayfish, freshwater naiads, mayflies, and caddisflies
were found in collections at the upstream station. Five fish species,
including the swamp darter, were also collected.

Most of the flow in Little Bayou Creek can be attributed to the PGDP
process water outfalls. The quality of this water did not appear to
be suitable for the support of a resident f£ish or benthic community
in 1977. Populations of both fish and invertebrates were sparse

or nonexistent in Little Bayou Creek downstream of the PGDP outfall.
The algal community also showed signs of environmental stress evi-
denced by low numbers of species and low species diversities during
both surveys. Conditions in 1979 showed signs of recovery, although
water quality had improved to a point suitable for fish and algal
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life, sediments remained inhospitable to colonization by benthic
macroinvertebrates downstream from plant outfalls.

Big Bayou Creek

The biological quality of Big Bayou Creek is potentially fairly

- good. Stations upstream of the PGDP sewage treatment plant outfall

support diverse fish and benthic communities. A total of 12 fish
species including both forage and sport fishes were found upstream
of plant cutfalls. Benthic populations, comprised of mayflies,
dragonflies, damselflies, and dipteran and caddisfly larvae, were

" characteristic of clean water streams.

Big Bayou Creek is adversely impacted by the discharge from the PGDP
sewage treatment plant resulting in sparse populations of fish and ben-
thos and reduced numbers of species. The algal community below the out=-
fall was dominated by pollution-indicating species characteristic of
areas where oxidation of organic load is proceeding. -These effects

were still noted after the diversion of waste waters from Little

Bayou Creek. A

All trophic levels investigated showed signs of recovery in Big Bayou

Creek above the confluence with Little Bayou Creek. A fairly diverse
comunity of forage and sport fishes had reestablished. Benthic popu-
lations characteristic of streams of irntermediateée quality were found. (2,12)
Algal communities indicating milder pollution conditions colonized sub-
strates.

The water quality and available habitat in Big43ayou Creek wére found to
‘be suitable for spawning by several species of fishes. There was also
evidence of sunfish spawning in the upper portion of Little Bayou Creek.

Ohio River

The Ohio River receives industrial aznd municipal discharges from
several large cities along its course in addition to draining agri-
cultural lands in several states. The biological communities found
in the Ohio River in the vicinity of the PGDP are reflective of
these conditions. Species compositions of algae were similar up=
stream and downstream of the confluence of Big and Little Bayou
Creeks. Species were characteristic of high inorganic autrient coen-
centrations and eutrophication, and were cosmopolitan in distribution.
No benthic organisms were found in samples upstream and downstream
of the Bayou Creek confluence. Substrates encountered were either
too firmly compacted or contained too much sand to provide suitable
benthic habitat. Results of the surveys of fishes in the Ohio

River are inconclusive, but adverse effects from the PGDP are un-
likely.
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3.1.6 Socioceconomic ovrofile

McCracken County is the geographic scope of this analysis addressing

the sociceconomic effects of the PGDP. Although many surrounding
areas may be tangentially influenced by the facility, the greatest
concentration of PGDP employees occurs within the county.. Other
delineated boundaries (e.g., 5— and S50-mile radii) are employed

where appropriate.

3.1.6.1 Social profil . .

McCracken County experienced relatively slow population growth from 1960
to 1970, increasing by only 1.7% during the 1l0-year period (compared
with an increase of 5.97 Zor che sctate and 13.3% for cthe U.S. during the
same zeriod). Fowever, the county's population increased by 3.2% to zn
estimated population of 60,200 from 1970 to 1976 (Table 3.1-1).-

Natural increase (births-deaths) accounted for most of the population
gains, wvith a net migration of 1.5% which added approximately 200

people.

Population projections for the county indicate that population is ex-
pected to increase to 61,300 by 1980, a 1.97% increase from 1976.

Table 3.1-1 presents population projections for McCracken County through
the year 2020; the population is projected to increase at about 5Z dur-
ing each decade.

The county populationm demsity of 233 persons per square mile (80/k=")
is significantly higher than either the state density of 81 or the
U.S. average of 37 persons per square mile (31 and 22/xm2) (Table
3.1-1). VYearly 61Z of McCracken County's population is classified
as urban (over 2500 population) ccmpared with the state average of
527 and U.S. average of 74%7. Paducah, the county seat, is the
largest communi:{ ia the county, with an estinated population of
30,674 ia 1975.

Nearly 11Z of the population is non-wnite, compared with 7.47 for the
state and 12.5Z for the U.S. The county's black population increased
more rapidly than the white population f£from 1970 to 1975, increasiag by
5.8Z during that period, compared to a 2.87 increase for white resi-
dezts.

The 1970 median age of McCrackem County population (31.9 years) indicates
an older population than that of the state (27.3 years) or the U.S. (28.1
years). The female population has a median age of 34.2 years while the
z=ale population's median age is 29.7 years. The median age of the black
residents is generally lower than that of white residents (black females,
27.2 years; black males, 23.1 years).



! - -v _‘\ - R - -‘ :_ -
'- - - ‘- ! ' ! : !

Table 3.1-1. Selected social and demographic
: characteristics of McCracken County

Population Size Year -
58,281 1970
60,200 1976
61,300 1980
. 65,200 1990
68,700 2000 ,
71,960 2010
75,800 2020
McCracken Couanty Xentucky =~ U.S.

1970 Population Discribducion

11970 Density (persons/square file) 233 81 57
1970 Percent Urban Resideatcs 61 52 74
1970 Percent Non=tnize 11 7.4 12.5

1970 Hedian Age 1.9 27.5 28.

1970 Educational Attainmeat
(Years of School Cocpleted)

Temsle s J XIS
19:?9,!'§ediia.ni!-'a:i;v _Income 12,500 . 11,200 ==
1970 Ovmer—Occiumied Median onr:’:.ei\rlarlr.ue 11,774 — —

e —

Soutce: References 1-5.
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The 1970 educartional attainment of McCracken County's population (25
years of age and older) is suggested by data on the number of school
years completed. As Table 3.1-1 shows, the median was 11.9 years for
males and 11.5 years for females, slightly below the U.S. median of 12.1
years o£ échool but substantially higher than the state median of 9.9
years.

Median family income increased by over 52%Z from 1970 to 1976 to $12,500;
this is higher than the state median of $11,200. In 1975, nearly one=
fifth (19.5%Z) of the residents were classified as fallin§ below the pov-
erty line, compared to one-fourth (24%) for the state.(4

Of McCracken County's 21,131 housing units, 79.3% are one-unit struc-
tures. Over 8% lack some or all plumbing; this share is greater than
the U.S. (5.5%) but considerably less than the state average of 18.&7.
Over one-half (52.3%) of the s:tructures were built prior to 1950. This
median number of rooms for occupied units is 4.9% comparable to the
state and U.S. medians.(3) Two-thirds (66%) of the housing units are
owner-occupied, with a median valuve of $11,774. Median contract rent of
renter-occupied units is $80.(5) It should be noted that these data are
current for 1972.

3.1.6.2 Transient population within S miles of the PGDP

The population levels within proximity to nuclear facilities are
monitored as a federal policy. Two main categories of population
are delineated: résidential and transient. The first is defined
as those individuals who live within proximity (5 mi or 8 km) o
the facility. The transient population, on the other hand, are
those people who frequent the area for various activities (working,
shopping, church attendance, etc.) but who may not reside in the
near vicinity.

The transient population was surveved employing population nodes
within a 5-mi (8-km) radius of the facility. Nodes were defined
as land uses which would Support a transient population and in-
cluded institutional uses, educaticnal and recreational facilities,
commercial establishments, and employment centers.

Cnce transient population nodés were established, the estimated number
of transient persons who could be zssociated daily with a given noce was
obtained by interview.

Appendix C, Figure C-1 illustrates the location of these nodes and their
corresponding sector. Appendix C, Table C-1 details specific informztien
regarding each node. '

Most of the transient population nodes within two 5-mile (§ km)
radii of the PGDP can be categorized as institutional, industrial,
or commercial centers. Over half of the facilities in the area
are commercial centers. Most of these, however, are not large and
therafore do not draw significant numbers of people. Two of the
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restaurants within 5 mi (8 km) of the plant attract between 380
ard 400 people each day. Most of these people probably come from
outside the impact area as both restaurants are well known in the
county.

Ten of the 39 nodes are institutional facilities and nine of

these are churches. Although several churches have a large congrega-
tion, most are below 100 people. Since church activities usually

occur occasionally during the week, the facilities are not utilized

on a continuous basis. It is likely, especially with the smaller chur-
ches, that-a sizeable portion of the congregation live within the
impact area. '

Barkley Field, Paducah's commercial airport, is located within 5 mi (8 km)
of the PGDP. Although the airport employs only 125 persons, the air-

port management estimates that approximately 600 passengers arrive'or‘
lezve tinrough the airport facility each day. '

Two laige industries are located within a 5 mi (8 km) radius of
the PGDP. Essex Group, In¢., ediploys 178 people and the TVA
Shawnee Power Plant has 545 employees.

Heath High School is the only school within the 5 mi (8 km)

radius. It draws 700 studeénts and about 50 employees each school
day. Although a few students live within the impact area, most are
' bussed. from communities such as West Paducah and Kevil.

~3.1.6.3 Projected sector population, 1980-2020

Projections of the sector population sizes and densities for 1980-2020
were derived by the same general methodology employed in an earlier
assessment. However, here county population projections were used &s
the base figures from which to estimate future sector populations. These
projections were obtained through the appropriate state agencies and were

accepted as the official county projections at the time of this
Study. (2r697:8)

In developing the projected populations for each identified community,
the population was assumed to maintain the city=to-county ratio that

was prevalent in 1970. Moreover, the same ratios of rural-to-urban pop-
ulation density evident in 1970 were extrapolated using the projections
as control totals. This methodology resulted in estimates of residen=
tial ‘population and demsity (1980-2020) for all sectors.

Population and density changes by sector for S-mile radius, 1980-2020

The forecasts for sector residential population and demsity levels
within 5 mi (8 km) of the PGDP are presented in Appendix C,
Figures C-2 through C-6. These projections indicate a consistent
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absence of residential population within 1 mile of the PGDP.
Appendix C, Tables C-1 and C-2 enumerate these projectioms by
sector identification numbers (shown in Appendix C, Figure C-7).

Qutside that l-mi (1.l1-km) radius, the sector population levels
are expected to increase 5-6% each decade; this reflects the ex-
pected overall growth of McCracken County through the same time
period.

Populatlon .and density changes by sector for 50-mile radlus, 1980 2020

The county population projections were used as a basis upon which
to estimate the future 50-mile radius (180 km) sector residential
population and associated densities. A graphic representation of
these sector projections is presented in Appendix C, Figures C-8

through C-17. An enumeration of these sector figures is also re-
corded in Appendlx c, Tables C-3 and C-4.

.

Appendix C, Figure C-18 shows each sector's location by identification
number. The followlng counties are likely to be the fastest-growing
jurisdictions during the projection period:

Cape Girardeau County, Illinois
Marshall 'County,; Kentucky
McCracken County, Kentucky
Scott County, Missouri
Williamsou County, Illinois.

Therefore, the sectors associated with these counties will probably gain
the most population over the next 40 years. Examination of Appendix C,
Figufes C-8 through C-17 indicates the following significdnt growth
sectors:

85-89, 95 [within 10 mi (16 km) of PGDP]

102, 103 [within 10-20 =i (16-32 km) of PGDP]

118 [within 20-30 =i (32-48 km) of PGDP]

135 [within 30-40 mi (48-64 km) of PGDP] . .
145, 157, 158 [within 40-50 mi (64-80 km) of PGDP].

However, even in :hese growth sectors, the absolute population in-
crease is fairly moderate.

The population projections als- suggested expected decreasing popu-
lations in some counties. These sectors associated with these
jurisdictions are located southwest of the PGDP within 20-50 mi (32-
80 km). They include:

o Alexander County, Illinois = 123, 145 [20-30 mi
(32-48 km) from PGDP]
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e Fulton County, Kentucky - 139, 140 [30-40 mi (48-64 km)
from PGDP]

e Mississippi County, Missouri - 154, 155 [40-50 mi
(64-80 k@) from PGDP].

In summary, the sector population growth trends within SO mi

(80 km) are expected to be modest, with no dramatic shifts expected
over the next four decades.

3.1.6.4 Economic profile

An economic profile of McCracken County was recently completed.(é) The
analysis indicated thac in 1974 almost 20,000 people were employed in
MéCracken County. The labor force from which thése workers were drzwn
was comprised of 74% of the males aged 14 and over plus 37% of the fe-
males within that same age bracket.

The most dominant sector in terms of employment was wholesale/retail
trade, which accounted for over 6,000 workers. Manufacturing (which en-
compasses PGDP activities) is the second most important employment
génerator, followed by business and personal services.

In 1980, the PGDP employed over 1900 individuals, thereby accounting for
approximately 10% of the total. employment level of the county; 74% of
these workers reside in McCracken County. The PGDP is a major economic
factor in the area, both in terms of its direct effects (such as PGDP
employment) as_well as its- indirect economic ramifications (such as in-
ducing increased deémand for goods and services).

In addition to economic activity in the local private sector, the public
sector is also active in the generation of revenue and its expendiruré.
The pPrimary entities involved includéd MeCracken County, the City of

‘Paducazh, the Paducah Independent School District, and the McCracken

County School District. A detailed financial profile of these juris-
dictions/distriéts is provided in the earlier study.(6)

3.1.7 quitigg}”s;ructure

In order to profile the scope of political activity in McCracken County,
it was necessary to (1) identify the entities and (2) discuss the range
of,puﬁlic services which are particularly applicable to the assessient
of PGDP impact.

3.1.7.1 Political,gnpi;igs

The formal political entities of the area are defined broadly as feder-
21, sctate, regional, county, and local governhments. In turn, each oi
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these can be divided into subelements which achieve the various roles of
each governmental level.

The federal government is represented locally by the typical complement
of services and offices: However, due to the presence of the gaseous
diffusion operation in McCracken County, the U.S. Department of Energy .
(and general U.S. nuclear policy) is of particular relevance.

McCracken County is the most heavily populated county in western Ken-
tucky and a number of regional state offices are located in the area.
Some of the agencies/departments represented locally include:

Adfinistrative Office of the Courts
Department of Education

Department of Highways

Economic Security Department.

On a regional level, the Paducah Area Development District (ADD) is the
most visiblé quasi~government entity. The area that it servés encom-
passes the eight westernmost counties in the state. The ADD is governed
by a board of directors representing each county. A full-time profes-
sional staff serves the District.

Paducah, as the county seat of McCracken County, is the location of many

_county offices and services. The chief executive officer is the county

judge, an elected official. In addition, there are three county com-
missioners, each serving 4-ve§r terms. The operating fund of the coun=-
ty approximates $1 million. .

The incorporated City of Paducah is the predominant municipal entity

in the immediate PGDP area. The elected officials of this city include
a mayor anhd four councilpersons. The administration of the city govern—
ment is the responsibility of a full-time city manager.

In addition to the govermmental levels discussed above, there are many
loeal governmental units in McCracken County. Such entities may serve

only specified functions and, thus, may or may not be impacted by or
related to PGDP activities.

Over and above the formal political entities and related public services .
outlined, there are also informal political groups which may exert subtle
local 1nrluence. These include organizations such as:

e Chamber of Commerce o Civic Clubs’
® League of Women Voters.

Although the Specified goals of each of these types of organizations may
not formally encompass political advocacy, the personalities involved
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zay be influential in formal political circles. Therefore, it is im-

portant to note these entities as part of the local political environ-

ment.

3.1.7.2 Eublic services

One of the functions of political entities is to provide a range of pub-

lic services to local residents. The scope of major services encom-
passes:

e Education

e Transportation facilities

e Water -
o Sewer

e Public safety (fire/police)

o Recreational opportunities .

The following sections discuss the attributes of each of these public
services within McCracken County.

Fducation

Public education within McCracken County is provided by two school dis-
tricts: the Paducah Independent School District and the McCracken Coun-
ty School District. The Paducah Independent School District has experi-

enced a decine in enrollment of approximately 30% during che 1970's.

Enrollment is expected to continue declining, reaching a forecasted pla-
teau of roughly 3,500; this will represent a 45% overall decrease since
1970. The McCracken County School District provides public instruction

for all children outside Paducah. Enrollment has been increasing sli

ly during the 1970's, increasing from 6230 in 1970 to 6609 in 1978. ¢

Transportation

The major elements comprising the transportation system in the
Paducah and McCracken County area are highway facilities. Four
federal highways (U.S. 45, 60, 62 and 68) and many state highways
traverse the area. These are supported by a network of state and
county roads. With the completion of Interstate Highway 24, traffic
movement within thé county and through Paducah has been greatly en-
hanced.

Water

Six water districts serve the residences, businesses, and industries
of McCracken County. Paducah Water Works, the major system that
collects, stores, and distributes water for the area, draws its

%ﬂt-
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faw water supply from the surface waters of the Ohio River upstream
from PGDP. Paducah Municipal Water District serves a population of
more than 32,000 and uses approximately 7.4 million gallons per day
(28 m1d). Four other water districts in the county (Hendron, Lone
Oak, West McCracken and Massac) also use Paducah Water Works for their
source of treated water. Only one water district, Reidland, presently
draws its water from wells. All of the water systems in McCracken
County are currently operating at half or less than half capacity;
however, the Paducah Water Works plans to ?egin construction of a

new $5 million water treatment facility.(3

Sewer

Sewage treatment facilities in McCracken County are provided by the
City of Paducah and three sanitary districts--Woodlawn, Reidland,
and Lone Oak. Union Carbide operates a separate system for the PGDP.
The Paducah system operates a mix of sanitary (407) and combined
(60%) sewers. The current plant began operations in 1957. Secon-
dary treatment facilities went on-line in 1977 with a design capa-
city of 12 million gallons per day (mgd) (45 mld). Average flow

is 3.5 mgd (13 mld) but the peak is reached at times of heavy rain;
this problem is accentuated because Paducah is a low river town.
When capacity is reached the excess is discharged inteo the OChio
River.

Reidland and Lone Oak both operate trickling filter plants with
capacities of 300,000 and 350,000 gpd (1.1 and 1.3 mld), respectively.
Reidland is near capacity while the Lone QOak plant is only 14 years
old and still has capacity availzblé. The Woodlawn District operates
a 2-cell lagoon treatment facility with a 500,000 gpd (1.9 mld)
capacity; it has been plagued with problems such as odor and a fre-
quent dry outflow area. The internal survey conducted by Union
Carbide indicated that 72% of the PGDP-related households in Mc-
Cracken County have séwer; the remaining 28% rely on septic tanks.

The treatment plant at PGDP has both primary and secondary treat-
ment. The plant's design capacity is 800,000 gpd (3 mld) and cur-
rently has an average daily flow of 356,000 gallons (1.3 mld).

The peak flow was 598,000 gallons (2.3 million liters), necessi-
tating the cutting of some inflows.(3)

Law enforcement

There are four law enforcement agencies that provide service to the City
of Paducah and McCracken County—the municipal police force, the county
sheriff, the county police force, and the State Highway Patrol. The do-
main of the Paducah Police Departzent is almost exclusively limited to

b Ll
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enforcement within the city limits. Two law enforcement agencies serve
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McCracken County outside oI Paducahn——the McCracken County Sherrifi's De-
partment and the McCracken County Police Department patrol suburban zné
rural McCracken County. Both county law enforcement agencies also re-
spond to calls in the City of Paducah, if needed. The Kentucky State
Police also provide law enforcement support in the county.

The 1978 ratio of full-time law enforcement officers per 1,000 McCracken

County residents is 1.66. National s;andards recommend a ;atio of 1.75 -
2.0. Therefore, the county is slightly below that range,(“)

Fire protection

Fire protectién in McCracken County is provided by eight.fire depart-
ments; all areas of the county are served by one of these departments.
The largest unit (and the only full-time municipal department for the
area) is the Paducah City Fire Department.

Union Carbide provides its own fire protection equipment at the PGDP:
three full-size fire trucks and seven mini~trucks are stationed in the
process areas. Production personmnel are trained to operate the mini-~
trucks while 17 full-time firemen operate the regular equipment. Union
Carbide also operates a fully equipped rescue squad and has a séecond
hearse~style ambulance slated for retirement. Union Carbide and the
City of Paducah have an informal assistance arrangement.

The remaining areas of the county are served by five volunteer fire de-
partments. Each district is governed by a seven-member board of trus-
tees and has powers to tax the residents of its district. The distric:s
have cooperative agreeménts within the limits of state fire regulationms.
The greatest problem facing the volunteer fire departments is the ab-
sence of water mains and hydrants in many areas. This severely limits
their ability to protect residents and necessitates the maintenance of
tankers to carry water to such aréas.(4)

Recreation

The McCracken County area possesses good surface water resources
which form a basis for outdoor water-related recreation, hunting
(especially goose and duck), and fishing. There are two major

lakes (Kentucky Lake and Barkley Lake) with rugged shorelines total-
ing 3,000 miles (483C km). Just east of Kentucky Lake lies the
"Land Between the Lakes,'" a 170,000-acre (68,850-ha) federally
owned and managed recreational preserve area devoid of private de-

- velopment; it annually attracts more than 1.7 million visitors.

There are also three state parks within 53 mi (85 km) of Paducah—
Kentucky Dam Village State Resort Park, Kenlake State Park, and Lake
Barkley State Park. The City of Paducah has nine city parks total-=
ing 300 acres (121 ha), the largest of which is Noble Park; one
municipal and two private golf courses; and a fully programmed City/
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County Recreational Department with ball diamonds, tennis courts,

- and other equipment for all sports and activities. Two public

swimming pools are available--one is operated by Paducah in Noble
Park and the other is operated at Broadway United Methodist Church
which is open to the public. Several private pools are also avail-
able at other locations.(1)

3.1.8 Lland use analysis

Land use patterns

The Paducah Gaseous Diffusion Plant is located on a 3,425-acre
(1387 ha) site in a generally rTural area of McCracken County approxi-
mately 10 miles west of the City of Paducah. The site was pre-
viously part of the Kentucky Ordinance Works Area. An additional
2,780 acres (1126 ha) of land owned by the U.S. Department of EZnergy
‘is presently leased to the Kentucky Department for Natural Re-
sources and Environméntal Protection for wildlife conservation
purposes. General land use patterns of the Paducah, Kentucky, re-
gion and specific land use patterns within a 5 mi (8 ha) radius

of the facility are illustrated in Figures 3.1-6 and 3.1-7, re=
spectively. (1)

The minifmum mapping unit for all land use/land cover categories is
40 acres (16 ha) except for urban and built-up water, agricultural
and mining areas which are mapped at a minimum unit of 10 acres

(4 ha). As shown in Figure 3.1-6, agricultural and forested lands
comprise the predominant land use patterns in the Pzducah region.

Figure 3.1-7 provides a map of the generalized existing land use
patterns of areas lying within a 5 mi (8 km) radius of the Paducah
Gaseous Diffusion Plant (PGDP). This land use map is a composite
of several multidate land use maps of the area. '

The area within the 5 mi (8 km) radius of the PGDP is predomi-
nantly agricultural and open space land, totaling approximately 757
of the area. Forested areas account for approximately 15%; urban/
built-up areas comprise approximately 4%Z. The small clusters of
residential areas forming small communities in the study area and
their approximately straightline distance from the Paducah Gaseous
Diffusion Plant are as follows:

Grahamville (1.5 mi, 2.4 km) . Lamont (3.7 mi, 6.0 km)
Heath (2.2 mi, 3.5 km) ‘Kevil (447 mi, 7.6 km)
Rossington (2.7 mi, 4.3 km) Ingleside (5.0 mi, 8.0 km)
Future City (3.3 mi, 5.3 km)
Woodville (3.5 mi, 5.6 km)
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Metropolis, Paducah, and La Center are larger communities located near
the facility. Other urban/built-up areas within the S-mile (8-km) radius
include Barkley Airfield and the Tennessee Valley Authority's Shawnee
Steam Power Facility. The major highways crossing the study area are
Interstate 24, U.S. Route 60 and Kentucky Routes 305, 358, 725, 726, and
996. The Illinois Central and Paducah Central railroads also traverse
the area.

