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CHAPTER 1
INTRODUCTION AND GENERAL DESCRIETION OF THE FACILITIES

This Safety Analysis Report (SAR) covers the
procedures, equipment, and facilities required for handling
uranium hexafluoride feed material from the time it enters
the Oak Ridge Gaseous Diffusion Plant at Oak Ridge,
Tennessee, until it is introduced into the enrichment
cascade. It also covers the procedures, equipment, and
facilities required for handling and storage of the depleted
uranium hexafluoride tails and the enriched uraniuam
hexafluoride product from the time these materials are
withdrawn from the enrichment process equipment until they
are either placed in permanent storage or shipped from the
plant.

Background information about the operating Oak Ridge
Gaseous Diffusion Plant (ORGDP), a summary description of
the plant and its facilities, and a brief description of the
processes covered in this SAR are presented in the following
pcrtions of this chapter.

1.1 _Backgroond Information

The primary function of the QCak Ridge Gaseous Diffusion
Plant {ORGDP) is the enrichment of uranium hexafluoride in
the uranium-235 isotope. This enrichment service is
provided to private industry to fuel light water cooled
nuclear power reactors. Construction of the ORGDP was begun
in 1943, and production by the gaseous diffusion process was
started in 1945. The ORGDP is currcently one of three
government owned plants enriching uranium by the gaseous
diffusion process that are operated under the jurisdiction
of the Energy Research and Development Administration
(ERDA). A second plant is located at Paducah, Kentucky, and
the third is near Portsmouth, Ohio.

These three uranium enrichment plants are operated by
private corporations under contract with ERDA. The plants
in Tennessee and Kentucky are operated by the Nuclear
Division of Union Carbide Ccrporation, and the plant im Ohio
is operated by the Goodyear Atomic Division of the Goodyear
Tire and Rubber Corporation. The three plants are
interrelated to the extent that the slightly enriched
uranium hexafluoride product from the Paducah, Kentucky,
plant is used as one of the feed materials for the 0Oak Ridge

~'and Portsmounth plants.
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The uranium handled at the ORGDP consists of uranium
hexafluoride feed, tails, and product materials. Two types
of feed material are generally processed at the ORGDP. They
are uranium hexafluoride (yellowcake) manufactured from
mined uranium with an assay of 0.711 weight % of U-235,
ccemmonly referred to as "normal assay" material, supplied by
members of private industry and the slightly enriched
uranium hexafluoride product (1.9% U-235) from the Paducah
Gaseous Diffusion Plant. 1In additicn, some foreign reactor
return material (reprocessed spent fuel from reactors) has
been enriched at the ORGDP. UOranium hexaflaoride tails
(materials depleted in U-235) and the enriched product
materials are withdrawn from the process cascade at a rate
matching the feed rate.

1.2 Facilities Description

The ORGDP is situated on a level 640-acre tract of land
in the southwestern porticn of the ERDA Oak Ridge
Reservation about 13 miles west of the city of Oak Ridge,

... Tennessee. The ORGDP site is at the southwest and of East
‘. Fork Valley near the confluence of Poplar Creek with the

Clinch River. Poplar Creek flows from northeast to
southwest through approximately the center of the plant
area, as indicated in Fig. 1.2-1. The site is bounded on
the north by Blair EKoad, on the west by the Clinch River,
and on the south and east by Tennessee Highway 58.

The ORGDP is a complex of production, Tesesarch,
development, and supporting facilities. The principal
process facilities are the five gaseous diffusion cascade
buildings designated K~25, ¥k-27, K-29, K-31, and K-33.

These process buildings are supplemented by about 70 typical
diffusion plant administration, service, and maintenance
buildings, as indicated in Fig. 1.2-2. Those facilities
involved in the uranium hexafluoride handling activities
covered by this SAR include the Toll Enrichment Facility in
Building K-1423, the Feed Vaporization and Tails Withdrawal
Facilities housed in Building K-1121, a small feed area in
Building K~33, the Product ¥ithdrawal Facility in Building
K-413, the Cylinder Cleaning and Decontamination Facility in
Building X-1420, and the cylinder storage areas.
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1.3 Process Descriptions

Normal assay uranium hexafluoride feed for the
diffusion cascade is shipped in cylinders to the Toll
Enrichment Facility in Building X-1423, which is the ORGDP
receiving and shipping center for private customer owned
cylinders. The laycut of the Building K-1423 area is shown
in Fig. 1.3-1. Functions performed in the Toll Enrichment
Facility include weighing of cylinders of uranium
hexafluoride feed received from customers, sampling of their
contents for analysis, and weighing of empty feed cylinders
after their contents have been fed into the diffusion
cascade. The uranium hexafluoride fproduct withdrawn fron
the cascade is also sampled for analysis and transferred to
product cylinders at the Toll Enrichment Facility is
performed with straddle carriers and forklifts equipped with
custom designed 1lifting fixtures, as shown in Fig. 1.3-2.

The customer owned cylinders of uranium hexafluoride
feed that have been weighed, sampled, and certified are
transported to the Feed Vaporization Facility in Building
K-1131 for vaporization and feeding into the diffusion
cascade. Slightly entiched feed from the Paducah Gaseous

- Diffusion Plant is received in ERDA owned cylinders at

‘Building K-1131. These cylinders are checked, weighed, and
sampled at the Feed Vaporization Facility, where their
contents are vaporized and fed into the process cascade.

Uranium hexafluoride tails, material depleted in U-235,
is withdrawn continuously from the diffusion cascade through
heated piping to the Tails Withdrawal Facility in Building
K-11317 where it is drainnd as a liquid into cylinders.

After cooling and solidification, the tails material is
moved to a long term storage yard.

Uranium hexafluoride product is removed from the
diffusion cascade through heated piping to the Product
Withdrawal Facility in Building K-413 where it is drained as
a liquid into ERDA cwned product cylinders. After their
contents have cooled and solidified, these cylinders are
transported to the Toll Enrichment Facility where the
product material is sampled and transferred to customer
owned cylirnders.

Uranium hexafluoride cylinders in service are cleaned
routinely in the Cylinder Cleaning and Decontamination
Facility in Building K-1420. Each new cylinder to be placed
in service is also cleanad thoroughly in this facility.




CHAPTER 3
SITE CHARACTERISTICS

The geographical, demographical, meteorological, .
hydrological, seismological, and geological characteristics
of the Oak Ridge Gaseous Diffusion Plant site and
surrounding vicinity are described in this chapter. Where
appropriate, the site characteristics are discussed with
respect to plant safety.

3.1 Geography and Demography of Site

The location of the Oak Ridge Gaseous Diffusion Plant
is discussed and a description of the site is presented in
this section. Information relative to population in the
surrounding areas and to the uses of nearby land and water
is also presented.

.3.1.1__Site Location

The Oak Ridge Gaseous Diffusion Plant, known locally as
the K-25 Plant, is located in the southwestern portion of
the United States Energy Research and Development
Administration's Oak Ridge Reservation in Tennessese, as
indicated in Fig., 3.1-1., The Energy Research and
Development Administration (ERDA) Cak Ridge Reservation
currently occupies about 737,000 acres adjacent to the city
of Oak Ridge. The eastern and southern boundaries of the
reservation are defined by the Meltcn Hill Reservoir and the
Clinch River, and the western boundary is formed by the
Clinch River backwaters of the Watts Bar Reservoir on the
Tennessee River. Blackoak Ridge and the City of Oak Ridge
comprise the northern boundary of the reservation.

About 80% of the ERDA-cwned Oak Ridge Reservation lies
within Roane County, Tennessee, while the remaining 20% lies
to the northeast in Anderson County, Tennessee. As
indicated in Fig. 3.1-2, the Oak Ridge Gaseous Diffusion
Plant {(ORGDP) is located in Roane County, Tennessee. %ithin
a 13-mile radius of the ORGDP, there are five municipalities
with a combined population of about 50,000 and portions of
five counties (Anderson, Knox, Loudon, Morgan, and Roane)
with an overall population of 413,000 (1970 census). AsS
indicated in Fig. 3.1-3, two Tennessee Valley Authority
(TVA) lakes, Melton Hill and Watts Bar, adjoin ERDA-owned
land near the ORGDP. The dams for both lakes are equipped
with a navigation lcck and hydroelectric power generating
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equipment. The TVA Kingston Steam Plant is within 13 niles
of the ORGDP, and the TVA Bull Run Steam Plant is slightly
more than 13 miles distant tc the northeast. The proposed
Clinch River Breeder Reactor site is alsc within the
immediate area.

The ORGDP is about 3 miles frowm Interstate 40 to the
southwest. Access to the plant site is provided by

Tennessee Highway 58 from the southwest and northeast and by’

Blair Road from the north. The Oak Ridge area is served by
the Southern and LN Railroads, and the ORGDP site is
connected to and served by the Southern Railroad. The ORGDP
is also adjacent to the navigable waters of the TVA systen
that offer commercial shipping and pavigation by the Inland
Watervay System to the Gulf of Mexico. There are no
existing heavy docking and unloading facilities at the
present plant site.

The Oak Ridge area is served by the Knoxville Airport
which offers regularly scheduled air service to all major
cities by five reqularly scheduled certified airlines. A
well established air freight terminal is also in service.
The Knoxville Airport is 44 miles from the Oak Ridge Gaseous
Diffusion Plant.

3.1.2 Site Description

Physiographically, the Oak Ridge Reservation is
considered to be in the western part of the Tennessee
section of the Valley and Ridge Subregion of the Appalachian
Highlands Physiograrphic Province. The Appalachian Highlands
Province extends frcm New Yecrk to Alabama and varies in
width from 20 to 75 miles. 1Its eastern boundary is the Blue
Ridge Front, which contains the highest mountains of
Appalachia. The western boundary is formed by the
Cumberland Escarpment, which is part of the Appalachian
Plateaus Province. The Valley and Ridge Subregion (also
referred to as the "newer Appalachians") is confined largely
to eastern Tennessee but does include parts of southwestern
Virginia and northern Alabama. Thus, it crosses the
Tennessee River Bassn.

The Valley and Ridge Subregion is defined by a series
of long and narroy ridges intervened by slightly broader

valleys with a proncunced northeast-to-southwest trend. The.

ridges are roughly rarallel and fairly evenly topped.! The
tcpography of this region reflects the resistance of the
underlying geological strata to the forces of weathering.
The ridges include relatively resistant sandstones, shales,
--competent limestones, and cherty dolomites. These rock
formations are poor water-bearers and are subjected
prirarily to mechanical weathering. Conversely, the valleys
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' consist of weaker shales and more soluble carbonate

{limestone) rock that provide the principal water-bearing
formations. Therefore, they are acted upon by the combined
forces of mechanical and chemical weathering.2 Hundreds of
thousands of years of weathering have produced a topography
characterized by the more resistant rocks that maintain the
ridges. The less resistant rocks have eroded away to occupy
the valley.

The range in altitude within the Oak Ridge Reservation
is 741 to 1356 ft above mean sea level, providing a maximun
relief of about 600 ft. The highest point of elevation
occurs at the peak cf Melton Hill, whereas the lowest
keights are in the valley regions of the southwestern part
of the reservation.3® The following generalized succession
of alternating ridges and valleys cccurs in order from tha
northern end of the reservation to the southern end:
Blackoak Ridge, East Fork Valley, East Fork Ridge, Gamble
Valley, Pine Ridge, Bear Creek Valley, Chestnut Ridge,
Bethel Valley, Haw Ridge, Meltom Valley, and Copper Ridge.

The fine topographical features are also indicative of
the geology of the area. The ridges underlain by the
slightly soluble, cherty dolomite (Copper, Chestnut, and

.. Blackoak) generally have broad, well-rounded or Tolling
,crests. The ridges that rest on bedrock composed of

" interbedded sandstone and shales (Haw and Pine) tend to have

sharper and more pointed crests. Sinkholes are regularly
reported wherever limestone and dolcmite deposits occur.

The topography of that portion of the 0Oak Ridge
Reservation included within the ORGDP site is illustrated in
Fig. 3.7-4. The ORGDP site is encompassed by three ridges:
Blackoak Ridge to the north, McKinney Ridge to the west, and
Pine Ridge to the south. It lies in the valley of Poplar
Creek, which is close to its junction with the Clinch River.
The ORGDP is situated on a level, fenced 640-acre tract of
land bounded on the north by Blair Road, on the west by the
Clinch River, and on the south and east by Tennessee Highway
58. Poplar Creek flows from northeast to southwest through
approximately the center of the plant area.

The ORGDP is a complex of production, research,
development, and supporting facilities, employing
approximately 3000 persons. The primary mission of the
plant is the enrichment of uranium hexafluoride in the
uranium-235 isotope, and the principal process facilities
are the five gaseous diffusion cascade buildings designated
K-25, K-27, K-29, K-31, and K-33. These process buildings
are supplemented by about 70 typical diffusion plant
administration, service, and maintenance buildings that
rinclude specialized manufacturing facilities.
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The most distinct features of the ORGDP viewed fron
either Tennessee Highway 58 or Blair Road are the large
fluffy plumes of steam that rise above the cooling towers
used to cool the plant's process water and the 360-ft-high
red and white fire prctection water storage tank. A
traveler viewing ORGDP from Blair Rcad (north of the plant)
would also see the two 170-ft-high smoke stacks of the
plant's steam production facility, while anyone passing by
on Highway 58 (south of the plant) would immediately notice
the large grassy areas and the lakes that border the front
of the plant.

Two areas maintained by, but not located within ORGDP
proper, are the old rowerhouse area and the sanitary water
treatment facility. The powerhouse area was once, as its
name implies,” the producer of part of the electrical energy
requirements of ORGDP. Since these requirements are now met
by TVA, the majority of the facilities in this area have
been decommissioned. The vacated buildings are now used for
salvage storage, training of welders, etc. In addition, the
molecular anatomy (MAN) research and development progran,
which is an Oak Ridge National Laboratory (ORNL) function,
is currently located in Building K-702 of the old powerhouse
complex. The sanitary water treatment facility (K-1515),

~-.located about 1 mile south of the plant proper on Bear Creek
'Road, consists of typical water treatment equipment, such as

settling basins and large concrete storage tanks.

3.1.3 _Population, Distribution, and Trends

There are no significant concentrations of population
within 5 miles of the 0Oak Ridge Gaseous Diffusion Plant
(CRGDP) . However, the ORGDP is located about 8 miles west
of the westermmost part of the City of Oak Ridge with a
population of 28,319 (1970 census).* The incorporated
limits of the City cf Oak Ridge include all of the ERDA
controlled land in the immediate vicinity of the ORGDP.

The area surrounding the Oak Ridge Reservation is
generally rural to urban in character. For the most part,
the rural lands are a mixture of unincorporated communities,
suburban home sites, water recreaticn areas, and small farms
devoted to miscellaneous crops and cattle raising. In the
northern fringes of this area the pattern changes and
includes mountainocus and sparsely settled land, some of
which is being, or has been devoted to underground or strip
mining of coal.

The largest nearby population center is Knoxville,

-"Tennessee, which has a population of about 175,000 persons

and is located about 20 miles east of the City of Oak Ridge.
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As indicated in Fig. 3.1-3, there are four Tennessee

municipalities other than the City of Oak Ridge within a
13-mile radius of the ORGDP. They are Kingston (about 7
miles southwest) with a population of 4142 (1970 census),
Lenoir City (about 12 miles southeast) with a population of
5324, Oliver Springs (about 8 miles northeast) with a
population of 3405, and Harriman (about 8 miles west) with a
population of 8734,

The 1960 and 1970 census data indicate that the rural
population within akout 10 miles of the ORGDP has remained
essentially constant, with the population growth having
taken place in and around the existing urban centers. This
trend is expected tc continue through the year 2000 with a
projectedS increase of about 44.5% in urban population
within approximately 10 miles of the ORGDP.

Other than that occasioned by industrial activities,
most of the transient population within about 10 miles of
the ORGDP is engaged in recreation activities such as
camping, fishing, boating, swimwming, and attending stock car
races.

, - 321.4 Uses of Nearby Land and Waters

The region within a S-mile radius of the ORGDP
encompasses residential, farm, recreation, and industrial
areas as well as the ERDA-owned land in the 0Oak Ridge
Reservation. There are no airports within the 5-mile radius
of the site, and the area industries are discussed in
Section 3.2. There is no mineral production within the
5-mile radius of the ORGDP. However, mineral production,
primarily in the form of strip mining of coal, does play an
important role in the adjacent area, particularly in ¥organ
County.

Schools are the only public facilities located within a
5-mile radius of the ORGDP. They are the Roane County
School System schools of Edgewood (grades 1 through 6) with
a 1973 enrollment of 110, Cherokee (grades 1 through 6) with
a 1973 enrollment of 294, Dyllis (grades 1 through 8) with a
1973 enrollment of 211, and Emory (grades 1 through 8) with
a 1973 enrollment of 118 students.?®

There are approximately 18 recreation sites within a
5-mile radius of the ORGDP.6 These sites include the
visitor's overlook at the ORGDP; the Graphite Reactor at 0Oak
Ridge National Laboratory; two commercial campgrounds with
facilities for fishing, boating, and swimming; and a track

"for stock car racing.® The Temaining sites are lake public
p

access and incidental use areas. The number of people at
these sites with a 5-mile radius of the ORGDP during peak
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" - hour use (assumed to be July 4) was estimatedé to total 5830
in 1970. The total projjcted® for the year 2000 is 8570, an
increase of about 47%. Although no quantification of
recreational use, such as swimming, fishing, and localized
recreational boating, is available, recreational interaction
with water is assumed for the sites located along waterwvays.

3.7.4.1 Agriculture

In general, farming in east Tennessee has followed the
national trend of a Steadily decreasing number of farms with
the remaining farnms increasing in average size. 6 Because
more off-farm employment opportunities exist now than in the
past, the trend has been to shift from dairy cows and other
forms of farming to raising beef cattle which requires much
less labor. There are three dairy farms within a 5-pile
radius of the ORGDP. They are in Roane County. One has a
livestock population of 45, while each of the other two has
a population of 50 animals.® Although some grains produced
outside of the immediate area are used to supplement their
diet, the dairy cows on the farnm nearest the site are
allowed to graze outside all year.®

- During a survey conducted in the spring of 1974 by

! -personnel of Project Management Ccrporation,® approximately

"7 475 beef cattle were counted within 5 miles of the proposed
Clinch River Breeder Reactor Plant site, which is about 3
miles south of the GCRGDD. Interspersed with the beef cattle
were 61 milk cows. Agricultural CICps were reportedé as
being grown on scattered smaill plots for single family use.

3.1.8.2 Surface water use

Major surface water uses in the Oak Ridge area include
.withdrawals for industrial and public water supplies,
commercial and recreational water traffic, and other
recreational activities such as swimming and fishing. The
Clinch River, adjacent to the ORGDP, is a component of the
Inland Waterway System which permits commercial navigation
to the Gulf of Mexico. Commercial traffic locked through
Melton Hill Dam amounted to 3600 tons (3268 metric tons) in

1972.6 In addition, 761 recreational craft passed through
Melton Hill Dam in 1972.%

No quantitative data are currently available on the
number or amount of fish caught in this region by sport
fishermen for human consumption. Cnly two game fish are
well represented in the area waters. They are Sauger and
the White Bass. s Forage and rough fish dominate in both

-‘numbers and biomass. Although Watts Bar Reservoir produced
a commercial fish harvest of nearly 95,000 1b in 1973,
catches within about a 10-mile radius of the site amounted
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to only 1% of this total.®

currently, the major surface water withdrawals from the
Clinch River within a 5-mile radius of the ORGDP for
industrial use are for ERDA Oak Ridge Operationmns.
Approximately 5.5 million gallons a day (Mgd) are withdrawn
tc supply the ORGDP cooling towers and about 2.5 Hgd are
withdrawn tc supply potable water to the ORGDP. Hater
withdrawals for industrial supplies within approximately 20
miles of the ORGDP are given in Table 3.1-1. Industrial
expansion in the area will increase water withdrawal, and
the Clinch River Breeder Reactor Plant, projected to begin
operation in 1987, will require 10.2 Mgd of water to be
withdrawn at Clinch River Mile 17.7, of which 6.3 tgd would
be consumed during operation at a 100% load factor.®

There are 11 public water supglies withdrawing water
from surface sources within about 20 miles of the ORGDP.
Public water supplies that could be influenced by Clinch
River water flowing past the ORGDP include that of the city
of Rockwood, Tennessee, which has an auxiliary public water
intake located on the King Creek embayment of Watts Bar
Reservoir where the potential for reverse flo¥w exists.
Under certain conditions, Clinch River water could flow
upstream in the Emory River with the potential of affecting

the Cumberland Utilities District surface water intake on

the Little Emory River and the Harriman vater supply intake
in the Emory River. The public water supplies and their
sources within about 20 miles of the ORGDP are given in
Table 3.1-2. '

3.1.4.3 Groundwater use

As indicated in Table 3.1-2, there are 17 public water
supplies drawing water from wells and springs within
approximately 20 miles of the ORGDP. Two of these
groundwater sources are within a 5-mile radius of the ORGDP.
They are the Edgewood Elementary School and the Cumberland
Utility District of Roane and Morgan Counties. Eight of the
industrial supplies within about 20 miles of the ORGDP are
also using groundwa ter sources, as indicated in Table 3.1-1.
As well as those industrial and public water supplies given
in Tables 3.1-1 and 3.1-2, groundwater use within an
approximate 20-mile radius of the ORGDP includes a large
number of individual and multi-unit domestic wells,
generally of small capacity. Much -of the development in the
area has been rural residential, and it has not been
economicaaly feasible to use public water supplies for every
residence. ) ‘

The Clinch River is the major groundwater sink for the
area. Discharge frcm the aquifer system at the ORGDP site
flows directly into the river or its tributariess; that 1is,
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Bear Creek and Poplar Creek. Because the incised meander of
the Clinch River is a major topographic feature set in
bedrock,? no significant groundvwater flow is likely to pass
beneath the river. No groundvater wells are located where
they could potentially intercept seepages from the ORGDP
site before discharge into the Ciinch River systenm.

3.2 Nearby Industrial, Iransportation, and Hilitary Activities

Nuclear facilities and activities within a 20-mile
radius of the Oak Ridge Gaseous Diffusion Plant (ORGDP) and
non-nuclear activities within a S5-mile radius of the ORGDP
are discussed in the follcwing subsections.

3.2.1 Nuclear

The two major nuclear-criented facilities within a
20-mile radius of the ORGDP are the Y-12 Plant, about 8
miles northeast, and oOak Ridge National Laboratory, about 4

. miles southeast, both of which are within the boundaries of
.the ERDA 0Oak Ridge Reservation. The Y-12 Plant employs

about 5400 persons for those activities necessary to produce
components for nuclear weapons and to provide fabrication
support for ERDA weapons design laboratories. oOak Ridge
National Laboratory is a research and development
installation that enploys about 4500 people engaged in
reactor and chemical technology, radiation effects,
controlled fusion, and many other basic and applied research
activities and supportive functions.

One small nuclear-related industry is located on a
33-acre tract in the Clinch River Consolidated Industrial
Park about 1.5 miles south of the CRGDP. This industry,

U. S. Nuclear, Inc., fabricates neutron absorbers for power

reactors and fuel elements for test reactors and employs
about 95 people.

In addition, the 1364-acre site of the proposed Clinch
River Breeder Reactor Plant is aprroximately 3 miles south
of the ORGDP, and the 100-acre site of the proposed Exxon
Nuclear Fuel Recovery and Recycling Center is about 1.5
miles southeast of the ORGDP. The latter site is within the
perimeter of the ERDA-operated Oak Ridge Reservation.
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3.2.2 _Non-Nuclear

There are no known non-nuclear industrial organizations
operating within a 5-mile radius of the ORGDP., The TVA
Kingston Steam Plant is located about 7.5 miles southwest of
the ORGDP. The Kingston Steam Plant is a fossil-fired
electric pover generating plant with an installed capacity
of 1700 kW. It employs about 500 persons and is a major
supplier of power tc the ORGDP. The TVA Melton Hill Dam is
located about 8 miles southeast of the ORGDP. The Melton
Hill Dam provides hydroelectric power to the TVA system and
extends navigation up the Clinch River. A small crew
attends the locks but the power unit operates unattended.

One major highway, Interstate 40, passes about #.25
miles south of the ORGDP. The closest interchanges on I-40
are with State Route 58, about 5 miles southwest of the
ORGDP, and State Route 95, about 6 miles southeast of the
ORGDP. Existing data indicate that the average daily
traffic at the interchange of I-40 and State Route 58 is
17,530 vehicles, while that at the interchange of I-40 and
State Route 95 is 14,680 (Ref. 6).

The closest major main rail line is Harriman Junction,
which is approximately 9 miles west of the ORGDP. It is
served by the Cincinnati, New Orleans, and Texas Pacific
(CNOGTP) Railroad and the Southern Railway System, which
also has a spur to the ORGDP. There are no airports within
a 5-mile radius of the ORGDP. Oak Ridge Air Park (sport) 1is
Jocated about 9 wiles northeast of the ORGDP, HMeadowlake Air
Park (sport) about 13 miles southwest, and Rockwood
Municipal (business and sport) is located about 20 miles
west of the ORGDP. McGhee-Tyson is the only airport near
the site with scheduled commercial flights. It is located
outside Knoxville, Tennessee, about 26 miles southeast of
the ORGDP. The nearest flight path is about 13 miles south
of the ORGDP, and aircraft approaching HMcGhee-Tyson would be
at a minimum altitude of 5000 ft as they pass south of the
site.® The nearest holding pattern for McGhee-Tyson is
approximately 28 miles northeast of the ORGDP.

