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\ 

1. Su~Y 

\ 

1.1 INTRODUCTION 

The Padl,lcah Ga$eous Diffu~iort Plant ha~ been oper.ning since 1955 enriching 
uranium fot· national defense and cOIDlI)eicial nuclear reac~ors. Light .. -ater 
nuclearte.actors·are fueled .. ith uraniJm containing froIn 2 to 47. uranium 
235U ~sotope. SiI'l~e naturally occurririg uranium contains only 0.77. 235U, 
the uranium must· b~ processed to enrichl it in the 235U isotope. In the 
United States tl'l~t enrichment is gained\ in the gaseous diffusion process. 
Three plants:i:.n. the United States employ that process_ In ?ddition to the 
Paducah p],ant at Paducah, Kent:ucky,gas~ous diffusion plants are lQ~ated 
at Oak Ridg~, Tennessee, and Portsmouth~ Ohio. The operatio~ of the Paducah 
plant is the subj ect of this document. i 

I 

1.2 BACKGROUND A~~ DESCRIPTION \ 

I 

1. 2.1 Need for .uranium enrichment facil1ities 

The predominant need for enr:iched urani~ is for fuels for cq!!lI!lercial ~uclear 
po'Wer reactors. The reactors currently in operation provide about IIi. of 
the nation's electrical energy. The gas~ous dj;ffusion pl;;fits, to supply 
enriched uranium to the gro'Wing commerti.il nuclear indus try, have aco:nbine.d 
capCitity of approximately 27.3 million s$parati,.ve .. ork un~ts (S'WLJ) per year. 
The Paducah plant alone has a capCicity of 9 million SWU/yr and is an integral 
part of the enrichment system, supplying Islightly enriched urani~ to the 
other t'Wo plants. I 

1.2.2 Site location 
I 

The Paducah Ga~e.6us Diffusion Plant is located in McCracken County, Kentucky, 
near the tow of Paducc;h, on a 3425-acre 'cl385 ..... ha) Federally ol.."l1ed reservation. 
Four crj,tetia initiCilly 'Were. used in site I selection: (1) supply of 10 .. cost 
po'Wer, (2) 'Water·supply, (3) suppotting p6pulation (4) availability of govern
ment-o\rned land. Addj,t~~>nally, the probabilities of natural disasters at 
the site are 10'W. ! 

I 

I 
I 

1. 2. 3 Paducah uGaseousDiffusi6n _Plant (PGD?) Description 
.--- - \ - -

The first gaseous diffusion plant .. as built and operated in Oak Ridge, Tennessee. 
\.,Tflen plans -for ano1:11er diffusion plant .. ere fo~ulated in 1950 to meet the 
increased demaIld for 23.5.U,the Paducah. Kentucky, sitelJas chosen in order to 
provide some dispersal 6.f the diffusion plants. 
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The Paducah plant was des:l.ghedand constructed to operate in conJt.mction 
with t:h~ O~kRidge plant. The original design consisted of 880 stages in 
two process building~, <:;-331 and C-333. Because of Atomic Energy Commission 
projections fo~ the nee4 for more enrichment capacity, plans were made in 
19.51 for $i30 ~d(Htional stages in t'Wo additional buildings, C-335 and C-337, 
to be oper~ted in a parallel type arrangement and essentially double the 
capacity of the original plant. Plant construction was completed in 1954. 
En r,j,thIil¢nt. capacity wflsfurther expanded through' the Cascade Improvement and 
Cascade Uprating Programs (CIP/CUP) which were started :1.n. 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 bui:ldings ccvering 
appro:dmateiy 14 acres. (30 ha). . -

The Pa,ducah cascade enriches uranium to a product 235U concentration·of 1 
to 2A:. Th~d~pleted stream is stripped to a tails 235 U .concentration of 
from 0.2 to 0.35% dependin~ upon process optimization and DO~ reqtiirements. 
The product of ~he 'Pa,ducah cascade is used to feed the Oak Ridge an~35ortsmouth 
plant,!;. Al.though the Paducah cascade: could b~op~rated to produce U . 
enrichments needed for most civilian nuclear power plants, diffusion plant 
complex optimization calls for combined operations. 

The 19 76hbor force was approximately 2300 employees • However, 'With the 
completion of the CIP/CUP,the labor force is expected to decline to about 
1600 persons needed to maintain and operate the plant in the uprated conditions. 

1. 2. 4 Description of power generating facilities 

Electrical pqiJer for the PGDP j"s supplied by the JoPPCi Ste.:;m Electric Plant 
owned by El~ctric Energy, Incorporated and by the Tennessee Valley Authority 
(TVA). The Joppa f§:cility is located directly across the rivet from the PGDP 
near ~etropoli~, n,linois. The Joppa Plant uses Ohio River water for once
through coolin~. 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 ponqs with a pOI'tion of the f1yash being cransported to a 
cement p1Cint for use as ravmaterial or additive. Flue gas is treated in 
electrostatic pred,p.it.:;tors. 

Tne large TVA poiJer net\Jork \Jill not be treated in this assessment. 
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1.3 EXISTING ENVIRONMENT 

1. 3.1 Paducah Gaseous Diffusion Plant 

The Pad\lc:~J'!o(;aseous Diffusion Plant is located "on a 3, 425~acre (lJ~5.-ha) 
site ion a generally rural Ci,rea of McCracken County, Kentucky. The 
climate ,is characteristic of the humid continental zone where summers 
are warm and winte);,s ~re moderately cold. Soi.ls of thesit~ are predom
inantly silt loams, poorly drained, acidic ,witll little oq;aniccontent. 
The area islQ~in relief with small, scattered'"forested areas of upland 
and riparian hardwoods surrounded by agricultural lands. Much of the 
plant property is lea$ed by the West Kentucky Wildlife Management Area 
which empJ.,oys practices to maintain suitable wildlife habitat and food 
suppl)". The area is drained by. aiid plant cis charges flow into, two 
small tr:lbutaries to the Ohio River, Big and Little Bayou Creeks. 

1. 3.2 JODDa,Illinois, Dower generating facility 

The Joppa SteaIn Electric Plant is located on a 625-acre (2S3-ha) site on 
the north bCiOk of the Ohio River near joppa, Illinois, approximately 
13 m:i. (21 km) northwest of PGDP. Ecological conditions ahcl land use are 
very similar to those fou;ld 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 S~Cill unnamed tributaries, which receive plant site runoff. 

1. 4 ENV1RONMENTAL IMPACtS OF CONTUHJING OPERATIONS 

1.4.1 Environmental imDacts from the Paducah Gaseous Diffusion Plant 

Aquatic communiti.e$ in Big Bayou anci Little Bayou Creeks have been adversely 
impacted by'PGDP discharges resulting in alteration of standing crops and 
n~l:Jer of. species of a,lga~, benthic illacroinvertebrates, and fish. Levels 
of residual chlorineip.'Big Bayou Creek immediately below the sewage 
treatment outfa:U frequently exceed concentrations toxic to aquatic life. 
These iI!iP~cts will be mitj.gated by relocation of the outfall. Levels 
of chromium also occ;asiQnaily were ,in ~xcess of recommended criteria in 
Littl~ Bayou Creek. Much of the chromium proble:n 'Was elifllinated by a new 
chromatereduct.ion, facility. Control of cooling to'Wer losses resulting 
ftom windage will further reduce chromiwn emissions. 

Operation Qf the plant has re~ulted in accumulatj.ons of radioactive 
nuclides in the creek sedi~ents. Levels.of radioactivity in fish tissue 
are slightly h:i,gher in fishes from streams receiving plant discharges thein 
in those f:roi:l:i the reference stream. Levels at present are i:lsufficient 
to cause ham to the organisms and do not exceed limits for human consumption. 
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There is no anticipated impact on dOw'"!1stream Chio River WTater users from 
PCPP discharges. Thermal alteration caused by cooling teWTer discha.rges 
iStrlinima,l.; the plant easily complies WTith existing standards. 

Essent~a1.:1y Cl.1.l deposition of cooling tower drift occurs WTithin a l-mi 
(1. 6-k~) rad~us of the cooling tOWTer. No vegetation damage was observed 
and no excessive deposition of trace contaminants (1. e., zinc, chromate, 
sulfate) WTasobserved outside the plant boundary. 

Very little off-site fogging and icing have been observed ill recent years 
fro1!1 operation of the existing PGDP cooling towers. Conservative estimates 
of fogging and icing ate generally below 12.5 and 15 hrs/yr, respectively, 
at 2400 MW. Aesthetic impacts of the tower plumes are minot because of 
the low population density of the area immediately surrounding the plant. 
Currentptoj~ctions inqicate that the plant operating power level will 
not exceed 2400 MW in the foreseeable future. 

On vatiolls occasions in the past, fluoride concentrations in air samples 
at the PGDP property boundary exceeded Kentucky standards. These occu'tt'etic;es 
were infrequent and of such 10...,. concentrations as to have caused no visibie 
fluoride damage to veg~tation. No sample has exceeded Kentucky standards 
since UF6 ~aJ'lufacturing plant ceased oper.at~on in 1977. If the plant is 
restarted mitigating actions WTillbe taken to meet the standards. 

No negative impacts associated WTith noise resulting from plant operations 
WTere identifieg·. 

1..4.2 Environmental imoacts from the Jopoa, 
Illinois, .0 o""'.er . 2eneradng fac{lity 

The heated water effluent from the Joppa plant is discharged directly to 
the Ohio R.iver. Thermal altel:'ation to the river is minimal; the plant 
eas~1.y co'¢p1.ie~, :With. exi.$ting standards. The thermal plume folloWTs the 
shoreiine. There is no blockage or impedence of fish movement. Overall 
water supply impacts are not anticipated. 

Impingement and entrainment investigations report 8.7 x 10 3 Ib (3.9 x 
103 kg) of fish entrained on intake screens, and 1.17 x ].09 larval fish 
and egg·s en:t1;a.;i.Ileg in ~Iltake water, per year. It is estimated that thes.e 
re~oyalS do not significantly diminish the fish community of this section 
'of the Ohio River. 

The plant has co~leted construction of thr~e 550-£t (168-m) stacks to 
compiy with Illinois statutes. With the completion of the stacks, it is 
estimated that c;oncentrations of S02 and particulates will be WTell within 
air quaJ,.ity sCCirtdards. 
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A potential, which will be gre~tlyreduced by the new stacks, exists for 
accumulation of toxic trace ele~ents in biota from depOSition, 
inhalation, or ingestion of toxic 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 incideIlts resulting in crop <i~mage have occurred in the 
past. Icplementation of the ne~ stacks should reduce ground level 
concentrations to less than toxic levels. 

1. 4. 3 Cumulative and long"::erm i!I).n_ac~s 

1.4.3.1, Cumulative and lom~""'term imna_cts of power generation 

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

Long-term effects, minor in nature, may result from add:i.tion of metal 
cxides, silicates, and carbonates in ash disposal area runoff ~nd 
settling pond discharge and leachate to the Ohio River. 

1.4.3.2 Cumulative and long-term impacts of continued .oneration of the 
Paducah Gaseous Diffusion Plant 

Concentrations of salts and trace elemetlts in cooling tower d=ift depo
sition have not reached toxic levels to vegetation during 25 years of 
operation. Impacts, if any, would be restricted to an area i:iside a. 1-
mile (1.6~km) radius of the cooling towers. 

The discharge of radion~clides in ?GDP 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 sedim~ut buildup would 
be spread o~er a very large area. 

No localized effects of tadionuclide accumulation in Big and L:i.ttle 
Bayou Creeks are anticipated. Net accumulations are decreasing be
cause of improved pollution control measure~. 

l.~ ~LATIONSHIP TO LAND USE PLANS, POLICIES, AND GOALS 

The continuec:i operation of the gaseous diffusion plant and the Joppa 
Steam Electric Station does not conflict with known local, state, or 
federal land use plans and policies. Compliance with air, water, and 
soJ.,id waste pollution requirements is being met or, where defiCient, 
re~edial action is being taken. 
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Seve~~l major alternCitives to continuing the operation of thE! Paducah Gaseous 
Di~fusion Plant \o1ere considered. Among. them \o1ere (1) shutdO\o1tl of the PGDP, 
(2) use of alternative enrichment processes, (3) relocation, and (4) alter
native po\o1~~ systems. 

The conclusions reacheg w.ere as follows: uranium enrichment is essential; 
repJ"a~ing the gaSE:OU5 diffusion process with the gas centrifuge process is 
notanticipateci ~t this time; replacing the gaseous diffusion process with 
the "laser separation process is not feasible as the latter process is still 
in the experimental stage; relocation is r..either environmentally not econom
ically advant~ge6us; and similarly, adverse envlron~ntal and economic effE!cts 
of implem~hd.ng alternative power systeI:lS appear to significantly outwej,gh 
the a.dvantages of such a change. 
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2. DESCRIPT10N 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 and the nuclear fuel cycie 
. 

Uranium enrichment is one step in the uran:i.~m fuel cyc-l-e. This step 
involves the partial enrichment of the uranium-235 (235U) isotope 
in naturally occurring uranium to oEtain a product yith increased 
fissionable 235U conte~t. The various steps in the nuclear fuel 
cycle are shoYn in Fig. 2.1-1. This figure shoys uranium enrichment 
centrally loc~ted because it is of central concern in this report; 
actually, the purpose of the entire fuel cycle is to provide fuel 
for the nuclear poyer reactors and to process its yaste products. 
Many of the steps in this cycle require chemical processes to change 
the characteristics of the uranium fuel. The enrichment step, howo
ever, involves only physical separation of isotopes; Le., the uranium 
is in the chemical fonn uranium hexafluoride (UF6) wohen it enters the 
separation equipment and remains UF6 th~oughout processing. 

As can 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 h~s been through the 
"enrichment-conversion-fuel fabrication ..... nuclearreactor-fuel re
processing" chain prior to. being returned to the enrichment step. 
Tnis second feed is termed "recycle." Recycle feeci woill contai.n 
trace amounts of fission products and transuranics that woere formed 
in the nuclear reactor alld not completely removed in the fuel re
processing step. The allowoable concentrations of these conta~nants, 
along wo;i.th other nonradioaative contafninants, are strictly liIirited by 
DOE regulation. 

The uranium feed to the enrichment step is seEarated into tyO compo
nents: the "product tl lo7hicli is enriched in 235U, and the "tails," 
which are depleted in 235U. Tails consist primarily of 238U, which 
is potentially a nuclear POWer fuel ill the plutonium fuel cycle. Tails 
are thus stored for possible future use. 
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The majority of the yorld's current nuclear poyer reacto~s use en
riched uranium as fuel. The exceptions are, of course, heavy-yater 
reactors fueled yithnatural 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 yorldyide preference for reactors 
that operate on enricned uranium is projected to continue. 

The U.S. plants, located at Oak Ridge, 'tennessee, Paducah, Kentucky, 
and Portsmouth, Ohio, are oYned by the U.S. Government and are operated 
by private industry under contract. Initially, the U.S. piants con
tributed to the national defense effort by producing highly enriched 
uranium, but the dominant need for enrichment r..as shifted almost exclu
sively to fuels for cot!lIIlerci~l nuclea:= poyer supply systems. Almost 
all of the enrichment need~ of the yorld'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 york furnished by the AEe 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 V?ty ~ith the types of reactors--loy 
assays (2 to 4% 235U) for light~yater reactors, and high assays (about 
93% 235U) fo~ high=temperature gas reactors. 

2.1.2 Need for enriched uranium 

Enrichment cont;racts held by DOE call for deliveries of about 6,875,000 
SWU to domestic customers and 3,406,000 SWOto foreign customers 
(based on 0.2% tails assay) during IT 1980. The U.S. no longer re
mains the only nation supplying uranium enrichment services ~o other 
nations on a large-scale commercial basis; the Soviet Union, France, 
and the Tripartite Group (Netherlands, United Kingdom, and rede::-al 
Republic of Germany) have also supplied enrichment services to the 
yorld market. 

The April 1980 status of domestic nuclear poyer reactors is sUII:lIlarized 
belay: (1) * 

73 reactors yith operating licenses 53,627 MI-le 
89 reactors yith construction permits 97,395 MWe 

2 limited york authorizations 2,300 MWe 
17 reactors on orqer 19,874 MWe 

181 Total 173,196 !{We 

*See subsection Z.5 for Section 2 references. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2-4 

Table Z.h·l. Separative ~ork production 

~ ~ ~ 

Po~er Reactor Requirem~Iltsa 
(Thousands of Separative \Jork Units) 

CY U.S. Non-t. s. 
1947 
1948 
1949 
1950 
1951 
1954 
1953 
1954 
195.5 

, 1956 
1957 N.A. 
1.958 N.A. 
1959 355 19 
1960 337 d 
1961 331 0 
1962 157 140 
1963 162 53 
1964 355 92 
1965 228 390 
1966 1062 319 
1967 529 630 
1968 1341 229 
1969 1830 1154 
1970 3740 1265 
1971 5256 2157 
1972 2069 153\ 
1973 2731 10284 
1974 3143 2360 
1975 3401 4233 
1976 3578 5126 
1977 6248 411.5 
1978 5551 5192 
].979 8679 5,1,40 

a ~ .~ -
Shipment:$ during 1957 and 1958 to the Shippingport: Reactor 
l.;ete not recorded as such.CY-1971. includes. 890 MTSW at 0.3% 
Xl.; for German Offset; CY-1973 includes 7. 975Mtsw a~ 0.3% Xl.; 
for Japanese Advanced S~1es. 

b!nctease due to advance sales. 
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The nuclear power reactors currently in operation provide about 11% of 
the nation's electrical energy genero?tiort. To provide fuel for tb,e 
nuclear reactors that are being built and operated, u.s. enrich~nt 
capaci~y wa~ expanded from 17.2 million Separative Work Utlit:s (SWU)/yr 
to 27.3 million SWU/yr during the elp/cuP program. 

To ensure an adequat:e $upp1y of enriched uranium, modifications have been 
made at the three gaseous diffusion plants which increase enrichI!1ent 
production through a Cascade Improvement Program (CIP) ~nd ~ Cascade 
Up rating Program (CUP). The ClP involves (1) the I!1odificat~on of process 
equipment to incorporate recent .?dvances in gaseous diffusion technology, 
and (2) the expans:i,oIl of production support facilities. As a result, 
separative work production has been increased. The Cup involves the 
modification and uprating of process utility systems and process equipment 
so that operating power leve~s cart be raised and the additional electric 
power can be used $9re effectively. As a result, separative work levels 
were incre~i!;ed above the ClP leveL The estimate of the fully improved 
and uprated plant capacity is 27.3 million swu/yr. This uprated three
plant capacity is fully cottnjJjtted to 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 POE gase6~ diffusion plants while 
fulfilling existing c()ntra,cts and to give DOE the potential to accept new 
uranium enrichment contracts, DOE is expanding enrichment: capacity.· This 
expansion is discussed in the Final Envi1:'onmental Statement., Portsmouth 
Gaseou$ 1:>iffusion Plant Expatlsion, ERDA-1549. DOE is also developing 
alternative enrichment technologies that provide more efficient separation, 
that is, greatly reduced power consumption. 

2.2 Historical background 

The Paducah Gaseous Diff~$ion Plant had its conception in July, 1950, ~hen 
the Department of Defense and the Atomic Energy Colimlission (AtC) began 
studies which would lead to a si.gnificant increase in fissionable material 
production capabilities ang. a determination of the effects of such ~xpansion 
on the national etono!lJj. Those studies analyzed the geogrcaph.ic and economic 
characteristi~s of selected strategical porti()ns of the United States. 

In August, 1950, the Oak Ridge Operations Office initiated further detailed 
studies at three sites selected from eight id~ntified iIi an initial report 
by the National Security Resources Board. These sites ~ere (1) the Longhorn 
Ordnance Works, Marshall, Texas; (2) the Louisiana 01:'g.p.a~ce Works, Minden, 
Louis.i,ana; and (3) the Kentucky Ordnance Works, Paducah, kentucky. 
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Principal e1em~ntS evaluated in the site selection process i~cl~~ed 
(1) supply of low cost power, (2) .. ater sUPPly, (3) supporting ?o?ula~ic:-: ~:-.C 
(4) availability and suitability fr6m ~ strategic standpoint. 
Based on comparisons of these elements aoo~g the three sites, 
the Kentl,lcky 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 effected on January 4, 1951. 
Additional acreage, largely priv?tely o'.;Tl~Q. land, W?S $u):)seque:;::ly 
proc\lred by the Corps of Engineers for the AEC, including 1361 acres 
(551.0 ha) for TVA and 41 acres (16.6 ha) bounding Little Bayo~ Creek 
to its confluence with the Ohio River. 

In 1959 and 1961, lands in excess of the needs of A.E:C \.;t;r',l leased 
to the COll)!Ilom.;e21th of Kentucky for use by the Kentucky Fish 
and Wildlife Resourc~s DEp2rt~ent. 

2.2.1 Gener~i des~ripti9n pf area 

Paducah is located in western Kent\lcky on the banks of the Ohio River. 
The sUHol,lncii.Ilg terr;;,in is gently roll:i,ng with U.rge areas of o?en 
space and farmland. Areas of steeper slope are forested. 

The Paducah Ga$eou$ D:Utus~on Plant is locateci on a 3, 425-acre 
(1385-h?) site approximately 10 mi west of the city of Paducah, 
which has a population of approxir:.ately 37,500. Major industries 
are Paducah Marine Ways, the Flor$heim Shoe Company, and the ?acl.lc,;.h 
Gaseous Diffusion Plant (Union Carbicie Corporation). Dist:~nces be
tween the Paducah site and other major population centers are as 
fo11o .. s: St. Louis, Mo. ,140 mi (226 bn); Nashville, Tenn., 
112 mi (181 km); Evansv:i,.lle, Ind., 84 mi (135 km); Madisonville, !<y., 
72 mi (116 km); :1\.1rray, Ky., SO mi (81 km), Hayfield, Ky., 20 :::i. 
(32 km). 

The PGDP site is located in the western part of the Ohio River 3a5in. 
Surface drainage from the site is to t ... ,o small tributaries of r:-.e 
Ohio River - Bi,g Bayou Creek on the ... ·est and Litt1e13ayou Creek C:l the 
ea~p. These two streams join north of the site and discharge to the 
Ohio River at about River l-lile 947 (kID 1524), which is approxi:=a::ely 
34 mi (55 km) upstream £1.'03 the confluence of the Ohio and 
Miss~ssippi rivers. 

Tne eXisting plant site is largely nonforested, consisting of c=.-:eas 
of ope.n gta,ssland. These open a:teas~te. man~ged primariiy by tr:e 
~est Kentucky Wildlife Mana,gement Area for the maintenance of s...:it
able wildlife habit~t and food supply. patchy wooded areas of 
mature hatd .... ·ood (upland and riparian) communitie~ also exist on the 
site. 
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2.2.2 Plant production 

The first Paduc~h cell of 10 stages 'Was put on stream 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 
po'Wer of more than 2100 mega'Watts (:Figure 2.2-2). Production dropped 
sharply in the mid and:t.c;te J,.960s 'When all ne'W feed wi:!.s disc;ontinued, 
and the am'lua:J., average po'WeI:' level fell to 1000 mega'Watts :i,n 1970. 
Production in million se.Dar~tive work units (SWIJ) 'Was 3.3 in- 1970. 
It inc:reased armualJ.v to 6.J. in fiscal, 1.977 a~g decrea.?ed to 5.0 
million SwlJ in 1978 because of power reduction. Cnder uorated 
~~nditions at full loading, expect~d production is 9 million-
SWU. 

Production of u~6 from U03 began in the C-410 feed plant in 1953. 
Production rates reached 30,000 tons of UF6 pe~ year in the early 
19605. The plC!,nt t.;ras shut dovn in 1964 and t.;ras reactivated at a lo'W 
production level in 1968. Production continued intermittently until 
April of 1977 'When the plant again \.:as deactivated except for fout 
fluorine cells. 

2.3 DESCRIPT'bON OF TIiEPlillUCftJi GASEOUS DiFFuSION PLA... ..... "T (PGDP) 

2.3.1 Externalaooearance 

The Paducah Gaseous Diffusion Plant is located within an."L" 
shaped, fenced tract of 750 acres (303 ha) 10c4ted about fourmi 
(6.4 km) south of the Ohio Rive~. The appearance of the plant is 
dominated by the four larg~ c~scade buildings, each with its cooling 
to'Wer and large electrical s'Witchyard. The pli:!,ftt area and the sur
rounding 'W~ldiife management area <;:r:e on relatively flat land draining 
to NO small streams, Big Bayo~ on the 'West and Little Bayou on the 
east side of the plant. Figure 2.3-1 sho'Ws the p1.?nt layout. 

A Iilaj0'f' support facility outside the main fenced area is the 'Water 
treatment plant located 'West of Big. Bayou. This facility consists 
of t'Wo large clarifier-type 'Water softeners, other 'Water treatment 
facilities, set:t:ling basins, and sluqge.settling lagoons. 
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2.3.2 Processes 

PGDP pro~e~ses are described in detail in Oak Ridge Operations Document 
ORo-684. t2) 

2.3.3 Supoort facilities 

2.3.3.1 C-61S Set1age Treatment Plant 

The sewage collection system Sjetvices all the occupied plant-buildings yith 
the exception of the £olloYing relativelY remote facilities: theC-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, ~rick1ing 

filter, sludge digester and settling beds, chlorinator, and contact chaillber. 
Sevage is handled by£6ur 400 gpm (25 Ips) basin pumps and 75 gpm (S lps) 
sludge pumps yhich provide a basic plant capacity of 800 gpm (50 Ips). Normal 
flow is berween 200 and 300 gpm (13 to 19 lps). 

2.3.3.2 C-:616LiauidEffluentTreatment Plant 

The C-616 Liquid Effluent Treatment Plant began treating RCW bloydowLl to 
remove chromium and zinc corrosion inhibiters in June of 1977. All bloydowLl 
except that lost through drift and Yindage is routed from the four RCW systems 
to the C~6l6 plant. The pH is .adjusted Yith H2S0 4 and the Cr+6 reduced to 
Cr+3 by FeS04' 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 pllr.lped 
to ;i 2.7-acre (l.l-ha) lagoon cmd the clarified effluent floys by gravity to 
a 5.2""-acre, 12-million-gallon (2.bha, 45,600 m3) polishing lagoon~ 

2.3.4 Decontamination and recovery facility, C-400 

Equipment removed from the cascade after exposure to uranium hexafluoride ",ust 
be disassembled for decontami,n.ation of component parts prior to maintenance 
or repair york. Decontaminated parts are routinely monitored to assure that 
all par:ts meet approved plant allowable lj,mits for surface and "Yip ell radio
activity counts. The plant alloY~ble limits for process and shop equipment is 
2500 c~unts per minute per 100 cm surface count and 500 counts per minute per 
100 cm "Yipe" count. Any part or piece of equipment not meeting these plant 
alloyable H.mits i~ retaineci in C-400 for further processing. 

Individual decontamination, recovery, and other processes handled in C-400 are 
described in the folloYing subsection. 
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2.3.4.1 Uranium recovery 

Uranium is removed from decontaminatic:>n or other process solutions by 
acidification followed by precipitation and filtration before the 
liquig is discharged. (See Appen4~ A, Fig. A-l). All sol~tions 
entering the! recovery system contain uranium enriched to less than 
1.0 wt % 235U Those solutions cont;l:S.ning uranium of between 0.5 
and 1.0 wt % are precipitated with sodium hydtoxideand filtered through 
diatomaceous earth on a rotary drum filter. The filter cake is . 
drummed and sent to the Feed Materials Production Center -for uranium j.'e
covery. Sl~ked lime'is added to the filtrate and to solutions containing 
uranium of less than 0.5 wt % 235U 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-6l6 full flow lagoon to Big Bayou Creek. 
Prior to burial, . the s~udge is analyzed for tr~nsurani'cs; drums con
tai~ingmore than 10 picoCuries transuranics per gram are held for re
trievable storage. Prior to di$change, the solution ~s analyzed to assure 
that it meets discharge criteria. 

A typical laboratory ~nalysis of filtrate solutions is shown below: 

FILIRATESOLUTION C-400 

u 239pu 230Th 99 tc Fluoride 

5 ppm <]. PPl:> <.01 ppb <.03 ppb 0.8 ppm 4. -; PP'ill 

3.3* 0.6* 0.6* 0.6* 14* 4.7 mg/l 

*nanoCuries/liter 

2.3.4.2 Spray booth 

The spray booth decontaminat:1,on system is designed for processing 
large objects, such as compressor ~g converter parts. It consists 
of a spray booth W'ith a grated floor drain, sol.ution tanks,pU::lps, 

. three filters, and associated, piping and spraying fixtures. 

The solution t~ks are used in two sets of three. The first three 
tanks used for the wash ,cycle contain a total of 450 ~al 
(1710 1) of ammonium carbonate solution. The three rinse tCinkl? 
contain 450 gal (1710 1) of water. . ... 

Contaminated equipment is first cleaned using the ~cmium carbon
ate solution, then rinsed using water from the recycle rinse tanks. 
The ftnCil rinse (sanitary water) is discharged through the C-616 
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full f~o'W lagoon. Recycle rinse solutions are utilized to I::ake 
up the a,IlImoni\.till ca~bonate decontamination solution. Speilt de
contamination solutions ~re processed through the precipitation 
system (Appendix A, Fig. A-l). 

2.3.4.3 StIlall parts nand tables 

Hand tables are ~sed for the decontamination of small par.ts. Each 
table contains approximately 50 gal (190 1) of water 'Which has 
been treated wito sodium caroonate. Spent solutions are trans~ 
ferred to one of two SOO-gal (1900-1) holding tanks for pro
cessing in the precipitation system. 

2.3.4.4 Cylinder decontamination facility 

This facility is designed for the decontamination, including "heel" 
removal, of 10- and l4-ton (9- and 13-T) cylinders. The uranium 
solutiol;l.s obtained fr0lI1 the decontamination process are stored 
for eventual processing in the precipit~tion system. After decon
tamination, tne cylinders·are rinsed witn water and hydro
statically tested. TOe 'Water from the final rinse and hydro
stating il; discnarged to a 20 x 20ft (6.1 x 6.l m) sump which 
is periodically pumped to the C-6l6 fullflo'W lagoon. 

~.3.4.5 Laundry facility 

The facility contains t'lo."O 20G-lb (9l-kg) capacity 'Washer.,.extractors 
and four 10o-lb (45-kg) capacity dryers. All ~overalls, socks, 
underclothing, to'Wels, lab coats, and other issued clothing 'Worn 
by employees is laundered daily. Clean clothing is distributed 
to various lock¢r roolI1s throughout th~ Plant. 

A list of chemicals used is presented below. In addition to these 
chemicals, the effluent 'Io."asn solut:ions may contain minute traces 
of uranium. The effluent discharges to the c..,..6is se'W~g~ treatment 
facility via the sanitary sewer system. 

Usage 
Chemical lb/yr kg/Yr 

Sour (ammonium bifluoride) 3,900 1770 
Soap 16,000 7260 
Alkali (sodium orthosiJ,.ic;ate) 3,400 lS40 
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 bra~s in the gold scrap is dissolved in .; 64% nitric acid solution. 
The gold is then separated and smelted into ingots if no other insoluble 
lllB,terial is present. If the gold is attached to plastics or other 
insoluble ~terial, aqua regia is employed to dissolve the gold.. The nitric 
acid in aqua re~ia is distilled off and the gold is precipitated by using 
copper strips. 

The addition of lime to the residual solution precipitates out most of 
the heavy met'als (Appendix A, Fig. A,-2). Lead, zinc, silver, and copper 
are the major metal ions present. The pH is controlled at 9 to optimize 
heavy metal removal. The treated effluent is disch?rged 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 solution [~cDermid, 
SCB-A 24 Ib (11 kg) and SCB-B 25 gal (95 1)]. Each week, the solution is 
discarded and a fresh batch mixed in two 50-gal (1,90-1) tanks. A typical 
lab analysis of the discarded solution is presented" in Appendix A, Table 
A-l~ The spent solution is discharged to the C-616-F full flow lagoon. 

2.3.4.8 Vapor degreaser 

The vapor degreCl.serj.,s designed so that large [10 x 15 it 0.1 x 4.6 ;n)] 
pieces of process equipment can be handled. Trichloroethylene is 
vaporized in the lower portion of th~ 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 d~gteaser pit. 
TIle condensate drains back into the heated portion of the pit from which 
it may be revaporized. 

Trichloroethylene vapors 'w'hich escape the water-cooled and the upper 
refrigerated coils and reach the top of the pit are-vented through lip
mounted exhausts to the atmosphere. This degreasing fa<;ility discharges 
approximately 714,290 lb' (324,000 kg) of trichloroethylene to the atmosphere 
each yeat. A motorized cover to close the pit below the vents is bei~g 
installed to reduce trichloroethYl.t;ne losses. Resid,ues from the degreaseI:"s 
are drummed and stored for disposal. 
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2.3.5 Steam plant 

The C-600 steam plancis centrally located Y'ithin the PGDP perimeter. 
It produces steam used to heat buildings~ va,porize tIT6. obtain UF6 
sat:lple.s, maintain process temperatures, clean equipment, and provide 
heat for other miscellaneous process operations. It consists of three 
TJater wall tUDe boilers (tTJO coal-fired and one oil-- and gas-fired) 
each capable of prodUCing 100,000 1b (45,400 kg) of steam/hr at 250 
psi (Ii2S k Pa), plus associated equipment. LIquid effluents from 
steam plant operation originate from three ~jor sources: !l) TJater 
trea,tl:lent, (2) coal and ash handling, and (3) boiler blo'Wdow. 

2.3.5.1 Water treatmen~ 

T-.. enty perce:ot of ~he steam production returns as condensate. 
Additional boiler feed water comes·fram the plant sanitary 'Water 
system. The 'Water, which had received lime-soga softening at the 
C-6l1 Water Treat~ent Plant, passes tnrough one of fO\li' sodium 
zeolite ion exchange water softeners. The softeners re~ve talci~ 
and magnesium by ion excnange. The softeners are regenerated once 
every 3 to 5 days, depending OD. the quantity and quality of the water 
being softened. Approxima.tely iOO lb (318 kg) of salt (NaCI) are 
used per generation. Tne waste strea,:Ill of CaCI, is discharged to the 
b~ildi:lg drain, pumpeg. to the north-south ditch leading to the C-616 lagoon. 
After be;1.ng softened, the feed water is degassed to the building drain and 
pumped to the drainage path leading to the C~616 full flo'W lagoon. The 
combined stream o~ makeup 'Water and condensate is then treated with sulfite 
and phosphate and dea.erat~d. App~oxi1:lately 2400 lb (1090 k~) of sodiu::l 
s\llfite and 1000 lb (454 kg) of phosphate are a,ddeg to the boiler 'Water 
feed system each year. 

2.3.5.2 301ler blo'Wdot.-n 

Proper concentration of suspended and dissolved solids in the boiler 
drums are maintained by olo'Wdo'Wrl from. the sys"te:n. the average b10'W-

do'W!l rate is 13,000 gal/day (49,400 1/day). All liquid effluents 
from C-600 are pumped to the C-6l6F full flo'W lagoon. 

2.3.5.3 Coal and ash handling 

Coal is presently received by rail car and unloaded to a coal crusher. 
From here, coal may go directly to the coal chute or to the coal 
storage yard, 'Which has a 20,000 ton (18,140 T) capacity. The steam 
plant uses apptoxi~tely 35,000 tons/yt (31,745 T/yr). Runoff 'Water 
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from the coal yard floW's to a drainag~ ditch north of the coal yard 
and is pumped to the C-6l6F full floW' lagoon. The pH of the lolater 
is approximately 2.2 in the drainage ditch. Analyses of the lolater in 
this drainage ditch are presented beloW'. 

Element 

Fe 
S04 
Si 
Al 
Ca 
!-ig 

Coal Yard Runoff Water 
(g/l) 

1.7 
8.6 
0.15 
0.05 
0.04 
0.02 

The acidic coal pile runoff mixes 'With .other effluents, including the 
'Water from the C-6l6 clarifier. As a result, the pH is raised and 
most of the dissol.v~d solids are precipitateg in ~he C-6l6 full flo'W 
lagoon. 

Pulverized coal feed to the boilers contains from 7 to IIi. 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 W'here the transferring medium is discharged through a ~ater 
scrubber. The scrubber solutioni~ transferred, by the same path as 
co~l pile runoff, to the C-6l6 f~ll 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 fat coal are written to result in a ~aximum 
of 1. 2 Ib sulfur /!!li 11 ion Btu (0.5 kg/billion J). Coal anal.yses 
conducted in 1978 shoW' this limit is usually met. 

2.3.6 ~intenance facilities, C-720, C-724 , C-7S0 

The C-72G building is located approxioately 100 yd (91 m) north~est 
of the main pl.ant entrance. This facility fabricates and t!laiptains 
equip!!lent and instrumentation. 

Liquid "effluents from C-720 floW' via the Southwest Ditch and East
W~st Ditch to Big ~ayou Creek. Appendix A, Table A-2, sUmmarizes 
major ~astes generated W'ithin C-720. The individual operations con~ 
tained W'ithin C-720 are described briefly as folloW's. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

2-16 

2.3.6.1 Instrument shop,C-720 

AJthough som~ of the electronic instrumentation used at the Paducah 
plant can be purchased through commercial vendors, many ofthl! instru
ments used are special-purpose and must be designed and fabricateli by 
plant personnel. The instrument shop fabricates and/or perfo~s ~in
tenance on electric, electronic, and pneumatic instrumentation em ..... 
ployed at the Paducah plant. Vendor-suppl:i.ed equipment is tested in 
the instrument shop prior to its installatioll. 

Effluents and scrap material originating at the instrument shop result 
primarily from the etching and repair of printed cil';cuit boards. 

2.3.6.2 11achine sho'D, C-720 
. 

The machine shop is a general purpose shop ~hich deals in the fabri-
cation and ~intenaIlct! of all equiplllellt tha~ requires precision 
machine -;.;ork. During the cH/eup prograI:ls the shop ~orked 
primarily ~ith cascade equiplllent components. Wastes include scr~p 
metal, oil, and ~ater soluble oil. 

2.3.6.3 Electrical maintenance shop, C .... 720 

The electrical maintenance shop cleans atld strips motors before they 
are repaired or, during the crp/CUP programs, uprated. A trichlo~o
ethylene dip tank is used to dip sm~ll" parts and motor casings pri6r 
to surface finishillg or electroplating. Some copper -windings, brushes, 
and other small metal pa:;:t? are taken to the clean scrap yards for 
eventual sa,le. 

A fer.; motors are ~aken to the C-750 garage for steam cleaning. Oil is 
sk~ed prior to discharge to the sanitary se~er. 

2.3.6.4 P1..lmp shop, C,..720 

The pU:::lp shop maintains all the PUlllPS uSEid at the Paducah plant. Most 
of th~ effluents originating in this shop ate in the fOn:l 0; oil and 
cleanin"g solvents used on SI:J.all parts. 
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2.3.6.5 Sheet ~etal shoo, 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 "W'here it 
is recovered and sold. 

2.3.6.6 Weld shoo, C-720 

The \.teld shop de.als basically "W'ith the fabrication and maintenance 
of plant equipment. ~ts primary role presently is the uprating of con
verter assemblies. Wastes consist primarily of used welding rods ~~d 
other scrap metal. Oil from turning fixtures, jigs, and other equip .... 
ment requiring lupric.:;tion is collected and sent to the C-750 garage 
for storage and eventual sale. Welding fUtD,es are discharg~d through 
roof vents from botn general and local exhaust ventilation. 