The Ohio River, Metropolis Lake, Bayou Creek, and other smaller water
impoundzents constitute approximately 5% of the study area. A portion
of the study area lies withia the flood plain of the Ohic River. Except
for the TVA Shawnee Power Plant, little development has occurred on

the alluvizl plains within this flood hazard area.

A nupber oI small abandoned gravel pits total less than 0.5% of the
1y

1
tal area within the study area; no mining activities are presently being
conduccted.

Tand cavebilitv and produccivicy

A breakdown of land use for Ballard, McCracken, and Massac counties by
U.S. Soil Conservation Service land capability classes irom the 1970
Soil and Water Conservation Needs Inventory( »3) was recently com-
piled.( ) This inventory included 91% of the total land area of these
three counties. The best land, Class I, accounts for 67 oi the total
area while 11.5% of the area was categorized as Class V-VIII lands.
Zrosion, excessive water, and soil linmitations in the root zone are the
¢ominant soil and water conservatlon problems of 52%, 40%, and 2%, re-
spectively. The 1967 inventory also revealed 24.4% of the land in the
three-county area was forest land, 49.2% was cropland, 22.0% was rznge
and pasture land, and 4.4% was in other land-use categories.

The existing land-use patterns in the 3allard, McCracken, and Massac
counties are predominantly comprised of agricultural and open space
lands. Data compiled from the 1974 census of agriculture (preliminary
reports) provide a further breakdown of the use of land in the three-
county area and other selected agricultural statistics.(4) Com-
parison of the 1969 and 1974 data reveals a 15% decline in the number

of farms, a l4-acre (5.7 ha) increase in the average size of farms,
and a 5% decline in the number of acres of land in farms over that
5-year period.

Principal crops grown in the three-county area include corm, sorghum,
wheat, soybeans, hay, and tobacco. Agricultural produccivity in
terms of approximate average annual yields of these six crops as
derived from the 1974 census of agriculture, the 1976 soil survey

of Ballard and McCracken Counties, annual Kentucky agricultural
statistics, and other reports are as follows:
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Corn 70 bushels/acre (6.0 m3/ha)
Sorghum 55 bushels/acre (4.7 m3/ha)
Wheat 32 bushels/acre (2.8 m3/ha)
Soybeans 25 bushels/acre (2.2 m3/ha)
Hay 2 tons/acre (4.4 T/ha)

Tobacco 2,050 1b/acre (2300 kg/ha)

On a county basis, 26% of the total land area of Ballard County
and 24% of McCracken County are designated as commercial forest
lands.(5,6) Volume data for Ballard and McCracken counties were
46.5 million and 92.5 million board feet (109,662 and 218,145 m3)
of sawtimber, respectively.

3.1.9 Water supply

3.1.9.1 Water use

Water use in the area of PGDP includes the following potential -
sources:

o Ohio River
e Big and Little Bayous
o Groundwater

The U.S. Army Corps of Engineers has made estimates of the quantity
of Ohio River water presently used for municipal and industrial
purposes.(l) Their regional area includes’ the portion of the river
between Uniontown Lock and Dam and the juncture with the Mississippi
River. Projected 1980 municipal uses are approximatelly 15 million
gallons per day (0.5 m3/sec; 24 cfs). Compared to the historical
minimum river flow of 9,700 million gallons per day (425 m3/sec;
15,000 cfs), the projected use indicates the low level of urbani-
zation within the area of the PGDP.

Current industrial usage is also a very small percentage of the
available water supply. WMajor withdrawals for industrial use, ex—
cluding power generation, were projected to reach 6 million gallons
per day (0.1 m3/sec; 3.9 cfs) by 1980. The Tennessee Valley Authority's
Shawnee Power Plant, which is approximately 4 mi (6 km) north of the
PGDP on the Ohio River, withdraws about 1.4 billion gallons per day
(2,166 cfs, 61 m3/sec). GCreater than 98% of this flow returns to
the river. The Ohio River is also the source of water for the PGDP
via the TVA intake structure. Water withdrawals by PGDP strongly
depend on electric power consumption-levels. Power levels in turn
are related to production levels. During the first seven months

of 1979, water withdrawals ranged from 11 to 17.1 mgd (0.5-0.8
m3/sec; 16.9-27.3 cfs). At maximum power consumption levels of

3040 MW the corresponding water withdrawals are estimated at 26.1
mgd (1.2 m?/sec; 40.2 cfs). Slightly more water is used in the
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winter season because the colder weather temperatures make the
softening process less efficient. At the other extreme, water with-
drawals for zero power comsumption correspond to sanitary usage of
about 2.8 mgd (10 mid). About 4 mgd (15 mld), on average, is re-
turned to the Ohio River via Big and Little Bayous. The rercaining
large industrial user of water in this stretch of the river is the
Joppa Steam Electric Plant owned by Electric Energy, Inc. Water

use at the facility will be discussed in Section 3.2.6. For dis-
cussion purposes, average withdrawals are about 830 cfs (17 m3/sec)
of which about 987 is returned to the river. Table 3.1-2 summarizes
projected 1980 demands compared to ‘the 100-year low flow supply.

Tabla 3,1-2. Regional water use from the Chio
River near Paducah Gasous Diffusion Plant

fercent of

Usage HGD cfs :3/sec ;izzr
Mynicipal - |Withdraval 15 24 0.5 <0.1
‘i Consumption 0.2 0.2 0.05 <0.1

Non-energy |wichdraval 6 9.2 0.2 <0.1
Industrias “1Consu=pticn 0.96 0.9 0.02 <0.1
Epergy Industries {Withdraval 1,945 2,996,0 64.8 15.3
7$Ccnsu=p::on  38.9 59.9 1.3 0.3

Supply (Low-Flowv) 9,700 15,000 425 —

Current consumption of river water does not exceed 1% of the flow.

No domestic, commercial or industrial withdrawals of water directly
from Big and Little Bayou Creeks have been identified. These streans
cannot be relied upon for a non-interruptable source of water
supply. Local groundwater withdrawals were estimated on the basis

of the population densities given previously. Two estimates of per
capita usage were located. One study conducted near Paducah found
usages of 5 to 43 gpcd (19-163 lpecd) while another estimate for

the entire McCracken County cited a value of 89 gpcd (337 1pcd)(2,3)
This latter estimate probably includes some municipalities Zor

which per capita usage is much greater than in rural areas.

Annual groundwater withdrawals for domestic use by residents of Big
Bayou and Little Bayou basins lie between 5 and 85 million gallons.
estimate arrived at a value of. annual recharge between 85-125 millien

gallons per square mile or 1.9~-2.8 billion gallons for the two basins

combined.(4) Current estimated usage is therefore only a very small
fraction of recharge, even if the majority of the annual recharge is

lost to deep storage. No large-scale use of groundwater by commercial

or industrial facilities was found.
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3.1.9.2 Water cuality

.Existing water quality ia the area of the PGDP is determined by the fol-
lowing factors:

o Dominant land use and soil types
o Specific industrial activities/discharges
¢ Municipal waste water discharges. .

Numerous studies have cited a relationship between watershed land uses
and water quality.(5:6)'Land use in the area of the PGDP is almost ex-
clusively rural. Only 90,000 persons in communities along the Ohio
River or its tributaries between Uniontown and Cairo were served by
municipal water systems in 1960. Of this total, 56% resided in MecCrac-
ken County, Kentucky.

Alcthough there are patches of forest in the vicinity, the primary rural
land use type is-agricultural. Agriculture results in a nuxzber of pol-
lutants being contributed to rivers and streams, particularly sedimenc.
No estimates of quantitative losses have been made for the area, but
the heavy clay soils -and lack of topographic relief probably indicate

a lover value than 4,800 %ons/mi2 /yr (1600 T/kmz/yr) commonly cited zs
an average for cropland.(‘) Along with sediment, fertilizer and pesticide
runoff is the most persistant problem associated with agriculture.
Phosphorus, ammonia, and nitrate are the principal contamirants.

In addition to suspended material, storm runoff from urban areas
contributes significantly to the amount of heavy metals and oxygen-
depleting materials found. in rivers and Streams.

In addition to these contributions, specific industrial activities
may introduce unique sets of contaminants. Tor the PGDP, these con-
taminants include radionuclides, principally uranium and technetium;
fluoride and nitrate from supporting activities; residual chlorine
from cooling tower blowdown; and chromium and zinc from cooling
tower drift. Trace amounts of o0il and grease as well as other
metals and chemicals may also be found occasionally. Impacts of

these discharges on receiving water bodies are discussed in Section
4.1.

A summary of exdsting water quality-in the Ohio River is shown in
Table 3.1-3. These values may be compared to background values to
determine the extent of man's influence. Most values at Lock and
Dam 53 are above the background concentrations as defined by analyses
at U.S. Geological Survey benchmark stations, particularly for para-
meters such .as suspended solids and plant nutrients which are re-
lated to agriculture. Heavy metal concentrations, especially those
associated with particulates, show evidence of upstream mumicipal

or industrial discharges- '
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Table 3.1-3. Existing water quality in the Ohio_River at Lock and Dam 53
near Grand Chain, Illinoisfa) and near PGDP as compared
to background concentrations

" Alhalleits gasa- Dlecalved Total Metsly =
1 : - v
Lecatica {bamgs) ¥ cito nese Ssllds Blessslved 203t Totel Tetsl ¢ ;o_Tl 1n Ts
Batte ¢ 50 (Cemp) a4 100%¢ w0, ) v =% T T 1 b T
“aall e/l aglt w/l sl et v o
Leck and 6.1-8.) §-30 33-104 01-180 4316 130-302  0.1-0.8 0.14-3.40 71-).3.6.03-1.0  0-3  ©0-30 e 3w 0-30 10-120 0-0  240-13000
Daa 33 *
Beor (¢) .
100 1. 13- - - 10- - €.1-0.) 0.3-3.1 0.2-  0.1)- . <10-10 - a10-18 L U L i0-2900
KX n o0 e n m 0.4 0.1
Bacngroed (4 ' o
.0 - ap e 10 150 0.4 0.2 0.00 o1y 019 1030 1-10 2-10

——

0-30 10-2 - -

{a) U'SCE Statiom 01812300 al:l.l. $43.3.  VMatar Rsgources Dats fov Kantucly, L1sswed sanvsily by the U.8.
Sonlngicel Burvay, Dets ste f2ea 1973 te 19)) foclusive. ' .

(%) 9 = Dleselved, T = Tatal.

{¢) lwll-._ otetlone lecstsd both wpstraan and dovnstrean of TVA Jhevoes, aed dtecharge palet of Big ond
Littls Bayou Creshy,

(4) Sovrea: I.h_cuu“) .

(o) Tuom saaress bpdrslogic Donchmarhd stottom of U.3.6.3.

09-¢



3-41

Values for water quality sampling stations near PGDP do not show specific
trends that might be indicative of plant contributions. Due to the
small flows discharged from the plant and based on a dispersion model
which is discussed in Section 4.1.2.1, only fluoride and possible chro-
mium or nitrate concentrations in the river will be influenced by PGDP
discharges and even then only to a minor degree.

Radionuclide concentrations have been measured above and below PGDP in
both short-term grab sampling and long-term monitoring and may be com-
pared to background values (Figure 3.1-8). Results show that for both:
alpha and beta radiation, the levels are significantly above the esti-
mated background water concentrations for this section of the United
States. However, the graph also clearly shows a negligible difference
between radiation levels above or below PGDP. These findings and other
data on aqueous radiation levels near PGDP will be treated in nore de-
tail in Section 4.1.2.2 following the description of the applicable
standards.

In general, water quality in the Ohio River is the result of many
ongoing activities within the basin. Of those which take place

in the local area of the plant, agriculture probably provides the
most significant influences, followed by energy-related industrial
activity. Energy related activities include those at PGDP. Urban
areas do not comprise a2 significant land use and therefore con-
stitute a relatively minor influence on water quality.

Water quality in Big and Little Bayous can be characterized by
comparison to Massac Creek water quality. Massac Creek is a small
watershed to the east of PGDP which has no known major sources of
pollutants and should therefore be background representative of
conditions in Big and Little Bayou Creeks without the PGDP and with-
out other point sources. Based on data gathered during 1977-78
environmental sampling and monitoring (Figure 3.1-9), the following
conclusions can be drawn concerning existing water quality in Big
and Little Bayou Creeks as compared to Massac Creek:(8)

Massac Creek—

o Massac Creek is currently free from industrial pollution
and is representative of desirable water quality for
small rural watershed conditions.

o .During hot weather, flow in the West Fork of Massac
Creek is so low as to cause asphyxiation of fish due
to low dissolved oxygen. .

¢ The iron and manganese content of Massac Creek sedi-
ments togéther with the high native clay mineral con-
tent should effectively remove any naturally-occurring
heavy metals from the water. The very low sediment
concentrations of zinc, nickel, mercury, lead, and cop-
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per make it reasonable to believe that the creek has
historically not been the receptor of these metals.

The only known discharger to Massac Creek is a small
municipality. This, and the agricultural nature of the
basin, probably acecounts for the observed ammonia, ni-
trate, Kjeldahl nitrogen, and phosphate values.

o The temperature of Massac Creek water was below the

applicable standards of 21.1 and 30.6 C for April and
June, respectively.

Little Bayou Creek—

o Significant increases in chromium and zinec were noted

in the sediments downstream of PGDP discharge.

Heavy metal concentrations were higher below PGDP, par-
ticularly for zinc and chromium, which are added to the
cooling tower makeup. Since June 1977 a chromate re-
moval system (which is also effective for zinc) has
reduced the concentrations and shifted the discharge to
Big Bayou Creek. - However, windage from the towers into

Little Bayou Creek is still being addressed, as monitoring

data for the latter part of 1977 and 1978 showed rela-
tively elevated concentrations.

Discharge of cooling tower blowdown historically in-
creased the concentration of dissolved solids in Little
Bayou Creek by as much as an order of magnitude.
Routing the blowdown to the chromate facility in 1977

.

shifted the effect to Big Bavou Creek. During 1977 elevated
concentrations.of dissolved solids in Little Bavou Creek

were probably due to the windage problem with the cooling
towers; monitoring data for 1978 showed 100 percent compliance
with NPDES permit conditions.

o Residual chlorine from biocide addition was in a toxic
concentration range downstream from PGDP, but rerouting
blowdown through the chromate system should show consid-
erable reductions. Any remaining effects have been shifted
to Big Bayou Creek. Effects from excessive levels of
residual chlorine will be mitigated by downstream relocation
of the outfall.

e UFg and UF; manufacturing/reduction operations were
discontinued  in May 1977. Fluoride concentrations have
dropped but are not yet to background levels.

e The temperature of Little Bayou Creek was below the
applicable ambient standards (see Massac Creek) for both
sampling dates in 1977 and met NPDES limits 99% of the
time in 1978.
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Big Bayou—

o Upstream of the PGDP discharge, ammonia concentrations
may occasionally reach toxic levels. The source of the
ammonia 1is believed to be either sanitary waste from

a small school or industrial solid waste leachate from
the old ordnance works.

© Low flow augmentation of Big Bayou by PGDP discharge has
beneficial effects on dissolved oxygen levels.

o Dissolved solids levels during 1978 have remained at or
have been slightly reduced from those found in 1977, i.e.,
no significant effects of the rerouting of cooling tower
blowdown have been noted thus far.

¢ Aqueous concentrations of hexavalent chromium increased
significantly between stations upstream and downstream
of PGDP and as compared with Massac Creek. As with Little
Bayou, the chromate reduction facility will decrease
discharges substantially. As is shown in Figure 3.1-9,
some reduction can be noted already.

e The temperature of the Qater was below the applicable
standards for both sampling dates in 1977 and met NPDES
limits 99 percent of the time in 1978.

Uranium and radioactivity levels in the waters of Big and Little
Bayou Creeks were also monitored during 1977. Selected results of
analysis of these samples are depicted in Figure 3.1-10. Levels
of all three analyses are generally between one and two orders of

magnitude higher at stations downstream of PGDP compared to up-
stream stations.

3.1.10 Historical radiological characteristics of the site

Radiological levels monitored on and near the Paducah Gaseous Dif-
fusion Facility for the period 1971 through 1977 have been below
levels which would be expected to present significant impact on
the environment. Analysis of radiocactivity levels in air during
this period determined concentrations at off~site sampling loca-

tions to be generally less than 1% of the applicable radioactivity
coacentration guide. (1,2,3)

With one exception, levels of uranium in soil from the perimeter of the

plant property did not significantly vary from the established 1-2 ppm

background concentration for this area. Uranium levels at the PGDP

perimeter fence in 1971 were found to be 3.6 ~-24.0 ppm in soil samples.

Although these levels exceeded background concentratlons, no significant
.
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impact on the environment was expected.(l) Dpifficulty was encountered
in the evaluation of uranium levels in soil because there were no
comparable standards.

No significant changes in the radiocactive characteristics of the Ohio
River or groundwater have been attributed to PGDP during this period.

3.1.11 Regional historic, scenic, CUltpral, and natural landmarks

3.1.11.1 Historic

The study area encompasses an area within a l0-mile (16-km) radius oi the
plant, involving McCracken and Ballard counties in Kentucky and Massac
County in Illinois. A few important historic sites and natural areas
short distances beyond this radius are included.

State

Thirteen houses, barns, and churches located in the Bandana, Heath, and
Lovelaceville quadrangles are worthy of consideration for the National
Register of Historic Places (Figure 3.1-11). Mqre structures may be
added in the future. Historic sites ia Massac County, Illinois (Joppa
excluded) include eight memorials or buildings in Metropolis and Brook-

port. Eight centennial homes, Upper Salem Church, and twenty-four other
structures lie in the vicinity.

National

The National Register of Historic Places includes a description of the
Market House (named in 1976); the Alben W. Barkley Museum; the Irvin S.
Cobb Hotel (1978);'"Angles', the Barkley home in Paducah, Kentucky; and

the Fort Massac site in Fort Massac State Park in Illinois.{l) Also being
considered are the Iron Horse Memorial, the last steam locomotive in the

area, the Paducah City Hall, and the Anderson-Smith house in Paducah
(Figure 3.1-11).

3.1.11.2 Archaeological

Exploration indicates that the Ohio River corridor is an archaeo-
logically intensive area. Sites have been located primarily on

the terraces along the river in the Kentucky counties, McCracken

and Ballard, and Massac County, Illinois. No systematic survey

has been conducted but local authorities have found extensive

evidence of pre-Indian cultures in these counties.(2,3) Nine

mounds, villages, or camps have been located in the Bandana Quadrangle,
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two in the Heath Quadrangle, and three in the West Paducah Quad-
rangle (Figure 3.1-11). It is estimated that numerous sites have
been erased by the development of the City of Paducah.

In accordance with the National Preservation Act of 1966 and the
Federal Code of Regulations (CFR 800) describing procedures for the
protection of historic and cultural properties(l), no further dis-
turbance should occur until a competent archaeologist conducts such
a survey. Reference is made also to the Antiquities Act of 1906,
16 USC Section 431; the Historic Sites Acts of 1935, 16 USC 46];
the National Environmental Policy Act of 1969; the Executive

Order (11593) Protection and Enhancement of the Cultural Environ-
ments, May, 1971; and the Archaeological and Historic Preservation
Act of 1974 which extended the coverage "...to include all federal,
federally-assisted or federally licensed construction projects." (%)

3.1.11.3 Scenic

Local and state

Because the study area is unglaciated, underlain by young Pleistocene
sediments including loessial deposits and alluvium, the topography is
generally gently rolling. The exception is the ravine topography cut by
intermittent streams on the Massac County side of the Ohio River. This
means that except for a view of the Ohio River from the highest point on
the Irvin Cobb or Highway 24 bridges, there is licttle scenic advantage to
the area. However, the area is an extension of the Coastal Plain and
Cretaceous Hills Province with numerous sloughs providing cypress swanmp
habitat. Beyond the study area on the Ohio River between the Ballard
County Wildlife Management Area and Cairo and south on the Mississippi
River, the bluffs provide scenic views of the river and the countryside.

3.1.11.4 Natural areas

State

Kentucky has only recently formed a Natural Areas Comm1551on and begun a
state inventory locating significant natural areas.

Although no known natural areas lie within the 10-mi (16-km)
radius study area, the survey may uncover areas not yet discovered.
One -such area may be the 100 acres (40 ha) in Tract Six within the
Western Kentucky Wildlife Management Area adjacent to the PGDP.
This slough contains scattered cypress, water tupelo, some large
timber, thickets with snakes, and numerous birds which could be of
special interest. Other slotugh areas between the plant and the

:Ohio River may provide similar habitats worthy of protection. The

Ballard County Wildlife Management Area is potentially a part of
the Nature Preserve system.
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Although no state or national forests lie within the study area, the
Kentucky Division of Forestry describes several notable speciments
in the study area(5) (Figure 3.1-11). None are on the PGDP site.

Illinois was one of the first states to establish a nature preserve svs-
tem. The Massac County inventory includes two established nature
preserves (Section 3.2.7) and eleven determined natural areas. These
areas are described as relatively undisturbed communities (unique plots
or with rare or endangered species). 6) Fort Massac State Park is in-
cluded in the state inventory as a site worthy of preservation for its
natural features. It is also listed in the Register of Historic Places
(Figure 3.1-10).

The federal laws applying to the historic sites and archaéology
relate also to the natural heritage of the study area and require
investigation and protection when changes in the environment are
anticipated. No changes relating to the PGDP are projected at this
time.

3.1.11.5 Cultural

Local

The cultural pattern of the study area has historically been dominated
by the physical environment. The loessial and alluvial soils were con-
ducive to settlement for farming. The Ohio and Tennessee rivers have
been significant in the development of trade, commerce, and industry.

The availability of great quantities of water has been responsible for
industrial growth.

The settlement of the area was influenced by five general cultural pat-
terns. The early homes reflect the fact that the pioneers did not
represent the wealthy segments of the communities from wnich they came,
nor did they attain wealth in those f{irst decades. The pattern of slav-
ery in the home states from which they came is reilected in early(7)
population figures in the Kentucky Purchase (393 slaves in 1822).

After the Civil War, blacks remained in the area with a concentration in
the vicinity of Paducah.

The influence of the Civil War is reflected in the war memorials,
the statues, and the preserved homes of generals and other officials.

Interest in education is reflected in the number of schools in the .
area, the history of former places of higher education, and the
development of present facilities. Within Paducah, there is a
large and innovative high school, a community college, a vocational
educational center, and the Western Kentucky State Vocational-
Technical School. Murray State University in Calloway County,

only 48 mi (77 km) from Paducah, has an enrollment of 8,000 and

_ offers advanced degree programs.
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Large recreational areas have been developed in the Kentucky and
Barkley Lake region 20 mi (32 km) east of Paducah. Facilities
are available for camping, hunting and fishing, water sports,
hiking, wildlife conservation, and nature study. Paducah pro-
vides a supervised public recreation program in 13 parks. The
Ohio and Tennessee Rivers offer opportunities for water sports,
fishing, and boating. Associated with recreation are cultural
events including summer festival, public lectures, concerts, art
guild activities, and a Christian Arts Festival. Hunting and
fishing are permitted in the Ballard County Wildlife Management
Area. It is an exceptional site for bird-watchers as it is loca-
ted on the Mississippi Flyway and also contains a cypress swamp
habitat. There iIs controlled hunting in the Western Kentucky
Wildlife Management Area adjacent to the DOE plant and Seasonal
duck hunting at the Mermet Lake State Conservation Area in Massac
County, Illinois,

The two major manufacturing firms in the area are the Paducah
Marine Ways (makers of river barges and towboats) and the Flor-
sheim Shoe Company. The Illinois Central Railroad Shops has the
largest local labor force. The advent of the gaseous diffusion
plant and, in 1951, the TVA Shawvnee Power Plant, built because
of the huge electric power requirements; contribute to: the
economy of the area. The TVA dams have provided not only tremen-
dous recreational facilities but also flood protection, increased
navigation, and electric power. A new Port Authority is now in
operation at Paducah; ‘the airport has been enlarged; a large
distilled spirits bottling plant was recently completed; and a
convention complex is planned. These suggest the possibility that

the study area may become an even more significant industrial com—
plex. (8)

3.1.12 Noise

Measurements of background noise levels in the vicinity of the PGDP
were made during 1977(1). The noise levels measured were typical
of rural situations with some noise from small scale agricultural
operations, traific on secondary roads, infrequent coumercial air
traffic, and natural sounds, i.e., birds, animals, insects, aand the
wind in the trees. Some of the noise measurement locations used

in the survey were chosen to represent the nonplant noise environ-
ment. Although these locations were 2 mi (3.2 km) or less from

the -plant boundary, noise levels were relatively low and there was
no noticeable influence of the plant on the noise values obtained.
At.the 2-pi (3.2-km) distance, the ambient was found.to be as

low as 26 GBA at the time of the survey; and in a wooded area ad-

jacent to the plant, the hourly equivalent noise level was found
to be 40 dBA.
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In Grahamville, the nearest community, most of the noise comes from
traffic. It was observed that the peak nolse levels come from ve-
hicles which stop at the intersection of State Route 305 and State
Route 996, then accelerate rapidly. It is this source which accounts
for the maximum measured noise level of 69 dBA. At the Grahamville
measurement site, a jet departing from Barkley Airfield produced

a momentary maximum level of 61 dBA.