There are no military facilities or bases within a
5-mile radius of the ORGDP.

3.3 Meteorolcqgy

The general climatic characteristics of the region in
which the 0ak Ridge Reservation is located as well as those
local to the area are discussed in the folloewing
subsections.
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3.3.1 Regional Climatology

The climatology of the Oak Ridge area reflects
primarily its topography. Because the "Great Valley" (which
includes the Valley and Ridge Physiographic Province and the
Tennessee River Basin) is nestled between two great mountain
ranges, the Appalachians and the Cumberlands, its weather
patterns are localized within the lowlands and are generally
unlike those that occur in the more mountainous segments of
the southeastern United States. Storm tracks and prevailing
wind regimes travel predominantly in a northeast to
southwest line, both upvalley and downvalley, alignnd with
the parallel ridges that were trust-faulted in a similar
direction. Intense, highly confined storms of short
duration occur frequently within the area, especially at
points of topographical discontinuity because of the
production of significant barometric gradients.

A climograph (plot of temperature against
precipitation) for the Oak Ridge area? is given in
Fig. 3.3-1. Heavy precipitation occurs in both winter and
summer months, whereas spring and autumn are comparatively
‘Ary. Only under unusual conditions is snowfall a

“‘significant portion of the precipitation. Average

temperatures are in the moderate range 40 to 80 degrees
Fahrenheit. Extreme temperatures, both hot and cold, are
relatively uncommon because of the moderating influences of
the adjacent mountain ranges.

A climatic classification scheme based on the water
balance of different geographical regions was developed by
Thornwaite,® who classified the Oak Ridge area as humid
subtropical. A graph of water flow as a function of season
for such a climatic region is shown in Fig. 3.3-2 in which a
soil moisture capacity of 12 in. was assumed. The dotted
line slightly skewed to the later summer months represents
the precipitation input which, as previously described,
generally rises and declines in alternate quarters. The
solid bell-shaped curve portrays the hydrological output,
which in vegetated areas is largely a function of plant
metabolism and accompanying evapotranspiration losses.
Obviously, plant photosynthetic activity will be at a
paximum in summer months and a minimum in winter months.
This diagram indicates that the 1lcw frequency of
precipitation during May and June may become critical for
plant life. However, recharge by the frequent rain storms
that commonly occur in July and August is usually sufficient
to overcome this drought stress and to produce conditions
very adequate for agriculture.
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No unigque climatic features differentiate weather on
the Oak Ridge Reservation from other humid southern
Appalachian regions. Humidity varies with wind direction,
generally being lowest with northeast winds and highest with
southeasterly to southwesterly winds. Relative humidity is
lowest in the afternoons and highest at night. Average
annual humidity in Tennessee is near 70%.10 This is about
average for most of the United States east of the 95th
meridian. Florida, the Gulf Coast, and the Atlantic
Seaboard have higher humidities than eastern Tennessee,
whereas the mountains and desert regions of the western
United States have less humidity.

3.3.2 Local Conditions

prior to the advent of the Manhattan Engineering
District's projects, no meteorological records were
maintained in the Oak Ridge area. _Houwever,| climatological
data have been recorded in Knoxville since 1871 by the
Signal Corps and later by the U.S. Weather Bureau, which was
created in 1891. The major Knoxzville office is now located
at McGhee-Tyson Airport about 20 miles southeast of the

" reservation. More distant regional meteorological stations
include those of Chattanooga, Tennessee; Bristol, Tennessee;

Smithville, Tennessee; Asheville, North Carolinaj; and Ronme,
Georgiai:]f

Weather recording instruments were installed initially
on the Oak Ridge Reservation at the X-10 site (Oak Ridge
National Laboratory) in conjunction with the start-up of the
#Clinton Pile," now known as the Graphite Reactor, to
monitor airborne radiocactive wastes. The weather stations
at the Y-12 Plant and at the ORGDP (K-25) were created
shortly after operations were initiated at these two plants.
In 1947, the Oak Ridge stations were designated as official
U.S. Weather Bureau Cooperative Offices. Meteorological
data from the City cf 0Oak Ridge were incorporated into the
program in 1948, and a final recording facility was
established in the late 1950s at the Tower Shielding
Facility (TSF). Weather records of the Oak Ridge Bureau are
nov administered by the National Oceanic and Atmospheric
Administration's (NCAA) Atmospheric and Turbulence Diffusion
Laboratory {ATDL) within the City of Oak Ridge.

The data recorded at the Oak Ridge area wWeather
stations have been analyzed, and the results of those
analyses are summarized in three reports. One of these
reports contains the results of a detailed aralysis by the
U.S. Weather Bureaul! of the parameters that affected the
weather in the Oak Ridge area during the period 1948 to
1952. This repoot was updated with the results of a
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s~supplemental analysis repcrted!2 by Hilsmeier in 1963.

L Climatological data obtained during the period from 1951
through 1971 are reported but not analyzed in a 1972
publication!3 of the ATDL. These and other data relative to
local temperature, precipitation, and wind and stability
conditions are discussed in the following paragraphs.

3.3.2.1 Temperature

Minimum, maximum, and average monthly temperatures

calculated from data collected during the _1951-to-1971

period of record are given in Table 3.3-1.} Curves for
predicting the probability of the cccurrefice of a give
temperature during a season are shewn in Fig. 3.3-3.{:§he
daily temperature figures, indicative of the temperatures
experienced on the Gak Ridge Reservation, range from a
minimum of -9 degrees Fahrenheit in January to a maximum of
105 degrees Fahrenheit 4in July, with the annual average
being 57.9 degrees Fahrenheit. | However, temperature
distribution curves display 4 Strong central tendency, with
temperatures above 100 degrees Fahrenheit or below 0 degrees
Fahrenheit being relatively rare events that have occurred
in less than half of the 20 years of record.E?Average
temperatures increase steadily from the coldest month
. (January) to the warmest month (July) and decline uniformly
;again to winter lows. Significant secondary maxima and ?
minima are not evident during the spring and fall seasons;//ﬂ“

hus, the yearly temperature distribution is about biomodal.!
[:gean temperatures are very uniform across the entirs width

of the Valley and Ridge Province terrain; a condition that
is very unusual for such a wide range of latitude.

Data on vertical temperature gradients, obtained by
simultaneous measurement of the temreratures at ground and
towar elevations, were used by Hilsmeier to calculate the
percentage frequency of inversion ccnditions as a function
cf total hours for the four seasons.12 These calculated
frequencies, given in the following tabulation, indicate
that \inversion conditions occur about one-third of the time
thrcughout the year.

Fre«
Season (%)
Hinter 31.8
Spring 35.1
Suamer 35.1
Autumn 42.5

Annual 35.9




Table 3.3-1. Average Monthly Temperatures and Solar
Radiation for the Oak Ridge Area From January 1951 Through
December 1971

Temperature (°F)

Solar radiation

Month 2 -1
Maximum Minimum Average (kecalem™ mo ™)
January 47.0 - 28.8 378 5.6
February 51.2 30.6 40.9 6.7
March 58.7 36.3 475 10.1
April . 71.1 46.9 59.0 12.3
May 79.1 54.5 66.8 15.3
June 85.2 62.7 74.0 15.1
" July 87.3 66.4 76.9 13.4
August 86.7 65.2 76.0 125
September 815 68.7 70.1 11.3
October 71.3 47.2 59.3 9.6
November 57.8 35.9 46.9 * .- 58
December 48.8 30.6 39.7 ‘47
Annual 57.9 1234

Source: USAEC, HTGR Fuel Refabrication Plant at the Oak Ridge National
Laboratory, Qak Ridge, Tennessee, Draft Environmental Statement, WASH-1533,

January 1974, p. 111.
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3.3.2.2 Precipitation

The monthly precipitation levels at the X-10 weather
station given in Table 3.3-2 were averaged from data
collected during the period from 1951 through 1971. The
monthly frequency of rainstorms of different intensities is
jllustrated in Fig. 3.3-4.

E;ignificant di fferences exist among the amounts of
rainfall deposited at the various weather stations;] For
example, the mean acpual precipitation .during the years from
1951-t0-1962 was 54.71 in. in the City of Oak Ridge but only
51.52 in. at Oak Ridge National Laboratory (ORNL). The City
experienced events of measurable (greater than 0.01 in.)
precipitation about seven more times anrually than did the
¥-10 weather station. Such differences are attributed
primarily to the fact that most storn-frontal movement in
this region originates in the Cunberland Mountains and then
travels along in a northwest-to-southeast track.
Consequently, the mean annual precipitation in the Valley
and Ridge Region varies from greater than 58 in. in the
northwest to less than 46 in. in the southeast, as is
indicated in the isohyetal map shown in Fig. 3.3-5. The
data illustrated in Fig. 3.3-5 were collected from 11

__weather stations in the Ttegion by McMaster.14C:rhe greater

'quantities of precipitation collected at the CIty of 0Oak

" Ridge collection point than at the X-10 weather station

reflect the closer proximity of the town to the point of
storm origin and the dissipation of the fronts as they
encountered Pine and Chestnut Ridges.

Y:%he general pattern of monthly rainfall is similar at
all~BF the weather stations in the Cak Ridge area. Although
precipitation is fairly even distributed throughout the
year, well-defined seasonal and areal variations do exist.
The greatest quantity of precipitation usually falls in
January, but December, FPebruary, and Harch also receive
heavy water inputs. A second maxima is recorded in July
between the low-rainfall periods ccmmon to sprimng and
autumn. Such general trends are not absolute and monthly
precipitation levels may vary grossly from year to year.

For example, January precipitation varied from 1.86 to 10.47
in. during the pericd from 1948 to 196&.7

T average number of consecutive days with and without
the incidence of precipitation during the different seasons
is ipdicated on a daily time scale in the histograas showun
in Figs. 3.3-6 and 3.3-7. Throughout the year, clear
conditions prevail 30% of the time, partly cloudy 25% of the
time, and cloudy conditiomns prevail 45% of the time. An
average of 53 thunderstorms and 40 days of heavy natural fog
. {upper visibility limit, 0.25 mile) occur in a year.
Generally, snowfall does not have an appreciable
climatological significance in the Cak Ridge area. However,




Table 3.3-2

Average monthly precipitation levels
for the Oak Ridge area, 1951—1971

Precipitation (in.)

Month
Rainfall Snowfall Total -
January 5.3 34 8.7
February 5.3 2.6 7.9
March 5.6 1.3 6.9
April 4.4 0.01. 44
May 3.6 0 3.6
June 4.0 0 4.0
July - b6 0 5.6
August 3.8 0 3.8
September 3.3 0 33
October 2.7 0 2.7
November 4.2 0.5 4.7
December 5.7 2.3 8.0
Annual 53.5 10.3 63.8

Source: USAEC, HTGR Fuel Refabrica-
tion Plant at the Oak Ridge National Labora-
tory, Oak Ridge, Tennessee, Draft Environ-
mental Statement, WASH-1533, January

- 1974, p. 111.
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Fig. 3.3-5.

SOURCE:

Isoheyetal Map of the Oak Ridge Area.
W. M. McMaster, 'Hydrologic Pata for the Oak Ridge Area,
Tennessee, " United States Geological Survey Water-Supply Paper 1839-N,
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in unusual years it may represent a major portion of the
winter precipitation, as during the 1959-60 winter months
when 41.4 in. fel{ix

3.3.2.3 Wind

bl € prevailing winds reflect the channeling of airflow
caused by the orientation of valleys and ridges of the
southern Appalachians in that winds are generally
northeasterly or southwesterly. The mean annual wind Speeds
are low when compared with those in other areas of Tennessee
and the United States.19 The mean wind speed at the City of
Oak Ridge during the 16-year period of record (1948-1963)
was 4.4 mph.tf]

H#ind roses generated from measurements made during both
lapse and inversion conditions in all seasons are
illustrated in Fig. 3.3-8 for the X-10 weather station,

Fig. 3.3-9 for the ¥-12 Plant weather s tion, and in
Fig. 3.3-10 for the ORGDP weather station., The wind roses

at one si{e are not directly comparab 1th -those at a

different Site, since the wind vanes and emometers that

generate the ta for these figures ar ocated at various
. loccations and el tions. For exa e, the upper instrument
' ft above mean sea level,
5 ft, and that at ths ORGDP
sea level.!2 In addition,
er elevations are insensitive
oph, uncertainty is
analyses of 1lo wind classes with a
he actual frequency. However, the general
ind flcw portrayed are not affected by either
echnical difficulties.

station is 891 ft above
since the anemometers a

More specific atmospheric dispersion characteristics
can be deduced from the joint frequency distribution of winad
direction and velocity with respect to Pasquill's seven
classes of atmospheric stability. These data for the X-10
weather station during the period from 1963 through 1968 are
given in Tables 3.3-3 through 3.3-10. The data in these
tables are representative of wind characteristics above the
ridge tcp for the Oak Ridge area. 1In extrapolating these
data to wind flow at lower elevations, consideration must be
given to the fact that stable upvalley and downvalley winds
would occur more frequently because of wind strengthening as
a result of the effects of the immediate terrain.

E;bata from the wind roses and tables indicate a
prondunced biomodal wind direction pattern that consists of
prevailing upvalley (southwest and west-southwest) and
downvalley (northeast and east-northeast) flow. This type
of wind regime reflects the topographic orientation of the
Valley and Ridge Prcvince. The stability characteristics of

@
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Fig. 3.3-8. Wind Roses for the X-10 Weather Station Under Lapse and
Inversion Conditions By Season From 1956 Through 1960.

SOURCE: W. F. Hilsmeier, '"Supplementary Meteorological Data for Oak
Ridge,' USAEC Report ORO-199, USAEC Oak Ridge Operatlons, Oak Ridge,
Tennessee, March 1963.
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Fig. 3.3-9. Wind Roses for the Y-12 Weather Station Under Lapse and
Inversion Conditions By Season From 1956 Through 1960. -
. SOURCE: W. F. Hilsmeier, "Supplementary Meteorological Data for Oak
Ridge,' USAEC Report ORO-199, USAEC Oak Ridge Operations, Oak Ridge,
Tennessee, March 1963.
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Fig. 3.3-10. Wind Roses for the K-25 Weather Station Under Lapse
and Inversion Conditions Combined By Season From 1956 Through 1960.

SOURCE: W. F. Hilsmeier, "Supplementary Meteorological Data for Oak
Ridge," USAEC Report OR0-199, USAEC Oak Ridge Operations, Oak Ridge,
Tennessee, March 1963. .
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Table 3.3-3.

Joint Percentage Frequerncies of Wind

Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968
All observations

Wind speed {mph}

, Wind
- direction 1-3 4-7 8-12 13-18 19-24 =25 Total
N 0.86 0.92 0.39 0.09 0.01 2,27
NNE 0.64 0.49 0.34 0.09 0.01 1.57
NE 3.56 3.11 2.06 0.52 0.05 0.01 9.30
S ENE 3.49 3.06 1.64 0.33 0.02 8.54
. E 3.04 2.34 1.06 0.20 0.01 6.65 -
ESE - 1.08 0.73 c.22 0.03 2.08
SE 0.92 0.55 0.13 0.03 : 1.63
) SSE 065 - 038 0.11 0.03 0.01 1.18
S 1.20 0.85 0.50 0.14 0.05 0.01 2.75
Ssw 1.49 1.28 0.97 0.38 010 ,0.02 4.25
sw 3.79 3.93 2.95 1.29 0.30 6.05 12.31
. Wsw - 2.35 2,95 1.80 0.73 0.19 0.04 8.06
& w 2.16 2.79 2.02 0.70 0.11 0.03 7.81
WNW 0.81 1.35 0.88 0.39 0.06 0.01 3.50
v NW 1.01 1.23 0.77 0.24 0.03 3.28
NNW 0.53 0.49 0.26 0.07 0.02 1.37
Total 27.58 26.45 16.10 5.26 0.96 0.18 76.53,

Calm 23.47

P




Table 3.3-4.

Joint Percentage Frequencies of Wind
Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

Stability Class A
AT <—1.9°C/{(100 m)’

Wind Wind speed (mph)
direction 1-3 4-7 8-12 13-18 19-24 >25 Total
N - 0.16 0.24 0.14 0.03 0.57
NNE 0.10 0.10 0.10 - 0.03 0.33
NE 0.48 0.64 0.55 0.21 0.02 1.91
ENE 0.50 0.64 0.53 0.12 : 1.79
E 0.49 0.69 0.46 0.09 : 1.74
ESE 0.20 0.27 0.14 0.02 0.63
SE 0.25 0.24 0.05 0.54
SSE 0.19 0.18 0.05 0.01 . 0.43
S 0.33 0.30 0.18 0.04 . 0.85
Ssw 0.27 0.35 0.30 0.10 0.03 1.05
Sw 0.61 1.06 1.10 0.52 0.10 0.01 3.40
wsw 0.31 0.74 0.57 0.30 0.07 0.01 2.00 .
w 0.34 0.69 0.64 0.31 0.05 © 0.01 2.04
WNW 0.14 0.28 0.26 0.13 0.02 0.83
NW 0.22 0.28 0.23 0.10 0.02 0.85
NNW 0.11 0.11 0.08 0.02 0.32
Total , 4.70 6.82 5.36 2.04 0.31 0.05 19.28
Calm 2.20




Table 3.3-5. Joint Percentage Frequencies of Wind

v

Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

Stability Class B
—1.9< AT < -1.7°C/{100 m)

-

Wind speed {mph)

Wind
direction - 1-3 4-7 8-12 13-18 19-24 >25 Total
N 0.01 0.02 0.02 0.05
_ NNE - 001 0.02 003 -
"NE 0.05 0.05 0.05 0.01 0.16
ENE 0.06 005, 0.03 0.01 0.15
.E _ 007 0.07 0.02 ’ 0.16 -
ESE 002 0.02 . 004 %
SE 0.04 0.03 0.07
SSE 0.02 0.02
S 0.03 0.02 0.01 . . 0.06
SSw 0.02 0.03 0.03 0.01 ’ 0.09
sw 0.07 '0.10 0.07 0.04 0.01 0.29
wsw 0.05 0.08 0.9 0.02 0.01 0.25
w 0.05 0.09 0.09 0.03 001 ° 0.27
WNW 0.03 0.04 0.03 0.01 . 0.1
NwW 0.02 0.03 0.04 - 0.01 0.10
NNW 0.02 0.01 0.03
" Total 0.57 066 048 0.14 = 003 1.88
Calm . 0.26




Table 3.3-6. Joint Percentage Frequencies of Wind
Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

Stability Class C
~1.7<AT<-1.5°C/(100 m)

Wind - . Wind speed (mph)

. direction 1-3 4-7 8—12 13-18 1924 >25 Total

N 0.02 0.03 0.01 0.06
NNE 0.01 0.01 0.01 0.03
NE 0.04 0.07 0.06 0.01 0.18
ENE 0.06 0.05 0.93 0.01 0.15
E 0.04 0.05 0.02 0.11
ESE 0.02 0.02 ‘ 0.04
SE 0.02 0.02 0.04
SSE 0.01 0.02 0.03
S 0.03 0.03 0.02 - 0.08
Ssw 0.03 0.04 0.03 0.03 0.01 ’ 0.14
sw 0.08 0.10 0.09 0.05 0.01 0.33
wsw 0.04 0.07 0.08 0.01 0.02 0.22
w 0.06 0.08 0.08 0.03 0.25
WNW 0.03 0.05 0.03 0.02 0.01 0.14
NW 0.03 0.05 0.03 0.02 ) 0.13
NNW - 0.01 0.01 0.01 0.01 0.04

Total 0.53 0.70 0.50 0.18 0.5 1.97

Calm 0.28

2




Table 3.3-7.

Joint Percentage Frequencies of Wind
Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

\.Stability Class D

-1.5<AT<—0.5°C/(100 m)

Wind - Wind speed {mph)
- " direction - 1-3 4-7 8-12 13-18 19—24 >25 Total
° N 0.10 0.18 0.10 0.03 0.41
NNE 0.07. 0.09 0.07 0.03 0.27
NE 0.38 0.45 0.45 0.10 0.02 - 1.39
ENE 0.28 0.44 0.27. 0.07 1.06 -
E 0.27 0.25 0.13 0.03 0.68 =
ESE 0.12 0.1 0.02 o . 0.26
SE 0.10 0.09 0.03 0.01 0.24
SSE 0.09 0.07 0.01 0.01 , 0.17
S 0.20 0.15 0.10 0.03 0.01 = - 049
SSW 0.22 0.25 - 0.20 0.09 002 001 0.79
sw 043 .0.67 - 0.59 0.34 0.08 0.01 2.1
wsw 0.32 0.43 0.36 0.17 0.04 0.02 1.34
w 0.33 0.51 0.46 0.17 0.03 0.02 1.50
WNW 0.13 0.29 0.25 0.13 0.02 - 0.82
NW 0.16 0.33 0.18 0.05 0.01 0.74
NNW 0.06 0.12 006 0.02 0.01 0.28
Total 3.26 4.43 3.28 1.26 0.24 0.06 12.55
Calm 1.88
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Table 3.3-8. Joint Percentage Frequencies of Wind

Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-

tion From 1963 Through 1968
Stability Class E _
—0.5< AT < 1.5°C/(100 m)

Wind Wind speed (mph)
direction 1-3 4-7 8-12 13—18 19-24 >25 Total
N . 031 0.29 0.08 0.02 0.70
NNE 0.20 0.19 0.11 0.01 0.51
NE 1.02 0.98 0.69 017 001 2.87
_ ENE 1.07 1.01 0.60 0.11 0.01 2.80
E 0.97 0.76 0.33 0.06 : 2.12
ESE 0.39 0.20 0.04 0.01 0.64
SE 0.31 0.15 0.04 0.01 0.51
SSE 0.21 0.08 0.04 0.01 " 0.34
S 0.39 0.27 0.16 0.05 0.02 0.01 0.90
. SSW 0.48 0.39 0.34 0.12 0.03 136 -
sw 1.10 1.29 0.81 0.30 0.09 - 0.02 3.61
wsw 0.73 0.98 0.52 0.22. 0.06 2.51
w 0.67 0.86 0.58 0.14 0.03 2.28
WNW 0.27 0.44 0.26 0.10. 0.02 1.09
NW 0.30 0.34 0.22 0.06 0.92
: NNW 0.18 0.14 0.09 0.01 0.42
Total 8.60 8.37 4.90 1.40 0.27 0.03 23.57
Calm 6.24




Figo 3-3-90

Joint Percentage Frequencies of Wind

Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

Stability Class F

1.5 <AT <4.0°C/{100 m)

Wind Wind speed (mph)

direction 1-3 4-7 8-12 13-18 19-24 >25 Total
N 0.11 0.09 0.01 0.20
NNE 0.13 0.05 0.05 0.01 0.23
NE 0.74 0.51 0.20 0.01 1.46
ENE 0.74 0.48 0.13 0.01 1.36

“E 0.56 0.28 0.05 0.01 ° 0.90
ESE 0.20 0.05 . 0.26
SE 0.09 0.02 0.01 0.12
SSE 0.08 0.02 0.01 0.01 ~ , 0.13
S 0.1 0.04 0.03 0.01 5 0.20

- Ssw 0.20 0.12 0.06 0.02 0.01 0.41
sw 0.64 0.36 0.20 0.04 0.01 1.25
wsw 0.36 0.29 0.13 : 0.01- . 0.80
w 0.28 0.32 0.1 0.01 0.73
WNW 0.10 0.12 0.03 0.25
NW 0.13 0.10 0.04 0.27
NNW 0.10 0.05 0.01 L 0.16
Total 4,59 2.90 1.07 0.15 0.01 0.01 8.73
Calm 5.35

.gr."
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Fig. 3.3-10. Joint Percentage Frequencies of Wind
Duration and Wind Speed at Oak Ridge Area X-10 Weather Sta-
tion From 1963 Through 1968

) Stability Class G

AT > 4.0°C/(100 m)
Wind Wind speed (mph)

e direction 1-3 4-7 8—12 13—18 >25 Total
N 0.15  0.10 0.01 0.26
NNE 0.13 0.03 0.16
NE 0.85 0.39 0.07 1.31
ENE 0.78 0.38 0.04 1.21

\E 0.65 0.29 0.05 0.99

. ESE 0.12 0.05 0.17

_ SE 0.11 0.01 0.11

SSE 0.05 0.01 0.06

S 0.12 0.03 ., 0.15

SSW 0.26 0.09 0.02 0.37

sw 0.86 0.34 0.10 0.01 0.01 1.31

wsw 0.53 0.36 .0.07 0.96

w 0.42 0.25 0.06 0.73

WNW 0.11 0.12 0.02 0.24

NW 0.14 0.09 0.02 0.25

" NNW 0.06 0.04 0.10

Total 5.33 2.60 0.47 0.01 0.01 8.41
Calm 7.26 ’
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these two directional channels are also nearly identical and
represent the critical dispersion conditions. However, the
similar upvalley and downvalley flows are probably caused by
two dif ferent meteorological circumstances. The downvalley
draft, identified with drainage or gravitational flow down
local slopes and the broader Tennessee Valley, prevails f;)
during the inversion conditions of late evening through
midmorning, whereas regional or synoptic pressure patterns
dependent on solar inputs are very weak. However, in the -~
daytime lapses, upvalley flow results when the regional or
synoptic flows aloft become sufficiently strong to dominate
over the opposing lccal, downvalley, gravitational winds.