2.3.6.7 Gar3ge, C-750 

The C-750 garage pr¢v:i.cies the facilities for repair and servicing 
of automobiles, tov trucks, fork lifts, trucks, and similar equipment. 
The facilities include gasoline and diesel fuel dispensing, lubri~ 
cation pit, washing rack, and maintenance bays. As stated above, 
the garage provides steam cleaning for some electric as well as auto
mobile motors. A buried storage tank is used to collect "W'aste crank
case oil and "W'aste oil from other plant activities. A contract 
waste eU reclaitD,er picks up the oil "W'nen a suff·icient quantity is 
accumulated. 

2.3.6.8 Plant services building, C-724 

The Plant Services Building contains a rigging loft, carpenter shop, 
and paint shop. The rigging loft has no effluents. The sawdust ex
hausted from po~er saws is collected by an itlertial cyclone separater 
and is buried in tne sanitary landfill. The paint shop uses a water 
scrubber on the exhaust of the paint spray booth to collect overspray. 
Paint and thinner residues are collected, poured into 55-gal (209-1) 
dr1.Z:lS and shipped off-site for reclamation. 

2.3.7 Laboratorx facilities, C-7l0 

Various laboratgry faciliti~s 'Within the Technical Services Division 
are housed in Building C-710. The Techni-cal Services Division is made 
~p of five departments: Classification and InforI:l.ation Services, J..na-
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lyt~cal Laboratory, Environmenal Control, PTP and Systems Technology, 
aI).d Process CUld Materials Technology. Out of these five departments, 
only two utilize laboratory fac:i.l.ities yhich 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 tyO departments are described in 2.3.7.1 and 
2.3.7.2. 

All sanitary eff:i.uen ts from C-7:1.0 ate discharged to the sanitary sey
age system. Effluents from the laboratory facilities are di~charged 
to the southyest ditch yhich floys into Big Bayou Creek. Appendix A, 
Table A-3 s~rizes the yeady effluents fr01ll the lapo~atory fad.J.i
ties. 

2.3.7.1 Analytical Lab~ratory De'Oartment 

ROutine set'Vict;!s 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 
accordance yith established specifications-oils, coolants, che:::dcals, 
metals, etc. 

The lab is involved in finding solutions to specific plant problems and i~ 
providing consultation, theoretical solutions, and experimental york 
of an origin~l 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 Y3stes are of insigni
ficant quantities, but are given a degree of equalization in a collection 
pit south of C-7l0. 

2.3.7.2 Process and Materials Technology Department 

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

Chemical 1'echnology conducts research in environmental control ::lethods 
and- designs experiments to reduce effluents f·r01ll variolls chemical pro
c~sses, including the use of monitoring devices in problem area~. 
Special projects range from testing chemicals on material integrity 
to developing ney cleaning methods for out-of-service coolant con
densers. 

Diffusion Technology. provides technical support fer the C-490 and (;-720 
converter" assembly and testing facilities. The group also conducts 
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perme<ibility tests on converters in the test fac:1.1.:f,.ty and is respon
sible for determining the separative quality of the barrier i~ the 
different cascade stages. A laboratory system is now being con
structed to facilitate more extensive barri~r testing. There are no 
contiIluous or 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 Plant, C-601 

The Nitrogen Pl~nt is located in C-601. The generating equipment 
consis'ts of a compressor.' air dryers, a separa~ion column, storage 
fac~,lities, and piping. It is designed to produce 150 standard cubic 
it (scf) (4.2 m3) of nitrogen per minute. 

Gaseous nitrogen is used ~t the Pad~cah G_seous Diffusion Plant chiefly 
for purging or iIlerti:lg various UF6 processing systems; liquid nitro
gen is used as a low temperature refrigerant. 

Liquid effluents from the nitrogen facility consist of lubricating 
oil 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 stonn sewer Y"ith condensate from the compressor and the 
entrainment separators. The effluents from the nitrogen facility 
flow into the oil skimmer ditch and finally into Big Bayou Creek. 
The oil is first skimmed with a bel~-type skiII:ID.er in C-600 before 
going to the storm sewer system, served by the o~,l skijIimer at the "west 
perimeter fence. It i!i skitImed from the' ditch before the ;.;oater is 
di$charged to the creek and is dru!il::led for salvage. 

2.3.9 Air Plant Facilities, C-335, C'-600 ,an,d C-620 

The air plant facilities ate located in buildings C-335, C-600, and 
C-620. ~u:i.ldings C-335 and C-620 contain two electrj,c-powered com
pressors each. ~JO stea~po;.;oered <iir compressors are located in 
C-600. The six cOl:l.pressors, are capable of producing a total of 
26 x 106 s~f (7.3 x 104 m,3) of clean dry air per day. 

The plant air distribut~on system is used primarily for process systems 
and instrumeIltat~ot:l. The air is dried to less than 50 ppm ;.;oater and 
supplied to the plant distribution system at 88 ps:i. (606 k fa). 

A typical air-plant floy d:i.agram 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. Approximately 6 pints 
of oil are used for lubrication durin~ the daily operation of 
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the tyO electric cempressors in C-620. Oil mixed 'With cooling yater 
and condensate from co.mpresso.r-associated equipment flo'lo1 thro.ugh an 
oil reco.very system and into the 340 efflue~t ditch. The 340 effluent 
ditch exists en the plant's east side and fleY5 into Little Bayou 
Creek. An oil co.llection system intercepts floating oii. 

The steam engines used to poyer the ~ir compressors in C-600 require 
appreximat~lY 3 gal (11.4 1) of lubr:i.cating 6il per day yhen 
operated. Th~ compressors themselves require app~oximately three 
pints (1.4 1) of .lubricating oil daily. C-600 is equipped yith an 
otl skimmer to. remove this oil before the condensate and ceeling 
yater enter the effluent ditch. 

2.3.10 Fluorine Plant,C-410 

Fluorine fer use in the va~ious precess systems is produced ~t C-4l0 
by an electrolytic process diSsociating anhydreus hydro fluoride (Rr) 
in a petassium bifluoride electrolyte. Hydi'og~n, containing some en
trained HF, is vented to. thi! atmosphere through a mist ~lim:i,nator and 
a fl~e arrestor. A maximum of 300 lb (136 kg) of RFis vented to 
the atmosphere 'With the hydrogen gas each year. the fluorine plant 
has the capacity to preduce over 10 tons (9 T) of F2 per day. Ho'W
ever, 'With the UF6 manufacturing plant shut doYD, only 500 to 1500 
lb (227 to 68l kg) of F2 are produced per ~onth. 

Four fluorine cells, or generators, are presently employed to produce 
fluorine. The fluorine is then pumped to one of three 1000 ft 3 (28 m3) 
storage tanks to be used as needed. 

Failed or defective F2 generators are not repaired but are replaced by 
one of the spare generators ava:l1~ble. L'1e defective generator is 
stored with the electrolyte in a frozen state yithin the electrolytic 
celi. 

2.3.il Anhydrous Ftydrogen fluoride storage faciiity, C-4l0H 

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

TheRF 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-4l0. The transfer header is equip·ped 'With flov-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 signif:i.cant release. The storage 
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'tanks are lolithin a 2 ft (0.6 m) deep concrete pit and HF sensc.:s are 
. placed at various locations in the facility. In the event of an HF 
release, an alarm lolil1 sound. Plant emergency squad persoImel may 
manually activate a fog nozzle system to absQrb HF f~olll 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 \.later treatment facilitv, C-611 

The C-6ll 'Water treatment plant supplies all the 'Water requi-::e!:lcr.ts 
for the facility. Aft average 26 (million gallons per day) [98 million 
liters per day] is required at the present 'With a peak of 30 to 32 ~2d 
(i14 to 121 mld) expected usage for uprated operations.-

The 'Watet treatment process is based on conventional 'Water treatment 
techniques 'Which include softening, coagulation, flocculation, sedi~ 
mentation, and chlorination. A sche~tic diC!gratll of the C,.61l facility 
is sho~~ in Append~ A, F~g. A-4. 

Raw 'Water is obtained from the Ohio River through an intake station 
at the TVA Sha-wnee Po'Wer P~ant anq pumped through water-softer.i~g 
units a~ the 'Water treatment facility. The 'Water is chlorinated and 
flocculated i~ the mixing basin. Approximately 99% of the suspended 
solidS are settled out in four reinforced, concrete-lined settlihg 
basins with a total capacity of 12 ~llioft gal (45 x 106 1). 

After the sedimentation process, approximately l5i. of the 'Wate~ is 
f~lteted,postchlorinated, and pumped to the sanitary 'Water dis~:ti.

bution system (subsection 2.3.14). The remaining 'Water is pu::::ped into 
the plant 'Water distribution system for use as once-through cooling 
'Water or fat use in the recirculating cooling 'Water system. 

'.'aste effluents 'With high solid content are generated at C"'-oll as a 
resu~t of the softening process and during sand filter back'Washing 
and sludge re.:loval from the settl:i.ng basins and mixii'lg basins. This 
sludge is accu::::ulated at a rate of about 5.5 tons/day (5 T/ca) in 
t".070 lagoons ~'hich are connected in series. Typical composition of 
the s.ludge is shoYn in the follo'Wing tabulation. The sludge is removed 
from the settling basins several times a.year and the filters are 
backwashed t'Wo or three times a day. Sludge is blo'WD do'WD fro: the 
softeners several'times a day to the t~o lagoons leading to the NPDtS 
discharge point. 
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C-6ll SLUDGE COMPOSITION 
Substances 

Aluminum hydroxide 
Calcium carbonate 
Ferric hydroxide 
~gnesiu.m hygroxi,de 
Manganese 
Silicon dioxide 
Silt 
Titanium 

Wt·l 

2 
50 
10 

4 
3 
6 

26 
1 

The only liquid effluent from the .... ater treatment facility consists 
of the supernate liquid floYing from the second lagoon. Approximately 
0.7 mgd (2.6 mJd) are discharged into Big Bayou Creek. Typical 
supernate data are presented beloy. This lagoon effluent is per
mitted under the NPDES system yith limits on pH (10) and on suspended' 
solj.d$ (50 mg/l). 

C-6ll LAGOON SUP~RNATE LIQUID 

COD (chemical oxygen demand) 
Floy 
pH 
Suspended solids 
Turbidity 

2.3.13 Recirculation yater system 

15 ppm 
0.7 mgd C?6 mld) 
9.0-10.0 
15 ppm 
9 ntu 

An efficient coolant system is an integral part of gaseous diffusion 
plants. Approximately 907. of the electrical energy consullled on the 
plant site is converted to heat in the enrichment process .... hen UF6 is 
compressed to force it through the stage converter. The recirculation 
1.."ater system removes this heat of compression, from the pr6ces~ ga$, 
along yith yaste heat from a fey auxiliary processes, and dissipates 
this energy to the environment. A flow diagram is presented in 
Appendix A, Fig. A-5. 

The double-loop cooling system employed is designed to reduce the 
possihility of yater contacting the proc;ess gas. The primary loop, 
utilizing freon (R-114) as a heat,tra.nsfer medium, removes thermal energy 
from the UF60 This thermal energy is transferred to the seconaary 
loop, recirculating cooling 'Yater, .... hichreleases it$ energy to the 
atmosphere itt IIlechanit.a.l cooling toyers. The cooied yater is then 
pumped back t.o the heat exchangers through the building supply piping 
syste:ns ° 
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'There are 14 cooling tovers (six old and eight new); all of vhich viII 
be needed when the plant reaches its uprated capacity. 

Air is both heated and hum,idified as it is pulled through the towers 
by fans. The amouht of humid~fication depengs on the moiSture content 
of the air; thus, ~he rate of evaporation of the recycle cooling 
water varies vith weather conditions. .As vater falls through the 
to'lo1ers, ;t is broken into small droplets, some of which are carried 
out of the tower with the heated air or blown out the side of the 
tower by vind. 

?vaporation of recirculating water concentrates the dissolved sotigs 
that are present in the makeup water, in the corrosion ~nhibitor, and 
in sulfuric acig used for pH control. The concentration of solids, 
especially the carbonate and sulfate ions, must be controlled to pre
vent fouling of the vater-cooleg condenser heat transfer surfaces. 
The control is obt~ined by continuously removing some of the vater. 
The discarded vater, referred to as blovdown, leaves the cool side 
of the system at the basin temperature (about 95F, 34C). 

Tne total amollnt of blo~down vater depends upon the plant power 
level, the concentration of dissolved solids in the makeup water, 
and the number of cycles of concentration allovable. Dissolved solicis 
concentration in the makeup w~ter is minimized by the vater .... softening 
process at the C-611 Water Treatment Plant where the calcium and 
~gnesium c~rbonates are reduced from typically 100 ppm to 30 ppm. 
Hovever,:i.Ii addition to the constituents of the makeup water, a 
chromate-based corrosion inhibitor is added, the pH is maintained 
at 6 to 6.5 with sulfuric ~6id, and chlorine is added to control algae. 
Despite the inhibitor, some corrosion of the steel pipes an4 copper 
tubing occurs. addin~ these dissolveg and suspended solids. Leaching 
of wood preservatives by the water is Cissumeci, but not detectable 
in the water. Cooling to~er cells are taken out of service each 
year for spraying with Betz F~l6 fungicide, which contains about 20% 
pentachlorophenate. The chemi<;al feeds to the recirculating water 
are presented in Appendix A, Table A-4. 

2.3.14 Sanitary sewage treatment faCility, C-6l5 

The C-6l5 sewage treatment facil~ty processes the sanitary waste water 
from the Paducah plant prior to discharge into Big Bayou Creek. The 
facility was des1gn~d for a 3,000-person loading and a maximum in
fluent flo'W of 0.8 mgd (3 mld). 

:Influent enters a comminuter 'Which grinds up large debris before it 
enters a 20,000-gal (75,700.."..1) settling basin (Appendix A, Fig. A-6). 
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This basin is equipped Yith a collector and a ~kimmer to remove floating 
s~11ds. This settling removes approximately 50 to 65% of the suspended 
solids and 25 to 40% of the BOD. ThiS is a preli.lIl:!.nary step to the 
biological treatment units. The biological system is a 40 ft (12 m) 
diameter tI'ickling filter. The secondary effluent guideline is an 
85% removal for the biological oxygen demand. Effluent floys through 
a 17,000 gal (64,300 1) secondary settling basin yhere mote solids 
are r~moved. 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 ft 3 (207 m3) anaerobic digestor to decompose the yaste to 
methane, Yater, and C02' Small amounts of methane are vented to the 
atmosphere during th~ process. The digested sludge, app~oxi~tely 
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 i,5 prE!sented beloy. 

C~6l5 SLUDGE COMPOSITION* 

Component 

Nitrogen . 
Phosphorous 
Potassium 
Uranium 
Orgl;ni~ . 
*pH - 5.2 

Wt i. 

1.5 
0.85 
0.005 
0.1 

97 

The fiI1al treatment is chlorine-tion 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 drainage ,.system 

The storm drainage syste:n ofseyers, culverts, and ditches collects 
surface runoff from buildings and grounds and empties this runoff 
~nto either, ~ittle Bayou Creek, on the east side of the plant, 6r 
Big Bayou Creek to the yest. This system is also used to conduct 
the effluent from some of the process facilities, such as cooling 
yater from the dry air and nitrogen plants and final rinse Yater from 
the C-400 decontamination facility ·'(Fig •. 2.3-1). 

l"eekly composite samples from noo of the drainage ditches existing on 
the plant site are collected and <iiialy::ed. Average flo\o1 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 located in Little Bayou and Big Bayou Creeks (subsection 
2.3.23). 
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Table 2.3-2. Monthly monitoring of C-6l5 
sanitary sewage treatment facility 

No. of 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 
(S5), ppm 

Effluent 55, ppm 5 3 18 9 !1onitor 
Reduction of SS, 87 

pe:.-cent 
Effluent total 3 2 6 <3 ~~ 

coliform, per 
100 m1 

Effluen t fecal 1 <2 <2 <2 200 
coliform, per 
100 ml 

Influent BOD, S 59 138 86 Monitor 
ppm 

Outfall BOD, ppm 5 6 15 12 15 (10) * 
Reduction 9f BOD, 0 0 a a 

% 86 
Effluent uranium, 25 0.012 0.030 0.019 

ppm 
Effluent Cr04, 25 0 (j 0 

ppm 
Chlorine feed, 11 

ppd 
Flow, mgd, . - 0.187 0.337 0.3i9 Monitor 

metered 
Recycle flow, 1.339 

mgd, metered 

*1981 draft ~~bE5 permit 1i~it for BOD is 30 ppm 

2.3.16 Full flow lagoon 

Effluents from the C-400 decon~a~!p~tion facility ~nd the ~-600 steam 
plant, and leachate from the C-404 radioactive waste burial area, flow 
~nto the C-616F detention basin prior to discharging into Big Bayou 
Creek. 

The detention basin was originally designed to serve as a settling 
basin for the chromium treatment facility in ~he event of a clarifier 
I:lalfunction. However, in July 1977, the storm sewers from C-600, 
C-404, and C-400 were routed through the detention basin to provide 
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settling for fly ash from C-600 and small amounts of 10'Wlevel radio
active cont~~inants from C-400 and C-404. 

~.3.l7 Radioactive 'Waste systems 

Urani~ removed from the process other than in the product or tails 
streams eitber goes through the C-400 NaOH precipitation for eventual 
material recovery or goes to radioactive 'Waste. IIllPure uranium having 
assays (235U to total U ratib) of less than 0.5% is considered non
recoverable and therefore in the 'Waste category. Radioactive 'Waste 
sludges from the C-400 lime precipitation containing this lo'W assay 
uranium, low concentration!? of 99Tc,and traces (less than 10 \.lCi/gram) 
of transuranics are buried in the C~404 Radioactive W~ste Burial Area. 
Oth~r materials going to the C-404 facility include contaminated 
debris from the process a:reas and vacuum cleanings and impure UF4 
from the C-400 green salt. screening and drumming unit. 

The C-404 bUI:'ial area 'Was converted from an existing holding pond. 
The pond 'Was constructed on ~ 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 frotil i3. 
uranium SlIlelter. It is no'W ~iJled to the top of the dike; drums are 
stacked in ro'Ws and additional dirt cover is placed on the drums. 
The final clay cover 'Will be packed and sloped to prevent raifl'Water 
absorption and leaching of the burial area. 

The C-400 litile precipitation process is considered a radioactive 'Waste 
treatment system. The system and its typical discharge ~re described 
in subsection 2.3.4.1. 

The C~3l0 purge cascade is not considered a radioactive 'Waste system 
unit. Ho'Wever, the final stages of the purge cascade strips essentia:n.y 
all the UF6 from the purge gases and permits the light gases to be 
discharged to the atmosphere. 

2.3.18 Biocide. 

The Paducah plant uses many pesticides. Bulk use of these agents is 
handled. by the pl~nt's Roads and Grounds Department under the SUDer
vision of plant personnel 'Who have been certified by th~ Common'Wealth 
of Kentucky as privC1~e applicators. There is no environmental 
monitor1;lg for thesE!. compou1:lds. ApPJ..icCltion "f Betz F-16, 'a penta.." 
chlorophenate-based fungicide, on cooling to'Wer 'Wood is discussed in 
2.3.14. 

Chlori~e is added to the recirculating cool~g 'Wetter (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 
1 month NPDES 

?~rameter (ppm) Require:nents (max) 

Chromium (total) 0.16 0.5 (1. 0) 
Chromj.um (CR-H)) 0.005 0.05 (0.1) 
Zinc 0.26 0.5 (1. 0) 
Copper 0.08 0.5 (1. 0) 
Suspended solids 0.0 30 (45) 
Total dissolved solids 1848.0 
Fluoride 1.05 
pH 8.7 6.0-9.0 
Turbi4ity 2.0 ntu 
oil 1 grease 6.0 10 (15) 

2.3.19.2 Waste oil 

Approximately 22,500 g~l (85,200 1) of various grades of waste oil are 
generated annually. Approximately 5,500 gal (20,800 1) of the clean ~aste 
oil are used in the air intake filters and fot s .... eeping compound; 9,000 gal 
(34,100 1) are sold to a salvage company. 

The remaining 8,000 gal (30,300 1) may be cohtamin?ted .... ith r.::;dioactive 
materials and other i~purities such as various types of oil, cleaning solutions, 
solvents, ~ater, etc. Slightly contaminated oil is now being accu~ulated for 
eventual incineration in the C-600 boiler. 

Uranium emissions from C-600 due to burning of contaminated oil were calculated 
to be insignificant .... hen compared to the uranium normally found in coal and 
in the ash resulting from burning coal. . 

2.3.20 . Sanitary landfill 

The present sanitary landfill employs a cut-and-fill burial technique. This 
landfill is circular and covers approximately :} acr~s (1. 2 ha) outs~de the 
south .... est 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 gener*ced each year and disposed 
of in the sanitary landfq.l1. About 27. of the material comes from the 
plant cafeteria. The remaining debris is composed of ~*ste paper, 
cartons, pallets,and silllilar waste. 

Big Bayou Creek flows near the eastern edge of the landfill. Surface 
runoff and some leachate drain into Big Bayou from the d~sposal area . 
Leachate analyses are s~arized in Table 2.3-4. 

Table 2.3-4. Detectable Trace Elements 
in Landfill Effluents 

Sanitary Big Bayou Creek 
Landfill below Sanitary 

Ele:nent Leachate (mg/l) Land f ill~ (;!)S! / 1) 

AI 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 

?roble~s with fugitiv~ dust fro~ ash disposal are experienced during 
the dry summer months. Fugitive eust is controlled by wetti:1g the 
dusty areas with water and covering the inactive portion of the land.,. 
fill with dirt and vegetation. Decomposition gases and odors have 
not been problems at this site. 

The current landfill will be closed out in 198~ when a new landfill 
to be located on the north side of the plantsite (north of KY Route 386) 
is operational. The current site will be contoured, and capped with clay 
and veg~tation. The pteliminary design and soil survey for the new 
landfill was submitted to the Kentucky Department of Natural Re-
sources and Environmental Protection for comment.. The construction 
and operation is subject to the Kentucky pertUit system. 
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2.3.fl Burial grounds 

There is a total of 22 burial sites managed by the Paducah Gaseous 
Diffusion Plant (20 inside a.nd t'Wo outside the perimeter fence) •. Only 
four of these sites are active at the present time. the other 18 have 
be~n filled and earth capped. 

A description of the burial grounds and the types of scrap bu=ied 
are presented in Table 2.3-5. The location of each site is sho"'I1 in 
AppendiX A, Figure A-8. 

Ground'Water samples have been taken monthly from t'Wo monitorin2 -.;ell~ 
for several years and have not indicated any leaching of the burial 
grounds. A seties 6£ samples from shallo'W borings also did not indi
cate grounchvater contamination. All s~rface 'Water flo'Wing from the 
plant site is monitored at the 'Wa,ter monitoring stations on Big and 
Little Bayous. 

2.3.22 Effll.lentand environmental monitoring 

The environment of the PGDP is continuouslytilonit6red by air and 'Wate:
samplers and monitors. Grass sampled at established locations is 
also used as a monitor for ambient 'gaseous fluorides. An annual 
report of the monitoripg has been issued each year fot 20 or more 
years. Distribution is made to the DOE and to area ne'Ws media. 

Locations of all PGDP routine monitoring points are presented ift 
APpendix A, Figure A-9. 

2.3.22.1 Air monitoring 

Ambient mohi~oring is accomplished by a net-.;ork of ten continuous 
monitoring stations. Air filters are changed out 'Weekly, then 
analyzed for fluorides and counted fot gross alpha and gross beta 
radioactivity. Compliance 'W~th the Kentucky ambient fluoride limit 
(2 ppb HF 'Weekly) is detetmined by the monitoring data ~nd results 
are summar:i.~ed in annual Environmental Monitoring Reports(3). 

Stack effluent data a.re obtained routinely from the C~400 UF4 pul~ 
verizer exhaust; and from the C-310 purge vent. Emissions from the 
C-400 pulverizer exhaust through a bag filter. A sample is 'Withdta'Wn 
continuously from the stack and particulates ate cQllected on a thimble 
fj.iter. This thimble filter is changed out monthly and analyzed for 
uranium. 



- - !- -
Table 2.3-5. 

She 
Ducrlptlon Location (It)· 

Uunlw. burial around C-149b 160· x 200 

SolId ·radlo.ctlve C-404 11 I') 1 Ii )80 
VI.tl dl~po •• 1 Ir •• 

Clae.ICI.d Icrap ·C-146-' 11S I( 41)0 
burial yard 

Trl.h burl.1 .r.a Aru A 68 II 17S 

~-)40drull .nd con'· Area P 10 II 20 
1.:ln.tl" b~rl.l 
IU' 20x 28 

10 II 1rI0 

Sanitary hndClll C-1~6-1C 400' dlollder 

~ubcrntr~ctrr.' dll-' Ar .. r 1000 II 1000 
card are. (near nev 
unltltY landfill) 

- -.- - -, - - -
Areas used for burial of scrap ma~erials at 
the Paducah plant throughCa llenJar Year 1979 

Depth Depth 
Aru, oC 1I0ie oC Earth Prillary Type oC 

(It)· (It)' Cover Ht)' Perlod oC UHe SCUI' anrlcd 

29.,800 4 19H-1911 PY,roplllir I c· u rail I UII 

lIelol 

)2.000 6c 19S)-I,)H Liquid voRleH '(roil' 
C-400 

6C .6-8" 'I?S 1-Preaent "Iellh plant ac:rftr. 
reject UF',. f fl'ler 
cake 

10.000 8 4 1967-Preaent Cloulf led,1I3terll1a 
not vorlhy recover, 

18.100 \0-12 4 1962.,1967 Honcollbultlble 'Iruh· 
1961-1979 Noncombustible t'flsh 

(closed) ond contallinated 
comlluatlbl. trash 

200 6-1 ) 19~1~195,) ,Empty conlelll"ated 
!III,vde r d rUll5 

560 6-1 ] 1911-19.12 Hhc. ,coRtl.lnaled 
Nterld , equlp-
lIent 

1,100 • 6-1 3 1912-1918 IIr .. nl,,1O contaminated 
dru .... 

125.(100 20 1-2 1961-rrcucnt HonconuOIlnol,.d co .. -
buallble IrAS" nnd 
ate301 plant ash 

1.'100,000 'Hone to Hune (0 19S1-Preuent Conatruct Ion ru~b1ah 
various varlu". Indlletr IDI landc III 

(l'erlOlt pend I h8) 

- -

quiRt It, oC Perunt of 
Scrip 8urled l Area Uud 

210 Short Tu; H 
59,000 aal' olil 

2,900 rcau 

3,200 Short lU J) 

1,800 tons n 
N 
I 

90 w .,.... 

51/-1) d rU'1i 100 

100 

n 
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Ducr.l"t 1011 loeat'lon 

Cllnl~nlnJI.d S~lap Ar .. a 60 • 172 
!lurl..1 uu A ttl " C 60. 160 

.'ua C 21 II 122 

\:.:.nc,.lo! burI..!l .rf~ Area " U " 14) 
Are .. [ 1~ II 99 

~!.1,n .. III" lerap Aua II 12 " 15 
burlal area 

hh.ust fan bur lal Area 8 II 15 
Irtl' 

Conll"I:lU"d dUlI1nulD AruJ 31 II 100 
burlal.::rea 

~L1'ne'hi. Icrap Aru K 1'2 II IS 
IIurhl' area 

~"'dln. trap burl'll Aua l 20 " )0 
Hea, 

!lot .. 1 "",' yard Area, H a. so 
,bur lal area SO • ISO 

Cheolc~l valle yard Arn 0 80' • 230 • 
120, II 280 Cd) 

• Approll •• u. 

- -
Table 2.3-5. 

Ar.,,_ 
(ft)-

21,000 

),6~0 

1110 

ao 

4,000 

180 

600 

8,)00 

28,000' 

Derlh 
of 1I0h 

(ft),11 

6-7 

'6-7 

6 

8 

6 

6 

6 

15 

-' , , - -
(Concluded) 

lIerth 
of Earlh 

Cover (,f,t)lIr"r I",' of Uoe 

1 19~8-1962 

1 1960 

) 1971 

~ 1966 

) 1960-1962 

1 1968-1969 

) 1969 

2-) 19S2-J9~8 

1942-1945 

- -.- - ..... 

!'rlAary TYro of 
Sc rap Burl eJ 

IIollcullllouullo'o Iraeh; 
cont~lDln.ted 'and 
noneolllbust 1101. 1113-

,tcrlal , equlplll.nt 

(:oncr~U pieces fro .. lit· 
reaClor luybaua 

tlagncslull serup 

'EXhnllst hood blovn. 
contallllnot.d wIth 
,perelliorlc .cld 

C~lItGlDlnated alullllnulII 
'nl't •• bolt ... rlatel. 
et~. 

tla8ncslum leup 

CUllt ... lnated modln. 
trup 

Tra,h, "QturIQ1~ , 
e'1u1pment 

,Il.ltcrlols , equIpment 
frnll old KO~ .re. 
contomln.'IIed whh 
TIlT 

Quantity of a 
Scup Dur Jed 

200. lont 

10 fuH druml 

8 blow .. ra 

'IOO-HO ·full 
drum. 

20 ,full drill ... 

1 tup 

'ercent of 
Area U .. ,d 

100 

100 

100 

100 

100, 

100 

100 

100 

100 

b" ,.."nltorln. veil 'loc.ted Gl'l'rolllaatdy 8~0 ft nurth "f Ihen .rc.H h oamp1ed: .. onthly to check the Ud:cr lA~I" :for urnlll" .. , fluoddes, And Ilph~ end, btu 
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Grab samples are obtained month1y from the C-310 cascade purge v~nt 
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 S02 analyzer 
was instaJ.led on the two coal-fired boilers at C~600 . 

Particulate emissions have been ~easured by EPA Method 5 ar. the 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 Kentucky parti.:ulate emission limits. 

2.3.22.2 Effluent liquid mQnitoring 

Environmental and effluent water samples are collected routinely from 
a number of locations including Little Bayou Creek do'toffistream of plant 
discharges, Big Bayou Creek and the Ohio River upstream and dOw"nstre<im 
of pl~nt discharges, and groundwater s~mples from wells in the atea. 
Monthly grab samples are taken at all locations. Samples are routinely 
analyzed for hexavalent chromium,. uranium, alpha ancf beta radioactivity, 
pH, fluoride, and nitrate. The stations on Little Bayou and Big Bayou 
are continuously monitored for pH, conductivity, flow, temperature, 
and disso,Lved 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, ang oil and grease in addition to the 
parameters mentioned above. 

A Parshall fluDie is used as a flow ch~nneling device and flows are 
measured using a bubbler and I!ICinometer. The monitoring instruments 
ate housed in a heated ~andal~resistant shelter. 

In-plant effluent samples are obtCiined routinely on the Sout;h-North 
Diver$ion Ditch and on the West-East Ditch exiting the plant near C-340. 
Continuous 7-day sa¢ples are obtained weeklY for analysis using a shop
made water sampler. Effluent samples are also collected rout:i.nely 
from the filtrate fr~m the C-400 decontamination solution treatment. 
Each filtrate batc~ is ?nalyzed for radionuclides and fluorides. 
Water collected from the C-404 radioactive waste burial faciJj.ty is 
analyzed for uranium, nitrate, and fluorides before being released to 
the drainage ditch. 

2.3.2~.3 Veg~_tation and soil samples 

Bimonthly vegetCition sax;nples are obtained fro:n 17 locations. 
collected, allowed to dry, and then ground in a c1Jttillg mill. 
are analyzed for fluoride. 

Grass is 
Samples 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

2-34 

Soil samples are obtained a.rinually from ten locations. Samples are 
dried, pulverized. and analyzed for radionuclides. Stream sediment 
samples are also collected annually and are analyzed for various 
radioactive and nonradioactive parameters. 

2.3.~3 Transportation 

2.3.23.1 Production materials 

Nuclear macerial is received and shipped by rail and trucks. 

All shipments are made in conformance with DOE Manual Chapte'rs 2405 
and 5201, the Department of Transportation (DOT) regulations eFR 49, 
parts 170-189, and the International Atomic Energy Agency (~~) 
Safety Series No.6. Al.l UF6 shipping conta.iners must meet A::ilerican 
National Standards Institute (ANSI) N14.1-1972 specifications. All 
enriched UF6 having an assay greater :han 17. of 235U is shipped in 
steel cylinders enc;l-6seq in POE-DOT approv~d protective packages. 

UF4 (green salt) is packaged in 55-gal. (208-1) steel drums and is 
transported within the plant ~n pall-ets, on s~ecial trailers or trucks, 
and are handled by forklifts. UF6 cylinders are handled by special 
equipment, cylinder carts and qverhead cranes. Handling is minimized 
until the UF6 in the cylinder is completely solidified. The only 
equipment used to handle cylinders of liquid UF6 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. 

~ovements of nuclear materials inside the plant a;e handled by 
trucks, carts, and othe;, specially designed vehicles. Plant-approved 
transportation practices control the transportation of production 
materials. 

2.3.23.2 O_ther materials 

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 rOCid connect!> directly to u.S. Route 60. 
All shipping and receiving is handled th;ough Receiving, Purc:hasing. 
and Stores in Bul1di~g C-7~0. 
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2.3.23.3 Employees 

Most employees live within 30 mi. (48 Ian) of the plant. Personal 
automobiles are useci. Since there is no public transportation avail
able, many of the plant personnel use car-pool arrangements. 

2.3.24 Safeguards and securitv 

A comprehensive safeguards ~nd security pr~gram is maintained at 
the Paducah Gaseous Diffusion Plant to meet DOE requirements and to 
assure adequate protection for the enriched uraniuIll prod1.lced, the 
facilitie$ used for enrich@ent, and the classified technical informa
tion used in the production of enriched uranium. 

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 prod1.lction and the possible release 
of hazardous ~terials to the environment. Safeguards and security 
measures ~re designed to Ill~ke the success of sabotage efforts highly 
i~probable. Plant design is based on the principles of containment 
to minimize this pOSSibility. 

Z.3.~4.l Systems 

2.3.24.2 Physical protection 

The physical protection system for the Paducah plant includes trained 
armed guards, multiple physic~l barriers, strict access control to 
the facility and classified areas, ~ultiple communication systems 'With 
local law enforcement authorities, and security control faciiities. 
t'rotective 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 o~ leaving a 
cQntrolled access area~ . 

A guarg force is provided to conduct regular inspections of buildings 
and grounds to assure that there are no breaches of security. AdditioLal 
inspections are conducted when facilities are not attended by other 
perso~nel. . 

2.3.24.3 Nuclear materials. control 

A measurement program is used to establish the quantities of materi;;l 
received, shipped, and in inventory, perm;i.tting the timely notice of 
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apparent losses and the localization of possible lbs~ mechaniscs. 
These meas1,1rements also serve in process control, criticality control, 
environmental safety, and inventory management. 

The accountability measurement method includes weighing and detennining 
the volume of bulk material and analyses for chemical and isotopic 
content from representative samples. Jhe ~easurement of uranium iso~ 
topes in the dynamic gas phase in cascade equipment presents a unique 
challenge in engineering and chemistry principles because ite.::l"""by-ite~ 

accountability is impossible. 

2.3.24.4 Personn~l security 

~ew employees obtain access to the plant only ':;fter an investigation 
by DOE which estCiblishes t~at access can l?e permitted without endanger
ing the common defense and security. The extent of the investigation 

. is appropriate to the degree of access required. 

£::nployees of subcontractors requiting 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 empJ.oyed which includes the proI:linent 
display of a photographic badge by each indiviqual. Access, even 
by cleared individual~, is limited to area$ and information required 
in the performance of duties. 

2.3.25 Accidents 

2.3.25.1 Accidents involVing radioactive materials 

Criticality accidents 

Considering the nature of the ~aterial handled at the PGDP, in con
junction ~ith the controls placed on the handling, the probability of 
an accidental criticality at this fa~ility is exceedingly small. 
It is ·impossible to obtain an accidental criticality with uraniu::il 
enriched to less than 1 wt % 235U when dealing with the uraniu~ co~
pounds encountered at a gaseous diffu$iori plant. It is also ~possible 
to create a criticality with gaseous uranium hexafluoride. The 
~j6rity of the operations at the PGDP deal with either gaseous UF6' 
or with material at or below 1% enrichment, or a combination of both; 
such op¢rations are always ,",uclearly s~lfe. 
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Other areas possessing potential for criticality have been analyzed. 
Design parameters and/or administrative controls have been imp~e
mented to assure nuclear safety under abnormal operating conditio.ns. 
Some of the design criteria utilized in maintaining nuclear safety 
include: geometric sizing of process equipment, limitations on alloy
able mass accumulations, co~trol of potential moderating substances, 
protective sp~cingbetyeen uranium solutions, and installation of fixed 
neutron ~b~or:bers~ Some of the current administrative controls in .... 
elude: routine audits of all enriched uraniu~ areas by the nuclear 
safety s ta:tf; reviey of all equipment and procedure modifications, 
additions, or deletions; and annual criticality safety training ;0£ 
all operating personnel yorking 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 accidental criticality. 

Noncriticality accidents 

U=anium hexafiuoride releases outside of buildings 

The only credible accident scenario resulting in a significant UF6 
release out;s:i.cie of a building yould involve the breaching of a cylin
der containing liquid UF6. This cylinder breach.coul~ occur if the 
valve becomes damaged, if the cylinder should be dropped, or if the 
cylinder itself shc:>uld be punctured or cracked belay the liquid line. 
It should be .noted that in order for UF6 t:O be released through the 
valve damaging sequences, the cylinder yould also have to roll to 
such a position that the valve would be belaY the liquici level. Pro
cedures a~e i~ effect to assure safe handling of all UF6 cylinders, 
particularly those in yhich t~e UF6 is still liquid. These procedures 
include safe handling distances, safe load limits, mini!i1um solidification 
cooling per:i,ocis,and guidelines to assure the protection of the cylinder 
from· structural damage. 

Cylinders conta:i.ning liquid UF 6 are moved at three on-site locations 
(Le., C-3).O, C.".3lS, and C-337A; the product withdrayal, tails with
dra .. -al, ap.d. product sampling facilities, respectively). Valve pro- . 
tectors are required to be: secured over .the cylinder velive prior to 
any movelIlent· to guard against accident:al damage to the valve. At 
C-310 ap.ciC ... 315 the cylinders filled Yith liq~id UF6 a.re moved a".olay 
from the: yithdrawal positions on rail carts. Outside t;he buildings, 
they are lifted 9Y overhead crane and placed:in cooling positions 
yhere they remain until solidified. the total distance. travelled 
by crane is small. At C-337A, an overhead crane is used .to transport 
liquid UF6 cylinders fr0til the preheat bath to the actual sampling· bath 
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and then from the sampling bath to the cooling position ~here t~ey re
main until solidified. This cooling area is located immediately ad
jacent to the sampling bath, reducing the distance the cylinders ~ust 
travel ~ith the liquified UF6 . Fixtures or equipment presenting a 
sharp projection which could puncture a cylinder during transit have 
been removed or modified. 

During 25 years 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 666 kg release to t~e ~nvironment (0.~2 Ci 
of radioactivity). Using typical meteorological data for PGDP and 
dispersion modeling, this 666 kg release produced a ground concentra
tion of only 8 nCiim3 at the nearest residence. (This conse~latively 
assumed that the entire 666 k£ became airborne). The risk or developing 
a fatal cancer from inhalation is estimated to be approximately 
3.34 x 10-8 , or inconseQuential(4). 