3.2 JOPPA STEAM ELECTRIC PLANT

3.2.1 Geology and geography

The unconsolidated materials forming the present-day land surface
in Massac County range in thickness from abouvt 5 ft (1.5 m) in the
upland areas to about 130 ft (40 m) in the Cache River Valley. In
the upland areas, wind-blown silt (loess) and residual soils 5-25
ft (1.5-7.6 m) thick are present and yield little or no water.

In the bottomlands along the Cache and Ohio River valleys, per-
meable sand and gravel deposits up to 50 ft (15 m) in thickness
are capable of yielding small to moderate municipal and industrial
groundwater supplies.

Semi-consolidated deposits (Cretaceous) of sand and silt are present in
the southern two-thirds of the county and are potential sources for mod-
erate to large municipal and industrial supplies, particularly in the
southern portions of the county. These materials range in thickness from
a feather-edge along the northern boundary to 250 ft in the southern

parts of the county. Locally, a chert gravel or limestone rubble is

often present at the consolidated bedrock surface and can be a significant
source of water for larger groundwater developments.

The consolidated bedrock units underlying Massac County are of Mississip-
pian age and consist of shales, limestones, and sandstones of the Ches-
ter series in the northeastern part and the Valmeyeran limestones in the
southwestern part of the county. Northeast trending faults have pro-
duced moderate vertical displacements of these units throughout the
county. In the southern portions of the county, the Valmeyeran lime-

stones are potential sources of municipal and industrial water sup-
plies (Appendix B, Figure :’:!-1).‘(l

Significant geographic and geologic features of the region are shown in
Figure 3.2-1.
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Figure 3.2-1. Pertinent geographic and geologic features of the
southern Illinois region near Massac County.(1l)

I‘. 2.2 Hydrology

I .2.2.1 Groundwater

scoundwater in Massac County is used as a source of municipal water
'fBuprply at Brookport, Joppa, Metropolis, and the Millstone Public
"_1ter Pistrict. In addition, industrial water supplies for the
.“+ppa Steam Plant and several small manufacturing facilities are
“,urn'ished by groundwater. Alluvial plains along the Mississippi,
| @io, and Wabash Rivers from Randolph to Whitre County inclusive, are
: cations for wells of high capacity. The yields range from 75
? to 1,500 gpm (284-5680 lpm) with specific capabities of 15-90 gpm
er ft (186~1117 lpm) of drawdown. The estimated daily pump-
‘e is 4 million gal (15 million 1) in an area with an urban
‘ pvpulation of about 15,000.
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Figure 3.2-2. Surface water hydrology for small catchments
near Electric Energy, Inc., Joppa steam-electric Plant.

Seepage of water through the ash pond.to the river is not a
cern due to the highly impermeable nature of the subsoils. Engineering

evaluation of the permeability coefficient indicates values of between
10-4-10-7 cm/sec, with most of the individual sample determinations fall-
ing toward the low end of this range(2),

major con-

3.?;2.3 Flooding

Recurrence intervals and flood elevations for the Joppa facility are
similar to those cited in Section 3.1.3.3. All plant components, in-
cluding the generators and coal storage and ash disposal areas, are well
above the 100-year flood elevation. Some local flooding of fields ad-

jacent to the ash disposal area may occur due to backwater from the riv-
er; however, this will affect only a few hundred acres.



The settling pond located along the river has a top elevation of 336
ft (102 m) above the sea level datum so that direct inundation of the
pond would require a very unusual magnitude flood, but erosion of the
sides of the retaining wall due to flood flow velocities is a possibili:zy.

3.2.3 Climatology and air quality

The climatological and meteorological features of the area encompassing
the Joppa Steam Electric Plant are essentially identical to those
described for Paducah, Kentucky (Section 3.1.4). That discussion per-
tains to the entire area of western Kentucky and southern Illinois.

The air quality presentation in the previous section includes all of

the data available in the entire area. There are no monitoring statioms
situated in the immediate vicinity of the Joppa facility.

3.2.3.1. Changes in Joppa stack heights, emissions

With chizney heights of 250 ft (76 a), the Illinois Pollution Con-
trol Board (IPCB) limited sulfur dioxide emissions to about 13,890 1b
(6306. kg) of SOp/hr. Subsequent to a comprehensive study conducted

by a consulting engineer, a petition was submitted to the IPC3 to
comply using a Supplemental Control System to limit the level of SO7
in the zmbient atmosphere. An amended program was approved by IPCB on
September 1, 1977. This program consists of: (1) construction of
three new chimneys 550 ft (168 m) tall which will be in operation

by November 1, 1978; (2) installation of an ambient air monitor for
§0, by November 1, 1978; and (3) limitation of SO; emission to

36,875 1lb/hr (16,741 kg/hr) through use of fuel blending by July 1,
1978.

The construction of the 550-ft (168-m) stacks was on schedule and gre
operational. The old chimneys were roofed, closed, and abandoned in

place. The ambient monitor was received and installed. Sargent and
Lundy Engineers provided the modeling for ambient air concentrations
of SO.. These results are presented in Section 4.2.3.2 with the results

of additional dispersion modeling. As a result of controlle§ SO2
emissions the monitoring requirement was removed from the 1981 state
air permit for the plant. (1)

3.2.4 Ecology

3.2.4.1 Terrestrial ecology

Soils

The soils of Joppa Steam Electric Plant belong to the Hosmer-Stcy soil
association. These soils vary from nearly level uplands to some areas of
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moderately steep slopes dissected by natural drainage patterns. Figure
3.2-3 delineates the distribution of the individual s?il series found on
the Joppa plant site which comprise this association. The most abuncant
series found in the undisturbed areas of the site is the Hosmer series,

a silt loam changing to silty clay loam with depth, underlain with a
fragipan that restricts permeability which can hamper productivity. This
series, located predominantly in the more upland areas of the site, is
susceptible to a seasonal high water table and commonly has a pH of
4.0-6.0. Small areas of the Stoy series, which typically have similar
characteristics to Hosmer soils, are found interspersed with the Hosmer
series in the uplands. The only other naturally occurring soils are
found in the drainage patterns. These soils belong to the Belknap

series which are deep soils found in the sediments along streams.

These silt loam soils are similar to the Hosmer and Stoy series in per-
meability and are generally considered to be poorly drained, often hav-
ing a high water table. The Belknap series is somewhat acidic, ranging
in pH from 4.5-5.5

The natural soil patterns of this area were disrupted by the establish-
ment of the Joppa plant, resulting in the reclassification of the soils
underlying the plant facilities as cut and fill land.

The characteristics of poor drainage, acid soils, slow permeability, zné
presence of fragipan and erosion hazards, create management problems

for the agricultural usage.of these soils. Under proper management,
reasonable yields can be expected, such as 60-90 bushels (5.2-7.8

m3/ha) of corn, 25-30 bushels (2.2-2.6 m /ha) of soybeans, 25-40
bushels (2.2-3.5 m3/ha) of wheat, or 2-3 tons of hay on a per-acre
(4.5-6.7 T/ha) basis.(l) These soils are also capable of supporting

a natural community dominated by upland oaks at a productivity of
350-450 board ft/ac/yr (2.0-2.6 m /ha/yr) Additionally, these

soils are well suited to open land wildlife.

Flora

The area in which the Joppa Steam Electric Plant is located is charac-
terized by small immature woodlots, open grassland areas, and numerous
thicket-like areas of young trees, brush and weeds (Figure 3.2-4). Witk
the exception of a few large individual trees, primarily found along
water courses, the overall vegetative community can be described as.
relatively young. Extensive timber harvesting by early pioneers reducec
the native forests substantially. Additional cutting and the develop-
ment of the Joppa area in general precluded regeneration of the forest
community to its former productivity. The development of the Joppa
plant removed some acreage from production and has necessitated the

‘maintenance of small areas in a non-climax successional state. The most

substantial acreage of the Joppa plant site is devoted to the steam gen-
erating facility and accompanying coal pile and ash disposal ponds The
remaining acreage within the property boundaries of the plant is almost
equally proportioned in grassland, scrub, and woodlot areas. sAcreage is
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typically agricultural, either pastured or cultivated, with scattered
woodlots. The upland woodlots are dominated by a few large oaks and

hickories; however, a large portion of these woodlots is dominated by
abundant young growth of maples, black locust, ash, and boxelder. Ri-
parian forest communities in the natural drainage patterns and along
the Ohio River are dominated by numerous large individual trees of

svcamore, cottonwood, and willows. As 1s the case in upland communi-

ties, numerous other species contribute to the diversity of the
community.

Scrub growth areas of the site contain densely growing mixtures of
grasses, weeds, shrubs, and young trees, dominated by young maples,
sassafras, sumac, locust, and elm tree species.

The grassland communities of the site are comprised of various grass
species, numerous weed species, and sparse shrub and tree growth. These
communities commonly exist in areas resulting from previous activities

of plant operation. The most noteworthy grassland community exists at
the former ash disposal pond site. )

In general, the extent and diversity of communities within the site are
suitable habitat for wildlife, providing both cover and food sources.

Fauna

Much of the land area of the site has been dedicated to uses associated
with the generation of electrical energy; consequently, the numbers orf
both species and individuals occurring on this property are greatly re-

duced. The animals that are present are common to the southern Illinois-
western Kentucky region.

Birds

Due to the similarity of ‘habitat types, bird species, especially land
birds and raptors, occurring on the Joppa Steam Electric Plant property
are very likely similar to those reported for the PGDP property(z) (Sec-
tion 3.1.5.1). However, since no game management is practiced on the

Joppa property, the number of individual birds per acre is probably less
than at PGDP.

Wetland habitat suitable for waterfowl and shorebirds is available on
Joppa property in the form of ash ponds and the Ohio River shoreline.
Thus, many of the common waterfowl, shorebirds, and wadin% bird species
recorded at the Crab Orchard Nationai'Wildlife'Refuge(3’4 ', Horseshoe

Lake Conservation Area(5), and Land between the Lakes(6) probably stop

to rest on the Joppa plant wetland areas. Because marshy habitat at Joppa

is limited to a narrow band along the Ohio River, it is doubtful that
very many waterfowl remain to breed in the area.
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Mammals

Mammals at the plant site generally are those associated with wooded
areas and ecotones and occur primarily along the southeastern, north-
ern, and western boundaries. The wooded area in the southeastern
portion of the site is particularly used by mammals. Species known to
occur include whitetail deer, red and gray foxes, striped skunk, raccoon,
opossum, eastern cottontail, gray squirrel, muskrat, Norway ract, and
small rodents. A deer herd varying in size from 3-12 individuals fre-
quents the site; muskrats occasionally establish dens in the dikes of

the settling basins. Mammal species present or expected to occur

at the PGDP (Section 3.1.5.1) could also be expected to occur at the
Joppa site. -

Reptiles and amphibians

Only a few species have been positively identified on the property; but
those present or expected ot occur at the PGDP site (Section 3.1.5.1)
could also be expected to occur at the Joppa site. Species known to oc-
cur include the copperhead, box turtle, rat snake ('"chicken snake'"),
"kingsnake', and ''snapping turrle'. Snapping turtles are occasionally
found in the settling ponds.

Important species

Several species of animals may occur at the Joppa plant that have partic-
ular significance due to their recreational, aesthetic, or legal values.

The interrelationships between these and other species that may be
present are exemplified in Section 3.1.5.1.

Game animals

The Joppa power plant is located in a portion of the Mississippi Flyway
that is used by ‘large numbers of ducks and geese.(3’8) Small numbers

of these wateriowl use the two older ash settling ponds on Joppa power
plant property and the adjacent segment of the Ohio River as migratory
stop-over and overwintering areas. The mallard is probably the_most
abundant waterfowl species on the ash ponds during the winter.{’) other
species of waterfowl utilizing the ash ponds and river during migration
or as an overwintering area probably include the following species com-—
monly seen at the Crab Orchard National Wildlife Refuge during migration:
Canada goose, snow goose, black duck, pintail, green-winged teal, Ameri-
can wigeon, northern shoveler, ring-necked duck, common goldeneye
bufflehead, ruddy duck, hooded merganser, and common merganser-( 5

The wood duck is likely to nest in any large cavity-bearing trees on the
Joppa plant property, especially the trees adjacent to the Ohio River and
in the southeast corner of the property.

Upland game birds observfg on the Joppa plant property include the bob-
white and mourning dove. ) Game mammals that use the site are deer,
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cottontail, raccoon, and foxes. Although hunting is not permitted on the
site, it is allowed in surrounding areas and the site provides some food
and cover for animals hunted in the vicinity.

Threatened or endangered species

No federal or Illinois threatened or endangered birds have been identi-
fied on the Joppa plant property. However, the geographic location of
the property and the presence of woodlands, brushy fields, ash ponds,
and the Ohio River make it possible for several threatened or endangered
birds to utilize the Joppa plant property for brief periods of time.
Twenty-four bird species observed at the Crab Orchard National Wildlife
Refuge are on EgeTgfderal and/or Illinois threatened or endangered
species lists. - Of these 24 bird species, only the following 19
are likely to stop during migration at the Joppa plant property:

Endahgered Birds of Illinois

‘Great egret Osprey

Little blue heron Marsh hawk
American bittern Upland sandpiper
Black-crowned night heron Black tern
Cooper's hawk Short-eared owl
Red-shouldered hawk Brown creeper

Bald eagle Bachman's sparrow

Threatened Birds of Illinois

Common gallinule Loggerhead shrike
Bewick's wren Swainson's warbler
Veery

The northern subspecies of the bald eagle is likely to spend some time
in the trees along the Ohio River border of the Joppa plant property be-
cause bald eagles overwinter in the area and are known to eat both. live
and dead fish. Approximately 350,000 fish are impinged on the power
plant intake water screens per year and are flushed back into the
river;(11) these fish would be a good source of food for bald eagles.
The northern subspecies of thé bald eagle was recently placed on the
list of federally endangered species.(12) This is the only federally

endangered or threatened bird species likely to utilize the Joppa plant
property.

No federal or state endangered or threatened species of mammals, rep-
tiles, or amphibians is known to be present on the site but several
state-listed species(10) have ranges which may include the area. The
mammals are: golden mouse, rice rat, easterm woodrat, gray bat, and
Indiana bat. The reptiles and amphibians are: slider, broadbanded
watersnake, eastern ribbon snake, westerm hognose snake, dusky salaman-
der, and Illinois chorus frog. The gray bat and Indiana bat are also
included on the federal threatéened and endangered species 1ists(13),
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3.2.4.2 Aquatic ecology

The Joppa Steam Electric Plant is located on River Mile 952 of the Ohio
River. Detailed surveys have been conducted on this are? gf the river
in connection with the thermal discharge from the plant,‘-+/

Diatoms were the most abundant phytoplankton encountered. Cyclotella-
Stephanodiscus and Melosira were the dominant genera. No statistical
differences were noted between samples taken upstream and downstream of
the plant discharge.

Zooplankters were common midwestern riverine tvoes. Numhers of organisme
per liter were reduced at the point of discharge and downstream of the

outfall. -

Macroinvertebrate communities colonized artificial substrates with no
significant differences noted between upstream and downstream popula-
tions. Species diversity indices were similar and characteristic of
streams of intermediate biological quality.(14) (Collections were com-
prised predominantly of mayflies, caddisflies, and dipteran larvae.
Water quality appears to be suitable for the support of a normal benthic
community. However, suitable natural substrates for colonization are
not abundant in this area of the Ohio River.(ll) '

Twenty-four species of fish were collected from ‘this section of the

Ohio River in 1974.(11) The most common species encountered were gizzard
shad, goldeye, and skipjack herring, comprising approximately 80% of

the total fish taken. Sportfish encountered included smallmouth bass,
crappie, sauger, channel catfish, and several species of sunfish.

There were no apparent, significant differences in fish populations up-
stream and downstream of the Joppa facility. However, fish were found
to congregate in the thermal plume during November sampling.

The two unnamed tributaries to the Ohio River on either side of the Joppa
facility are intermittent most of the year. Such conditions are not céh-
ducive to the maintenance of a balanced aquatic comwunity. The tributary
to the east of the plant has been channelized and serves as a drainage
ditch, receiving ash pond overflow and coal pile runoff from the Joppa

plant. The combination of these factors exerts stress on any existing
aquatic community.

3.2.5 Land use

The following paragraphs provide a description of the land-use pat-
terns within a 5-mi (8-km) radius of the Joppa Steam Electric Plant.
Portions of four counties lie within a 5-mi (8-km) radius of the
station-~Massac and Pulaski counties, Illinois, and Ballard and Mc-
Cracken counties, Kentucky. Descriptions of regional land-use pat-
terns and land capability and productivity data for Massac, Ballard
and McCracken counties were previously presented in the land-use ’
description of the Paducah Gaseous Diffusion Facility (Section 3.1.8).
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3.2.6 Water use/water cuality

IWater use at Joppa consists of withdrawals for condenser cooling

' and miscellaneous station uses. Condenser cooling discharges have
recently averaged 790 cfs (22 cms) with a maximum of 1120 cfs (32
cms) and a minimum of 230 cfs (6.5 cms). This average is about 5%
of the low flow discharge and a very small percentage of the mean
- annual flow. Other station water uses total about 25 cfs (0.7 cms)
'with a maximum of 55 cfs (1.6 cms) and a minimum of about 11 (0.3).

' Greater than 907% of these uses are satisfied by withdrawals of sur-

face water from the river while the remaining demand represents
groundwater withdrawals. :

‘Water quality of Joppa discharges is shown in Table 3.2-1.L) For those
parameters where downstream values have been obtained, the general ef-
|fluent quality even before dilution does not represent a signficant de-
terioration of Ohio River quality. Specific instances of impacts are
often the result 'of mechanical failure. For example, high pH values in
'the ash pond overflow have been caused by a freeze-up of the sulfuric
acid dosing equipment. Trace metals have been analyzed in several sam-
ples and have not been detected. The potential localized impacts of
lzt:hese discharges are evaluated in greater detail in Section 4.2.2.

‘I3.2.7 Regional historic, cultural, archaenlogical, and naturzl landmarks

3.2.7.1 Historic

‘The village of Joppa, population 5372, was incorporated in 1902. Settle-
ment prior to that date included the construction of the Christian Church
in downtown Joppa. This structure (1894) is listed 1in the Illinois His-
toric Sites and Landmarks Survey for preservation(l) along with a Southern
Baptist church, a Methodist church, and a Church of the Latter Day Saints.
The Christian Church still functions. A service station, one store,

land two taverns constitute the present business enterprises.

At one time, the major industry in Joppa was a railroad tie yard, reput-
'ed to be the largest in the world. It was operated by the Republican
Creosote Company; it burned in 1943 and was never rebuilt.

By 1954 the power plant was established, which expanded the rail lines

f the Chicago and Eastern Illinois Railway and brought prosperity back

to the town. The construction of a portland cement company, the addition
l:f the Trunkline Gas Plant of Houston, and the Commercial Trucking Com—

any for transporting the portland cement increased still more the im-
portance of the town. :




Table 3.2-1.

e - - -
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Joppa power station - chemical quaity of effluents

Ohio River at Grand
Chata, IL (1973-77)(2)

(mcedian~
.85)

 Location/Paramccer - i, ss,  Tos, T::Zi:: gi:a::? Chlortne, Cofifors,  BODS,
. 'Unlt?,, - mgll 1,95/1 .F,,, ng/1 B ng/1 ,ﬁpN/loQ?l wg/1
Ash Pond Overflow 7.0-11.0 814,72 409 155 - 2.312.1 - - -
Travelling Screen Wash = - - = - - - -
Condenser Diacharge 7.3-8.3 - - 82.7115 - 0.04 t .05 - -
Sanitaty System 7.1-8.6 18.7% 4.3 - - _ - - 3.9212.8 16.224.8
Flume 7.9-8.4 - = 74.1113 - - - -
Settling Pond 2,6-7.2 12.324.1 - - 2.,412,) - - -
6.1-8.3  6-378 102-320  61.6-87.6 - - 35-430 -

L9-£
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3.2.7.2 Cultural

The labor force for the industries close to the village and two more ope-
rations east of Joppa, Allied Chemical and Cook's Coal Terminal, has

been drawn from neighboring towns such as Metropolis (population 7500)
and Paducah.

The disproportionate amount of industry provides a tremendous tax bene-
fit for the Joppa high school and grade school. Both are new, well
equipped, and have a teacher-pupil ratio of 1:7. Students receive free

meals, books and equipment. Senior citizens may participate in a pre-
pared food program. "

-

3.2.7.3 Archaeological

The Joppa Quadrangle has a concentration of archaeological sites along
both sides of the Ohio River corridor. A local anthropologist estimartes
there are 200 sites in southern Illinois.(2) No sites have been desig-
nated in the Joppa area. The presence of potential locations intensifies

the concern for an archaeological survey before any further alteration
of the environment takes place.

3.2.7.4 Natural areas

The Mermet Lake Conservation Area, owned and protected by the
Illinois Department of Conservation, lies north of Joppa. It is a
forest and swamp habitat of the Bottomlands Section and Forest of
the Cretaceous Hills Section of the Coastal Plain Natural Division.
The 43-acre (l7-ha) Mermet Swamp Nature Preserve lies in the south-
east corner of the conservation area. The vegetation includes sweet
gum, second-growth cypress, pin oak, swamp cottonwood, pumpkin

ash, and second-growth white and red oak on slopes. Some unusual
plants are styrax (Stvrax americana), arrow arum (Peltandra
virginica), white basswood, and red iris. Tree speciments of no-
table size are found in the conservation area (see Ftigure 3.1-11).

The 14.7-acre (6.0 ha) Halesis Nature Preserve, located along the
Ohio River 3 miles (5 km) southeast of Joppa, is owned by American
Electric Power Company. Its natural features are characterized
by forest on dissected river terraces. Several rare plants and
the type locality for a sedge (Carex socialis) are found on this

preserve. The property is fenced and permission for visitation is
required by the owmer.

The Illinois State Natural Areas Inventory includes a number of

sites in the vicinity of Joppa designated as natural areas which
may be dedicated as nature preserves in the future.
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3.2.8 Noise

Except for the power plant and a cement plant, Joppa has no

major industry. Except for the motor vehicles, the noise level
expected for such a community would normally be low. On the basis
‘of limited data, the 32-34 dBA background level measured approxi-
mately 1 mi (1.6 km) east of Joppa has been assumed to be repre-
sentative of the minimum potential noise level in the Joppa area. (1)
Sources of noise, other than the power plant, consist of autos and
light trucks, infrequent local freight trains, and towboats. Motor
vehicle noise is present throughout most of the daytime and evening
hours and is the loudest of any of the sources. The magnitude of

the noise is dependent mostly on-the mechanical condition and the
manner in which the vehicles are operated.