An example of this regional pressure zone 1is the
western extension of the Bermuda-Azores system, which causes
weak southwest wind movement over much of the southeastern
United States for extended periods during late summer
through early fall.1 Since these higher regional winds do
not exert as pronounced an influence on valleys, the local
valley wind regime may even maintain its structure and flow
in a direction opposite to that of the regional wind
tracts. 15 The opposing forces of regional and local winds
counteract one another to yield a rather high occurrence of
calm periods (23%) and the lowest winz-velocity classes (1

-to 3 mph, 28%; and 4 to 7 mph, 26%). {In fact, the average
‘wind speed for the Cak Ridge area is only 4.4 mph. Severe

wind storms are notably rare. A major factor that causes
the stability of air movement to be maintained is the
Cumberland plateaun which diminishes the force of winter and
early spring storms. As was also seen in the case of
rainstorms, local irregular ridges further minimize wind
impact. The peak gust of record on the reservation is 59
mph, and the probable occurrence rate of gusts of tormnado
proportion is only once in every 91,000 years.1® The
tornadoes in the southeastern states in the past half
century have all been small in scale, short in path length,
and low in damage caused.

3.4 Surface Hydrology

All waters drained from the ERDA Oak Ridge Res=rvation
eventually reach the Tennessee, Ohic, and Mississippi water
system?1é via the Clinch River. As illustrated in
Fig. 3.U4~1, the headwater tributaries for the Tennessee
River arise from points in Virginia, North Carolina, and
Georgia. Initially, the river flcws generally southwvestward
and receives inputs from eastern Tennessee and northern
Alabama before bending sharply northwest to contiiue a
winding path across west Tennessee to the river mouth at
Paducah, Kentucky. The total drainage area of 140,910 square
miles includes about 80% of the State of Tennessee, a major




it . *[96T 1Tady ‘osssauusy .mwvﬂw jNeo f4zojeioqeq

*. TeuoT3IEN 98PTY %20 ‘GEO%~IN¥O 310dey DAVSA ,, ‘APNIS I9ATY YOUTTD Y3 Fo 3xodoy eajsusyoidmop,,

v

‘@933 TWWO) BUTA993g APNIS ASATY YOUTID ‘*Te 39 (UBWATBY)) SSOUXNIIS *H *q

pue sweq juejiodwy Surmoys. AJFUTOTA PuB A9T[BA A9ATY @9ssouuay, ayy yo del

$ 4049008
*Sjuefq Wealg

*I-%°¢ *81a

l- ‘fpv..‘
. +
\ YAvavIv
. /
’
vio9oyo39 i
/. \ SSIN
/ ./ ITHASYIANND
U
//) \ \V \J (Qunivo3o
= 1830309
¥vo s \ I/(/ e |
WIND SM00IM & T
\ £ 6313300 M0N0 u/
s o e . R I S e d
- z«r_.s.\ M Fuve s3vn - mn. ——
AT { Ysrenynomd WIMNNY
e T K w03 sz HYNNVAYS @ .
“ - e gy
A 3ASSINNIL o
& >
YNYINO
TR &n \....I\W\es._sa AN st n«f
\.\ ul NNOGNO 1404 .V
~ i f 1 Lvano
o TImxony S5 /,.
4V0 N \(M A ‘1 AN P orsonm
\»s“ovqwm.“ kmu.o Mg e wwmwz /MJ..S:w<z
..rh_n-.._i \l\ suuon o I VRN ch.“ Mx““. @ /
. {3\ vonvivm LTSS ; LN FINH 120w R )
s n00w S ‘ 5N \.L\ﬁ \ \\\ i) nYHLY 20 .
R T gt MOYIQY 3v0 NV YW
*ANOS IR, A0 . - ——
TNl \. R — T T eee—-
. h y
VINIOYIA : A0 £0m N3II4D ONIIMOY S\
° AN
A3 = .Zuo:o:
13 - *uva & T
z . - ANONLNINA wiavuve ‘. )
'\.\/a 1\. N \\ w Q )

lee-s3

R

N




50

~ Segment of northern Alabama, and regions of Ken tucky,

¢ ,Mississippi, Georgia, Virginia, and North Carolina. Many

SN,
v

multipurpose dams regulate flow on this river system, and
the Tennessee River alone is dotted with nine mainstrean
reservoirs from Knoxville to Paducah.

3.8.1 Drainage Basin and Watercourse Filow

As discussed in Subsection 3.1.2, the ORGDP site is
bounded on the west by the Clinch River, which provides the
immediate receptacle for waters discharged from the Oak
Ridge Reservation. The Clinch River originates in Tazewell
Ccunty, Virginia, which is in the southwest corner of
Virginia near the Kentucky border 175 air miles northeast of
Oak Ridge. The river proceeds in an aprroximately
southwestward direction for more than 350 miles before
merging with the Tennessee River near Kingston at Tennessee
River Mile (TRM) 567.7 (Ref. 17). The Clinch River drainage
basin encompasses an area of 4413 square miles with an
average width of 18 miles bounded by the crests of the
Cumberland Mountains on the northwest and the Clinch
Hountains and Blackcak Ridge on the southeast.

The Clinch River is a highly ccmplex hydraulic system

.that is influenced predominantly by the operation of three
"Tennessee Valley Authority {TVA) dams. Elevations of the

easterly upper reaches of the Clinch River are controlled by
Norris Dam and Meltor Hill Dam, while those of the waters
downstream from the Melton Hill Dam are controlled by Watts
Bar Dam.,

Norris Dam is located the farthest upstream at Clinch
River HMile (CR#) 79.8. This dam was impounded in March 1936
to provide flood protection and low flow regulation for the
downstream areas. The spillway crest elevation for the danm
is 1020 ft above mean sea level, and the normal maximum pool
elevation is also at this level. The dam is equipped with
three 100 by 14-ft gates that can be used to raise the
reservoir elevation to 1034 ft if required for flood control
operations. The normal minimum pool elevation is 960 ft,
and the reservoir provides a storage capacity of
approximately 260,000 day-second-feet between elevations of
900 and 960 f£t. Of all the annual paximum elevations
recorded, the lowest annual maximum elevation of Norris Lake
was 993.8 £t in June 1954 (Ref. 18).

The Melton Hiil Dam at CRM 23.1 was completed in Hay
1963. It was constructed fcr power production, navigation,
recreation, and some low flow regulation but it provides
little flood protection. The Melton Hill Reservoir forms

.the eastern and southeastern boundary of the Oak Ridge

Reservation. This reservoir extends 44 river miles to Eagle
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N
Bend, which lies abcut 8 miles above Clinton. A volume of
118,600 acre-ft of water is impounded at the normal maximum
pool elevation of 795 £t above mean sea level. The normal
minimum pool elevation of the reservoir is 790 ft.13 iHelton
Hill Reservoir elevation data for the years 1962 through
1971 are summarized in Table 3.4-1.

Backwaters from the Watts Bar Tanm, which was completed
in 1942, on the Tennessee River define the southwestern and
western boundaries of the ERDA progerty. The Watts Bar Dam
at TRM 529.8 is about 38 miles downstream from the mouth of
the Clinch River, and the primary functions of the dan
include flood contrcl, navigationm, electric pover
generation, and recreation. Before impoundment of the
Melton Hill Reservoir in 1963, Watts Bar reqgulated flows in
the Clinch River adjacent to the Gak Ridge Reservation up to
CRM 28. In the vicinity of the reservation, the Teservoir
ranges in width from 300 to 600 £t and in depth from 22 to
24 ft at full pool elevation.

Minimum elevations based on navigation and flood
cecntrol requirements have been established for the Watts Bar
Reservoir. The TVA generally maintains a pool elevation of
between 740 and 741 ft during the spring and summer months

. {mid-April through September) and a winter pool elevation of
( %735 to 737 ft during the remainder of the year.
- Measurements made fcr the proposed Clinch River Breeder

Reactor Plant indicate that the surface elevation of the
Yyatts Bar backwaters at that site is normally 1 to 2 ft
higher than the level measured at the dam.® Since 1942, the
minimum Watts Bar pool elevation recorded was 733.44 ft on
March 20, 1945, and the maximum elevation recorded was 745.4
£t on March 17, 1973 {(Ref. 6). Watts Bar Reservoir
clevation data for the years 1959 through 1973 are
summarized in Table 3.4-2,

3.4.1.1 Clinch River_ tributaries

In general, the tributaries of the Clinch River conform
to the physiographic layout of the Valley and Ridge Province
by paralleling the Clinch for a long distance before
crossing a ridge gap to unite with it. The net effect is a
trellis drainage pattern; an extended series of troughs
drained by many streams as opposed to a simple strean
valley.

The largest tributaries of the Clinch River are the
Powell River and Emcry River. The Powell arises southeast
of the headwaters of the Clinch, flows parallel to the
clinch, receives water shed from a 938-square-mile area, and
intersects the Clinch just above Norris Dam at CRH 88.8.
Northwest of the Cak Ridge Reservation, the Emory River
drains a basin of 865 square miles before joining the Clinch




Table 304"1.

Melton Hill Reservoir Elevations for the
Years 1962 Through 1971

v January February
a
ear Maximum Minimum Average Maximum Minimum Average
1962 - - - - - =
1963 761.52 755.64 758.71 761.78 755.90 759.37
1964 793.93 791.35 792.65 793.74 790.24 792.55
1965 795.34 789.81 793.26 795.29 790.54 793.31
1966 794.76 784.40 788.88 . 786.01 784.10 785.15
1967 795.25 793.43 794.39 795.24 793.10 794.35
1968 795.02 791.33 793.48 795.08 79244 794.04
1969 794.76 790.05 793.41 795.05 791.90 793.85
1970 795.17 789.50 793.88 795.25 790.45 793.72
1971 795.10 790.83 793.65 795.10 791.80 793.82
Year March April, ‘ .
Maximum Minimum Average Maximum Minimum Average
1962 - — — — - -
1963 770.90 755.38 765.01 761.83 754.81 757.68
1964 794.53 790.52 792.34 795.33 790.22 792.91
1965 794.97 792.22 793.73 795.40 791.42 793.81
1966 795.05 785.99 791.57 794.97 792.70 793.87
1967 795.94 793.36 794.46 795.24 792.44 794.22
1968 794.69 792.10 793.69 795.12 793.09 794.05
1969 795.07 793.42 794.17 795.13 792.61 .793.97-
1970 795.05 790.24 793.22 795.20 790.32 792.83
1971 794.85 790.30 793.69 794.41 790.25 792.70
May June
Ygar Maximum Minimum Average Maximum Minimum Average
1962 - - - - - —
1963 795.23 757.09 786.01 795.41 791.55 793.52
1964 794.57 792.30 793.72 794.83 792.53 793.78
1965 794.98 789.98 793.41 795.17 791.89 794.25
1966 794.69 792.41 793.77 795.05 792.32 793.79
1967 795.44 792.87 794.27 795.42 793.23 794.16
1968 794.44 792.80 793.86 794.73 791.90 793.46
1969 795.00 790.50 793.19 794.79 791.00 793.26
1970 794.80 790.52 793.41 795.41 791.31 793.30
1971 795.07 791.35 793.88 794.92 790.10 793.10
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Table 3.4-1 (continued)

v July August
ear Maximum Minimum Average Maximum Minimum Average
1962 - - - 760.70 740.20 755.50
1963 795.04 791.90 793.32 795.00 791.70 793.51
1964 794.84 791.95 793.57 794.93 791.65 793.05
1965 795.10 793.30 794.28 795.23 793.20 794.00
1966 794.84 792.81 793.89 795.12 79294 793.27
1967 795.46 793.01 794.23 795.19 793.34 794.01
1968 795.31 792.00 793.82 795.77 791.56 793.72
1969 795.07 790.59 793.04 794.93 791.39 793.61
1970 795.03 790.75 793.10 794.96 . 791,55 793.51
1971 795.00 790.82 793.48 794.97 792.05 793.55
September October

Year

Maximum Minimum Average Maximum Minirl\um ) Average
1962 760.40 755.60 758.51 760.55 755.68 - 758.17
1963 795.40 790.66 793.45 795.36 791.84 793.61
1964 794.75 790.64 793.12 794.57 791.31 793.08
1965 794.92 792,60 793.85 794.55 792,95 793.86
1966 795.13 792.99 794.01 795.05 792.70 793.94
1967 '795.30 792,57 793.96 795.44 793.16 793.97
1968 794.49 789.68 792.44 794.90 793.00 794.13
1969 794.80 791.63 793.64 794.80 791.68 793.35
1970 794,99 792.68 793.65 795.03 790.75 793.38
1971 794.86 792.19 793.54 794.89 791.30 793.07

November December

Year :

Maximum  Minimum Average Maximum Minimum Average
1962 761.26 754.87 757.45 761.43 756.00 759.85
1963 795.27 790.42 793.21 794.44 791.27 792.95
1964 794.31 790.95 793.28 794.64 791.13 793.23
1965 795.17 789.92 793.75 794.85 789.89 792,55
1966 795.06 . 792.83 794.21 795.23 793.27 794,24
1967 795.13 792.40 793.66 795.20 792.50 794.10
1968 795.01 790.15 793.71 794.90 791.05 793.62
1969 794.74 791.06 793.52 795.19 790.28 793.83
1970 794.74 790.15 793.67 795.24 791.40 793.95
1971 793.15 790.35 791.88 793.15 790.33 791.75

Source: Tennessee Valley Authority, Division of Water Control Planning, River

Control Branch, Operation of TVA Reservoirs, Annual Reports, Knoxville, Tenn.
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Table 3.4-2.

Years 1959 Through 1973

Watts Bar Reservoir Elevatiéns for the

1973

Yes January February
ear Maximum Minimum Average Maximum Minimum Average
1959 739.79 734.82 735.95 737.26 735.16 735.88
1960 736.59 734.84 735.63 736.68 735.08 735.85
1961 736.54 734.87 735.57 739.00 735.20 735.94
1962 737.84 734.80 735.89 739.31 734.79 736.12
1963 736.47 735.00 735.57 736.91 734.02 734.90
1964 736.78 734.70 735.68 737.26 734.90 735.70
1965 738.28 734.93 735.67 736.21 734.96 735.52
1966 736.54 734.85 735.66 738.36 735.05 736.05
1967 737.73 734.78 735.80 737.00 734.80 735.63
1968 737.09 734.69 735.67 735.74 734.88 735.24
1969 736.85 734.86 735.56 738.56 735.04 735.90
1970  742.42 734.96 735.93 736.80 73492 735.78
1971 737.35 734.92 735.84 738.05 734.90-. 736.02
1972 737.72 734.99 736.29 736.55 735.00 735.74
1973 736.33 734.82 735.61 736.82 734.96 735.71
March April
Year
Maximum Minimum Average Maximum Minimum Average
1959 737.36 734.97 735.91 74457 736.89 739.90
1960 737.32 734.84 735.63 741.16 736.58 738.10
1961 737.94 735.05 735.76 74254 735.46 740.10
1962 738.71 734.61 735.64 742.44 735.10 739.24
' 1963 743.14 734.11 736.55 743.74 735.11 738.34
1964 738.49 734.80 735.99 743.60 735.06 740.24
1965 742.61 735.01 736.87 743.23 738.08 740.62
1966 737.31 735.10 735.92 742.06 735.18 737.34
1967 739.84 734.94 735.97 .740.27 735.80 738.20
1968 737.57 734.95 735.64 741.88 736.62 739.69
1969 736.29 734.91 . 735.62 742.90 73543 739.11
1970 737.09 734.80 735.85 74457 736.20 738.88
1971 736.74 734.80 735.79 742.39 736.26 739.34
1972 737.17 734.85 735.88 743.05 736.46 740.09
745.40 734.88 737.83 743.01 736.96 739.62
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Table 3.4-2 (continued)

741.64

v May June
ear Maximum Minimum Average Maximum Minimum Average
1959 741.65 740.00 741.04 741.67 739.62 740.81
1960 74254 740.63 741.21 741.66 740.02 740.92
1961 741.57 740.44 741.03 742.13 74050 741.22
1962 741.28 740.63 741.00 741.43 739.88 740.85
1963 744.43 740.33 741.15 741.26 739.82 740.69
1964 741.75 740.35 741.07 741.33 739.91 740.69
1965 742.41 741.56 742.02 742,50 740.98 741.93
1966 743.88 740.48 741.43 741.20 739.54 740.71
1967 743.04 740.10 741.26 741.79 739.79 740.73
1968 742.62 740.61 . 741.05 741.40 739.87 740.77
1969 741.87 740.20 741.14 741.69 739.99 741.97
1970° 741,25 739.85 740.72 741.11 739.45 740.47
1971 743.17 740.44 741.17 741.64 739.55 740.87
1972 741,55 740.35 740.89 741.24 739155:, ] 740.70
1973 745.06 740.18 741.29 74255 739.93 741.00
July August
Year
Maximum Minimum Average Maximum Minimum Average
1959 741.27 739.65 740.60 741.39 739.74 740.50
1960 741.15 739.88 740.53 741.53 739.77 . 740.62
1961 741.49 739.77 740.45 741.34 739.68 740.55
1962 741.51 © 739.83 740.57 741,29 739.37 740.50
1963 741.40 739.91 - 740.65 741.17 739.60 740.55
1964 741.20 739.72 740.55 741,55 739.47 740.54
1965 742,16 740.89 741,55 742.23 740.68 741.50
1966 741.35 739.55 740.54 74143 739.38 740.88
+ 1967 743.82 739.73 741.24 741.46 739.41 740.70
1968 741.31 739.60 740.58 741.44 739.83 740.62
1969 741.24 739.86 740.64 741.42 739.42 740.61
1970 74140 739.70 740.57 741.27 739.68 740.58
" 1971 741.44 739.50 740.67 747.49 739.61 740.60
1972 741.41 739.61 740.54 741,12 738.68 = 740.51
1973 741.95 739.36 740.50 739.73 740.57
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Table 3.4-2 {continued)

\'( September October
e Maximum Minimum =~ Average " Maximum Minimum Average
1959 741.30 739.81 740.69 741.30 738.57 739.74
1960 741.47 739.79 740.66 741.22 738.33 739.91
1961 741.28 739.69 740.50 741.10 737.92 739.57
1962 741.10 738.10 . 740.20 741.26 738.35 739.68
1963 741.28 739.70 740.49 740.88 738.00 739.58
1964 741.11 739.47 740.46 741.01 738.32 739.69
1965 742,14 74103 741.85 74208 739.28 740.73
1966 741.52 740.39 740.88 741.04 738.07 739.84
1967 741.16 739.82 740.71 740.90 738.37 739.94
1968 741.27 740.00 740.84 741.16 738.31 | 739.89
1969 741.98 739.77 740.97 740.73 736.65 739.05
1970 741.30 740.33 740.82 741.14 738.50 739.88
1971 °~  741.26 739.92 740.74 741.00 738,30 739.67
1972 741.36 740.25 740.87 741.06 738.18-. 738.34
1973 741.28 740.36 740.87 740.89 738.35 739.65
November December
Year
Maximum Minimum Average Maximum Minimum Average
1959 739.01 736.50 737.61 738.17 735.15 736.30 -
1960 738.55 736.11 737.32 736.71 734.94 735.74
1961 738.22 735.45 737.09 739.28 734.95 736.00
1962 739.82 735.98 737.72 736.63 735.14 735.70
1963 73823 - 735.26 736.63 736.02 734.84 735.49
1964 738.35 736.05 737.35 736.40 734.74 735.71
1965 739.44 736.98 738.22 737.29 . 735.00 736.03
1966 739.48 736.18 737.57 738.05 734.92 735.75
1967 741.50 736.07 737.76 737.79 734.77 735.59
. 1968 738.70 735.51 737.41 736.22 734.87 735.62
1969 737.02 734.92 735.77 743.42 734.95 736.19
1970 739.38 - 735.81 737.27 737.42 734.80 735.77
1971 738.78 735.72 737.16 737.66 735.10 735.80
1972 739.04 736.31 737.61 741.10 735.11 736.60
1973 1 742.70 735.73 737.77 740.05 734.89 736.28

Source: Tennessee Valley Authority, Division of Water Control Planning, River
Control Branch, Operation of TVA Reservoirs, Annual Reports, Knoxuville, Tenn.
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"“River at CR# 4.4 near Kingston. Scme of the smaller

', tributaries, their mouth locations, and drainage areas are
given in Table 3.4-3, The Cak Ridge Reservation is composed
of a series of limited drainage basins through which small
Streams feed the Clinch River. These watersheds generally
fall about 600 ft from the headwaters to the outlet,t4 The
largest of these drainage basins is that of Poplar Creek,
which flows from northeast to southwest through
approximately the center of the ORGDP area. Poplar Creek
receives drainage from an area of 136 square miles that

includes the northwestern sector of the Oak Ridge
Reservation.

to valleys in the Valley and Ridge
altitudes of 741 ft near the mouth.,
underlain by shale ang sandstone of Celatively low
water-bearing capacity, whereas the Tegion's principal
aquifer (Knox Dolomite) occurs only in the southeastern
Segment of the watershed. Three of the major springs that
arise from this major waterbearing structure contribute to
.Brushy Fork, a major tributary of Poplar Creek that flows
through the City of o0ak Ridge. These springs include Bacon
Spring, the largest spring in the gak Ridge area. Poplar
Creek flows through a tasin that is about 65% wooded; the
Cemainder is farmland. Extensive surface mining has been
undertaken in the Cumberland Mountain district. The creek

also receives effluents fronm several small communities
including Oliver Springs.

Host of the basin is

The East Fork cf p

oplar Creek drains a roughly
Cectangular watershed w

ith an area of 29.8 Square miles that
nd 3.5 miles widel!9 before it

at Poplar Creek Mile {(PCH) 5.5.
East Fork originates fronm Chestnut Ridge, and altitudes in
this basin range from 1280 £t on Pine Ridge to 741 ft at the
mouth.

intersects Poplar Creek

3.4.1.2 Water flow

Stream gages that measure flo
the U.S. Geological Survey at thre
River in the vicinity of the 0Oak R
various periods.=20-23 Those locat
periods are given in Table 3.4-4,
the Melton Hill Reservoir and by ag

W have been maintained by
e sites on the Clinch
idge Reservation during
ions and the record
Before construction of

ustained on the Clinch
River near o0ak Ridge after August 28, 1943, During that

period, the maximunm Clinch River flow noted was 42,900 cfs




Table 3.4-3. ZILocation and Drainage Areas

‘'of Clinch River Tributaries _ :

. Drainage area
Stream Mouth location 9

(sq miles)
Emory River CRM® 4.4 865
Poplar Creek CRM 120 136
_East Fork of Poplar Creek PCM? 5.5 29.8
Bear Creek EFPCM® 1.47 7.15
Whiteoak Creek CRM 20.8 T 6.37
Melton Branch wocm? 1.55 1.48
Hickory Creek CRM 28.2 6.92
Walker Branch CRM 33 15
Conner Creek CRM 35.5 6.40
Beaver Creek CRM 39.6 90.5
Bull Run Creek CRM 46.7 104
Hinds Creek CRM 65.8 635
Coal Creek CRM 75.0 36,6
Clear Creek . CRM 78.1 3.57
Big Creek CRM 83.0 67.3
Powell River CRM 88.8 . 938

2CRM = Clinch River Mile.

bpcM = Poplar Creek Mile.

SEFPCM = East Fork of Poplar Creek Mile.

9WOCM = Whiteoak Creek Mile.

Source: TVA Division of Water Control Planning, Hydraulic Data
Branch, Drainage Areas for Streams in the Tennessee River Basin,
Report 0-5829, Chattanooga, Tenn., May 1958.
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Table 3.4-4. U.S. Geological Survey Stream Gages on
the Clinch River in the Vicinity of Oak Ridge

Drainage area

Station location River mile Period of record g
{sq miles)
MNear Wheat 14.4 1939—-1941 3385
14.4 1967—1968 3385
Below Melton Hill Dam 23.1 1962—1964 3343
‘Near Scarboro 39.0 1941-1962 3300
%
' »
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. ~on February 9, 1937 (Ref. 22). The average flow at the

-station near Scarboro between the years 1936 and 1960 was
4564 cfs.24 Before 1963, this river flow was influenced
primarily by power releases from Norris Reservoir and by the
runoff of about 40% of the average rainfall down the slope
of the Clinch River Basin, which averages 1.5 ft/mile.,19

The typical variation in the flow of water near Melton Hill
Dam as affected by rower generating releases from the Norris
Reservoir is illustrated in Fig. 3.4-2.

Construction of the Melton Hill Dam changed the regimen
of the flow on the lower portion cf the Clinch River. The
average annual flow on this portion of the river since
closing of the Meltcn Hill Dam has been about 4600 cfs.®
The maximum hourly average release from the dam was 43,400
cfs and the maximum daily average release was 26,900 cfs;
both of which accurred on March 16, 1973 (Ref. 6).

Data on monthly discharges from Melton Hill Dam from
the time of its construction through 1973 are summarized in
Table 3.4-5. The intermittent water discharges from HMelton
Hill Dam resulting from electric power generation during a
standard summer week are depicted in the bar graph
illustrated in Fig. 3.4-3. These data indicate that no
releases from Melton Hill Dam occur on about 50 days
-throughout the year, usually on weekends when industrial
‘power requirements are diminished. The longest continuous
period of no flow on the Clinch was 29 days during February
and March of 1966.18 To sustain peak power demands,
intermittent releases of 18,000 cfs frequently result on
week days. Pulsaticns in river flcw are particularly
noteworthy in winter months when reservoir levels are raised
following the cessation of heavy precipitation and by
magnified runoff and hydroelectrtic requirements.