Uranium hexafluoride releases inside ~uildin2s 

Uranium releases within buildings can be grouped into t~o basic cate
gories - releases involving liquid UF6 and releases involving gaseous 
UFo. Liquid UF6 releases may occur at either the tails or prociuct 
withdrawal stations ~here liquid UF6 is drained into cylinders, or 
at the feed vaporization facilities where UF6 is liquified in the 
cylinders in autoclaves. Gaseous· UF6 releases may result from failures 
of equipment operating above atmospheric pressure or from pigtail 
breaks at the feeding positions. 

In C-315 and C-310, liquid UF6 is drained into evacuated cylinciers. 
The flexible pigtail used to. connect these cylinders· to the drain 
li~e offers the largest potential for a liquid UF6 release. Lr t~~s 

connection is .broken, liquid UF6 could drain from the accumulator on:o 
the floor. To minimize the size of the release, UF6 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 
UF6 is also possible. To date, the largest release due to this type 
of accident at t~e PGDP was 414 kg. This release occurred prior 
to the installation of the shut-off valve. Since this installation 
the largest release from a broken pigtail has been 63 kg. A conservative 
esti~ate of uranium released to the environment from this incident is 
25 kg l assuming total vaporization and 40% escape from the building. 
This constitutes only 0.012 Ci of radioactivity, 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 :his type have occurred in 25 years. 

In the vaporization areas, a hydraulic rupture of a cylinder or a 
failure of an end plug can release large amounts of liquid UF6 to 
the interior of t~e autoclave. Only one 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 C1) 
rio the building, the drainage system, and the plant envi;ronment. 
There 'Was no detectable su~face uranium contamination outside the 
plant fence. No sigl1~ficant releases have oc.curred in a permanent 
vaporization are~. 

There is also a possibility of su~t*in~ng an accidental pigtail break 
at the vaporization facilities. Such a break 'Would release gaseous 
UF6 inside the autoclave. Gaseous UF6 could also escape intp the 
autoclave via a faulty valve or a leaky pigtai~ connection. T'Wo 
accidents of these types have released a total of 25 kg of uranium to 
the envitonm.ent in the PGDP operation history. 

Any equipment 'Which contains gaseous UF6 above at~9spheric 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 UF6 leak. 
Buildings, ~ven 'When not designated to contain UF6, act as a fairly 
efficient mechan~~lll to confine the release. It has been estimated 
that only about: 407. of the uranium released may ever migrate to the 
environment. At Paducah's top assay of 2.0 'We % 235U, a major release 
'Would still represent only a lll:i.nimalenvironmental exposure. At 
the present time, very little equipment operates at greater th~h 
atmospheric pressure at the PGDP. 

2.3.25.2 ~~onradioactive relea~es 

C!1e::nical s~ills 

Administrative and engineering contro~are used ~t PGDP to 
reduce the ?ossibil:i.t:y of chemical spills. These llle~~ures include 
the diking of bulk chemical storage tanks, emergency oil containment 
dams, routine inspection patrols, and employee spill prevention a'Wa~e
ness training. 

Ferrous. sulfate, nitric acid, sulfuric. acid, and trichloroethylene 
storage tanks, ~s 'Well as pentachlorophenol stored in drums, a~e stored 
in diked area~. Leaks from chromic acid, potassium hydroxide, and 
sodium bisulfate tanks 'Would flo'W to a collection sump outside C-400 
for recovery, neutralization, or pumping to the C-616 treatment 
fCicility. Spills of dry chemicals such as calcium oJtide and cupric 
sulfate are s'Wept 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 aite~ collection. 
Protection Cigainst an accidental chlorine release is accomplished 
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prim~rily by routine inspections. Shoulg a release occur, a ~ater 
fog would be used on the airborne release to minimize injury to human 
health. 

ails or PCB 

All PCB transfQrmers are diked. Floor drains near t:hes~ transformers 
and capacitors located inside buildings are seClled. Oil containment 
d~s loca,ted on each major plant ditch serve as backup containment 
for floating oil. The bulk fuel o~l storage tanks and proc~ss dta~n 
tanks are also diked and visually inspected for structurCil defects. 
The dikes are equipped with drains which are closed except to drain 
ra~fiwat:er. Damage to piping caused by vehicular traffic is minil':lized 
by careful location of pipe lines. Inclined pipe oil retention da~s, 
located on each plant drainage ditch, ytovide oil sepata,tion as well 
as containment should an oil spill reach the drainage system. The 
design of these dams permits overfl.ow only during very severe rain
storms. A spill conttol trailer is available on the plant; site for 
oil spill control and cleanup. Various types at equipment are·avail
able in this trailer to deal with spili~. 

Administrative procedures stress that operators are aware of syill 
control meas~res, oil unloading operations are attended, spill reporting 
and Q\.1ality Assurance plans are in effect, routine inspection patrols 
Cire conducted twice daily, and drain valves in cUkes are kept 
closed. 

RecitctllCitingwater (RaJ) system accident 

Potential exists for a large release of hexavalent chromium fro:::! RCW' 
lines or cooling tower basins. The chromium content of this ~ater is 
9 ppm. In one incident 300, 000 gal (113.4 million 1) of RC\~ were 
released to Little Bayou Creek when a tooling tower basin was over
filled. This quantity of chro!il:lum was below the EPA reporting li::lit 
but exceeded the NPDES limit. The total quantity of chromium released was 
approximately 23 lb (10 kg). Instrumentation is in place to ~i~i~ize such 
releases. 

2.3.25;~ fires 

Two serio1,ls fires have occu~red at the Paducah Gaseous Diffusion Plant 
since it began operation 25 years ago. Both resulted in losses of froo 
2 to 3 million dollars. Since the first fire, a sprinkler syst~::n has 
been installed th~Qughout 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 lubrication oil collection pit, 
oil can be discharged to the storm drains by manually opening the 
valve releas:i.ng the oil to the plant drainage system where it ;.;ould 
be contained by the inclined pipe oil ret~ntion 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 wat~rplaIlt: basins. If the flow to fight the fire 
shou~d rise above 400 gp~. another pump activ~tes to compensate for 
the increased water usage from the tank. This pump draws fr-om the 
cooling tower bas~ns which are chrooated at 9 ppm. Potential i~pact 
exists for releasing chromated ;.;ater to the environment. Since im
ple:ll,enc:at:i.on. no chromated water has been released by this system. 

2.3.25.4 Natural disasters 

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 
release as a result: of these occurrences. 

Should PGDP experience significant ground movement associated · .. ith a 
major earthquake, three areas seem to be most vulne:rable. These are 
the interbuilding tie lines, the flanged pipe joints, and the dis
lodging of cylinders at the withdrawal positions. Depending upon the 
n~ber of openings created and the length of time that power is main
tained, the potentially released quantity of UF6 could be large. 
Estimates approximate this qUCintity to be 100 tons. .!.ssuming worst 
case disperSion qond:i,tions, evacuation of persons within 5 miles of 
the plant ::Jay be necessary. Procedures have been for:nulated at the plant 
to deal wi::h this t:)-pe of emergency. 

Associated W±th theUF6 release would be a corresponding release of 
HF. HF release rates from broken tie lines would be relatively slOw. 
Should anHF storage tank become dislodged or pierced, the liquid 
(which. boils at 69°F) could escape rapidly, with the potential of personal 
injury .. 

the effect of an earthquake upon the release of chemicals 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 of 20 lb/ft2. This corresponds to a 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2-':'2 

90 mph (55.8 km/h) ~ind speed. The r~currence interval for a 90 ~ph 
~ind at the Paducah site is once in 200 years. A 90 cph tornado ~ay 
be experienced once in 5000 years. 

The ~orst credible release ~hich could occur from tornado or high ~ind 
damage ~ould stem from a break in an inter-building tie line. The 
actual quantity of UF6 released ~ould depend upon the size of t~e 
break and the length of time before the line could be isolated. 
Emergency procedures are in ~ffect ~hich deal ~ith the consequences 
of such an event, including evacuation of surrounding communities, 
should it be necessary. A release sustained during high ~inas or ~ 
tornado is subject to extremely turbulent meteorological conditions. 
This reduces the probabilit:i,es of :ieeding to evacuat.e areas because 
of the increa~ed dilu~ion of the UF6 in the at.mosphere in conjunction 
~ith favorable,dispersion characteristics. Airborne and ground level 
concentr~tions ~ould be lo~er because of these conditions. 

Chemical st.orage t.anks could be ruptured by airborne objects arJ,ven 
by the high~inds. The diking around the majority of these tanks 
should be sufficient to cont~in these spills. Inclined pipe dams on 
all plant effluent ditches ~ould serve as secongaty containment for 
insoluble, floating materials. 

F100d_ hazard 

Flooding presents no hazard to operations at the Paducah plant. The 
J..argest flood to date in this vicinity 'Was recorded in 1937 at 347 
ft above mean sea level. The average elevation of t~e Paducah 
plant is 380 ft-33 ft above the highest ~ater mark ever recorded 
for this area. The usual pool level at the nearest dam is 312 ft. 
This places PGD~ ~ell above all potential floQd levels. 

2.3.25.5 Transportation accidents 

The majority of the radioactive shipments to and from PGDP consist. 
of UF6 and depleted UF 4 tot~ling approximately 2200 shipments per year. 
All radioactive transportat:"on activities are conducted in compliance 
~ith regulations established by the U.S. Department of Transportation and 
the u.S; Nuclear Regulatory Co~ssion. 

Throughout the "history of gaseous diffusion operations, there has never 
been a release of radioactive material from a trF6 cylinder becalJ.se of ~ 
transportation accident. There ~ere t"lo10 accidents involving radio
active shipments in 1977 "Which illustrate the survivability of the 
shipping containers ~hen subjected to an accident environment. One 
consisted 6f a derailment of 17 railcars. No cylinders received any 
appteci~ble damage. The other accident involved a tractor~trailer unit 
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yhich ran off of.the highyay, thrOYing the radioactive material con
tainers from the trailer. Again there yas no rupture of any cyl~hder 
and, no release of material. 

Normal safety precaut:ions in the shipping of UF6 cylinders include 
protecting the valve stem by securing a protective cover over it, 
shipping ()l)lysol1dified UF6 cylinders, shipping all product cylinders 
in protective overpacks, phasing out the limited use of thin-yalled 
cylinders for the transportation of notlllal or depleted UF6 in favor 
of thic~~walled cylinders, and shipping only cylinders in yhich the 
vapor pressure is beloy atmospheric pressure. 

2.4 DESCRIPTION OF POWER GENERATING FACILITIES 

Poyer is supplied to the PGDP by two electric utilities. The larger 
of the tyO is the Tennessee Valley Authority (TVA), yhich contracts 
Yith DOE for large power allocations in essentially the same. manner as 
yith other industrial customers in the TVA service area. Since the 
poyer supplied from the TVA poyer system is drawn from a network and 
not from a single plant, the impacts are not quantifiable and yill not 
be addressed in this assessment. 

The other supplier is Electric Energy Incorpor~ted, yhich has contractually 
dedicated 735 MWe of the 1050 MWe capacity of the, Joppa- Steam Eiectric 
Plant to th~ PGDP •. This poyer supply is lim,ited to one plant, discusseg 
herein. 

2.4.1 Joppa, Illinois, Facility 

The Joppa Ste~ Electric Plant is located on the north bank of the 
Ohio Rivet at approximately River ~ile 952 (km 1535). It is situated 
in southern IlJ.inois about 1 mi (1. 6 lan) yestof Joppa and about 8 mi 
(13 k;r;1)nor:th't,iest of Metropolis. The plant site consists of about 
624 acres (253 ha) which includes about 92 acres (37 ha)of abandoned 
ash disposal area, a"Q,other 55 acres (23 ha) of ash disposal pond pte.-. 
sently in service, and another 50 acres: (20 ha)of planned ash dis
posal f~c;il:ity. An easement ,to the Trunk.1ine G~s. Company by former 
oYners carries several high pressure natural gas lines from the under
water river crossing to the pumping station, yhich lies north of the 
plant property. The property is bounded by C&EI ~i,troad right-ot-yay 
and tracks on the east:, by count:y road F.A.S. 937 on, the north, and. by 
C&EI R.ailtoad propert:y illilnediately on the yest edge, beyond .... hich lies 
the Missouri .Portland Cement Company's Joppa plant. -
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the plant site is grade elevation 350 ft (107 m), about 60 ft (18 m) 
above Ohio Iq.verpool stage of 290 ft (88 m) eleVation, a,nd about 13 
to 18 ft (4 to 5 ~) a,bove past or expected 100-year flood sta~es of the 
Ohio River. Th~ C&Ej: Railroad, no~ a part of the Missouri Pa,cific Railroad, 
provides rail access for coal and miscellaneous incoming materia~s. 
The spur .feeds a 5-tra,ck "loaded" storage yard, which has accesli 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&E1 
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 intake and discharge structures, and mOle recently a w,aste water 
settling lagoon. A coal storage yard, main plant site, a,nd switch-, 
yards are located just north bt the river embank~ent. Three pairs of 
steel to~ers carry six 161 KV circuits across the Ohio River :0 the PGDF. 

The generating plant consists of six individual units rated at 181 Ml-l 
(gross) each consisting of Combustion Engineering reheat tangential 
fired boilers using pulverized coal. Each boiler supplies 1,200,000 
lb/ht (545,000 kg/hr) main steam at 1050 F (566 C) and t:ehea,ted 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 rE;ceived from 
rail suppliers and about half is received by river barge transportation. 

Coal is notil:l2.11y 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 ~hich 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 pulv~rized and burned in "dry" bottom boilers ~hete the 
ash produced either flo~s ~ith combustion gases to the electrostatic 
precipitators, or falls to the furnace bottom as "bottom ash." 30th 
ashes are transported hydraulically to the ash disposal ponds as heeded. 

Each unit had originally installed a mechanical ash separator with a 
design efficiency of 85% removal of dust ~hich ~as not more than 26i. 
under 10 micron size. These separators were unable to provide partic.,
ulate control adequate to m~et air quality reqtlirements of the State 
of Illinois. They ~ete removed afcer installation of the electro
static precipitators. 

The electrostatic precipitators .. ere installed in 1971-1972 at the 
direction of the Illinois Air Pollution Control Board, and ~ere pur
chased to meet the 98.6% removal specifications required by regula
tions. Each unit's precipitator consists of t~o 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, center, 
and outlet section is powered by its o~ transfor:ner ~hich is nO:-:;J,ally 
used to po~er both sections in half .... ave but may be changed to ?c .... ~r 
either section in full wave ~odes if required. 
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A significant 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 adcii.tive to their cement. 

Three chimneys, each 250 ft (76 m) high and 24 ft (7 m) top di~eter, 
are installed such that each chimney 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 ~ps) velocity and total volume from each chimney 
at full lo~d is about 1,346,000 ~cfm (38,100 acmm). The chimneys are 
co-linear with a NNE-SSW orientation and are 336 ft (102 m} and 
420 ft (128 m) apa~t. 

Cooling water is W'ithd".t"a'Wtl from the Ohio River by eight circulating 
water pumps of 600 H? ea.:h 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 ifnece~sary, passes through revolving screens, is pumped 
to the condensers, and Hows by gravity back to the river through a 
water conduit for each corresponding pair or units to the discharge 
structures. One discharge ~tructure serves Units 1 ... 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
qua.t~ 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 Act regul.itions as promul
gated by the new Illinois Pollution Control Board, it was necessary 
to pet:i,tio~ for a variance to continue to operate while installing 
new electrostatic precipitators. The petition was subm~tted 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 
coDling into compliance until September 1972. 

Illinois Pollution Control :Soard (IPCB) regulation Chapter 2 (Air 
Pollution) Rule 204(e) limits sulfur dioxide emissions with present 
ch:i,~eys to about 13,890 1b (6310 kg) 'of S02 per hour based on chimney 
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 502 in ambient atmosphere. 
A hearing was held in 1975 and evidence present~d. Further conferences 
resulted in a somewhat different compliance progr4m agreeable to the 
Illinois Environmenta.l Protection Agency, and this program was then 
subtHtt:ed to the IPCB as an amendment to the petition before the Board. 
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The Board approved and ordered the amenged program on September I, 1977. 
This progr~ consisted of: (1) construction of three new chi~eys 550 it 
(168 m) tall, (2) installation of an ambient air monitor for S02' and 
(3) limitation of S02 emission to 36,875 lb/hr (16740 kg/hr) through use 
of fuel blending by July 1, 1978. The program has now been completed. 

The IPCB adopt€!ci var~ous WCi.ter 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 overall compliance 
with the regulations. The program included: (1) construction of a 
new ash disposal pond and associated equipment to adjust the pH of 
th~ effluent to meet standard requirements; (2) construction of new 
secondary treatment for plant sewage which ~ntluded a retention, 
aeration, and chlorination facility; (3) rerouting of certain plant 
drains anci consolidation of effluents 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 compieted in 1974. A subsequent problem with pH of the 
settling lagoon effluent was solved by r~routing this effluent to the 
cooling water intake. A problem With effluent from sewage plant 
required on].y ID.odification of operating parameters to bring it into 
cOIllpliance. 

2.5 REFERtNC~S FOR SUBSECTIONS 2.].-2.4 

1. U. S. Department of Energy. 1980. Nuclear power program infor:nation 
and data. U.S. Departm~nt of Energy. March/April. 

2. Atomic Energy Commission. January, 1972. Gaseous diffussion plant 
operations.ORO-684. U.S. A~omi~ ~nergy Commission, Washington, D.C. 

3. Union Carbide Corporation. 1971-1978. Annual environmental monitoring 
reports: Paducah Gaseous Diffusion Plant. United.States Department of 
Energy. Union CCil;'bide Corporation, Nuclear D:i..vis~on, Oak Ridge, Tennesse 

4. U.S. Environmental Protection Agency. 1979. Radiological ~~pact caused 
.. by emissions of tCidionuclides into air in the United States. Preliminary 

report. EPA 520/7-79-006. Office of Radiation Programs (&~-46l), U.S. 
Environmental Protection Agency. Washington D.C. 
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3. CHARACTERIZATION OF THE EXISTING ENVIRONMENT 

3.1 PADUCAH GASEOUS DIFFUSION PL&~T 

3.1.1 Re~ional and local geom0r.phology 

The PGDP plant: site is located to the south of the Ohio River in an area 
of loy 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 
ft (115.8 m) above se~ levei at the ·plant site about 3.6 tilj. (5.8 
Jan) ayay. 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 
t-;hole. 

The reajordeterminants of surface geomorphology are the streams and 
rivers ~hose beds have become incised into the thick deposits of uncon
solidated loess, alluvium, sands, and gravels typical of the region. ~o 

surface outcroppings of consolidated tock 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 flo04 plain 
type of relief near the Ohio River_ 

3.1. 2 Geo102Y 

The eight-county Jackson Purchase Region is bounded on the east by the 
Tennessee River (Kentucky I.ake,), on the north by the Ohio R:!.ver, on the 
west by the Mississippi River, and on the ~outh by the Kentucky
Tennessee state line. McCracken County is at the northern end of the 
Mississippi Embayment, a depo!?itional basin filled with Cretaceous and 
younger deposits that unconformally overlie Pal.eozoic rocks. Structur
ally, the basin is • broad south-plunging syncline, the axis of ~hich 
coincides roughly yith the Missi~jippi River. (1)* 

3.1.3 Hydrology 

3.1.3.1 Surface yater 

The Paducah Gaseous Diffusion Plant site is located in the yes tern part 
of the Ohio River Basin. Surface drainage from the site is to t-.io small 
tributaries of the Ohio Rivet~ Big Bayou Creek on the west and Little 
Bayou Creek on the east. These t"Wo strea.ms join north of the site and 
discharge to the Ohio River at about river mile 947 (1524 km) "Which is 
about :)4 miles (55 km) upstre~ 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 extre:r;les of discharge at Metropolis, Illinois are sho1,..l1 
below for the period of record yhich began in jan~ary, 1928. 

Cubic Cubi:: 
:feet/second meters/second Gallons/Oay 

Discharge Ccfs) (ems) (gpci) 

Average 265,000 7,500 1-' 1- y. 109 

Maximum 1,780,000 50,380 1,150 x 10 9 

(Jan. 1, 1937) 

l-f.inimtn l5,O()Q 430 10 x 109 

(July 30, 1930) 

The maximum gage height recorded (Feb. 2, 1937) at the station is 
66.6 it (20.1~) 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 g~ven in Appendix E, Table B-1 for the 1971, 1975, 
and 1976 w~ter-years (a Yater~year is from October through September). 

Big Bavou Creek 
Big BayouC~reek ~n4 i~s tributaries drain an area of 18.6 mi 2 (48.2 
1cn2), including that of Little Bayou Creek. The basin is about 8.3 
mi (13 m) long and has an ave~age length to width ratio of 3.7. 
lotal relief of the basin is about 16d ft (49 m) ~ith elevations 
ranging from 450 ft (137 m) at the headwaters to 290 ft (88 m), the 
normal pool elevation of the Ohio River ?t this location. Stream 
gradiehts decrease from about 75 ft/mi (14 m/km) in the extreoe 
upper part of the basin to 10 ft/mi (2 m/km) or less ne~r the Ohio 
River. 

Little Bavou Creek 
Toe area of the Little Bayou Creek basin is 8.5mi2 (22 k.m2) 0::- a 
little less than one-half the size of the Big Bayou Creek Basin. 
The b~sin is 6 mi (10 k::n) long a..Tld has an average length to wic:h 
r~tio of 4.2. Total 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 baiin to 290 ft (88 m). Graciients of the stream are 50 ft/~i 
(9.5 m/lan) and 10 ft/r~J (2 m/km) or less at the upper and layer end 
of the baSin, respectively. 

Estimated mean daily flow rates of Big Bayou and Little Bayou Creeks 
a=e 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 
(per mi2) 

100 III 

Housing 
mi2) 

density (per 36 42 

Agriculture (i- of 41 33 
basin area) 

Silviculture (% of 24 22 
basin area) 

Urbana (i. of basi.n 35 45 
area) 

Hydrologic 
groupsb 

soil D,e D,e 

alncorporated places, residential', commerc_ial, 
anq industrial ?reas. 

blnfiltration of ;predominant groups in basin; 
A = high to D = lo~. 

Both basins are predo~inantly rural in nature. Population and 
housing densities are essentially equal. Infiltration properti.es 
of the soils are similar on the basis of their assigned ratings. 
Both exhibit rapid rises in stream flo~. In the absence of dis
char~e from the plant, Big Bayou and Little Bayou Creeks can be 
expected to be essentially dry on numerous days fro~ 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 lo~-flo~ conditions in Big and Little Bayou 
Creeks are improved by the discharge from the plant ditches. 

3.1. 3.2 Ground~a ter 

Examples of specific c<3,paci ties and yields from .t~o wells in the 
general environs of the PGDP are given below. (2) 

Specific a 

Approximate Location Capacity 

8 lIli (13 Ian) ESE of PGDP 1.5 (18) 
near Cecil. K'i 

14 mi (23 km) SE of PGDP 3 (37) 
and 5 mi (8 km) S of 
Paducah, K'i 

agpm/ft drawdown (1pm!meter). 

b gpm (lpm). 

Yield
b 

120 (154) 

80 (303) 
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Groundvater in the Joppa and Heath quadrangles, which include 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 gp~, respect~velY (3,785 ahd 1,893 Ip~). 

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 direct~on of shallow gtound~ater 
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 l.7ater. l.Jell-filled farm ponds 
are plentiful in the area. A geological survey of the ar~a de
scribes the alluvium as follovs: 

"Silt, gravel, and sand; mixed l.7ith interlensing, .nons ;;:-2, ti
fied to poorly stratified. Silt, medium-gray and yello~ish
brown, argillaceous,- commonly sandy and pebbly; cont(3,ins varying 
amounts of carbonized plant material, veryspatse mica, and 
dark-brownish-gray earthy concretions as much as 1/4 inch in 
diameter vhich at places occer in layers and pockets. Gravel 
consists of pebbles of chert and quartz, anq boulders of chert 
and sandstone :ill (3. silty s;;nd ~trix. Sand, reddish-brow'll to 
grayish-yellow, fine to coarse, poorly sorted; commonly con
tains pebbles; crossbedded at places. Beneaih Bayou Creek 
and West Fork Massac Creek silt is domin,mt."(S) 

The groundwatet resources near PGD? are abundant and undereti~ized 
at the present. 

3.1.3.3 Flooding 

tlooding is not a problem in the v1c1n1ty of the PGDP facility. 
Flood plain profile maps for the C:;~o River have been prepa::-e.d by 
the U.S. ArmY Corps of Engineers. (0) These indicate the floed 
frequency elevations shown belov: 

Recurrence Interval 

Historical High Wate::-
100 yr 

50 yr 
10 yi: 

Elevation (~SL) 
ft (m) 

341. 7 
333.2 
331. 6 
326.6 

(104.2) 
0.0l.6) 
(101.1) 
( 99.5) 

Because the enrichment plant is 'l:luilt on land ranging in elevation 
from 367 ft (112 m) to 380.6 ft (116 m) above sea level, the possi
bility of floodiIlgis extremely re::lote. The 340-£t (104-111 ) con
tour extends up Big and Little Bayous to a point near the northern 
boundary of PGDP property. thus, :looding, even under the =cst 
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extre~~ f;leteorological conditions observed in the past, has not affected 
tl"l~ area Yithin the facility boundaries. Additional infor::lation is 

. available in Section 3.1.9. 

3.1.4 Climatology; and air Quality 

3.1.4.1 Cli~atolo2Y 

The climate of Paducah, Kentucky. is characteristic of th~ humid continental 
zone in ;.;hich it is located. Precipitation is well distributed throughout 
the year ;.;ith an average of appro:d.:lately 47 in. (119 cm). 3.elative humid
ity is esci::lated as approximately 8Ji; at 6 a.m. and 61% at:. noon. Julyi.s 
the hottest month of the year; January is the coldest.· Averag~ monthly 
temperatures are 78F and 34.7F (25.6C and I.SC), respectively. The average 
length of the growing season is 200 ~ays. 

i.,Tind direction and wind speed data ... ere obtained from the Barkley :ield 
Airport, Paducah, Kentucky. These data ate presented in a ... ind rose in 
Figure 3.1-1. Printed about the c:ircumference of the wind rose are the 
ave~ages of. wind speeds associated with each observed ;.;ind direction. The 
frequency of occur~ence of ;.;ind direction, expressed as percentages, is 
printed to the r~ght. 

The Yi:tld 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 of the cli=atological and meteorological features 
of Paducah has been prepared by Battelle's Columbus Laboq.tories. (1) 

3.1.4.2 Ambient air Quality 

!1cCracken County is clc;ssified a non-attai:unent area for t· ... o pollutants, 
p~rticulates, ahd sulfur dioxide. Previous air quality data indicated that 
a.:::lbient air quality for these pollt.;tants exceeded the allowable amounts 
as speciIied by the Na~ional Ambient Air(2yality Standard (NAAQS). The 
NAAQS ·are shown in Appendix B, Ta~le B-3 .. However, Kentucky Division 
'Jf Air Pollution Control ~aillplE.s have oot exceeded ambient concentrations 
in the past three years(3). A petition has been submitted to u.S. EPA 
requesting thc;c McCracken County be reciassifiedas an attainment area 
based on evidence of improved particulate and sulfur dioxide levels.(4) 
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Air quality summaries for tZle el.gnt state-,Qperated air t:lOnitc:-i~g 
stations i:l ~cCracken County, Ker.tucky, are ?resent~d. i:'1 Ap?endix 3, 
Tables 3-4 and 3-5£or t!1e years 1976-1977.(3, 5) ?igure 3.1-2 sho''';-s 

. tZle locatiotls of these ::lonitoring sites. The statiotl closest to tZle 
Gaseous Diffusiotl ?latlt, located in Heath, Ketltucky, co~eDced 
operatiotls in 1975 and t:lOnitors only sulfur dioxide. 

The pri:r.ary particu,la,te standard ~as violated .t:1 1976 a~d 1977 at: 
the Paducah t:lOn1toring site OIl. T.L s. 4£i a~ Lone Oak. Violat:ions of 
t!1e secondary annual par":~culat:e st:andard occ'..Jrred at: three of the 
six ::lonitcring stations in Paducah ciuring t!1e period 1976 .t!1=cugh 
19ii . 

The total suspencied particulates (IS?) air quality summary does hot i~dicate 
the second high tilCi,.·d::lUJ;[l concentrc;tion C"l£ t:ce 24-hour conceht=?-tion but: it 
does sho .. the number of ti!Jes the concentrat:j.ons were above the p=i:lary and 
secondary standard. A. violation OCC1.!rs when the standards are exceeded 
more than once. The secdpdary TS? 24-hour standard is violated at nearly 
all the sites in bot:h 1916 and 197i while the primaIT standard is nor: 
violated in either year. 

The sources responsible for the violations of the secondary ~S? 
standard cannot-be der:e~i:1ed ... itZlout dispersion analYSis of ~ourly 
::ler:eorological data and ecissionsdata for the days on 'w-hich :~e 
violat:ion~ occurred. It is possible that these shor~-te~ viola
tions ::lay have been caused by ~i::1c-blo~-n fugitive dust_ 

Of ::!1e dat:a. a'\7ailable for sulfur cioxide ::::leasure:nen::s, t:'e Kentucky 
S02 air quali::y su:::maries do not sho .. any violations of t:'e ';':1::11.1al 

S02 standard. Unlike t:'e data co=?osi::ion for parr::ic1.llates, t;;e 
S02 s"~aries show the 24-hour secend-high concent:rations so :~a:: a 
ci:!.=ect cotIl?arison can be =ade ';';i:!1 t~e 24~ho1.1r 502 standard.. ::::e 
24-nour and 3-hour s::andard. -..:.as not violar:ed at any of l:~e staticr;s 
which had su££icien~ data. 

An~ual and 24-nour air q1.1ali~y s"--a~ie$ fro:n fourteen ~onito~i~g 
sites i:l the i::::::Ilec~at:e vicinity of :~e Sha~'7Iee St:ea:n ?o~-e= ?lan:a:::e 
?~esent:ed i:1 _.l.ppend;x ~, 7ables 3-6 aod 3-7 _ (6) 

The a,nnual S02 concentrar:ions a:::e ·..;-ell ·..:it~';:1 ::::'e nat:ional sta.:'1-
da:::ds~ So ::00 are th~ particulate annual conce:1t:rations. For 
short-ten a.verages, violat:ions 0: the 24-hour and 3-hour suli'.lr 
dioxid~ standards ~ere recorded in 1976 at nine of the TVA Sha~~ee 
::loni::oring stations. In 1977, t~::ee of t~e Sha~-nee moflitori::1g 
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st:at:1oIls recorded violations of the short:-term 502 standards. This' 
seemingly improved 502 air q'IJa11tyfrom 1976 to 1980 may have been 
a teslllt: of overall bett:er dispersion conditions that might have 
been ~~aracteristic of not only the Paducah area but a large ?ort10n 
of the count:ry. 

Photochemical oxidants 

The State of Kenqicky operates t"'.;o monitoring stations in Paducah 
th~t measure photQche!!l,:i.cal oxidants (O~,)and o;one air qua.l.ity. 
The 1976 Keo.~llC:ky air quality summary sho\;ed no violation of the 
one ... hour o JC:i dan t: standard or 0.08 ppm. Thephotoc:hemica1. oxidant 
standard was viola.t:ed eight times in 1977 ·..;ith the second high~st 
one-hour reading being 0.102 ppt!l. This monitoring data was cercai:lly 
used, by t:he scace to support its c.l.c;sSificati'on of :1cCracken County 
as a noIl..,.atta1mJeIlt: aJ:e~ for photocnemcal oxidallts. ~o violaeions 
for th~s parameter were recorded from 1978 to 1980. (3. 7) 

~02 monieor~ng data ~or ~cCrac~en Count:y was available for only 
year 1.977. This data is sho~ in AppenciiX 3, Table 3-8. 
The data shews no violation of the nitrogen die~de annual 
st:and~:rCi 6£ 100 Ug/<J13 • 

Carbon ;:lonoxide 

The State of Kentucky !:lonitors CO concentration at: only one site i:1. 
do_-nto\m .Paducah. The 8.,.hour standatd of 9 ppm :.was violated cnce 
in 1976 but not in 1977. The one-hour standard was noe exceeded 
i~ either year. 

Air ouali t·rsu::ml.arv 

In su~ty, the Kentucky <J1onitori~g data presented suggest that 
o'\Terall air. quality in- MsCracken County has impr,oved from 1976 
1980.Spec7fically. _ annual averages 'of parciculat:es, SOZ,and 
che<J1ica.l. oX:1.dants were reduced to :leet the nati,onal standards. 

the 
co 
phoco-

For the othe; :regulated poJ.,lucants, carbon monoxide air quality levels 
were not: ac'ceptable in 1976 and 1.977; nitrogen dioxide concentrations 
were weJ.,l wit:hin the allowable li:::lits. 
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The source(s) of these violations cannot be deter=aned ~ithout a =odeli~g 
analysis using meteorological and emissions data for the days 0;; ;,.·hich ::~e 

v~olations occurred. 

Radioactivit~ and fluor~de data at PGD? 

A rather extensive monitoring program '..;as conciuc",c:d in 1979 to 
s2l:l!J1e air quality for ambient concentracions of radioaccive poll\!
eants and fluorides. Satipli.og data .. -as collected from een coot:':-.
uously opet~ted staeions located i:1 and around the Paducah Gaseol.!s 
Di.ffusion Plant. :our of the staeions are located on ehe peri=e eer. 
fence, one at: ehe DOE proper~y bogn~ary north of the plant, and ~ive 
ap?roxi~tely 1 ~ (1.5 ~) from the plane pro~erty. 

Presented in Appendix E, Tables B...,9 through 3-12 are cia ta sl·""'7"a:::'es 
sho'toTing pollutant: averages i:l. 1979. ..l..!:lbient airbor:le ::adioac:i-;:'::y 
pollutant levels averaged less than 1;: of the applicable :tac:iio
activity Concentration Guide at the off site sampling locations. 
Approxi~tely 0.02 Ci of uranil.!m (0.2 to 27. 235U) and 0.06 Ci of 
99TC ~ere calculated as bei."1g emitted f-:-om plane ope::ations itl. 1.979 
as air~o~e radioactive effluents. 

Offsite 
Quality 
samples 
gaseous 

~nalyses for fluorides in 
~equirements. All onsite 
met the Kentucky one-~eek 
~'": sho-r.--rt below (6) : 

grass met the Kentucky Air 
and offsite ai::bo~e fluoride 
and one-month standards for 

• >!axi::::l'u::l 1 '~-eek average - 1.0 nb as Fi:: 

• ~xi::lUm 1 =on e!1 average - 0.5 ppb as E:: 

On January 3, 1978. a c::e::lical explosion oc:c ..... r-:-edin ;:he C"'315 
::ails ~ithd:ta'toTal building, ca.I:lagi:1g ~ centrifugal con:pressor. 
sa::tp1es f=om the peri:D.e:::er air ::loni:oring stations sho· ... ed che 
c2:lcratioos of uraniu:D. ::0 be W'ell ...... i:::hi:1 acce?table 1':;")jts. 

3.1. SEco lo~y' 

3.1.5.1 Te=restrial ecoloszv 

c:::::-

The ter=estrial ecosyste::::l. at the ?GD? ;;i,te ~s cypical of · ... este::-:l !Cen
tucky, alchough it is subjected, ~:l ?ar-=, to ::lanage!D.ent practices for 
Yildlife. The th=ee :::ajor components of the ecosyste~ at~ soils, "Jege
cation. 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 con~ent neces
sitate ~he use of lime and fertilizer for crop produc~ion. 

The majority of the 10 soil series of the site belong to the Calloway
Henry association (Figure 3.1-3). The soils of this as~ociation a=e 
nearly level, poorly drained, medium textured soils found on uplands. (1) 
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 loaa 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 supportin~ 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 
whi~h 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 hardwood forests are sparsely scattered over the site. 
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Figure 3.1-3. Soil series of the PGDP site.(l) 
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2 

L E (jE N D 
FORESTED AREAS 

Fa. Mature Upland Hardwoods 

I! Hature Riparian Hardwoods 

eI~ture Hardwoods 

NON-FORESTED AREAS (manaced) 
K~ o Grasslands . 

Figure 3.1-4. 

~ Cultivated Fields 

o Food Plot.s 

(1) 
Vegetation habitats of the PGDP site. 
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The upland hard .... ·oods are' preciooinately oak-hickory forests 'I,:i th numerc:.:r· 
tree species being present. Southern red oak (Quercus falcata), shag~ 
bark hickory (Carya ovata), and post oak (Quercus ~t~llata.) are the 
dominant: species.(2) There are no extensive areas of upland hardwood 
forest on the site; instead, numerous small woodlots. are COUClon. 

Riparian hard~ood forests have many species in common with the upland 
forests; however, they are dominated by different individuals. (2) Rive:
birch (B.etula nigra), black 'Willow (Salix nigra), ahd cotton'Wood (Popu ..... 
Ius del·t:.oides)·· significantly domihate over other speci~s in the riparia.:-:. 
forests. The ripaI:l.aIl forest type forms a continuous, though narrow, 
band alont th~'entir~ length of both 'Water courses. 

Immature forests are a minor component of the site's fIoral structure. 
Due ~othe game management practices of the facility and the surroundi:-:.g 
'Wildlife area, natural .succession has, in general, been prevented. 1::
mature forests are dominated in composition by saplings. Occurt~nce cf 
this floral type is limited to small areas 'Which were formerly cut ove:-, 
suc:h as po'Wer line'rights-ot-way and railroad cuts. The remaining 
areas or this forest type are limited to the edges of mature woodlots, 
primarily the riparian forest areas along 'Water courses. 

Virtu.niy ail non-forested areas within the site boundary are 
managed by personnel from either the PGDP or the \-lest Kentucky 
Wildlife!1anag~iilent Area for wildlife habitat and food supply. 
!1anagement.ptcictices are primarily limited to mowing, planting, 
and cOilpi'olled burning. The mowing techniqueutil:.i.zed is an 
annual mowing of altetn.a.ting 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 these areas.(2) Woody species are virtu.3,lly eliminated 
frotIl the community str~cture except in areas where mowing is inten
tionally omitted. This results in the invasion of either scattered 
young sapli:ng$ or small thicket-iike stands of herb~ceous and woody 
shrub gro'lo1th into grass-dominated fields. Woody species, 'Which ate 
the most conimon invaders, include sas$afras (Sassafras albidu:n), 
'Wild black ch~rry (Prunus serotina), red maple (AceI' rubrum) , and 
sumacs (Rhus spp.). Planting activities include the establish::lent 
of numerous 0.1· acre 'Wildlife food plots and a few larger culti
vatedfields. 

Productivity 

Net ·p.r~~y productivity of the riparian forests has been estimated to ':e 
7,663 pounds per acre per year (8,600 kg/ha/yr); of the upland oak
hickory forests, 6,,772 Ib/acre/yr (7,600 kg/ha/yr); and of the immature 
forests, 2,165 lb/acre/yr (2,430 kg/ha/yr)(2). These values are con
sidered 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 the.actua~ 
amount of living matter present. As applied to forest veget~tl.o~, b~o
mass measurements include all aboveground parts of trees. R~par~an 
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 system of the ~GD? 
site comes from th~ extensive areas of grassland. Based on exper~ental 
harvest dat~, gt:assland areas are capabie of producing bet'Ween 2,000 and 
5 000 Ib/acre/Yr (2200 and 3400 kg/ha/yr) .(2) These values are less ,than 
f;test~d ~reas; ho'Wever, grasslar..d areas ccmprise a large portion of t;h~ 
overall sit~ and th~refore contribute significantly to the Systelll' 

the site is tbus characterized by forested areas typical of the 
region and open areas of grasslands and food plots managed for 
...:ildlife. 