Under certain conditions of wind direction and cloud cover, noise frem
I’

the gas pipeline compressor station northeast of the town would be zudi-
ble but not disturbing.

Lacking extensive data for the community, estimates of 42-45 dBA for
Equivalent Noise Level, L. _, and 46-49 dBA for day-night noise levels,

L4n» Were obtained, based on a number of assumptions about the noise
time-history of the community.

Residences in the vicinity of the rail classification yard in the south-
west quadrant are the most likely to be disturbed by operation of in-
frequent switch engines. The classification yard is used primarily for
storage of boxcars since the coal transfer terminal was abandoned.

Overall, the community is relatively free of noise of any consequence.
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I » 4. POTENTIAL ENVIRONMENTAL IMPACTS
I : 4.1 PADUCAH GASEOUS DITFUSION PLANT

; 4,1.1 Impacts on land use

4,1,1.1 Radioactive Waste 3urial

The burial of low level solid radioactive waste has been limited primarily
to two adjacent areas covering approximately 2 acres (0.9 ha) within the
plant fence. About 35 percent of this area was utilized during the period
1957 to 1974 for burial of uranium metal scrac. The remaining area (63 per-
cent) was originally constructed in 1953 as a clay-lined holding pond, and
was later covered and sloped for use as a burial area for drummed uraniuno-
containing waste. This site is still in use for burial of low-level, low
specific activity radioactive waste. Both of these sites are underlain
with low permeability clay soils which lower the potential for migration

I of contaminants.

4.1.1.2 Use of biocides

Utilization of biocides such as herbicides and pesticides at the PGDP
should not significantly alter current or future land use. These
activities generally have only a localized effect in the area of appli-
cation and therefore should not affect land use beyond the plant
boundaries. Biocidal use in cooling tower maintenance has not had any
apparent effect upon terrestrial ecology in general (Section 4.1.6), and
is not expected to affect current land use.

4.1.1.3 Chemical discharsces

Chemical discharges from the PGDP include emissions from boilers and
» process sources, airborne substances from cooling towers and exhaust

vents, and liquid discharges from various sources. Potentially toxic
I substances in these discharges have not been found to occur in danger-

ous levels in the terrestrial environment, or in the vicinity of the
‘ i PGDP property. However, discharges to Little Bayou Creek during pre-
I. ' vious operations have impacted the creek (Section 4.1.7) and there-
fore affected land use with respect to utilization of the stream as
a water source for plants and animals. ‘However, this impact 1s pre-
dominantly limited to acreage within the PGDP property boundaries
and therefore it should have little effect on off-site land use.
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" 4.1.1.4 Noise and aesthetic impacts '

Noise criteria

Appendix D, Table D-1, summarizes the tentative regulatory levels for
the State of Kentucky noise control act.(1)* The Class I land use in-
cludes residential and forest preserve areas. Appendix D, Table D-2,
summarizes the EPA recommendations for yearly equivalent sound levels
and day-night sound levels.

The EPA criteria which are applicable are: -

Residential (with outside space) and farm space
Industrial (plant site only)

Recreational areas o

Farm land and general unpopulated land

The most stringent outdoor limit imposed on levels by the recommended
criteria for these land areas is the Lyn (24 hours) of 55 dBA for resi-
dential areas. The industrial limit of 70 dBA for Leg (24 hours) applies
inside the plant property. )

In the immediate area of the plant, the dominant sound is that of the
plant itself. The noise emissions are at a sufficiently low level that
natural sounds, i.e., bird song, wind, and insects, are clearly audible.
When evaluated according to applicable criteria for environmental noise,
the plant noise emissions are considered acceptable.

The highest noise level found at the perimeter fence (adjacent to
the cooling tower) line was 50 dBA. This is well within the U.S. EPA -
guidelines and the state limit for off-site noise.

The nearest residence is on McCaw Road, east of the plant approximately

1l mi (1.6 km). Although no measurements were made at the residence, other
measurements, made closer to the plant, permit an evaluation of the po-
tential noise impact at the vresidence. Measurements show that the
contribution of the plant to the Leq at the nearest residence would be

on the order of 40 dBA;(2) the Ly, would be on the order of 55 dBA, the
value recommended by U.S. EPA. Vehicular traffic on the road is the
principal contributor to the noise environment of the residence.

Traffic-~generated noise is a significant feature of the PGDP. The great-
est concentration of vehicles qccurs during the half-hour immediately
following the end of the day shift, with the half-hour periods preceding
the day shift and the evening shift being next in traffic density. '

S

*See subsection 4.4 for Section 4 references.
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The L;g (level exceeded 10% of the time) at a point 200 ft (61 m) west of
the intersection of Entrance Highway -and Dyke Road during the afternoon
shift (the point of greatest traffic noise) does not exceed the value of
70 dBA established for design level peak traffic hour.(3) 1t is

not expected that any residential receptors along commuter routes will

be impacted.(2) Schools and churches in the area are not expected to be
affected by plant-related traffic noise because normal hours of session do
not coincide with shift change times.

In summary, the impact of noise, either from the plant or from sources
related to it, is minimal, with measured noise levels falling well below
values considered to be acceptable limits. :

Occupational noise

Within the plant boundary, noise exposure of ‘employees is the subject
of regulztions established by the federal Occupational Safety and Health

Act (OSHA). The management of the PGDP maintains a program designed to

assure compliance with the requirements of OSHA; noise considerations
are a part of this program.

Aesthetic impacts

Aesthetic impacts are associated primarily with the visible plumes
from the cooling towers. The pnysical presence and appearance of the
cooling tower per se are of little importance in comparison with other
plant facilities. Some visible plume is most likely present during
any given period of operation. However, except for instances of ground
level contact (fogging), the presence of a visible plume .at most con-
tributes to the industrial appearance of the overall site. 3ecause
the area immediately surrounding the plant site has a low population
density and the local land-use policy includes the existence of an
operating gaseous diffusion plant, such visual considerations due to
the plume are minor.

4.1.2 Impacts on water quality and water use

4.1.2.1 Water guality criterie and standards

Water quality criteria and standards have been developed for many poten-—
tial contaminants on the basis of both ecological and hum;n‘health
considerations. Those most applicable to PGDP may be divided into cate-
gories depending on whether the standards or criteria are to apply to
the effluent itself or to the receiving water body at some point down-
stream after the wastes have had the opportunity to mix with the
diluting water. A second categorization may be made based on :the agency
promulgating the criterion or standzrd.
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© Effluent regulat;oqs

o National Pollutant Discharge Elimination System
(NPDES), U.S. EPA

Guidelines for Discharge of Radionuclides to Unrestricted
Areas, U.S. Department of Energy/U.S. Nuclear Regulatory Commission

Ambient Regulations/Criteria

e Kentucky Water Quality Standards

Quality Criteria for Water, U.S. EPA
Primary/Secondary Drinking Water Standards, U.S. EPA/
Kentucky Department of Natural Resources (DNR)

Presently enforceable values for each of these sets of regulations and
the particular point at which thev are to be applied are listed in Ap-
pendix D, Tables D-3, D-4, and D-5.(1,2)

Y

In addition, it is DOE practice to discuss the highest aqueous concen-
tration of each radionuclide in an unrestricted area averaged over a
period of one year in water at points of use downstream from the point
of release of the effluent.(3) To evaluate these concentratioms, a
chemical dispersion model was used (Appendix D, page D-7).(4)

4.1.2.2 Surface water

Use of surface water in Big and Little Bayous is presently restricted

to aquatic life propagation. This situation is likely to continue in-

to the foreseeable future. Analysis of available data with respect

to the continued operation of PGDP leads to the following conclusions:{3)

e Upstream water quality in Little Bayou meets applicable

water quality standards except for polychlorinated bi-
phenyls for which the existing aqueous concentrations
were measured to be about twice the Kentucky aquatic 1life

" standard. Allowable concentrations were calculated from
toxicity data for indigenous fish species. The source
of these pollutants is not apparent and the data are too
limited to gemeralize about any environmental damages that
may be caused by their presence. The concentrations at
the dowvmstream stations may reflect low concentrations in
the PGDP effluent or may be the result of release PCBs
previously attached to particulates.

Upstream water quality in Big Bayou will probably continue
to be affected by sporadic discharges of leachate from

the Kentucky ordnance works disposal areas. Ammonia, ni-

trates, BOD, and selected heavy metals are the parameters

that are likely to exhibit the most noticeable trends.
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e Continued operation of PGDP should maintain the desirable
increases in stream dissolved oxygen levels that have
been observed in the past.

o Heavy metals, particularly chromium, have exceeded standards
on several occasions in the past. Though these occurrences
do not persist long, they create long-term adverse condi-
tions by Increasing sediment concentrations. Most of the
problems have been solved by the construction and opera-
tion of the chromate reduction facility in 1979. Control of the
cooling tower drift problem will further reduge chromium '
emissions. The elevated levels in ithe sediments will pro-
bably never return to control levels; however, careful
attention to maintaining the pH above 6 will permit &s
full a use of the Big and Little Bayou Creeks as is possible.

° Similarly,'fluoride concentrations have occasionally ex-
ceeded standards and criteria. This situation has not
been totally solved; however, discontinuation of fluoride
processing activities should result in a reduction in
levels over time. No floride violations of NPDES permit condi-
tions have occurred since 1977. Fluoride concentrations below
10 mg/l do not appear to be acutely toxic to the types of
fish likely to be found in the creeks and the NPDES limit
of 3-4 mg/l will protect these uses.(6)

e Long~term operation of the plant has resulted in accumu-
lations of radionuclides in the creek sediments. During
periods when water concentrations dre low, the sediments
may release these constituents to the water.

In general, water concentrations have been well below suggested guide-
lines. Very limited data have been reporteéd in the literature con-
cerning the effects of ionizing radiation on fish or other aquatic
organisms. The conclusion reached by one study was that by far the
most serious effect of exposure to radiation was the accumulation of
nuclides to the point of being a hazard to man. At levels lower than
this, the ionizing radiation was insufficient to cause damages to

organlsms.(6)

The impacts on aquatic biota are discussed in sectiom 4.1.5.

No c¢hanges in surface water radiological quality are foreseen with
regard to continued operations under current safety regulations and
barring an unforeseen catastrophe.

Potential water quality effects on downstream users of the Chio River
water are shown in Table 4.1-1. These data confirm that even for the
highest discharge levels monitored, the area of influence

of the chemical and radiological plume is indeed limited. Accumu-
lation in the sediments will not present any problems because trans-
port processes move the particles downstream and dilute them over time.
There are no water intakes for more than 20 mi (33 km) downstream of
PGDP, at which point the radioactivity will be essencially at back-

ground levels.



TABLE 4.1-1.

Potential

impacts on water use downstream of PGDP for selected components

Downstream

: Dlstance
Inftial Critical Crilcical to Criclcal
Contamlnant anccntrnrlon Congentratlon _.Voluae Conc. (e
kg/am’  kg/w? 3 M
Uranium 1( 6 x1073(0) 1.7 x 10°4®) : 300 30
Alpha 104 () 1.6 x 1073(¢) C 1.5 x 1078 280,800 300
Beta 1073 ®) 6.3 x 1073(¢) 7.4 x 1078@ () 178,000 260
Pluoride 60 x 1073(e) 0.1 x 107 97,500 210
Nitrate 61 x 1073(e) 10 x 107 10 (stntoua) P 10
Chromium 4.2 x 10739 0.05x1073 1,770 60

(a)

(b)
(e)
(d)
(e)

Maxlmum measured during 1976-77.

1 percent of value determlned by conversgion of NRC ufaniuw guidelines from radiological unita to gravinctrlc

Uaing specific activity of nat. U as converslon factor.

Depends on ambient NOJ concentration,

Rectangular mixing Volume ( W D O.1L).

9-9



-

aet

4.1.2.3 Groundwater

Information on groundwater suggests that potential impacts are prac-
tically non-existent because local groundwater demand is very low
and is expected to remain low through the year 2000.

Extensive contamination is also unlikely because PGDP does not use
groundwater for process purposes and because the permeability of the
native geologic materials is not conducive to rapid migration of
contaminants to water supplies (see Section 3.1.3.2).

Occasinnallv. anomalous water qualityv values have been noted in the
past.(7) If a trend develops, the isolated nature of the PGDP indicates

that sufficient time will be available to solve any problems that may
arise.

4.1.3 Physical effects of heat dissipation

4.1.3.1 Introduction

The mechanical-draft cooling towers associated with the Paducah Gaseous
Diffusion Plant constitute a potential impact on local land use and
terrestrial ecology. Possible effects include (1) thermal alteration
of streams and rivers by the discharge of blowdown from the cooling
towers and other plant effluents, (2) salt deposition (drift), (3)
ground level plume contact (fogging), and (4) cold water icing.

The amount of water that recirculates through the heat dissipation
system is dependent on the heat load of the process; for the Paducah
plant at peak operating power, the heat load is approximately 2300 (1)
and the circulating flow rate would be about 5 x 108 gpd (1.9 x 109 1pd).
Because the diffusion process is characteristically stable, the heat
load and water flow should remain relatively constant. More than 90%

of the heat is released to the atmosphere in the cooling tower (typically
1.8 x 107 gpd or 7.0 x 107 1pd). A small percentage of the hear is
released to the atmosphere through the building ventilation systems

and only a small fraction (less than 0.5%) of the total energy is
released through the blowdown stream and into the discharge creeks.

4.,1.3.2 Thermal alteration of streams and rivers

Thermal standards

At present, guidelines and standards specifically applicable to a

uranium enrichment plant source category have not been issued by the U.S.

Environmental Protection Agency. Most states have promulgated ther-
mal standards under the state participatory provisions of EPA's
National Pollutant Discharge Elimination System (NPDES). (2) The



4-8

Kentucky Department for Natural Resources and Envi;onmenf;} Pro-

tection has promulgated thermal water quality standards ( which are
directly applicable to the existing uranium enrichment facility (Appendix
D, Table D-6).

Thermal effluents from cooling towers

The plant cooling towers at full power will require approxi-

mately 2.0 x 107 gpd (7.6 x 107 1pd) of makeup water. Of this amount, the
cooling towers will discharge to the atmosphere a maximum of abour 1.8 x
107 gpd (6.8 x 107 1pd) through evaporation and approximately 5 x 10

gpd (1.9 x 106 1pd) as drift. Approximately 1.0 x 106 gpd (3.8 x 106
1pd) of heated blowdown water is discharged to the chromate removal
system, discharge creeks, and ultimately to the Ohio River. Smaller
sources of discharge are steam plant boiler blowdown and laundry erffluent
discharged to the sewage treatment facility. ‘A conservative estimate

is that heated thermal effluent will not exceed 1.5 x 106 gpd (5.7 x

106 lpd). Water temperature of blowdown is estimated to be a maximum

of 95F (35C).. There is some dilution and some cooling in the plant
before the water reaches the C-616 full flow lagoon which was heat-load
.calculated and sized to provide adequate cooling prior to discharge.

Most of the water in Big and Little Bayou results from plant opera-
tion. If there were no upstream flow to mix with the plant effluent
or if the flow was very small with respect to the plant total, the
thermal standards would, by definition, be violated, i.e., 'stream
maximum temperature of 89F (31.7C): and ''the maximum temperature

rise at any time or place above natural temperatures shall not exceed
SF (2.8C)."(3)

Only limited data are available concerning upstream flow in the dis-
charge creeks. During extremely dry weather; there may be no flow,
and temperature rise cannot be computed. For these reasons, it is

assumed that the point of discharge to meet thermal standards is at
the Ohio River.

The impacts of effluents having elevated temperatures depend primarily
on the temperature and volume of the receiving water, the extent of the
thermal mixing zone, and the nature of the water uses. For a very con-
servative evaluation, the following assumptions are offered: (1)

the thermal effluents from the existing gaseous diffusion plant are
discharged directly to the receiving body (Ohio River) with no prior
dilution or holdup; (2) the receiving body flow is at a temperature of
4C (39.2F)(5) which is the low temperature recorded for the period
1973-1976 at River Mile $62.2; and an approximately, 1lO-year low-flow
discharge for the .Ohio River at Smithland Dam is 19,500 cfs (546 cm).(%)

Under these worst-case conditions, the fully mixed receiving water
thermal increment would be less thaa 0.007C (.013F). At average
blowdown flow and average Ohio River flow of 265,000 cfs (7420 cms),
the temperature rise would be much less. The cooling tower blowdown
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and the steam plant boiler blowdown are discharged into holding ponds
where some of the heat will be dissipated to the atmosphere prior to
release. Therefore, downstream thermal increments would be virtually

Impossible to detect and would be within the realm of statistical un-
certainty.

Although the extent of the mixing zone is not precisely defined, it
would be small even under worst-case flow in the Ohio River of 19,500
cfs (546 cms). For these conditions with the existing plant operating
at maximum load, the heated thermal effluent would amount to about
0.012% of the total flow. It is apparent that the thermal alteration
of the Ohio River due to the Paduczh Gaseous Diffusion Plant cooling
towers is minimal and that the existing plant. will easily comply with
all local, state, and federal thermal standards.

4.1.3.3 Cooling tower driis

The existing environment includes a gaseous diffusion plant that uril-
izes mechanical draft cooling towers for heat dissipation. The drifc
from these towers is estimated to be 0.05Z, which is typical of older
mechanical draft towers.(3) Modern cooling water technology reports
much lower drift figures.

Using existing cooling tower data as supplied by Paducah Gaseous
Diffusion Plant, (3) the Oak Ridge Fog and Drift code (ORFAD)(6,7) was
used to calculate the cooling tower drift and the salt concentration
in air as a function of distance from the cooling towers. (8) is is
typical with mechanical drift towers, essentially all deposition occurs
within a l1-mi (1.6-km) radius of the cooling tower.

3ased on these calculations, effects on terrestrial ecology due to
impaction of drift salts {as contrasted with impaction of drifc
chemicals) will be restricted to the near vicinity (i.e., about 1000-
£t radius or 305 m) of the tower installation, affecting only a
limited area. With a yearly average precipitation of approximately
46 in. (117 cm),<9) the drift deposits will be diluted and dispersed
to the surrounding watershed and extensive buildup of salts will not
occur. A plot of the salt concentration in air (ug/m2) at a height
of 26 £t (8 m) as a function of distance from the cooling towers shows that
the salt concentrations drop off rapidly with distance. (8) Beyond

a 0.5 mi (0.8 km) radius they are well below the 10 ug/m3 levels
known to afifect the general vigor and distribution of plants.

Although other salts may be present, ORFAD assumes that the salt is
primarily NaCl. Other salts such as chromate, CaSO;, other sulfates,
and zine will be present and deposition is probably similar to that
calculated for NaCl. An experimental study of chromate deposition

at PGDP(ll), prepared using measureménts obtained along the pre-

vailing wind direction from the C~637 cooling tower, confirms that

the chromate concentrations in grass and soil essentially reach



background concentrations within a 0.6 mi (1000 m) radius of the tower
installation. Any vegetation damage or excessive deposition of trace
contaminants (e.g., chromate, zinc) likely to be incurred will be confined
withinchis radius. (10 No damage or excessive level has been detected as

a ;esu}t of the present operations and any future impacts from continued
operations are expected to be insignificant.

4.1.3.4 Togging and icing

Ground-level plume contact (fogging-and cold weather icing) is associated
with operation of mechanical drarft cooling towers. These localized phe-
nomena can affect nearby commercial, industrial, residential: agricﬁl-
tural, and recreational land use. The frequency of occurrence and the
duration of these potential effects will depend on the local topographv
and weather conditicns. - o

For mechanical draft cooling towers, the primary atmospheric effects are
associated with the discharge of water vapor and the formation of a visi-
ble (water droplet) plume due to the condensation of water vapor as it
wixes with cooler ambient air. The length and other dimensions of the

plume depend principally on existing weather conditioms.

When ambient temperatures are sufficiently low, cooling tower plumes can
cause icing. Observations of ice deposited from freezing plumes or fog
indicate that such ice is similar to that deposited by naturally freez-
ing fog and is very light and friable.

No precise records are available concerning fogging and icing thac
result Irom operation of the existing Paducah cooling towers.

Very little fogging or icing has been observed in recent years be-
cause of reduced power levels.

The hours per year of induced fog as a function of distance from

the existing cooling towers as calculated using ORFAD(8) show thac

the induced fog drops ofi rapidly with distance. Beyond 4 mi (6.4 k=)
from the tovers, it is gemerally below 12.5 hr/yr, which is in th

realm of uncertainty with regard to natural fog versus induced fog.

The heaviest concentration of induced fog is directly to the north-
east of the cooling towers (100 hr/yr) and extends almost 1 mi (1.6 km).
This is a conservative calculation because when all towers are con-
sidered’ ORFAD will treat them as being closely grouped together.

This iacreases fogging estimates because the towers iateract.



[p——

—

]

4-11

et

A plot of hours per year of induced icing as a function of distance
from the cooling towers shows the icing as generally below 15 hr/
yr.(a) The exception is a small area southeast of the towers

where up to 30 hr/yr is predicted. These figures are also within
the realm of uncertainty with regard to natural icing versus induced
icing; however, some icing can certainly be expected within 1-2

mi (1.6-3.2 km) of the towers.

= The visible plumes generated by the evaporation of cooling water

; would be expected to extend for no more than 2500 ft (762 m) from

the tower, with the average plume length reaching aboucr 750 It (229 =).
Normally, the plume height would be expected to rise to aborz 750 It
(229 my.(9)

Possible =2ffects frcm fogging and icing do not seriously impact on
public highways due to the distance of the towers from major road-
ways. ;

4.1.4 Imvacts on air quality

The Paducah Gaseous Diffusion Plant is located in McCracken County,
Kentucky, about 4 mi (6 km) south of the Ohio River and 20 mi

(32 km) east of the confluence of the Ohio and Mississippi Rivers.

In terms of total separative work capacity and power utilization,

it is the largest of the three government-owned (DOE) diffusion plants.

As specified in the Xentucky Air Pollution Control Regulation, the sulfur
dioxide emission regulation for the coal-fired boilers is 1.2 Ib/MMBtu
(6.5 kg/109 J). Low sulfur coal (i.e., <1.0 percent sulfur) is burned

to comply wich this emission regulation.

At 3;aximum operating levels for the coal-fired boilers (i.e., <100%
cavacity) cthe total SO» emissicn tecnnage on an annual basis is about
1200 cons (1088 T).(1)” Since this amount is withia the S04 anmission
limitation enforced by the State of Kentucky, it follows that downwind
: SO2 concentrations, for a complying facility such as the PGDP, should
i be wicthin the ambient national standards. In 1978, the average sulfur
dioxide emission was 0.47 kg/109J (1.20 1lbs/106 Btu), which complies
with the state regulations. .

for particulaces, the emission regulation promulgated on the coal-fired
boilers limits parcticulate emissions to 0.24 1b/MMBru (0.1 kg/109 I).
In terms of an emission per unit tizme; chis converts to a maxizum

allowable emission rate of approximately 56 1b/hr (25 ke/h _ ay
(225 T/yr). | /hr (25 kg/hr) or 248 tons/yr

Ag Agreed Order was negotiated with EPA and the State of Kentucky in which
timetables were established for bringing the steam plant, smelters, and

UF_ m ri lant i ia i i
anufacturing plant into compliance with Kentucky's air pollution regu-

lations. Stack emission tests determined that the smelters were in compliance.




New electrostatic precipitators (ESP) were installed on the two coal-fired
boilers at the steam plant in October 1978 and are operational. They are
designed to meet EPA and Kentucky new source performance standards of 0.1
1b/MMBtu (0.04 kg/lO9 J). Low sulfur coal is burned in the steam plant to
meet Kentucky SO7 emission limits.

Listed below 1s a summary of the characteristics of the two stacks: both
stacks are identical.