Values for maximum, minimum, and average flows of the
major tributaries that drain the three laboratory sites are
given in Table 3.4-6. Operation of the Whiteoak Dam has
affected flow on Whiteoak Creek, whereas additions of waste
water from the Y-12 Plant (10 to 20 cfs) and from the Oak
Ridge Sewage Plant (3 to 10 cfs) have significantly
augmented discharge at the headwaters of East Fork.
However, the flow data are generally similar to tributary
releases from catchments throughout the Tennessee section of
the Valley and Ridge Province, and thus, the operation of
the Oak Ridge laboratories has not affected significantly
the flow regimen in the area.
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Fig. 3.4-2. Typical Daily Flow on Clinch River Near Melton Hill
Dam Resulting From Variations in Power Releases From Norris Dam.

SOURCE: E. G. Struxness (Chairman) et al., Clinch River Study
Steering Committee, "Comprehensive Report of the Clinch River Study,”
USAEC Report ORNL-4035, Oak Ridge National Laboratory, Oak Ridge, Tenn., f
April 1967. !
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Table 3.4-5.

the Years 1963 Through 1973

Melton Hill Dam Discharges (in cfs) for

. January February
Year Maximum Minimum Average Maximum Minimum Average
1963 - - - - - -
1964 6,690 0 ¢ .2783 6,720 ~ 0 2,398
1965 19,780 2,620 10,126 11,451. 102 5,123
1966 6,421 0 2,491 6,550 ] 1,369
1967 10,682 0 7,098 9,095 0 4,505
1968 22,769 6,415 12,148 9,698 1,888 4,856
1969 14,964 ¢] 2,850 8,445 768 4,930
1970 15,475 o] 6,101 13,084 4] 6,705
1971 10,646 0] 3,522 10,758 0 5,855
1972 18,819 2,859 11,750 21,574 1,356 9,002
1973 21,320 1,173 8,463 11,788 949 4,914
March April .

Year Maximum  Minimum Average Maximum Minimum Average
1963 - - -~ - - -
1964 10,280 0] 1,854 10,230 0 2,442
1965 14,323 0 3,568 13,240 560 5,891
1966 4,264 0 179 6,175 ¢] 2,110
1967 20,518 2,942 10,184 6,808 0 3,399
1968 6,151 0 1,530 2,456 0 849
1969 5,155 (0] 2,444 4,800 0 1,607
1970 13,096 0 4,533 7,628 0 2,826
1971 11,801 ° 0 2,490 9,473 0 2,508
1972 22,115 0. 6,468 9,496 0 4,902
1973 22,291 0 9,577 10,270 0 4,058
Year May June

Maximum Minimum Average Maximum Minimum Average
1963 4,300 ] 1,115 10,900 0 4,302
1964 4,840 0 2,323 4,872 1,130 3,019
1965 6,493 0 3,997 7,540 (4] 2,505
1966 4,184 0 1,066 6,930 0 2,414
1967 5,070 (1] 1,011 7,865 1,193 4,683
1968 2,039 4] 393 6,834 0 2,789
1969 10,543 (o] 2,276 9,458 0] 3,002
1970 9,815 0 4,491 10,320 0 4,708
1971 12,709 o] 5,719 11,624 1,068 6,342
1972 10,187 2,354 6,875 8,890 o - 5,712
1973 20,980 1,326 8,905 18,380 1,893 9,258

ikt




Table 3.4;5 (continued)

July August
Year Maximum Minimum Average Maximum Minimum Average
1963 8,020 0 2,728 4,810 0 2,806
1964 4,381 0 2,898 4,986 0 2,529
1965 5,633 0 2,390 - 8,880 1,768 5,099
1966 5,267 0 3,471 9,110 2,109 6,226
1967 11,706 0 5,009 9,776 0 6,132
1968 10,254 357 6,325 11,871 o , 7,060
1969 9,799 o] 4,506 8,284 0 3,310
1970 10,631 0 5,243 11,250 0 5,098
1971 7,232 0- 3,332 8,600 1,307 5,564
1972 8,803 (0] 4,489 10,348 1,234 6,229
1973 10,597 1,326 4,929 10,085 672 7451
September Octob'er:, )
Year :
Maximum Minimum Average Maximum Minimum Average
1963 10,900 986 5,391 8,190 994 5,450
~, 1964 6,235 6] 3,404 7,701 0 4,124
965 7,751 2,520 5,626 4,891 2,541 3,524
1966 8,474 306 5,094 7,351 0 2,498
1967 10,206 532 7121 8,525 5,362 7,296
1968 7.920 0 1,699 5,699 ] 3,376
1969 8,402 ] 2,657 7,123 0] 1,734
1970 8,213 o] 5,357 8,709 0 3,622
1971 9,193 0 5,483 9,467 4,146 6,073
1972 10,002 765 4,127 6,949 0 3,617
1973 9,340 0 5,456 7,016 - 0 1,838
November December
Year
. Maximum Minimum Average Maximum Minimum Average
1963 6,220 . 0 3,106 8,000 ] 3,655
1964 10,665 3,722 7,500 10,295 3,628 7,441
1965 6,768 1,599 4,269 . 7,715 0 3,181
1966 5,708 0 1,781 11,219 3,234 7,224
1967 7,798 0 3,920 22,340 642 10,608
1968 11,996 o 3,897 10,150 0 3,153
1969 12,643 0 3,296 17,576 0 3,434
1970 11,194 0 2,844 9,116 799 3,653
1971 10,780 5,086 7,580 9,766 5,140 7,187
1972 13,046 0 6,970 23,102 8,062 17,020
1973 20,748 604: 4,993 22,299 2,147 10,288

Source: Tennessee Valley Authority, Division of Water Control Planning,\ River
Control Branch, Operation of TVA Reservoirs, Annual Reports, Knoxville, Tenn.
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3.4.2 Floods

Stage and discharge gages have been operated at
different locations on the CIinch River by the
U. S. Geological Survey over various periods. <Clinch River
stage records are available for Scarboro (CRM 39.0) for the
years 1941 to 1962, for Melton Hill Dam (CRM 23.1) from 1962
to 1964, and near Oak Ridge (CRM 1u4.5) from 1937 to 1963 and
during the water year 1967-68 (Refs. 6 and 25). Stage
records are also available downstream near the mouth of the
Clinch River at Kingston since 1874 except for the period
from 1877 to 1882.

From the available records and from newspaper and other
historical accounts, the greatest known flood on the Clinch
River occurred in March 1826 (Ref. 19). However, no gages
were in operation at the time, and the crest stages were
taken from high water marks. The greatest gaged flood stage
occurred on March 31, 1886, and the flood crest reached an
elevation of 817.8 ft above mean sea level at Clinton,
Tennessee.1® The natural flood crest reached an elevation
of approximately 755.5 ft at CRM 14, 754.5 at CRM 13, and
753.0 £t at CRM 12 (mouth of Poplar Creek).19®

A record breaking flood occurred in March 1929 on the

"Emory River, which enters the Clinch River at Mile 4.14.

This flood did not exceed the 1886 flood levels upstream on
the Clinch River. However, under present-day conditions, a
repetition of this 1929 flocd would cause the maximum known
regulated Clinch River level of about 751 ft from CRM 4.4
upstream to Melton Hill Dam at CRM 23.1 (Ref. 19). Under
present-day conditions, the maximum Clinch River flood of
1886 would be reduced to an elevation of about 748 ft by the
Norris Reservoir.é

The largest flcod since completion of the present TVA
system occurred in HMarch 1973 wvhen elevations of 749.6 and
748.6 ft were reached at CRHM 17.8 and CRM 14.5,
respectively.® This flood resulted from unusually intense
rainfall below Norris Dam and below other TVA tributary
reservoirs, resulting in high flows in the Emory River and
in smaller local streams as well as a record high elevation
in Watts Bar Reservoir. The maximum elevation recorded at
Watts Bar Dam is 745.4 ft, and this occurred March 17, 1973
(Ref. 6). )

3.4.3 Probabhle Maximum Flood on Streams and Rivers

A detailed analysis of the prcbable maximum flood {(PHF)
on the Clinch River was performed for the Clinch River
Breeder Reactor preliminary safety analysisé to determine
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‘probable maximum water levels. The evaluation of seasonal
and areal variations of probable maximum storms showed that
the PMF level at the Clinch River Breeder Reactor Plant site
would be caused by a sequence of two storms occuring in
MHarch and centered in the watershed above Watts Bar Danm.

The flood crest at the plant site would be augmented by the
failure of the earth embankment at Fort Loudoun Dam,
upstream on the Tennessee River, and the nonoverflow section
at Melton Hill Dam, upstreanm on the Clinch River. Failure
of the earth embankment at Watts Bar Dam, downstream on the
Tennessee River, would lower the f£lood level at the plant
site 3.5 ft. The estimated maximum discharge at the plant
site would be 242,000 cfs. The PHMF elevation at the plant
site would be 777.5 at CRM 18 and 776.0 at CRY¥ 16, including
the three dam failures but excluding any wind wave effects.®

It is stated in Ref. 6 that cccurrence of the PHF as
determined and applied in that study is extremely unlikely.
The postulated combination of events results in a
probability of occurrence which approaches zero. The events
combined include a main storm with rainfall volumes which
are the physical upper limit that the present climate can
produce, an-assumed antecedent storr amounting to #0% of the
main storm volume, which exceeds the maxinum recorded on the
watershed to date, and assumption of an exact centering of

~ the storm to cause that combination of Clinch and Tennessee

River flows which produce maximum flood levels at the plant.

The surface 2levation cf Poplar Creek, which runs in
close proximity to the process buildings at the ORGDP,
varies generally between 740 and 745 ft, depending upon the
level of Watts Bar lake. Its level during flood conditions
determines the maximum flood level in the plant area. The
maximum probable flood level for Pcplar Creek adjacent to
the ORGDP area has been predicted at elevation 773.5 at

Poplar Creek Mile 1.5.

Recent elevaticns from a study being conducted in the
ORGDP area by the TVA indicate that at Clinch River Hile 12
{mouth of Poplar Creek), the 100-year flood would crest at
748.1 £t above mean sea level, the 500-year flood at 750.5
ft, and the probable maximum flood would crest at 758.4 ft.
In an earlier determination of the probable maximum flood on
the Clinch River,19 regulated flood crest elevations of
758.5 £t at CRM 12, 760.5 £t at CRM 14, 763.0 £t at CRH 16,
and 765.5 ft at CRM 18 were postulated.

3.4.4 Potential Dam Failures (Seismically Induced)

The ORGDP site and upstream reservoirs are located in
the Southern Appalachian Tectonic Province and are therefore
subject to moderate earthquake forces. An investigation of
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by
(_ all upstream dams whose failure in a seismic event might

cause problems was ccnducted for the Clinch River Breeder
Reactor Plant.5® An operational basis earthquake imposed
concurrently with the one-half proktable maximum flood
rTesulting in postulated failure of Norris Dam would result
in a maximum water surface elevation of 804.3 ft at CRHM 18
and 798.2 ft at CRM 16, excluding any wind wave effects.®
The peak flow would be 921,000 cfs.

It is stated in Ref. 6 that by furnishing this
information, the TVA does not imply or concede that its danms
are inadequate to withstand great floods and/or earthquakes
that might be reasonably expected to occur in the rTegion
under consideration. The TVA has a program of inspection
and maintenance carried out on a regular schedule to keep
its dams safe. Instrumentation was installed in many of the
dams during their ccnstruction to help keep check on their
behavior, and other instrumentation has been added since and
is still being added as the need appears or as new )
techniques become available. The TVA is confident that its
dams are safe against catastrophic destruction by any
natural forces that could be expected to occur.s

3.4.5_ _Probable Maximum_Surge and Seiche Flooding

.

Because of the inland geographic location of the ORGDP
and the physical characteristics cf the Clinch River systen,
the effects of surge and seiche flceding were not
considered.

3.4.6__Probable Maximum_ Tsunami Flocding

Because of the inland geographic location of the ORGDP,
the adverse effects of tsunanmi flooding were not considered.

3.4.7 Ice Flooding

Because of the location in a temperate climate,
significant amounts of ice do not fcrm on the lakes and
rivers in the Oak Ridge area. There are no rtecords of
frazil or anchor ice on the Clinch River in the vicinity of
the ORGDP.® The potential for ice formation at the site is
less today than in the past because daily fluctuations in
the water level from the Watts Bar and Melton Hill
Reservoirs would break up surface ice before significant
thicknesses could be formed. Increased water depths in the
backwaters of Watts Bar Reservoir result in the need to cool
a greater mass by radiation for freezing than was the case
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“Was released. The longest period of no relsase was 29
‘consecutive days. This occurred during February and March

’_‘béfore the dam was constructed.

3.4.8 TLow Water Considerations -

As discussed in Subsection 3.4.1, the surface =levation
of the Clinch River adjacent to the ORGDP site is controlled
by operation of Watts Bar Dam as well as the reservoirs
upstream from Watts Bar Dam. Requirements for power
generation, navigation, and flood control have determined
the minimum water levels that have cccurred in the Clinch
River at the site. Regulation of low flows and water
elevations at the site is accomplished by controclled
releases from Norris, Nelton Hill, and Watts Bar Reservoirs.
These reservoirs store very large vclumes of water, and the
controlled releases greatly alter the natural flow patterns
in the river system. In fact, historical low flows at the
site have resulted from reqgulated rather than from natural
flows. Therefore, low water and flows at the site are
explained in terms cf the operating policies of the
reservoirs which control the water level at the site.

Since the closure of .Melton Hill Dam in 1963, there has
been an average of about 46 days per year on which no water

of 1966 (Ref. 6). The second longest period of zero release
from the dam was 11 consecutive days which occurred in the
April to May period of 1967 (Ref. 6). Both zero release
periods resulted from special reservoir operations conducted
to aid in controlling the growth of Eurasian water milford
in the Melton Hill Reservoir. The days of zero flow from
Melton Hill Dam resulted in essentially zero velocities in
the Clinch River at CEM 16 and a mipimum surface elevation
of 735.32 ft at Watts Bar Dam.®

The TVA generally maintains Watts Bar Reservoir at a
pool elevation of between 740 and 741 ft during the spring
and summer months (mid-April through September) and at a
normal winter pool elevation of between 735 and 737 ft
during the remainder of the year. Drawdown fronm summer-pool
level (741) is allowed to begin as early as July 1 during
dry weather to provide downstream flow augmentation or power
generation.

During the 32 years of record since the initial filling
of Watts Bar Reservoir, the TVA has been able to follow
closely the above plan of normal cperation. Sufficient
inflow has been available each year to raise the reservoir
from winter level to summer level on schedule, and no
extended period cf drought has forced a significant lovwering
of lake level below either the normal summer or winter
operating levels. The normal minimum operating elevation of
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‘'Watts Bar Reservoir for navigation purposes is 735 ft above

mean sea level. However, the reservoir can be drawn down
temporarily to an elevation of 733 ft at Watts Bar Dam if a
minimum tailwater elevation of 735 can be maintained
upstream at Melton Hill and Fort Loudon Dams. It is
possible to lower Watts Bar Reservoir tc about 713 £t by
opening the gated spillway at the dam, and computations
indicate that more than 12 hours wculd be regquired to lower
the reservoir from elevation 735 ft to elevation 725 ft.®
It is emphasized that TVA policy requires that Watts Bar
Reservoir be maintained at a minimum level of 735 ft. There
appears to be no reason to lower Watts Bar Reservoir below
elevation 735 ft.

3.4.9 cChemical and Biological Comrosition of Adjacent
Hatercourses

In general, the waters of the Clinch River are of the
calcium, magnesium, and bicarbonate type. These ions impart
the alkalinity and hardness characteristic of streams in
this region. These properties result from the fact that
surface flows in the Valley and Ridge Province are sustained
by base flows derived primarily from limestone and dolomite

naquifers. The major geolecgical strata, expressed as a
‘percentage of the surface area, for some representative

watershed basins in the Oak Ridge area are given in Table
3.4-7. The waters of Poplar Creek, the lower Clinch River,
and the Tennessee River are of lower pH (mores acid); a
characteristic which is probably related directly to a
significant decrease in the calciunm, magnesium, and
bicarbonate buffering capacity. This change in chemical
parameters is created by the introduction of flows from
silicate drainage basins in the Cumberland Mountains.
Poplar Creek and other streams that originate in the
mountains are also burdened with substantial amounts of
sulfate released by the oxidation of pyrite (iron sulfide)
exposed during surface mining. Higher concentrations of
metallic cations, such as those of iron, aluminum, and
manganese, are also teleased by the leaching action of
sulfuric acid created during this oxidation reaction,

Most of the other stable chemical constituents of
drainage basins in the Oak ERidge area do not differ
significantly from those of other Valley and Ridge Province
streams. Unusually low levels of suspended solids are
reported frequently. This condition can probably be
ascribed to sedimentation in reservcirs. WHost of the
cations, in particular those of iron, occur in oxidized form
because the rapidly flowing tributaries of the Clinch systen
are well supplied with dissolved oxygen.
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Samples of water from 29 streams in the vicinity of 0Oak
Ridge have been analyzed chemically to determine the base
flow water quality of the region. The resulting data for
three collection points on the Clinch River are summarized
in Table 3.4-8. The results of stable chemical and trace
element analyses are given in Table 3.4-9 for sone
tributaries of the Clinch River within the Oak Ridge
Reservation.

Since virtually all base flow within the Oak Ridge .
Reservation originates as groundwater, the concentrations of
chemical constituents in the surface water given in Tables
3.4~8 and 3.4-9 reflect primarily the mineral composition of
the soils and bedrock underlying the watershed. This
correspondence is particularly striking during periods of
low flow when groundwater passage is retarded enough to
permit equilibration of ions between the solid state
adsorbed on mineral surfaces and the dissolved state in the
groundwater. Saturation of water supply usually represents
the limiting condition to geochemical dissolution.

Chemical loads display seasonal variations that are
related largely to how much flow is being diverted to
groundwater. Maximum concentraticns are recorded in fall

("‘when the groundwater contribution to total flow also is

- highest. Lowest chemical concentrations occur in spring
when surface water flow predominates. However, even in
autumn, the chemical guality of watersheds in the Oak Ridge
area is generally very good.

3.5 Subsurface Hvdrologv

Subsurface hydrological features characteristic of the
Oak Ridge area and the ORGDP site are discussed in the
following subsections.

3.5.1 Regional and Area Characteristics

As indicated in the discussion of surface water in
Subsection 3.4.9, the base flow of the water systems that
drain the Oak Ridge Reservation is raintained primarily by
groundwater discharge. The nature and extent of an aquifer,
or waterbearing formation, is determined by the character,
distribution and structure of the btedrock and by the size,
shape, and continuity of the interstices; these are
interrelated factors.
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Table 3.4-9. Results of Stable Chemical Analyses and Spectrographic
Trace Element Analyses of Water Samples From Some Tributaries of the
Clinch River That Flow Through the Oak Ridge Reservation

-~

Bear Poplar Whiteoak Whiteoak
Comz:)nent " Scarboro E::taf;;k Mill Gum Ea;tel::rk Creek Creek Creek Melton Creek near
Creek Branch Hollow ., near near above Branch Whiteoak
property mouth Oak Ridge 0.\ Ridge Oak Ridge ORNL Dam
Concentration (ppm)
Al 0.05 0.2 0.06 0.1 0.06 0.06 0.1 0.06 0.03 0.07
Ca 36 33 40 34 39 40 29 24 39 36
HCO3 184 111 149 120 136 154 102 132 143 144
CO3* 0 16 0 0 0 0 o] 0 0 0
cl 1.6 32 44 0.9 26.2 19 19 0.8 42 7.6
F 0.04 13 0.1 0.1 0.9 0.2 0.1 0.1 04 0.7
Fe 0.01 0.01 0.02 0.02 0.02 0.01 0.05 0.01 0.01 0.04
Li 0.05 04 0.06 0.06 0.3 0.05 0.01 0.02 0.1 0.z,
Mg’ 17 8.0 9.0 6.1 10.0 16.2 8.8 12.6 8.1 84
Mn 0.01 0.01 0.01 0 0.01 0 0.01 0.01 0.01 0.01
NO5y~ 0.6 35 0.8 0.2 20.6 14.0 0.5 0.3 1.2 7.6
P04 0 0.6 0 0 23 0 ] 0.02 0.06 0.35
K 0.8 24 2.6 1.3 27 ‘1.4 .3 , 06 14 1.7
Si0, 76 47 11.2 9.2 6.5 85 7.2 < .69 5.2 5.4
Na 0.8 48 4.2 1.8 26.0 25 33 0.6 5.1 20
§042 35 29 16.3 125 27 29 26 2.7 15.9 29
Dissolved solids 155 273 162 126 232 162 129 112 152 189
Detergent 0.03 0.5 0.05 0.06 0.7 0.1 0.06 0.05 0.08 0.1
Ca-Mg }total 158 116 136 110 139 166 108 112 130 124
hardness }] noncarbonate 7 12 14 11 27 40 24 4 13 7
Specific conductance? 285 452 273 215 393 322 224 209 267 325
pH (7.8} 83) - (7.7} (7.7) {7.1) (7.8) (7.4) (7.9) (7.8) (7.4)
Concentration {ppb)
B 26 k%3 49 22 110 34 31 8.0 27 32
Ba 63 68 59 48 140 120 68 120 100 100
Cr 0.44 3.0 <0.31 0.30 24 <0.24 <0.21 <0.24 1.0 120
Co - <3.1 ND? ND ND ND ND <2.1 ND ND ND
Cu ¥ 4.1 5.4 7.1 9.3 51 2.8 3.7 24 8.0 17
Pb 9.1 <5.7 34 6.7 12 4.0 27 34 39 6.8
Li 6.47 130 24 1.3 130 10 0.58 0.24 1.3 27
Mo ND <1.7 ND ND 4.3 ND ND ND ND 24
Ni 35 <5.7 4.3 8.0 71 6.1 6.4 <24 6.0 22
Rb ND 5.7 3.1 ND <5.1 ND <2.1 24 ND <3.0
Ag <0.31 1.8 0.31 ND <0.51 ND <0.21 ND 0.23 <0.30
Sr 31 97 100 61 130 130 37 21 4 130
Ti 5.3 <5.7 <3.1 2.6 5.1 34 3.5 <24 37 5.0
\ ND ND ND ND ND ND ND ND ND ND
Yb ND ND ND ND ND ND ND ND ND ND
Y ND ND ND ND ND ND ND ND ND ND
Zn <310 ND <310 ND ND ND ND ND <230 ND
Zr ND ND ND ND NO ND ND ND ND ND

?1n micromhos at 25°C.

OND denotes “not detectable.”

Source: R. J. Pickering, “Quality of Surface Water and Geochemical Relationships,” in W. M. McMaster, Hydrologic Data For the Qak
Ridge Area, Tennesses, U.S.G.S. Water-Supply Paper 1839-N, pp. 50-60.
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Two regions of subsurface water are commonly
distinguished. The unweathered soil horizon usually
constitutes the zone of subsaturaticn, or zone of aeratiomn,
which contains water only temporarily while it is in transit
to recharge the deeper groundwater storage reservoir. These
recharge accretions eventually enter the zone of saturation
where all the tock interstices are filled with water under
hydrostatic pressure. The water table is defined as the
upper surface of this zone of saturation. If a well is
drilled deep enough to penetrate the saturated zone, wvater
will flow into the well until it reaches the same elevation
as the adjacent water table.,26 To estimate and to
understand the hydrologic characteristics of a given area,
the overlying soil mantle in the zcne of aeration and the
geology of the underlying strata in the zone of saturation
are equally important and should be considered
simultaneously.27? -

Because of the threat cf contamination of areas
adjacent to the reservation, it is important to determine
whether artesian or water-table conditiomns prevail for
groundwater flow.27 If artesian conditions exist, it is
theoretically possible for waters pclluted with

_ radionuclides to transverse the bedrock in independent

( ‘channels, to travel for miles deep underground (even

" conceivably beneath the Clinch River), and to emerge in
distant springs used for drinking purposes. Alternatively,
if groundwater movement follows water-table conditions, the
bedrock is found to be fractured and jointed sufficiently
that subsurface water movement closely parallels the
contours of the surface topcgraphy, and the water emerges to
contribute to local streamflow.

Although local, semiconfined, artesian conditions
probably exist, groundwater flow on the Oak Ridge
Reservation is determined primarily by water-table
conditions, and discharge ccntributes to the base flow of
surface streams that utlimately augment the Clinch River
water supply. The Clinch River is a hydraulic sink for this
region. The river bed lies at the base level of the zone of
saturation; hence, all groundwater from both sides of the
channel must enter it. There is no force to drive water
from one side of the Clinch to the opposite side except for
the rare instance when a large well is drilled on one side
that generates sufficient force to pump water against the
gradient of this hydraulic barrier.

As discussed in Subsection 3.1.4, almost all of the
industrial and drinking water for the Oak Ridge area is
taken from surface water supplies. However, wells are
common in adjacent rural lands such as Hardin Valley. One
of the major reasons this area does not depend on
groundwater resources is that the average well in Oak Ridge
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“is estimated to yield less than 10 gal/min. Even on the

Knox Dolomite, the principal aquifer of the reservation, a
well would probably sustain a flow of only 50 gal/min.*
The pertinent characteristics of scme of the wells in the
Oak Ridge area are summarized in Table 3.5-1.

