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GROUP VICE PRESIDENT June 30 ’ 1972

Mr. S, H. Smiley, Director
Division of Material Licensing

U. 5. Atomic Energy Commission
Washington, D, C. 20545

Dear Mr. Smiley:

Please refer to your letter of April 12, 1972 and the letter of
your Mr. C. R. Buchanan to our Mr., W. J, Shelley of March 23,
1972, describing certain deficiencies in the Environmental
Report-Revised submitted to your office November 24, 1971,

In response to the request, we have prepared an Environmental
Report-Supplementary dated June 1972, which is attached. It

should be recognized that this report does not contain in duplicate

all of the information submitted in the earlier report. As requested
by Mr. Buchanan, certain sections have been expanded with additional
detail or new material added. We have responded to all of the points
raised by Mr. Buchanan in this Supplement.

In accordance with Section 2. 790(b) of 10 CFR Part 1l we have
separately requested that Tables VII, VIII and IX be withheld from

public disclosure and have obliterated the information on the
enclosed Tables.

We would be pleased to discuss all or part of this report at your
convenience,

Very truly yours,

Q/M,, |

S. Dunn

PSD:ks

Attachment
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the application and approval is included in Appendix I,

By Executive Order of May 24, 1971, Governor Hall
established the Eastern Oklahoma Planning District, including
Sequoyah County, to coordinate planning functions with federal
government departments charged with the responsibility of
financing regional social development activities. As a result
of this Executive Order, an Eastern Oklahoma Planning District
Committee was formed and includes the counties of Wagoner,
Cherokee, Adair, Sequoyah, Muskogece, Okmulgee and Mclintosh and
most of the municipal governing bodies interested in securing
federal grants for the purpose of planning for urban renewal or
other public works. Control of the installation and operation
of industrial facilities in the region is not included under
this agency's responsibilities,.

Copies of all permits required by the State and

Federal Government are attached in Appendix I of this report.

IT. DESCRIPTION OF SITE AND AREA

A. Location

The plant site was selected from 10 potential sites in
the Arkansas River Valley. Major factors involved in the
decision were transportation, water supply, availability of land,
absence of other industrial installations, quality and skill of
available labor, low probability of destructive tornadoes,
minimal seismic activity and a desire to benefit the chronically
depressed economy of eastern Oklahoma,

The plant is located on a 2100-acre tract on the
western edge of Sequoyah County. This tract is bounded on the
north by U.S. Highway 64, on the west by the Illinois and
Arkansas Rivers, on the south by Interstate liighway 40 and on
the east by the eastern section line of Section 22. The immedi-
ate plant area is a fenced-in restricted area of about 75 acres
in Section 21 (T12N-RZ21k) with access to Oklahoma Highway 10
adjacent to the eastern boundary. The site layout is shown in
Figure 1. The plant site is approximately 150 miles east of
Oklahoma City, 40 miles west of Fort Smith, Arkansas, and 25

miles southeast of Muskogee, Oklahoma,
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B, Use of the Site

When the site was acquired, a small soybean field was
located at the west edge along the Illinois River and a small
wheat field was located in the area now occupied by the plant,

No significant cultivation has occurred on the site except for
these two small fields. About one-third of the site is open and
the rest is heavily wooded. The trees arc mostly post and black-
jack oak with there being a few hickory, pecan and cedar trees.
None of the timber is mature enough to be commercially useful,
Some local cutting is done for fuel and, to the east in Arkansas,
similar timber is a raw material in the manufacture of charcoal.
But the most important prior use of the land was as a cattle
pasture,

The original 75-acre site was capable of supporting
about 10-20 cattle (Foreman Carlile, previous owner) on a year-
round basis providing that the effort was made to keep the land
free of scrub, timber and weeds. The plant is located at a high-
point on the 2100-acre site., For agricultural purposes, the
better land is at lower elevations., The plant is located on
marginal agricultural land.

A site map showing the present uses of the land is
shown in Figure 2.

The 75-acre plot on which the plant is built has been
substantially altered. Inside the plant security fence, two-lane
access roads have been built., All major plant roads have been
surfaced with asphaltic concrete on a cement treated base in
accordance with State of Oklahoma Department of Highways
Standard Specifications. Asphaltic concrete paved parking areas
have been built for 60 cars near the administration area.