Stack Height ) : 33.55 m

Stack Diameter : 1.83 m )
Exit Velocity : 8.61 m/sec

Stack Effluent Temp : 439°K

Two EPA dispersion models, PTMAX and CCM, were utilized in assessing expected
downwind SO; and TSP concentrations. PIMAX was used to estimate short~term
concentrations, while the Climatological Dispersion Model (CDM) was employed
to estimate long-term or annual concentrations. PTMAX estimated the 3-hour
zaximum SQ9 concentration to be approximately 360 ug/m3; the 24-hour SO,
concentration would be significantly lower. The 24-hour S0, standard is

365‘ug/m3. The estimated 3-hour maximun particulate concentration was also
within national standards.

The contribution to annual SO7 and TSP concentrations as predicted by CDM

were less than 5 ug/m3. This amount is well below the National Air Qualirty
Standards.

Fluorides and other regulated pollutants were not included in the analysis
because of the lack of input data and the inadequacy of the government models
to analyze highly reactive pollutants such as photo-chemical oxidants.

4.1.5 Radiological impacts on biota other than man

4.1.5.1 Terrestrial biota

Operation of the PGDP facility has resulted in no significant accumulation of
radionuclides in the local terrestrial environment. No detectable radiation
iaduced effects have been observed. Continued operation of the facility

is not expected to result in any detectable radiological impacts to the
terrestrial biota.

4.1.5.2 Aquatic biota

Radioisotopes 235U_and 238U were found to increase by an order of magnitude
in tissue from upstream and downstream of PGDP discharges in Little Bayou
Creek.(1) These levels, particularly 238y, are directly attributable to

plant activity, because concentrations in tissue from streams receiving plant

discharges were all higher than in tissue from the reference stream. However,
all samples were well within published‘standards.(z)
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4.1.6 Impacts on terrestrial ecology

-4.1.6.1 Plant emissions

Past plant operations have not resulted in any observable injury to
vegetation or animals from emissions of fluorides or other chemicals.

Continued operations are not expected to have any observable effects
on :the terrestrial ecosystem.

4,1.6.2 Cooling tower oberation

Operation of the PGDP cooling towers does result in the release of various
salts and metals. However, analysis of soil and vegetation samples both

on and off the PGDP site determined the levels. of these subsitances to
generally be within naturally occurring ranges.(l Determinations of the
physical nature of dispersion from the cooling towers (Sectiom 4.1.3.2)
indicate that the affected area is limited to about a 1000 ft radius (305 am).
The concentrations of salts, primarily NaCl, beyond 0.5 mi (0.8 km) were
determined to be well below levels known to affect plant vigor and distri-

bution, 1 and are not expected to accumulate sufficiently in the future
to affect vegetation.

In general, the chemical characterization studies did not detect any levels
determined to be either high by '"normal" levels or potentially toxic in
soils, vegetation, or small mammals. Comparison of o?-site samples with
off-site samples detected no significant differences. 1

Blowdown discharge to Little Bayou Creek has eliminated this stream as a
food source for fish-eating birds, such as the green heron or belted
kingfiisher. Although the creek did not support a resident fish population
at the time this study was conducted, (1) the diversion of recirculating
water blowdown to C616 and the control of cooling tower windage should
result in improvements in water quality. Chromate reduction, settling, and

dilution prior to discharge to Big Bayou Creek resulted in minimal
addicional impact to that system(3),

4.1.7 Impacts on aquatic ecology

Potential impacts on aquatic ecology resulting from operation of the Paduczh
Gaseous Diffusion Plant involve liquid thermal discharge and releases of

biocides, sanitary sewage, and other chemicals to Little Bayou Creek, Big
Bayou Creek, and ultimately, to the Ohio River.

4,1.7.1 Thermal discharge

Concerning the impacts to Big and Lictle Bayou Creeks immediately below the
thermal discharge points, it is doubtful that the conditions noted (reduction
or elimination of species and standing crops of fish, benthos, and algae)
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were due to thermal alteration. Field measurements taken at the time of
sampling were well within standards. Similarly, since there is estimated
to. be little or no thermal alteration to the Ohio River from PGDP outfalls,
no impacts are expected.

4.1.7.2 Biocides

The major biocidal release from the Paducah facility is chlorine in the
cooling tower blowdown and sewage treatment wastewater. In addition, a
fungicide, Betz F-16, containing 20% sodium pentachlorophenate, is applied
to the cooling tower wood as a preservative. Other pesticides used inter-
mittently on the plant site enter local surface waters in runoff.

Residual chlorine levels in the water of Little Bayou Creek were found in

a range toxic to aquatic 1ife€1:2) pelow the PGDP outfall in 1977. Extensive
sampling of plant outfalls to Little Bayou in 1981 indicated residual
chlorine in the Bayou to 0.1 ppm. During low flow periods, levels of
residual chlorine in Big Bayou Creek also approached toxic levels for fresh-
water organisms.

Sodium pentachlorophenate is toxic to aquatic organisms at concentrations
as low as 0.31 ppm.(3) Depending on the application techniques employed,
and the amount of recirculating water in the cooling towers, these con-
centrations could be approached in the cooling tower blowdown. However,
the highest concentration of effluents found in any outfall was less than
1/2 this threshold level.

Other pesticides used intermittently for plant grounds maintenance purposes
could potentially reach surface waters by means of runoff. Depending on
the persistence of the pesticide, even small releases may accumulate in the
biota.

4.1.7.3 Sanitary sewage wastewaters

Sanitary sewage wastewaters from the Paducah facility are treated at the
C-615 sewage treatment facility and discharged to Blg Bayou Creek.

Residual chlorine levels during low flow periods may reach levels that are
toxic, particularly to benthic or attached organisms. Fish species, being
motile, may avoid the area of the discharge. :

The PGDP discharge augments low flcw coudlticns in Big Bayou Creek, resulting
in beneficial effects on dissolved oxygen levels.

None of the other measured*parameters‘associated‘with sewage outfalls (i.e.,
metals, ammonia, nitrates, phosphate, COD, alkalinity, dissolved and sus-

pended solids) appears in Big Bayou Creek at levels sufficient to cause
adverse effects.
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4.1.7.4 Other chemical wastes

Chemical discharges to Big Bayou Creek include: effluents from the
maintenance facilities, laboratory facility, chrome reduction

facility, nitrogen facility, water treatment plant, and detention
basin (holding pond for wastes from the decontamination facility,

steam plant, and leachate from the radicactive waste burial ground);
storm water runoff; and the effluent from the sewage treatment plant.
Little Bayou Creek receives cooling-tower blowdown, storm water run-
off, and air plant facility effluent via the 340 effluent ditch.
Chromium exceeded recommended c¢riteria for aquatic life in Liccle

Bayou Creek below the PGDP outfall in 1977. Concentrations oI chromiunm
can cause cirect mortality to non-motile organisms, thereby removing

a food supply for predator species. Low concentrations can be detected
by other organisms, causing them to avoid the area. With the instal-
lation of the chromate reduction facility, chromate levels have been
reduced and future iapacts will be insignificant.

4.1.8 Socioeconomic impacts

4.1.8.1 Social impacts

Since the location of the PGDP in McCracken County in the 1950s, the
County has changed from a primarily rural character to one where over
60%Z of the county is classified as urban. Not all of the social change
may be attributable directly to the plant. However, social impacts of
the PGDP's location in McCracken County include effects related to:

@ Work force

e Civic involvement

e Public services and iastitutions.

Sixty-one percent of PGDP's employees reside in McCracken County, ac-
counting for approximately 12% of the county's overall employment.

Participation of PGDP employees in local civiec activicies is relatively
high. A list of elective governmental and appointive positions held by
Union Carbide PGDP employees, 1972-1976, écompiled by Union Carbide, indi-
cates that a wide range of such positions have been filled by PGDP
employees--including, for example, positions with the McCracken County
Board of Education, the McCracken County Red Cross Board of Directors,

the McCracken County Fire and Rescue Squad, and the Paducah City Com-
missioner's Office.

With regard to public service impacts, results of a PGDP in~plant sur-
vey indicate that emplovee households heavily utilize the Paducah Public
Library, local hospitals, McCracken County Health Department, and police.
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Employees also indicated that they, and. their families, utilize the

fire departments, nursing homes, welfare services, mental health center,

and other public services provided in the councy(l)

Impacts on McCracken County institutions also include the effect of the
PGDP on local schools and general educational attaimment.

The overall educational level of McCracken County's residents has in-
creased as a direct and indirect result of the employment and skill
requirements of the PGDP.

In addition, the PGDP in-plant survey indicated that 861 children of
PGDP employees attend Paducah publi¢ and McCracken County schools.
Another 207 attend parochial or special educational institutions.
Children of PGDP employees account for approximately 8% of total school
enrollment in the county.

The survey also suggests that PGDP employees and their families utilize
Paducah Community College, the Paducah Area Vocational Educational Cen-
ter, and other educational institutions relatively frequently.

4.1.8.2 Economic impacts

The economic ramifications of the PGDP' s gresence in McCracken County

has been previously analyzed in detail. Data on PGDP's local mater-
ial purchases and employment levels were examined, as well as information
on overall economic activity in the county. The analysis indicated that
the PGDP directly or indirectly accounts for:

e 33%Z of the county total economic output
e 27% ($119.8 million) of the county value added
o Over 12% of the county employment.

The economic sectors that are most dramatically influenced by PDGP in-
clude: .

Electrical power

Wholesale and retail trade

Food and kindred products

Education services and non—profit organizations
Finance and insurance.

The PGDP is not only an important entity in the private economic sector,

but in the area of public finance as’well, The recent analysis indicated

the county, as well as the Paducah Independent and McCracken County
School Districts, currently experience net revenue inflows as a result
of pGpP.(2) However, the City of Paducah realizes a net outflow of such
magnitude that the aggregate effect of PGDP on all jurisdictions is neg-
ative. However, this may be somewhat mitigated by consideration of the
indirect public finance benefits attributable to the PGDP.
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Figure 3.1-6. Portion of the 1973 U.s. Geoloéical Survey 1é;ld use and
land cover map for the Paducah, Kentucky vicinicy
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The available groundwater resources in this area appear to be vir-
tually undeveloped. Yields of the State Game Refuge wells in Union
County and the municipal wells at Metropolis are reported to be
1000-1500 gpm (3785-5677 lpm). The Missouri Pacific Railroad wells

at Gorham, the well of Anna State Hospital near Wolf Lake in Union
County, and the Texas Company wells at New Haven have reported

yields of 500 gpm (1892 1pm). These wells are constructed in sand

and gravel at depths of less than 100 ft (30 m) and have specific
capacities estimated from 30-90 gpm/ft (372-1117 lpm/m) of drawdown. (1)

Most of the water is returned to the Ohio River after usage. Appendix B,
Table B-13 summarizes data on groundwater availability in Massac County
wells drilled into both consolidated and unconsolidated aquifers. Sev-
eral wells are used sporadically and average daily pumpage has not been
specified.

Groundwater recharge in this area is probably similar to that near PGDP
due to the similar infiltration capacities of the soils. Current usage
is therefore a small percentage of the available supply. Actual supply
varies considerably from one area to another.

3.2.2.2 Surface water

The land area around the Joppa power station drains into two small
unnamed tributaries to the Ohio River and to the river itself.

The tributary to the west has a total drainage area of 1424 acres
(2.2 mi2; 576 ha, 5.7 km2) while the tributary to the east drains
an area of 1066 acres (1.7 mi2; 431 ha, 4.3 km2). These tribu-
taries have not been gaged but an order of magnitude estimate of
the flows may be  obtained by examining the data in Figure 3.2-2.
These discharge values have been derived from measurements made on
the Cache River Basin slightly to the northwest.

The data are given for two water-years. The 1975 water-year was
unusually wet, particularly during the spring, while 1976 was very
dry. Average conditions have resulted in 16.7 in. (42.4 cm) of
runoff which is intermediate to the extremes shown. For the westerm
basin, maximum monthly, minimum monthly, and average annual flows
are 11.5, 0.1, and 2.6 cfs (326, 3, and 74 l/sec), respectively.
This drainage receives no additional flows due to wastewater dis-
charges from the generating facility. For the eastern basin the
respective values are 8.6, 0.07, and 2.0 cfs (244, 2, and 57 1/sec).
Discharges from this basin to the Ohio River also include over-
flow from the ash settling. basin. During the 18-month period from
January 1977 to June 1978, these flows averaged about 1l4.1 cfs (399
1l/sec).. ' ’

Hydrologic conditions for the Ohio River are similar to those dis-
cussed for the PGDP in Section 3.1.3.2. All other plant discharges,

excluding condenser cooling water, amount to about 8.6 cfs (244 1/sec)

and consist primarily of river water augmented with small amounts
of groundwater.
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The Joppa plant is located on approximately 624 acres (253 ha) of
land in Massac County, Illinois, on the northern bank of the Ohio
River approximately 1 mi (1.6 km) west of Joppa and about 8 mi

(13 km) northwest of Metropolis. The plant is located on a coastal
plain bottomland physiographic province at an elevation of 350 ft
(107 m) above sea level, about 60 ft (18 m) above the normal Ohio
River pool stage. A barge unloading facility and the cooling water
intake and discharge structures are located on the bank of the Ohio
River. In addition to the main plant facility and a coal storage
yard, the site includes a S55-acre (22 ha) ash disposal pond, a 92-
acre (37 ha) abandoned ash disposal area, and a planned 50-acre

(20 ha) ash disposal facility.

Figure 3.2-5 provides a map of generalized existing land-use patterns
of areas lying within a 5-mile (8 km) radius of the facility compiled
from several multi-date land-use maps of the area.

As illustrated by the land-use map and accompanying statistical
summary table provided in Figure 3.2-5, the area within a 5-oi

(8 km) radius of the Joppa plant is predominantly rural in nature,
with agricultural (crop and pasture lands) and open space land
totaling approximately 61% of the area.

Forested areas adjacent to the Ohio River, the 2,09l-acre (847-ha)
Mermet Lake State Conservation Area and Swamp Nature Preserve, and
numerous small dispersed wooded areas throughout the study area
total approximately 26.57% of the study area. Also included within
the forest area is the 1l5-acre (6-~ha) Halesia Nature Preserve
established by the American Electriec Power Company which lies adja-
cent to the southeastern boundary of the plant property and the
Ohio River. The Ohio River, Mermet Lake, and other smaller water
impoundments constitute approximately 11.5% of the study area.

U.S. Route 45 is the major highway in the area, with many secondary
roads providing access. The other major transporcation corridors
include the Ohio River (barge and riverboat traffic), the Chicago
and Eastern Illinois and the Burlington Northern railroads, and the
Central and Eastern Illinois Railroad, now part of the Missouri
Pacific Railroad system, which provides rail access for coal and
miscellaneous incoming materials to the plant.

The city of Joppa is the major center of population located within
a 5-mi (8~km) radius of the facility. Other very small communi-
ties and their approximate straight-line distance frow the Joppa
plant include: Hillerman, Illinois (2.8 mi, 4.5 km); Choaf,
Illinois (3.25 mi, 5.2 km); Ragland, Kentucky (3.4 mi, 5.5 km);
and Rossington, Kentucky (4.5 mi, 7.2 km). These communities and
other industrial developments along the banks of the Ohio River
form a total urban built-up area of approximately 0.75Z of the study
area. Also, two very small gravel pits are found in the vicinity
of Joppa Steam Electric Plant which constitute approximately 50
acres (20 ha) (0.1%) of the study area.
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4.1.8.3 Impacts on political entities

The initiation of PGDP activities in the Paducah/McCracken County area
in the 1950s raised issues and arcused local concern. Prior to this
project, the area had essentially a rural character and most construc-
tion undertakings had been small. However, the massiveness of this
effort required tremendous manpower and material levels.

The scope of local issues/concerns arising from these demands included:

Land use i -
Transportaction
Law enforcement
Tax base
Housing .

e IZducaction. J
These issues/concerns reflect major areas in which local politizal
entities may have experienced strain in fulfilling their functions.
Over time, these entities were able to better accommodate the impact
of PGDP; systems and resources developed the capability of meeting
the higher demand levels. Currently, the PGDP operations are a com-
ponent of the local environment ia which political entities funcction.
The presence of the facility no longer raises distinguishable and ovexr-
whelming issues and concerns in itself. Dramatic changes (especially
decreases) in PGDP's current work force level or scope of operations
could induce uncertainty and uneasiness. This general anxiety could
arouse local issues/concerns which in turn would influence the function-
ing of local political entities.

4.2 Jovva, Illinois, facility

4,2.1 Impacts on land use

Initial izpacts on land use occurred with removal from production
and the commitment of 625 acres (253 ha) for the construction of the
Joppa Steam Electric Plant. Additional acreage has been necessary
for the expansion of the ash disposal pond. Current operations are
not significantly effecting further changes in land use.

Given the life expectancy of the plant and continued successiul pollu-
tion control activities, no additional acreage requirements or other
land use impacts are anticipaced. )

4.2.2. Impacts on water aquality and use

The Joppa generating facility has been operating under the State of
Illinois standards and Federal/State NPDES permit conditions indicated
in Table 4.2-1. A problem area remaias before full compliance will be
acheived,



"I;ABL'E. 4.2-1 Current standards in effect at Joppa Electric Station

Suspended Dissolved 011 and Chlorine Fecal
plt, Solids, Solids, Temperature Grease, Residual, Coliform,
uaics mg/1 ag/l F mg/1 ong/1 MPN/100 ml BODs

"Effluent Standard (NPDES) 6~9 15 (mpx)‘u) 750 (max) Sec. 316(8) 10 (avg) 0.2 (max) 200 (avg) 30 (avg)
: 30 (avg) Permit 15 (max) 400 (max) 45 (max)

45 (max)(b)
Il1. Effluent Stds.‘S) s-10 27! bkgd + - 15.0 - - 30

15 @) 750 :
Ambient Stundurd(d)

or Cricerion - 615-9 s~ 1,000 50-89 - - 200 (avg) -

' 400 (max)

(a)Applicable to discharges from ash pond ard sectling lagoor.

(&)

Applicabic to discharges from sewage rreatacnt planc,

(C}Source: Reference (4)

(d'Sogrce: Reference (4,5) .
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The problem is a short-circuiting phenomenon which has been noted in the
settling pond. This has caused poor solids removal and inadequate
neutralization of coal pile runcff at times. Consequently, localized ad-
verse effects on the Ohio River have occurred. This problem has been
partially solved by controlling and rerouting the drainage from the coal
pile. Although some short~circuiting from an inactive area still occurs,
the amount of drainage reaching the Ohio River has been reduced by ap-
proximately 75 percent since 1977 (1), The water quality in the river

appears to have sufficient alkalinity to prevent any long-term deteriora-
tion.

The Joppa facility 1s near the end.of its useful life and may be retired
before PGDP. If that happens, then power will need to be supplied from
another facilicy. It is likely that the new facility will have to comply
with similar standards and that potential impacts will be similar to those
of the current facility.

Overall water supply impacts at either Joppa or PGDP are not anticipated.
The Corps of Engineers has forecast ample supplies out beyond the end
of the century and the Illinois State Water Surve hag suggested export-
in f the bountif wate 2%

g some of the bountiful groundwater near Joppa.

Heat pollution and other waste water problems were likewise dismissed =zs
inconsequential for this portion of the main stem of the Ohio River.

4.2.3 Impacts on air guality

The generating plant consists of six individual boilers, each which
consume about 1,800 tons (1633 T) of coal per day at full capacity. The
total design capacity of six boilers is 9,948 Btu/hr.

4,2.3.1 tmissions and regulations

The Illinois emission regulations for the Joppa Steam Power Plant limits
SO2 emissions to 36,875 1b/hr (16,741 kg/hr) and particulate ermissions to
1,591.7 1lb/hr (722.6 kg/hr). The SO, emission regulation was attained

in July, 1978, through the use of fuel blending. Electrostatic precipita-
tors (removal efficiency, 98.6%) were installed in 1971-1972 to comply
with the particulate emission regulation. Construction of three 500-ft
(168-m) stacks was required.

‘Shown below are the parameters and dimensions of the old versus new
stacks.

0ld 250 ft (76 m) Stacks  New 550 ft (168 m)

Stack Diameter: 7.32 m 5.49 m
Effluent Exit Velocity: 2.05 m/sec 27.43 m/sec
Exit Gas Temperature: 429°K 430°K



It appears that compliance to the Illinois emission regulations will
soon be attained and that the resulting impact on air quality should
be acceptable and cleaner than the National Air Quality Standards.

4.2.3.2 Alr quality impact

A dispersion modeling study of sulfur dioxide emissions has beeg con-
ducted for the Joppa Steam Electric Plant.(l) The principal o?;e;—
tive of the study was to determine whether the existing 502 emissions

and stack height were in compliance with the Illinois environmental
regulations. )

The study concluded that the existing station was in compliance with
the State of Illinois emission standard of 6.0 lb SO,/MMBtu (2.6 kg/
109 J), but was not in compliance with Illinois Statute 204(e) which
dictates the requirements for chimney height. The modeling demonstra-
ted that for any of the proposed alternative stack heights, (of which
the 550' (168 m) stack was one alternative) no violations of the S0,
short~term air quality standards would occur.

The impact of particulate emissions from the Joppa facility were
assessed using EPA's PTMAX dispersion model. The results of PTMAX
estimates showed that the resulting short-term concentrations were
well below any short-term standard (3-hour and 24-hour) and even
below the annual standard of 75 ug/m3. Again as was the case iut

SO2 emissions, the air quality impact from TSP emissions, 1is estimated
to be well within acceptable limits.

Annual concentrations were estimated using the CDM model. As expected,
CDM estimated the maximum sulfur dioxide and particulate concentra-~
tions to be well within the air quality standards.

4.2.4 Physical effect of heat dissivation

The Joppa Steam Electric Plant constitutes a potential impact due
to heat dissipation in the Ohio River.

The Joppa plant produces a maximum of 1050 MW (approximately one-half
of the maximum Paducah plant requirements) with six coal-fired gener-
ating units. An average of 832 cfs (24 cms) of Ohio River water 1s used
to cool the steam condensers releasing an average of 4.4 x 109 Btu/hr
(4.6 x 1012 Joules/hr). The heated water is discharged into the Ohio

River near the surface on shore approximately 100 yards downstream from
the plant.

The Joppa plant releases and approximated maximum of 5 x 10° Bru/hr
(5.3 x 1012 Joules/hr) of heat to the Chio River. The volume of water
discharged (830 - 900 cfs, cof 23-25 cms) is small in comparison to

the 10 yea? }ow—flow for the Ohio River of 19,500 cfs meters
(546 cms). 1 The design of the discharge structure insures that
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the therzal plume will fellew the shereline &nd rct iopede :CSL:gL ¢
fish or other organisms in the Ohio River. Experimental measu remencs (20
indicate that the maximum plume width for a AT of 5° above norzal

river water temperature will not exceed 160-200 ft (48.8-61 meters)
from the shoreline. Since the Ohio River is approximately 3400 It
(1,036 meters) wide at Joppa, only about 5% of the river is affectec.

Theoretical calculations using a sizple diZfusion model confiirz
these results (Appendix D, page D-9).

Although the extent of the mixing zone is not precisely cefined, it
would be small even at minimum flow in the Ohio River. Calculzczions
based on the simple diifusion model indicate that a maximum area in

the Ohio River of approximately 0.6-acre(0.2 hecrare) out of 352 acres
(143 hectares) will experience a AT of 5°F or more above th® normal river
temperature under worst case assumptions. It is apparent that

the therzel
alteration of the Ohio River due to the Jcppa Power Plant is

2inimal and

that the existing plant will comply with ccal, staté, &nd Federal stancercs.

4.2.5 I=tacts on terrestrial ecology

pacts on the blota in the immediate viciniry. If additional nd i
needed for new settling ponds, coal storage piles, or other
the land will no longer support vegetaticn and consequently
habizat and usage will be reduced.