Fauna 

Birds 

PGDP is on the borderline between the Alluvial Forest Avifaunal Region 
and the Limestone Pla1:eau Avifaunal Reg:i.,on and, therefore, is charac::er-· 
izedby .birdsp~cies associated 'With both regions(4). Birds common to 
both regions that 'Were regularly seen at PGDP include such species a$ 
the red-l:5~l.lied 'Woodpecker, 'Wood thrush, red."eyed vireo, Kentucky 'Warb .. 
ler, ~nd rufous-sideQ to'Whee.(2) 

Roadside bird surveys conducted during the breeding season of 1977 i::.di
cated that 'the f()llo'Wing five species 'Were most numerous at the PGDP: 
bob'White. cardinal, indigo bunting, common grackel, and rufous-sided 
to'Whee. (2) 

Surveys cond~cted along transects in six habitat types on PGDP ?roperty 
?rovided comparative information on the relative abundance of species 
and in4ividuals utilizing each habitat during the beginning and middle. 
of the breeditg season. (2) Analysis of these numbers resulted in tbe 
follo'Wini ~~rangement of babitat types fro~ most to least diverse in 
th~ir avifauna:' (1) riparian 'Woods, (~) grass and 'Weed fields 'With ::-:ee 
groves, (3) game management areas 'With food strips along tree ro'Ws, ('::) 
upland mat~:;;e oak-hickory 'Woodlots, (5) grass, 'Weed, and shrub fields 
under p()~erlines, and (6) grass and "-eed fields. Of these six habi
tats, the game management areas 'Were' utilized by the greatest number of 
individual. birds (but not number of species). 

Surveys ciuring midday at 10 pond sites on PGDP revealed that very littZ,e 
use of these small ponds is made by 'Water birds ('WatetIo .. l, shorebircs, 
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vadipg birds, etc.) d~ring the breeding season(2). For example, 
the maximum number of individuals per species recorded on any of 
the four survey days is as follovs: green heron - 6, killdeer ... 2, 
Amerit:an~oodcock - 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 yere the 
only diurnal. rap tors noted during the. field survey (2) . It is 
likely th~t !fiany of the land birds and raptors included in the 224 
bird speci;es recorded in the area of the Land Between the Lakes(S) 
CiJ.SO Iiiigrate through PGDP property and rest or feed in their pre
ferred habitat types. Waterfoyl and marsh birds. hovever, do not; 
stop at PGDP in any s~gnificant numbers due to a'lac~ of appro-
priate m,arsh, s~a.mp, and open yater habitats vithin the property 
bouiJciaries. Most of the ducks and geese migrating in the vicinity 
of PGDP rest and/or ovet~inter at the Ballard County tolildlife 
Hanagement area(6). 

The land ~anagement pract~ces result in many habitats occupied by 
birds typical ot field and edge habitats at PGDP; birds COtllIllon to 
harqv09ci fOi'estare also present in the voodlots. Marsh birds and 
vaterfo",l are sparse due to unsuitable habitats. 

Mammals 

!1ammal po pula dons a.re characterized by species associated yith 
ecotones atlci open areas. The most abunci~nt speci~s on the site is 
the h64se mouse. It occurs priI:larily in fields, vith particularly 
high densities in are.as .mere grain-type food plots have been 
planted for vildliJe. Deer and cottontails 'are common to all parts 
of the site. Deer use the voodlotsfor co~erand 10rage in these 
areas and surrounding f~elds. Cottontails use primarily the forest 
edges, borders, aTldfence rovs for cover yhile feeding mainly in and 
along th~ ~naged grasslands and fields. in recent years, the 
cottQntail population on the site has exhibited marked fluctuations 
due to unknoYn causes. but disease (Le., tular~!!lia) has been 
suspected(~). Other species of malIlIIlals occur less commonly. 

Gray 3.lld. fox squirrels, vhite~footed JJ.ice, and meadov jumping mice 
areassoc:;la.ted mainly vith forested and wooded a=eas. The 'White
footed mouse is the 'most common mammal in the forested areas. The 
sourheasternshrev, a Kentucky endangered species(7), occurs in 
fields and a16ngfencE: rovs and edges(8); it has been found on the 
site (2) • Eastern moles are found in the drier areas vith loose 
soils. Few small herbivorous rodents (e.g., voles) are present cn 
the site. A f~w be~vers are present in both Big and Little Bayous 
as evidenced by dams and cuttings; the creeks are also used by IIlink 
and muskrat. Muskrats are more common in ma:na.geIi.l~nt area ponds 
adjacent to the pGDP property. Some of the more mobile species, 
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such as faxes and raccoons, use all ?ortions of tne site for foragi~g 
and denning .ac tivities; fares ts are used mainly for cover while the 
less wooded areas provide mos~ of the food resources i such as fruits, 
berries, and small prey. The coyote, an endangered species in 
Kentucky(7) has reportedly been observed on the site.(6) 

The site is typified by diverse mammal populations indigenous to 
sever~l 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 Kood-
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 salamander·s occ:..::
in most forest situations. Salamanders are sparse or nonexistent 
in st;rE;ams on the site and in the surro.unding area (2) perhaps due 
to substrates and the scouring effects in streams during intense 
storms. 

Reptiles are also common to all portions of the site. Their habitat~ in..,,
clude fields, fore~ts, streams, and ponds. The eastern box turtle is 
ubiquitous and is the most abundant species. Red-eared turtles and c::~
mon snapping turtles are found in most ~ater bodies. Snakes are co"""':o.n 
ovei: tl'l~- site rith seve:tal species, both aquatic and terrestria,l, bei~g 
pre~~~t.. The site lies ~ithin at: area \o1here the ranges of many reptile 
and amphibian sp~c;ies overlap. As a result, a l.arge number of species 
may be present ~ith hybrids and integrades occurring. An example of 
this is the black racer-blue racer integrade, which is one of the tios: 
common $nakes on the PGDP site.(2) 

Important s'O.ecies 

Several species .of animals occurring at PGDP have particular signifi
cance t>E;cause of their recreational, functional, aesthetic, and legal 
valu~s. The interrelationships bet~een these and the other compon~ny:;s 
of the loc;a,l ecosystem are complex and involve tpe soil, producers (v€g
et.ation), consumers (animals), and decomposers (vegetation, animals, a~d 
microqrganisms). Events affecting any group or population of organis:::.s 
may dramatically affect other species present. These inter.relationshi:=s 
are illtl~trated in Figure 3.1-5. .. 

Game animals 

The t~o major game bird species occurring at PGDP are the bob~hite anc 
mourning dove, ~ith the bobwhite being the most numerous during the breed-
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- seaSO:1. In addition, a felJ ducks and ;..:oodcock oake use of ::;,e ?:-o?-~:1g . 
erty:(6) Although hunting is not permitted em FGDP proper~y, ?o:-t;.~ns 
of tneproperty are leased to the Kentucky Depart:nent of F~sh and "'~ld
life Resources and are managed fo~ boblJhite and oou~ning dove. Some of 
the bi~ds u$ing the property are probably shot in adjacent hunting areas. 

Deer populations in the West Kentucky Wildlife Management Area, 
IJhich includes part of the PGDP property, are managed for recrea--
tional hunting by both fireat'ms and archery. It is estimated that 
the deer Eopulations on the ~n~gement Area consist of 350-400 in
dividuals(6) for a density of approxi:nately 16-IS/km2 ; approxi-
mately 70 of the deer occur on PGDP property outside the petimeter 
fence. Excellent habitats exist for the deer because of the 
management programs. A result of hunting activity on the peDP 
site and the Management Areas, :nan has become the principal predator 
of deer in the area as evidenced by the harvest of 100-150 deer 
per season in recent years(9). 

Eastern cottontail population manageoent is one of the wajor ob
jectives of the }1anagement Area. The rabbit is a populCir g~e 
species and is lJidely hunted in the local region. Populations on 
the PGDP site have exhibited density fluctuations in recent years 
as illustrated by harvest data from the Manageoent Area(2). 

Gray and fox squirrels are of recreation~l value on the management 
site. Neither species is abundant, but the gray squirrel is the 
more C9l!lI!lOn. Squirrels are not a r:laj or game species in the local 
area, but are in other regions IJhere they are more common. 

Threatened or endangered species 

No federal or Kentucky threatened or endangered birds lJere observed 
during recent breeding bird surveys(2) nor is the habitat at ?GDP 
appropriate as a breeding or lJintering area for these birds. ~o~

ever, three species (golden eagle, northern bald eagle, and osprey), 
considered endangered ih K~ntucky,(7) have been know~ to spend pa~: 
of the lJ"inter at the Land DeNeen the Lakes(S) .. -hich is about 40 :!ii (64 k~) 
southeast of PGDP. A felJ bald eagles and one or tlJO golden eagles 
also spend part of the ~inter at the Ballard County Wildlife M~~age-
ment Are2. IJhicn ~s about 25 :ni (41 b) lJest of PGDP. PGDPis oetlJeen a:1Q 
lJithin a relatively short flight distan~e ftbm either of these t~o 
raptor lJintering areas; these raptors could temporarily stop at 
PGDP~ but 1J0uid bbt be expected to remain because of i:1appropriate 
habitat. 

n.o species of m.ammal~ listed as rare and endangered by K.entucky 
have been identified as actually on the PGDP site. These are the 
coyote and the southec.stern (~achman IS) shrelJ. (2) Coyotes have 
been observed by plant personnel on several occasions in the vicinity 
of the main plant entrance in the past felJ years. The southeasten 
shre~ is considered rare throughout its range'. It nonr.ally in..,. 
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habits lo~land ~eedfields, moist ·..7oods, and honeysuckle patches (8) 
and .has been found in field habitats on the site(l). 

Two species of bats, gray myotis and the Indiana myotis, t..'hich are in
cluded on the United States endangered species list, may use the PGDP 
sit!! £roDl time to time. These species are normally associated t..'ith 
caves and are not expected to be found on the site except perhaps during 
foraging activities. The southeastern inyotis is on the state list and 
probably occurs on the site, at least during foraging activities.(H) 
It is usually associated ~ith caves but may also be fouhd in culverts, 
buildings, ' ttees" and under bridges. 

TloTO species of amphibians and six reptiles listed as rare. or endangered 
by Kentucky also have ranges ~hich include the PC;DP site. One species 
of rept;iJ.e li.sted on the Kentucky list, t:he prairie kingsnake, has heefi , 
fnund:1ear !1assacCreek, about lei (1.5 km) southeast of the PGDP s:i.t:e;(2} 
this species p1:'obably bccurson the site also. 

Game management practices at the site are beneficial to at least 
t~o species of animals considered rare and endangered by Kentucky 
and ~J..so p1:'ovide resources for several uncommon species of birds. 
Other threatened or endangered species may occasionally pass through 
the site~ 

Species critical to .ecosystem fuhction 

Raptors at PGDP,. such 'as the red-tailed ha~k, American kestrel, 
great h.orn~d 9wl, and screech o~l regulate populations of prey 
species, (i.e., small mammals). Loss of these predators may result 
in overpopulation of pest species, t..'hich in turn can result in 
damage to native vegetation or crops and can potentj.ally become a 
public l1ea.lth problem.(IO) 

The bro .. -n-headed co~bird and common grackle can be a threat to many 
of the perching birds (11) . The co'Wb,ird is a known nest parasite 
and toe grackle robs nests of both eggs and young. 

Small ~ammals, particularly rodents, often piay important roles in 
the structure ahd functiohing of ecosystems. They, have major rol~s 
in nutrient cycl:i.n.g ap.d are a major food source of predatory animals 
such ~s snakes, faxes, ha~ks, and o~ls. At the PGDP site, the 
house Dlouse is the most abungaht rodent ~ith the ~hite-footed mouse 
being the second most common. House mouse population densities 
fluctuate dr~~tically.(8) Densities are u§ua.lly areflectioh of 
food a.Q~n.dance, both by season and location. White-footed mice 
occur mainly in ~oody and shrubby areas. Populations are ,normally 
stable ~th densities of 10-30 per hectare(l2) • 

The site supports at least in part, several populations of animals 
i::lportant: to the structure,and functioning of the ecosystem. These 
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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 populations in check, and grackles and co~birds 
which 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,l3). 

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 spa~ing 
by several clean-water fish species. In spite of intermittence, the 
creek maintains a fairly diverse resident fish population. Resident 
species are comprised of rough and forage fishes as ~e11 as several 
species of game or higher trophic level species. Benthic and algal 
populations are greatly influenced by natural phenomena--f100ding in the 
spring, lo~ flo~ in summer. 

Little Bayou Creek 

Little Bayou Creek is a small headwater stream which is intermittent 
during summer periods. The portion of the creek upstream from the 
plant outfall supports a biological community typical of these con
ditions--lo~ 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 ~amp darter, were also collected. 

Most of the flow in Little Bayou Creek can be attributed to the PGDP 
process ~ater outfalls. The quality of this water did not appear to 
be suitable for the support of a resident fish or benthic community 
in 1977. Populations of both fish and inver:ebrates were sparse 
or nonexistent in Little Bayou Creek do~stream of the PGDP outfall. 
The algal community also showed signs of environmental stress evi
denced bylo~ 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 biolog~c~l. quality of Big Bayou Creek is potentially fairly 
good. Stations upstream of the PGDP sewage treatment plant outfali 
support qiverse fish and benthic communities. A totai of 12 fish 
species including both forage and sport fishes were found upstream 
of plant outfalls. B,enthic populations, comprised of mayflies, 
dragonfl~e$, damselfli.es, and dipteran and taddisfl.Y larvae, vere 
charact~;"ist~c of clean water streams .. 

Big. Bayou Creek is adversely impacted by the discharge from the PGDP 
sewage treatment pl.ant resulting in sparse population!'> of fish and b~n~ 
t1l6S·C3.fid t~dllted numbers of species. The algal community below the out
faii was dominated by pollution~indicating species characteristic of 
areas where oxidation of organic load is proceeqitig. 'These effects 
were still noted after the diversion of waste waters from Little 
Bayou Creek. 

All. trophic levels investigated showed signs of recovery in Big Bayou 
Creek above the confl.uence with Little Bayou Creek. A fairly diverse 
com:nunicy of f6rageand sport fishes had reest~bl.,ished. Benthic popu- . 
lations characteristic of streams of intermediate quality were fOOO4.(2,12) 
Algal communities indicating milder pollution conditions colonized sub
strates. 

The water quality and available habitat in Big .Bayou Creek t.."ere found to 
be suitable for spawning by several species of fishes. There was also 
evidence of sunfisQ. sp~~-ning in the upper. port:i.on of Little Bayou Creek. 

Ohio River 

The Ohio River receives industrial and municipal dischC!.rges from 
several large cities along its course in addition to draining agri
cultural lands in several states. The bioJ..ogical communities found 
in the Ohio River i~ the vicinity of the PGDP ate reflective of 
the$e 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 nutrient con
cent·rC!.cionsand eutrophication, and were cosmopolitan in distribution. 
No benthic organisms were found in Samples ups~1:e~ and downstream 
of the Bayoll Ct'eek confl.uence. Substrates encountered were either 
too firmly compacted or contained too much sand to provide suitable 
benthic habitat. Results of the sllrveys of fishes in the Ohio 
River are inconclusive, but adverse effects from the PGDP are un
likely. 
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3.1.6 Socioeconomic urofile 

'~cCracken Coun~y is the geographic scope of this analysis addressing 
the socioeconomic effects of the PGDP. Al=hough many surrounding 
areas Qay be tang~ntial1y influenced by the facility, the grea~est 
concentration of PGDP employees occurs Yithin the county •. Other 
delineated boundaries (e.g., 5- and SO-mile radii) are employed 
~here appropriate. 

3.1.6.1 Social ~rofile 

McCracken County experienced relatively slay population groY~h froo 1960 
to 1970, increasing by only 1.7% during the 10-year period (compared 
~ith an increase of 5.9% for ~he s=ate and 13.3% for the U.S. during the 
same ~eriod). Ec~ever, t~e county's population increased by 3.2% to an 
estimated popuiation of 60,200 from 1970 to 1976 (Table 3.1-1).' 
Natural increase (births-deaths) accounted for most of the population 
gains, Yith a net ~gration of 1.5% ~hich added approx~ate1y 900 
people. (1) 

?opulation projections for the county indicate that population is ex
pected to increase to 61,300 by 1980, a 1.97. increase from 1976.(2) 
Table 3.1-1 presents population projections for McCracken County throu~~ 
the year 2020; the population is projected to increase at about 57. aur
ing each decade. 

? 
!he county population density of 233 persons per square mile (90/~-) 
is significantly higher than either the state density of 81 or the 
U.S. average of 57 persons per square mile (31 and 22/k~2) (Table 
3.1-1). ~early 61% of ~cCra~~en County's population is classified 
as urban (over 2500 population) compared ~ith the state average of 
52% and U.S. average of 74%. Paducah, the county seat, is the 
largest community in the county, ~ith an esti~ted population or 
30,674 in 1975.(1) 

~early 11% of the popUlation is non-yhite, compared ~th 7.4% for the 
state and 12.5% for the U.S. The county's black population increased 
~re rapidly than the .hite population fro~ 1970 to 1975, increasing by 
5.~% ciuring that period, compared to a 2.8% increase for .nite resi
denu. (4) 

The 1970 median age of ~cCracken County population (31.9 years) indicates 
an older population than that of the state (27.5 years) or the U.S. (28.1 
years). The fe:ale population has a median age of 34.2 years Yhile the 
:ale population's median age is 29.7 years. The ~edian age of :he black 
residents is generally lo~er than that of ~hite residents (black f~ales, 
27.2 years; black males, 23.1 years) .(3) 
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Table 3.1-1. Selected social and demographic 
characteristics of McCracken County 

1970 

'1970 
1970 

1970 

1970 

Ponulation Size 

5S,2S1 
60',200 
61,300 
65,200 
6S,700 
71,900 
75,SOO 

?:)nciat:1ol1 Distribution 

.Density (persons/square Cile) 
Percent: Urban i.esice:lts 

. Perce~t: Non~~ni:e 

Median A2e 

1970. !ducatioaal Attair.~ent 
(ye.arsot School COCl)1eted) 

Male 
Fe::a.le 

1970 ~dia.:1 :a::Ul v .I:lcoce 

1970 Owner-Dccu=ied ~edial1 EoCe Val~e 

Source: References 1-5. 

233 
61 

11 

31.9 

11.9 
11.5 

1970 
1976 
19S0 
1990 
2000 
2010 
2020 

12,.500 

11,774 

Kentuckv 

S1 57 
52 74 . 

7.4 1~.3 

27.5 2S.1 

} 9.9 ] 12.1 

ll,200 
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The 1970 educational attainment of McC~acken 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 of school but substant:i,ally higher than the state median of 9.9 
years. (4) 

Median family income increased by over 527. from 1970 to 1976 to $12,500; 
this is higher than the state median of Sll,200. tn 1975, nearly one
fifth (19.5%) of the re$~dents 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 str-..:-::
tures. Over 87. lack some or all plu~bing; this share is greater tha:1 
the U.S. (5.57.) but considerably less than the state average of 18.4%. 
Over one-half (52.3%) of the str~ctures were built prior to 1950. ~n~s 
median number of rooms for occupied units is 4.97. comparablt:: to the 
state and U.S. :ledians. (3) Tvo-t~,irds (66%) of the hOllsing units are 
owner-occupied, with a median valu'e of Sll,774. Median contract rent of 
renter-occupied units is S80.(5) It should be noted that these dat. are 
current for 1972. 

3.1.6.2 Transient: nonulation within S miles of the PGDP 

The population levels within proxi::rity to huclear facilities are 
monitored as a federal policy. T-..;o main categories of population 
are delineated: residential and transient. The first is defined 
as those individuals ",ho live within proximity (5 mi or 8 kill to 
the facility. The transient population, on the other hand, are 
those people who frequent the area rot various activities (working, 
shopping, church attendance, etc.) but who may not reside in the 
near vicinity. 

The transient popul.tion was sur"eyed employing population nodes 
• ... ithin a 5-mi (8-km) radius of the facility. Nodes were defined 
as land uses ",hicn would support ~ transient population and in
cluded institutional uses, educational and recreational facilities, 
commercial establishments, and e!!lployment centers. 

Once tr~nsient population nodes ;,;ere established, the estif.lated number 
of transient persons ",ho could be associated daily ~ith a given node ~as 
obtained by interview. 

Appenciix C, Figure C-l iilustrates the location of these nodes and :~eir 
corresponding sector. Appendix C, Table C-l details specific infor.::latic:: 
regarding each node. 

Most of the transient population nodes within t",o 5-mile (8 kI:l) 
radii of the PGDP can be categorized as institutional, industrial, 
or commercial centers. Over half of the facilities in the area 
are co~ercial centers. Most of these, however, are not large and 
therefore do not dray significant l"'.UI:lbers of people. T;.;o of t:'e 
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restaurants ... ithin 5 mi (8 lan)of the plant attract bet ... een 380 
and 400 people each day. Most of these people probably come from 
outside the impact area as both restaurants are well knovn in the 
county. 

Ten of the 39 nodes ate institutional facilities and nine of 
these are churches. Aithough several churches have a large congrega
tion, .~ost are below 100 people. Since church activities usually 
occur occasionally during the week, the facilities are not util'ized 
on a continuous basis. It is likelY, especially ... ith the smaller chur
ches, that·.a sizeable portion of the congregation live within the 
impact area. 

Barkley Field, Paducah's commercial airport, is located ..... ithin 5 mi (8 km) 
of the PGDP. Although the airport employs only 125 persons, the air-
port -tilaflagement estimates that approximately 600 P?ssengers arrive at 
lec:.ve tnrough the airport facility each day. 

Two large ingustries are located within <i 5 mi (8 km) radius of 
the PGDP. Essex Group, Inc., employs 178 people and the TVA 
Shawnee Po~er Plant has 545 employees. 

Heath High School is the only school 'Io;ithin the 5 mi (8 kIn) 
radius. It draws 700 st:udents and about 50 employees each school 
day. .~though ~ few students 1iv~ within the imp<ict are~, most are 

. bussed froill communities such as West Paducah and Kevil. 

3~1.6.3 Projected sector population, 1980-2020 

Projections of the se~tor population sizes iind densities for 1980-2020 
were derived by the same general methodology employed in an earlier 
assessment. (6) Ho ... ever, here county population projections ... ere used as 
the base figures from which to estimate future sector populations. Tnese 
projections ... ere obtained through the appropriate state agencies and .ere 
accepted as_the official county projections at the time of this 
study.(2,6,7,8) 

In developing the projected populations for each identified community, 
the population was assumed to maintain the city-to-county ratio that 
was prevalent iii 1970. Moreover, the same ratios of :rural-to-urban pop
ulation qensity .evidentin 1970 were extrapolated using the. projections 
as ¢ofitrol totals. this methodology resulted in estimates of residen .... 
tial 'population and density (1980-2020) for all sectors. 

population andde~sit:y changes by sector for 5-lliile radius, 1980-2020 

The forecasts for sectOr residential population and density levels 
within 5 ~ (8 kIll) of the PGDP are presented in Appendix C, 
Figures'C~2 through C-6. These projections ind~c~te a consistent 
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absence of residential population within 1 mile of the PGDP. 
Appendix C, Tabies C-l and C-2 enumerate these projections by 
sector identification numbers (shown in Appendix C, Figure C-7) . 

Outside that l-mi (Ll-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. 

Population ~nd d~hsity changes by sector for 50~mile radius, 1980-2020 

The co~ntypopulation projections were used as a basis upon which 
to e,st~~ate the future 50~~ileradius (180 km) sector residential 
population and associated densities. A gr:a.phic representation of 
these .sector pr'oj ections is presented in Appendix C, Figures C-8 
th:roygh (:",17. An enumeration of these sector figures ,is also re
corded in Appendix C, Tables C-3 and C-4. 

Appendix C, Figure C-18 shows each sector'.s location by identification 
number. The following couIlties are likely to be the fastest-growing 
jurisdictions·qutl.ng t:he projection period: 

• Cape Girar4eau County, Illinois 
• Marshal.l·County, Kentucky 
• McCr~ckenCounty, Kentucky 
.. Scott County, Missouri 
• Williamson County, Illinois. 

Therefote" the sectors associated with these counties will probably gain 
the IllOSt" population over the next 40yeat-s. Examination of kouendix C, 
Figures (:""'8 through (:-17 indicates the following" significant growth 
sectors: 

• 85-89, 95 [within 10 mi (16 kIn) of PGDP] 
• 102, 103 [within 10-20 'llli (16-32 km) of PGDP] 
• . 118 [within 20-30 :IIi (32-48 km) of PGDP] 
• 135 [within 30-40 mi (48-64 km) of PGDP] 
• 145, 157, 15"8 [within 40.,..50 mi (64-80km) of PGDP]. 

How~ver, even in these growth sectors, the absolute population in
crease i$ fairly cioderate. 

The populationptojections 
latiofi$:in some counties .• 
jurisdictions are locat~d 
80 km). They include: 

als~' suggested expected decreasing popu
These sectors associated with these 

southwest 6f the PGDP within 20-50 mi (32-

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

• Mississippi County, Missouri - 154, 155 [40-50 mi 
(64~80 km) from PGDP]. 

In summary, the sector population growth trends wi.thin 50 mi 
(80 kin)' are expected to be modest, with no dramatic shifts expected 
over the next four decades. 

3.1.6.4 E~onomic profile 

An economic profile of McCracken County was recently completed. (6) The 
analysis indicated thac in 1974 almost 20,000 people were e:nployed i:l. 
McC;'Cicken County. The labor force from which these workers ~ere dt~\.-n 
was compriseg of 747. of the males aged 14 and over plus 377. of the, fe
males within that same age br4cket. 

The most dominant sector in terms of employment was wholesale/retail 
trade, which accounted for over 6,000 wot~ers. Manufacturing (which en
compasses PGDP activities) is the second most :l.mportant employment 
generator, followed by business and personal services. (6) 

In 19S0;the PGDP employed over 1900 inctividuals, thereby accounting for 
approxilllately 10i. of the total, employment level of the county; 74% of 
t.hese wQ,!,k~~sres:lde l.A Mc:Cracken County. The PGDPis a major economic 
factor in the area, both in terms of its di~ect effects (such as PGDP 
employment) a~,~well as its, indirect economic ramifications (such as in
duci'ng :i.ncreaseq'demandfo:t goods and services).(6) 

In addition to economic activity in the local private sector, the public 
sector is also C!c~ive in the generation of revenue and its expenditur~. 
The primary entities involved included McCracken County, the City of 
Paducah, the Paducah Independent School District, and the McCracken 
Coun~y School District. A detailed financial profile of these juris.,. 
dictions/districts is provided in the earlier study.(6) 

3.1. 7 Political s,truc ture 

In order to profil~ the scope of political activity in McCracken County, 
it was necessary to (1) identify the entities and (2) discuss the ra:lg~ 
of,puJ:.lic services which are particularly applicable to the assessment 
of PGDP impact. 

3.1.7.1 Political entities 

The for.ual politic~l entities of the area are defined broadly as feder
al, state, regional, county, and local governments. In turn, each of 
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these can be divided into subele!:lents which achieve the various toles 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: 

• Adminisq:-ati.v~ Office of the Courts 
• Dep~rtment of Education 
• Department of Highways 
• Economic Security Department. 

On a regional level, the Paducah Area Development District (ADD) ,is the 
mo!;t visible quasi'""government entity. The area that it serves encom
passes the eight w~~teri1!nost counties in the state. The ADD is governed 
by a board of directors representing each county. A full-time profes
sional staff ,serves ,tile Dis tric t. 

Paducah, as the county seat of McCracken County, is the location of many 
cotintYQffices and services: The chief executive officer is the county 
judge~ an eiected official.' In addition, there are three county com
missio~_er~~ _ ~ac=.h set~in~ 4-ye~r terms. the ope~ating fund of the coun-.
ty app~o:lCJ,.mates $1 m~11~on. (1) 

The incorporated City of Paducah is the predominant municipal entity 
in the immed~C!.te PGDParea. The elected offi.cia1s of this city include 
a mayo'r cind four council,p~tsons. The adm;i.nistration of the city govern
mentis the responsibility of a full-time city manager. 

In addition to the governmental levels discussed above, there are many 
local governmental units in McCracken County. Such entities may serve 
only specifie4functions and, thus, mayor may not be impacted by or 
related to PGDP activities. 

Over and above the formal political entities and related public serv~ces .. 
outlined, there are also informal political groups which may exert subtle 
local iflfl.uence. These include organizations such as: 

• Chamber of Commerce • Civic Clubs' 
• League of'Women Voters. 

Alt:hough th~ specified goals of each of these types of organization~I!laY 
n9 t formally encompass political ad~ocacy, the personal,ities involved 
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t::ay be influential in formal political circles. Therefore, it isiln
portant to note these entities as part of the local political environ
Ifient. 

3.1. 7.2 Public 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: 

• Education 
• Transportation facilities 
• Water 
• Seyer 
• Public safety (fire/police) 
• Recreational opportunities . 

. 
The foiJ.owing sections discuss the attributes of each of these pub.l.ic 
services yithin McCracken County. 

Education 

Public education yithin McCracken County is provided by tyO school dis
tricts: the Paducah Independent School District and the McCracken Coun
ty School District. The Paducah Independent School District hc;s experi
enced a decine in enrollment of approx~tely 30% during the 1970's. 
Enrollment is expected to continue declining, reaching a forecasted pla~ 
teau of roughly 3,500; this yill represent a 45% overall decrease since 
1970. The McCracken County School District provides public instJ:'uction 
for all children outside Paducah. Enrollment has been increaSing sliyht-
1y during the 1970's, increasing from 6230 in 1970 to 6609 in 1978.(2 

Transportation 

The major elements compr~s~ng the transportation system in the 
Paducah and McCracken County area are highyay facilities. Four 
federal highyays (U.S. 45, 60, 62 and 68) and many state highy?ys 
traverse the area. These are supported by a net york of state and 
county roads. With the completion of Interstate Highyay 24, traffic 
movement Yithin t;he county and through Paducah has been great;ly en
hanced. 

Water 

Six yater districts serve the resiqences, businesses, ?Ild industries 
of McCrCl,cken County. Paducah \-1ater Works, the major system that 
collects, stores, and distributes yater for the area, drays its 
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~aw water ~upply from the surface waters of the Ohio River upstream 
from PGDP. Paducah Municipal Water Di?trict serves a population of 
more than 32,000 and uses approximately 7.4 million gallons pet day 
(28 mld). Four other water districts in the ~ounty (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 ... ells. All of the water systems in McCracken 
County are currently operating at half or less than half capacity; 
ho ... ever, the Paducah Water Works plans to ~egin construction of a 
new $5 million water tre~tment facility. (3 

Se~er 

Se ... ~ge treatment facilities in McCracken County are provided by the 
City of Paducah and three ~anitary districts--Woodlawn, Reidland, 
and Lone Oak. Union Carbide operatEs a separate syste~ for the PGDP. 

The Paducah system operates a mix of sc;nitary (407.) and combined 
(60%) se ... ers. The current plant began operations in 1957. Secon
dary treat~ent facilities went on-line in 1977 with a de~ign capa
city of 12 million gallons per day Cmgd) (45 mld). Average flow 
is 3.5 mgd (13 mld) 9ut the peak is reached at times of heavy rain; 
this problem is accentuated because Paducah is a low river to~~. 
When capacity is reached the excess is discharged into the Ohio 
Rivet. 

Reidland and Lone Oak both operate trickling filter plants ... ith 
capacities of 300,000 and 350,000 gpd (1.1 and 1.3 mld), respectively. 
Reidland is near capacity ... hile the Lone Oak plant is only 14 years 
old and still has capacitya.vail:;):)le. The Woodla~-n 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 dty outflow area. The internal survey conducted by Union 
Carbide indicated ~hat 72% of the PGDP-related households in Mc
Cracken County have sewer; the remaining 287. rely on septic tanks. 

The treat~ent plant at PGDP has both pri:fJ.ary 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 pe:;k flow was 598,000 gallons (2.3 million Htel's) ,necessi
tating the cutting of some inflows. (3) 

Law enforcement 

There are four law enforceIilent agencies that provide service to the City 
of Paducah and McCracken County--the mu.nicipal police force, the county 
sheriff the county police force, and the State Highway Patrol. The do
main of' the Paducah Police Depart::nent is allllost exclusively limited to 
enforcemen~ within the city limits. Two law enforcement agencies serve 
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McCracken County outside 0:': P2ducarr----the McCracken County Sherr-ii's De
partment and the McCracken Coun::y Police Department patrol suburban a:-:c 

rural HcCracken County. Both county lay enforcement agencies also re
spotld to calls in the City of Paducah, H needed. The Kentucky State 
Police also provide la ... enforcement support in the county. 

The 1978 ratio of full-time lay enforcement o;fficers per 1,000 MdCraCKe:1 
County residents is 1.66. National standards recommend a ~atio of 1. 75-
2.0. Therefore, the county is slightly belo ... that range.(~) 

Fire orotection 

Fire protectiOn in McCracken Count, is provided by eight.fire depart
ments; all areas of the courity ,?re served by one of these departments. 
The largest unit (and th~ only full-time municipal department fot the 
area) is ~he Paducah City Fire Department. 

Un.ion Carbide provides its o~ fire protection equipment at the PGDP: 
three full-size ftre trucks and seven mini-trucks are stationed in the 
process areas. Production personn~l are trained to operate the m1n1-
ttudks ... hile 17 full-time firemen operate the regular equipment. Unio:1 
Carbide also operates a fully equipped rescue squad and has .:; second 
hearse-style ambulance slated for tetirement. 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-me~ber board of trus
tees and has po ... ers to tax the residents of its district. The districts 
h~ve cooperative agree~ents yithin the liItits of state fire regulations. 
The greatest prob~em facing the volunteer fire departments is the ab
sence of yater mains and hydrants in many area!? This severely limits 
their ability to protect residents and necessitates the main::ena~ce of 
tankers to carry ... ater to such areas. (4) 

Recreation 

The McCracken County area possesses good surface yater resources 
yhich form a basis for outdoor yater-related recreation, hunting 
(especiallY goose and duck), and fishing. Ther~ are tyO major 
lakes (Kentucky Lake and Barkley Lake) ;.;ith rugged shorelines total
ing 3,000 miles (4830 km). Just; east of Kentucky Lake lies the 
"Land Bet ... een the Lakes," a l70,000-acre (68,850-ha) federally 
o~ed and managed recreational preserv~ area devoid of private de
veiopment; it annually attracts more than 1.7 million V1s1tors. 
There are also three state parks ... ithin 53 mi (85 km) of Paducah
Kentucky Dam Village Stat:e Resort Park, Kenlake State Park, and"Lake 
Barkley State Park. The City of Paducah has nine ~~ty parks total
ing 300 acres (121 ha). the lCirgest of ... hich is Noble Park; one 
municipal and two private golf courses; and a fully programmed City/ 
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County Recreational Department yith ball diamonds, tennis courts, 
and other equipment for a~l sports and activities. Two public 
syin:$.iilg pools are available--one !soperated by Paducah in Noble 
Park and the other is operated at Broadway United Methodist Church 
yhich is open to the public. Several private pools are also avail
able at other locations.(l) 

3.1.8 Land use analysis 

Land use patterns 

The Paducah Gaseous Diffusion Plant is located on a 3,425-acre 
(1387 ha) site in a generally rural area of XcCracken 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 Energy 
'is presently leased to the ~entucky Department for Natural Re-
sources and Environ$ental Protection for Yildlife conservation 
purposes. General land use patterns of the Paducah, Kentucky, re
gion and specific land use patterns yithin a 5 mi (8 ha) radius 
of the facility are i~lustrated in Figures 3.1-6 ~nd 3.1-.7, re
spectively. (1) 

the !!lini:inum mapping unit for all land use/land cover categories is 
40 acres (16 ha) except for urban and built-up yater, agricultural 
and mining areas which are mapped at a minimum unit of 10 acres 
(4 ha). A~ shown in Figure 3.1-6, agricultural and forested. lands 
comp~ise the predominant l~nd use patterns in the Pgduc~h region. 

Figure 3.1-7 provides a map of the generalized existing land use 
patterns o~ a.reas lying within a. 5 mi (8 km) radius of the Paducah 
Gaseous Diffusion Plant (PGDP). This land use IllCiP 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 approxim~tely 157.; urbani 
built-up areas comprise approximately 47.. The $ma,ll clusters of 
residential areas forming small communities in the study area and 
their approxitI!Ateiy straightline d:i.stance from the Paducah Gaseous 
Dif~us:i.on Plant are as f01loys: 

Grahamville (1.5 Illi,' 2.4 km) Lamont (3.7 tni, 6.0 km) 
Heath (2.2 mi, 3.5 km) . Kevil (4.7 mi, 7.6 km) 
Rossington (2.7 mi, 4.3 kID) Ingleside (5.0 mi, 8.0 kIll) 
Future City 0.3 mi. 5.3 kID) 
Woodville (3.5 mi, 5 .. 6 kID) 
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Figure 3.1-7. Generalized existing land use patterns '-'ithin a 5-mile 
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Metropolis, Paducah, and La Center are larger communities located near 
che facility. Other urban/built-up areas within the 5-mile (B-km) radius 
include Barkley Airfield and the Tennessee Valley Authority's Shawnee 
Steam Power Facility. 'Me maj:or 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, ~etropolis Lake, Bayou Creek, and other small.er ",.Jater 
i:npound:::ents cons,t:itute approximately 51. of the study area. A portion 
of t~e study area lies lo7ithi:1 the flood plain of the Ohio River. ::xce;H: 
for :he TVA. Shawnee Po\Wer ?lant, little development: has occurred on 
the alluv~al plains lo7ithin this flood hazard area. 

A nuober of small abandoned gravel pits total less than 0.5% of the tc
tal area within the study area; no Dining ac:ivities are presently bei~g 
conducted. 

Land cauabilitv and Droductivitv 

A breakdo'"-"TI of land use for Ballard, ~cCracken, and Massac counties by 
U.S. Soil Conservation Service land caDabilitv classes from the 1970 
Soil and 'h'ater Conservation Needs I:1ve;tory,(2',3) \Was recently com
piled. (1) This bventory included 911. of th.e total land area of these 
three coun~ies. The best land, Class I, accounts for 61. of the :ot21 
area Io7hile 11. 5% of the area was categorized as Class V-VIII lands. 
::rosion,excessive water, and soil li::litations in the root: zone are the 
cominant: soil and wa'ter conservat:ion problems of 52~~, 40%, and 2%, re
spectively. The 1967 invent:ory also revealed 24.4i~ of the land in the 
three-coun t:yarea\Was rores.t land, L. 9.2% lo7as cropland, 22.0% ..... as range 
and pasture land, and 4.4% I.¥as in other land-use categories, 

T:1e existing land-use .patterns in the 3allard, ~cCracken, and :-!assac 
counties are predominantly comprised of agricultural and open space 
lands. Data compil~d from the 1974 census of agriculture {preli~inary 
reports) ?rovide a further breakdovn of the use of land in the three
county area and other selected agricultural statist:ics.(4) Com
parison o.f the 1969 and 1974 data reveals a 15i. decline in the nu:::ber 
of fa~, a 14-acre(5. 7 hal increase in the average size of far::lS, 
and a 57. decline in the number of acres of land in farms over that 
5-yearperiod. 