The lack of wells on the Oak Ridge area has made
difficult the creation of a depth-to-water map for the
reservation. Certain sites have been mapped with respect to
groundvater levels Ly use of core drillings undertaken in
conjunction with plant or burial-ground construction.
However, the extensive unstudied regions prohibit the
generalization of thcse data to the entire Oak Ridge
Reservation. Moreover, data for the available maps were
collected during different seasons. Wa ter-table levels are
affected significantly by climatic conditions. Subsurface
elevations follow a pattern according to which levels begin
to rise in November, peak in March, and then decrease as
discharge exceeds recharge.!* Hence, groundvwater contours
reported at different periods of the year cannot be equated.
However, all of the maps do indicate that water-table
conditions are prevalent in all regioms plotted since water
contours closely parallel physiograrphic contours.

If it can be assumed that all major groundwater

‘reservoirs in the Oak Ridge area adhere to water-table

-‘conditions, then base flows of surface streams are defined

largely by the physical and chemical composition of the
geological materials. The existence of fault zones on the
reservation would nct affect this assumption since these
tectonic discontinuities have been sealed by mineralization
processes that have occurred over the last 200,000 years.
Percolation through these fault blocks is therefore highly
improbable. The hydrological properties of the four major
stratigraphic units and their overlying residual materials
are discussed in the following paragraphs to provide a
general description of the hydrological features of the
region.

3.5.1.1 Haijor_ stratigraphic units

Information on the Rome Formation groundwater capacity
is sparse, since very few wells have been drilled in it.
The limited number cf road cuts and water gaps do indicate
that this stratigrarphic unit has very little capacity for
receiving, storing, and. transmitting water. 1In unweathered
bedrock, the occurrence of groundwater is restricted to
small openings along jeints and bedding planes. HNoreover,
vertical drainage of recharge precipitation is further
depleted by the steep terrain typically underlain by the
Rome which favors increased surface runoff. The thin mantle
of residual clay and weathered bedrcck contains more
extensive openings which probably account for the greater
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‘part of subterranean water movement in the Rome.27 MNcHaster

concludes that this geologic unit is the poorest aquifer in
the region.t4 No irdustrial supplies throughout east
Tennessee are developed from it,28

The hydrological properties of the Conasauga Shale are
somevhat variable because of its heterogeneous composition.
Generally, the ability of this grcup to transmit water
increases with the thickness of the limestone strata. The
lower two members of this geologic unit, located under
Melton Valley with poor #aynardsville Limestone developnent,
are practically devoid of permeability below a depth of 100
ft. In these instances, grcundwater is confined principally
to the weathered Zone where joints and bedding members are
slightly enlarged by circulating waters.2? The bedrock does
not weather easily; therefore, these openings are confined
to shallow depths, and the capacity for groundwater storage
is relatively limited.28 When recharge is limited in summer
by evaporation and transpiration losses, discharges fron
this groundwater reservoir are severely depleted.27 The
more calcareous members of this formation which provide
bedrock for Bear Creek Valley often contain cavities that
are several feet wide and extend for at least 100 ft below
the surface.! The capacity to transmit water is facilitated

. by these numerous large solution openings, and springs are
:particularly common at the Knox and Conasauga interface.1¢

The Knox Dolomite is the principal aquifer of the Oak
Ridge areal% and of east Tennessee.28 The extensive water
storage capacity of this geologic unit is due to fractures
of bedrock enlarged by dissclution of the soluble dolomite
compounds.28 Some of these openings even attain cavernous
proportions. Sinkhcles occur frequently in the outcrop
belts, and many sizeable springs arise from the base of the
ridges. Depths of the water table Teach 125 ft at the ridge
tops.27 The positicn of the water table commonly coincides
with the interface between tedrock and the residual clay
overburden.® The residual material, which is the thickest
soil mantle in the area and varies in depth from 30 to 125
ft, actually provides the major basin for this unit?’s
groundwater storage.!4 This huge expanse of overburden has
a high infiltration capacity, which also tends to minimize
overland runoff while maximizing recharge.® In most
instances, ridges underlain by Xnox also define the
watershed divides of the area.

The Chicamauga limestone is nct a good aquifer because
it is composed of so much shale and siltstone. This
formation is practically devoid of any significant solution
cavities, and the only water derived from it probably
permeates along thin bedding plans and joint partings.t!

Although numerous small openings may occur within but rarely

beyond 100 £t of the surface, rates and quantity of water
transportr are very small. BRecharge is further restricted by
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{“3the high clay content of the overburden.2? The residual

material is typically less than 10 ft thick; therefore, most
water input is diverted to surface runoff.

In summary, it is evident that groundwater conditions
on the Oak Ridge Reservation basically follow water-table
conditions. Hence, water movement parallels topographic
contours and generally flcows in a northeast-to-southwest
direction. Most of the groundwater in the area travels
through unconsolidated soil. Groundwater in bedrock is
largely confined to fractures of limestone strata enlarged
by dissolution. No major groundwater resources have been
developed in the area because the geologic formations are,
to a first approximation, tco impenetrable to retain a
significant reservoir of stored groundwater.

3.5.1.2 Area soils

Since groundwater flow on the Oak Ridge Reservation is
described primatily by water-table conditions rather than by
artesian conditions, the soils of the area play a major role
in regulating water flow to the various spheres of the
hydrological environment. Despite these important
hydrological ' considerations, a thorough investigation of the

".s0ils of the Oak Ridge Reservation has not yet been
<completed. However, certain secticns of the area have been

mapped. Swann and associates29 corpleted a soil survey of
Roane County, Tennessee, for the U. S. Department of
Agriculture in 1942, but the survey has not been revised to
conform with recent nomenclature changes. Honeymaker3® of
the U. S. Soil Conservation Service. is currently attempting
to record the soils of Anderson County, Tennessee, and
Carroll3! pmade a very general analysis of the soils of the
Oak Ridge vicinity for the U. S. Geological Survey. The
soils of the Walker Branch Watershed have been analyzed
extensively; the soils of the Whiteocak Creek Basin have been
described, and segments of the UT-ERDA Agriculture
Experiment Farm have been studied. Although the information
from these studies is insufficient to permit the
construction of a detailed soil map, the data of Swann and
Associates, Monemaker, and Carroll have been combined and
correlated to produce the general soil association map shown
in Fig. 3.5-7. The numbered areas in Fig. 3.5-1 are defined
in Table 3.5-2. The broad soil asscciations suggested in
Fig. 3.5-1 can be subdivided further into three major soil
classes. All the major soils in a given association fall
within the category of upland residual soils. Residual
soils are deofined as those soils fcrmed by the in-situ
weathering of the rocks and minerals of the underlying
geology.32 Thus, ccrresponding with each of the four major

stratigraphic units that occur extensively in this part of

the Valley and Ridge Province is an associaton of residual
solils. Minor soils include residual soils that have arisen
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Table 3.5-2. Soil Origin and Types in Numbered Areas
of Fig. 3.5-1 .

Soil Types
Area Soil Origin Major Minor
1 Knox Dolomite Fullerton Dewey
Bodine Dunning
Claiborne Emory
Greendale
2 Conosauga Shale Litz leadvale
- . . Sequoia Newark
Hamb len
3 Rome Formation Lehew Hamblen
Sensabaugh Jefferson
- Litz
4 Chickamauga Limestone Talbott Gladeville
: Colbert Bradyville

Rock outcrop

Edory

" Sullivan

il
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“from minor geological strata and also two other soil
- classes: colluvial and local alluvial. Colluvium is a

heterogeneous deposit of rock fragments and soil material
accumulated, primarily through gravitational forces, at the
bases of comparatively steep slopes. An azonal group of
coils developed from recently deposited materials,
transported mainly by water, and characterized by a weak
modification of the original material by soil-forming
processes is known as alluvium.32 This group settles
primarily along narrow drainageways and stream depressions.

The characteristics of the various soil series reported
to be on the Oak Ridge Reservation are summarized in Table
3.5-3. Such soils have developed under forests and contain
an A-horizon that is typically light-colored and covers a
tougher, clayey subsoil of red, yellow, or mottled color.3!
The major soils are generally silty (grain size 0.06 to
0.002 mm) rather than sandy or clayey. However,
considerable clay may be present in the B~horizon.3! The
Knox soils contain koalinite as their principal clay,
whereas illite and vermiculite constitute the bulk of
Conasauga clay. tost of the Chicamauga clay occurs as
kaolinite and 1llite, although patches with significant
amounts of montmorillonite have been noted.27

Given a constant rate cf precipitation and vegetation,
the initial rate and direction of verticle movement of water
and ions is largely determined by the relative pore space
and clay content. The surface layers of Dak Ridge soils are
typically very permeable and well drained. However, the
dominant clay content of the subscils outweighs this
porosity, and the drainage cf this region is characterized
by low permeabilty and fast runoff.27 The extensive clay
subsoils channel most of the hydrological input into surface
flow.

Chemically, the soils of the Cak Ridge area are acid
{pH, 4.5 to 5.7) and are strongly leached of exchangeable
cations.3! Such materials have exchange capacities less
than 0.1 milliequivalents per gram cf soil. In particular,
the clays are undersaturated with respect to bases;
therefore, hydrogen ions occupy the exchange positions of
the clay. The extent to which this hydrogen-ion replacement
may occur is quite variable; the recorded base saturation
values are in the range of 10 to 60%.3%1 Usually, the soils
are also low in crganic matter and in plant nutrients.

3.5.2 Site Characteristics

Groundvwater elevations in the area of the ORGDP vary
for specific locaticns within the site, but for general
purposes, they may be considered as being between 740 and

—



Table 3.5-3.

Reservation

Characteristics of the Soil Series on the Oak Ridge

Soil series

Brief profile deseription

Physiographic Soil Slope range
position drainage (%)

Parent material

Bland

Bodine

Claiborne

Colbert

Dewgy

Dunning

Emory

Fullerton*

Reddish-Lrovm silt lcam surface, under-
fain by weak-red silty clay at 8 in.
Weathered bedrock is at 20 to 40 in.
Class 1 rockiness is common over most
areas. Very erodable; surface soil has
been removed over much of the area
by sheet erosion.

Pale-brown very cherty silt loam surface
underlain at 12 in. by strong-brown very
cherty siity clay loam. Variegated yellow,
brown, red, and gray very-cherty silt
loam substratum occurs at 30 in. Depth
to weathered cherty dolomitic lime-
stone bedrock ranges from 6 to 20 ft,
but chert beds are common below a
-depth of 26 in. Occurs on the more
cherty hill crests along Copper Ridge
and Chestnut Ridge.

Dark-brown silt loam surface about
8 in, thick over a brown silty clay loam
transistion layer, which grades into a
yellowish-red silt or clay at 16 in.

. Small dark-stained chert fragments are
generally present throughout the pro-
file. Bedrock occurs at a depth of
1010 40 ft.

Dark yellowish-brown silt loam surface
over a very firm yellowish-brown clay.
Weathered argillaceous limestone bed-
rock is at 24 to 48 in. Rock outcrops
are common. Top soil usually removed
from nonforested areas by sheet
erosion,

Brown silt loam surface over red silty
clay or clay subsoil. Profile is refa-
tively chert-free, Weathered bedrock
is at 15 to 40 ft. Occurs intermittently
along the broader, smoother, more
chert-free ridge crests.

Dark grayish-brown silty clay loam
surface which grades to a silty clay at
6 in. A very dark grayish-brown firm
clay subsoil is at 12 in., which becomes
mottled with depth. Extensive surface
cracking occurs during dry summer
months, Thickness of alluvium over
limestone rock ranges from 3 to 6 ft.
Most extensive area is located along
the northern base of Copper Ridge.

Dark reddish-brown loam surface under-
fain at 14 in. by a weakly developed
reddish-brown silty clay loam subsoil.
Alluvial deposit is 4 to 10 ft thick.

Grayish-brown cherty silt loam over
yellowish-red cherty silty clay or
cherty clay underlain at 36 in. by red
cherty silty clay variegated with
yellowish-brown and strong brown.
Depth to bedrock usually ranges from
81to 25 ft.

Upland Well drained 510 60

Upland Excessively 5to 60
drained

Calcareous siltstone (muddy
limestone}
Chickamauga Unit Ochb

Cherty dolomite or limestone
Knox Dolomite
Chickamauga Unit Ocha
Chickamauga Unit Ochc

&

’
Upland Well drained 5t0 30 :,golomitic Limestone

Upland Moderately 2t07
drained

Upland Well drained 31030

Depressions and Poorly drained 3
narrow bottoms

Narrow bottom, Well drained 2t05
toe slopes, and
depressions

Upland Well drained .41t050
to excessively
drained

Argillaceous limestone
Chickamauga Limestone

Dolomite
Knox Dolomite

Local alluvium
Argillaceous limestone .

Local alluvium chiefly from
limestone

Knox Dolomite

Chickamauga Limestone

Cherty dolomite or limestone
Knox Dolomite

Chickamauga Unit QOcha Y

Chickamauga Unit Ochc




Table 3.5-3 (continued)

Soil series

Brief profile description

Physiographic
position

Soil
drainage

Slope range
{%)

Parent material

Greendale

Hamblen

Hartsells

Jefferson’

Landisburg

L4

Leadvale

Lehew

Litz

Minvale

Brown silt loam surface over yellowish-
brown silt loam subsoil that becomes
somewhat finer textured with depth,
grading to a silty clay loam. Free of
mottling to a depth of 30 in. or more.

Brown silt loam that becomes slightly
mottled at 15 in. and becoming pro-
gressively more mottled with depth.
A mottled dark grayish-brown layer
occurs at 24 in. Depth to bedrock
varies from 4 to 20 ft. Sometimes
called Hamblen in areas where the
alluvium originates primarily from
sandstone and shale areas.

Yellowish-brown loam surface over
yeltowish-brown loam subsoil. Depth
to weathered bedrock is generally 24 to
30 in. Occurs intermittently on the
broader ridge crests on Haw Ridge.

Yellowish-brown loam surface over
yellowish-brown or brownish-yellow
moderately friable clay loam subsoil
that becomes slightly mottled with

. yellow and gray at 36 in. Depth of
the colluvial deposit ranges from 37,
to 8 ft; deposit is underfain by shale
or sandstone residuum.

Light yellowish-brown silt loam over
yellowish-brown silty clay loam sub-
soil. Fragipan layer at 28 in. Depth of
the colluvial deposit varies from 3 to
10 ft and is underiain by cherty dolo-
mitic limestone residuum. Developed
in soil deposits transported from
cherty Fullerton and Clarksviile soils.

Grayish-brown silt loam surface over
yellowish-brown silty clay loam sub-
soil. Fragipan at 24 in. Colluvial de-
posit is generally 27, to 5 ft thick and
is underlain by shale residuum. De-
veloped in soil deposits transported
from Litz and Sequoia soils.

Weak-red loam surface underlain at 8 in.
by weak-red shaly loam substratum.

Weathered bedrock is 20 to 40 in. deep.

The weak-red color is not uniform,
many brownish-yellow bands are inter-
woven.

Yellowish-brown silt loam surface over
yellowish-red shaly silt clay loam or
shaly silt clay loam subsoil. Weathered
bedrock is at depths of about 12 to 24
in. Gully-erosion common in areas that
had been cultivated prior to AEC
purchase,

Brown to dark yellowish-brown silt loam
surface over yellowish-red silty clay
subsoil. Depth of colluvial deposit
varies from 3 to 8 ft; generally under-
tain by dolomitic limestone residuum.
Develaps in colluvial material generally
transported from Fullerton Upland
soils.

Toe slopes,
alluvial fans,
and narrow
drainageways

Bottoms and
local alluvial

Upland

Foot slopes
and colluvial
benches

Foot slopes
and colluvial
benches

Foot slopes
and colluvial
benches

Upland

Upland

Foot slopes
and cofluvial
benches

Well drained

Imperfectly
to moderately
well drained

Well drained

Wel! drained

Moderately
well drained

Moderately
well drained

Excessively
drained

Well drained
to excessively
drained

Well drained

2to5

0to3

Sto 12

410307,

21012 |

3to 12

Sto 60

51030

41020

Local alluvium from cherty
dolomitic limestone
Knox Dolomite

General alluvium

Local alluvium from mixture
of sandstone, shale, and
limestone

. -~

-
Medium-grained sandstorie
Rome Formation

Colluvium from sandstone
Rome Formation

Colluvium from cherty
dolomite and limestone

Colluvium and local alluvium
from acid shale

Conasauga Shale

Chickamauga Unit Ochh

Interbedded sandy shale
and siltstone

Acid shale

Conasauga Shale Units€cb
and-Cce

Chickamauga Unit Ochh

Colluvium from cherty
dolomite and limestone
Chickamauga Unit Ocha

L NPT O A




Table 3.5-3 (continued)

Solil series Brief profile description

Physiographic
position

Soil
drainage

Slope range

Parent material
(%)

Montevallo  Dark grayish-brown silt loam surface
underlain at 6 in. by brown silt loam
sofl material mixed with grayish colored
shale fragments. Soil depth is 10 to

20in.

Muse . Yellowish-brown silt foam surface over
strong brovm silty clay loam or silty
clay subsoil. Depth to colluvial deposit
varies from 2%, to 6 ft and is underlain
by acid shale residuum.

Yellowish-brown or brown silt loam
surface underlain at 9 in. by brownish-
yellow silt [oam subsoil. Depth to shale
bedrock is 20 to 40 in. Class-2 and’
Class-3 rockiness are common.

Muskingum

‘Newark Dark grayish-brown silt loam surface
over gleyed subsurface layers that
become finer textured with depth. The
grayish-brown subsurface layers are
mottled with yellow and brown. Water
table generally is within 2 ft of the
surface, Depth to bedrock is gener-
ally greater than 5 ft. Occurs primarily
in Whiteoak Creek flood plain. Some-
times called Prader in areas where
alluvium originates primarily from
sandstone and shale soils.

Sensabaugh  Brown friable fine sandy loam surface
that grades into a yellowish-brown
very friable loam at 12 in. Free of
mottling to a depth of 30 in. or mare.
Alluvial deposit varies from 212, to 6 ft.
Depth to bedrock is seldom less than

4 5 ft.

Sequola Brown silt loam or silty clay loam
surface over yellowish-red silty clay
subsoil that grades into yellowish-red
shaly silty clay at 20to 22 in.
Weathered shale bedrock generally
occurs at 20 to 40 in.; usually occurs
on the broader smoother hill tops.

Talbott Brown silty clay loam over yellowish-red
very firm clay subsoil that grades into
a yellowish-red clay, mottled with
yellow and brown at 25 in. Depth to
weathered bedrock ranges from 3to 5
ft. Occurs on relatively chert-free
units in areas where rock outcrops are

less common.

Upland

Foot slopes

Upland

Bottom

Local alluvium
along narrow
drainageways

Upland

Upland

Well drained

Well drained

Excessively
drained

Poorly drained

Well drained

Well drained

Well drained

. Fissle shale
Conasauga Unit-€ca

51030

3to0 20 Colluvium from acid shale

81075 Shale or siltstone

Rome Formation

-~
-
“3

Otw2 General alluvium from mix-
ture of sandstone, shale,

and limestone

2t05 Loca! alluvium from sand-

stone

Yellowish-red acid shale
Conasauga Unit-€cb
Chickamauga Unit Ochh

3to 12

3t020 Argillaceous limestone

Chickamauga Limestone

Sources:

1. W. M. McMaster and H. D. Waller, Geology and Soils of Whiteoak Creek Basin, Tennessee, ORNL-TM-1108, Oak Ridge National

Laboratory, Oak Ridge, Tenn., May 1965.

2. R.P. Sims, State Soil Scientist, Soil Conservation Service, U.S. Department of Agriculture, letter to W. C. Abbott, Oak Ridge National
Laboratory, Aug. 1, 1974, regarding data of R. H. Moneymaker, U.S. Soil Conservation Officer, Anderson County, Tenn.

"
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;750 feet above mean sea level. These elevations correspond

.

‘'generally to pool elevations of 741 to 745 feet for Watts

Bar Reservoir on the Clinch River. Solution cavitiess in
limestone rock and the fractured and jointed nature of the
rock structures tend to link the grcundwater elevation and
the reservoir level closely in many locations. The ORGDP
site is underlain primarily by Chickamauga Limestone and a
small area of Conosauga shale.

The results of chemical analyses performed to determine
the water quality in the area as well as those of trace
element analyse performed on the waters of Poplar Creek and
the East Fork of Poplar Creek are discussed in Subsection
3.4.9. Since virtually all base flow within the area
originates as groundwater, the concentrations of chemical
constituents in the surface water reflect primarily the
mineral composition of the soils and bedrock underlying the
watershed. It should be noted that the mineral composition
of the soils and bedrock underlying the ORGDP site is not
the same as that underlying the major portion of the
watershed area of Poplar Creek and the Fast Fork of Poplar
Creek.

3.5.3 Contaminant Transport Analysis

In general, movement of grcundwater occurs in a
direction normal to the groundwater contours. At the ORGDP
site, movement is from topographically high areas to
topographically low areas and generally in a northeast to
southwest direction. The Clinch River acts as a sink to
which all groundwater at the site as well as that on the
opposite side of the river migrates.

Water samples for radiocactivity analyses are collected
continuously in the Clinch River at the ORGDP sanitary water
intake upstream from the mouth c¢f Pcplar Creek and at the
ORGDP recirculating water intake downstream from the Poplar
Creek outfall. Water samples are also collected at those
locations for the analysis cf nonradioactive substances.

A11 samples are composited and analyzed monthly for a
variety of anions and cations related to process release
pctential and background information needs.

3.6 Geology and Seismology

The geolcgic and seismic characteristics of the region
and the ORGDP site area are presented in the following
subsections.

PN IRV
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-~ 326.1__Basic Geologic and_ Seismic_Information

-

The ORGDP site is located in the Valley and Ridge
Physiographic Province in the eastern United States. Early
in the Paleozoic Zra, the region of the present Appalachian
Mountain system is thought to have been an elongated
subsiding trough occupied by marine waters in which up to
40,000 feet of sediments had accumulated. This concept of a
long belt of crustal subsidence was originally advanced in
1859 by James Hall who believed that subsidence was caused
by an increasing load of sediment. The theory was modified
in 1873 by James Dana who suggested the name geosyncline and
proposed that crustal movements pricr to sedimentation
initiated the subsidence and made room for incoming
sediment.

A geoéyncline typically is subdivided into two
portions, which Kay in 1951 named miogeosyncline and
eugeosyncline. The northwestern portion of the Appalachian
geosyncline, represented by the present Valley and Ridge
Provinne, consisted of a slowly subsiding, shallow area (the
miogeosyncline) in which well-sorted sandstones, shales, and
limestones accunmulated. The region of the Blue Ridge and
Piedmont Provinces represent the eugeosyncline, a more
rapidly subsiding deeper portion in which poorly sorted

" .sandstones (including graywvackes), shales, and a few
" limestones vere deposited. Alternating with these sediments

are basaltic lava flows derived from a volcanic island arc
chain within the eugeosyncline, 25

During the early part of the Palezoic Era (Cambrian
Period) , the sediments of the miogeosyncline were derived
from the interior of the continent, but in the remainder of
the Paleozoic Era, diastrophism and volcanic activity in the
eugeosynclinal area (beginning at least 350 to 400 million
years ago) resulted in sedimentation predominantly from an
eastern source.

fla jor crustal movements in the area of the Appalachian
geosyncline during the Paleozoic Era were chiefly confined
to the eugeosynclinal area. Two significant unconformities
(surfaces that represent missing intervals in the rock
record) are recognized in the Palezcic rocks of the Valley
and Ridge area of east Tennessee, One of these separates
the Lower Ordovician (upper Knox Group) from the #iddle
Ordovician Chicamauga Group. The second separates the Lower
Silurian Rockwood Fcrmaticn from the Devonian-#issippian
Chattanooga shale. Generally these unconformities are of
the disconformity type wherein layers below and above the
erosion surface are parallel. Only locally does one see a
slight angular unconformity at this contact. Thus, it
appears that no significant folding (or faulting) was
associated with fcormation of these unconformities. Any
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~deformations that occurred in the Valley and Ridge Province

.during the Paleozoic Era were simply the results of rising

of the land due to broad upwarps cr to a lowering of sea
level.

During early and middle Paleozcic time, several
episodes of diastrorphism occurred in the eugeosyncline area.
The sediments of the present Blue Ridge and Piedmont
Provinces were severely deformed ard injected with magmas,
and as a result, undervent a high degree of metamorphism.
Although the sediments of the Valley and Ridge were not
strongly deformed during these early and middle Paleozoic
episodes, they do reflect the influence of the deformation
in their sedimentary character. #Middle Ordovician to Early
Silurian formations thicken and coarsen eastward attesting
to the existence of mountainous areas in the Blue Ridge and
Piedmont Provinces caused by deformations in the
eugeosyncline during early Paleozoic time. The Devonian
Perijiod is poorly represented in east Tennessee, but an
eastward thickening and coarsening wedge of Devonian clastic
formations in the northern Appalachians {(¥ew York and
Pennsylvania) resulted from a Devonian age deformation east
of there. Mississipian age formations also coarsen eastward
indicating a high scurce area in the region of the Blue
Ridge and Piedmont Provinnes.