Continued operation of the Joppa power plant will have some negazive im-
s

Ixisting and new ash settling ponds will continue teo attract =igratory
vaterfowl, wading birds, and shorebird. These birds may be killed v
collision with any transmission lines in the area. In additicen, water-
fowl are known to ingest slag froa the bottom of ash ponds which =zy
contain potentially toxic trace elements. (1)

Adverse effects of gaseous pollutants in the power plant plume cn rer-

resctrial plants and animals{(l) should be greatly reduced by the recsn:
construction of tall stacks (168 am). These tall stacks should preveénc
recurrence of fumigation incidents, but will pose a threat to =ight-

d
zigrating songbirds. Songbirds may be killed by flv1ng into the three
power plant stacks during the migratory seasons.

Particulate emissions (fly ash) from the power plant stacks as well as
rarticulate emissions from open ccal storage piles (fugitive dusi) con-
tain sotentially toxic trace elements that can have adverse eflects on

)

terrestrial plants and animals. Although no obvious adverse eifects
have been noted ifrom casual observations, subtle changés such as reduc-
tion in aumbers of sensitive species may be occurring- Soil

ccntamination by toxic trace elements in particulate qepQSicion can
result in the loss of essential nutrients and the accumulation of toxic
elements in plant tissue. (1:7+%:2 Animals may also pick up trace
elements added to the enviromment through particulate depositicn by in-
gesting contaminated water or plants or by direct inhalarion of
respirzble-size particles.



4.2.56 Izcacts cn zcuatic eccleev

A thorough iavestigation of the impact of the Joppa Steam Electric Plant
was completed in 1976.(1) Results of that study showed no significant
impact on the total biota (plankton, invertebrates, and fishes) of the
Ohic River. One case of diatom mortality in the plant outfall was not
zeasurable further downstream.

Impingement investigations conducted during the 1976 study reported an
estimated loss due to impingement of 8.7 x 103 1b (3.9 x 103 kg) of fish
comprised of 3.5 x 10”7 specimen. The most common and abundant species
impinged were gizzard shad and freshwater drum. ‘
Entrainment studies reported an estimated 1.17 + 0.006 x 109 larval fisn
and eggs entrained in plant intake waters during the year. An estimated
1.49 + 0.007 x 109 would be the maximum entrained for a year at full plant
intake capacity. Again the most common and abundant larval and egg types
wvere of the fazmily clupeidae (shad) and freshwater drum.

No apparent difference between rates of impingement during day and night
operations were detected. Higher impingement rates were recorded during
chlorination when fish may have been stunned or displayed an avoidance
response making them more susceptible to impingement. It was suggested
that these rates may be reduced if chlorination occurs after intake
water passes the screens. Survival may further be increased if fish
washed from the screens are not deposited directly into the discharge
canal where they are subject to physical damage and thermal stress.(1)

The Joppa plant has been in operation for 25 years. Although the river
fishery cannot be quantitively evaluated due to the lack of information
regarding the size, composition, and distribution of the fish population,
it is not likely that the community has been significantly diminished by
plant operations, based on the number and diversity of fish impinged.

There are no data on the biological communities of the two tributary
streams to the Ohio River on either side of the Joppa plant. It is
likely that stressed conditions exist in the channelized streams to the
east of the faciliry. EKabitats have been altered or destroyed; the
creek is intermittent; overflow from the plant's ash disposal pond and
runoff from its coal pile comprise much of the flow. The combination of
these factors likely result in conditions unsuitable for the mainten-
ance of a balanced aquatic community.

4.2.7 Impacts by noise

In addition to the noise control goals of EPA discussed in Section
4.1.1.3, criteria for avoidance of environmental degradation by noise
and protection against physioliogical effects are the basis of regula-
tions established by the Illinois Pollution Control Board.(l) The
regulations limit daytime noise emissions to redisential land use zo 61
dBA and nighttime emissions to S1 dBA.
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No data are available for noise emissions from the Joppa plant, however,
noise data from Joppa and surrounding areas have been examined (2) and
provide some indication of the noise emission.

The power plant contribution to the noise level in Joppa appears to be

" 50 dBA, or less. However, since there is a substantial amount of wooded
land between the power plant and the town, excess absorption (i.e., sound
reduction in addition ‘to attenuation due to distance and normal absorp-
tion by air) amounting to 5 dB could be expected, reducing the power
plant contribution to 45 dbA . In terms of the Illinois Noise Control
law, the plant would be in compliance at this level since 51 dB is the
limit for nighttime noise emission. Adding the 45 dBA plant contribu-
tion has little influence on daytlme noise levels but accounts for the
nighttime noise level in the community. The values for Lgq and Lin»
with the plant contribution, are in the ranges of 48 to 50 dbA and 53
to 55 dbA , respectively. These values represent increases of five or
six decibels in the equivalent noise level or six or seven decibels
increase in thg day—-night noise level.

The power plant management has not had any complaints concerning noise
from the plant. This would indicate that noise from the plant is at a
level which is consistent with the estimates made here.

The Joppa facility normally receives one unit train of coal each day,
Monday through Friday. The coal is dumped by rotary dumpers sometice
between 7 AM and 8 PM; normally no coal is dumped at night. Dependi:z
on the time of arrival of the train, noise from the locomotive and
from the car wheels squeeling on the curved portion of the tracks

has a potential for producing sleep disturbance, however, the absence
of complaints indicates this is not a problem.

Approximately 180 employees work any given weekday at the Joppa plant;
125 are on the regular day shift, 40 are on the evening shift, and 20
are on the third shift (midnight to 8 AM). Of these, approximately 507
live in or drive through or around Joppa while commuting. Most of the
remainder drive morth on the Grand Chain Road, or west from the plant
entrance. Since no shift changes occur between midnight and 7 AM, tlere
is relatively little impact from plant traffic-caused noise during the
nighttime hours. Overall, traffic generated by the power plant is
estimated to represent 8 to 10% of the total vehicular traffic in Jorpa.
In summary, there is no reason to expect that operation of the Joppa
Plant causes any substantial noise impact on the community of Joppa or
the surrounding area.

4.3 Cumulative and long-term effects

4.3.1 Cumulative and long-term imvacts of power generation

There zre no significant cumulative effects anticipated a2s a result cZ
continued power generating operations ar Jeppa, if “cumulative'
to mean an increacino offectr nuvoer sd4- *

ts deiinel
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sarily cumulative, effects mzy be noted -
need to dispose cf the vast quantity of flyash znd borrom zsn ge
by the plant. The present practrice of sluicing the ash to a set
pond wheére the excess water is neutralized and discharged to the Oh
River is expected to continue for the remaining useful life of the
station.
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This settling process still permits some fine particulates containi
oxides, silicates, and carbonates of metals to find their way into
river. The large dilutien ratio of the waste discharge to the rive
flow and the moderately efficient mixing in the vriver ensure that a
long—term effects will be minor in nature. Also, since there is sc:
slight permeability te the soils beneath the ash disposal zreas, ov

a long time period minor amounts of leachate may reach the river.

Power generation at Joppa has resulted in the removal of land frc
nroduction of vegetation and the elimination of Zcod and rescurce
wildlife. No further commitment of resources is anticipated at ti
site. A potential exists for some long-term accumulation of roxic
elements and chemicals in the environment as a result of coal hancl:
and combustion. Without a trace element study on the plant propert-
the extent of effects can only be speculated. However, considerin:
length of time the plant has been in operation, effects would probal
be minor.

S
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4.3.2 Cumulative and long-term effects of continued operation of tt
Paducah Gaseous Diffusion Plant

Management of the PGDP property for wildlife has been beneficial ®o
biota and will continue to be as long as the management programs ar:
active. A slight potential exists for vegetation damage frca fluor:
but is not a significant concern. Salts and metals from cooling to-
drift may accumulate in the immediate vicinity of the towers. In €
long term, concentrations might reach levels toxic to vegetation, bu
effects would likely be minor.’ Metalg may also accumulate in soils
wildlife, but levels are not expected to reach toxic concentratiéns.

The principal cumulative water effect of uranium enrichment activiti
will be the annual discharge of radionuclides in effluents. Hhistor-
ically, these have been almost exclusively uranium and technetiux.
The amounts have varied over the past few years, but have general%y
been less than 20 curies of each nuclide. Since the half-lives ol
these elements (and of many of the daughter species) are long, dis-
charges are ¢umulative.

From the standpoint of cumulative environmental impacts, a more impo
tant parameter is the nuclide concentration in the aqueous or sedi-

ment phase. Based on the analysis preseated in Section 4.1.2.3,

there is sufficient dispersion in the Ohio River at the point of dis
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cnafge to redice the cdischérge concentraricns to near background

levels very quickly. Sedizent mezsurements, supported by studies which
indicate soluble uranium carbonates may predomipate in high alkalinity
water, suggest that cumulative sediment buildup, if any, will be

spread over a large area.{l) 1ocalized concentration effects on Big

‘and Little Bayou Creeks are likely to be more promounced than in the

Ohio River. However, since a large safety margin for aquatic or-
ganism exposure currently exists, it may be presumed that the slow
buildup of radioactivy is inconsequential. Occasional severe

storms will serveé to scoufr out some of the accumularion and probably
represent, togethér with chemical solubility/absorption, a mechanisz
for limiting upper bound radioactivity levels.
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5. RELATIONSHIP TO LAND USE PLANS, POLICIES, AND GOALS

iR R
“-—J

5.1 LOCAL LAND USE PLANS, POLICIES,AND GOALS

Within a S-mile radius of either the Paducah Gaseous Diffusion Plant
or the Joppa Steam Electric Plaat, no city, township, or county

. governmental agency has set up any effective up-to-date local land

: use plans, policies, or controls. 1In fact, most local residents and
public officials do not favor establishing land use plans. Specific
inherent reasons for such attitudes and the lack of land use planning
in the region include the following interrelated factors:(1)* '

e High unemployment and relatively low income exist -in the
region and there is a strong sentiment to encourage develop=
ment; land use plans and controls are viewed as devices which
inhibit development.

e The rural, predominantly agricultural sectting, with a strong
prevailing private land ownership>ethic, provides an atmos-
_ phere not favorable to land use planning and controls.

e The neéd for land use planning and controls has not been
clearly demonstrated since the population of the area is
small and sparsely discributed; the land use conflicts that

l , arise wicth larger, denser populations have not occurred.

.z © Because the area has a low potential for generating tax revenue

: and because the region needs adequate public services and facilities,
neither citizens nor officials feel that the formulation or
inplementation of land use plans has high priofircy.

In Ballard and McCracken counties, Kentucky, Planning Commissions exist
primarily to advise courts on subdivision regulations; there are no ru-
ral zoning ordinances. In Massac County, Illinois, there presently is
no planning commission or zoning and subdivision regulations. A build-
ing code has recently been adopted in Massac County and building codes
vere required to be adopted by January 1, 1979, in Ballard and McCracken
Counties under provisions of recent state legislation. Also, a Compre-
hensive Plan for Ballard County was completed in 1972; an existing
Land-Use Map and Analysis, and a Land-Use Plan for McCracken County were
completed in 1968.(2-5) However, these plans were nevéer implemented and

the land use data and projections contained within these documents are
now out of date.

Most of the existing land use programs were established to satisfy a

Eﬁ; particular need dt a given point in time as funds were available. H?v-
i ever, this méthod of planning will not be able to serve the purpose 1a
= the future as it has in the past. With assistance from the regional

': *See 'gﬁbseétion 5.5 for Section 5 references.
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planning agencies as discussed beliov, local units of governmenr are be-
coming aware of the predicted location, type, intensity, and timing of
grovwth in order to efifectively plan for future growth. Efforts are now
under way by communities to solicit grants for initiating new or updating
existing comprehensive plans, zoning ordinances, subdivision regulations,
etc.

Although almost no land use plans, policies, and controls exist at the
local or county level in the study area, the two regional (multi-county)
planning and A-95 review agencies for the three-county area have been
responsible for establishing comprehensive land use planning programs in
the study area. Specifically, the Purchase Area Developmént Districe,
located in Mayfield, Kentucky, is the regiordl planning agency for
Ballard, McCracken, and six other western Kentucky counties. Similarly,
the Southern rive Regional Planning District and Development Cecamission,
located in Anna, Illincis, is the regional planning agency for Massac
and four other southern Illinois counties.

The Purchase Area Development District completed a land use policies

study in August, 1977, to guide the local units of government and the
regional planning agency in the preparation and development of planning
programs to promote orderly land use development in the region.(s) A

land use mapping inventory was subsequently completed in July, 1978,

which provides graphic¢ Tepresentation of the policies presented in the
land use policies manual. This mapping inventory includes both existing
proposed land uses in nine major categories: transportation, water Te-
sources, industrial development, flood plaims, agriculture, silvicultu:e,
soils, urban centralizdtion, and recreation.(7) 1In June, 1977, the South-~
ern Five Regional Commission prepared a regional land use plan which
summarizes natural features, area of environmental concern, physical
restraints on development, land use, and socio-economic and other pertinent
information for the region. The regional land use plan also establishes
land use goals, objectives, policies, and plans of the agency.(l) Gen-
erally, these regional planning agencies seem to be providing leadership
to the local government agencies to formulate land use policies and con-
trols and conduct land use surveys. KEowever, the authority of these two
regional commissions is limited to recodmending, but not implementlng,
land use plans, policies, and controls.

The general consensus of the existing land use plans and projections for
the threé-c0unty area is that a slow-to-modest rate of economic and pop-
ulation growth will occur through 2000 with minor changes in exiscing
land use plans. 1-11 In the study area some open space/agricultural
lands will be developed; residential developments are also likely to
occur along the major highways that traverse the area as people seek the
amenities of living in a rural environment, especially if county
subdivision and rural zoning ordinances and land use policies are not
enacted and enforced. A 1973 Comprehensive Water and Sewer Plan in-
cludes the proposed construction of a rural sewerage system for am area
within the study area iust north of U.S. Route 60 near the Paducah Gas-
eous Diffusion Plant.(12) additionally, so—e land may be set zside
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Nevertheless, agriculture, open space, atnd forest land mest
continue as the dominant land-use pattérts in the study area

“year 2000.(1,6,13)

5.2 STATE LAND USE PLANS, POLICIZS, AND GOALS

The two major state agericies affeczing land use plaas and conirol in the
three=county area are the Kentucky Depart=ént for Local Gaverazeat and
the Illinois Department of Locidl Governmea: Affairs. These stzte agen-
cies are responsible for aZdministering most of the land use-relzted
legislation passed by the Geueral iscemblies of their respective st
and are sources of planning grzants to the cegicnal and local zgenci

i

acsas

es.
Several other Xentucky &nd Illinocis state zgencies which aifect land cse
planning within the three-county study area are the Departoents of AgTicul-
turé (county extension agents), Tramsportation (highways) and Natural
Rescurces, and Environméntal Protection and Conservation (fish and wildli:
habitar, parks, conservation areas, 208 water quality planning, air
vater quality management, etc.). Specifically, the Xentucky Department

of Natural Resources and Environmental Protection leases 2,780 zcres

(1134 ha) of land located adjacent zo thé Paducah Gaseocus Diffusion Plznt
from the U.S. Department of Eaergy for wildlife conservation purposes.

The State of Illinois controls 2,091 acres (847 ha) in the Mermet Lake
Conservation Area and Swamp Nature Preserve locatred about 3 miles (5 k=)
north of the Joppa Steam Electric plant. 4Alsc, Murray Stateé University

is estzblishing mechanisms and procedures for utlllZlng repetitive datz
obtained from the NASA Landsat program to provide physiographic land use
data which can be incorporated iato che Purchase Area Development DiStTlC:
land use zapping and inventorying program.

[
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5.3 FEDERAL LAND USE PLANS, POLICIZS, AND GOALS

The pricary locally administered feceral agencies whose progrz=®s and
activities influence land use. programs in the study area are the Soil
Conservation Service znd the Agricultural Stabilization and Conservatiin
Service. Additionally, the U.S. Departmenz of Energy and the Iennessee
Valley Authority are responsible for the Paducah Gaseous Diffusion Plant
and the TVA Shawnee Power Plant properties, respectively.

The major federal programs conducted on a nationwide basis which are re-
lated to regional and local government land use plans, policies, and
controls include the U.S. Eavironmental Prctection Agency's 201 Waste
Water Treatment Construction Grant Program, the 208 Area-widé Waste Mzz-
zgement Planning Program and the 303e River Basin Planning Program, aczé
the U.S. Department of Housing and Urbar Development's 701 Co@prehensive
Planriing Program. These federal prcgrams provide funds for studies ccn-
ducted on a local or regicral ucsis. Other _ece*al *egu‘a_o*y crcgracs
eifecr lend use zand cdevelcpzent I Zlood
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Other area-specific federal programs which may influence land use pac-
terns in the vicinity of Paducah, Kentucky, include the completion of
I-24 and Tennessee-Tombigbee projects and Tennessee Valley Authority
corridor easements. The Tennessee~Tombigbee Waterway scheduled for com-
pletion in 1985 will provide a waterway from the Ohio River to the Gulf
of Mexico at Mobile, Alabama. This Corps of Engineers project will most
likely stimulate employment, populacion growth, and development in the
Paducah vicinity and along the Tennessee and Ohio Rivers. Likewise,
I-24, which is currently under comstruction, includes a new bridge
across the Ohio River just west of Paducah and provides direct con-
nection via a four-lane highway to Nashville, Tennessee; St. Louis,

. Missouril; and other midwesterm cities. Also, the TVA is presently coun-

cidering tha Shawnee Steam Plant as one of the three possible sites for
¢construction of a 200 MW fluidized bed combustion facility. If imple-
mented, no additional land is likely to be required for the facility;
however, regional growth would be stimulated.

5.4 PRIME AND UNIQUE FARMIANDS

During the last few years increasing attention has been given to the re-
tention of important farmland, forestland, rangeland, and wetlands and
the preservation of flood plain areas. Federal agencies, especially in
the U.S. Department of Agriculture, have enacted policies designed to
limic adverse envirommental impacts of development and to find alterna=
tives to the conversion of prime agricultural land.

Ffarmland is considered "prime' if it has 'the best combination of physi-
cal and chemical characteristics" for producing crops. 'Unique farmlaznd”
is land "used for the production of specific high-value food and fiber
crops."” USDA policies also provide for “additional farmland of state-
wide imporcance" to be defined based on criteria developed by state

agencies. In some cases, localities may designate similar "farmland of
local importance'" even though the land may not be of national or state
importapcé.(la) )

Agriculture is the primary industry of the Paducah area. Agriculrural
policies seek to help guide development patterns in a manner corsistent
with important agriculcural lands. To be effective,. state and local
governmental land use controls will be required. Ome such control al-
ready enacted is a 1974 provision to the Kentucky Revised Statutes

(No. 132.45) which permits a lower tax assessment rate for property
taxes of agricultural lands to aid in the protection of those lands
from urban infringement.(11,13) )

There is no unique farmland in McCracken County; however, there are 29,808 kra
(73,500 acres) which have been classified as prime farmland(15). Some prize
farmland which is based on soil type, occurs on the plant site and irmediztely
to the east and west of rhe property. The soils classed as prize farmland
include Calloway silt loam - CaA and CaB, Falaya - Collins $ilt léam - Tc,
Grenmada silt - GrB. and Vicksburg silr loam - Vb(16). The distribuctiens
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6. ALTZRNATIVES
Several major alternatives to continuing the operation of the Padu-
cah Gaseous Diffusion Plant are given licited consideratien telow.
A detailed analysis of alternatives is beyond the scope of this
assessment. If addition, alternative power supply subsystems are
briefly discussed. ‘

6.1 SHUTDOWN OF PADUCAH GASEOUS DIFFUSION PLANT

The Paducah Gaseous Diffusion Plant provides fuel enriching ser-

vices important to the operation of nuclear power reactors in the
United States and abroad. If the Paducah Plant were to be shuc

down, it is doubtful the Department of Energy could fulfill ics
existing contrac=zual agreements with corporations in the private sector
or othervise supply enrichment services to meer current demands. Some
spare capacity exists or is under construction outside the U.S.:
however, it is doubtful that the enrichment capacity of foreign
entities would ever be commercially available in sufficient quantities
to replace the capacity of the Paducah Plant.

6.2  USE OF ALTERNATIVE ENRICHMENT PROCESSES

A variation of the Gaseous Diffusion Plant shutdown alternative

is the counsideration of the major substitution of another enrich-

ment technology. The two most likely alternative technologies are

the gas centrifuge and the laser separation processes. The relative
non=site-specific impacts of the diffusion versus the centrifuge
process have been considered in detail in the Final Environmental (1)
statemeént, Expansion of U.S. Uranium Enrichient Capacity, ERDA-1343.
The replacement of a portion of the existing diffusion enfichment
capacity with centrifuge technology, possibly ianvolving phase-out of
older equipment or reduced power levels at Paducah, is a distinct
possibility in view of DOE's Gas Centrifuge Enrichment Project currently
under construction. However, based on current construction schedules
and future enrichment sérvices demand projections, no significant
substitution of centrifuge capacity for active diffusion capaciiy is
anticipated.

Laser isotope separation processes are still in experimefital stzages
and the environmental issues that might be associated with a major
production facility of this type cannot be defined at this time. Since
a significant amount of research and development would have to precede

any large-scale application of this techmology, it cannot be reasonably
considered as an altermative to the continued operation of the
Paducah Gaseous Diffusiorn Plant.

* See sutsection 6.5 for Sectien 6 Ieferences.
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6.3 RELOCATION

The replacement of the Paducah enrichment capacity with additional
gaseous diffusion capacity at another location, or the actual
relocation of the existing plant and redirection of the necessary
electrical power, would necessitate the development of a new en-—
richment site with the associdtéd environmental and socioceconomic
impacts. Depending on the location, new power production facili=
ties might also be required (see Sectiom 6.4). From the practical
standpoint, there are very few conceivable environmental advantages
to this alternative. It is completely impractical from the economic
standpoint. B

6.4 ALTIRNATIVE SUBSYSTEMS

Alternative power supplies are given consideration relative to the
Paducah Gaseous Diffusion Plantoperacions in the following sub-
sections. Alternative waste heat dissipation and utilization sys-
tems, chemical treatment of RCW systems, biocidal treatment meth-

ods, and polychlorinated biphenyl alternative systems are evalu=

ated relative to DOE'sS Portsmouth Gaseous Diffusion Plant in ERDA-1553,
the Final Environmental Statement for that facility.(1) The
evaluation znd ¢éénclusions reached are alsc applicable to the
Paducah site and will not be covered in this assessment. ERDA-L
also gives consideration to several alternative waste handling &
treatment subsystems relative to the Portsmouth operations that,
although not directly applicable to Paducah's situation, are of
similar concern. These tépics include water supply, radioactive
waste handling, dissolved solids in cooling water blowdown, and
chemical wazste disposal. DOE-ORO must continuously consider and
periodically implement alternative subsystems to reduce or eliminate
the adverse environmental impacts related to these and other
.operations at the Paducah Plant. These considerations relate to

the broad spéctrum of regulations in effect or béing developed by
U.S. EPA or the Commonwealth of Kentucky relative to the current
environmental stdtutes including, but not limited to the following:

Clean Air Act

Clean Water Act

Resource Conservation and Recovery Act

Toxic Substances Control Act

Federal Insecticide, Funglc:de and Rodenticide Act
Atomic Energy Act

Kentucky Environmental Protection Law

A detailed discussion of a latrge number of alternative environment-

al control subsystems exceeds the scope of this envirommental assessment.
However, any evaluation of alternative subsystems would be covered by
appropriate NEPA documentation.
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6.4.1 Power altermatives

In this section, it is assumed the Paducah Gaseous Diffusion Plant
will continue to operate, but sources of electric power other thasn
‘those now used aré considered. Power is presently supplied cc
Paducah from two sources. The larger of the two suppliers is the
Tennessee Valley Authority, which contracts with DOE for large power
allocations in essentially the same manner as with other industrial
customers in the TVA service area. The other supplier is Electric
Energy Incorporated (EEInc.), which has contractually dedicated 735
MWe of the 1050 MWe capacity of the Joppa Steam Electric Plant to the
Paducah Gaseous Diffusion Plant. 'The balance of the Paducah Plant
power load, which at full power will be 2305 MWe, is provided by
TVA.