Principal crops gro'"-"tl in the three-county area include corn, sorghum, 
wheat, soybeans, hay, and tobacco. Agricultural productivi~y in 
terms of approximate average annual yield's of these six crops as 
derived from the 1974 census of agriculture, the 1976 soil su:.-"v"ey 
of Ballard and McCracken Counties, annual Kentucky agricultural 
statistics, and other reports are as follows:(l) 
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70 bushels/acre (6.0 m3/ha) 
55 bushels/acre (4.7 m3/ha) 
32 bushels/acre (2.8 m3/ha) 
25 bushels /acre (2.2 .m3 /h a) 
2 tons/acre (4.4 T/ha) 
2,050 lb/acre (2300 'kg/ha) 

On a county basis, 26% o·f the total land area of Ballar.d County 
and 24% of McCracken County are designated as commercial forest 
lands. (5,6) Volume data for Ballard and McCracken coun·ties \Jere 
46.5 million and 92.5 million board feet (109,662 and 218,145 m3) 
of sa\Jtimber, respectively. 

3.1.9 Water suoply 

3.1.9.1 Water use 

Water use in the area' of PGDP includes the follo\Jing potential . 
sour.ces: 

• Ohio River 
• Big and Little Bayous 
• Ground\Jater 

The U.S. Army Corps of Enginee"rs has made estimates of the quantity 
of Ohio River \Jater presently used for municipal and industrial 
purposes. (1) Their regional area includes the portion of the river 
betyeen Uniontoyu Lock and Dam and the juncture yith the Mississippi 
River. Projected 1980 municipal uses are approximately 15 million 
gallons per day (0.5 m3/sec; 24 cfs). Comparedi to the historical 
minimum river flow of 9,iOO million gallons per day (425 m3/sec; 
15,000 cfs), the proj~cteduse indicates the 10\J level of urbani
zation \Jithin th~ area of the PGDP. 

Current industrial usage is also a very small percentage of the 
available \Jater supply. Major Yithdrayals for industrial use, ex
cluding pO\Jer generation, \Jere 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, \Jhich is ap.proximately 4 mi (6 km) north of the 
PGDP on the Ohio River, withdraysabout 1.4 billion gallons per day 
(2,166 cfs, 61 m3/sec). Greater than 98% of this floy' returns to 
the river. The Ohio River is also the sour.ce of water for the PGDP 
via the TVA intake structure. Water '.Jithdrawals by PGDP strongly 
depend on electric power consumption levels. Poyer levels in turn 
are related to production levels. During the first seven months 
of 1979, water withdrayals 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 MWthe corresponding Yater yithdrawals are estimated at 26.1 
mgd (1.2 m~/sec; 40.2 cfs). Slightly more water is used in the 
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~inter season because the colde= ~eather temperatures ~ake the 
softening process' less efficient. At the other extreme, ~ater ~ith
drawals for zero power comsumption correspond to sanitary usage of 
about 2.8 mgd (10 mld). About 4 mgd (15 mld), on average, is re
turned to the Ohio River via Big and L1 t.tle Bayous. The reJ:.aining 
large industrial user of water in this scretch 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 sun:narizes 
projected 1980 demands compared to the 100-year low flow supply. 

:abl~ 3.1-2. Regional ~ater use from the Ohio 
River near Paducah Gasous Diffusion Plant 

:l3/sec 
?1!:-ce:1t 

!:)sage ~GD cis 
t(~ver 

F10v 

~id:i'al _i\(1thdraval 15 24 0.5 <0.1 

Consumption 0.2 0 .. 2 0.05 <0.1 

Non-energy l"'ithdrava1 6 9,2 0.2 <0.1 
Industries 

0.'J6 0.9 0 .. 02 Cons=!'tion <0.1 

Energy IDdustries J\(1thdra\;a1 1,945 2.9'96.0 6' .. 8 15.3 

. Consu:::pt!on 38.9 59.9 1.3 0.3 

Supply (Lov-Flov) 9.700 15,'000 425 

of 

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

No domestic, commercial or industrial 'withdrawals of water directly 
from Big and Lit.tle Bayou Creeks have been identified. These st:e~s 
cannot be relied upon for a non-interruptable source af water 
supply~ Local groundwater withdrawals were estimated on the b:'lsis 
of the population densities given previously. Two estimates of per 
capita usage were located. One s,tudy conducted near Paducah found 
usages of 5to 43 gpcd (19-163 Ipcd) ~hile another estimate for 
the entire McCracken County cited a value of 89 gpcd (337 Ipcd).(2,3) 
This latter esti:nate probably b.cludes some municipalities for 
whic.h 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. One 
estimate arrived at a value of annual recharge between 85-125 million 
gallons per square mile or 1. 9.- 2.8 billion gallons for the two basins 
combined. (4) Current estimated usage istherefOT'e 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 ~ater oualitv 

Existing yater quality i:1 the area of the PGDP is determi.:1ed by the fol
lowing factors: 

G Dominant land use and soil types 
• Specific industrial activities/discharges 
• Municipal ~aste water discharges. 

Numerous studies have cited a relationship between yatershed land uses 
andwa ter q.uali ty. (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 Union·to\o1D and Cairo were served by 
municipal water syste:ns in 1960. Of this total, 56% resided in McCrac
ken County, Kentucky. 

Although there are pa'tches or rorest in the vicinity, the ?:-i:nary rural 
land use type is·agricultural. Agriculture results in a nu::::ber of pol
lutants being con tribt,1t: ed to rive:-sand streams, particularly sedi:nent. 
No estimates of quanti~ative losses have been made for the area, b.ut 
the heavy clay soils and lack of topographic relief probably indicate 
a lower value than 4, 80Q ,ons/mi2 /yr (1600 T/k;m2/yr ) commonly cited as 
an average for cropland. () Along yith sediment, fertilize·r and pesticide 
runoff is the most persistant problem associated with agriculture. 
Phosphorus, ammonia. and nitrate are the principal contaminants. 

In addition to suspended material, storm runoff from urban areas 
contributes significantly to thE:· al:lount of heavy metals and oxygen
depleting materials found in rivers and streams. 

In adaition to these contributions, specific industrial activities 
:nay introduce unique sets of contaminants. For the PGDP, these con
taI:linants include radionuclides, principally uranium and technetium; 
fluoride and nitrate from suppor'ting activities; residual chlorine 
from cooling tower bloYdown; and chromium and zinc from cooling 
toyer drift. Trace amounts of oil and grease as ~ell 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 sum:nary of existing yater quality· in the Ohio River is sho,","D in 
Tabl-e. 3.1-3. These values may be ·compared to background values to 
deter:ninethe extent of cants influence. Most values at Lock and 
Dam 53 are above the background concentrations as 4efined 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 municipal 
or industrial discharges~ 
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Values for ~ater quality sampling stations near PGDP do not show specific 
trends that might be indicative of plant contributions. Due to the 
small flo~s discharged from the plant and based on a dispersion model 
~hich 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 belo~ 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 sho~s a negligible difference 
bet~een radiation levels above or below PGDP. These findings and other 
data on aqueous radiation levels near PGDP will betrea,ted in ~ore de
tail in Section 4.1. 2.2 following the d~scription of t~e 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, agricultureproba'bly provides the 
most significant influences, followed by energy-related industrial 
activity. Energy related.activities include those at PGDP. Urban 
areas do not comprise a significant land use and therefore con
stitute a relatively minor influence. on water quality. 

Water quality in Big and Little Bayous can be characte·rized by 
comparison to Massac Creek ~ater quality. Massac Creek is a small 
watershed to the east of PGDP which has no known maj,or sources of 
pollutants and should therefore be background representative of 
conditions in Big and Little Bayou Creeks w.ithout the PGDP and ~ith
out other point sources. Based on data gathered during 1977-78 
environmental sampling and monitoring (Figure 3.1-9)", the follo~ing 
conclusions can be drawn concerning existing water quality in Big 
and Little Bayou Creeks as comparedto"Massac Creek: (8) 

Massac Creek-

• Massac Creek is currently free from industrial pollution 
and is representative of desirable water "quali.ty for 
small rural watershed conditions • 

.. "During hot weather, flo~ 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 MassacCreek sedi
ments together with the high native clay mineral con
tent should effectively reI!love 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. 

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

CI The temperature of Massac Creek waiter was below the 
applicable standards of 21.1 and 30.6 C fo·r April and 
J.tine, respectively. 

Li t,tle Bayou Creek-

• Significant increases in chromium and zinc were noted 
in the sediments downstream ofPGDP discharge. 

o Heavy metal concen.trations 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 tower.s into 
Little Bayou Creek is still being addressed, as monitoring 
data for the latter part of 1977 and 1978 showed rela
tively elevated conce'ntrations. 

• Discharge of cooling tower blowdown h~storically in-
creased the concentration of dissolved solids in Little 
Bayou Creek by as much as 'an order of magnitude. 
Routingtheblowdown to the chromate facility in 1977 
shifted the effect to Bi~ Bavou Creek. Durin2 1977 elevated 
concentrations. of dissolved sQ.lids in Little Bayou Creek 
were probably due to the windageproblem with the cobling 
towers; monitoring data for 1978 showed 100 percent compliance 
with NPDESpermit conditions. 

• 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·excessi ... e levels of 
residual chlorine will be mitigated by do.wnstream relocation 
of the outfall. 

• UF6 and UF4 manufacturing/reduction operations were 
discontinued· in ~.ay 1977. Fluoride concentrations have 
dropped but are not yet to background levels. 

• The temperature of Little Bayou Creek was below the 
applica'ble ambient standards (see Massac Creek) for both 
sampling dates in 1977 and m€.t NPDES Ibits 997. of the 
time fn 1978. 
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Big Bayou--

• Upstream of the PGDP discha'rge, ammonia concentrations 
may occasionally reach toxic levels. The source of the 
ammonia is 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. 

• 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 
significan'tly between stations upstream and downstream 
of PGDP and as compared with Massac Creek. As with Little 
Bayou, the chromate reduction facility will decrease 
discharges subs.tantially. As is shown in Figure 3.1-9, 
some reduction can be I}oted already. 

• The temperature of the water 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 th;ee analyses are generally between one and two orders of 
magnitude higher at sta'tions 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 radioactivity levels in air during 
this period determined concentrations at' off-site sampling loca
tions to be generally less than l%of the applicable radioactivity 
cO<1centrar:ion 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 concentra't:i:ons, no significant 

.' 
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impact on the environment was expected.(l) Difficulty was encountered 
in the evaluation of uranium levels in so.il because there ",ere no 
comparable standards. 

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

3.1.11 Regional historic, scenic, cultural, and natural land~arks 

3.1.11.1 Historic 

The study area encompasses an area within a IO-mile {l6-km} radius or the 
plant, involving McCracken and Ballard counties in Kentucky and Massac 
County in Illinois. A few important historic sites and na,tura!. 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 in 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 1-1. Barkley Museum; the Irvin S. 
Cobb Hotel (1978); "An~les", the Barkley homoe in Paducah, Kentucky; and 
the Fort Massac site in Fort Massac State Park in Illinois. (1) Also being 
considered are the Iron Horse Memorial, the last steam locomotive in the 
area, the Paducah City Hall, and the Anderson-Smith hQuse in Paducah 
(Figure 3.1-11). 

3.1.11.2 Archaeological 
o • 

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 ~.assac County, Illinois. No systematic survey 
has been conducted but local authorities have found extensive 
evidence of pre-Indian cu:l.tures 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 (eFR 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 Si~es Acts of 1935, 16 usc 461; 
the National Environmental Policy Act of 1969'; the Executive 
Order (11593) Protection and Enhancement of the Cul:tural Environ
ments, May, 1971; and the Archaeological and Historic Preservation 
:kt of 1974 which extended the coverage " ... to include &11 federal, 
federally-assisted or federally licensed construction projects."(4) 

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 little scenic advantage to 
the area. However, the area is an extension of the Coastal Plain and 
Cretaceous Hills Province with numerous sloughs providing cypress swamp 
habitat. Beyond the study area on the Ohio River between the Ballard 
County to1ildlife 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 Commission and ,begun a 
state inventory 10cating significant natural areas., 

Although no known natural areas lie within the IO-mi (16-km) 
radius study area, the survey may uncover areas ,no,t ye t discovered. 
One·such area may be the 100 acres '(40 hal in Tracr; Six within the 
Western Kentucky Wildlife Management' Area adj!acent 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 slough areas bet'Ween 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 sys
tem. The Hassac County iIiventory 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 sta:te inventory as a site worthy -of preservation for its 
natural fea·tures. I t is also lis ted in the Register of .Historic Places 
(Figure 3.1-10). 

The federal laws applying to the historic sites and archaeology 
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 thePGDP are projec;ted at this 
time. 

3.1.11.5 Cultural 

Local 

The cultural pattern of the study area has his.torically been domina ted 
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 responsibl:e for 
industrial growth. 

The settlement of the area was influenced by five general cultural pat
terns. The early homes reflec tthe fact that the pioneers did not 
represent the wealthy segments of the communities from which t~ey ca~e, 

nor did they attain w.ealth in those first decades. The pattern of slav
ery in ~he h~me sta~es fro~whichthey came is reflected.in earlY(7) 
populatl.on fl:gures 10' the Kentucky Purchase (393 slaves 1n 1822). 
After the Civil War. blacks remained in the area with a concentration in 
the vicinity of Paducah. 

The influence of the Civillvar is reflected in the war memorials, 
the s.tatues, 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 kIn) from Paducah, has an enrollmen-t 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 boatin~. 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. I,t is an exceptional s,ite for bird-watchers as it is loca
ted on the Mississippi Flyway 3~~ also contains a cypress swamp 
habitat. There is controlled hunting in the Wes.tern Kentucky 
Wildlife ~anagement Area adjacent to the DOE plant and seasonal 
duck hunting at the Mermet Lake S,tate 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 Sho,ps has the 
larges,t local labor fo·rce. The advent of the gaseous diffusion 
plant and, in 1951, the TVA Shawnee 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, in~reased 
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 wa.s recently comple,ted; and a 
convention complex is planned. These suggest the possibility that 
the st.udy area may become an even more significant industrial com
plex. (8) 

3.1.12 ~oise 

Measurements of background noise levels in the vicinity Jf the PGDP 
were made during 1977(1). The noise levels ,measured were typical 
of rural situations with some noise from s~all scale agricultural 
operations, traffic on secondary roads, infrequent commercial air 
traffic, and natural sounds, i.e., birds, animals" insects, and the 
wind in the trees. Some o·f the noise meas~rement locations used 
in the survey were chosen to represent the nonplant noise environ
ment. Although these locations were 2 mi (3.2 len) or less from 
the ·plan,t boundary, noise levels were relatively low and there was 
no noticeable influence of the plant on the noise values obtained. 
At. the 2-mi (3.2-km) distance, the ambient was found.to be as 
low as 26 dBA 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 Grahamvi11e, the nearest community, t:lostof the noise CO!:les from 
traffic. It was observed that the peak noise 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 Grahamvi1le 
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 geograohy 

The unconsolidated materials fo.rming the present-day land surface 
in }!assac County range in thickness from abot't 5 ft (1.5 m) in the 
upland areas t::> about 130 f t (40 m) in the Cache River V,a:l.1ey. In 
the upland areas, wind-blown silt (loess). and residual soils 5-25 
ft (1.5-7.6 m) thick are present and yield lit~le or no water. 
In thebottomlands 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 cons01idated bedrock surface and can be a significant 
source of waiter for larger groundwater developments. 

The consolidated bedrock units underlying Massac County are of ~ississip
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 ver.tical displacements of these units throughout the 
coun,ty. . In the southern portions of the county, the Valmeyeran lime
stones are potential sources of municipal and industrial water sup-
plies (Appendix B, Figure B-I) .'(1) 

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

1.2.2 Hydrology 

1.2.2.1 Ground~ater 

..,£.'oundwater in Massac County is used as a source of municipal water : 1 .. UPP1Y at Brookport, Joppa,Metropolis, and .the Millstone Public 
. :lter District. In addition, industrial water supplies for the 

. '. tppa Steam Plant and several small manufacturing facilities are 
; lllliurnished by groundwater. Alluv:ial ,plains along the Mississippi, 
"I",iO, a'1d Wabash Rivers from Randolph to wbi.te County inclusive, are 

- cations for wells of high capacity. The yields range from 7'5 
" to 1',500 gpm(284-5680 lpm) with specific capabities of 15-90 gpm 
:"r ft (186-1117 1pm) of drawdown. The estimated daily pu:np-

': .~~e is 4 million gal (15 million 1) in an area with an ur.ban 
~~pulation of about 15,DOO. 

I 
I 
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Figure 3.2-2,. Surface \.later hydrology for small catchments 
near Electric Energy, Inc., Joppa s,team-electric Plant. 
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Seepage of \.later through the ash pond.to the river is not a :najor con
cern due to the highly impermeable nature of the subsoils. Engineering 
evalua,tion of the permeability coefficient indicates values of bet",een 
10-4-10-7 em/sec, \.lith mos,t of the individual sample determinations fall-
ing to",ard the lo\.l end of this range(2). 

3.2.-2.3 Flooding 

Recurrence intervals and flood elevations for the Joppa facility are 
similar to those cited in Section 3.i.3.3. All plant components, in
cluding the genera' tors and coal s,torage and ash disposal areas, are \.leil 
above the 100-year flood elevation. Some local flooding of fields ad
jacent to the, ash disposal area may occur due to back\.tater from the riv
er; ho",ever, this \.lil1 aifec,t only a few hundred acres. 
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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 :nagnitude flood, but erosi'on of the 
sides of the retaining wall due to flood flow velo.cities is a possibili:y. 

3.2.3 Climatology and air Quality 

The climatological and meteorological fea·tures 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 weste-rn Kentucky and southern Illinois. 

The air quality presentation, in the previous section includes all of 
the data availa·ble in the entire area. There are no monitoring stations 
si.tuated in the immediate vicinity or the Joppa facility. 

3.2.3.1. Changes in Joopa stack heights, emissions 

with chi::ney heights of 250 ft (76 ::I), the Illinois Pollution Con
trol Board (IPCB) limited sulfur dioxide emissions to about l3,E90 lb 
(6306 kg) of S02/hr. Subsequent to a comprehensive study conducted 
by a consulting engineer, a petition was submitted to the IPC3 to 
comply us~~g a Supp'lementalControl System to limit the level of 50 2 
in the amD1en~ atmospher~. An amended program was approved by IPCB on 
September 1, 1977. This program consists of: (1) construction of 
three new chimneys 550 it (168 m) tall which will be in operation 
by November 1, 1978; (2) installation of an ambient air monitor for 
502 by November 1,. 1978; and (3) li:nitation of 502 emission to 
36,875 lb/hr (16,741 kg/hr) through use of fuel blending by July 1, 
1978. 

The construc~ion of the 550-f~ (168-m) stacks was on schedule and are 
operational. The old chimneys were roofed, closed, and abandoned in 
place. The ambient monito.r was received a.nd instal~ed. Sarge!'lt .and 
~undy Engineers provided the modeling for a.mbient a1r con~entrat10ns 
of so. These results are presented in Section 4.2.3.2 w~th t~e results 
of ad~itional dispersion modeling. As a result of controlled SO, 
emissions the monitoring rE''Juirement was removed from the 1:981 state 
air peroit 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 t.O sane areas or 
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moderately steep slopes dissected by natural drainage patterns. 'Figure 
3.2-3 delineates the distribution of ~he individual S9il series found on 
the Joppa plant site whi-ch comprise this association.{l) 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 produc·tivity. 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 o.ther naturally occurring soils are 
found in the drainage patterns. These soils belong to the Belknap 
series which are d~ep soils fou~~ 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 a·cidic, ranging 
in pH from 4.5-S.5. 

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

The characteristics of poor drainage, acid soils, slow permeability, and 
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 (S.2-7.8 
m3/ha) of corn, 25-30 bushels (2.2-2.,6 m3/ha) 0 f soybeans, 2S-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 m3/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 illl!Dature woodlots, open grassland areas, and numerous 
thicket-like areas of young trees , br.ush and weeds (Figure J. 2-4) . \-11 t:: 
the exc~ption of a few large ~ndividual trees, primarily found along 
water courses, the overall vegetative community t:an be described as 
r.elatively young. Extensiveti:nber harvesting by .early p.ioneers 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 ;>onds. T.he 
remaining acreage within the property boundaries of the plant is aloost 
equally proportioned in grassland i scrub, and woodlot areas. Acreage is 
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Figure 3.2-3. Soils Map of the Joppa Steam Electric Plan:. 
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Figure 3.2-4. Vegetation map of the 
Joppa steam electric plant. 
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typically agricultural, either pastured or cultivated, with scattered 
woodlots. The up13nd woodlots are dominated by a.few large oaks and 
hickories; however, a large portion of these woodlots is dominated by 
abundant young growtho·f maples, black locust, ash, and boxelder. Ri
parian forest communities in the natural drainage patterns and along 
the Ohio River are dominated by numerous lar.ge individual trees of 
sycamore, cottonwood, and willows. As is 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 youqg trees, domina,ted by young maples., 
sassafras, sumac, locust, and elm' tr.ee 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 fr,om 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 of 
both species and individuals occurring on this property are greatly re
duced. The animals that are present are common to the southern Illinois
wes,tern Kentucky region. 

Birds 

Due to the similarity of habitat types, bird species, especially land 
birds and raptors, occurring on the Joppa Steam Electric Plant p'roperty 
are very likely similar to those reported for the PGDP p.roperty( 2) (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 atPGDP. 

l-let,ra,nd habitat suitable for waterfowl and shorebirds is available on 
Joppa property in the form of ash ponds and the Ohio River shore1in~. 
Thus, many of the common waterfowl, shorebirds, and wa!'lin, bird species 
recorded at the Crab Orchard National Wildlife Refuge(3 ,4, Horseshoe 
Lake Cons.ervation Area· ( 5), and Land between the 'Lakes (6) probably stOll 
to. rest' on the Joppa plant wetland areas. Because marshy habita,t 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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~armnals 

l-'f.arnmals at the plant si.te 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 s.ite is particularly used by mammals. Species kno\.:n to 
occur include whitetail deer, red and gray foxes, scriped sktink, raccoon, 
opossum, eastern· cotton,tail, gray squirrel, muskra't, ~orvay rat, 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. (7) Mammal species present or expected to occur 
at the PGDP (SeCition 3.1.5.1) could also be expected to occur atthp. 
Joppa si.te . 

Reptiles and amohibians 

Only a few species have been positively identified on the property; but 
those present or expected ot occur at the ?GDP si~e (Section 3.1.5.1) 
could also be expected to occur a·t the Joppa site. Species known to oc
cur include the copperhead, box turtle, rat snake ,("chicken snake"), 
"kingsnake", and "snapping turtle". Snapping turt~es are occasionally 
found in the settling ponds. (7) 

Importan~ soecies 

Several species of animals may occur at the Joppa plant that have partic
ular significance due to their rec~eational, aesthetic, or legal values. 
The interrelationships between these and o.ther spec-ies that may ·be 
present are exemplified in Section 3.1.5.1. 

Game ani;:'lals 

The Joppa power plant is located in a portion of the ~1ississ ippi Flyway 
that is used by ~arge numbers of ducks and geese.(3 8) Small numbers 
of these waterfowl 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. (7) Other 
species of waterfowl utilizing the ash ponds and river during migration 
or as an overwintering area probably include the following species com
monly' ~een 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. OJ 

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 ga.::le birds observE9 on the Joppa plant property include the bob
white and mourn i..."l g dove. I) Game mammals that use tbe 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 hrie£periods of time. 
Twenty-four bird species observed at the Crab Orchard National Wildlife 
Refuge are on t:he,federal and/or Illinois threatened or en..dangered 
species lis~s.{9,10) Of these 24 bird species, only the following L9 
are likely to stop during migration at the Joppa plant property: 

Endangered Birds of Illinois 

Great egr.et 
Little blue heron 
American bittern 
Black~crownednight heron 
Cooper's hawk 
Red-shouldered hawk 
Bald eagle 

Osprey 
Marsh hawk 
Upland sandpiper 
Black tern 
Short-eared owl 
Brown creeper 
Bachman's sparrow 

Threatened Birds of Illinois 

Common gallinule 
Bewick's \o1t'en 
Veery 

Loggerhead shrike 
Swainson's warbler 

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 eaglps overwinter in the area and are known to eat both. li ..... e 
and dead fish. (3) Approximately 3'50,000 fish are impinged on the power 
plant intake water screens per year and are flushed back into the 
river i (11) these fish would be a good source of food for bald eagles. 
The northern subspecies of the 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 whi.ch may include the area. The 
mammals are: golden mouse, rice rat, eastern woodrat, gray bat, and 
Indiana bat. The reptiles and amphibians are: slider, broadbanded 
watersnake, eastern ribbon snake, western hognose snake, dusky salaman
der, and Illinois chorus frog. The gray bat and Indiana bat are also 
included on the federal threatened and endangered species l1sts(13). 
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3 .. 2.4.2 Aquatic ecology 

The Jo.ppa Steam Electric Plant is located on River Mile 952 o·f the Ohio 
River. Detailed surveys have been conducted on this are~ of the river 
in connection with the thermal discharge from the plant. ,11) 

Diatoms were the most abundant phytoplankton encountered. Cyclotella
Stephanodlscus and Melosira were the dominant genera. No statistical 
differences were noted between samples taken upstream and downs·tream of 
the plant discharge • 

Zooplankters were common midwes terr. riverine tvoes. Numhersof ontani '="''= 
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. (11) 

Twenty-rour species offish were collected from this section of the 
Ohio River in 19.74. (11) The most common species enco.untered were gizzard 
shad, goldeye, and skipjack herring, comprising approximately 807. of 
the total fish taken. Sportfishencountered included smallmouth bass, 
crappie, sauger, channel catfish, and several species of sunfish. 

There were no apparent, significant differences in fish populations up
stream and downs,tream of the Jop.pa facility. However, fish were found 
to congregate in the ther.mal plume during ~ovember 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 con
ducive to the maintenance of a balanced aquatic community. The tributary 
to the east of the plant has been channelized and serves as a drainage 
ditch, rece~v~ng ash pond overflow and coal pile runoff from· the Jop.pa 
plant. The combination of ,these facto'rs exerts stress on any existing 
aquatic community. 

3.2:5 Land use. 

The fol:bwing para~raphs provide a descriptior.. of the land-use pat
ternsw1thin a 5-m~ (a-km) radius of the Joppa' .Steam Elec tric Plant. 
Portions of four counties lie within a .5-mi (8-lan) radius of the 
station--Mas.sac and Pulaski counties, Illinois, and Ballard and Mc
Cracken counties, Kentucky. Descriptions of regional land-use pa't
terns and land capability and productivity data for MassacBallard 
and McCracken counties were previously presented in che la~d-use ' 
descrip.tion ,of the Paducah Gaseous Diffusion Facility (Section 3.1.8). 
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Figure 3.2-5. General!%edeXisLing land use patterns vi thin a 5-mile 
radius of the Joppa Steam Electric Sta.tion 
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I 
13 • 2 • 6 Wa'ter use/'Water cualitv 

.. t~ater use at Joppa consis.ts of withdrawals for condenser cooling 
and miscellaneous station uses. Condenser cooling discharges have 

I recently averaged 790 cis (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 1:ow flo'W discharge and a very small percentage of the mean 

I.
' annual flow. Other s'tation water uses total about 25 cfs (01.7 cms) 
'with a maximum of 55 cfs (1.6 cms) and a minimum of about 11 (0.3). 
'Grea'ter than 90% of these uses are satisfied by withdrawals of sur-

I. 
face 'Water from the river while the remaining demand represent:s 

,groundwater withdrawals. :: 

: Water quality of Joppa discharges is shown in Table 3.2-1. (1); For those 

I· parameters where downstream values have been obtained. the general ef
Ifluent quality even before d~lution does not represenr a signficant de
teriorat:ion oiOhio River quality. Specific instances of impacts are 

10ften 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-

1 .. P1es and have not been detected. The potential localized impact.s of 
these discharges are evaluated in greater detail in Section 4.2.2. 

13.2.7 Regional historic, cultural, archaeol02ical, and natural lando3::-ks 

3.2.7.1 HiStoric 

IThe village of J.oppa, population 572, was incorporated in 1902.. Set:tle-
ment prior to that date included the construction of the Christian Church 

l in downtown Joppa. This structure (1894) is listed in the Illinois His
toric Sites and Landmarks Survey for preservation(l) along with a Southern 
Baptistcnurch, a Methodist church, and a ,Church of the Latter Day Saints. 

I
The Christian Church :t1l1 funct.ions. A serVice station. one store. 
and 1:".-70 taverns cons t~tute the. present Dusiness enterprises. 

At one time, the major industry in Joppa was a railroad tie yard, reput-

l 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 ~~54 t~e power plant was es,~ab:ished, which expanded the rail lines 
It>f the Ch~cago and Eastern Ill~no~s Raihlay and brought prosperity back 

to the town. The construction of a portlandcemen~ company, the addition 

1
0f ,the Trunkline Gas Plant of Houston, and the Commercial Trucking Com

any fo,r transporting the portland cement increased still more the im
portance of the tO~ll. 

I 
I 
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Table 3.2-1. Joppa power station ~ chemlc~l qualty of effluents 

'Location/Parameter 
Temper- Oil and Fecal 

pU. SS, TOS. o·ture Grease, ChlorIne, CoUfo['1ll 
,lJnlto IDS/I IDg/l ••• • 

8005. 
mg/1 

., 
IDg/I Hl'N/10()1I1 118/1 

Ash Pond Overf1oy 7.0-11.0 814.7 409 .t 55 ~.3.t2.1 .,. 

Trsilclling Screen Wash .- . - w 
I 

Condenser Diacharge 7.3-8.) 82.7.tlS 0.04 1 .OS 
0-
...... 

Sanitary SystelD 7.1-8.6 18.714.3 ).9.112.8 16 .. 2 t 4.8 

Flume 7.9,..6.4 74.1.113 

Settling Pond 2.6-7.2 12.).14.1 2.4.12.3 

Ohio River at Grand 6.1-8.3 6-378 102-320 61.6-87.6 

Chain, IL (1973-77)(2) (lIICdhrioii 

35-430 

,85) 
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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 o·f Joppa, Allied Chemical and Cook' s Coal Termi:1al, has 
been dra-.m from neighboring to\offiS such as Metropolis (population 7500) 
and Paducah. 

The disproportionate amount of industry provides 
fit for the Joppa high school and grade school. 
equipped, and have a teacher-pupil ratio of 1:7 . 
meals, books and' equipment. Senior citizens may 
pared food program. 

3.2.7.3 Archaeologica~ 

a tremendous tax bene
Both are new, well 
Students receive free 

participate in a pre-

The Joppa Quadran~le has a concentration of archaeological siFes along 
both sides of the Ohio River corridor. A local anthropologist esti~ates 
there are 200 sites in southern Illinois. (2) No sites have been d'esig
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, o\offied and protec,ted by the 
Illinois Department of Conservation, lies north of Jop.pa. 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 (17-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 
virlzinica), white basswood, and red iris. Tree speciments o·f no
table size are found in the conservation area (see Figure 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 t)q)e locality for a sedge (Carex socialis) are found .on this 
preserve. The pro.perty is fenced and permission for visitation is 
required by the owner. 

The Illinois State Na:tural Areas Inventory includes a number of 
sites in the vicinity of Joppa designated as natural areas whic!1 
may be dedicated as na,ture preserves in the future. 
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3.2.8 ~oise 

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 I mi (1.6 km) east of Joppa has been assumed' to be repre
sentative of the minimum potential noise level in the Joppa area.(l) 
Sources of noise, other than the power plant, consist of autos and 
light trucks, infrequ~n~ local freight trains, and towboats. Motor 
vehicle noise i:spresent 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 o~:'the mechanical condition and the 
manner i:1 which the vehicles are operated. 

Under certain conditions of wind direction and cloud cover, noise from 
the gas pipeline compressor station northeast of the town would be audi
ble but not disturbing. 

Lacking extensive data for the community, estimates of 42-45 dBA for 
Equivalent Noise Level, Leq' and 46-49 dBA for day-night noise levels, 
Ldn' were obtained, based on a number of assumptions about the noise 
time-histo.ry of the community . 

Residences in the vicinity of the rail classification yard in the so\.!~h

west quadrant are the mos~ likely to be dis~urbed 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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4. POTENTIAL ENVIRONMENTAL IMPACTS 

4.1 PADUCAH GASEOUS DIFFUSION PLANT 

4~1.1 ImDacts on land use 

4.1.1.1 Radioac ti ve Was te 3urial 

The burial of low level solid r.adioactive waste· has been lillri.ted primarily 
to two adjacent areas covering approxima.tely 2 acres (0.9 ha) within the 
plant fence. :\bo.ut 35 percent of this area was utilized during the period 
1957 to 1974 for burial of uranium metal scrao. The remaining area (65 per
cent) was originally constructed in 1953 as a clay-lined holding pond, and 
was later covered and sIpped for use as a burial ar.ea for drummed uraniutl
containing waste. This site is still in use for burial of 10'W-level. 10'W 
specific activity radioactive 'Waste. Both of these sites are underlain 
with low permeability clay soils 'Which lo'Wer the potential for migration 
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 or 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 affec·t current land use. 

4.1.1.3 Chemical dischar£es 

Chemical discharges from the PGDP include emissions from boilers and 
process sources, airborne sub.stances from cooling towers and exhaust 
vents, and liquid discharges from various sources. Potentially toxic 
substances in .these discharges have not been found to occur in danger
ous levels in the terrestrial environment, or in the vicini ty of the' 
PGDP px:o.perty. However, discharges to Little Bayou Creek during pre
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 is pre
dominantly limited to acreage 'Within the PGDP property boundaries 
and therefore it should have little effec,t on off-site land use. 
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4.1.1.4 Noise and aesthetic'impacts 

Noise criteria 

Appendix D, Table D-l, summarizes the tentative regulatory levels for 
the S'tate of Kentucky noise control act •. (l)lIt The Class I land use in
cludes residential and forest preserve areas. Appendix D, Table D-2, 
swmnarizes the EPA recommendations for yearly eq,uivalentsound 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 
• Farm land and general unpopulated land 

The mos,t stringent outdoor limit :iJ:nposed on levels by the recotn.'lIended 
criteria for these land areas is the Ldn (24 hours) of 55 dBA fo·r 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 suff:i:ciently low level that 
natural sounds, 1. 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 nnd the state limit for off~site noise. 

The nearest residence is on McCaw Road, east ·o·f the .plant approxima.tely 
1 mi (1 •. 6 km). Although no measurements were made at the residence, other 
measurements, ma.de closer to the plant, permit an evaluation of the po
tential noise impact at the residence. Measurements show that the 
contribution of theplanr. to the Leq at the nearest residence would be 
on the order of 40 dBA; (2) the Ldn 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 shff.t, with the half-hour periods preceding 
the day shift andtne evening shift being next in traffic density. 

*See subsection 4.4 for Section 4 references. 
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The LI0 (level exceeded 10% of the time) at a pOint 200 ft (61 m) west of 
the intersection of Entrance Hi·ghwayand Dyke Road during the afternoon 
shift (the point of greates.t traffic noise) does not exceed the value of 
70 dBA established for design level peak traffic hour.(3) It 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 r.:or:nal 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 miniwal, with mea-sured noise levels falling Well below 
values considered to be acceptable limits. 

OccuDational noise 

\';ith1n the plant boundary, noise exposure of 'employees is the subject 
of regulations 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 i::lDacts 

Aesthetic impacts are associated primarily with the visible plumes 
from the cooling towers. The physical presence and appearance of the 
cooli:1g tower per se are of iit,tle 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 :nost con
tributes to the indus~rial appearance Df the overall site. Because 
the area il:lIIlediately 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 I~Dacts on wa~er Quality and water use 

4.1.2.1 ~ater Qualitv criteri2. and standards 

Water quality criteria and standards have been developed for many po.ten
tial contaminants on the basis of both ecological and human health 
considerations. Those most applicable to PGDP rnay be divided into cate
gories depending on whether the stancards or criteria are to apply to 
the effluent itself or to the receiving water body at some point do\o'TI
stream after the w.astes have had the opportunity to mix with the 
diluti:1g water. A second categorization may be made based on :~e agency 
pro~ulga~i~g the criterion or s~a:1dard. 
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Effluertt regulations 

• National Pollutant Discharge Elimination System 
(NPDES), U.S. EPA 

• Guidelines for Discharge of Radionuclides to Unrestricted 
Areas, U.S. Department of EnergyIU.S. Nuclear Regulatory Commission 

Ambient E.2gulations/Criteria 

• Kentucky Water Quality S.tandards 
• Quality Criteria for Water. u.S. EPA 
• Primary/Secondary Drinking Water Stand~rds, U.S .. EPA/ 

Kentu.cky. Department6f Natural Resources (DNR) 

Presently enforceable values for each of these sets of regulations and 
the particular point at uhich thev are to be applied are listed in Ap
pendix D, Tables D-3. D-4, and.D-5.(1,2) 

In addition. it 1s DOE practice to discuss the highest aqueous con~en
tration of each radionuclide in an unrestricted area averaged over a 
period of one year in Yater at points of use downstream from the point 
of release of the effluent. (3) To evaluate these concentrations, a 
chemical dispersion model yas used (Appendix D, page D-7). (4) 

4.1.2.2 Surface yater 

Use of surface yater in Big and Little Bayous is presently restricted 
to aqua:tic life propagation. This situation is likely to continue i~
to the foreseeable future. Analysts of available data yith respect 
to the continued operation of PGDP leads to the folloYing conclusions:(5) 

• Upstream ua'ter quality in Little Bayou meets applicable 
yater quality standards except for polychlorinated bi
phenyls for yhich the existing aqueous concentrations 
yere measured to be about tyice the Kentucky ~quatic life 
s,tandard. Alloyable concentrations yere calculated from 
toxicity data for indigenous fish species. The source 
of these pollutants is not apparent and the data are coo 
limited to generalize about any environmental damages that 
may be caused by their presence. The concentrations at 
the dOYnstream stations may re,flect loy concentrations in 
the PGDP effluent qr may .be the result of release PCBs 
previously attached to' particulates. 

• Upstream Yater quality in Big Bayou will probably continue 
to be affeeted by sporadic discharges of leachate from 
the Kentucky ordnance uorks disposal areas. Ammonia, ni
trates, BOD, and selected heavy metals are the parameters 
that are U:kely to exhibit the most noticeable trends. 
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• Cont:inued operation of PGDP should maintain the desirable 
increases in stream dissolved oxygen levels that have 
been observed in the past. 

• Heavy metals, particularly chromium, have .exceeded s,tandards 
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. Con'trol of the 
cooling tower driftpfob1em will further reduc,.e chromium 
emissions. The eleva'ted levels in -the sediments yill pro
bab1ynever return to control levels; hoyever, careful 
attention to maintaining the pH above 6 will permit as 
full a use oi 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 oifluoride 
processing activities should result in a reduction in 
levels over time. No f10ride violations of NPDES permit condi
tions have occurred since 1977. Fluoride concentrations below 
fo. mg/l do not appear to be acutely toxic to the types of 
fish likely to be found in the creeks and the ~PDES limit 
of 3-4 mg/l will protec~ these uses.(6) 

• Long-term operation of the plant has resulted in accumu
lations of radionuclides in the creek sediments. During 
periods when yater concentrations are low, the sediments 
may release these constituents to the yater. 

In general, water concentrations have been yell below suggested guide
lines. Very iimited data have been repor.ted in the literature con-
cerning the effec~s 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 \Jas the accumulation of 
nuclides to the point of being a hazard taman. At levels loyer than 
this, the ionizinJl:radiation was insufficient to cause damages to 
organisms.(6} The impacts onaquat.ic biota are discussed in section 4.1.5.2. 

No ~~anges in surface yater radiological quality are foreseen yith 
regard to continued operations under current safety regulations and 
barring an unforeseen catastrophe. 