By late Paleozoic time (Pennsylvanian) the mountainous

“"areas had encroached westward and a thick accumulation of

alternating marine and nonmarine sediments, in the form of
delta, alluviating river and svwamp deposits prevailed.
These sediments are present chiefly in the Cumberland
Plateau but at least one cccurrence of Pennsylvanian
sediments (near Chattanooga) in the Valley and Ridge
Province suggests that they were originally more extensive.
No Permian strata are present in east Tennesses,

Deformation of sediments of the present Valley and
Ridge Province and the area northwestward was restricted to
holding and major thrust faulting near the end of the
Paleozoic with no extensive metamorphism occurring. At this
time, the entire ragion was uplifted and has not since been
subnerged except in localized basins where continental
sediments accumulated {(traditionally assigned Triassic age)
and in the eastern and southern margins underlying the
present Coastal Plain.

During the Mesozoic and Cenozoic Eras, erosion of the
present Appalachian Mountains supplied the sediments that
comprise the Coastal Plain formations that cover remnants of
the earlier eroded Paleozoic mountains.?2S

PHINES USRI PRl 2 R TR Sy



88

f 3.6.1.1 Regional tectonics

The ORGDP site is within the fclded and faulted
structural province of the Appalachians (Valley and Ridge
Physiographic Province). The Alleghenian Orogeny that
produced the Valley and Ridge geologic structure, as well as
some of the structures in the Blue Ridge and Piedmont
Provinces, occurred near the end of the Paleozoic Era.
Pennsylvanian strata are involved in folds and faults on the
northwest side of the Valley and Ridge. This is evidence
that the latest Valley and Ridge deformation is
post-Carboniferous. Coastal Plain strata of Cretaceous age
extend unfaulted across the Valley and Ridge Province in
Alabama,33 and Triassic igneous dikes transect the Valley
and Ridge Province in Virgiria34—3S5 providing the age of
Valley and Ridge deformation is pre-Mesozoic. The PSAR for
the Clinch River Breeder Reactor Planté presents two
potassiurc/argon radiometric ages for mylonite along one of
the major thrust faults (the Copper Creek fault). They are
280 and 290 million years, plus or minus 10 million years,
further confirming a late Paleozoic (Late
Pennsylvanian/Early Permian) age for the latest regional
thrust faulting.

During the Alleghenian Orogeny, tectonic forces

("dlrected toward the west deformed the rocks of the
"Appalachian geosyncline. Deformaticn was greatest in the
eastern mobile thermal core (Piedmont and Blue Ridge) where
the rocks were agaipn metomorphosed and injected by magmas.
This eastern portion was thrust to the west along boundary
faults such as the Great Smoky Fault. Rocks for several
miles to the west of this bcundary were shingled into a
series of thrust blccks. These tilted blocks have been
eroded to form the folded and faulted Valley and Ridge
Province. The thrusting abruptly diminished toward the west
where a broad syncline was developed {Appalachian Plateaus),
and large lateral mcvements occurred along bedding plane
faults.

The Valley and Ridge Province is dominated by the
Paleozoic thrust faults that extend parallel to the
northeast to southwest regional strike for many miles.3%6
Elongate folds, usually the synclincal limbs of broken
anticline-syncline couplets, parallel the regional strike
within the major thrust blocks. The region is further
characterized by shear in the vertical plane normal to
regional strike (cross-faulting) and overturning of folds to
the northwest.

The attitude of southern Appalachian thrust faults at
depth has been of major concern to geologists during the
‘past few Jecades, as fault attitudes are related to
deformational forces. However, no indication exists of
ccntinued structural mobility since the end of the Paleozoic
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tectonics. The present Valley and Ridge Province is
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believed to be a "fcssilized" remnant of Paleozoic activity.’
The geosynclincal theory used to explain the Appalachian
Orogeny rests on the assumption of continental drift. If
this condition is true, every continent must have a leading
and a trailing edge. Geologists believe that the Pacific
coast in the United States has been the leading edge since
the end of Paleozoic times. The trailing margin, the
Appalachian Region, is believed to ke tectonically
stable.37 Indeed, throughout the Mesozoic and Cenozoic
Eras, only erosion has accentuated the geological structure
of the Valley and Ridge region.

3.6.1.2 Area geology

The first detailed geological survey of the Oak Ridge
Reservation was made by Stockdale,38 and his findings are
summarized in Table 3.6-1. He identified nine Paleozoic
sedimentary formaticns bhut considered only the oldest four
to be of major significance. The nine strata range in age
from early Cambrian to Pennsylvanian, but the four primary
units were deposited in Cambrian and Ordovician times. This
first study was extended by NcHMaster,3 who prepared a

.geological map of the Oak Ridge Reservation. The geological
scharacteristics of the four major formations are summarized

" in Table 3.6-2. Tectonically, the Tennessee Division of the

Valley and Ridge Physiographic Province is characterized by
a series of linear fault blcecks with a pronounced northeast
to southwest strike and a southeast dip. In this
southeastern dip, the Cambrian and Precambrian stratigraphic
units have slipped northwest along the Great Smoky fault.
When this tectonic event occurred, the less competent
formations that remained in the northwest shingled into a
series of imbricate thrust plates. In the Oak Ridge
vicinity, these plates typically involved incompetent shales
of the Rome Formation. The existence of as many as ten
fault sheets has been proposed, but only three master faults
are currently recognized: the Pulaski, Saltville, and
Pineville. All other faults are subsidiary. Geologists
also believe that these faults do not extend completely
through the crust but rather are a series of decollements
{small hills) develgped in the relatively incompetent
herizon of the Rome lying above the more massive crystalline
floor of the basement. These features probably existed
prior to the final Appalachian Orogenic events of the late
Paleozoic.6—39

With particular reference to the Oak Ridge Reservation,
the strata dip southeast at an angle that varies from 20 to
45 degrees and strike northwest at an angle of about 35

-degrees. There are three regional thrust faults in the

area.2S They are the Kingston, Whiteoak #lountain, and
Copper Creek Faults. All three strike to the northeast and
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Table 3.6-1.
in the Oak Ridge Area

Generalized Geologic Section of the Bedrock Formations

**Member* | Thickness -
System Group Formation or Unit (feet) | Characteristics of Rocks
. 8 ,
53 Ft. Payne Impure limestone and calcarcous
K “chare” siltstone, with much chert
P
? Chattanooga Shale, black, fissile
shale
3
g
8
3.
“a
-
3
2
“ Rockv;ood Brassfield 1000 Shale, sandy shale, sandstone;
group * calcareous; red, drab; brown
Sequatchie
?
H 300+
G 300
\ Limestone, shaly limestone, calcareous
F 25 siltstone, and shale; mostly gray,
partly maroon; with cherty zones in
E 380 basal porti
g Chickamauga asal portions
2 group D 160
:
& 1
. o] 5
B 215
A 240
Knox ‘| Dolomitic Hmestone; light to dark gray;
group 2600 with promineat chert zones
Maynardsville
Hmestone )
Conasauga Shale; gray, olive, drab, brown; with beds of
a group Conasauga 1500 limestone in upper part
-] shale Pumpkin
-g valley
3 Sandstone and shale; variegated with brilliant
Rome 1000+ yellow, brown, red, maroon, olive-green;
formation with dolomitic limestone lenses

Source: P. B. Stockdale, Geologic Conditions at the Oak Ridge National Laboratory (X-10) Area Relevant to the Disposal
of Radioactive Waste, OR0-58, Oak Ridge Operations, Oak Ridge, Tenn., Aug. 1, 1951, Plate 11.
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¢ .dip to the southeast. These faults were formed during the

“ Alleghenian Orogeny. As discussed in the Prelinminary Safety
Analysis Report for the Clinch River Breeder Reactor Plant,®
mylonite from the Copper Creek fault yielded whole rock
potassium/argon radiometric dates cf 280 and 290 million
years, plus or minus 10 million years, confirming latest
movements on them to be Late Pennsylvanian and Early Permian
in age. Therefore, these faults are not capable.®

The Kingston Fault originates about 25 miles northeast
of the ORGDP site, near Norris, Tennessee.2% It extends to
the southwest across Tennessee and into Georgia. Mainly
Cambrian Rome or Conasauga strata are thrust onto younger
rocks. Southeast of the site area, this fault truncates the
southeastern 1limb of a syncline. The maximun stratigraphic
displacement of about 8200 feet is attained along this
faulted syncline. 1In the site area, the Rome Formation is
thrust onto Conasauga and Xnox Groups for stratigraphic
displacements of abcut 1500 to 3000 feet.

The Whiteoak Mountain Fault originates northeast of the
ORGDP site near Clinton, Tennessee, by the mergenca of the
Hunter Valley and Wallen Valley Faults.25 It extends about
80 miles to the southwest and merges with the Copper Creek
-Fault near Cleveland, Tennessece {abcut 60 miles southwest of
_the ORGDP site). This fault is the lower boundary of the
Rome Formation. The Early Cambrian Rome Formation has been
" thrust onto younger rocks that range in age from Cambrian to
Mississippian, resulting din stratigraphic displacements up
to about 8200 feet.49 The fault projects to depths of 1500
feet or more in the vicinity of the ORGDP site.2s

The Copper Creek Fault extends southeast fron Virginia
and merges with the Whiteoak Mountain Fault near Clev=land,
Tennessee, about 60 miles southwest of the ORGDP site. It
is, with few exceptions, a single fault along which the Rome
Formation is thrust onto Chickamauga rocks for a
stratigraphic displacement of about 7200 feet.3 The average
strike of the fault in the Cak Ridge area is north 55
degrees east.3 The fault is reporteds to dip to the
southeast at 25 to 30 degrees at the ground surface. The
Joy Test Well encountered the Copper Creek Fault at a depth
of about 1370 feet, 6 indicating a decreasing fault dip
southeast of its outcrop.

3:.6.2__Analysis of Geologic Stability

The seismic history of the region surrzounding the ORGDP
is described, and the correlation hetween the geologic
structures in the area and the histcric epicenters is
discussed. On the Lasis of the historic and physical data
available, the seismic risk in the site area is assessed,
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3.6.2.1 Seismic historyv of region

There have been 20 reccrded earthquake epicenters with
Modified Mercalli (MM) intensities of IV to V or greater
within a radius of about 50 miles from the ORGDP site, 33
within a 100-mile radius, and 79 within a 200-nile
radius.25 The Modified Mercalli intensity scale is defined
in Table 3.6-3. The eqicenters of all of the reported

earthquakes within approximately 200 miles of the ORGDP site

that had intensities of IV to V HM or greater and were
likely to have been felt at the site are located in

Fig. 3.6~-1 and are listed in Table 3.6-4 with the estimated
intensities felt at the ORGDP site.

The largest earthguakes ever recorded in the
southeastern Onited States are the New Madrid earthquake
series of 1811-1812 (December 16, 1811, and January 23 and
February 7, 1812) and the Charlestcn, South Carolina,
earthquake of August 31, 1886. WNew Madrid, Missouri, and
Charleston, South Carolina, are located about 290 and 320
miles from the site, respectively.

The epicentral intensity during the New Madrid events
is estimated to have been XII MM, representing total
destruction at the epicenter. These earthquakes shook an
area of at least 2,000,000 square miles and caused
topographic changes over an area of 30,000 to 50,000 sguare
miles. Only a very small amount of damage was reported,
probably due to the sparse population at that time. The
duration of motion at distances of 100 miles and greater
(vhich includes the ORGDP site) may have been as much as 1
to 2 minutes. 4l The New Madrid earthquakes producesd ground
motions in the site vicinity greater than any other
earthguake in historic time., These motions produced an
estimated VI to VII MM intensity in the vicinity of the
ORGDP site, %2

The epicentral intensity of the Charleston earthguakes

are reported to have been IX to X !MM. These earthquakes are

also reported to have been felt over an area of 2,000,000

square miles.%3 The Charleston ecarthquakes ares estimated to

have been felt in the vicinity of the ORGDP site at
intensities of VI #uN,

On May 31, 1897, a moderately large earthquake occurred

in Giles County, Virginia, about 220 miles from the site.

This earthquake has a reported epicentral intensity of VII
to VIII MM.4+* The Giles County earthguake is estimated to
have been felt at the site at an intensity of about Vv MH.*S
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Table 3.6-3

. MODIFIED MERCALLI INTENSITY SCALE OF 1931

(ABRIDGED)

"Not felt except by a very few under
specially favorable circumstances. (I
' Rossi-Ferel scale.) :

Felt only by a few persons at rest, espe-
cially on upper floors of buildings.
Delicately suspended objects may
swing. (I to II Rossi-Forel scale.)

Felt quite noticeably indoors, especially
on upper floors of building, but many
people do not recognize it as an earth-
quake. Standing motorcars may rock
slightly. Vibration like passing of

truck. Duration estimated. (IIT

Rossi-Forel scale.) .

During the day felt indoors by many,
outdoors by few. At night some awak-
ened. Dishes, windows, doors dis-
turbed; walls make creaking sound.
Sensation like heavy truck striking
building. Standing motorcars rocked
- noticeably. (IV to V Rossi-Forel
scale.)

' Felt by nearly everyone, many awak-

ened. Some dishes, windows, etc.,

broken; a few instances of cracked
plaster; unstable objects overturned.

Disturbances of trees, poles, and other

structures; some chimneys broken.
Noticed by persons driving motorcars.
(VIII Rossi-Forel scale.)

VIII. Damage slight in specially designed °

structures; considerable in ordinary
substantial buildings with partial col-
lapse; great in poorly built structures.
Panel walls thrown out of frame struc-
tures. Fall of chimneys, factory stacks,
columns, monuments, walls. Heavy
furniture overturned. Sand and mud
ejected in small amounts. Changes in
well water. Persons driving motorcarss,
disturbed. (VIII+ to IX~— Rossi-
Forel scale.)

Damage considerable in specially de-
signed structures; well-designed frame
structures thrown out of plumb; great
in substantial buildings, with partial
collapse. Buildings shifted off founda-
tions. Ground cracked conspicuously.
Underground pipes broken. (IX-
Rossi-Forel scale.)

Some well-built wooden structures de-
stroyed; most masonry and frame
structures destroyed with foundations;
ground badly cracked. Rails bent.
Landslides considerable from river-

tall objects sometimes noticed. Pendu- banks and steep slopes. Shifted sand
lum clocks may stop. (V to VI Rossi- and mud. Water splashed (slopped)
< Forel scale.) over banks. (X Rossi-Forel scale.)
VI. Felt by all, many frightened and run XI. Few, if any, (masonry) structures re-
outdoors. Some heavy furniture main standing. Bridges destroyed.
moved; a few instances of fallen plas- Broad fissures in ground. Under-
ter or damaged chimneys. Damage ground pipelines completely out of
slight. (VI to VII Rossi-Forel scale.) service. Earth slumps and land slips
VII. Everybody runs outdoors. Damage neg- in soft ground. Rails bent greatly.
ligible in buildings of good design and  XII. Damage total. Waves seen on ground
construction; slight to moderate in surfaces. Lines of sight and level dis-
well-built ordinary structures; consid- torted. Objects thrown upward into.
erable in poorly built or badly designed air.

Source: R. A. Eppley, Farthquake History of the United States,
Part I, Stronger Earthquakes of the United States (Exclusive of
California and Western Nevada), U.S. Government Printing Office,
Washington, D.C., 1965, p. 4.
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November 30, 1973, with its

103

The Maryville-Alcoa, Tennessee, earthquake occurred

epicenter located approximately

20 miles southeast of the ORGDP site. intensity reports
from Surrounding communities determined that the area in
which the earthquake was felt was about 25,000 sSquare miles
and that the epicentral intensity was VI . Its intensity

at the site is estimated to

have been Vv to VI MM.496

3.6.2.2 Vibratory ground motion

As discussed in Subsection 3.6.2.1, the most severe
earthquake associated with the province surrounding the
ORGDP site was the Giles County, Virginia, earthquake with a

maximum reported epicentral

intensity of vIIx to VIIT Mm.

The Richter relationship between earthquake intensity and
acceleration, illustrated in Fig. 3.6-2, was used to

determine a Peak horizontal

ground acceleration of 0.18 g

for the safe shutdown earthquake (SSE) with an intensity of
VIIT ¥M selected for the proposed Exxon Nuclear Fuel
Recovery and Recycling Center (NFRRC) site.25 The return
pPeriod for this pmaximum earthquake with a postulated total
duration of 20 seconds and strong motion interval of 5
Seconds was calculated as one event within a tinpe interval

(,-of 105 to 108 years.2s

A study was also made ¢
intensity with a return peri
Exxon NFRRC site, and the re
The maximum horizontal groun
operating basis earthquake (
intensity of VI MM was 0.05
Spectra for horizontal and v
and the OBE were scaled line
Regulatory Guide 1.60, "Desi
Design of Nuclear Power Plan
factors and control points i
Guide 1.60 were used.2s

o determine the earthquake
od of 100 years for the proposed

d acceleration selected for the
OBE) associated with an

g.25 The design response
ertical motions for both the SSE
arly from Figures 1 angd 2 of the
gn Response Spectra for Seisnmic
ts," and the multiplication

n Tables I and II of Requlatory

3.6.2.3 Surface faulting

There are many Paleozoic thrust faults in the Tennessee

Valley and Ridge Province, a

nd three of these faults occur

in the site area,2s Bany geologists believe these faults

flatten with depth and merge

into a regional decollement

within the Rome Formation. The significance of this concept
is that faults which Crop oumt at the surface are not Telated
to geologic structures in the crystalline basement. Fatkins
estimates the basement surface to be at a depth of 13,000
feet in the site are€a.*? Thus, the infrequent earthquakes

in the Valley ang Ridge with

hormal hypocenters at depths

between 50,000 and 65,000 feet occur in the basement and are
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‘not associated in any way with the ancient (noncapable)
faults that crop out at the surface.

The Maryville-Alcoa earthguake, with its epicenter near
Knoxville, has been studied in considerable detail and no
correlation with the northeasterly trending thrust faults
was found. The Cumkerland Plateau Cbservatory was the
nearest operating seismic recording station to the
epicenter. This station is 90 miles west of the
epicenter.4%

The geology of the Valley and Ridge has been studied by
numerous geologists for over 100 years. During this period,
no data have been revealed that suggest surface faulting is
occurring. Even in the Epicentral area of historic
earthquakes, there is no evidence of associated surface
faults. MNo evidence of surface faulting exists in the area
of the Maryville-Alcoa earthquake fault plane projections.
The fault associated with the Maryville Alcoa earthquake is
unrelated to any observable region fault because (1) fault
plane solutions yield attitudes contrary to the regional
trend, and (2) surface faulting does not occur. 2S5

There is no geologic evidence of surface faulting
within the Valley and Ridge Province related to earthquakes
>that have occurred in historic time. It has been concluded
that there are no identifiakle capable faults that could be
expected to produce surface displacement anywhere within the
Southern Appalachian Tectonic Province nor within 200 miles
of the site.

3.6.2.4 Subsurface stability

The ORGDP is in the Tennessee Valley and Ridge portion
of the Appalachian Highlands physiographic province which is
characterized by a series of long narrow ridges and slightly
broader intervening valleys with a pronounced northeast to
southwest trend. Thke ridges are underlain by relatively
resistant sandstones and competent limestones or dolomites,
whereas the valleys are underlain by weaker shales and the
more soluble carbonate rock.

The soil conditions at the ORGDP site consist of a
pinnacled rock surface nearly outcropping in places with an
overburden of predominantly clayey residnal soils varying in
depth from a few feet to about 60 feet. These soils are
underlain by Paleozoic sedimentary tocks. The Chickamauga
limestone of M¥iddle Ordovician age underlies most of the
site. It consists c¢f gray fossiliferons shaly limestone
with inclusions of chert. 1In the plant vicinity, the
limestone beds trend from north-northwesterly to
northeasterly with easterly dips ranging between about 10 to
35 degrees.
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Minor portions of the plant site are underlain by rocks
of the Knox group and the Ccnasauga group. The Knox group
of Cambro-Ordovician age is a cherty, dense to crystalline
dolomite typically light to medium gray in color. In the
site vicinity, the Cambrian Conasauga group ccnsists of
shale and siltstone with massive limestone interbeds. The
Chickamauga, Knox, and Conasauga rocks are separated fron
the Cambrian Rome fcormation (shale) by the White Oak
Mountain Fault, a regional thrust fault that trends
northeasterly between East Fork Ridge and Pine Ridge. A
discontinuous branch of this fault separates the Knox and
Conasauga rocks from the Chicamauga limestone under the
eastern portion of the plant site.¢8

The ORGDP site is occupied by a building complex that
covers an area in excess of a square mile. The foundation
soils in this area are compressible and of a low bearing
capacity. Generally, the soil materials have a dry density
range of 72 to 100 pcf. The moisture content of the upper 8
feet of soil is about 21%, while that of the soil at depths
below 8 ft is about 48%. The shear strength of the upper 8
feet of soil is about 0.51 ton per sguare foot. 29

3.6.2.5 Slope stability

The ORGDP is situated on a level 640-acre tract of land
located at the southwest end of East Fork Valley at the
confluence of Porlar Creek with the Clinch River. The
valley is flanked or the northwest by Black Oak Ridge and on
the southeast by Pine Ridge. These slopes are not expected
to affect operations conducted at the ORGDP.

3.6.2.6 Seismic risk

A revied of earthquake incidence in the southeastern
United States permits identification of the areas of
continuing seismic activity.S50 Four major sites of current
tectonic mobility are indicated. They are the Mississippi
Valley; the Lower Wabash Valley; Charleston, South Carolina;
and the Appalachian Mountains.

The Mississippi Valley encompasses the New Madrid
Region of Arkansas, Kentucky, Missouri, and Tennessee. This
seismic province includes the epicenter of the great series
of New Madrid earthquakes, which rersatedly attained an HMH
intensity of XII. This area lies more than 250 miles
northwest of the Oak Ridge Reservation. The New Madrid
Quakes retained an intensity of V to VI at the Oak Ridge

~irea.
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The Lower Wabash Valley is located in the southern
regions of Illinois and Indiara. A southern Illinois
earthquake of MM intensity VII in 1968 was felt over a
400,000 square mile area, including a mild shock of
intensity II to III in the Oak Ridge vicinity. The 0Oak
Ridge Reservation lies more than 230 miles southeast of this
region of active seismicity.

Charleston, South Carolina, was the site of one of the
greatest historic earthquakes experienced in the eastern
United States. The August 31, 1886, shock of ¥¥ intensity
IX to X was felt over the entire eastermn coast and
registered an intensity of V to VI in the Oak Ridge region.
Recurrent seismic activity continues in this area, which is
325 miles southeast of the Cak Ridge Reservation.

The Appalachian Mountains of castern Tennessee and
western North Carolina are centers that exhibit moderate
seismic activity at the frequency of one to two shocks per
year. Portions of this seismic area are only 50 miles east
of the 0ak Ridge Reservation and account for most of the
seismicity native to the east Tennessee regiomn.

- As discussed previously, no correlation has been

{ “observed between recorded earthguakes on the Oak Ridge

~'Reservation and superficial tectonic structures of the
Valley and Ridge Physiographic Unit. During historic times,
the zone of relatively high seismicity in the adjacent Blue
Ridge Front Physiographic Unit has involved only movements
of low intensity that probatly represent minor adjustments
of highly disturbed rock informations.S? Other regions of
the southeastern United States, such as Charleston, South
Carolina, and the New Madrid area, have seismic activity
that is much more intense and extensive, but even these nore
active areas are far less earthquake prone than are such
reqgions as California and Nevada, S0

The seismic risk map of the United States shown in
Fig. 3.6-3 was prepared by AlgermissenS! to assist in the
establishment of design requirements for buildings in
various segments of the country. Seismicity ratings were
based on either an historical earthquake of considerable
intensity or on frequency.-of seismic incidences irrespeactive
of intensity. The Cak Ridge Reservation lies in what
Algermissen designated as Seismic Zone 2, which is an area
of moderate activity.

Taking the seismic history of the region and using
probabilistic techniques generally similar to those
published by Cornell and Vaanmarcke, Dames and Hoore*3 .

..estimated return periods for different earthguake
acceleration levels at the OQRGDP site. They estimated that
the return period fcr an- earthquake with a maximum ground
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.cceleration of 0.05 g is 60 years, that for an acceleration
of 0.10 g is 550 years, that for 0.15 g is 2500 years, and
that for 0.2 g is 8000 years.48

The probabilities of seismic events at the existing
gaseous diffusion plants were also investigated by John
A. Blume and Associates.*? They calculated that there is a
50% probability of an earthquake with peak ground
acceleration exceeding 0.03 to 0.09 g at the ORGDP site in
100 years. They also calculated that in 50 years, there is
a 50% probability of exceeding 0.02 to 0.06 g and a 16%
probability of exceeding 0.04 to 0.14 g.49

3.7 Site Suitability Summary

What is known today as the Oak Ridge Reservation is the
result of a plan which was conceived and implemented hastily
to perform a vital wartime mission. ©Ninety square miles of
rolling wooded land were purchased by the United States
Government in 1942 for the purpose of building the
facilities necessary to produce the aranium-235 needed to

.end World War IX. Tke selection of this site was based on

several factors, which included the topography, driving
distance to Knoxville of about 20 pmiles, immediate
availabilty of two major railroad lines, and a regulated
source of water. The topography of the Oak Ridge
Reservation permitted the location of a number of operations
on reasonably flat areas separated by protective hills with
enough land around each research and production facility to
provide security, space for expansion, and isolation to
protect the general public from exposure to radiation and
releases of hazardous material.