6.4,1.1 Power from a new dedicated:plant

Assuming that the new dedicated facility would be located somewhere
near the Paducah Plant, this alternative would involve all the
environmental dnd socioceconomic impacts that might normally be
associated with such a large power installation in the Ohio River
Valley. WNew coal-fired steam electric generating capacity

similar to that of the Joppa Station, extensively described in this
assessment, would be expected to have similar envirommental effects.

A dedicated plant would have to be large enough to have a reserve
capacity of approximately 35% of the peak Paducah plant demand, or

a total capacity of about 4104 MWe. For purposes of operational
stability, it would probably still be necessary to interconnect this
power supply with either the TVA or the EEInc. system (or both) so
that (1) power could be reliably obtained externally in an

emergency, and (2) excess power, when available, could be transferred
to the utility distribution systems.

Since TVA's Shawnee Power Plant (1700 MWe) is located just north

of the Paducah Plant and the Joppa Plant is in the immediate

vicinity of the plant on the opposite side of the river (1050 MWe),

the consideration of this power alternative is essentially analogous

to the existing power supply situation. A new, dedicated power plant
in the vicinity of the Paducah Gaseous Diffusion Plant would adversely
affect .the balance and efficiency of the existing systems and the
duplication of facilities would create a situation of less than _
optimum utilization of the power production and transmission facilities
that have already been provided for the demand of the Paducan facility.
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Table A-1. Lab analysis of spent
nickel stripper solution

Element og/1
Ag 15
Al 30
Cu 100
Fe 15
Mg ) Go
Na 600
Mi 2,000
P 60
b 200
Si 50
Sn 30
U 100
in
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Table A-2. Ha’jot wvastes generated by
maintenance facilities, C-720

Instrulent Shop 0il <C0  l/vr Cazasgd for wZanslcers
Inscruzeat Zhep Trichlorocthanc 200 1l/yx 0il dizimsal vliot
Instowaent Shop Chromic Acid 12 l/yr Drain
Iassrusent Siucp Isopreryl Alcohol 20 )/yz Crain
, t

Instrusent Shop Acctone 20 1l/vr orain
instruaent Shep Scrap Hatal §00 kg/y=x Sezap Yagd
Instrument Sho2 HeZcury 20 kg/y= Cak Ricye- fer

reprocessing
Jachine Shzp Soluble Me2chine 0il 27070 l/yr 0il éicsposal plos
vechine Shop Machine oil 2500 l/y=z Carage for trancfe-
¥echine Shop Solvent, TSichloroethzne 200 1l/yr 0il dispos=al 2lot
¥achine Sheoo Steel ‘Shavings 98450 kg/y=< Burial Hole A
Electriczl 3hop 3earing Oil 609 1/v< Garage fc- t-ansfer
Tlectiical Shop Trichloczfoethylene Siudga 800 1/y= 0il Gispssal plot
Electrical Shop Ceroer 250 1l/yr Scrap Yazd
Electrical Shep “etals ' 10 Dumpsters/ Scrap TYard

yr ’

Pump Shop Trichlorcethane 2500 1l/yr 0il disposal plot
Sheect Metal Shop, HetZl 12000 kg/yz< Cleun Scrap Yaud
Weld shop Converter Shells Contaminated Scrap YeZd
w214 ‘Shop Lube Oil 2509 1/yr Garage foxr transier
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Table A-3. Laboratory éffluents from C-710 ‘
|
;;;;;;éi/ 7 Qpénfitthi§¢£arqea PgrAY¢ar‘(lige:sir ‘
Varicus Acids 270 ‘
Strong Sascs 500 N ‘
Alcchiols 9 ‘
Toluane S ‘
Freon 200 ‘
Acctone 200
Methencn 3
Fexane ) 3
tube ©Oil (Dissoived in ;bluene—xscprppyl S
alcohol mixture)
Silver Nitrate 920
Barium Chloride 296
Nicxel (In nitric aciF) 930
Copper (In nitric acid) 49
fotassiun Permancahate 14"}
Potassiva Carbonate (kg) 10
Aluminus Nitrace - 10,000
Sodium Mitrate 15,000
Sodita Acetate 39,500
Sodivn Chloride 25,000
sséiun fluoricde 990
UO,T5. HF(1% HT, U(4000 ppm))*

e e 02 m - - e e o . e i s & T e . e e e

*Taken to C=400 for recovexy.

2000
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Table A-4. Recirculating water chemical feeds.

Chemical Feeds Total (per month) Average (per/day)
OROCOL~-GDP (1bs) 7,100 229
Sulfuric acid (gals) 1,197 . 39
Chlorine (1bs) 16,000 516
Betz F-16€2) (gals) 430 14

(@) Yot a chemical feed.

Wood is treated during summer months only; F-16 is not
added to water.
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Table A-5. Effluent ditch average

flow. rates

Ditch Flow(mgd) Ditch

Flow(mgd)

2 0.1 6 0.1
3 0.1 7 1.0
4 0.1 8 1.0
5 0.1 9 1.5

- C-615 .5
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APPENDIX B

SUPPORTIVE DATA FOR THE CHARACTERIZATION

- OF EXISTING ENVIRONMENTS AT THE
PADUCAH GASEOUS DIFFUSION PLANT
AND JOPPA STEAM ELECTRIC PLANT
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Table B-1. Stream discharge data from the Ohio River at Metropolis, Illinoi‘-a(a)
(Drainage Area 203,000 sq. mi.)
w 1911 ® ' wr 1975(®) Wy 1976®
(1000 cte)(c) (1000 cfq)(c) (1000 cts){c)
Hean MHax Hin Hean ‘Hax ‘Hin Hean Hax Hin
Oct. 116.4 173 . 63.2 138 195 94.1 218 524 121
Nov. 209.8 © 250 149 206 301 111 2144 367 134
Dec. 266.7 523 129 364 508 264 310.2 464 226
Jan, 351.9 489 285 596 719 506 '532.1 156 287
‘Feb. 514.1 194 233 665 759 526 520.6 800 267
2! w

Mar. 549.5 7195 2089 929. 1160 625 434.5 157 290 g,
Apr. 185.1 281 99.5. 710 1180 291 250. % 512 98.3
May 321 51717 134 461 711 240 126.4 204 71.1
June . 154 201 96.6 231 287 134 192.3 274 94.5
July 133.9 : 199 17.9 134 177 91.2 191.9 239 136
Aug. 162.6 2617 872.3 120 179 81,2 122.5 177 12.5
Sept. 148.4 231 89 176 355 110 87.95 168 61.7
HY(h) 258. % 795 63.2 393 1180 81.2 271.) . 800 61.17

(a) Water Resources Data for Kentucky, lasued annually by U.S. Geological Survey Statiion No, 03611500 at
river nile 944.1.

(b) WY = water year.

(c) cfe = cubic feet/wecond; 1 cublc foot = 7.48 gallons = 0,02832 cubic metcra.



Table B-2. Estimated mean daily discharge of Big and Little Bayou creeks
for each month of water-years 1972 through 1976 (a)

Blg Rayou:Creek Little Deyou Crask
Vet or Yoor Uotng Yesr
tette [WIT I3 DI WIZ 1918 Heea 19712 1973 20 1913 197§ Faaa

oct. el 4 16 . 12 s . ? Y A ) 1

Nov. cle .4 42 46 ] 1) 1) s} 19 11 1 11 1"

Dec., cle 11 124 33 12 4 3 -3 35 13 -3 10 18

Jeon. cls 1) A3 81 13 18 36 10 11 18 11 13 17

Fob. cle (1) i} 18 1 87 3] n 13 8 ‘33 3 1)

MHar. cle 43 &9 1) 19} ¥ 61 10 b} 10 0 1 H

Apr, cle s 154 i 3 4 33 13 10 14 14 ul 13 o
May cle 3 &4 ) 12 6 i1 ] 19 1 ® y [ d.,

T Jame cte A 2 o TS T 1 .2 9 4 10 I '

Juty cle A .9 .6 ¥ N 12 19 o4 % 18 BT 10

Aug. cle 3 .6 4 ) .6 ) H o) 1 1 2 1

Sept. cls. ) Y 1 4 4 1 ] .2 .3 1 .2 1

| Heen cle 1 A2 1n n 0 1) 10 19 9 14 1 "
Dlecherge taches 15.7 0.4 15.8 2.6 16.9 2.1 Seme o0 Big Beyou Creek
‘Pr.elpltn&lcn(sl inches 6) 54,2 36.4 49.)  --- SS.](‘) ‘Sema 8.1y Beyou Creek
Dlacherge T of 33 36 2% 46 —u= Jl(k) Sane se Big Beyou Creek

PTreclyp.

(s) Diecherge (nlp!lo‘ froa dsts on Hlddie Fork of Heasac Creek, U,S, Gouloglce) Survey otstlon 03611280, Watér Resousces Dats
tor Kentucay, ‘Vosued annually by the U.5. Geologlcol Survay.

() Praclpltation dats [rom Clisstolnglcal finta, annusl surmaifes for Kentucky tasued by U.S. Depactment of Commerce, Mstlonal

Oceanic ead: Atmospheslc Adalnistrstton.

(¢)
(O}

Water yeacs 1932 theough 1913,

cle = cubic feet/oecomd; 1 cuble oot = 3,48 gelions = 0.02817 cubic meters.
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TABLE B-3. NATIONAL AMBIENT AIR QUALITY STANDARD (NAAQS)

(Concentrations in ug/m3)

. U.S. EPA AIR QUALITY STANDARDS
'POLLUTANT

DURATJON RESTRICTION ) Primary "~ ‘Secondary
Suspended Annual Not to he exceeded 15 60
Particulates Mean (G)
" - . 24-hour Not to be exceeded more 260 150
concentration than once per yecar
Sulfur Annual Not to bhe exceccded 80. (.03) --
. Dlox{ide Mean (A)
" 24-hour Not to be exceceded more 365 (.14) -
concentration than ouce per year
" 3-hout " - 1,300 (.50)
concentration
Carbon B8-hour mecan (A) Not ‘to be exceeded more than 10* (9.0) 10% (9.0) i
concentration 1 eight hour period per ycar ) ‘é‘
" 1-hour mcan (A) Not to be excceded more 40* (35.0) 40* (135.0)
) concentration than once per year
Photochemical 1-hour wmean (A) Not to be exceeded 160~ (.08) 160 (.08)
Ox{idants concentration
" 4-hour mean (A) Not to be exceceded more than 1 --
concentration consccutive 4-hour perlod per yecar
" 24=hour mean (A) Not to be excecded more than 1 -
concentration day per year
Non-methane 3-hour mean (A) Not to be exceeded between 160 (.24)
llydrocarbons .concentration 6 AM and 9 AM
" 24<-hour mean (A) Not to be excceded more than 1 -
concentration day per yecar
Nitrogen Annual mcan (A) Not to be cxceeded 100 (.05)
Dioxide

Primary Standard - For Protection
of Pulillc llecalth

Sccondary Standard - For Protection
of P'ubllc Welfare

(A) Arlthmetic (G) Geometrlc
% Only standard expressed in milligrams per cubic meter
4% VYalues In parenthesco are cqulvalent values dn parts per nillion



TABLE B-4,

‘TOTAL SUSPENDED PARTICULATES DATA SUMMARY
MCCRACKEN COUNTY 1976-1977

Monitoring Slite Measurement ‘Annual Ceometric
and Address ‘Method Observatione Times >260/Tlmcs >150 Hean (ug/wd)
1. Paducah 1976 1977 1976 1977 1976 1972

(1400 Thompson) ii1-Vol Sampler 59 51 1/1 0.3 51 - 58
2. ‘Paducah
(2400 Washington) 1-Vol Sampler 62 52 0/2 0/0 *69 *6)
3. Paducah
(U.S. 45 at Lone
{0ak) lIi1~Vol Sampler .59 51 0/2 0/2 *78 *80
4. Paducah
(U.S. 62 at Commu- _
nlty College) 111-Vol Sampler 60 49 0/3 0/2 46 48
5. McCracken County
(Wi11d1ife Game 7
Reserve) lii-Vol Sampler 56 51 0/ 0/2 57 49
6. Paducah, ) _
(1609 Ky Ave) lI1-Vol Sawmpler 60 52 0/0 0/0 %61 *68
1. Paducah
(1350 5. 6th St.) lii-vol Sampler 59 55 0/0 0/2 55 57
8. McCracken County
(Graham Rd. at )
Heath) Ni-Vol Sampler 61 57 0/2 0/1 50 52

#Represcnts a violation of the annual primary or sccondary particulate stsndards.
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Table B-5. Sulfur dioxide data summary, McCracken County, 1976-1977
Honltoring Site Heasurement No. 24~llour 2nd-Nigh J-liour 2nd-litgh Annual 3
and Address Method Obscrvations Max{mum Maximum Hean (ug/a”)
19176 1977 1976 1977 1976 1977 1976 1977
1. Paducal
(1400 Thowpson) -24~llour Bubbler 57 48 187.6. 12,5 -— - 29.2 15.3
2. Paducah
(2400 Kashington) 24-llour Bubbler 59 54 718.6 -81.9 - -- 14.3 13.5
3. Paducah B o
(U.S. 45 at Lone . o
Oak) 24-llour ‘Bubbler 56 50 107.0 89.6 -~ - 20.2 15.4 ’
4. Paducaly
(U.S. 62 at Commun=~ .
ity College) 24~liour Bubbler 59 417 144.7 85.0 - -- 31.2 15.4
5. ‘MeCracken County .Continuous 2,670 6,831 248.9 290.8 856.7 1,129.2 43,2 29,7
. (Wildlife Game
- Reserve): 24-)lour Bubbler 58 - - 212.6 — - - 49,3 -
6. 'Paducah ‘Cont inuous: 7,116 7,950 191.3 146.7 437.5 560.7 32.] 38.3
(1609 Ky Ave) 24-llour Bubbler 59 - - Ye0.1 - -— - 28.6 -
7. Paducah J-liour Bubbler 380 449 220.1 62.9 851.5 264.6 30.3 12,9
(1350 S, 6th St) 24~llour Bubbler 56 - 135.1 - -- - 26.1 -

8. McCracken County
(Craham Rd. at
Meath): Continuous 7,225 6,048 335.4 332,17 885.6 851.5 39.7 28.4




Table B-6. Annual averages of S0 and TSP

(TVA monitoring sites-Shawnee Power Plant)

Year 1975 ) 1976 1927
k]
Site No. 502 (ppm) TSP ‘("g/ns) SO2 (ppm) TSP (yg/w ) 502 {ppm) TSP (ug/nj')

1 .013 .016 .007
2 .012 .011 . 006
3 013 48 .015 49 .010 49
4 . 009: 44 .012 49’ .007 51
. 5 .019 47 .024 49 .010 51 &
6 .009 54 .011 60 .009 60 ~
7 007 008 .005
8 .009 - 012 .006
9 .009 .012 .006
10 .012 .013 008
11 .012 .01 .009
12 013 .007
13 014 .009
14 .024, .010




Table B-~7. Maximum 2nd-high, 24-hour and 3-hour
S02 concentrations

(IVA wmonitoring sites-Shawnee Power Plant)

Year 1976 1977
Site No. 24~lour (ppm) I-Nouxr (ppm) 24-llour (ppm)  3-llour (ppm)
1 0.18" 0.60"  0.00 0.2
2 0.13 0.65" 0.08 0.34
3 0.22" 0.64" 0.12 0.6
4 0.15" 0.45 0.08 0.43
5 0.37" 0.87" 0.20 0.6
6 0.11 0.s2" 0.11 0.48
? 0.08 0.45 0.09 0.44
8 01" 0.57" 0.10 0.35
9 0.14 0.45 0.09 0.29
10 0.11 0.57" 0.09 0.47
11 0.11 0.44 0.09 0.47
12 0.10 0.38 0.06 0.35
13 0.11 0.47 0.12 0.51"
14 0.26" 0.64" 0.11 0.50

]

T
Represents a violation of a SO2 Nattonal Ambient Afr Quality Standards.

8-



B-9

TABLE B-8. Kentucky NO; monitoring data for
McCracken County (1977)

Monitoring Site No.

of Observations

Paducah-1400 Thoumpson
Paducah=2400 Washington

Paducah-U.S. 45 & Lonz2 0QOak

Paducah-1350 S. 6th St.

Paducah-U.S. 62 Community
College

McCracken County Wildlife
Game Reserve

Paducah-609 Kentucky Ave.

46
56
53
49

49

50

11.¢

45,
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TABLE B-9. Discharges of radiocactivity
to the atmosphere (1979)

RADIONUCLIDE CURIES DISCHARGED
URANTIUM? 0.02
99, 0.06

a . . . '
Uranium discharges had an average
isotopic composition of 0.003%
234y, 0.497 235y, and 99.5% 238y,



TABLE B-10. ENVIRONMENTAL AIR SAMPLING. - ALPIIA RADIOACTIVITY (1979)

SAMPLE || NUMDUR OF CONCENTRATION (10='* ,Ci/ml) b
POINTE || SAMPLES . minemm | waxnw | averaee | st ST0.
PH 52 0.14 6 2.1+ 2.5 c
PE 52 <0.14 19 1.4+ 0.8 c
Ps 51 €0.14 3 0.4+ 0.2 c
M 51 €0.14 3 €0.5 + 0.2 <
AN 52. <0.14 A 0.9 + 0.4 00 0.2
BE 46 <0.14. 1 <0.9 + 0.6 400 0.2
In 52 <0.14 6 €0.4 + 0. 400 0.1
1€ 4 <0.14 9 0.4 + 0.4 400 0.1
ISE 51 o 5 0.4 + 0.3 400 .l
Is 50 <0.14 1 <0.4 + 0.4 400 0.1
™ 46 <0.18 10 0.9 + 0.4 400 0.2
GR 51 <0.14 8 0.4+ 0. 400 0.1

dSce Flgure A-9.

bNOE Concentraticn Guide (4 x 10-12 uCi/m) for a mixturc of uranium isotopes). ‘

csampling locations are on Government property fnside the plant perimeter fence. For comparison, the
DOE weiighted average occupational concentration quida s 3 x 10-1% uCi/m) for a mixture of uranfum

fsatopes.
NOTE: Eowcr 1lmit of detectlon {s 0.3 dpm or 1.4 x 10-15 yci/ml for an 86 cubic meter samplc.

T1-€
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TABLE B-11. ENVIRONMENTAL AIR SAMPLING - BETA RADIOACTIVITY (1979)

SAMPLE | NUMBER OF ‘ CONCENTRATION (10=13 yCi/ml) X

POINTE | SAMPLES (T mxtmM | AVERAGE st.b | s10.
PN 52 €0.05 10 1.9 4 0.5 c
PE 52 €0.05 1 <1.5 % 0.3 ¢
PS 51 €0.05 5 (1.5 + 0.3 ¢
PH 51 €0.05 1 €1,54.0.3 ¢
AN 52 €005 4 1,64 0.3 10,000 €0.02
RE an <005 9 1.5 + 0.4 10,000 €0.02
N 52 <0.05 " ra + 9.3 10,000 .01
1€ 49 €0.05 4 <l £0.3 10,000 €0.01
ISE 51 €0.05 5 <16+ 0.3 10,000 €0.02
I's 50 <0.05 4 1.5+ 0.3 10,000 €0.02
1" 16 <0.05 A 1.5+ 0,3 10,000 .02
GR 51 €0.05 70 .5+ 2.7 10,000 €0.04

aSc¢e Flqgure A-9.

bAs 234Th (DDE Manual Appendix 0524 Annex A, Table 2).

C€Sampling locatdons are on Government property inside plant perimeter fence.

occupational concentration quide iIs 3 x 10-8 ,,¢{/ml.,
NOTE: Lower 1imlt of detection is 1 dpm per sample or 5 x 10=!% uCi/ml..

A3

For comparison, the NOE

=€
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TABLE B-13. LENVIRONMENTAL AIR SAMPLING - FLUORIDES (1979)

SAMPLE NUMDER OF CONCENTRATION (ppb, I'r) '3
POINT SAHPLES MINTMUM | HAXTHUM AVERAGE sTn.b ‘ sTD.
PN 52 0.1 1.1 0.3 + 0,04 c
PE 52 <008 0.7 0.3 + 0.04 c
PS 51 <0.07 0.2 0.2 + 0.0} c
PW 51 " ¢0.08 0.5 €0.2 + 0.02 o
N 52 0,07 0.3 0.2 + 0.02 0.6 M
oE 48 <0.06 0.6 0.2 + 0.02 0.6 3 &
I 52 @.01 0. 0.2 + 0,01 0.6 M (™
i 49 <0.07 0.4 <0.1 + 0.0 0.6 <7
ISE ' 51 <0.07 - 0.2 <0.1 + 0.01 0.6 al
s 50 ' <0.08 0.2 0.2 + 0.0 0.6 a3
W 46 «©.08 0.2 <0.2 + 0.04 0.6 - a3
GR 51 <0.07 0.5 0.2 +0.02 0.6 Q3
aSee. Flgure A-Y. 4 !

bkentucky Sccondary Anbient Alr Quality Standards (401 KAR §3:010): Maximum one week average 1.0 ppb
as IIF; monthly average 0.5 pph as IIF, Primary ambient standard (annual average) 1s 500 ppb as WF,
CSampling locations are on Government property inside the plant perimeter fence. For comparisons, the
40-hour occupational threshold 1imit value (TLY) for NIF {s 3000 ppb.