Potential yater quality effects on dot.1tlstream users of -the Ohio River 
water are shot.1tl 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 dO\o1Ustream and dilute them overti:ne. 
There are no \Jater intakes for more than 20 mi (33 km) dO\o1llst:-eam; of 
PGDP, at yhich point the radioactivity .... illbe essent.ially at back
g:-otmd levels. 
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TABLE 4.1-1. Potential impacts on water use downstream of PCDP for selected components 

Do\lllstreslI 
Distance 

~1II1aalon Initial Critical Critical to CritIcal 
Contallinant Rat~ Concent rat·ion ConcentratIon .Volume Conc:(e) 

ka/sec ka/ III 
1 ka/ III 

1 Hl H 

Uraniull 1.05 x 10-) 6 x 10-3(e) 1.7 x 10"'~(a) : :)00 JO 

Alpha 2.8 x 10-~(b) 1.6 x 10-l(e) 1.5 x 1()-6(a)(b) 21l0,800 lOO 

Beta 1.1 x 10 -)(b) 6.1 x 10-1(e) 7.~ x 10 ... 6 (a) (II) 178,000 260 

Fluori.Je 1.1 x 10-2 60 x 10- l (e) 0.1 x 10-1 97,500 210 
-2 Nitrate 1.2 x 10 67 x 1O-1(c) 10 x 10-.1 10 (m1nll1ulII)(<!) 10 

ChrolllulII 7.4 x 10"'4 4.2 x 10-1(c) 0.05xI0-J 1,770 60 

(a> 1 percent of valuedeterlDlncd by convllrsion of NRC uraniulD gu.ldel.i.llcs frolll ra"101oglcal units. u units to gravll11etric 

(b) 

(c> 

(d) 

(e) 

Using specific activity of lIat. U a$ convcrHion Ca~tor. 

Maxilllum lIeaaured .Jur ing 1976- n. 

Dcpenda on ambient NO) eoric~l[ratlon. 

Rectangular IIIblng Volume ( \J 0 0.11.). 

- - .. 

s:-
I 

0-



~l 

I ~ 
I 
I 

I 1 
I 
I 
I 
I 

I 
I 

I 

4-7 

4.1.2.3 Croundwater 

Information on groundwater suggests that po,tentia1impacts are prac
tically non-existent because local groundwater demand is very lo'-l 
and is expected to remain io'-l through the year 2000. 

Extensive contamination is also unlikely because PGDP does not use 
groundwa·ter for process purposes and because the permeability of the 
native geologic materials is not conducive to rapid migrat:i;on of 
contaminants to '-later supplies (see Section 3.1.3.2). 

Occasionallv. anomalous water a-~a1itv 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 tnat may 
arise. 

4.1.3 Physical effects of heat dissipation 

4.1.3.1 Introduction 

The mechanical-draft cooling to'-lers associated with the Paducah Gaseous 
Diffusion Plant constitute a potential impact on locall land use and 
terres.tria1 ecology. Possible effects include (1) thermal alteration 
of streams and rivers by the discharge of b1o'-ldown from the cooling 
towers and other plant effluents, (2) salt depos~tion (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 ~.(l) 
and the circulating flow rate would be about 5 x 108 gpd (1.9 x 109 Ipd). 
Because the diffusion process is characteristically stable, the heat 
load and water flo'-l should remain relatively constant. ~ore than 9.07. 
of the heat is released to the atmosphere in the cooling tower (typically 
1.8 x 107 gpd or 7.0 x 10 7 Ipd). A small percentage of the heat is 
relleased to the atmosphere through the building ventilation systems 
and only a small fraction (less than 0.57.) of the totalener.gy is 
r.eleased through the blowdo"ln stream and into the discharge creeks. 

4.1.3.2 Thermal alteration of streams and rivers 

Thennal standards 

At ,present, guidelines and standards specifically applicable to a 
uranium enrichment plant source category have not been issued by the U.S. 
Environmental Protectio.nAgency. Most states have promulgated ther-
mal standards under the state participatory provisions ·of EPA's 
National Pollutant Discharge 'Elimination System (Nl'DES). (2) The 
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Kentucky Department for Natural Resources and Environmental Pro-
tec tion has promulgated thermal water quality standards (3) 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 requireapproxi-
mately 2.0 x 107 gpd (7.6 x 107 lpd). of makeup water. Of ,this amount, t~e 
cooling towers will ,discharge to the atmosphere a maximum of about 1. 8 x 
10 7gpd (6.8 x 10,7 lpd) through evaporation and approximately 5 x 105 
p,pd (1.9 x 106 lpd) as drift. Approximately 1.0 x 106 gpd (.3. S x 106 
Ipd) ·of heated hlowdo\o1n water is ciischarged to the chromate removal 
system, discharge creeks, and ulti::l.ately to the Ohio River. Smaller 
sources of discharge are steam plant boiler blowdown and laundry effluent 
discharged to the sewage treatment: facility. A conservative estimate 
is that heated thermal effluent yill not exceed 1. 5 x 106 gpd (5'~ 7 x 
106 lpd). Water temperature of bloydo\o1n is estimated to be a maximum 
of 95F (35C~.. There is some dilution and some cooling in the plant 
before the yater reaches the C-6l6 full flow lagoon which was heat-load 
calculated and sized to provide adequate cooling prior to discharge. 

}!ost of the yater in Big and Little Bayou results from plant opera
tion. If there Yere no upstream floy to mix yith the plant eff.luent 
or if the floyyas very small with respect to the plant total, the 
thermal standards would, by definition, be violated, i.e., "stream 
I:l.aximum temperature of 89F (31. 7'C).: 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 floy 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 o,fdischarge to meet thermal standards is at 
the Ohio River. 

The impacts of effluents having elevated temperatures depend primarily 
on the tempera'ture 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 o,r holdup;' (2) the receiving body flow is at a temperature of 
4C (39.2F)(~) which is t~e low temperature recorded for the period 
1973-1976 at River Mile 962.2; and an approximately, 10-year low-flow 
discharge for the.Ohio River at Smithland Dam is 19,500 cfs (546 cm).(4) 

Under these worst-case conditions, the fully mixed receiving water 
thermal incremen.t would be less than 0.,007'C (. 013F) . At average 
blowdoYD flow and average Ohio River flow of 265, 000 cfs, (7420 c:ns), 
the temperature rise ... ould be much less. The cooling toyer b16\"do\,'1l 
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and the steam plant boiler blo ... ·do ... 11 are discharged into holdi:1g ponds 
where some of the heat will be dissipated to the a~mosphere prior to 
release. Therefore, downstream thermal increments would be virtually 
impossible to detect and 'would be within the realm of s·tatistical 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 (54,6 ems). For these conditions with the existing plant operating 
at maximum load, the heated thermal effluent would amount to about 
0.0127. of the total flow. It is apparent that the thermal alteration 
of the Ohio River due to the Paduc:ah Gaseous Diffusion Plant cooling 
towers is minimal and that the existing plant will easily comply with 
all local, sta'te, and federal thermal standards. 

4 .. 1.3.3 Cooling to~er cirif: 

The existing environment includes a gaseous ,diffusion plant that util
izes mechanical draft cooling towers for heat dissipation. The drift 
fr,om these towers is estimated to be 0.057., ~hich istypica'l of older 
mechanical draft towers.(5) Modern cooling water technology reports 
much lower drift figures. 

Using existing cooling tower data as supplied by Paducah Gaseous 
Diffusion Plant, (5) the Oak Ridge Fog and Drif·t code (ORFAD) (6, 7) ~as 
used to calculate the cooling to.wer drift and the salt concentration 
in air .as a function of distance from the cooling towers. (8) As is 
typical with mechanical drift towers, essentially all deposition occurs 
within a l-ro.i (1. 6-km). radius of the cooling tower. 

Based on these calculations, effects on terrestrial ecology due to 
impaction of drift salts (as contrasted with impaction of drift 
chemicals) will be restricted to the near vicinity (i.e., about 1000-
ft rad~us or 305 m) of the tower installation, affecting only a 
limited area. With a yearly average precipitation of approxioately 
46 in. (117 cm),(9) the drift deposits will be diluted and dispersed 
to the surrounding ~atershed and extensive buildup of salts will not 
occur~ A plot of the salt concentration in air (ug/m~) at a height 
of 26 ft (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 \.!g/m3 levels 
knm.m·to affect the general vigor and dist:::-ibution of plants. (10) 

Although other salts' may be present, ORFAD assUmes that the salt is 
primarily NaCl. Other salts such as chromate, CaS04, other sulfates, 
and zinc will be present and deposition is probably similar to that 
calculated for NaC!. An experimental study of chromate deposition 
at PGDP(ll), prepared using ~easurem~nts obtained along the pre
vailing wind d'irection from the C-637 cooling tower, confirms that 
t'he chromate concentrations in grass and soil essentially reach 
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background concentrations within a 0.6 m.i (1000 m) radius of the tower 
installation. Any vegetation damage or excess.ive deposition ~f trace 
contaminants (e. g., chromat.e, zinc) likely to be incurred will be confined 
within this radius. (10) No damage or excessive l:evel has been detected as 
a result ·0£ the present operations and any future impacts from continued 
operations are expected to be insignificant. 

4.1.3.4 ?o~ging and icing 

Gro.und-level plume contact (fogging:.and cold weather icing) is associated 
·..li.th opera tionof :nechanical draft cooling towers. These losalized ,phe
nomena can affect nearby commercial, industrial, residential, agricul
tural, and :-ecreational land use. The frequency of occurrence and t~e 
duration of these potential effects \.-ill depend on the local topography 
and wea~her conditions. 

ror mechanical draft cooling towers, the p'rimary atmospheric effec·ts are 
associated woiththe d·ischarge of wat.er 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 e.xisting weather conditions. 

w"hen ambient te:nperatures are sufficiently low, cooling tower p1u::les can 
cause icing. Observations of ice deposited from freezing plumes or fog 
indicate that such ice is si.I::lilar to that deposited by naturally freez
ing fog and is very light and f=iable. 

No precise =ecords are available concerning fogging and icing that 
result from operation of the existing Paducah cooling towers. 
Very little rogl'inll 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 
t~e existing cooling towers as calculated using ORFAD(8) show that 
the induced fog drops off rapidly with distance.. Beyond 4 mi (6.4 k:n) 
from the towers. it is generally below 12.5 hr/yr. which is in t~e 
realm 0·£ W1certainty 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 almos.t 1 mi 0.6 km). 
Th·is ±s a conservative calculation because .when all towers are con
sidered" ORFAD will treat them as being closely grouped together. 
This inc:-eases fogging estimates because the towers in·teract . 
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A plot ot nours pe~ year of induced icing as a func~ion of distance 
from the cooling towers shows the icing as generally below 15 hr! 
yr. (8) The exception is a small area sout~east: of the tower: . 
\o1here up to 30 hrly-r:: is predicted. These tigures are also \o1l.thl.n 
che realm of uncertainty with regard to natural icing versus induced 
icing; hO\o1ever, some icing can certainly be expected \o1ithinl-2 
mi (1. 6-3. 2km) of the towers. 

The visible ,plumes generated' by the evaporation of cooling water 
would be expected to extend for no more than 2500 ft (7~2 m) from 
the to\o1er, ';.lith the average plume l·ength reaching about 750 ft. (229 :n). 
:Jor::laliy, the pllli!le height ';.loul!d be expected to rise to 000,)..:': 750 ft. 
(229 m).{9) 

Possible effects from fcgging and icing do not seriously i~pact on 
public h.ighways due to t.he distance of the towers from iC.ajor road
ways •. 

4.1.4 I::loactson air ouality 

The Paducah Gaseous Diffusion Plant is located in McCracken County, 
Kentucky, about 4 mi (6 km) south of the Ohio Rive::- and 20 :ni 
(32 km) east of the confluence of the Ohio and ~ississippi Rivers. 
In ter:ns of to,tal separative work ca,pacit.y and power :!tilization, 
it is the largest 0.£ the three government-ow-ned (DOE) diffusion plants. 

As specified in the Kentucky Air Pollution Control Regulation i .the sulft:.r 
dioxidee:nission regulation for the coal-fired boHers is 1.2 lb/MMBtu 
(0 .. 5 kg/109 J). Low sulfur coal (Le., <1.0 percent: sulfur) is burned 
to comply with this emission regulation. 

At ::laxi:num operating levels for the coal-fired boilers '~i. e .. , < 100i. 
capacity) the total SO~ emission tonnage on an annual basis is about 
1200 tons (l088 T). (1) . Since this amount is \o1ithin the SO? c!:lission 
li!:litation enforced by the State of Kentucky, it follows that dO\mwind 
S02 concen~rations, for a complying facility such as the ?GDP, should 
be within the ambient national standards. In 1978', the average sulfur 
dioxide emission was 0.47 \g/109J (1.20 1bs/106 Btu), which complies 
with the state regulations. 

For particulates, theemiss.ion regulation promulgated on the coal-fired 
boi~ers· li=lits particulate emissions to 0.24 fblMMBtu (0.1 kg/109 J). 
In terms 0.£ an emission per unit tbe, this converts to a maxi::::.um 
allowable emission rate of approximately' 56 lb/hr (25 kg/hI') or 248 tonslyr 
(225 T!yr). . 

An Agreed Order was negotiated \o1ithEPA and the State of Kentuckv in wDl.Cn 
timetables \o1ere established for bringing the steam plant, smelte~s, and . 
UF 6 manufacturing plant into compliance \o1.ith Kentucky r s air pollution regu
lations. Stack emission tests determined that the smelters vere in compliance. 
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New electrostatic precipitators (ESP) were ~nstalled on the two coal-fired 
b.eilers 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 
lb/MMBtu (0.04 kg/l09 J). Low sulfur coal is burned in the steam plant to 
meet Kentucky S02 emission limits. 

Lis.ted be;low is 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 
S~tack Effluent Temp : 439°K 

1\.;0 EPA dispersion models, PTMAX andC:L:M, were utilized in assessing expected 
do\."t1wind 502 and TSP concentrations. PTMAX was used to estimate short-term 
concentrations, while the Climatological Dispersion Model (CDM) was employed 
to estimate long-term or annual concentra·tions. PTMAX estimated the 3-hour 
maximum S02 concentration to be approximately 360 \.Ig/m3 ; the 24-hour S02 
concentration wou:ld be significantly lower. The 24-hour S02 standard is 
365 lJ.g/:n3 . The estimated 3-hour maximUD particulate concentration was also 
within national standards. 

The contribution to annual 502 and ISP concentrations as predicted by CD!1 
were less than 5 lJg/m3. This amount is well below the National Air Quality 
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 inmacts 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 
induced 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 downs,tream of PGDP discharges in Little Bayou 
Creek. (1) These levels, particularly 238U, are directly attributable to 
plan't activity, because concentrations in tissue from streams receiving plant 
discharges were all higher than in tissue from .the reference stream. HO\'°ever, 
all samples ·.;rere well .. oithin published standards. (2) 
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4.1.6 Impacts on terrestrial ecology 

- 4.1. 6.1 Plant emissions 

Past p.lant operations have not r.esulted 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 ~errestrial ecosystem. 

4.1. 6.2 Cooling to"'er ooeration 

Operation of the PGDP cooling towers does result in the release of various 
salts and metals. Ho",ever, analysis of soil and vegetation samples both 
on and off the PGDP site determined the levels- of these substances to 
generally be "'ithin natur~lly occurring ranges. (1) Determinations of the 
physical nature of dispersion from the cooling towers (Section 4.1. 3.2) 
indicate that the affected area is limited to about a 1000 ft radius (305 ill). 
The concentrations of salts, primarily NaCl, beyond 0.5 mi (0.8 km) ",ere 
determined to be "'ell belo", 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 poterltially toxic in 
soils, vegetation, or small mammals. Comparison of o~-site samples "'ith 
off-site samples detected no significant differences. 1) 

Blo",down discharge to Little Bayou Creek has eliminated this stream as a 
food source for fish-eating birds, such as the green heron or belted 
kingfisher. Although the creek did not suppor.t a resident fish populatior. 
at the time this study ",as conducted, (1) the diversion of recirculating 
",ater blowdo\o111 to C616 and the control of cooling tower windage should 
result i41 improvements in water quality. Chromate reduction, settling, ar:d 
dilu~ion prior ~o discharge to Big Bayou Creek resulted in minical 
additional impact to that system(J). 

4.1. 7 Impacts on aauatic ecolo~y 

P·otential impacts on aquatic ecology resulting from operation of thePaducan 
Gaseous Diffusion Plant involve liquid thermal discharge and releases of 
biocides, sanitary se'Wage, ancother chemicals ,to Lit.tle Bay'ou Creek, Big 
Bayou Creek, and ultimately, to the Ohio River. 

4.1.7.1 Thermal dischar2e 

Concerning the impacts to Big and Little Bayou Creeks immediately below the 
thermal discharge points, it is doubtful that the conditions noted (reduct:'on 
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 \o;ere well within s.tandards. Similarly, since there is estimated 
to. be little or no thermal alteration to the Ohio Ri.ver from PGDP outfalls, 
no impacts are expected. 

4.1.7.2 Biocides 

Themaj:or biocidal release from the Paducah facility is chlorine in the 
cooling towerblowdown and sewagetrea.tment wastewater. In acidit:'on, a 
fungicide, Be·tz F-16, containing 20% sodium pentachlor.ophenate, 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 aq'uatic Hfe(1,2) below 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 ground's maintenance purposes 
could potentially reach surface waters by means of runoff. Depending on 
the persis.tence of the pesticide. even small releases may accumulate in the 
biota. 

4.1.7.3 Sanitary sewage wastewaters 

Sanitary sewage wastewa,ters fr~mth'ePaducah facility are treated at the 
C-61S sewage treatment facility and discharged to Big Bayou Creek. 

Residual chlorine levels during low flow periods may reach levels that are 
toxic,p~rticularly to benthic or attached organisms. Fish species, being 
motil~. may avoid the area of the discharge. 

The PGDP dischar.ge augments low flow conditicns in Big Bayou Creek, resulting 
in beneficial effects on dissolved oxygen levelS. 

None of the other measured parameters. associated' with sewage outfalls (Le., 
metals, ammonia, nitrates, phosphate, COD., alkalinity, dissolvedand s.us
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, yater treatment plant, and detention 
basin (holding pond for yastes from the decontamination facility, 
steam plant, and leachate from the radioactive waste burial ground); 
storm water runoff; and the effluent from the seyage treatment planrt. 
Little Bayou Creek receives cooling:: toyer blowdoYn, storm y'!ter run
off, and air plant fa'cilityeffluent via the 340 effluent ditch. 
Chromium exceeded reco1:lmended criteria for aquatic life in Li'tt:ie 
Bayou Creek beloy the PGDP outfall in 1977. C.:mcentrations of chromiUI:l 
can cause direct mortali,y to non-mo~ile organisms. thereby removing 
a food supply for predator species. Loy concenFrations can be detected 
by other organisms, causing t:hem to avoid the area. With the ins.tal
lation oftne chromate reduction facility, chromate levels have been 
reduced and future i::Jpacts will be insignificant. 

4.1. 8 Socioeconomic imnacts 

4.1.8.1 Social impacts 

Since the location of the PGDP in McCracken County in the 19.505, the 
County has changed from a primarily rural character to one yhere over 
60% of the county is classified as urban. Not all of the soeial change 
::lay be at.t=ibutable directly to the plant:.. Hoyever, social i~pacts of 
the PGDP's location in McCracken County include effects related to: 

• Work force 
• Civic involvement 
• Public services and ins~itu~ions. 

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 civic activit:ies is relatively 
high. A list: of elective governmental and appointive positions held by 
Union Carbide PGDP employees, 1972-1976, compHed by Union Carbide, :i:ndi
ca.tes 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 employee 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 depar~ments, nursing homes, welfare services, mental health center, 
and other public services provided in the county,(l). 

Impacts on McCracken County institutions also include ~he effect of the 
PGDP on local schools and general educational attainment. 

The overall educational level of McCracken County's residents has in
creased as a direc~ and indirect result of the employment and skill 
requiremencs of the PGDP. 

In addition, the PGDP in-plant survey indicated that 861 children of 
PGDP employees attend Paducah public and McCracken County schools. 
Ano.ther 207 attend .parochial or special educational instituti-ons. 
Children of FGDP employees account for approximately 8% of total school 
enrollment in the county. 

The survey also suggests that PGDP employees and their families utilize 
Pa~ucah Community College, the Paducah Area Vocational Educational Cen
ter, and ocher educational institutions r~latively frequencly. 

4.1.8.2 Economic im~acts 

The economic ramifications of the PGDP'spresence in McCracken County 
has b.een previously analyzed in detail. (2) Data onPGDP' 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: 

• 33% of the county total .economic output 
• 27% ($119.8 million} of the county value added 
• 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 D:l:stricts, currently experience net revenue inflows asa result 
of PGDP. (2) However, the City of Paducah realizes a net ou·tflow of such 
magnitude .that the' aggregate effect of PGDP on all jurisdictions is neg
ative. However, this may be somewhat mitigated by considera·tion of the 
indirect ,public finance benefits attributable to the PGDP. 





II 
,I 
:1 
I 
II 
I'I! 
I '. 
I 
I :1 
I 

'. 

I . 
I: 
I 
'I. 

, 

Ii , -. 

I 
! 

I' , 

I 
. . 
I:" ~ . 

!: . 

.-. 

II 
I 

• 
-P 
\) 

3-3~ 

, . 

• , . 
.·.18 .. ,.,... "\;r g." 
_./: 

... cr" _0" o}. 

EJ 

(J 0 _ 

f) I, 

oJ> • ts .. _. 

• 

Figure 3~l-6. POrtion of the 1973 U.S. Geological Survey land use and 
land cover map for the Paducah., Kentucky vicinity 
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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 
lOOO-1500gpm (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 lpm). These wells are constructed in sand 
and gravel at depths of less than 100 ft (30 m) and have specific 
capacities estimated from 30-90gpm/ft (372-1117 lpm/m) of drawdowLl. (1) 

~ost of the water is returned to the ,Ohio River after usage. Appendix B, 
TableB-13 summarizes data on g,-::pundwater availability in XassacCounty 
wells drilled into both consolidated and unconsolid1ated "aquifers. Sev
eral wells are used sporadically and average daily pumpage has not been 
specified. 

Groundwater recharge in this area is probably similar to 
due to the similar infiltration capacities of the soils. 
is therefore a small percentage of the available supply. 
varies considerably from one area to another. 

3.2.2.2 Surface water 

that near PGDP 
Curren·t usage 
Actual supply 

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 1an2) while the tributary to the east drains 
an area of ];066 acres (1. 7 mi2 ; 431 ha, 4. 3km2). 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 
t!1e 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. Ave:rageconditionshave resulted in Ib .• 7 in. (42.4 cm) of 
runoff which is intermediate to the extremes shown. For the western 
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 va1ues are 8.6" 0.07, and 2.0 cis (244, 2, and 57 l/sec). 
Discharges from this basin to the Ohio River also include over-
flow from the ash sett·ling.basin~Duringthe 18-month period from 
January 1977 to June 1978, these flo\,TS averaged about 14.1 cfs (399 
l!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 l/sec) 
and consist primarily of river lOater augmented with smal:li amounts 
of groundlOater. 
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The Joppa plant is located on approximately 624 acres (253 ha)' of 
land in. MassacCounty, Illinois, on the northern bank. of the Ohio 
River approximately 1 mi (1. 6 km~ wes t of Joppa and abou t 8 mi 
(13 km) northwest of Metropolis. The plant is located on a coastal 
plain bottomland physiographic province at an eleva'tion 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 ~ain plant facility and a coal storage 
yard, the site includes a 55-acre (22 ha) ash disposal pond, a 92-
acre (37 hal 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 as-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-mi 
(8 km) radius of the Jop.pa 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 2,091-acre (847-ha) 
Mermet Lake State Conservation. Area and Swamp Nature Preserve, and 
numerous small dispersed ,",ooded areas throughout the study area 
total approximately 26.57. of the study area. Also included ~ithin 
the forest area is the IS-acre (6,...ha) Halesia Nature Preserve 
established by the American Electric Power Company which lies adja
cent to the southeastern boundary of the plant property and the 
Ohio River. The Ohio River, Merme,tLake, and other smaller water 
impoundments consti.tute approximately 11.5% of the s.tudy area. 

U.S. Route 45 is the major highway in the area, with many secondary 
roads providing access. The other major transportation co.rridors 
include the Ohio River (barge and riverboat traffic), the Chicago 
and Eastern Illinois and the Burlington Northern railroads, and t:;e 
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 'Nithin 
a S-·lJ!.i (8-km) radius of the facility. Other very small communi
ties and their ap.proximate straight-line distance from the Joppa 
plant include: Hillerman, I1li~ois (2.8mi, 4.5 km); Choaf, 
III inois(3 • 2'5 mi, S. 2 km) ; Ragland, Kentucky (3. 4mi, 5. 5 kID); 
and Rossington, Kentucky (4.5 mi, 7.2 Ian). These communities and 
o~her industrial developments along the banks of the Ohio' River 
form a total urban built-up area of approximately 0.75% 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 hal (0.1%) of the study area. 
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4.1.8.3 Imoacts on politicalenti ties 

rbe initiation of PGDP activities in the Paducah/McCracken County area 
in the 1:950s raised issues and aroused 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 
• Transportation 
• Law enforcement 
• Tax base 
• !:!ousing 
• ~ducation. 

These issues/concerns reflect major areas in which local politi~al 
entities may have experienced strain in fulfilling their functions. 
Over ti:ile, these entities were a'ble to better accommodate the i::lpact 
of PGDP; systems and resources developed the capability ofmeedng 
the higher demand levels. Currently, the PGDP operations are a com
ponent of the local environment in which politicalen.tities function. 
The presence of the facility no longer raises distinguishable and over
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
ingof lo~al political entities .• 

4 .. 2 Joooa, Illinois, facility 

4.2.1 Imoacts on land use 

Initial i=pacts on land use occurred with removal from production 
and the commit:nent of 625 a'cres (253 ha) for the construction of the 
Joppa Steam El!ectric Plant. Additional acreage has been necessary 
for the expansion of the ash disposal pond. Current operations are 
notsigpificantly e(fecting fur·ther changes in land use. 

Given the life expectancy of the plant and continued successful pollU
tion control activities, no additional'acreage requirements or other 
land use i::1pacts are anticipated. 

4.2'.2. Imoacts on water oualitv and use 

The Joppa genera'ting facility has been operating under the State. of 
Illinois standards and Federal/State NPDES permit conditions indicated 
in Table 4.2-1. A prob1e.:n area remains before full compliance 1..'i.!.1 be 
acneived. 
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'TABLE 4.2-1 Current stand~rds in effect at Joppa Ell!ctric Station 

Suspended DiSsolved 
pll, Solids, Solids, Temperature 

units ing/l mg/l F 

Effluent Standard (HPDES) 6-9 15 (max) (a) 750' (max) Sec. 316(a) 

)0 (avS) (b) Permit 

45 (max) (b) 

Ill. Effluent Stds. \c) 5-10 37(b) bkgd + 
15 (a) 150 

Ambient Standard(d) 

or Criterion 615-9 1,000 50-89 

(a)A"pllcable t.O dlscllarges fr' I' d d 1 r om as I pon a~ sece lng la~oon, 

(b) 
Applicable to discllargcs itom sewage treJtment plane. 

(c) 
Source: Reference (4) 

(d) 
Source; Reference (4,5) 

l. ,:.. . 

all and Chlorine 
Grease, Residual, 
mg/l mg/l 

10 (avS) 0.2 (max) 

15 (max) 

15.0 

Fecal 
Coliform, 

MPH/lOa 1111 

200 (avS) 

400 (max) 

200 (avg) 

400 (max) 

.... J 

30 (avg) 

45 (max) 

30 

.... --~ 

.J:'
I ..... 

(X) 

--' j 
_ .... _. 
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The problem is a shor~-circuiting?henomenon which has been noted in the 
settling pond. This has caused poor solids removal ~nd inadequate 
neutraliza~ion of coal pile runoff at times. Conse~uen~ly, localized ad
verse effects on the Ohio Ri .... er have occurred. This problem has been 
partially so.lvedby controlling and rerouting the drainage frolll the coal 
pile. Although some short-cireui,ting from an inactive area s,ti11 occurs, 
the amount of drainage reaching the Ohio River has been reduced by ap
proximately 75 percent since 1977 (1). . The wa'ter quality in the river 
appears to· hav:e sufficient alkalinity to prevent any 10ng-tet1:l deteriora
tion. 

The Joppa facility is near the end.of its useful life and may be retired 
beforePGDP. If that happens ,then power will need to be stlpplied froC) 
anothe~ facility. It is likely that the new facility will have to. comply 
with similar standards and that poten,tial impacts will be similar to those 
of the current faCility. 

Overall water supply impacts at e~tner Joppa or PGDP are not anticipated. 
The Corps o.f Engineers has fo.recast ample supplies out beyond the end 
of the century and the Illinois State Water Survey ha1)suggested export
ing some of the bountiful groundwater near Joppa.\2, 

Heat pollution and other waste water problems 'Were likewise diswissed as 
inconseq:uential for this portion of the main stem of the Ohio River. 

4.2.3 Impac tson air Quality 

The generating plant consists of six individual boilers, each .. .'hich 
consume about 1,800 tons (1633 T) of coal per day at full capacity. The 
total design capacity of six boilers is 9, 948 l-~tu/hr. 

4.2.3.1 Emissions and regulations 

The Illinois emission regulations for the Joppa Steam Power Plant limits 
S02 emissions to 36,875 lb/hr (16,741 kg/hr) and particulate emissions to. 
1,591. 7 Ib/hr (722.6 kg/hr). The 50 2 emission regulation was attained 
in July, 1978, through the useo·f fuel blending. Electrostatic precipita
tors (removal efficiency, 98.64) were installed in. 1971-1972tocoI:!ply 
with the particulate emission regulation. Construction of three 500-it 
(1!68-m~ stacks was required. 

Shown below are the parameters and dimensions of the old versus ~ew 
stacks. 

Stack Diameter: 
Effluent Exit Velocity: 
Exit Gas Temperature: 

Old 250 ft (76 m) Stacks 

7.32 m 
2.05 m/sec 

429°K 

New 550 f~ (168 m) 

5.4'9 m 
27.43 m/sec 
430 c K 
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It appears ti?a't compliance to the Illinois emission regulations \Jill 
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 Air quality impact 

A dispersion modeling study of sulfur dioxide emissions has been con
ducted for the Joppa Steam Electric Plant.(l) The principal objec
tive of the study was to det.ermine whether the existing S02 emissions 
and stack height were in compliance with the Illinois environmental 
regulations. 

The s,tudy concluded that the exis ting station was in compliance vith 
the State of Illinois emission standard of 6.0 lb SOZlMMBtu (2.6 kg/ 
10 9 J). but 'Vas not 1n compliance vith Illinois Statute 204(e) 'which 
dicta tes the requirements for chimney height. The modeling demonstra
ted that for any ·of the pro.posed alternative stack heights, (o,f t.'hich 
the 550' (168 m) stack vas one alternative.} no violations of the S02 
short-tenD. air quality standards would occur. 

The impact of particulate emissions from the Joppa facility vere 
assessed using EPA' s PTMAX dis-persi.on model. The results of PTMAX 
estimates sho:ved that the resul.ting short-term concentrations vere 
veIl below any short-term. standard (3-hour and 24-hour) and even 
belo:v the annual standard of 75 ug/m3. Again as :vas the case iul 
SOzemissions.the air quality impact from TSP emissions, is estimated 
to be :veIl :vithin acceptable limits. 

Annual concentrations were estimated using the CDM model. As eX1'ect~d: 

cnx estimated the maximumsul£ur dioxide and particulate concentra-· 
tfons to be :veIl 'Within the air quality standards. 

4.2.4 Physical effect of heat dissipation 

The Joppa Steam Electric Plant consti.tutes apotenitial impact due 
to heat dissipation in the Ohio River. 

The Joppa plant produces a maximum of 1050 HW (approximately one-half 
of the maximum Paducah plant requir.ements) 'With six coal-fired gener
ating units. An average of 832 cfs (24 cms) of Ohio River 'Wate.r :!.s used 
to cool the steam condensers releasing an .average of 4.4 x 109 Bt.u/hr 
(4.6 x 1012Joules/hr). The heated :vater 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 109 Btu/hr 
(5.3 x ];012 Joules/hr) of heat to the Ohio River. The volume of 'lJater 
discharged (830 - 900 cfs. cf 23,..25 cms) is small in comparison to 
the 10 yea!;" lO'V-flo'W for the Ohio River of 19.500 cfs m~ters 
(546 cms). \1) The design of the discharge structure insures that 
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t~e :::!1c:::-::..2.1 plu::;e '~"ijj :0 1 lc\.." ::r:e s~c:::-el:':-.e c:-:c :-:c:: ::'=;~(:ce. ;';o!::O,:O,Ct.; c: 
fis~ or other organisI:!s in the Ohio :live:::-. :':x1:le:::-i::;eD[al ::;e2s-'::::-E:;er::::s(::) 
indicate that the maximum plume \.:idth for a liT of 5° a'bove nor:::al 
river \.:ater temperature \.:ill not exceed 160-200 ft (48.8-61 ~ete:::-s) 
from the shoreline. Since the Ohio River :.s approxiUlately 3408 :::: 
(1,036 meters) v~de at Joppa, only about 5% of the river is a::ected. 
Theoretical calculations using a si:::ple di::usion model conTi:::: 
these results (Append'ix D, pa'ge D-9). 

Although the extent of the mixing zone is not precisely defir:e~, _~ 

\.:ould be small even at minimum flo\.: in the Ohio River. Calculatior.s 
based on the simple diffusion model indicate that a maximum area i .. 
the Ohio River of approxima'tely 0.6::acre(O.2 hectare) out of. 352 acres 
(143 hectares) \.:ill ,experience a liT of 50? or :nore above the !':or=la1: :::-i· .. e:
tempera,ture under \.:,orst case assumptions. It is apparent that the t~e::::a:' 
alteration of the Ohio River due to the Joppa Po\.:er Plant is ::;:':1imal anc 
tha: the existing plant viI: cooply ~i~h local, state, and Federal standar~s. 

4.2.5 I:::Jacts ,on ter::est::ial ecolo..:-v 

Continued operation of the Joppa po~er plant ~ill have some negative i.::;
pac:s on the biota in the :!:::mediate vicinity. If additional land is 
needed for new settling ponds, coal storage piles, or other facilities, 
the land ·.;ill no longer s,upport vegetation and consequently ·..;ilcli:e 
habitat a~d usage \.:ill be reduced. 

Existing and new ash settling ponds ~ill continue to at"i:ract =::g::acory 
'..;aterfo\Jl,\Jad:i:ng birds, and shorebird. These birds may be killed :..,. 
collision ·.rith any transmission lines in che area. In addi "i::'cn, ''';2.,:: e::-
:0',,-1 are bow"'Tl to ingest slag fro:n the bot-:o:n of ash ponds '..;hic~ ~y 

contain potentially toxic trace elements. (1) 

Adverse ef:ec ts or gaseous pollu,tants in t~.e po\.:er plan't ?lu::1e :::n '.:e:-
restrial plants and an~:nals(l) nhould be g::eatly reduc~d bv the =eCE~t 
const::uction of tall stacks (168 :n). These tall stacks should ?reVE."1t 
recurrence of fumigation inciden;ts, but ~ill pose a threat to :-:':'ght
~ig::atingsongbirds. Songbirds oay be killec. by flving into the th=ee 
po\.:er plant stacks during the migratory seasons. (2) 

?ar-.:iculate emissions (fly ash). from the po .... er plant st:acks as \,;ell as 
par::iculate emissions rromopen ceal s1:orage piles (fugitive 0\;5::) con
ta1:1 ?"O,tentiallytoxic t::ace ele::lents that can have adverse ef:ects on 
terrest-rial plants and ani!::als. Although no obvious adverse ef:ects 
have been noted froTa casual observations. :;ubtle change:s. such as reduc
tion in nuob.ersof sensitive species may be occurring- (1) Soil 
contamination by toxic trace element:s inpar-ciculate deposition can 
result in the loss of essential nutrients and the accumulation of toxic 

1 . 1 -' (1 3 4 5) .. e_ements :.n pan .. t~ssue_ ", . An~::lals may also pick up t::ace 
ele::lents added to the envir.onment through particulate deposition by in
gesting contaminated \Jater or p1an~s or by direct inhalation 0: 
·:esp:':::-c.!:>le-size part:'cles. (1) 
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A thorough investigation of the impact of the Joppa Steam Electric Plant 
~as completed i. .. '1 1976. (:1:) Results of that study sho,",ed no signif:"cant 
inpact on the total biota (plankton, invertebrates, and fishes) of the 
Ohio River. One case of diatom mortality in the plant outfall l..7as ;"lot 
:::easurable further dot.l1stream. 

Impingemen.t investigations conducted during the 1976 study reported an 
estima,ted loss due to impingement of 8.7 x 103 Ib (3.9 x 10 J kg) of fish 
comprised of 3.5 x 105 specimen. The mostcormnon and abundant spe'cies 
impinged were gizzard shad and fresh~ater drum. 

Entrainment studies reported an estimated 1.17 + 0.006 x 109 lirval fish 
and eggs entrained in plant intake l..7aters during the year. An estimated 
1. 49 + 0.007 x 109 1..70uld be the maximum entrained for a year at full plant 
intake c3paci ty. Again the mos.t common and a:bundant larval and egg types 
1..'ere of the ·fG..::lily clupeidae (shad) and freshwater druJ:l·. 

No apparetit difference between rates of impingement during day and n1gnt 
operations were detected. Higher impingement rates were recorded during 
chlorination when fish may have been stunned or displayed an avoidance 
response caking them more susceptible to impingement. It was suggested 
that these rates may be reduced if chlorination occurs after intake 
\Vat.er passes the screens. Survival may further be increased if fish 
washed from the screens are not deposited directly int6 the discharge 
canal where they are subjiect to physical damage and therma1 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 infor.nation 
regarding the size, compositi~n, and discribution 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 da'ta on the biological communities of the twotribu·tary 
streams to the Ohio River on either side of the Joppa plant. xt is 
likely that stressed conditions exist in the channelized streams to the 
east of the facility. Habitats 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
a.nce 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 physiological 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 to 61 
dBA and nighttime emissions to 51 dBA. 
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No data are available for noise emissions from the Joppa plant, ho\.;ever, 
noise data from Joppa and surrounding. areas have been examined (2) and, 
provide some indication of the noise emission. 

The po-wer plant contribution to the noise level in J10ppa appears to be 
50 dBA, or less. Ho-wever, since there is a substantial amount of -wooded' 
land bet-ween the po-wer plant and ,the to\o,."n, excess absorption (Le., SOur.c 
reducti:on in addition to attenuation due to distance and normal absorp
tion by air) amounting to 5 dB could be expected', reducing the power 
plant contr.:i:bution to 45 dbA. In terms of the Illinois Noise Contro] 
la-w, the plant -would be in compliance at this level since 51 dB is the 
limit for nighttime noise emissio~: Adding the 45 dBA p1ctnt contribu
tion has little influence on daytime noise levels 'but accounts for the 
nighttime noise level in theco1lD1lunity. The values for Leq and Ldn, 
with the plant contribution, are in the rar.ges 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 decibe1s 
increase in th~ day-night noise leVel. 