Storage areas have been provided for full and empty drums and
UFg; shipping tanks. A tank farm for storage of chemicals is
located near the process building., liazardous chemicals are
lecated in diked areas as required by applicable fire codes. An
area 100 feet on all sides of the solvent extraction building is
surfaced with clean gravel over a 0.006" black plastic base to

keep the area free of vegetation.
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Drairage swales and diversion ditches are planted for
erosion protection., Slopes and embankments steeper than four
horizontal to one vertical were sprigged with bermuda grass
crowns while flatter slopes and yard areas were seeded. A six
foot high security fence topped with barbed wire surrounds the
plant area. Access to the plant is through a motor driven

double swing gate remotely controlled from the reception area.

C. Description of Area

The plant area and the surrounding Kerr-McGee site is
a mixture of rolling pasture and timberland with some steep
slopes and a small amount of cultivated fields. Aerial pictures,
Plates No. 1 and 2, taken in May 1972 show three views of the
plant and the immediate area while the fourth picture is an
aerial view of the small town of Vian lying immediately to the
east., The combination of plentiful rainfall, topography and
adjacent riverways has produced proliferant forms of wildlife
and vegetation.

Since the inventory of the biota requested seemed
beyond the nmormal scope of expertise for the Kerr-McGee organi-
tation, members of the statf of East Central State College were
retained to prepare certain sections of this report so as to
insure reliability and completeness of information. Their

cuentributions are credited and included below.

THE FLORA
C. E. Butler, PhD
Associate Protessor vl iuuxu;\v
The vegetation oi Sequayahk County, whick includg
the Kerr-McGee Sequoyah facility, is included in
what Bruner! has described as the Oak-hickory
savannah vegetation region. This type of region
is characterized by varying degrees of dominance
of woodland and grassland., It is essentially a
transition community between forest and prairie,

1Bruner, W,E, 1931, The Vegetation of Oklahoma,
Ecological Monogr. 1:99-188.
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Wallis? examined the flora of the Ozark region of
Oklahoma. The region is the northeastern corner
of the state with natural boundaries formed by the
Grand (Neosho) River on the west and the Arkansas
River on the south., Sequoyah County is included
in this region. Wallis reported 1,377 species and
subordinate taxa from this region. He made twenty-
four additions of species and subordinate taxa to
the state flora. Two of these were reported from
Sequoyah County but neither of the two were found
in the Kerr-McGee facility,

The publication of Waterfall and Wallis® was used

as a checklist in two survey trips during mid-May
1972, Deletions and additions were made to make

the list better fit this limited area, The spring
and pre-summer aspects were investigated thoroughly.
Other aspects could only be checked by vegetative
characteristics.

The 2100-acre tract on which the plant is located
plus a two mile radius in all directions wuas
investigated. The topography in this area varies
from nearly flat in the bottom lands of the
Arkansas and Illinois Rivers to gently rolling
adjecent to the bottom lands to a high level ridge
rising as much as 400 feet above the valley floor.
The maximum change in elevation across the plant
site is from 450 feet above sea level at the
[1linois River to 700 feet in the southeast corner.

Approximately one-third of the site is open and
the balance is moderately to heavily wooded.

The flora will be described in the following

regions of the plant site: a,) the uplands-this
region includes the tops of the hills and the upper
slopes of the hills; b,) the lower slopes-this
region is composed of the lower slopes of the hills;
C.) stream valleys-this region includes the areas

on the sides of the streams and the banks of the
Arkansas and Illinois Rivers, and; d.) the aquatic-
this region includes the stream beds, ponds and
rivers 1n tne area.

“Wallis, C.S. 1959, Vascular Plants of the Oklahoma
Ozarks, Ph.D. Dissertation, Botany Dept., Oklahoma
State University, Stillwater, Oklahoma.

‘Waterfall, U.T. and C.S. Wallis. 1964, A List of
the Vascular Flora of the Oklahoma Ozarks. Studies
in the cowmposition and distribution of the Oklahoma
flora. No, 29. Proc, Okla. Acad. Sci. Vol. 44:11-22,

-10-




The Uplands

There is a gradual sloping of the land of the plant
site from east to west and south toward the
Arkansas and Illinois Rivers. The ¢®.ping on the
north and east varies from gradual to steep.

The soils in this region are mostly of the hector-
Linker-Enders Association“, These soils are
described as being sloping to steep, somewhat
excessively drained, stony soils that are very
shallow to deep over sandstone or shale.