NOTE: Lower limit of detection {s 5.0 ug WF per sample.
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Table B-13. Groundwater supply, Massac County, Illlnois

Location Iypc of (a) Total Yield Specifle Avgrnge
quifer Depth gpm Capacity, Dally
Feet spm/ £t Pumpage,,
drawdown 1000 gal
Electric Energy Inc. Pl. No. 3 R 403 320 107. 300
Electric Energy Inc., Pl. No., 1 R 235 305 102 300
C: & E. 1. School U 95 4 1 1
Indiana Tle Co. R 465 160 160
Joppa R 448 90 2 50
. Neat Ind. Gravel Co. U 420 1000
Metropolia MNo. & R 400 293 5 500
Metropolia No. 1 v 270 600 30 500°
Metropofia No. 2 U 420 1500
Metropolia No. 3 U 286
Brookport (west) U 208 100 129
Brookport (east) v 207 50

(a) R = rock, U = unconsolldated

¢1-¢
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APPENDIX C

POPULATION AND DENSITY CHANGES BY SECTOR
FOR 5-MILE AND 50-MILE RADII, 1980-2020
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APPENDIX D

REGULATIONS, STANDARDS AND MODELS
o USED FOR DETERMINING ENVIRONMENTAL

IMPACIS AT THE PADUCAH GASEOUS DIFFUSION PLANT
~ AND JOPPA STFAM ELECTRIC PLANT
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Table C-1. Transient p_op_u,la_gion nodes v:._:tfuin 5 miles of the

C-3

Atomic Energy Commission plant—Paducah, Kentucky

Transient
Nodes Activiey Sector Populacion

1 Industry 79 10

2 Comrercial 70 5S4

3 Commercial 70 32

4 Commercial 71 12

5 Commercial 7% 13

6 Cormercial 53 102

7 Co=wercial 56 -

8 Commercial 56 79

9 Commercizl 56 380
10 Institutional 71 725
11 ‘Instituticnal 70 47
12 Commercial 58 3
13 Cormercial 58 7
14 Commercial 59 21
15 Comzercial 59 17
16 Cormercizl 59 9
17 Commercial 59 2
18 Industry 59 14
19 .Comzercial 76 127
20 Commercial 76 254
21 Cogzmercial 76 406
22 Institutional 70 14
23 Comzercial 23 52
24 Commercial 22 99
25 School 40 750
25 Iaszitutional 24 30
27 Instictutional 26 43
28 Iastituticonal 44 32
29 Institutional 79 14
30 Instituticnal 37 750
31 Institutional 53 254
32 Industry 52 200
33 Commercial 37 35
34 Cozmercial 36 20
as Cormercial 36 20
35 Inscitutional 20 50
37 Commercial 64 20
33 Commercial 37 25
39 Industry 65 545
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Table C-2. Estimates of sector population densities

C-9

(persons per square mile), 1980-2020, 0-5 miles from PDGP

Sector Population Censity by Selacted Years

Sectcr 1980 1990 2000 2010 2020
] 0 0 0 0 0

2 0 0 0 0 0
3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 0 0 0
-7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
n 0 0 0 0 0
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
15 0 0 0 0 0
16 0 0 0 0 0
17 10 12 12 12 14
18 7 7 8 8 8
19 0 0 0 0 0
20 59 63 66 69 73
- 21 120 127 124 131 147
22 100 105 110 115 122
23 78 83 88 92 97
24 39 42 4 46 40
25 0 0 0 0 0
25 0 0 0 0 0
27 0 0 0 0 0
28 0 0 0 0 0
29 0 0 0 0 0
30 5 5 7 7 7
3 10 12 12 12 14
32 12 14 14 15 15
33 8 9 9 10 10
34 27 29 30 32 33
35 45 48 50 53 56
36 83 88 62 26 101
37 124 131 139 145 152
38 196 209 219 231 242
39 270 286 301 315 332
40 183 193 203 213 223
41 24 100 105 110 115
42 93 99 104 109 114
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Sector Population Density v Selected Years

I Table C=2. (Continued)

Sector 1980 1990 2000 2010 . 2020
43 89 04 99 104 109
44 61 64 67 7 74
45 33 35 37 39 4
46 35 37 39 4 43
47 37 40 41 43 46
48 22 24 25 26 . 27
49 0 0 0 0 0
50 2 2 3 3 3
51 4 5 5 5 6
52 5 52 55 58 61
53 103 109 115 120 126
54 88 93 98 102 107
55 77 81 85 99 g4
- 56 112 118 124 130 136
; 57 14 15 16 17 18
: 53 142 150 158 165 174
l 59 128 136 143 150 RE
. 60 164 - 110 116 121 128
: 61 . 80 85 88 93 o8
62 60 63 66 69 . 72
63 43 a5 47 50 52
T 64 19 20 21 23 23
- 65 1 1 1 1 1
~ 66 0 0 0 1 1
67 0 0 0 0 0
- 68 29 31 32 34 36
_ 69 65 63 73 77 80
I 70 102 108 N3 119 125
n 137 145 152 159 168
72 90 95 99 104 110
73 58 62 - 65 63 ' 72
l - 151 160 168 176 185
75 243 258 271 284 298
: 76 . 157 166 175 184 193
5 77 Al 75 - 78 82 87
I 73 62 €6 68 72 76
¥ . 79 52 56 58 62 64
RS 80 26 28 29 30 32
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Table C-3. Sector population estimates,
1980-2020, 0-5 miles from PGDP

~
WONMMOO0O00000000O00O0O0O0O0 O

o Sector Population bty Selected Years )
l. Sector 1230 1990 2000 2010 2020
I 2 0 0 0 0
' 3 1} 0 0 )
' 4 0 0 0 0
5 0 0 0 0
I 6 0 0 0 0
, 7 0 0 0 0
8 0 0 0 0
, .9 0 0 0 0
' 10 0 0 - 0 0
_ N 0 0 0 0
o 12 0 0 0 0
- 13 0 0 0 0
I 14 0 0 0 0
, 15 0 0 0 0
16 0 0 0 0
17 6 7 7 7
I 18 4 4 5 5
: 19 0 0 0 0
. 20 35 37 39 4
21 71 75 79 83 87
l 22 59 62 65 68 72
23 46 49 52 54 57
? 24 23 25 26 27 29
25 0 0 0 0 0
l 26 0 0 0 0 0
27 0 0 0 0 0
N 28 0 0 0 0 0
29 0 0 0 0 0
I 30 3 3 4 4 4
N 6 7 7 7 8
i 32 7 8 8 9 g
33 8 9 9 10 10
34 26 28 29 3 32
35° 44 47 49 52 55
3 81 86 90 94 99
37 122 129 - 136 142 149
38 193 205 - 215 . 226 237
30 265 ) 280 295 309 325
40 179 189 199 209 219
4 92 98 103 108 113

42 ' 91 97 102 107 12
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. Table C-3. (Continued)
—" ————— e
i o _ Sector Population by Selected Years
I . Sector 1980 1950 2000 2010 2020
R 43 87 .92 ' 97 102 107
' 44 60 63 66 70 - 73
45 - 32 34 36 8 40
46 34 36 38 40 42
_ 47 - 36 39 40 42 45
I 48 22 24 25 26 27
- 49 0 0 0 0 0
50 3 3 : 4 4 4
N 51 6 7 7 7 8
I 52 68 72 76 80 84
_FE 53 141 149 157 165 173
S 54 120 127 134 140 147
P - 55 . 105 m 117 123 123
I' 56 153 - 162 170 178 187
- 57 20 21 22 24 25
58 194 206 216 227 228
y = 9 176 186 196 2015 216
I 60 142 151 159 166 175
y 61 109 116 121 127 134
: 62 81 86 80 24 99
o 63 59 62 65 68 72
l €4 26 28 29 3 32
65 1 1 1 ! 1
: 66 0 0 0 0 0
€7 0 0 0 0 o
l 68 52 55 57 60 63
; 69 . 116 123 129 136 142
i 70 180 191 200 210 221
- 71 282 257 269 283 297
72 159 168 176 185 195
- 73 103 109 1158 120 126
74 267 1283 297 _ 312 327
.75 430 458 479 503 523
X - 76 278 294 309 325 3417
5 77 125 133 139 146 134
i . 78 109 116 121 127 134
79 93 99 - 103 109 114
80 46 49 52 . 54 57

e . .
l o :
boem [
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Table C-4.

1980-20290, 5-50 miles from PGDP

C-24

Sector population estimates,

Sector Fopulation by Selected Years
b4

Sector 1980 1990 2000 2010 2020
81 329 347 369 380 204
82 329 347 369 320 404
83 6,462 6,821 7,250 7,470 7,95¢
84 329 247 369 380 404
85 962 1,021 1,078 1,126 1,188
86 33,618 35,738 37,663 39,436 41,566
87 1,735 1,843 1,944 2,035 2,145
88 1,735 1,844 1,944 2,035 2,145
89 1,596 1,695, 1,787 1,871 1,973
30 556 552 613 642 681
91 347 360 378 396 £22
92 1,387 1,435 1,507 1,582 1,683
93 347 360 378 356 422
94 347 360 378 396 422
95 1,062 1,126 1,186 1,242 1,311
es 638 677 715 - 745 788
97 1,052 1,111 1,182 1,217 1,295
98 1,200 1,257 1,339 1,381 1,465
99 1,012 1,054 1,117 1,143 1,202

100 1,073 1,121 1,189 1,222 1,286

0 1,194 1,255 1,334 1,372 1,452

102 5,244 5,607 5,941 6,256 6,631

103 6,006 6,389 6,742 7,073 7,472

104 5,539 5,895 6,227 6,540 6,919

105 2,483 2,645 2,809 2,993 3,225

106 1,637 1,722 1,817 1,935 2,056

107 256 272 287 308 337

108 2,517 2,605 2,736 2,872 3,059

109 1,192 1,209 1,246 1,280 1,331

110 1,245 1,248 1,271 1,287 1,317

m . 327 341 360 375 399

M2 1,368 1,423 1,508 1,551 1,643

13 2,288 2,361 2,552 2,698 2,918

114 1,458 1,489 1,583 1,643 1,712

115 1,535 1,739 1,964 2,190 2,44

116 2,27 2,714 3,158 3,637 4,179

117 2,256 2,677 3,100 3,556 4,071

118 7,358 8,543 9,229 11,044 12,463

119 8,846 10,132 11,369 12,637 14,115

120 14,996 16,085 17,259 18,325 20,073

121 3,396 3,625 3,865 4,148 4,510

122 2,538 2,970 3,204 3,505

2,782
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Table C-4.

(Continued)

Sectcr;ﬁépulation by Selectedﬂyéars

1980

Secter 1990 2600 2010 2020

123 3,435 3,532 3,634 3,781 " 4,003
124 11,674 10,556 10,38 9,636 9,105
125 4,874 4,70 4,617 4,460 4,352
126 2,684 2,59 2,535 2,444 2,333
127 8,748 2,575 8,729 8,685 9,261
128 3,581 3,679 3,943 4,14 4,334
129 5,660 6,008 6,526 6,873 7,325
130 4,294 4,318 4,484 4,57 4,739
131 8,296 9,319 10,480 12,144 14,089
132 3,174 3,718 4,279 4,901 5,620
133 5,252 5,89 6,563 7,319 8,200
134 3,230 3,719 4,192 4,684 5,255
135 6,475 7,339 8,226 9,147 10,20!
136 5,356 5,636 6,103 6,58) 7,100
137 4,270 4,238 4,602 4,946 5,268
138 15,752 9,201 9,433 9,775 10,321
139 5,554 5,265 5,002 4,706 4,443
149 4,544 4,783 5,069 5,389 5,77
141 13,714 15,124 16,741 18,527 20,584
142 37,044 39,723 43,862 48,003 52,929
143 2,995 2,978 3,003 2,954 3,274
144 3,104 3,194 3,268 3,479 3,753
145 25,380 28,593 31,636 34,0M 36,862
146 16,982 17,009 17,538 17,853 18,701
147 18,626 21,032 23,729 27,827 32,605
148 6,823 7,686 8,635 9,350 11,479
149 3,139 3,434 3,765 4,144 4,693
150 1,951 2,100 2,265 2,453 2,681
151 5,632 6,081 6,668 7,306 8,015
152 23,005 23,797 25,479 27,433 29,562
153 5,918 5,354 5,658 6,083 6,568
154 5,758 2,568 2,532 2,533 2,599
155 7,213 - 6,860 7,280 7,592 * 7,950
156" ° 7,507 8,167 8,909 9,732 10,659
157 13,142 14,714 16,473 18,442 20,6335
158 10,417 11,316 12,571 13,566 15,515
159 4,145 4,212 4,235 4,520 4,971
160 38,313 40,201 43,724 51,246

46,630
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Table C-5. Estimates of sector population densities
(persons per square mile), 1980-2020,
5-50 miles from PGDP

. . e - ..

-
Sector Porulation Density by Selected Years

Sector 1980 1990 2000 2010 2020

81 22 23 25 25 27

I 82 » 22 23 25 25 27

83 438 463 492 507 539

84 22 .23 25 25 27

g5 70 74 78 82 86

86 2282 2426 2556 2677 2821

’ 87 17 125 131 138 145

88 N7 125 13 138 145

I 89 108 ns 121 127 133

50 37 39 - a1 43 46

91 23 24 25 26 28

92 94 97 102 107 114

l 93 23 24 25 26 28

94 23 24 25 26 28

- 95 80 84 89 93 98

96 50 54 ‘57 59 62

97 17 18 20 : 20 21

9d 20 21 22 23 24

99 17 17 18 19 20

100 18 19 20 20 21

101 20 21 22 23 24

102 104 N2 118 124 132

103 _ 0 108 114 120 126

104 94 100 105 5} 117

105 42 44 47 50 54

; 106 27 29 20 32 35

i 167 4 4 5 5 6

= 108 45 46 48 5] 54

109 25 25 26 27 28

110 26 26 26 27 27

m 6 7 7 7 8

112 23 24 25 26 27

173 23 24 26 27 29

14 14 15 16 16 17

115 19 22 25 27 . 3

116 28 ¥ 40 46 53

. n7 27 32 37 42 43

; 118 75 88 100 1n2- 126

! 119 90 103 15 128 143

120 152 163 175 138 204

121 : 34 % 39 42 45

I 122 26 28 30 32 35

]
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Table C-5. (Continued)

Sector Popu1atio@f7~9§{ty'6vt5e1ected fears

Sector 1980 1990 = 2000 2010 2020
123 35 35 37 33 - 40
124 153 149 141 130 123
125 62 59 58 56 55
126 27 25 25 24 24
127 89 88 88 83 95
128 C36 37 20 42 45
129 S 43 47 50 53
130 3 3 k7 33 34
131 60 67 76 83 102
132 23 27 31 35 40
133 38 42 47 53 59
134 39 45 50 56 63
135 52 59 66 73 82
136 38 41 43 47 51
137 3 3N 33 35 39
138 143 83 es 88 93
139 40 38 36 34 32
140 3 . 34 36 39 41
141 105 115 128 141 157
142 283 394 334 367 405
143 22 22 23 22 25
144 28 29 30 3 34
145 146 161 179 192 208
146 96 96 99 101 105
147 17 132 149 174 205
148 48 54 61 70 81
149 17 19 21 23 26
150 . ‘18 19 21 23 25
151 : 45 49 53 59 64
152 130 134 144 155 167
153 33 30 32 34 37
154 35 16 , 15 15 16
155 45 43 45 47 49
156 42 46 50 55 60
157 74 83 93 104 116
158 73 30 88 98 109
159 29 29 3 C3l 35

| ! B N o . !
S A : (SN - - A - - - -~ “'-

160 21 227 247 © 263 2¢0



Table D-1. Tentative regulatory levels for use with
State of Kentucky Noise Control Act

o V‘*L

Land Us eWC«lass'w,

Maximm Excgedanqg, Levgls, dgA(a) .

_ Yo 0 Mo o 00h
I (Daytime) 60 65 75
‘I (Nighttime) 50 55 65
II (24 hours) 60 65 75

(a) A—weighted sound level, expressed as dBA, takes into account the
human response to the frequency characteristic of sound in the

normal hearing range.



Table D~2. Summary of guidelines for limits on
environmental noise
(Adapted from the U.S. Enviromnmental Protection Agency
Document, "Information on Levels of Environmental
Noise Requisite To Protect Public Health and Welfare
with an Adequate Margin of Safety', 1974.)

YEARLY AVERACE* ZUIVALENT Sovr’m LEVELS IDENTIFIED AS
REQUISITE TO PROTECT THE PUBLIC HEALTH AND WELFARE WITH
AN ADEQUATE MARGIN OF SAFETY

) . - ' " lodoor R Outdoor T g b
. Activity Hearing Lows 10 PO\ ivity Hearing Lens 10 rotect
Messure inter- Coasidera- . Againat inter- Considera- Agdinst
] fei 5 Both Ef- feren tion Both EI-
) ) erence ron feas vy | = 0 fecun)
Rezidential with Out- | Lyn 45 43 ss ss
side Space and Farm
Residences | Lag(24) 70 70
ResidentialwithNo | lea | ¢ | Cas i
Qutside Space : ’

) Leq(24) | ) , ,
Commercial Leqza) | @ 70 70e) () | 20
Traide Transportation Leg24) (2) 70 (s)
ndustrist Legq2axay| @ 0 | wa | @ 70 e
Howpish | kda s | | o« 58 ' | s

1‘9524) 70 70
Eduaational Leqzey | 45 7 s | s s
- | Les@2axa)| 0 ] - 7 7

RecrationalAress | Leg2qy | @ (| 70 e | wm | 0 . 7%e)
Fuml..agd ;nd .* Legc24) 7 (a) 70 7 7UCi
Genent Unpopulated
Llndi . ) N - B i : ) B B

- Code: B ) B ' ' ) B

s Siace difTerent typa of activities appear (o be 11s0ciated with difTerent levels, identil~

auoa of a mazimum level for activity interference may be difficult except in those
where ch ion is & critical activity, (See Figure D-2 for

noa: Jevels as 2. fum:non of distance which allow satitfactofy communication.)

b,  Based on lowest level

<.  Based only on beiring loms,

8. Anleggyof s dB may be identificd in these situstions 5o long as the expoture over
the remsining 16 hour per day is low enouph 20 result i m Y nc-;hgnb)c wontribution to
the J4-hour average, i.e., no greater than an I.fq ol 604

Note: Explanation of identificd level for heating f0s3: The expozure period which
mmin hearing Joss at the identified Sevel is 2 peniad o(dOym

SRefers to onorgy rather than grithmetic averages.




Table D-3. Taducah Gaseous Diffugion Plant NPDES permit discharge
- 1imits as of July 1, 1977

ooxr - 002 003 004 003 006

Big Bayou Creek Little Bayou Creek c-618 .C=-b13 C-611 Legnon 1 C-613 Lagoon 2

Avg. Tox., KR “Kax. Avg. Hax. %vg. Hax. Xvg. Hax. Kvg. Hax. Unlte
Chroalua (totsl) 0.3 0.5 0.3 0.3 1.0 g/l
Chronalum (+6) 0,05 0.08 0.03 0.08 0.03 ’ 0.10 g/}
Dlocolved oxygen  Seo uou-'-l See Noto 1 g/
Diesolved eolida 1000 1500 1000 1300 ag/1
‘Tluoride 33 4.0 . og/l
0f1 ond greace 10. 13 10 . 13 10 13 ag/¥ .
Tenporeture See Hote 2 See Yote 2 t 'y
pH ' See Note ) See Note ) See Note ) See Note ) Saa Kota & See Mota & Std Unlte
c.oypor 0.5 1.0 og/l
zl'nc 0.5 1.0 g/l
0D, 10 13 ng/l

_ Tecel colifors . 200 400 Re./100 wl

Suspended sollde 30 43 30 50 30 50 ug/Y

Nots }1 Dleeolved oxygan not be leas than 5.0 og/l as 24-hr overage, nor leas than 4.0 ag/l  at eny tiame.

Kote 21 Teaparsturo not to exceed the fol)owing: Jan 30 May 80 Sep 87
. Fab 50 Jun 87 Oct 28
Nar 60 Jul 8% Hov' 70
Apr 10 Aug 89 Dec 57
Note 3¢ pH not to be lesa than 6.0, nor greeter then 9.0.

Note 43 pl not ‘to bae leas then 6.0, nor greater than 10,0,




Table D=4. Kentucky aquatic life standards, water
quality criteria, and National Pollutant Discharge
Elimination System (NPDES) permit conditions

applicable to Big and Little Bayou creeks

(Concentrations in mg/l except pH)

Aquatic Life 1976 Water Quality NPDES

Parameter Standards Criterla Linits
Dissolved oxygen 5.0 5.0 2/15/75-6/30/77
pH 6-9 6.5-9 6-9
Texperature rise . 5 -— -—
Tenperature maxiza 89°F (31.7°C) 90°F (32°C) -

(April 70’?—21.1‘?;
June 87°F-30.6°C)

Toxic Materials

cré+/cc3t 2.7/3.3 0.20(9) 5.0 (9.0)(e)
Chlorine 0.03 0.01 -
Azmogia(2) 0.02 '0.02 -—
Copper 0.04-0.4 . 0.04-0.4 -—
Nickel 0.07 , 0.C07 —
iine 0.76<1.0 : 0.076 -
Cyagide 0.01 0.005 =
Lead (®) 1.0(b) -0.1(0) =
Mercury 0.0008 0.000S —
Nitrace(c) — -
011 and grease Variable(d) Vgriablg(d) 10 (15){(®
Yherols 0.50 0.20 ' .-
PCE's 0.0008 1 x 166 —

(8) )5 us-tonized WE,.

®) Soluble lead detevminmed by 0.45 i membrane filtration.
(e) As nitrate.

@. Depends on specific composition

(e} Daily average (daily maximum ia parenthesis). .

8 toear ehromtuam.



Table D-5. Kentucky and.federal drinking water standards
applicable to Ohio River water at the
point of withdrawal (2)

_ Parameter o Lentuexy _ Primary. . Federal Secondary .
Ghroafun N 0.05¢¢) " .05t ' - ' i B
Cyazide- 0.025

. Fiuoride 1.0 1.‘62.5(.)
Lead 0.05 0.05
Marcury 0.002
thloride 250
Copper ’ 1.0
Sulfide . 0.05
Irca 0.3
Manganese 0.08
24 ' . 6.5-8.5
Sulfate : - _ 250
Total diss. solids 750 500
28ze 5.0
Redicactivicy (a) 3(“

B 7(73) ) 1000 ) B

('). Coocencraticns in vg/l except pd (units) and radicacciviry (picocuries/l).
® Proposed.
(c) Bexavalent.
@ toca.
(e)

Depending on texperature.

0 Dissolved.
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CHEMICAL DISPERSION MODEL

Assumptions

Steady-state conditions exist over the time-frame of the
analysis.

Radionuclides behaved conservatively, i.e., did not undergo

decay or sorb onto sediment particles and settle out of the
water column.

Steady=state effluent concentrations were set at the highest
value historically measured by PGDP.

The plume mixing width was no greater than one quarter the
river width for the first mile downistream. This assumption
was based on thermal plume measurements done at Joppa which
showed the plume staying relatively ¢lose to shore.

Average river flow velocity was assumed based on the calcu-
lated cross-section; average creek inflow rates were assumed.

For continuous release of a pollutant into a river moving at right

angles to the effluent, the concentratlon, C, in three dimensions is
given by:

. YZ 2
. m . =U YA
C=3vmype)’s o (g GGp+oz 1!

where,
m = mass release rate (kg/sec)
Dy, Dz. = dispersion coefficients in lateral and vertical

directions, respectively (mz/seg)

U = average river flow velocity (m/sec)

X,Y,z = rectangular coordinate distances (m)

Integration and rearrangement yields an expression for that receiving
water volume, V* which gives a dilution factor to some critical concen=
tration, C*(kg/m3). C* may be a standard or criterion or may be a
value to approaching the background concentration in the limit

V¥ = K {1-2 1n [( )K]}
where,

K = (Dypz)°*7vt? = 0.387 nvlc’R>’S
and R = hydraulde radius (m).



Making the assumptlon of steady—scate, that 1s, 1f K>>

D-8

-5/6

0.065 , m ) R or

n (C*U.
, m 2
vx = 0.065 nSC—E;—) Rl/Z

v =

and where,
S = slope of the hydraulic grade line, (m/=:)
n = Manning's n '
Values for the Ohio River near PGDP are:
U = 0.33 n/sec
R=3.70nm
n = 0.025.

These values will be used to calculate the potential impact on down-
stream water users in the Ohio River due to PGDP discharges.

Table D-6. Thermal water quality standards for the
State of Kentucky

——

Y

2)

Industrial water supply -— temperature shall not exceed
95° Fahrenheit at any time (35°C)

Aquatic Life -~ the following criteria are for evalua-
tion of conditions for the maintenance of well balanced,
indigenous fish population. The aquatic use standards
shall not apply to areas immediately adjacent to out-
falls. Areas immediately adjacent to outfalls shall be
as small as possible, be provided for mixing only, and
shall not prevent the free passage of fish and drift
organisms.

(a) Temperature shall not exceed 89°F (31.7°C)

(b) There shall be no abnormal temperatura changes
- that may affect aquatic life unless caused by
natural conditions

(¢) The normal daily and seasonal temperatura fluc-
tuations that existed befors the additiom of
‘heat due to other tham natural causas shall be
maintained
{d) The maximum temperature rise 2t any time or place
above natural temperatures shall not exceed 5°F
(28°C) in streams. In addition, the water temper—
- ature for all streams shall not exceed the maximum
limits indicated in the following

- —— . - — ——— -

ot/2x C*, then
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Table D-6. (Continued)

Stream maximum temperature fgr each
month in degrees Fahrenheit (F)
and Centigrade (C)

Mosith ‘ F c

January -50 10 .
February 50 10
March 60 15.6
April 70 21.1
May 80 267
June 87 30.6
July 89 31.7
August | 89 31.7
September 87 31.7
October - 78 30.56°
November 70 . 21.1

~ December - 57 ~ 13.9

THERMAL DISPERSION MODEL

This model is adequate to approximately predict the thermal dispersion
and convection along a river which is assumed to be homogeneously mixed
in the vertical direction and in differential form is

Vv 3T/3X = A 3% T/ay? (1)

where

is the temperature in the river at any peint (°F)

is the longshore distance from the plant discharge (ft)

is the offshore distance (ft)

is the longshore currenc-(ft/Sgc3
.1s a dispersion coefficient, (ft

B b A

/sec).

A solution to Equation (1) for constant 'discharge rate and temperature
is .

T=T,+B (TD - T [sz AVX] /2 exp [-VyzlcéAX)]

where
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