The po-wer 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 Fr:i:day. The coal is dumped by rO.tary dumpers someti:::e 
bet-ween7 A.11 and' 8 PM; normally no coal is dumped at night. Dependi,g 
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 absen.:..e 
of compla~nts 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 501. 
live in or drive through or around Joppa while commuting. Most. of t::e 
remainder drive north on the Grand Chain Road, or west from the plant: 
entrance. Since no shift changes occur bet-ween midnight and 7 AM, t::ere 
is relatively little impact from plant traffic-caused noise during the 
nighttime hours. Overall, ,traffic generated by the po-wer plant is 
estimated' to represent 8 to 10% of the total vehicular traffic in Jop?a~ 

In summary, ~there is no reason to expect that operation of the Joppa 
plan't· causes any substantial noise impact on the con:munity of J1oppaor 
the surrounding area. 

4.3 Cumulative and long-term effects 

4.3.1 €umulative and long-term imuacts of po-wer generation 

There are no significant cumulative effects anticipated 2S a result 0: 

continued power generat.ingoperations at. JCPFa, if "cumulative" ~s Ce:::':-.E::'. 
to lUean an incr,e::lc:-ina ",ffprr- "".0"'" .. <--
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satily cumulative, effects ~s; be no~eci as a re~~~~ C~ [~e ~~avci~~ 

need to dispose of the vast quantity of flyash a~ci bo~to~ ash gener 
by the plant. The present practice of sluicing ~he ash to a settl! 
pond vhere the excess \,,'ater is neutralized and aischargedto the 01: 
River is expected to continue for the remaining -.;seful li:e of t:-,e 
s,tation. 

This settling process still permits some fine particulates contain::" 
oxides, silicates, and carbonates of metals to find their ~ay into 
river. The large dilution ratio of the vaste discharge to the rive 
flov and the moderately efficient mixing in the river ensure that a 
long-term effects will be minor in na,ture. Also, since ther.e is so: 
slight permeability t.o the soils benea,th the ash disposal areas, ov 
a longtime period minor amounts of leachate may reach the riv.er. 

Power gen~ration at Joppa has ~esulted i~ the re=oval of la~d frc~ 

~roduction of vegetation and the elimination of food and resour~es 
vildlife. No further corrnnitmene or resources is aneicipatec' ae t:-:i 
site. A potential exists for some long-term accu~ulation of toxic 
elements and chemicals in the environment as a result of coal handl 
and combustion. l-lithout a trace element study on the plant propert: 
the extent of effects can only be speculated. Hovever, considerin; 
length of time the plant has been in operation, effects would prob~ 
be minor. 

4.3.2 Cumulative and long-term effects of continued operation of tr 
Paducah Gaseous Diffusion Plant 

Management of thePGDP property for wildlife has been beneficial to 

biota and viII continue to be as long as the management programs ar;. 
active. A slight potential exists for vegetation damage frc~ fluor: 
but is not a s~gnificant concern. Salts and metals from cooling to~ 

drift may accumulate in the immediate vicinity or the tovers. lnt: 
long term, concentrations might reach levels toxic to vegetation, be 
effects vould likely be minor. Metal~. may also accumulate in soils 
wildlife, but levels are not expected to reach toxic concentra,tibns. 

The principal cumulative water effect of uranium enrichment activiti 
will be the annualdis.charge of radionuclides in e£fluents. His tor
ical:1y, these have heen almost exclusively uranium and technetiu::l. 
The amounts have varied over the past fey years, but have generally 
been less than 20 curies of each nuclide. Since the half-lives 0'£ 
these eleiilents (and of many of the daughter species) are long, dis
charges are cumulative. 

From the standpoint of cumulative environmental impacts, a more iropo 
tant parameter is the nuclide concentration in the aqueous or sedi
ment phase. Based on the analysis presented in Section 4.1.2.3, 
there is sufficient dispersion in the Ohio River at the point of dis 
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C;harge to red;;ce the c:'schargt; c::oncent-:-2.::ic:-IS to near b?ckgrou,-:c 
levels very quickly. Sedi=ent Deasurements, supported by stuciies ~h;ch 
indicate soluble uranium carbonates may predominate in hi~h alkalinity 
~a,t:er, suggE;st thac cU'!l\Jlat:i.ve sediment buildup, if any, vill be 
spread ov~~ a large area.(l) Localized concentration effects on Big 
and Little Bayou Creeks are likely to be !:lore pronounced than in the 
Ohio River. Hovever, since a large safety :nargin fat" aquacic or
ganism exposure currencly exists, it may be pres\JIIlE;d. t:hat the slov 
buildup of radioactivy is inconsequential. Occasional severe 
StOTIrlS viII serve to scour out some or the accumulation and probably 
represent, togetherl.1ith chemical solubility/absorption, a mechanism 
for limiting uPPer bound radioact~vity levels. 
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4.4 REFE~NCES FOR SECTION 4 
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Deve-l.opment Administration. 
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plant. U.S. Energy Researc;h and 

6. McKee, J. E., and H. W. Wolf. 1963. Water quality criteria. 2nd 
edition. The Resources Agency of California, Scate Water Quality 
Control Board. 548 pp. 

7. Reference 2, Section 4.1.1. 
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Refe~~nces for Sectic~_4.1.3 
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Collffilbu$ Laboratories, January 1977. 

6. Wilson, J.V. 1975. A computer program to estimate fog and dtift 
ftom wet cooling towers. Report ORNL-1J14568. Oak Ridge National 
Laboratory, Oak Ricige, Tenn. 
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5. REL,ATlONSHIP TO LAND USE ?LAl~S, POLICIES, ANTI GOALS 

5.1 LOCAL LAND USE PLANS. POr.ICIES ,AND GOALS 

Wi chin a 5-~ile radius of eicher the Paducah Gaseous Diffusion Planc 
or the Joppa Steam El.eccric Plant, no cicy, cownship, or cOunty 
gover~ental agency has set up any effeccive up-co-date local. land 
use plans, policies, or controls. In fact, ~ost local residents and 
public officials do not favor establishing land u$e plans. Spec~ric 
inherent reasons for such attitudes and che lack of land use planning 
in the region include the follo~ing inte~rel~ted factors: (1)* ' 

• High unemployment and relati.vely low income exist -in the 
region and there is a strong sentiment to encourage develop
ment; land use plans and controls are vie'Wed as devices \.'hich 
ih~ibit development. 

• The rural, predominancly agricultural setting. ~ith a strong 
prevail~ng private land ownership ethic, provides an atmos
phere not favorable to land use pianning and controls. 

• The heed for land use planning and controls has not been 
clearly demonstra~ed since the population of the area i$ 
small and sparsely distributed; the land use conflicts thac 
ar~se with larger. denser populations have not occurred. 

• Because tile area has a low pocential for generating tax revenue 
and becCiuse the region needs adequate public services aild facilit:'as, 
neither citizens nor officials feel that the formulation or 
i:nplementation of land use plans has high priority. 

In Ballard and McCracken counties, Kentucky, Planning Commissions exist 
prilnarily to advise courts on subdivision regulations; there are no ru
ral zoning ordinances. In Massac County. niinois. there presently is 
no planning commission or zoning and subdivision regulations. A build
ing code has recently been adopced in Massac County and building codes 
were required to be adopted by January 1, 1979, in Ballard and McCracken 
Counties under provisions of recent state legislat:j,on. Also, a Compre
hensive Plan for Ballard County 'Was completeg in 1972; an existin~ 
Land-Use !1ap and Analysis, and a Land-Use Plan for McCracken County ~ere 
coinpleted in 1968.(2-5) However. these plans 'Were never implemented and 
the lanq use data and projections contained within these documents are 
nov OUt of date. 

Most of the existing land use programs were established to satisfy a 
partic\llar ne~d at a given poi.nt in t:ime as funds vere avai.lable. Hov
ev~r, this method of plann.ing will not be able to serve the purpose in 
the future as it has in the past. With assistance from the regional 

*See subsection 5.5 for Section 5 references. 
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planning agencies as discussed belo"-', local uni ts of goverI1I:lent are be
cawing a~are of the predicteq location, type, intensity, and timing of 
growth in order to effectively plan for future growth. Efforts are now 
under way by communities to solicit grants for initiating nev or updat:i,ng 
existing comprehensive plans, zoning ordina.nc~s, subdivision regulations, 
etc. 

Although al~ost 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 reviev agencies for the three-county area have been 
responsible for establishin~ comprehensiue land use plannin& programs in 
the study area. Specifically, the Purchase Area Developmen.t District, 
located in Mayfield, Kentucky, is the regioY'.al planning agency for 
Ballard, McCracken, and six other western Kentucky counties. Similar:LY, 
the Southern Five RegicinalPlanning District and Development CC:mlission, 
located in Anna, Illinois, is the regional planning agency for Xassac 
and four other southern Illinois counties. 

The Purchase Area Development District co~pleted a land use policies 
study in August, 1977, to ~uide the local units of government and the 
regional plann.ing agency in the preparation and development of planning 
programs to promote orderly land use development in the region. (6) A 
land use mapping inventory was subsequently completed in July, 1978, 
~hich provides gr~phic representation of the policies presented in the 
land use policies manual. This mapping inventory incluges both exisLr'6 
proposed land uses in nine major categories: transportation, water re
sources, industrial development, flood plains, agriculture.silvicultt:::e, 
soils, urban centralization. and recreation. (7) In June, 1977; the South
ern Five Regional Commission prep~red a regional land use plan which 
sUCI:larizes natural features, area of environmental concern, physical 
restraints on development, land use, and socio-~conomic ~rtd other pertinen~ 
information for the region. The regional land use plan Cilso establishes 
land use goals, objectives, policies; and plans of the agency.ll) Gen
erally, these region~l planning agencies seem to be providing leadership 
to the local government agencies to fO'I"!llula,te land use policies. and con
trols and conduct land use surveys. However, the authority of these t·.:o 
regional commissions is limited to reco~endiIlg, but not i~plementing, 
land use plans. policies, and controls. 

The general con~ensus of the existing land use plaIl~ and projections for 
the three-county area is that a slow-to.,-modest rate of economic and pop
ulatio'n gro .. th wilL o~C;tJr through 2000 .. ith ~inor changes in exiscing 
land use plans. (1-11) In the study area some open space/agricultural 
lands .. ill 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 :1.973 Comprehensive Water and Se .. er Plan in
cludes the propo·sed construction of a rural sewer~ge system for an area 
within the study area ~ust north at U.S. Route 60 near the PadtJcah Gas
eous Diffusion Plant. (.;.2) Additionally, so::e land u:..ay be set aside 
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as park land and developed to provide acci:~onal recreat~c~a~ :cc~li:ies. 
Nevertheless, agriculture, open space, a~d fore~t la~d ~ost li~e~y ~ill 
continue as the dominant land-use patter=s in the study area :~:cugh =~e 
year 2000. (1,6,13) 

.5.2 STATE L\...~l) USE PLA.~S. ?OLICIE:S, AND GOALS 

The tYO oajor state agencies aI~ecting la~d use plans and cont:ol in :~e 
three""'-county area are th~ K~ntucky Depart:::ent for Local Co';er;--.=e:lt ar.:: 
the Illinois Department of Local Government Affairs. These s:a:2 age~
cies are responsible for adninistering mcst of the land use-relcted 
legislation pa~sed by th~ CeI!eral J..s::e:1blies of t~eir respecc:.·;e states 
and are sources of ~lanning grants to the :egicnal ana lncal csencies. 

Sevetal other Kentucky and Illinois state agencies which affect land ~se 
planning within th~ three-county study area are the Depart~ents of Agricu:
tut~ (county ~xtension agefits). Transportation (high~ays) and Xatural 
Resources. and Enviroi1m~ntal Protection and Conservation (fish and w:i.lc.li:e 
habitat. parks, conservation areas, 208 w~tet quality planning, air 3,-d 
water quality management, etc.). Specifically, the Kentucky De?artment 
of Natural Resources and Environmental Protection leases 2,780 acres 
(1134 hal of land located adjacent to the Paducah Gaseous Diffusion ?:an~ 
from the U. s. j)epart:Ilent: of Energy for -..;rilc.life conservation pu:poses .. 
The Stat~ of rilinois control$ 2,091 acres (847 ha) in the ~en:.et Lake 
Con$er'vation Area and Swamp Nature Preserve located about ~ miles (5 b) 
north or the Joppa Steam Electric plant. Also, :1urray State Cniversi=:.-
is establishing mechanis~s and procedures fpr utiliz~ng repetitive data 
obtained from the NASA Landsat program to p:ovide physiographic land use 
data which can be incorporated into the Purchase Area Development Dist=ic~ 
land use ~apping and inventorying program. 

5. J FEDERAL LAND USE PLA..'lS, ?OLICl:.~S, ;'_~D GOALS 

The priI:lary locally administered feceral agencies whose progrz.::js and 
activities influence land use. progta~s in the study area are the Soil 
Conservation Service and t~e Agricultural Stabilization and CO:1servat:';:n 
Service. Additionally, the U.S. De?art:Iler.t of Energy and the tennessee 
Valley Authority ate responsible fo; the Paducah Gas~ous Diff~sion Plan: 
and the TVA Shawnee Power Plant properties, respectively. 

The major federal programs conducted on a nationwicie basis -which are re
lated to regional and local gover~ent: land use plans, policies, and 
conq-olS include the U.S. Environmental Prctection Agency's 201 riaste 
Water TreaOllent: Construction Grant Program, the 208 AreC3,-wide \.iaste ~..a::.

agement Planning Program and the 303e River Basin Planning Prog=am. a::.c. 
the U. S. bepartment of Housing and Urban Developme~t:' s 701 Cobprenens:i. · .. e 
Planning P:ogra::l. These federal programs ?rovide funds for stUC:"eS cc:-.... 
cucted cn a local or regional ~asis. Other federal regulatory =:cgra=5 
e~fec: la::.d use and ~cvelc?~en: :"n flood ~lai=s and near a:"~~n~-c 
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Other ~re,a-spec:ific federal programs ~hich may influence land use pat:~ 
terns in the vicinity of Paduc~h, Kentucky, include the complet~on of 
I~24 and Tennessee-Tombigbee projects and Tennessee Valley Authority 
corridor easements. The Tennessee-Tombigbee WaterYay scheduled for com
pletion in 1985 ~ill provide a ~ater~ay from the Ohio River to the Gulf 
of Mexico at Mobile, Alabama. This Corps of Engineers project ~ill most 
likely stimulate employment, populatiotl gro~th, and developm~nt in the 
Paducah vicini.ty and along the Tennessee and Ohio Rivers. Like~ise, 
I-24, ~hich is currently under con~~ruction, includes a nev bridge 
across the Ohio River just ~est of Paducah and provides dir~ct con
nection via a four-lane highvay to Nashville, Tennessee; St. Louis, 
~ssouri; and other midvesi:ern cities. Also, the TVA is presently con
$idering tha Shaw~ee Steam Plant as one of the three possible sites for 
construction of a 200 MW fluidized bed c01noustion facility. If i:nple""" 
.:lented, no additional land is likely to be required for the facility; 
hoyever, regional groyth ~ould be stimulated. 

5. 4 .PRIME A..'ID UNIQUE FAR..'1I..ANDS 

During the last fev years increasing attention has been given to the re
tention of important farmland, forestland, rangeland, and ~etlands and 
the preservation of flood pla:in areas. Federal agencies, especially in 
the U.S. Depart::nent of Agriculture, have enacted policies designed to 
limit adverse environmental impacts of development and to find alterna~ 
tives to the conversion of prime agricultural land. 

Farmland is considered "pri.';le" if it has "the best combination of physi
cal and chemical characteristics" for producing crops. "Unique faruliand" 
is land "used for the productd.on of specific high-value food and fiber 
crops." USDA policies also provide for "additional farmland or state
~ide i:!lportance" to be defined based on criteria developed by state 
agencies. In some cases, localities may desigh~te similar "fa~land of 
local importance" eve.tl though the land may not be of national or state 
illlpOrUIlCe. (14) 

Agriculture is the primary industry of the Paducah area. Agricultural 
policies seek to help guide development patterns in a manner consisten~ 
yith important agricultural lands. To be effective,. state and local 
governmental land use controls viII be required. One such control al
ready anacted is a 1974 provision to the Kentucky Revised Statutes 
(No. 132.45') vhich per:nits ~ lover tax a~sessmenc rate for property 
taxes of agricu1cural lands to aid in the protec;tion of those lands 
from urban infringement. (11,13) . 

There is no unique farmland in McCracken County; however, there are 29,808 ha 
(73,600 acres)vhich have been classtiied as prime farmland (15) . Some pri:::e 
famland vhich is based on soil C)11'e, oCcurs on the planc site 'and il:::ledia~ely 
to the east and Vest of the property. The soils classed as pri=.e far:::llanc. 
include. Cal.loway silt loam - CaA and. CaB, Falaya .- Collins silt loam - Fe, 
Grenada silt - GrB. and Vicksburg silt loam - Vb(l6). The dis::=:,,:,u~i0~s 
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Several major alternatives to continuing the operation of the ?adu
cah Gaseous Diffusion Pl~nt are given licited consideration belovo 
A detailed analysis of alternatives is beyond the scope of th~s 

assessment. In aqdit1on, alternative pover supply subsystecs are 
briefly discussed. 

6.1 SHUTDOWN OF PADUCAH GASEOUS DIFFUSION PLANT 

The Paducah Gaseous Diffusion Flapt provides fuel enrichi~ ser-
vices important to the operation of nuclear pover reactors in ::he 
United St~tes and abroad. If the Pad~cah Plant vere to be sh~: 
cio'.lTl, it is doubtful the Department O! Ene:-gy could fulfill i::s 
eXisting contrac:ual agree~ents with corporatiocs in the Dr~va::e sector 
or othe~ise supply enr~chment services to ~eet current de~ands. SOIDe 
spare capacity exists or is under construction outside the U.S.: 
hovever. it is doubtful that the enrichment capacity of foreign 
entities yould ever be c01il:mercially available in sufficient quantities 
to replace the capacity of the Paducah Plant. 

6.2 USE OF AitERNATIVE ENRICijMENT PROCESSES 

A variation of the Gaseous Diffusion Plant shutdovn alternat:ive 
is the consideration of the major substitution of another enrich-
ment technology. The tlolO most lJkely alternat:i,ve technologies ate 
the gas centrifuge and the laser separation processes. The relative 
non~site,....speci.fic impacts of the diffusion versus the centrifuge 
process have been considetedin detail in the F:i,nal Environmental (1) * 
statement, EX"Oansion of U.S. Uranium Enrichment Capacity, ERDA-1543. 
The replacement of a portion of the" existing diffusion enrichment 
capacity 'With centrifuge technology, possibly involving phase-out of 
older equipment or teduc~d po'Wer levels at Paducah, is a disti~ct 
possibility in vie'W of DOE's Gas Centrifuge Enrichment Project currently 
under construction. Hove~er, based on current construction schedules 
and future enrichment services demand projections, no significant 
substitution of centrifuge capacity for active diffusion capac~:y is 
anticipated. 

Laset .isotope separation processes are still in experimehtCiI stages 
aIld the env:i.ro~mental ~ssues that ::light be associated 'Wit~ a ::ilajor 
produc1;ion facility of this type cannot be defined at this ti:nf;. Since 
a sigIlificant amouIlt of research and development lolould have to precede 
anY.!atge-scale a,pplicatio~ of this technology. it cannot be reasonably 
c;oIlsidered as an alternative to the continuedoperat:ion or the 
Paducaq Gaseous Diffusion Plan:. 

* See subsection 6.S for Section 6 ~efere~ces. 
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6.3 RELOCATION 

The replace:nent 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 pecessary 
electrical power, would necessitate the development of a new en
richment site with the associated environmenta~ and socioeconomic 
impacts. Depending on the location, new power production facili'"" 
ties might also be required (see Section 6.4). From the practical 
standpoint. there are very few conceivable environmental advantages 
to this alternative. It is comple_~ely impractical from the ec:onomic 
s tandpo in t. 

6. 4 ALT:::3~ATIVE SUBSYSTt}!S 

Aiternative power supplies are given consideration rerative to the 
Paducah Ga$eo\.ls Diffusion Plant operations in the following sub
sections. Alternative waste heat dissipation and \.ltilization sys
tems, che:nical treatment of RCW systems, biocidal treatment meth
ods, and polychlorinated b~phenyl alternative systems are evalu ... 
ated relative to DOE's Portsmouth Gaseous Diffusion Plant in ERDA-1555, 
the Final Environmental Statement f~r that facility.(l) The 
evaluation and conclusions reached are also applicable to the 
Paducah site and will not be covered in this assessment. ERDA-1S55 
also gives consideration to several alternative waste handling and 
treatment: subsystemS relative to the Portsmouth operations that, 
although not directly applicable to Paducah's situation. are of 
similar conce:;,n. These topics include 'Io1ater supply, radioactive 
waste handling, dissolved solids in cooling water blowdo'W'O, and 
ch$D.ical wraste disposal. DOE-ORO must continuously consider and 
periodically tcplement alternative s\.lbsystems to reduce or eliminate 
the adverse environmental impacts related to these and other 
operations at the Paducah Plant. These considerations relat:e co 
the broad spectrum of regulations in effect or being developed by 
U.S. EPA or the CotIllilon'Wealth of Kentucky relative to the current 
environmental statutes including, but not limite~ to the following: 

Clean Air Act 
Clean Water Act 
Resource Conservation and Recovery Act 
Toxi~ Substances Contro~ Act 
Federal Insectic~de, FungiCide and Rodenticide Act 
Atomic Energy Act 
Kentucky Environmental Protection Law 

A detailed discussion of a large number of alterna~ive environment-
al control subsystems exceeds the scope of this environmental assessment. 
Ho'Wever, any evaluation of alternative subsystems 'Would be covered by 
appropriate ~PA documentation. 
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6.4.1 Power alternatives 

In this section, it is assumed the Paducah Gaseous Diffusion Plant 
yill continue to operate, but sources of electric poyer other than 
,those nO'l.l' used are considered. Poyer is presently supplied U.' 

Paducah from tlJo sources. The larger of the tlJo sup'piiers is the 
Tennessee Valley Authority, which contracts with DOE for large poyer 
allocations in essentially the same manner as with other industrial 
customers in the TVA service area. The other supplier is Electric 
Energy Incorporated (EEInc.), yhich has contractu~llY dedicated 735 
MWe of the 1050 MWe capacity of t~~ Joppa Steam Electric Plant to the 
Paducah Gaseous Diffusion Plant. 'The balance of the Paducah Pl~nt 
power load, which at £till. power will be 2305 MWe, is provided by 
TVA. 

6.4.1.1 PpwerJrom a new dedicated· Dlant 

Assuming that the new dedicated facility wou14 be located someyhere 
ne~r the Paducah PlaIlt, this alternative would involve all the 
environmental and socioeconomic iIllpacts that might normally be 
associateq with such a large power installation in the Ohio Rivet 
VaUey. New coal-fired steam electric generating capac:i..ty 
similar to that of the Joppa Statton, extensively d.escribed in this 
assessment, would be expected to have simil~r environmental effects. 

A dedicated plant would have to be large enough to have a reserve 
capacity of approximaeely 35% of the peak Paduc~h plant demand, or 
a total capacity of about 4104 MWe. For purposes of operational 
stabi.l.:i..ty, it yould probabiy 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, ynen available, could be transferred 
to the utility distribution systems. 

Since tVA's Shawnee Poyer Plant (1700 ~e) is located just north 
of the Paducah Plant and the Joppa ?lant is iil the immediate 
vicinity of the plant an the opposite side of the river (1050 MWe), 
the consideration of this poyer alternative is essentially analogous 
to the existing payer supply situ~tion. A ney, dedicated poyer plant 
in the vicinity of the Paducah Gaseous Diffusion Plant yould ~dversely 
affect ,the balance and efficiency of the existing systems and the 
duplication of faCilities would ~teate a situation of less than 
optimum util~zation of the power production and transmission facilities 
that have already been provided for the 'demand of,the Paducah facility. 
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APPENDIX A 

PGDP SYSTEMS FLOW DIAGRAMS ANn 
WASTE MATERIALS INFORMATION 
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Table A-I. Lab analysis of spcnc 
nickel s~ripper solu~ion 

.~ ._----_. __ .. --- .===-
Ele~~nt mg/l 

Ag 15 

Al 30 

Cu 100 

Fe 15 

Na 600 

Ni 2,000 

p 60 

Pb 200 

5i 50 

Sn 30 

U 100 

Zn 200 
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Elec~ical S~op 

::lectrical ~hc? 

Pti.'1ip Shup 
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Table A-2. Major 'Io"astes generated by 
:gl.<i:.i.Ilt:enance facilities, C-720 

.... -_ .. -.. --~.-.--~ 

____ ~t;-1:~'t7·; ~~:::. "\~~::-:, .. ;')T: :: .... :-~.: .. _~~ ":-!: 
..... -- ... ~~-----.------.- -- - .~--~.~ ~----.-. 

Oil .:co !./y:-

7:-icl':lo:-oC:t~ane 200 1/'1:-

C~r~~~c ~\r;:'d 12 1/y::-

Isopror:yl Alcohol 20 1/'1= 

Acetone 20 l/yr 

SC:-;lP ;·:.~t011 600 Kg/y= 

;·:c:cuy 20 "kg/y= 

Solu!:llc !'lachine Oil 27070 l/yr 

l"!ac!"li!le oil 2500 l!yr 

Solvent. 7={chloroce."ane .2CO l/yr 

Steel ·:a:~vi..,gs 98<50 "kgl'Jr 

3earir:-; Oil 600 1/y::-

Trichlo:oethy1ene Slccg~ 800 1/yr 

Co::?er 

:~ctals 

T:::i':hlorc-ct.hane 

Converter ShelJ,~ 

!..ube Oil 

250 l/yr 

10 D1:Ipstcrs/ 
yr 

2500 1/yr 

12000 ki;/y: 

2500 lh'r 

D:-.. in 

br.:lin 

O:\X ;tic!";J~' !c:: 
reproc-::;:o; i::; 

Oil ci:;ro~;;\: plo:. 

C~r~9c !or ~:-~~~f~~ 

Oil disl=0:::.:ll ?lo.t: 

Burial Bole ·A 

Garaqe ~~= ~=?~S~~~ 

Oil c; isp::::>al ,1;,:' 

Scr.:lp Y~::ci 

Scrap "'~rd 

Oil disposal plot. 

Clean Scrap ':'a~·= 

Conta.mir.a ted :;crap Y,::-d 

Gara9~ fo= ~::~,s;e= 

=======~-:-=::=====C::_.~ .. ~ .. , .. _.:'-::.-:-::-= .. ---
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Table A-3. Laboratory effluents from C-710 

Various ;'cic:; 

::;tror.g 5as(:s 

A:lccnols 

Freon 

Acct.one 

l'1etr.ancn 

Hexane 

Lube Oil (pissolvcd in Tol~ene-Isc?ropy1 
alcohol pixturc) 

Silver Nitrate 

aarilJf.l Chloride 

Nickel (In ni tr io acic!) 

Copper (In nitric acic!) 

?ot~ssi~~ ?e~anqanate 

Potassi~~ C~rbonate (kg) 

50dil.:III ~lit::ate 

500i1.:..":1 Acetute 

Sodio C~loriee 

~::>diUI:l FllJoric.e 

=;;:-=;;; ... :;;:-_:';0-:':';-=. :...:::::: .. _ ::: ___ =====_=. = __ -::.-:-:-_ 

270 

500 

5 

200 

200 

3 

3 

5 

990 

296 

9~0 

49 

10 

10,000 

lS,OOf.) 

39,500 

25,000 

990 

2000 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Table A-4.Reci~culating ..... ater chemical feed~. 

Chemical Feeds 

ORDCOL-GDP 
Sul.£uric acid 
Chlorine 
Betz F-16 (a) 

(lbs) 
(gals) 
(lbs) 
(gals) 

(a) Not ;; ch~~c~l teed. 

Total (pet~onth) 

7,100 
1,197 

16,000 
430 

Average (per/day) 

229 
39 

516 
14 

t';ood is treated during summer months only; F-16 is not 
~cl.<ied tQ ..... ater. 
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Table A-S. Effluent ditch average 
flov:.r~tes 

F1ow(mgd) Ditch Fiow(mgd) 

o.i 6 D.1 

0.1 7 1.0 

0.1 8 1.0 

0.1 9 1.5 

C-615 C.5 
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APPENDIX B 

SuPPORTIVE DATA FOR THE CHARACTERIZATIQN 
·ClF ExISTING ENVIRONMENTS· AT THE 

PADUCAH GASEOUS DIFFUSION PLANT 
AND JOPPA STEAM ELECTRIC PLANT 
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Ta·hIe 8-1. Sitreatn discharge data from the Ohio River at Metropolis, Illinois (a) 

(Drainage Area 20],000 sq. mt.) 

wy 1971 (b·) wy 19-7S(b) Wy 1976,(1I) 
(1000 cfe)(c) ClOOO cfa_)'(c) (1000 cfa)(c) 

Hean 'Hox Hin Heon 'Hox ·Hin Hcon Hax Hin 

Oct. 11:6.4 173 61.2 1'18 195 94.1 218 524 121 

Hov. 209.8 . 250 1'49 206 101 11:1 H4.4 ]67 134 

Dec. 266.7 52 ) 1:29 )64 508 264 1l0.2 464 226 

Jan. 351.9 489 205 596 739 506 532.1 156 281 

·Feb. H4.1 194 2)] 665 H9 526 520.6 800 261 
~ ,~ 

Har. 549.5 195 289 929 1160 625 434.5 757 290 

Apr. 185.1 281 99.5 110 1180 291 250.3 SH 98.3 

Hoy 121 5}7 114 461 711 240 126.4 204 77.1 

June 1S4 201 96.6 231 287 134 192..3 274 94.5 

July 133.9 199 71.9 134 J:17 91.2 191.9 239 136 

AilS· 162.6 267 87.1 120 119 81.2 122.5 177 12.5 

Sept. 148.4 231 89 176 355 110 87.95 168 61'.7 

wy (b) 
258.3 795. 63.2 393 1180 81.2 271. 1· 800 61.7 

(a·) Water Reaourcea Data for ·Kentucky., 1-ooued onnuo·Hy ibyU .S. 'Geo'logical Survey S toNon ·No. 03611500 at 
river IDlle~44~1. 

(b) .wy • water year .• 

(c) .da. _ cubic feet/uecond; 1 cubic foot - 7.48 _gollono • ·0.02832 cubic metera·. 
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Table n-2. Estimated mean daily discharge of nig and Littie nayou creeks 

for each month df water-years 1912 thvo~gh 1976~a) 

UI ''',DU 'Cr .... LillI. D.,ou Cr .... 
lI.ur Yo., 11.,.[ te!r 

L'ftlu nn 1m nn IiJS im HII" uh uh It" un ttJ' He .. 

Oct. dl(d) .4 16 .6 .4 .1 .), .7 

1I0Y. cle .6 U 46 U U .) 19 11 11 11 

Dec. cia 11 JJ ,S 11 4), It , JS n 10' u 

J.". ct. l) 4S 61 24 n )6 10 11 18 11 U 17 

r .... ell U U U U ,67 U lJ 1] • ')1 J1 Jl 

Har. ct. U 69 11 III It 61 20 )2 10 60, 11 11 

Apr. .1. " 154 Jl 11 4 n U JO 14 14 ~:2 2J 

Ha, cia 6 64 ) U 6 11 2t ,6 ) 

J .... ele .4 8 U J1 17 .2 .9 20 14 

Jul, ct. U .9 .6 lS )4 U 19 .4 .) 16 16 10 

AUI. ct. .6 4 ) .6 ) 2 .) 2 .) 

Stpt. ch, , .4 4 .4' 2 .2 .S .2 

Ha •• ch 21 U 21 II n 21 10 19 , 14 11 14 

DI.chor,. Inch .. IS.J )0.4 IS •• 22.6 • •• 9 20.1 So .. II U. IoJo" Crotk 

rr.c1'ltall .... ( .. ) Inch .. 6) H.2 )6.4 49.) n. J (e) 'h- •• :Ila hJo" CrlOk 

Dllc" .. ,. 1 of 2J " 11 46 ]8(c) s ... •• ... IoJo" Cruk h.el,. 
(.) lllochu •• (p.puud Ir_ dll. on Hlddl. Fo.k of H .... c C ..... U.S. CooIOIIClISu,v.Jllat lon' 0)611260. lIatir 1'lourCI. Datt' 

lor Itonlun,. : ........ nnuall, lor, th. u.s. Coololleol 'Sur,v.,. 

(b) 
',.ctpU,"lon dJI. "0. '£! '.'l~.t~!!.!_!!!U . • nnutl .u ... r"tl for lenluck,. 1.lutd b7 U'.5. Uep'rl.~nl 01 -Cu_eret. Hat Ion.' 
Ocunlc .nd:A •• o.pher lc A ... lnlo ..... lon. 

(C) ,W.,.r. ,.a,. 'It I r • hrou.h 19H. 

(d) 
d •• cubIc 'eet/.eumd. I (uLlc Ifoul _ 1.48 •• 1I0n •• O~0141l cubIc, ....... 

- - - .. 
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TABLE ll-J.NATIONAL AMBIENT AIR QUALITY STANDARD (NAAQS) 

(Concentrations in IJg/m3) 

POU.UTANT 

Suspended 
Particulates 

.. 

SuUllr 
Dioxfde 

" 

.. 
Carbon, 

" 

Photochemical 
Oxidants 

" 

" 

Hon-methone 
lIydrocarbons 

" 

Nitrogen 
Dioxide 

nURATJON 

Annual' 
He an (G) 

24-hour 
concentration 

Annud 
Hean (A) 

24-hour 
concentration 

J-hour 
concentration 

8-hour IDe an (A) 
concentration' 

I-hour lIIeOIl (A) 
concentration 

I-hour lDean (A) 
concentration 

4-hour mean (A) 
concentration 

24-hour lDeon (Al' 
concent ra't ion 

J-hour mean (A) 
concentration 

24.,hour mean (Al 
concentration 

Annual lIIeon (A) 

(A) ArlthlDetic (G) GeometrIc 

RESTRICTION 

Hot to he exceed~d 

Not to be exceeded more 
than once I,er year 

Not to ,be exce~ded 

Not ·to be exceeded more 
than once per year 

" 

Not ,to Ibe exceeded more than 
1 eight hour period per year 

Not to 'be exceeded more 
than once per year 

Hot to be exceeded 

Not to be exceeded more than 1 
consecutive 4-hour period ,per year 

Not to be exceeded more than 1 
day per year 

Not to be exceeded between 
6 AM and 9 AM 

Not to be exceeded more than 1 
day per year 

Not to be exceeded 

" Only standard ex"rllslled in ,d11lllcoms "er cublc ,muter 
*. Values ill parcnthesco are equIvalent values in porto per 1II111ion 

u.s. 'EPA AlR QUALITY STANDARDS 
Primary Secondary 

60 

260 no 

80 (.OJ) 

365 (.1'4) 

1,300 (.50) 

10* (9.0) 10* (9.0) 

40* OS.O) 40* (35.0) 

160* (.08) 160 (.08) 

160 (.24) 160 (.24) 

100 (.OS) 100 (.05) 

Primary Standard - For Protection 
of PuhIJc IIcolth 

Secondary Standard - for Protection 
of PublIc .Welfare 

' .. - - -I 
._..oJ 

__ J ---... 
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TA8LE 8-4 • TOTAl. SUSPENOEll PARTICULATES DATA SU~IARY 

MCCRACKEN COUNTY 1976-1977 

Honitoring Site HUIl9urellent No. 
and Addreas Method Obllervationo Tillus > 260/1' lilies ) 1;50 

1. Paducah 1976 J977 1976 1977 
(1400 Thompson) IIi-Vol Samplllr 59 51 1/1 0.3 

2. :Psducah 
(2400 Washington) IIi-Vol Samplor 62 52 0/2 ,a/a 

3. ,Pllducah· 
(U.S. 45 at Lone 

,Oak) IIi-Vol Samplur .59 51 0/2 0/2 

4. Paducah 
(U·.S. 62 Ilt COIIIIIIU-

0/2 nilty Collele) Ill-Vol Sampler 60' 49 ,0/3 

5. HeCraeken County 
(WUdHfe ·Came 

56 51 a/I 0/2 Reserve) IIi-Vol Sampler 

6. :Padueah 
(1609 Ky Avo) Ill-Vol SalDpler 60 52 0/0 0/0 

7. Paducah, 
(1350 S.6th St.) Ill-Vol Salllplur 59 55 0/0 0/2 

8. McCracken County 
(Graham Rd. at 

all lleath) IIi-Vol Samp'l:ur 61 57 0/2 

*Represents a ¥lo~atlon of the annual' primary or secondary I'lIrt'lculatu standards. 

--.- - - ..• 

Annual Ceometric 
Hun (ul/m3) 

1976 1977 
53 58 

'69 '63 

'78 '80 

46 48 
b:I , 
\.n 

57 49 

*61 *68 

55 57 

50 52 
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TablcD-5. Sulfur dioxide da'ta summary, ,McCracken County, 1976-1977 

Honitoring Stte Heasurement No. 24-lIour 2nd'-lIJ.gh 3..,lIour 2nd-1I1gh Annual ] 
and Addrell8 Hethod Observations Haxillum HaxIDlW1I Hean (ug/m ) 

197,6 19Z7 1976 1977 1976 1977 1976 1971 

1'. Paducah 
(lItOOThompson) 24-lIour Bubbler 57 48 187.6 72.5 29.2 15,.3 

2. Paducah 
(2400 ~oshington) 24-lIour Bulililcr 59 54 78.6 81.,9 14. ] 13.5 

1. roducah !J:l' 
I 

(U.S. 45 at lone '" Qak) 24-lIour 'Bubblier 56 50 107.0 '89.6 20.,2 15.4 

4,. Paducah 
(U.S. 62 'at CODVnun-

1tyCollege) 24-lIour lIul>b'ler 59 47 144.7 85.0 ]1.2 15.4 

5. 'HcCracken 'County Continuous 2,,670' 6,831 248.9 290.8 856.7 1,129.2 43'.2 29 • .1 
(Wildlife Game 

Reserve) 24-11our Bulibler 58 2l2.6 49.l 

6. I'8ducah Continuous 7,,716 7,950: '191.3 146.7 4l7.5 560.7 l2.7 l8.3 
(l'609! Ky Ave) 24-lIour Bubbler 59 J.i60.1 28.6 

7. Paducah l-llour Dubbler 380 449 220.1 62.9 851.5 26,4.6 30.l 12.9 
(l!lSO S. 6th St) 24-lIour Dubbler 56 135.1 26.1 

O. HcCracken County 
(Graham Rd. lit 

,lIoath), Continuous 7.225 6,0',8 3H.4 3)2.7 885.6 851. 5 39.7 28.4 
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S1teHo. 
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7 
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9 

10. 

II 

12 

13 

14 

Table B-6. Annual averages ofS02 and TSP 

('fVAmoni,toring sites-Shawnee Power Plant) 

I97S 
3 

S02 (ppm) TSI'( '!R/ID ) 

.013 

.012 

.Oll 48 

.009 44 

•. 019 4~7 

.009 54 

.007 

.009 

.009 

.012 

.012 

.016 

.011 

.015 

.012 

.024 

.011 

.008 

.012 

.012 

.013 

.• 011 

.013 

•. 014 

.024 

1916 t9~7 
3 3 

TSP(\Ig/lD) S02(ppm) TSI' (\I&/m) 

.007 

.006 

49 .010 49 

49 
. 

.007 51 

49 .010 51 

60 .009 60 

.005 

.006 

.006 

.ooa, 

.009 

.001 

.009 

.010 
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Year 
S1teNo. 

1 

2 

3 

4 

~ 

6 

7 

8 

9 

10 

11 

1'2 

n 
14 

t. 