The region varies from heavily wooded on the upper
slopes to sparsely wooded with intermittent open
areas. The open areas have been cleared in the past
for agricultural purposes and would have trees as
climax vegetation,

Much of the open areas in the uplands have been
cleared for agricultural purposes. Also some of

the cleared area is presently disturbed by roads and
mowing. Especially, adjacent to the plant, mowing
is practiced. Due to past cultivation and over-
grazing by cattle most of the native grasses have
been removed. These grasses have been replaced by
introduced grasses and invader forbs,

The Lower Slopes and Stream Valley Woodlands

The slopes range from relatively steep on the north
and east and to gentle on the south and west.

The woodlands on the north and east vary signifi-
cantly from those on the south and west. The north
and east slopes are composed of mature trees with
many trunks and branches littering the forest floor.
Also, outcroppings of sandstone are frequent. The
trees on the south and west slopes are comparatively
young trees with much open area, Many of the tree
species on the slopes are common to both but other
species are distinctive to one or the other,.

There are narrow strips of land along the banks of
the two streams and the Arkansas and Illinois Rivers
where there are many species of trees, shrubs, woody
vines and herbaceous plants, which are typical of a
bottomland forest,

“Abernathy, E.J. 1970. Soil Survey of Sequoyah
County, Oklahoma. United States Department of
Agriculture, Soil Conservation Service.

<11~



Adjacent to the fringe of wooded area along the
I1linois River just before it joins the Arkansas
River is an area of very fertile bottomland soil
that is used to grow wheat. Part of the land, at
the time of the observation, contained a field of
lush wheat. Approximately 1/3 of this cultivated
land was fallow. Along the edges of the wheat
field and in the fallowed land were found many
species of herbaceous plants which are typical of
disturbed areas.

Aguatic

In the water and along the banks of the streams
and rivers in the area several species of aquatic
plants were noted.

The lists should be construed as only a partial
identification of the flora of the plant site. It
was impossible to note all of the species because
of the limited period of time that observations
were made. Also the flora changes with the seasons
and, thus, it was not possible to identify, from
vegetative characteristics, all of the early spring,
summer and fall plants. From the observations that
were made, no observable adverse effects of the
effluents from the plant were noted. Various
species of plants are growing profusely along the
edges of the liquid effluent storage ponds. Also,
plants are growing without apparent detrimental
effect in the stream that is used to drain the
effluents into the Illinois River. The vegetation
growing near the plant and within 1 and 1/2 miles
of the plant show no apparent adverse effects from
the effluents.

An inventory of known and expected species appears in

Appendix 11,

D. Climate
Typically, this section of Oklahoma receives ample
rainfall in the spring and fall and is prone to have dry weather
and high temperatures during the summer months., Vegetation will
grow quickly in the spring, tends to be dormant in the hot
summer and may brown off in the late summer. Some growth takes
place during the cooler, wet fall months although the vegetation

does not completely regain its color until the spring.



The normal annual rainfall is about 40 inches and the
mean temperature is 62°. During the 6Z-year period that records
have been kept, the extreme high was 115° and the extreme low
was -15°,

Winds in the area are somewhat variable and tend to
be lighter than those to the west in Oklahoma. Wind roses
showing the wind direction and velocity for the year between
April 1, 1971, and March 31, 1972, and also for each quarter are
presented in Figures 3-7. These will be referred to again later
in the report.

Sequoyah County lies in a zoane of having an approximate
probability of 1.66x10°3 of having a tornado in any given year
(once every 600 years). One family had lived on the site for
100 years before the Company bought it., They had no recall or

record of a tornado ever damaging the plant area.
E. Wildlife

THE FAUNA: TLRRESTRIAL VERTEBRATES
W. C. Carter, PhD
Chairman, Department of Biology

The species lists of amphibians, reptiles, birds,
and mammals presented here are developed from a
survey of available literature, limited field
observations and estimates based on habitat
potential, These lists are "best estimates'" and
can not be considered as a definitive study of the
terrestrial vertebrates of the area. Field
observations were made 20, 21 May 1972,

The species found and expected in the area are
essentially those of stiong eastern (Deciduous
Forest) affinities., IThis 1s expected as the
Sequoyah Facility is in the southwestern edge of
the Ozark Uplift. The proximity of both the
[1l1inois and Arkansas Rivers on the west and
southwest of the study area presents a floodplain
habitat., The remainder of the area is either
woodlands or grasslands., Ponds, small streams,
or the rivers provide water sources in all
habitats,

Development of the river floodplain arecas for
commercial use has drastically altered much of
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this habitat, Some prime mature hardwood forest
remains and provides excellent habitat for numbers
of wildlife species. Upland areas are altered in
the immediate area of the Facility with the
remainder of the area either left "wild" or with
limited agricultural uses. Thus, the Sequoyal
Facility property presents a varied habitat that
attracts a rich variety of wildlife, A long-term
study of the area would probably verify most forms
listed in this report and possibly add others.'