Construction of an enormous plant for the separation of
isotopes of uranium by the gaseous diffusion process was
begun in 1943, and production by this process was started in
1945. This process is still used in the production of .
uranium-235 at the CRGDP, which is situated on a level
6l40-acre tract of land located at the southwest end of East
Fork Valley at the confluence of Porlar Creek with the
Clinch River. This site afforded the plentiful supply of
water needed for operation of the gaseous diffusion process.
A total of 14 million gallons of water is withdrawn from the
Clinch River each day for ORGDP operations, and about 9 Mgd
of this is required for recirculating cooling water systen
makeup to replace evaporative, drift, and blowdown losses.
At the time the ORGDP site was selected, the Clinch River
vas regulated by the Tennessee Valley Authorityt's Norris
Jam, and the water was relatively free of silt. The
Tennessee Valley aAuthority (TVA) is also the source of the
large guantities of electrical power (1600 HMW¥) necessary for
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operation of the ORGDP at full capacity. At £full uprated
capacity, the plant demand will be about 2180 MW of
continuous power. Electric power is suppliesd to all of the
Oak Ridge operations form the TVA 161-kV power grid.

The ORGDP is located in a moderate temperature zomne.
For the 26-year period from 1948 through 1974, the annual
mean maximum and minimum temperatures at Oak Ridge were 68.7
and 46.9 degrees F, respectively. Temperature extremes of
above 100 and below zero degrees F are rare. The extrenme
high temperature recorded at Oak Ridge was 105 degrees F in
July 1952, and the extreme low was -9 degrees F in January
1966. Winter and early spring are the seasons of heaviest
precipitation with mcnthly raximum rainfalls normally
occurring from January through March. The mean annual
precipitation is about 54 inches. 1Light snow usually occurs
in the months from November to March, and the total snowfall
fcr some winters is less than one inch. The prevailing wind
is from the southwest and near the surface, it tends to
follow the trend of the valley and ridge topography. The
Cumberland Mountains have a moderating influence on the
local climate in the winter by retarding the flow of cold
air from the north and west.
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statistical basis +that uranium-233-bearing fuel elements can
be transported and irradiated successfully in high-temperature
gas-cooled reactors.

In addition, the proposed HTGR Fuel BRefabrication Pilot
Plant will be of sufficient capacity tc permit testing of the
economics of remote fuel refabrication processes. Data will
be obtained to establish plant operating factors, equipment
reliability, product characteristics, utility requirements,
operating 1labor requirements, maintenance costs, and other

pertinent cost factors.

D._ _Existing Environment

The proposed HTGR FPuel Refabrication Pilot Plant will be
installed in the existing TURF, Building 7930, which is
located on the USAEC 0Oak Ridge Reservation at Oak Ridge
National Laboratory, as shown in Fig. 1. Nearby facilities
include the HFIR and the TRU, as shown in Fig. 2.

Located in the west central portion of eastern Tennessee,
as shown in Pig. 14, the 0ak Ridge Reservation is bounded on
the northeast, southeast, and southwest by the Clinch River
and on the northwest by Black Oak Ridge. The Reservation,
e§£ablished in 1942 by the U.S. Army Corps of Engineers
(Manhattan Engineering District) and Stone and Webster
Engineering Corporation, presently covers approximately 37,000

acres.




49

ORNL-DWG 64-6697A

Y oo
! KENTUCKY ) 7 ] LAKE _
- /-s.__.— -—J §
2/ g
7 7/ 2
¢ TENNESSEE ~/ NORTH
/ ~~" CAROLINA
s ~
[ : : ] +
4 Y
/ mssissiept | acasama | Georeia N
o
&
O
§¢
?
OLIVER
SPRINGS
4’0’9)‘ °
’% 012345
£ MILES
HARRIMAN
,'0':~. K'25
&Y PLANT
s
; S
5;,[;‘5 'I
R - WHITE OAK CREEK ®
B LY Y y LN
5557 WHITE Q&K
o DAM
Vs KINGSTON MELTON HILL DAM WH/TEEOAK
e ¥ & - LAK,
£55% .:%' A Ko {,4/ @
‘;é‘ Vg ’5%53"- a—TENNESSEE RIVER 2% =
23 . - = MELTON g%t
3 3 LENOIR CITY Q 107
&, o, v ;@ MILES

Fig. 14. Location Map of USAEC Reservation at Oak Ridge, Tennessee
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Four separate production and research facilities are
operated within +the Reservation. Three of these, Oak Ridge
National Laboratory (X-10), the Y-12 Plant, and the Oak Ridge
Gaseous Diffusion Plant (K-25), are operated for the USAEC by
Union Carbide Corporation, Nuclear Division. The Comparative
Animal Research Laboratory (CARL) is lccated along the Clinch
River between X-10 and Y-12, and it is operated by The
University of Tennessee. Buffer zones are designated around

each of the four facilities for health, safety, and future
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expansion. Access to the Reservation is limited primarily to
public roads and visitor centers for reasons of health,
safety, and national security. .

The area surrounding the Reservaticn is generally rural
to wurban in character, with the largest population center
(Knoxville, population 175,000) located 15 miles to the east.
Other population centers, all with populations of less than
35,000 persons, are Oak Ridge {(located on the northeast
ﬁoundary), Clintcn (10 miles northeast), Kingston (10 miles
southwest), Harriman (10 nmiles vwest), and several smaller
comnunities within Anderson and Roane Cocunties. The
climatology, geology, seismology, ecolcgy of the site, and
land use within the Reservation are discussed briefly in the

following subsections and in more detail in Appendix B.

1. _Topography and Climatology

The Oak Ridge site is ’in the western part of the
Tennessee section of the Ridge and Valley province, consisting
of parallel ridges and valleys trending northeast. The range
in altitude is from 220 to 407 m (720 to 1335 £t) above mean
sea level.

The climate of Oak Ridge is typical of the humid southern
Appalachian region.? The mean annual rainfall is
approximately 53.5 in. (136 cm), and the mean temperature 1is
57.9 degrees F (18.4 degrees C). Precipitation is

predominately in the form of rainfall although under unusual
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conditions snowfall can represent a significant portion of the
total winter precipitation, as happened in the winter of
1959-1960 when 41.84 in. (105.2 cm) of snow fell.

Storm tracks appear +to travel fronm northwest to
southeast. The precipitation pattern during the vyear is
characterized by wet winters and comparatively dry springs
followved by relatively wet summers and dry autumns. July
rainfall (5.6 in.) normally approaches that of the wet winter
months, while June (4.0 in.) is almost as dry as the autumn
months, as is shown in Fig. 15. July is generally the hottest
nonth (76.9 degrees F), while January is the coldest (37.9
degrees F).

The striking <feature of the 0Oak Ridge climate with
respect to plant growth is the develcpment of comparatively
early moisture deficits in the spring. However, rainfall in
July énd August is normally adequate to prevent the
development of severe summer deficits, which often occur in
other areas of the southern United States. Additional

climatological data are included in Appendix B.

2. _Geology_and Sgils

The Oak Ridge Reservation lies in the Tennessee Valley
and Ridge portion of the Appalachian Highland physiographic
province. This province is characterized by a series of 1long
narrow ridges and slightly broader intervening valleys with a

pronounced northeast-southwest trend. The ridges in general
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Fig. 15. Climograph of the Oak Ridge Area.

are underlain by relatively resistant sandstones and competent
limestones or dolcmites, whereas the valleys are underlain by
weaker shales and more soluble carbonate rock.

The White Oak Creek basin, upon which +the TURF is
situated, is underlain by four major geclogic formations. The
two oldest, the Rome Formation and the Conasauga Group, are
madé up of shale, siltstone, sandstone, and limestone and are

poor water-bearing formations.!® The two younger formations,
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the Knox Dolomite and the Chickamauga Limestone, are the
principal water-bearing formations.

The soils'of the basin belong to the red-yellow podsolic,
the reddish-brown 1laterite and 1lithosol groups. These are
strongly leached, low in organic matter, acidic, and generally
have exchange capacities 1less than 10 milliequivalents per
100 g of soil. Scil profiles range in depth from 6 in. in
some shale areas +to approximately 15 f+ in the dolomite and
alluvial areas. Clay fractions present include illite,
kaolinite, and mcntmorillinite, with base saturation ranging

from 10 to more than 60 %.

3. _Hvdrology

Drainage of the ORNL area is to the Clinch River by way
of various smaller streams. Among these streams is White Oak
Creek (Fig. 14), which courses through 0Oak Ridge National
Laboratory and forms the principal drainage system for the
site. Groundwater levels in the immediate vicinity of the
TURF range from 25 to more than 100 ft below surface contour.
These levels undergo marked seasonal fluctuations, reaching
peak levels in March and gradually declining as discharge
rates exceed recharge rates.1® Belts of residual materials
overlying bedrock are relatively thin, reducing the volunme
available for grcundwater storage. Consequently, it is
estimated that +the average well in the Oak Ridge area would

yield less than 10 gpm. The Clinch River, which has a
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drainage area of 4413 square miles, is the source of most of
the water used in the area.

Flow in the Clinch River is regulated at Norris Dam and
at Melton Hill Dam. Stages below Melton Hill Dam are further
affected by operation of Watts Bar Lake. Power generation
began at HMelton Hill Dam in the summer of 1964, and it exerts
a significant influence on the flow patterns of the Clinch
River. Operation of the turbine generators ususally coincides
with peak power demands (except on vweekends), resulting in
intermittent flow releases as hiéh as 18,000 cfs.1t

These high flcw releases from Melton Hill Dam cause water
levels +to rise rapidly, blocking the ocutflow of water fron
White Oak Creek for about 6 hours each day. White Oak Creek
is impounded by White Oak Dam, which is a small highway-£fill
structure located 0.6 miles above the stream mouth where White
#ing Road (Tennessee State Highway 95) crosses the creek. The
impoundment, White Oak lake, covers aprroximately 20 acres and
provides the final on-site monitoring area for 1liquid
effluents from ORNL. Upon cessation of power generation at
Melton Hill Dam, the water; of White Oak Creek begin to flow
into the main stream and are flushed dcwnstream with the next
pover generation flow release. Mcnitoring stations are
located on White 0Oak Creek, on HMelton Branch, and on the

Clinch River.

4, Seismology

A seismic risk map of the United States is illustrated in
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Fig. 16. This map was prepared for use in establishing design
requirements for structures to be located in various portions
of the country.1z Within the southeastern region of the
United States, the only zones of highest risk (zone 3) are
those around centers of seismic activity in the Hississipéi
Valley and at Charleston, Sou;h Carolina, both of which are
about 400 miles from the site of the proposed project. The
TURF site is in an area of lesser activity assigned a zone-2

risk, indicating a potential for moderate damage.

5. Ecology of Site and Environs

The Oak Ridge Reservation is typical of the landscape and
ecological systems which occur in the aAppalachian Region of
the eastern United States. 2As such, the area is comprised of
a number of representative terrestrial and aquatic ecosystens,
ranging from smaller, established southern coniferous forests
to northern hardwood types and from smaller stream tributaries
to man-made reservoir streanms.

A preliminary inventory of the flora of the general Oak
Ridge area was completed in 1966.!'3 However, this inventory
has since been supplemented with cbservaticns of spring
flowvering for 171 species of herbaceous and woody plants
representing 55 plant families.14 ‘

Five Appalachian forest types are found naturally on the

Reservation.1$% The oak~hickory type shares equal prominence
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with the yellow pine-hardwood type. Cove hardwoods are found
interspersed between the dissected ridge systems, and northern
hardwoods occur in sheltered areas on northern exposures. A
minor +type, vwhite pine-hardwood, is found along the northern
boundary of the property. Large areas of open 1land vere
" planted to pine between 1947 and 1956, thereby creating a
sixth type.

There are several available studies describing the fauna
of the area, with special reference tc Heltcn Valley wherein
lies the TURF. The fauna are typical for forested and
semi-forested regions of the United States, and they are
described in detail in Appendix B. Over 65 separate species
of birds were observed in a 1957 summer survey. The southern

bald eagle (Haliaeetus 1. leucocephalus L.) is 1listed as an

endangered species vhose range encompasses the local area.ls
However, no recent sitings of the bird have been <reported.
Typical species of mnammals include mice, shrews, opossuns,
racoons, woodchucks, rabbits, foxes, and the white-tail deer.
Various facets of the aquatic system, represented by the
White Oak Creek, White 0Oak Lake, Clinch River, and Tennessee
River continuum, have been studied over the past two decades,
particularly with respect +to +the behavior and transport of
radioactive materials in the aquatic environment.!t The
biotic composition of White Oak Lake is typical cf the present
aquatic system dcwnstream from Melton Hill Reservoir and

immediately adjacent to the proposed project. White Oak Lake
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has been characterized as having high phytoplankton
productivity and well developed benthic fauna, with the most
common forms being comprised of varicus insect larvae.i?

Fishes present in the shallow embayment (maximum depth of
7.3 ft) include bluegill and redear sunfish, largemouth bass,
warmouth, gizzard shad, golden shiners, goldfish, and the

mosquitofish, Gambusia affinis affinis. The aquatic systen is

discussed further in Appendix B.

6. land Use

The 92-square-mile Oak Ridge Reservation was originally
acquired as a site for production facilities and nuclear
research, and a security buffer and safety zZone vere
established around each USEAC plant within the Reservation.
The original 59,000 acres acquired in 1942 have since been
reduced to approximately 37,000 acres through land transfers
to the municipal gcvernment of Oak Ridge and to state and
federal agencies.,1*

, The allocation of land among the USARC users is given in
Table 3. Buffer areas around each of the facilities allow for
increased security and protection against accidental releases
of chemical or radiocactive materials and also provide room for
future expansion. Little forested acreage is included in the
buffer areas around the Y-12 and K-25 Plants, but extensive
forested areas lie within the ORNL (X-10) and UT-AEC (CARL)

sections. The remainder of the Reservation (15,000 acres) is
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Table 3. Allocation of Land Use Among
Installations in the AEC Oak Ridge Reservation?@

Administrative Unit Acres
Research and Management 15,108
ORNL 8,843
Y-12 3,632
K-25 5,645
UT-AEC” 3,786

Total 37,014

8Data taken from Task Force Report FY-1972
"Surveys of Real Property Holdings,'" AEC-ORO,
June 1972,

bDoes not include 720 acres of UT-AEC farm
located within the Y-12 Plant buffer zone.

approximately 95% forested with pine (36%), upland hardwoods
(32%) , mixed pine-hardwoods (21%), and cedar and miscellaneous
species (11%).

It has recently been proposed that the O0ak Ridge
Reservétion be designated an Environmental Study Park.1l3
Within this context, a total of 41 study areas were delineated
as being unique and important in terms of present day
environmental problems. Additional discussion of historic and

present land use is presented in Appendix B.

E. HMonitoring of Existing Environment

The Oak Ridge National Laboratory conducts a continuous
monitoring program on the USEAC-ccntrolled reservation and the
surrounding environs. A monitoring network, extending 75

miles from ORNL, provides informaticn on gquantities and
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concentrations of airborne radioactive pollutants. Similarly,
a water and biota monitoring program is ccnducted on the
Clinch River, which is the eventual receiving body of water
for all potentially contaminated liquid effluents leaving the
controlled reservation. A comprehensive, multi—ageﬂcy
investigation of the potential radiation exposures received by
the public use of the Clinch River waters was the subject of
the 5-year Clinch River Study which was completed in 1964. 1In
the final report of this study on +the doses to populations
from ORNL operations, it was concluded that average exposures
were well below the applicable dose limits and that the
maximum individual  dose was a small <fraction of the dose
limits.19 External gamma radiation 1levels or background
levels in the ORNL area and in the Oak Ridge area are measured
routinely. The background 1eye1 for the 0ak Ridge area off
the ORNL site averages approximately 0.012 nR per hour, which
is about the same as that measured prior to the start of ORNL
operations.

Sanitary, chemical, and miscellaneous industrial waste
effluents are monitored through an established environmental
surveillance program which is conducted by the CRNL Industrial
Hygiene Department and the Operaticns Division. A more
detailed description of the environmental monitcring programs
for radioactive and chemical effluents 1is presented in

Appendix C.
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level by strict administrative control and by other safety
measures, such as mass limitation of hazardous material.

The maximum credible criticality accident? in the pilot
plant could disperse gaseous fission products and an aerosol
of nonvolatile fission products to the cell containing the
accident, and a small portion of these materials could be
released through the filtered cell ventilation systen. The
high-efficiency particulate air filters are located a great
‘enough distance (about 60 ft) from the processing cells tha£
they are not expected to be affected by a criticality
incident. The guantities of aeroscls of the fuel and
nonvolatile fission products released through the filtered
ventialtion system would not be significant. Hence, no
adverse environmental effects are expected to result from such

an accident.

4., Natural Disturbances

Consideration was given to the release of radioactivity
from the proposed HTGR Fuel Refabrication Pilot Plant as a
result of possible damage to the TURF from natural
disturbances. The distﬁrbances considered included (a)

earthquakes, (b) flooding, (c) high winds, and (d) tornados.

{a) Earthquakes. The TURF site is located within a zone

of low earthquake activity, as illustrated in PFig. 16

(subsection II.D.4), and the probability £or significant
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earthquake damage +to ~the TURF has been estimated to be low
(Appendix B). The epicenters of damaging earthquakes of
intensity VII or larger have never been recorded in the area
surrounding the TURF site. From the seismic risk map
(Fig. 16), which 1is based on known distributions of damaging
earthquakes and corresponding intensities, no shockwaves fronm
distant earthquakes that might reach the TURF site are
expected to be of sufficient freguenay or amplitude to impart
physical damage to the structure.

The site is lccated in seismic risk zone 2, which has a
corresponding potential for a maximum ground acceleration of
from 0.03 to 0.09 g. The areas in the TURF that will contain
large amounts of special nuclear material will be surrounded
by thick concrete walls (subsection ITI.A.1). In addition, the
relatively short operating 1life of the pilot plant will
decrease the probability of damaging earthquake activity in
the site area. ©No structural or equipment damage which would
result in appreciable release of radioactive materials as a

result of an'earthquake is expected.

(b) _Flooding. The possibility of extensive flooding . of
the proposed project site i§ considered to be extremely remnote
since the TURF is located on a knoll well above the valley
floor and therefore above any possible flood piain. The
natural grade of the surrounding area should provide adegquate
drainage to accomodate any maximum postulated rainfall

intensity. Flooding is, therefore, not anticipated to result
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in damage to the proposed facility <that would allow the

release of radioactivity to the environment.

(c) __High Winds. The specifications to which the TURF

was built included the requirement that it withstand wind
speeds of at least 90 miles per hour. As the maximum wind
speed recorded in +the area during the last 20 years was 59
miles per hour, +the possibility of high winds having an
adverse effect on building integrity is considered to be

renote.

(d) __Tornados. The project site seems protected by the

Appalachian and Cumberland Mountain Ridges. Two small
tornados have been identified in the +vicinity of 0Oak Ridge
within the past 20 years. The probability of damage to the
TURF from tornado activity is therefore considered to be very
small. In addition, the areas in the TURF that will contain
large amounts of special nuclear material will be surrounded
by thick concrete walls (Subsection ITI.A.1). The cell
structures of the TURF were designed to withstand an internal
shock wave of 970 psf without failure, and this would make

such areas withstand damage from tornadc activity.

5. _Handling Accidents

A handling accident could occur during transfer of uranyl
nitrate solution from +tank storage in Building 3019 to tank

storage in the TURF. However, the transfer process described
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CHARACTERIZATION OF EXISTING ENVIRONHENT

The United States Atomic Energy <Commission's Oak Ridge
Reservation presently consists of approximately 37,000 acres
of land adjacent to the City of O0Oak Ridge in 'Anderson and
Roane Counties, Tennessee. The land is part of an original
g92-square mile tract purchased in 1942 to serve as an atomic
development and production center for the U.S. Army Corps of
Engineers Manhattan Project. The Reservation, which may be
visualized as an irregular land mass encompassing the USAEC
installations illustrated in PFig. 14 (Subsection II.D), 1is
located 15  miles vest of Knoxville, Tennessee, the major
population center in the area. The Tennessee Valley
Authority's Melton Hill and Watts Bar Reservoirs on the Clinch
and Tennessee Rivers, respectively, form eastern, soutﬂern,
and western boundaries of the property and the City of Oak
Ridge lies along the northern perinmeter.

The Reservation is 1located in the Ridge and Valley
physiographic province, which is characterized by parallel
ridges of sandstone, shale, and cherty dolomite separated by
valleys of less weather resistant limestone and shale. The
ridges are oriented southwest-northeast, and elevations range
from 750 +to 800 ft at the valley floor to 1000 to 1200 ft at
the ridge crests.

The ecological systenms of the Reservation are
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characteristic of those found in the intermountain regions of
Appalachia fronm the Allegheny Mountains in southern
Pennsylvania +to the southern extension of the Cumberlands in
northern Alabama. The area has been under governmental
control for the past 30 years and has not been unduly
disturbed except for experimental use and regqlated forest

management.

Climatology

The National Oceanographic and Atmospheric Administration

(NOARA) has operated a meteorological observation program at -

Oak Ridge for over 20 years. In addition to recording
day-to-day weather data for the plant sites (X-10, ¥Y-12, and
K-25) and Oak Ridge townsite, the NOAA staff has maintained a
research and development program to improve the reliability of
prediction and measurement of meteorological parameters which
influence safe conduct cf operations on the Oak Ridge
Reservation. A monthly climatic summary for +the Oak Ridge
area, based on 20 years of records, is given in Table B.1.
Seasonal wind speeds and directions in the 0Oak Ridge area
during periods of lapse and inversion conditions are presented
in Pig. B.1.

During the 20-year period of record (1951-1971), the
extremes of daily temperature have varied from a low of -9

degrees F in January to a high of 105 degrees P in July.
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Table B.,l. Monthly Climatic Summary for the Oak Ridge
Area Based on a 20-Year Record@

Temperature (°F) Precipitation (in.) Solar Radiation

Month Mean Maximum Minimum Rain Snow (kcal cm™® month-?)
Jan 37.9 47,0 28.8 5.3 3.4 5.6

Feb 40.9 51.2 30.6 5.3 2.6 6.7 -
March 47.5 58.7 36.3 5.6 1.3 10.1

April 59.0 71.1 46.9 4.4 0.01 . 12,3

May 66.8 79.1 54.5 3.6 0 15.3

June 74.0 85.2 62.7 4.0 0 15,1

July 76.9 87.3 66.4 5.6 0 13.4

Aug 76.0 86.7 65.2 3.8 0 13.5°

Sept 70.1 81.5 58.7 3.3 0 11.3

Oct 59.3 71.3 47.2 2.7 0 9.6

Nov 46.9 57.8 35.9 4,2 0.5 5.8

Dec 39.7 48.8 30.6 5.7 _2.5 4.7

Annual 57.9 53.5 10.3 123.4

a"Daily, Monthly, and Annual Climatological Data for Oak Ridge,
Tennessee, January 1951 through December 1971," Air Resources
Atmospheric Turbulence and Diffusion Laboratory, Oak Ridge, Tennessee,
July 1972,

The average wind speed in the Oak Eidge area is 4.4 nmiles
per hour (mph). The peak gust of record was 59 mph. Calm
conditions prevail 10% of the time. Storm tracks travel
northwest to southeast.

The average annual rainfall in the 0©0Oak Ridge area is
53.5 in. Annual snowfall averages 10.3 in., and 95% of this
precipitation occurs between Decepber and March. The average
number of thunderstorms per year is 53, and there are 24 days
of heavy fog. Clear conditions prevail 30% of the time;

partly cloudy, 25%; and cloudy, U5%.




112

ORNL-DWG 67- 11781

WINTER

SPRING
N
§ “
SUMMER
%o CALM
WIND SPEED, mph 0
1.4 5-9 10-14 15-19 = 20
FALL
% OF TIME /
b 5 10 15 20
“a>n: DN
LAPSE INVERSION

Fig. B.1.

Wind Speed and Direction During Lapse and Inversion.
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Geology and Soils

The geology and soils of the 0Oak Ridge area have been
reported on by several investigators. A generalized soils ﬂap
vhich includes summarizations of mineralogical soil and roc;-
types is given in Ref. B.l. A geolcgic map of the area is
presented in Ref. B.2.

Of particular importance to the present project is a
discussion of the geologic features of White Oak Creek Basin,
which is located in Roane County, Tennessee, in the southern
part of the Oak Ridge Reservation. The Basin has an area of
6.01 square miles, and it drains to the Clinch River by way of
White Oak Creék.

Four major rock units or formatioms occur in the Basin.
In descending oxrder of age, these are the Rome formation,
underlying Haw Ridge; the Conasauga Group, underlying Chestnut
Ridge and Melton Hill; and the Chickamauga Limestone,
underlying Bethel Valley. These rocks originated early in the
Paleogoic era as masine sediments and became uplifted toward
the end of the era. A mantle of residual material is nearly
everywvhere present, extending to depths of 100 £t in sone
areas, particularly over the Knox Dolomnite.

Soils of the area are described in detail in Ref. B.1.
These helong primarily +to the broad groups of red-yellow
podsolic, reddish brown lateric, and 1lithosols and are, in

general, strongly leached, acidic, lowv in organic matter, and
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with exchange capacities of less than 10 millieguivalent per
100 grams of soil. Depths of soil profiles within the basin
vary from 6 in. 1in some of the shale and sandstone areas to
more than 15 ft in areas overlying dolomitic limestone and
within alluvial deposits along drainageways.