Table B-7. Maximum 2nd-high·, 24-hour and 3-hour 
S02 conccntrutiOllG 

(TVA monitoring sites~Shawnee Power Plant) 

1976 1977 
24-lIour (ppm) 3-lIour (ppm) 24-lIour (ppm) 3-lIour 

0.18 " 0.60 " 0.08 . 0.27 
." O.ll 0.6~ 0.08 0.34 

" -0.64" " 0'.22 0.12 0.61 

" O.l'~ 0.4~ 0.08 0.43 

" " " " 0.3} 0.87 0.20 0.61 

" 0.11 0.~2 0.11 0.48 

0.08 0.4~ 0.09 0.44 

0.17 " 0.~7 " O.liO C.3~ 

0.14 0.4~ 0.09 0.29 

" 0.11 0.~7 0.09 0.47 

0.11 0.44 0.09 0.47 

0.10 0.38 0.06 0.35 

" 0.11 0.47 0.li2 O.~l 

0.26 " " 0.64 0.11 O.~O 

._ ... J: 

(pplII) 

I 

'Rcprcscnt6 a violation of a S02Natlonal' AD,blcnt Air Quality Standards. 

•.. _, ~- •. ,. 
:"'-J ~ ._1 

tJ:! 
I 

0> 
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B-9 

TABl.E B.,..8. Kentucky N02 monttoring data for 
McCracken County (1977) 

Mon~toring Site No. of Observations Arithmetic Mean 

Paducah-1400 Thompson 46 -30.4 

Paducah-2400 Washington 56 41.2 

Paducah-U.S. 45 & Lon~ Oak 52 47.7 

Paducah-1350 S. 6th St. 53 30.8 

Paducah-U.S. 62 Community 
Coll~ge 49 22.4 

McCracken County Wildlife 
Game Reserve 49 ],.1.8 

Paducah-609 Kentucky Ave. 50 45.3 
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TABLE B-9. Discharges of radioact:~vity 
~O the atmosphere (1979) 

RADIONUCLIDE CuRIES DISCHARGED 

99Tc 0.06 

a Uranium discharges had an avera~e 
isotopic composition of 0.003% 
234U, 0.49% 235U, and 99.5% 238U. 



TABLE B-10. ENVIRONMENTAL AIR SAHPLING - ALPHA RADIOACTIVITY (1979) 

SAMPLE NUHOl]ROF CONCENTRATION 110-11t vellmO ~ 

POI!NTi SAHPtES MINIHIIM I HAXII1UH - I AV(ltAGE I STO.b STD. 

PN 52 0.14 61i <2.7 + 2.5 c 

PE '52 <0.14 1!1 <L4' + 0.8 c 

'PS 51 <0.14 3 <0.4 !. 0.2 c 

,PW 51 <0.14 3 <0.5 + 0.2 c 

nlf 52, <0.14 ,8 <0.9 + 0.4 400 <0'.2 tIl, 

'. DE 48 <0. 'l'4 , 13 <0.9 + 0'.1i 400 <0.2 
.,... .,... 

III 52 <0.14 6 <0.4 + 0.3 400 <0.1 

IE 49 <0.14 9 <0.4 t 0'.4 400 <0.1 

ISE 51 <0.14 5 <0.4 t 0.3 400 <0.1 

IS 50 <0:1'4 1l <0.4 + 0.4 400 <0.11' 

HI 46 <0"\'8 )0 <0.9 + 0.4 400 <0.2 

CiR 51 <0.14 0 <0.4 !. 0.3 400 <0.1 

aSee figure 1\-9. 
bOOE Concentration Guide (4 x W- 12 1ICI/ml' (or a mixture of uranium Isotores). 
cSampH ng I oca t ions are on Governmcnlproperty Inside the plant ,perimeter (ence. for comparison. the 

DOE wc,lighted averagc occupational concentration guldo! is 3 x 10- 10 lIef/ml for a. ntlxtureof uranium, 
hntopes. 

IsO.JdplII or 1.4 x 10- 15 IICI/IIII for an !OG cubic meter sampl c. HOTE: ~ower limit of detection 
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TABLE B-11. ENVIRONHENTAL AIR SAMPLiNG - BETA RAD-l0ACTIVITY (1979) 

, 

SAMPLE NUMO[R OF ' : CONCENTRATION OO-ll "ei/inl) 
I 

, 
, 

POltna 
, i· 

:1 I I 
, 

I SAMPLES MINIMUM MAXIMUH AVrRAG[ STO.h I! 
I " 

I'N 52 <0.05 11) <1.9+ 0.5 c 

PE 52 <0'.05 ·1 <loS!. 0.3 c 

PS 51 (0.1)5 5 (1.5 • 0.3 c 

PW 51 <0.05 J (1.5'.,0.3 c 

ON 52 <0.05 4 <'I.1i + 0.:1 10,000 

Of ~n (0.05 !) <1.5 t .. 0.4 10,000 

,liN 52 <0.05 'I: (1'.4 + :-!.3 10,000 

H 49 <0.05 1\ <1.1\ t ,0.3 10,000 

liSE !it <0.05 ,. 
a <1'.6 .. 0.3 10,000 

I:S 50 (0.05 1\, <1'.5!. 0.3 10.,000 

IW 1\6 <0.05 1\ <1.5 .:!. 0.3 10,000 

GR 5'1 (0.05 70 0.5 + 2.7 10,000 

aSel! fl:!)ure A-9 . 
. bAs 2)~Th (OOE Manual Arrr.nrlix 0524 AnnexA, Table 2). 
C$ampUn!l locatl ons arc on Governrnent property Ins ide pI ant perimeter fence. For comparison, 
occupa t i.ona I c~nccntration 9ui~e Is 3 x 10-8 \lCI/nll. 

NOlE: lower limit of dclecUon Is 1 tfpm per sample orS x·IQ-I:' ileUm!. 

- -,. 
..: .•. j __ ... J ., ...... 

~ 

sm. 

<0.02 

<0.02 ~ 
1\ 
I-' 

<0.01 N 

<0.01' 

<0.02 

<0.02 

<0.02 

<0.04 

the l(XlE 
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TABL~ ll-13. ~NVmONMENTAL AIR SANPLING - FLUORIDES (1:979) 

-
SMPI.;E hUHnEROF CO~r.ENJRAT\OH ((}pb lin ~. 

POINJa SAMPLES HIitlIHIlM I, MXIHIIH I AV[RAr.~ I sm.b I STD. 

PN 52 :0.1 1.1 0.3 !. 0.04' c 

PE 52' (0.08 0.7 <0.3 + 0.04' c 

PS 51 <0.'07 O.? (0.2 +0.01 c 

PW 51 (0.08 0.5 <0.2 + 0.02 c 

:AN' 52 <0.07 0.3 <0.2 + 0.02 0.6 <33 

DE 48 <0.06 0.6 (0.2 + 0.02 0.6· (33 

IN 52 <0.07 '0.1 (0.2 !. 0.01 0.6 <33 

IE 49 <0.07 0.4 <0.1 !. 0.01 0.6 <17 

ISr. 51 <0.07 0.2 <0.1 !. 0.01 0.6 <17 

.JS 50 <0.08 0.2 <0.2 !. 0.01 0 .. 6 <33 

IW 46 <0.08 0.2 <0.2 + 0.04 0.6 <33 

GR 51 <0.07 0.5 <D.? !.0.02 0.6 <33 

aSee. figure A-9. . ..'). I . k ne 1 ° ppb 
bKelllucky SecondaryAlI1ulent Air f)uall:ty Standards (401KM 53.010 • Max mum one W~Cs 5~~eprpab as • \IF • 
as Jlf· monthly average 0.5 ppb as /IF. ,Primary arnb I cnt standard (Itlnnua 1 average) 

cSampling locations are on GovcrnnlclIl property Inside the plantpcrlrneter fence. for compari:sons. the 
40-houroccupatlonal threshold limit value (nV) for .'IF is 3000 ppb. 

NOTE: Lower ltml.l ofdclcctlon 155.0\19 IIF per ump'l'e. 

t:xI 
I 

:1-' 
\..oJ 
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Figure B-1. Geologie str~ta underlying 

MasSiac County. 
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Table ll:lJ. Groundwater supply, Mnssnc County, Illinois 

Locat'ion Type of Totd Y hId· Spectf1'c Average 
Aquifer (a) Depth 8pl1l Capacity, Dal'ly 

Feet gpm/ft Pumpage., 
drowdown 1000 gal 

El'ectrh: Energy Inc. Pl. No. j R 40J l20 107 JOO 

;Electr1:c Energy Inc. Pl. 'No. I R 2lS lOS 102 lOO 
C.& E. I. School U 95 4 1 1 

Indiana ne Co. R 46S 160 
b' 

160 ,I 
P 

Joppa R 448 90 2 50 \.J1 

West Ind. Crovel Co. U 420 1000 

Metropolis tlo. 4 R 400 293 5 SOD 

Metropolis .No. I U 270 600 lO 500 

Metropolis 'No. 2 U 420 1500 

,Metropolis No. 1 U 286 

,Brookport (west) U 208 100 129 

Brookp~rt (east) U 207 50 

(a)R- rock, U' - ullcolIsoHdo1tlld: 
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APPENDIX C 

POPULATION AND DENSITY CHAN~ES BY SECTOR 
FOR 5-MILE AND 50-MILE RADII, 1980~2020 
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C-2 

S 

Me CRACKEN COUNTY 

w: CRACKE~ SO. __ . 
-GRAVES co. --............. -- ..... 

Figure C-l. Transient population nodes 
within 5 miles of PGDP. 
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APPENt>IX D 

REGULATIONS, STANDARDS AND MODELS 
USED FOR DETERMINING ENVIRONMENTAL 

IMPACTS AT THE' PADUCAH GASEOUS DIFFUSION PLANT 
AND JOPPA STEAM ELECTRIC PLANT 
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tabl~ C-l. Transient popul~~ion nodes \lithi~ 5 ~les of the 
Atomic Energy Co~ission pl~nt-=Paducah, Kentucky 

'Irinsien~ 
Nodes Activity S.!!ctor Popul,l~io:1 

1 Industry 70 10 
2 Com:::ercial 70 54 
3 Co::cercial 70 52 
4 COc::1ercial 71 12 
5 CO::Jl:lerc:ial 71 13 
6 Cor.::oercial 53 3002-
7 Co:::nercia,l 56 
8 COtnr.1ercial 56 79 
9 Commercial 56 380 

10 Illsti~utior.al 71 725 
11 Institutional 70 47 
12 C:m:mercial 58 3 
13 Cot::lercial 58 7 
14 Comerc:!,u 59 21 
15 Co;;cerc:iOlI 59 17 
16 Co=erci.:;.1 59 9 
17 CoC::lercia.1. 59 2 
18 Industry 59 14 
19 .CoC:!:ercia1 76 !27 
20 COc::lercial 76 254 
21 Cocerc:ial 76 406 
22 Illstitutiona! 70 14 
23 COr:f:::ercia1 23 52 
24 Commercial 22 99 
~5 School 40 750 
26 Institul.:ional 24 3() 
27 Ins~itutional 26 43 
28 I:lsti t llticn:1.l 44 32 
29 Institu~ional 79 14 
30 Institutic..nal 37 750 
3J,. Institutiona: 53 254 
32 Indust:-y 52 200 
33 Cor.mercia! 37 35 
34 Co:mercial 36 20 
35 CO~JDercia! 36 20 
36 Institutional. 20 50 
37 Co=erc:ial 64 20 
38 C~l!Qerci<ll 37 25 
39 Industry 65 545 
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I,: 
I Table C-2. ~stimates of sector population densities 

I 
(persons per square mile). 1980-2026. 0-5 miles from PDGP 

I Sector Populati on Ccns it;t by Selected Ye:ars 

Secter 1980 1990 2000 2010 2020 
, .. 
I 1 0 a 0 a a 

2 0 0 a a a 
3 a 0 a a a 

I 
4 0 a b 0 0 
5 a 0 a a a 
6 0 a 0 a 0 
7 a a 0 a 0 

I 
a a 0 0 a a 
9 0 0 a 0 a 

10 a 0 a 0 a 
11 0 a a 0 0 

I 
12 0 0 a 0 0 
13 0 0 0 0 0 
14 0 a a a 0 
15 a 0 a 0 0 

I 
16 0 0 a 0 0 
17 10 12 12 12 14 
18 7 7 8 8 8 
19 0 0 0 0 a 

I 
20 59 63 66 69 73 

. 21 120 127 134 141 147 
22 100 105 110 115 122 
Z3 78 83 88 92 97 

I 24 39 42 44 46 49 
25 a 0 a a 0 
25 a 0 a a 0 
27 a 0 a 0 0 

I 28 a 0 0 b 0 
29 0 0 0 a a 
30 5 5 7 7 7 
31 10 12 12 12 14 

I 32 12 14 14 15 15 
33 8 9 9 10 10 
34 27 29 30 32 33 
35 45 48 50 53 56 

I: 36 83 88 92 96 101 
37 ·124 131 139 145 152 
33 196 209 219 231 242 
39 270 286 301 315 332 

I 40 183 193 203 213 223 
41 94 100 lOS i 1 0 115 
42 93 99 104 109 114 

I 
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I Table C-2. (Continued) 

:-

I Secto~ Population Density b~ Se1e~ted_ Ye~rs 

Sector 1980. 1990 200.0. 20.10 .2020 

I 43 89 94 99 104 109 
44 61 64 67 71 74 
45 33 35 37 39 41 

I 46 35 37 39 41 43 
47 37 40 41 43 46 
48 22 24 25 26 n 
49 0. 0. 0. 0. 0 

I 50. 2 2 3 3 3 
51 4 5 5 5 6 
52 50 52 55 58 61 
53 10.3 10.9 115 120 126 

I 54 88 93 98 10.2 10.7 
55 77 81 85 99 94 
56 112 118 124 130. 136 
57 14 15 16 17 18 

I 58 142 150. 158 165 174 
59 128 i36 143 150. 1 sa 
60. 104 no. 116 121 128 
61 80. 85 88 93 98 

I 62 60. 63 66 69 n 
63 43 45 47 50 52 
64 19 20. 21 23 23 
65 1 1 1 1 1 

I 66 0 0. 0. 1 1 
67 0. 0. 0. 0 0 
68 29 31 32 34 36 

I 
69 65 69 73 71 80 
70 10.2 108 113 li9 125 
71 137 ·145 1 S2 l~O 168 ;:) .. 
72 90. 95 99 10.4 110. 

I 
73 58 62 65 68 i2 
74 .. 151 160. 168 1 i6 185 
75 243 258 271 284 298 
76 157 166 175 184 193 

I:. ~ 
77 71 75 78 82 87 
78 62 €6 68 72 76 

.,' ~"" : 79 52 56 58 62 64 
",': I 80 26 28 29 3D 32 ' , , 

I~ 

.J 
I J 
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Table C-3. Sector population estimates, 

I 
1980-2020, 0-5 miles fr9ttl :PGPP 

I; 
Sector Po~ulation bv Selected J~ars 

Sector 1900 1$90 2000 2010 2020 
• I . 
i"',1 

L~ 1 0 a a a a 

I 2 0 0 a () a 
3 0 a a c 0 
4 0 0 a 0 0 

I 
5 a 0 0 0 0 
6 a 0 0 a 0 
7 0 0 0 a Q 
8 () 0 0 0 0 

I 
.9 0 0 0 0 0 
10 0 0 . 0 0 0 
11 0 0 0 0 0 
12 0 a 0 0 0 

I 
13 0 0 a 0 0 
14 0 a a a 0 
15 0 0 0 0 0 
16 a a 0 0 0 

I 
17 6 7 7. 7 8 
18 4 4 5 5 5 
19 0 a 0 (j 0 
20 35 37 39 41 43 

I 21 7i 75 79 83 87 
22 59 62 65 68 72 
23 46 49 52 54 51 
24 23 25 26 27 29 

I 25 a 0 0 0 0 
26 0 0 0 0 0 
27 0 0 0 0 0 
28 0 0 0 0 0 

I 29 b 0 0 0 0 
30 3 3 4 4 4 
31 6 7 7 1 8 
32 7 8 8 9 9 

I 3~ 8 9 9 10 10 
34 26 28 29 31 32 
35 . 44 47 49 52 55 
35 81 86 90 94 99 

I 37 122 129 1 :36 142 149 
38 193 205 215 226 237 

~~.~!~:: 39 265 280 295 309 325 

I 
40 17.9 189 199 209 219 
41 92 98 103 108 113 
42 91 97 102 107 112. 

I 
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. 
Sector 

43 
4~ 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
€4 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
is 
76 
77 
78 
79 
80 

1980 

87 
60 
32 
34 
36 
22 
0 
3 
6 

68 
141 
120 
105 
153 

20 
194 
1 i6 
142 
109 
81 
59 
26 
1 
0 
0 

52 lis 
180 
242 
159 
103 
267 
430 
278 
125 
109 
93 
46 

C-12 

Table C-3. (Continued) 

. Sector Population bl Sp.lectcd Years 

1990 4000 2010 2020 

·92 97 102 101 
63 66 70 73 
34 36 38 40 
36 38 40 42 
39 40 42 45 
24 25 26 27 
0 0 0 a 
3 4 4 4 
7 7 7 8 

72 76 80 84 
149 157 165 173 
127 134 140 147 
111 117 123 129 
162 170 178 187 

21 22 24 25 
206 216 227 238 
186 196 2::;5 '2i6 
lsi 159 166 175 
116 121 127 134 
86 90 94 99 
62 65 68 72 
28 29 31 32 
1 1 1 
a a 0 0 
a 0 0 D 

55 57 60 63 
123 129 1'~ _0 142 
191 200 210 221 
257 269 283 .297 
168 176 185 195 
109 115 120 125 
283 297 312 327 
456 479 503 528 
294 309 325 341 
133 139 146 154 
116 121 127 134 

99 103 109 114 
49 52 54 57 
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Figure C-7. S.ctors within 5-mile radius of the PGDP. 
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Figure C-8. Projected popul~tion·for sectors 
within 5-50 miles of PGDP, 1980 • 
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Figure C-9. Projected population density 
(persons per sq~are mile) for sectors 

within 5-50 miles of PGDP, 1980. 
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Figure C-10. Projected population for sectors 
within 5-50 miles of PGDf, 1990. 
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Figure C-11. Projectedpopu1at1on density 
(persons per square mile) for se·ctors 

within 5-50 miles of PGDP, 1990. 
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Figur~ C-1.2. Projected population for sect;ors 
within 5-50 miles of PGDP, 2000. 
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Fig~re C-13. Projected popul~tion density 
.(persons per square mile) for sectors 

within 5-50 miles of PGDP, 2000. 
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Figure C-14. Projected population for sec~ors 
within 5-50 miles of PGDP, 2010. 
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Figure C-15. Projected population density 
(persons per squ.are $i.le) for sectors 
~thin 5-50 miles of PGDP, 2010. 
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Figure C-l6. Projected population for sectors 
vithin 5-50 miles of PGDP, 2020. 
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Figure C-l7. Projected population density 
(persons p~r square mile) fo~ sectors 

within 5-50 miles of·PGDP, 2020. 
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I Table C-4. Sector population estimates, 
1980-2020, 5-50 miles from PGDP 

I~ 
.~ .-

I 
Sector~ooulation bZ Selected Years 

Sector i980 1990 2000 2010 2020 
- , 

I 
81 329 347 369 380 404 
82 329 347 369 380 404 
83 6,462 6.821 7.250 7.470 7,950 
84 329 347 369 380 404-

I 
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 ,844- 1 ,944 2,035 2,145 
88 1,735 1,844 1,944 2,035 2,145 

I: 89 1,596 1 ,69;: . 1,787 1 ,871 1,973 
90 556 5'''' 613 642 681 0' 

91 347 360 378 396 422 
92 1,387 1,435 1,507 l,58? 1,68: 

I 93 347 360 378 396 422 
94 347 360 378 396 422 
95 1,062 1, 126 1,186 1,242 1,311 
95 635 677 715· 745 788 

I 97 1,052 1.111 1,182 1 ,?17 1,295 
98 1,200 1,257 1,339 1 ,381 1,465 
99 1,012 1,054 1,117 1 ,148 1,202 

100 1,073 1 ,1 ~1 1,189 1,222 1,286 

I 101 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 7,4i2 
104 5,539 5,895 6,227 6,540 6,919 

I 105 g,483 2,645 2,809 2,993 3,225 
106 1 ;637 1,722 1,817 1,935 2,096 
107 256 272 2s1 308 337 

I 
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 
111 327 341 360 375 399 

I 
11-2 1,368 1,423 1,508 1 ,551 1,643 
113 2.288 2,361 2,552 2,698 2,918 
114 1,458 1,489 1,583 1,643 1,713 
115 1.535 1,739 1,964 2,190 2,440 

I·;; 
116 2,271 2,714 3,158 3,637 4,179 
117 2,256 2,677 3,101 3,556 4,071 
118 7,398 8,643 9,829 11 ,044 12,448 

• :0', ! 
119 8.846 10,132 11,369 l2,6~7 14,115 

~~ 

Ii 
120 14,996 16,085 17,259 18,525 20,073 
121 3,396 3,625 3,8CiS 4,148 4,510 

i 
122 2,598 2,782 2,970 3,204 3,5C5 

~ 

IJ 
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'table C-4. (Continued) 

I 
S;:ctcr~foPulat;on b;i Selected Years 

I Sector 1980 1990 2000 2010 2020 

:01 123 3,435 3,532 3,634 3,781 - 4,003 

I 124 11 ,674 1 0, S~6 10,3~4 9,636 9,105 
125 4,874 4,710 4,617 4,460 4,352 
126 2,684 2,590 2,535 2,444 2,383 
127 8,748 8,575 8,729 8,685 9,261 

I 128 3,581 3,679 3,943 4,141 4,484 
149 5,660 6,008 6,526 6,873 7,325 
130 4,294 4,318 4,484 4,571 4,739 

I 
131 8,296 9,319 10,480 12,144 14,069 
132 3,174 3,718 4,279 4,901 5,620 
133 5,252 5,894 6,568 7,319 8,200 
134 3,230 3,719 4,192 4,684 5,255 
135 6,475 7,339 8,226 9,147 10,201 

I 136 5,356 5,6g6 6,103 6,561 7,100 
137 4,270 4,283 4,602 4,946 5,36B 
138 15,752 9,201 9,433 9,775 10,321 

I 
139 5,554- 5,265 5,002 4,706 4,443 
140 4,544 4,783 5,069 5,389 5,771 
14 i 13, 7i 4 15,134 16,741 18,527 20.584 
142 37,044 39.723 43,662 48,003 52,929 

I 
143 2,995 2,978 3,003 2,9~4 3,274 
144 3,104 3,194 3,368 3,479 3,753 
145 25,880 28.593 31,656 34,071 36,862 
146 16,982 17~009 17,556 17,853 18,701 

I 
147 18.626 2i ,032 23,729 27,827 32,605 
148 6.823 7,686 8,655 9,950 11,479 
149 3,139 3,434 3,765 4,144 4.603 
150 1 ,951 2.100 2,265 2,453 2.6e1 

I 
151 5,632 6.081 6,668 7,305 8,016 
152 23,005 23,797 25,479 27,433 29,562 
153 5,918 5,~54 5,698 6,083 6,560 
154 5,798 2,568 2,532 2,533 2,599 

I 155 7,213 . 6,990 7,280 7,592 . 7,950 
156 7,507 8,161 8,909 9,732 10,659 
157 13,142 14,714 16,473 18,442 20,656 
158 10.417 11 ,316 12,571 13,966 15,515 

I 159 4,145 4,212 . 4,385 4,520 4,9il 
160 38.313 40,201 43,724 .46,630 51,246 

I 
I 
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Sector 

81 
82 
83 
84 
as 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
sa 
99 

100 
loi 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
·113 
114 
115 
116 
117 
118 
119 
120 
121 
122 

C-26 

T~ble C-S. Estimates of sector population densities 
(persons per sq~~re mile), 1980-2020, 

5-50 mile~ from PGDP 

.. 
Sector Population Densit:t blSe1ect2d Yeal"S 

- - - - .. 

1980 1990 2000 2010 
- . 

22 23 25 25 
22 23 25 25 

438 463 492 507 
~? 23 25 25 
70 74 78 82 

2282 2426 2556 2677 
ti7 125 131 138 
117 125 131 138 
108 115 121 127 

37 39 41 43 
23 24 25 26 
94 97 102 107 
23 24 25 26 
23 24 25 26 
80 84 89 93 
50 54 57 59 
17 18 20 20 
20 21 22 23 
11 17 18 19 
18 19 20 20 
20 21 22 23 

104 112 118 124 
101 lOS 1 i 4 120 

94 100 105 111 
42 44 47 50 
27 29- 30 32 
4 4 5 5 

45 46 48 51 
25 25 26 27 
26 26 26 27 
6 7 7 7 

23 24 25 26 
23 24 26 27 
14 15 16 16 
19 22 25 27 
28 34 40 46 
27 32 37 42 
75 S8 100 112· 
90 103 115 128 

152 163 175 138 
34 36 39 42 . 
26 28 30 32 

2020 

27 
27 

539 
27 
86 

2821 
145 
145 
133 

46 
28 

114 
28 
28 
98 
62 
21 
24 
20 
21 
24 

'32 
126 
117 

54 
35 
6 

54 
28 
27 
8 

21 
29 
17 
31 
53 
4a 

126 
143 
204 

45 
35 
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I 
I Table C-S. (Cont~ilued) 

I 
Sector ?o2ulationOensityby Selected Years 

I 
Sector 1980 1990 .. 2000 2010 2020 

,.:.J 123 35 35 37 38 ~O .... ~ 

I 
124 158 149 141 130 123 
12~ 62 59 58 56 55 
126 27 25 25 24 24 
127 89 88 88 88 95 

I 
128 3g 37 40 42 45 
129 41 43 47 50 53 
130 31 31 32 33 34 
131 60 67 76 88 102 

I 
132 23 27 31 35 40 
133 38 42 47 53 59 
134 39 45 SO 56 63 
135 52 59 66 73 8? 

I 
136 38 41 44 47 51 
137 31 31 33 35 39 
138 143 83 85 88 93 
139 40 38 36 34 32 

I 140 33 34 36 . 39 41 
141 105 115 128 141 157 
142 283 394 334 367 405 
143 22 22 23 22 25 

I 144 28 29 30 31 34 
145 146 161 179 192 208 

.... ' 146 96 96 99 101 105 
147 11 i 132 149 174 205 

I 148 48 54 61 70 81 
149 17 19 21 23 25 
150 . 18 19 21 23 25 
151 45 49 53 59 64 

I 152 130 134 144 155 167 
153 33 30 32 34 37 
154 35 16 15 15 16 
155 45 43 45 47 49 

I 156 42 46 50 55 60 
157 74 83 93 104 116 
158 73 ao 88 98 109 

Ii 
159 29 29 31 31 35 
160 216 227 247 263 290 

I 
I 
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Table 0-1. Tentative regulatory levels for use ~ith 
State of Kent~cky Noise Control Act 

I-and Use Class Maximum Exceedance Levels, dBA (a) 

LSO L
10 

I (Daytime) 60 65 

I (Nigbttime) 50 55 
II (24 hours) 60 65 

(~) A-weighted sound level. expressed as dBA. takes into account the 
human re~ponse to the frequency characteristic of sound in the 
normal h ear iIlg range. 

Ll 

75 

65 

75 
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Table D-2. Summary of guidelines for lim~ts on 
environmental no~se 

(Adapted from the U.S. Environmental Protection Agency 
Document, "Inforl!1ation on Levels of Environmental 
Noise Requisite To Protect Public Health and Welfare 
with an Adequate Margin of Safety", 1974.) 

YEARLY AVERAGE·!~UlvALtHTSOUNO LEVElS IDENTtFIEO AS 
IlEQUISrTE TO PROTECf THE PUBUC HEALTH AND WELFARE WITH 

AN ADEQUATE MARCIN OF SAFETY 
~ ~ -

Itwioor To Prolce! Ouldoor To P.olcet 
Ac:lmly HQrineLoss AClivil), Hunnc Lou , 

AC·ins' Apins~1 
Uc.aurc Intet- -CoNicIm- Inlet- Consider.-

t~ llotl 
Bolli Et-

tcrence lion 
80tll Er-

(ecas (11) fcas (b) 
, 

Ila:idcnlial with Oul- ~n 45 45 55 55 
8k Space and Farm 
Rcsi4ci1c:a leq(24' 70 7O 

Ila:idcllUaI wilb No ~II 45 45 
OuWde Space 

i.eq(24, 70 

Commercial ~(2.c)~ (a, 10 70(,) (., 7O 70(0:) 
-~ 

ill:llidc Tl'aNporUt.iOIl ~(2.c) Ca) 70 (a' 

indus.lriaJ l.eq(l4Xd) (a' 70 70(c) <.) 70 70(c) 

HospiUIa ~II 45 45 55 55 

~qC24' 70 70 

EduCltiolL:l1 ~C24' 45 4$ 55 55 

lcq(2.c)(d) 70 70 
- -

RccaliolQl Are:u 1.eq(24) (d 70 70(e) (a) 70 _ 70(e) 
~ 

~ 

Fum Lanes and lcq(24, (I) 70 
G«nctal Unpopulaled 
land 

- . 
Code': 

.-_.-

.. Since dilTmnllypcs of actmtia appear 10 be associated with dirTcnnt levels, idcnlir .. 
ca&ioft of. m&:umum lCYcl ror IctMtyinlcricn:nce ma)' be di((icull cXCept in thos.e 
c:ir~_ when ~ communication iI. critical aClivity. (See Fipln 0-2 for 
aoisclncls as a function of disunce wbleb allow satisfactory communic:alion.) 

b. BaKeS on Iowar Ic\OCL 
c. Baed Oftly 011 hellri", Jos. 
d. Aft ~(81 of' 7' dB may be i4clltiflCd ill tbc:sc silUAtions 10 lon, u the cxposure ~f 

(be rmsWain, 14 houn peI'.by is low CftOUCb to tCSIIll in I IIq;JicjbJ~ ~'onltibu'io" 10 
lbe ~~our ncncc. i.e .. no ,",~lct tlwt 1ft lc-q of 60 48. 

Nole: uptanalioD orioJcluuwclle.cJ for "arine 1os.1: The CltrwHul1: ""riO<! whi.:" 
~, In hCariC\# Iota at II~ illcntiroal ~I iI a period ~ 40 )'Qt'S. 

eR.efm to cno:t¥y rather tban lIIilbmctic: _n~ 

70(e) 
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Table D-3. Paducah Gaseous Diff ~. Ii i uSxon Plant NPDES 

m IS as of July 1, 19~7 
permit discharge 

Cbro.l ... (lotal) 

ChrODlwa (+') 

Dluohd ollY.,lm 

Dl •• ol" •• eol1d. 

·fluorld. 

ott en •. ,re ... 
t •• p.ratur. 

pH 

Copper 

Zinc 

100S. 

recal colHonl 

,5u.pan.acI 101101. 

001 . I', byou Crull. 
AvI.·R .... 

0.) 0.) 

002 
Little ·aayou.Creek 
AVI.Rix. 

0.) 

oo~ 
C-616 

AVI. KiM. 

O.s 1.0 

0.05 0.08 0.0) 0.08 0.0) 0.10 

Seo Note 1 

1000 1)00 

l.S 4.0 

10 U 

See Noto 2 

Su,lIot. 1 

See Not. 1 

'1000 uoo 

10 15 

See 1I0te 2 

Seellote ), 

10 

Se. Kote ) 

O.s 
O.S 

10 

1.0 

1.0 

4) 

Notll I' 

1I0te 21 

_, en not be le .. · thon sol Dlnoh.cI; 0"" •. 
TeOlpIUlure not to exceedtl (1 • -. 1 a. 24-hr DYeraa

e
, 

Mote ,. 

:Nota ~ I 

Ie 0 lowlna' J.n 50' Kay aD 
f.b 50 Jun87 
Kar 60 Jul 89 

P

H Apr 70 Au, 89 

not to b. le .. · th.n 6.0, nor ar •• ter th.n 9.0. 

• • nor areater th.n 10.0. pU not ·to ba huthen 6 0 

004 00) 006 
. C-61S C-6l'1 Laanon 1 C-UILBloOn 2 Xv.. Ru. Xv.. Ri.. "",. Rii. Unlu 

S .. Koto 4 

10 .n 

200 400 

)0 50 

Dor le .. thin 4.0 fII/1' at 

5.p 87 
Oct 78 
Nov 70 
Ole 57 

Se. IIot. 4 

)0 so 

.,11 
_,11 
_all 

•• '1 
_,/1 

•• 11 

·r 

Std UnlU 

•• '1 
-.'1 
D,I1 

Ho./l00 a1 

.. 11 

- - .. 

t::I , 
~ 
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Table )) ... 4. Kentucky aquatic life standards, water 
quality-criteria, and National Pollutant Discharge 

Elimination System (NPDES) per-mit conditions 
applicable to Big and L1.ttle Bayou creekS 

(Concentrations in mg/l except pH) 

Parameter 

Dissolved oxygen 
pH 
Te=perature rise 
T~perature max1=a 

Tone Materials 
Cr6+/Cr3+ 
nuo:ide 
ChloriDe 
azIDouia(a) 
Ccpper 
Nickel 
Zinc 
Cjan1d~ 
Le42d(b) 

Mercury 
Nitrate(C:) 
Oil and grease 
!'bcec.ls 
PCB's 

<a) A!I.. un-ionized. NR). 

Aquatic Life 
Standards 

S.O 
6-9 
S·C 

89·F (31.7·C) 
(April iO·F-2l.1·C; 

June 87·F-30.6·C) 

2.7/3.3 

0.03 
0.02 
0.04-0.4 
0.07 
0.76-1.0 
0.01 
1.0(b) 
0.0008 

V;lri&ble (d) 
0.50 
0.0008 

1976 ~ater Quality 
Criteria 

5.0 
6.S-9 

0.01 
·0.02 
0.04-0.4 
0.C07 
0.Oi6 
0.005) 

·O.l{b 
0.0005 

Var~b1e(d) 
0.20 

1 X 10-6 

(b) Soluble lead dec:e:::dne4 by 0.45 11 me:;brari.e filtration. 

ee) AA nitrate. 

<d)'Dependa on specific: co=Pcsitiori. 

(e) DUly average (d.a.1.ly lIIa.,rJW_ iA paren~ea1s). 

(f) 'total cbrOaj,~. 

~'l'D!S 
Li:its 

2/15/75-6/30/77· 
6-9 

5.0 (9.0)(e) 
30.0 

10 (15) (e) 

\ 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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D-6 

T~ble D-5. Kentucky and.federal drinking water standards 
applicabie to Ohi'o Ri.v.ar water at the 

poi~t of withdrawal(a) 

1'crc .... ter lccuc.:y _ l'tu..an. Federal Scccmda rv (b) 

Cb%oiDiulI O.OS(C) . O.OS (d) 

<::raidc· 0.02S 

Fluoridc 1.0 1.4-2.,(10) 

1.&&;1 0.05 O.OS 

lSIIrcury O.OOl 
Clloriela 250 

Copper 1.0 

SulfU. O.OS 

ll'OIl 0.3 

1'.&I1,al\ ... O.OS 

pll 6.S-8.S 

Su1!ar.o 2S0 

10tal elua. ao114. 7S0 SOO 

%1:Ic 5.0 

~di0.ct1vity (0) ,(t) 

(I) 1000 

c.) 
Coocenctat1oQ& 10 1:1,/1 excep.: pH (un1cs) And radioactivity (p1cocur1es/ll. 

(D) 

(e) 

(d) 

(d 

(f) 

Propo.ed. 

Total. 

Dcpeocl~, '"' taperatur •• 
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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 th~highest 
value historically measured by PGDP. 

• The plume mi..-dng width was no greater than one qua~ter the 
river width for the first mile dovnstream. This assumption 
was based on thermal p~ume measurements done at Joppa which 
showed the plume staying relatively close to shore. 

• Average river flow velocity was assumed based 6n the calcu
late4 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" concentration, C, in three dimensions is 
given by: (1) . 

. 
C - III 05 -2 1''''DYDz)· exp 

where, 

. 
III a mass release rate (kg/set) 

Dy, Dz'" dispersion coefficients in lateral and vertical 

d~rections, respectively (~2/se~) 
U = average riv~r flov velocity (m/sec) 

x,y,z oil rectangular coordinate distances (m). 

Integration and rearrangement yielq,s an expression for that receiving 
vater vol~e, V* which give$ a dilution factor to some critical concen
tratiQo, C*(kg/m3). C* aay be a standard or criterion or may be a 
value to approaching the background conc~ntration in the lim:i.t, 

v* ... K 
211'C* . 

{J.-2 ln ( mt )K]) 

~here, 

K ... (byDZ)O.SUt2 ... 0.387 nU2c2
R5/6 

and R .. hydraulic radius (m). 
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mt/21r C*, then the assumpt.!.oo. of steady-state, that is, if K» 

V*. a 0.065 (~)2R -5/6 
n C*U. or 

m 2 
V* = 0.065 nS <c;-) Rl/2 

and where, 

S = slope of the hydraulic grade. line, (Q/~) 

0. = Manning·' s n 

Values for the Ohio River near PGDP are: 

U = o. 33 m/s~c 

R= 3.70 lit 

n = D.025. 

These values ~ill be used to calculate the po~ential iz?act on down
stream water users in the Ohio River due to ?GD? discharges • . 

TableD-6. Thermal water quality s~andards for the 
State of Kentucky 

(l) Industria1 water supply ~ te$perature shall not exceed 
95° Fahrenheit at any time (35°C) 

(2) Aquatic Life -- the following criteria are for evalua
tion of conditions for the maintenance of t;ell balanced. 
indigenous fish population. The aquatic use standards 
shall not apply to areas immediately adjacen~ to out
falls. Areas immediately adjacent to outfalls shall Qe 
as small ~s possible, be provided for mixing Only' ~ ~nd 
shall not: prevent the f:J:'ee passage of fish anc d.rift 
organisms. 

(a) Temperature shall not exceed 89°: (3l.iOC) 

(b) there shall. be no abnoroa.l temperatura d:aI!ges 
that may affect aquatic life unless caused by 
natur~l conditions 

(t) The normal daily and seasonal t~?er~ture fluc
tuations that existed before the addition of 
heat du~ to other than natural causes shall b~ 
maintained 

Cd) The maximum temper."ture rise at any time or place 
~bove natural temperatures shall not exceed 5°F 
(28°e) in streams. In addition, the Yat~r·temper

. ature for all. strea~s sh,all not exceed the maximum 
limits indicated in th~ folloYing' 

..... ~-- - ... . -~-.. --.-.. ---..... 
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Table D-6. (Continued) 

Stre~m max~um t;emperature felr each 
month in degrees Fahrenhei.t (F) 

and C~nti$rade (C) 

Month 

January 
February 
March 
April 
May 
June 
Ju.ly 
Augus~ 
Septe1I!ber 
October 
November 
December. 

F 

-50 
50 
60 
70 
80 
87 
89 
89 
87 
"78 
70 
57 

tHERMAL DISPERSION MODEL 

c 

10 
1.0 

15.6 
21.1 
26.7 
30.6 
31.7 
31. 7 
31. 7 
30.6' 
21.t 
13.9 

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 a.nd in differenti.al form is 

where 

T is 
X is 
Y is 
V is 
A" is 

the temperature in the river at any point (OF) 
the longshore dist~nce from the plant discharge (ft) 
the offshore distance (ft) 
the longshore c4rrent- (ft/seci 
a dispersion coefficient, (ft /sec). 

(1) 

A solution to Equation (1) f6r ~onstant 'discharge rate an~ temperature 
is 

( ) 2 . -1/2 . . 2 (2) 
or - TG + B Tn - TG ['II'D AVX] .. exp [-Vy /(4AX)] 

where 
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