The present land-use practice of the Sequoyah
Facility seems to be highly beneficial to wildlife;
that is, limited use of the major portion of the
property allows a "refuge" effect on the terres-
trial vertebrates.

Amphibians: The species list of 14 salamanders
and 12 frogs and toads is chiefly compiled from
Bragg® and Conant®., Verification of the amphibian
fauna would require a considerable amount of field
work under selected seasonal weather conditions.
Although, some of the salamanders are known only
from a limited Ozark range, none are considered
rare or endangered.

Reptiles: The species list of 12 turtles, 8

lizards, 26 snakes, is compiled from Conant and
Webb”, Although the Scarlet Snake is rarely encoun-
tered, and the Red Milk Snake is represented by only
a few specimens for Oklahoma, none of the reptilian
species are considered rare or endangered, Nine
species were observed on a two-day study in May 1972,

Birds: The list of birds representing 47 families
and over 260 species is chiefly compiled from
Sutton®, This reference notes the considerable
amount of field work done in adjacent Muskogee County
and lists a number of references for Sequoyah County.

"Bragg, A.M., et al., 1950, Researches on the
Amphibia of Oklahoma. Univ, of Okla. Press, Norman,
Okla,

“Conant, R, 1958. A field guide to reptiies and
amphibians of eastern North America. Houghton-
Mifflin, Boston.

'Webb, R.G. 1970. Reptiles of Oklahoma., Univ, of
Okla, Press, Norman,

Sutton, G.M, 1967, Oklahoma birds. Univ., of
Okla., Press, Norman.

‘l‘."
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As the Facility property presents a wide variety

of habitats, a large number of avian species may be
expected in the area. Also as birds are highly
mobile, other species may be expected in the area
from time to time. Fifty-seven species were
recorded on a two-day study in May 1972,

Of the species known and expected for the area, the
Bald Fagle (an uncommon Winter Visitant) and the
Peregine Falcon (a rare Winter Visitant) are con-
sidered rare and endangered?., The Bald Eagle and
the Golden Eagle would be attracted to the areas
along the rivers along the western edge of the
property. The Peregine Falcon would be attracted
to the upland woodland edge areas. The Ouiprey is
listed in the Rare and Endangered species lists as
"status undetermined". This species is probably a
low density regular migrant along the rivers. These
species would be affected by activities of the
Facility only in case contamination of river fish-
eries occured.

Some birds--waterfowl and Bobwhite--are of economic
importance as hunting species,.

Mammals: The list of 53 species of mammals 1s
compiled from Burt and Grossenheider'? and Hall and
Kelson'!, Some small game species--rabbit and
squirrels--are of economic importance as hunting
species, The White-tailed Deer is also a game
species, Fur-bearing species are not utilized to a
great extent at this time. Recent records indicate
the presence of the Mountair Lion as a visitant
species in this area of Oklahoma,

%U.S. Fish and Wildlife Service. 1968, Rare and

endangered fish and wildlife of the United States.
Burt, W.J. and R.P., CGrossenheider, 1964, A

field guide to the mammals. Houghton-Mifflin,

Boston,

I1Hall, E.R, and K.R., Kelson. 1959, The mammals of

of North America. Vol. I and I1. Ronald Press,

New York.

An inventory of known and expected species appears

Appendix I1.

in
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five miles, then the sixth circle was drawn at the
ten mile interval.

The circles were then divided into sixteen segments
of 22%° each, with true north bisecting segment A,
Proceeding around the circle to the right, each
22%° segment was then given a subsequent alphabeti-
cai letter thru (P), the loth letter. The Y0
subsequent sub-division were identified by an
alphabet letter and number. The population of each
segment and sub-totals for both distance and
direction are shown in Table II.