Soils derived from Knox Dolomite contain kaolinite as the
principal c¢lay fraction, those from the Conasauga Shale
contain illite and vermiculite, and those derived from
Chickamauga Limestone contain a mixture of kaolinitic and
illitic materials, with some units having significant
montmorillonitic contents. The base saturation ranges from 10
to 60% within the various groups. The radionuclide
specificity of the respective clay minerals has been
determined, particularly with respect to the behavior of
radioactive cesiur, strontium, and cobalt, in sediments of

White Oak Lake and the Clinch River (Ref. B.3).

Hydrology

Drainage of the area is to the Clinch River by way of
various small streams. Included among these streams is White
Oak Creek, which courses through 0Oak Ridge National Laboratory
and forms the principal drainage system for the site. The
average annual discharge measured at White o0ak Dam for the

period 1968-1972 is 11 cfs.

Within the area, major aquifers are associated with the
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Knox Dolomite formation. Water occurs to a lesser extent in
small openings along points and bedding planes in the shale
and sandstone rocks of Pottsville age and of the Ronme
Formation. Belts of residual materials overlying bedrock are
relatively thin, reducing the volume available for groundwater
storage. Consequently, it is estimated that the average well
in the Oak Ridge area would yield less than 10 gpm (Ref. B.H).
The Clinch BRiver, 4including its Melton Hill Lake
impoundment, has a drainage area of 4413 square miles, and it
is the source of most of the water in the area. Water punmped
by the o0ak Ridge pumping station is delivered to ORNL, the
Y-12 plant, and to the city of Oak Ridge. Haste water £from
ORNL is returned to the Clinch River via White Oak Creek, fron
the Y-12 Plant via East Pork Poplar Creek, and from the city
of 0Oak Ridge wvia East Fork Poplar Creek and via a tributary at
river mile 51.1. The Gaseous Diffusion Plant (RK-25) is served
by a separate pumping station, with waste water from the plant
being returned directly to the river.‘ -
Operationlof the TVA multipurpose dams fer flood contfol,
navigation, and power generation results in regqulated flow in
the Clinch and Tennessee Rivers. Navigation locks are
incorporated in.all dams on the Tennessee River and in Melton
Hill Dam on the Clinch. During the winter months, following
cessation of heavy precipitation and runoff, reservoir levels
are raised to provide increased hydroelectric capability.

Subsequent power releases cause pulsations in river flows.
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Within the Clinch River, these discharges may reach 18,000
cfs, and they are not attenuated significantly Ltetween Melton
Hill Dam and the mouth of White Oak Creek.

These high flcw releases cause vwater 1levels to rise
rapidly, blocking the outflow of water from White Oak Creek
for about 6 hours each day. Upon cessatiqn of power
generation, the waters of White 0Oak Creek begin to flow into
the main stream and are flushed downstream with the next power
release, becoming thoroughly mixed in akout 7 nmiles
(Ref. B.4).

Morton (Ref. B.5) observed that the dispersion process
due to intermittent releases by Melton Hill Dam'was not
greatly different than that for steady £flow conditions, and
that downstream dye concentrations cculd be predicted on the
basis of a uni-dimensional transport equation incorporating
eddy diffusion ccefficients computed from steady-flow tracer
tests.

In general, the waters of small streams in the Oak Ridge
area are of the calcium-magnesium-bicarbonate type.
Uncontaminated major sources range in hardness from moderate
to very hard, with low contents of sodium, potassium, and
chloride (Ref. B.4). No significant irrigation usage is

apparent.

Seismology

The Oak Ridge Reservation lies in the Southern
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Appalachian seismotectonic province, which is characterized by
a series of northeast to southwest trending folds and thrust
fanlts in Paleozoic rocks. The region has been the source of
continuing minor seismic activity. A chronological listing of
the conplete seismic history of +the southeast region
(including earthquakes with epicenters outside the region
wvhich produced detectable tremors within the specified area)
is presented in Ref. B.6. A

The epicenters of 270 earthguakes which occurred during
the 40-year period, 1930-1969, are plotted in PFig. B.2
according to their equivalent Richter magnitude. An
approximate relationship is given by ¥=2/3 of Intensity + 1.
This plot does not include the two largest seismic events in
the history of the southeast. These were the 1811—1é12 shocks
at New Madrid, Missouri, Intensity XII, and the 1886 shock of
Charleston, South Carolina, Intensity X. The intensity at the
project site from these shocks was probably about VI or 1less.
Tvwo .major centers of seismic activity are apparent fron
Fig. B.2. These centers are within the Hississippi Valley
area and on the coast of South Carclina iq the Charleston
area. A third zone of relatively high seismicity coincides
with the southern portion of the Appalachian Mountain geologic
province.

A more detailed analysis of the seismicity of the

southeastern United States can be obtained .from an analysis of
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recurrence curves of the type shown in Fig. B.3. While the
"fit" of the data are not good, extrapolation of the curve for
the Southern Appalachian Region suggests a once-per-40-year
quake of intensity VIII (nodified Mercalli), a
once-per—-100-year shock of 1intensity 3IX, and a recurrence
interval between  destructive  shocks of 106 years, as
determined <from statistical +treatment of past records
(Ref. B.6). Seismic evaluations of the Oak Ridge area suggest
that within a 100-year period there exists a 50% probability

for ground motion acceleration to exceed 0.03 to 0.09g.

Area_ Access

Access for other than employees to the USAEC Oak Ridge
Reservation is 1limited to public roads. However, the public
road network within the area is well developed. State highway
62 bisects the Reservation east and vwest, providing a direct
route to Knoxville. State highways 95 and 61 run north and
south +through 0Oak Ridge, while U. S. Highway 25W, which
connects Knoxville, Tennessee, and Lexington, Kentucky, passes
4 miles northeast of the eastern boundary of the Reservation.
Interstate Highway 40 connecting Knoxville and Nashville,
Tennessee, is 2 miles southeast of the western boundary of the
Reservation. The primary and seccndary road system of the
Reservation is excellent.

The area is adequately served by rail transportation,
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with connecting points 1located at Harriman, Tennessee. The
Clinch River waterway forms +the southern boundary of the
Reservation and Jjoins the Tennessee River system 10 miles

downstream. A 9~-ft navigation channel extends above Clinton,

-

Tennessee, to Clinch River Mile 61.

Ecology of Site and Environs

The Oak Ridge Reservation is typical of the landscape and
ecological systehs which occur in the Appalachian Region of
the eastern United States. As such, the area is comprised of
a number of representative terrestrial and aguatic ecosystens
that range from smaller,” established southern coniferous
forests to northern hardvood +types and f£from small strean
tributaries to man-made'reservoir systens.

R preliminary inventory of the flcra of the general Oak
Ridge area was completed in 1966 (Ref. B.7). This inventory
has since been supplemented with cbservations of spring
flowering for 171 species of herbaceous and woody plants
representing 55 plant families (Ref. B.8).

Five Appalachian forest +types occur naturally on the
Reservation (Ref. B.9). The oak-hickory tyre shares equal
prominence with the yellow pine-hardwood type. Cove hardwcods
are found interspersed between dissected ridge systems, and
northern hardwoods occurr in sheltered areas with northern
exposures. A mincr type, white pine-hardwood, is found along

the northern boundaries of the property. Between 1947 and
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1950, large areas of open land were planted to loblolly pine,
creating a sixth forest types

A detailed map of the dominant vegetation within the
immediate area of the proposed facility is illustrated in
Pig. B.4. The area is relatively heavily wooded with a 1large
propgrtion of the total cover being comprised of sweet gum and
white and red oaks. Yellow poplar, ash, and red maple are
present on more mesic sites, and short-leaf and virginia pine
are scattered along roads and in open areas denerally as a
result of managed rlantings.

There are several available studies describing the fauna
of the area, with special reference tc Meltcn Valley wherein
lies the site of the proposed fuel refabrication pilot plant.
A 1958 survey of summer bird populations at 157 statioas
resulted in the reccrding of 1870 individuyals representing 65
separate species (Ref. B.10). Density of individuals was
highly correlated with vegetation cover, with the greater
number of birds being observe in habitats characterized by low
growing herbaceous material interspersed with younger trees.
A greater diversity of species, with 1lesser numbers of
individuals was found to be +typical fecr forested habitats.
Summer birds +typical of habitats represented in Fig. B.U
include the red-eyed vireo, Carolina wren, tufted titmouse,
Carolina chickadee, and numerous other pure forest as well as
edge species.

In contrast to area bird populaticns, which were shown to
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ORNL DWG 73-1614
PART 1

———n
%ﬁiﬁmﬂ A
SG-SLP-ASH/ t o0 c’?m
, & =
! KEY
11___SIP-RO-3E 4
STRA # VEGETATION TYPE ACRES 18 SLP-VP-SG-CED 9
i W q 19 NF BUILDING SITES 46
2 SCP 10 20 VP-SG-SLP T8
3 VP 19 21 VP-SG-ASH,VP-SG-BWi-VP-SG-POP 5
4 56 2 27 W0-SG-RO 57
5 BHi 3 23 WO-HIC 3
B CED, CED-SLP 1 24 HIG-¥0-POP-SG 3
7 WP-¥0 5 25 RO-HO-SE 7
B SG-YP_S6-SLP, SG-SLP-VP 15 26 POP-SG, POP-SG-RM 4
g $G-VP-CED 9~ 21 ASH-RM-POP-SG 5
10 SG-SLP-POP, SG-VP-POP-BH 20 28 SLP-VP.VP-SLP 2
T S6-ELH-BNi 1 29 SG-KO i
12 SG-POP-RM l 30 RO-WO-VP 7
13 S6-SLP-ASH [ 31 POWER LINE /W 5
14 SG-ASH-RM I 37 _ROADS - 5
15 SLP-HP-SG B
16 YP-$G-POP [ TOTAL ACREAGE 715

Fig. B.4.

Vegetation Type Map for the Area Surrounding the TURF.
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ORNL DKG 73-1614
_PART 2

COMMON NAME CODE  SCIENTIFIC NAME

ASH ASH FRAXINUS SP.

BLACK GUM 86 RYSSA SYLVATICA
CEDAR CED JUNIPERUS YIRGINIANA
ELH ELM ULMUS ANERICANA
HiCKORY HiC CARYA SP.

RED HAPLE RH ACER RUBRUM

YELLOW POPLAR pPeP LIRIODENDRON TULIPIFERA
HORTHERN RED OAK RO QUERCUS RUBRA

SHEETGUM SG LIQUIDARBAR STYRACIFLUA
SHORTLEAF PIKE SLP PIRUS STROBUS

BLACK WALNUT BYi JUGLANS HIGRA

HHITE 0AK W0 QUERCUS ALBA

WHITE PIHE HP PIRUS MOWTICOLA

VIRGINIA PIKE yP PINUS YIRGIKIANA

Legend for Fig. B.4.

be dependent upon vegetation cover, mammalian faunal makeup is
more directly linked with soil fertility and depth of humus
and litter layers (Ref. B.11). Typical species include nice,
shrews, opossums, racoons, woodchucks, cottontail rabbits, and
the gray fox. White-tail Qeer have been observed in the area,
and appear to be increasing in numbers, as evidenced by an
increasing frequency of road kills on the Reservation.

The herpetofauna of +the area have been described,
including a categorization of habitat +types (Ref. B.12).
Various species of salamanders, turtles, frogs and toads,
lizards, and snakes, inéluding the northern copperhead, make
up this particular component of +the area's biota. Various
facets of the aguatic system, represented by the White Oak

Creek-¥%hite Oak Lake-Clinch River-Tennessee River continuun,
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have been studied over the past several decades, particularly
with regard to the behavior and transport c¢f radioactive
materials in the agquatic environment (Ref. B.13). For the
most part these investigations were conducted prior to the
establishment of Melton Hill Reservoir, and they were
primarily concerned with selected organisms (e.g., tubificid
worms, crayfish, Chironomid larvae, clams, and several species
of fish, including white crappies, carp, and smallmouth
buffalo) as they related to the transport of radiocactive
materials.

A characterization of fishes commcn to'the Clinch River
system prior to the establishment of Melton Hill Reservoir
(Ref. B.13) showed major groups to include +the Centrarchidai
(sunfishes, basses and crappies), Catostomidae (suckers), and
Ictaluridae (catfishes). Except for carp, the Cyprinidae
(ninnows) were pocrly represented, primarily due to a lack of
suitable habitat. Forage for piscivorcus fish is provided by
large populations cf Clupeidae (threadfin shad, gizzard shad).
In addition to the above groups, sauger and white bass, both
carnivorous species, are reqularly caught.

The fisheries resources of the Tennessee River system are
exploited by both commercial and <srorts fishermen. Some
commercially harvested nongame species (e.g., carp, buffalo)
are marketed <£for human consumption. Records of commercial
takes from +the Tennessee River, 1946-1963, =show harvests

ranging from a low of 1,073,000 1b in 1947 to 8,532,000 1b in
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1963, comprised mainly of catfish and buffalo (Ref. B.13).
Typical of the present aquatic system dounstream from
Melton Hill Reservoir and immediately adjacent to the proposed
facility is the bictic composition of White Oak Lake at ORNL.
The lake has been characterized as having high phytoplankton
productivity and a well-developed benthic fauna, with the most
common forns being comprised of various insect 1larvae
(Ref. B.14). TFishes present in the shallow embayment (maximum
depth 7.3 £t) include bluegill and redear sunfish, largemouth
bass, warmouth, gizzard shad, golden shiners, goldfish, and

the mosquitofish, Gambusia affinis affinis.

Land_Use

The 92-square-mile Oak Ridge Reservation was originally
acquired as a site for production facilities and nuclear
research, and a security buffer and safety " zone vere
established around each AEC plant. The original 59,000 acres
acquired in 1942 have since been reduced to approximately
37,000 acres through land transfers +to the =mrunicipal
government and to state and federal agencies (Ref. B.9). A
study of aerial photographs made in 1942 indicates that about
43% of the area was at that time comprised of pastures and
fields. The remaining areas were forested.

The amount of timber harvested for construction of the

Oak Ridge facilities is unknown. In 1947, Management Services
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Incorporated, an AEC contractor, began a reforestation progranm
which ended in 1960. During that period, approximately 9
million pine seedlings were planted in o0ld field and open
areas to the extent that as of 1965, approximately 4300 acres
of shortleaf, loblolly, and eastern white pine plantations
existed in the Reservation (Ref. B.9).

A 1961 survey of fcrest lands by the TVA summarized then
extant timber resources éf the Reservation, leading to the
establishment of a forest management program at CRNL in 1964.

The present allocation of . land use amnong plant
installations is given in Table 3 (subsection II.D.6). Buffer
areas around each of the facilities provide increased security
and protection against accidental release of chenical or
radioactive materials and also provide room for future
expansion. Little forested acreage is included in the buffer
areas around fhe Y-12 and K-25 Plants, bkut extensive forested
areas lie within the ORNL and UT-AEC sections. BExcluding
buffer areas around USAEC facilities, the remainder of the
Reservation is subdivided into 24 management compartments that
range 1in size from 400 to 1200 net manageable acres
(Ref. B.9) . Approximately 93% of the total manageable land
(15,000 acres) is forested in pine (3€%), upland hardwoods
(32%) , mixed pine-hardwvoods (21%), and cedar and miscellaneous
species (11%).

Objectives of the present forest management plan are a

maximization of yield and quality of timber resources to
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assure a substantial yield of high—-quality stumgpage within the
constraints of primary research and production objectives of
the AEC facilities. Twventy-five research areas, totalling
2300 acres, are reserved for ecological studies. These areas
provide a variety of landscape units fcr research and pernit
the use of a holistic approach to ecosystem analysis. It was
recently proposed that the Oak Ridge Reservation be designated
an Environmental Study Park (Ref. B.15). Within this context,
a total of 41 study areas were delineated as being unique and
important in terms of present-day envircnmental problenms.

One historic landmark, the Oak Ridge Grarhite Reactor, is
located on the USAEC Oak Ridge Reservation at Oak Ridge

National Laboratory.

Regional Demography

As previously discussed, the proposed HTGR Fuel
Refabrication Pilot Plant is to be installed in the existing
TURF, which is located in the Melton Valley area of Oak Ridge
National Laboratory. Incremental pcrulaticn data, based on
the 1970 United States Census, out to a distance of 70 miles

in all directions from the TURF site are given in Table B.2.
The total populaticn in this area is 1,025,864, The two
largest cities near the plant site are Knoxville, Tennessee,
and Oak Ridge, Tennessee. The city limit of Knoxville, which

has a population of 175,000, is approximately 13 miles toward
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the east of the plant sité. The populated area of 0Oak Ridge

(population, 28,000) begins at approximately 5 miles north of

the plant site.

B.6.

B.7.
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Appendix C

ENVIRONMENTAL MONITORING OF EXISTING ENVIRONMENT

The Oak Ridge National Laboratory conducts a continuous
program of surveillance over the Oak Ridge reservation and its
surrounding environs to monitor all types of environmental
pollution. This program has been in effect for approximately
30 years to assure the continuing 'safety and protection of
installation pefsohnel and the general public. Similar
programs of surveillance are conducted at the 0Oak Ridge Y-12
Plant and the Oak Ridge Gaseous Diffusion Plant (K-25) which
are close by and share the same environment. All programs are
coordinated by the inter-plant office of safety and

Environmental Protection.

Radicactive Effluents

Information derived fronm the ORNL radioactivity
monitoring program is contained in the "Annual Environmental
Monitoring Report, USAEC Oak Ridge Facilities" issued by the
Union Carbide Office of Safety and Environmental Protection.
In addition, the ORNL Inspection Engineering Department issues
reports on testing of pollution control devices, chiefly

filters.
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Atmospheric Releases

Atmospheric releases are monitored with din-plant and
in-stack monitors, a local air monitoring network, perimeter
air monitoring network, and remote air monitoring network, and-

a milk sampling network.

(a) In—-Plant and In-Stack Monitors. It has been a

long-standing policy to monitor all'effluents at the points of
release to the environment to obtain accurate estimates of
total releases. Monitoring data indicate that yearly releases
have decreased steadily although operations involving
radioactivity are still widespread and the sensitivity and

accuracy of monitoring equipment have improved.

(b)Y __Local Air Monitoring (LAM) Network. Atmospheric

contamination and fallout on the ORNL site are monitored with
continuous airflcw filters, fallout trays, and rain
collectors. There are 22 monitoring stations which comprise
the LAM network at ORNL. Three of these stations are located
in the Melton Valley area, and one of these (station 20) 1is
adjacent to the TURF. The real-time readings for instruments

at all LAM sites are telemetered to a central readout panel.

{c) _Perimeter Air Monitoring (PAM) Network. The PAY

network consists of nine stations located on the perimeter of
the AEC-controlled area, as illustrated in Fig. C.1, and it

provides data for evaluation of the impact of all Oak Ridge
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operations on the immediate envircnment. These stations are
similar to the ones in the LAM network, and the readings are

also continuously telemetered to a central readout panel.

(d) __Remote Air Monitoring (RAM) Network. The Ram-

network consists of eight stations located outside +the
AEC-controlled area at distances of frcm 12 to 75 miles fron
ORNL, as is shown in Fig. C.2. This system provides data to

aid in the evaluation of local conditicrs and to assist in

‘determining the spread or dispersal of contamination if a

major incident should occur.

fe) _Milk Sampling Network. Samples of raw milk are

collected at 12 sampling stations located within a radius of
50 miles of ORNL. Samples are taken on a weekly basis fron
the eight stations shown in Fig. C.3. These stations are
located outside the AEC-controlled area within a 12-mile
radius of ORNL. Samples are collected every 5 weeks from the
four remaining stations, all of which are located ocutside +the
12-mile radius up to distances of about 50 miles. The samples
are prepared in a radicanalytical 1laboratory for counting

iodine-131 and strontium-90.

Liguid Releases

Low-level radioactive liquid wastes originating from ORNL

operations are discharged, after preliminary treatment, to
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Fig. C.3. Location of Milk Sampling Stations.

White Oak Creek, which is a small +tributary of the Clinch
River. The radiocactive content of the White Oak Creek
discharge is determined at White Oak Dar, which is the 1last
control point along the stream prior to the entry of White Oak

Creek into the Clinch River.

(a) In-Plant Monitors. All facilities at ORNL are

equipped with continuously operating radiation monitors.

Radiation and contamination detection and alarm systems are
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installed in +the TURF to continuously and automatically
monitor the air contamination 1level and gamma and neutron

radiation levels.

(b __White Oak Dam Monitoring Station. Samples of VWhite
Oak Creek effluent are collected at’  White Oak Dam by a
continuous stream flow proportional sampler. The samples are
analyzed weekly for transuranic alpha enitters, total
strontium, and iodine-131. Composite samples are analyzed for
all individual radionuclides present in detectable quantities.
The monitoring station at White Oak Dar provides information
to determine the percentage distribution and concentrations of
the various radionuclides in the effluent stream and to
calculate the gquantity of each radionuclide released to the

Clinch River.

(c) _Clinch River Monitoring Staticns. As a follow-up to

monitoring at White 0Oak Dam, two sampling stations are
maintained in the Clinch River below the point cf entry of the
wastes. one is located at the water intake to the Oak Ridge
Gaseous Diffusion Plant, and the other is located at Centers
Perry, near Kingston, Tennessee. Background cr comparison
data are provided ty a sampling station at Melton Hill Dan,
located upstream from the confluence of White Oak Creek and

the Clirnch River.
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Nonradioactive Effluents

A surveillance program for assessing effluent waste
vaters from ORNL and the subsequent lévels of chenical
pollutants in the Clinch River has been in operation si;Ze
1962. The 1$cations of six sampling points are shown on

Fig. C.b4.
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Appendix D

ATMOSPHERIC DISPERSION OF STACK RELEASES

The equation used to estimate the radionuclide air concentrations
at ground level is the Gaussian plume equation of Pasquill* as modified

by Gifford.2

y 2 y z
where
X = radionuclide concentration in air at ground level at a point

x meters downwind from the plant and y meters in the crosswind
direction, Ci/nf,

Q = uniform rate of release of the radionuclide from the plant,
Ci/sec,

y = distance crosswind from the center line of plume, m,

h = effective stack height, m, -

p = wind speed, m/sec,

o, = horizontal dispersion coefficient, m, and

o, = vertical dispersion coefficient, m.

The downwind distance (x) comes into the Pasquill equation through
the parameters oy and O, which are functions of both x and the degree
of atmospheric stability. Pasquill devised a classification scheme for
atmospheric stability that consists of six categories ranging from A,
the most turbulent category, to F, the most stable category. The plume
disperses rapidly in both the horizontal and vertical directions in
category A, and it disperses slowly in category F. Plots of Uy and o,
as a function of x for each of the six atmospheric stability categories
derived from Pasquill's classification scheme can be found in the USAEC

report Meteorology and Atomic Energy 1968.2

The meteorological information required to compute average ground-
level air concentrations of a radionuclide as a function of distance
and direction from a plant uniformly releasing a radionuclide from its

stack is
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1, the annual frequency of each of the six Pasquill atmospheric stability

categories,
2. the annual frequency with which the wind blows toward each of 16

directions away from the plant, and

3. wind speeds as a function of wind direction and atmospheric stability

category.
Meteorological data for the plant site, based on U. S. Weather Bureau
observations, are given in Tables D.1 and D.2 for C and E stabilities,
the two generalized stabilities applicable to the area.®

The effective stack height, h, in the Pasquill equation is the sum
of the physical stack height, ho, and the plume rise, which is k/u for
a plume rise resulting from momentum. The physical stack height is
80.8 meters and the stack constant, k, is 29 meters® /sec.

An effective perimeter was established for the AEC-controlled
reservation with respect to the plant site.,* Dilution factors at ground
level were obtained in a computer run using the input data of Tables D.1
and D,2, The dilution factors for each direction from the stack at the
distance in meters at the edge of the effective area perimeter are given
in Table D.3. The log polar isopleths of expected annual average stack
dilution factors for the plant site are shown in Fig. D.l. A low inver-
sion lid was assumed for category E, and this maximizes the ground-level
air concentrations for this category because it imposes a restriction
on vertical dispersion. No correction was made for ground deposition
of particulates., The dilution factors in Table D.3 are thus maximized
because a plume is depleted by particle deposition.

The least dilution occurs in the northeast sector and results in a
X/Q of 2 x 1077 sec/m® (see Table D.3). This conservative X/Q is used
to dilute the expected annual average atmospheric releases listed in the

text.
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Annual Average Stack Dilution Factors of

Effective Area Perimeter

Direction from Distance Dilution Factor
Stack (meters) (pCi/n® per pCi/sec)
N 3465 1.08 x 1077
NNE 3925 9.30 x 1078
NE 3315 1.72 x 1077
ENE 3315 7.20 x 1078
E 3355 7.52 x 1078
ESE 3160 4,21 x 1078
SE 2780 4,76 x 1078
SSE 2935 2.47 x 1078
S 3505 3.62 x 1078
SSW 3580 5.62 x 1078
SW 3660 1.06 x 1077
WsW 3885 5.30 x 108
W 4380 6.20 x 10-8
WNW 3350 4,03 x 10-8
W 3085 6.26 x 10-8
NNW 3050 5.38 x 10-8
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