Within this charted area, are three small towns on
which population statistics were available from the
1970 census. These towns and their population and
location on Table Il are: Gore (478/0-3), Tamaha
(83/G-10), Vian (1131/E-10, 7 mi). lThe inhabited
areas outside the three small towns were identified
hy using the 1969 county cultural maps of the
Jklahoma Highway Department. All housing, schools
and churches outside municipal limits are identified
on the maps. The 1970 census indicated the popula-
tion per househcld was 2.97 in Sequoyah County,
2,71 in Muskogee County and 2.70 in Haskell County,
Using the 1970 census for the small towns a
Fopulation estimate for the 10 mile radius was made
)y counting the number of houses in each of the 96
sections.,

Transient population figures and estimates for the
area were obtained from several sources. Recreation
figures were obtained from the U.S. Army Corps of
Engineers, and the Oklahoma Industrial Development
Parks vepartment, Traffic figures for the Inter-
state highway were obtained from the State Highway
Department. Supplementary data were obtained from
local industrial development sources, county
extension and civic leaders.,

The concentration of population varies considerably
in distance and direction from the plant, as shown
in Table Il and Figure 8., Within one mile of the
plant the population estimate is 54 people. The
second mile the amount doubles to approximately 126,
Most of the population within the second mile are
located south and southeast of the plant, Within
three miles of the plant, the heaviest concentraticn
of population is found. It is west and northwest of
the plant and primarily in the two small towns of
Gore and Webbers Falls. The population count for
that zone is estimated to be 808 persons, Smaller,
but still relatively heavy population concentrations

re
Lo
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are found almost due north along state highway 100
from Gore to Tenkiller Lake. The four mile zone has
rather heavy concentration of population in a north-
northwesterly direction and also to the southeast.
This area has 649 people. The population patterns
continue from the four mile zone into the five mile
zone with little change, except there is a notable
decline to 257 people.

The zone that includes the population from five to
ten miles has the largest accumulative population,
The 3578 people residing in this area are evenly
distributed except for heavy concentrations approx-
imately six miles to the east in the town of Vian,
and the northwest along state highway 10. The
sparsest concentration of population is due south

in northern haskell County, north-northeast near the
southern end of Lake Tenkiller and west-northwest

in the hill region of southern Muskogee County. The
current estimated permanent resident population in

a ten mile radius of the plant is 5,472,

In estimating the number of population within the

ten mile region, one must also evaluate the temporary
population the numerous recreational facilities
attract, In section B-10, Tenkiller Ferry Reservoir,
with the very popular Pine Creek State Park will have
large crowds on weekends and holidays for a six-month
period., Northwest, in section P-10 is the small but
popular Greenleaf State Park. Other resorts with
weekend cabins, trailer parks, and camping sites are
located on the two reservoirs of Robert S, Kerr and
Webbers Falls. During the year of 1971, Greenleaf
State Park and Tenkiller State Park had 417,007 and
1,011,928 visitors respectively according to figures
supplied by the Oklahoma Industrial Development and
Parks Department., These figures represent a total
increase of 170,000 over 1970, Figures for the

first four months of 1972 indicate a similar increase
is probable.

Though exact figures were not availabe for the Robert
S. Kerr and Webbers Falls Reservoirs, Robert Hens.ey
of the U.S. Army Corps of Engineers, Tulsa district,
estimated that the 'wo reservoirs and related
attractions drew 2 million visitors in 1971,

With the realization that part of these facilities
are just outside the ten mile area, the Corps of
Engineers estimate and the Industrial Development

and Parks Department figures place between 3% to 4
million persons within or adjacent to a ten mile
radius of the Kerr McGee plant each year., Since this



temporary population is seasonal and is highest on
weekends, it can far exceed the permanent resident
population at a given time,

Another factor which must be considered is Inter-
state Highway 40 which passes one mile to the south
of the plant., The traffic count is 6000 vehicles
per day per annum in 1971'2, Although this popula-
tion is transient, it does place many people passing
within close proximity to the plant daily.

Growth of population in this part of Oklahoma will

be moderate over the next several years. Most growth
will be as the direct result of the Kerr-McClellan
canal system and an increase in recreationally
related jobs. Ports are being constructed upstream
at Muskogee and downstream at Sallisaw, It 1s
generally believed most of the industrial growth
impact will fall within the immediate environs of
those two cities and will have slight residual,
commuter-type effects on this area, The Kerr-McGee
plant itself is already functioning and will add some
(but not much) in the way of new jobs to the area,.

It has, however, already made its greatest impact on
the area, particularly the small town of Vian,

The construction of new recreational facilities on
Robert S. Kerr and Webbers Falls Reservoir will more
than likely have a more profound effect on the
growth patterns of the plant area. however, these
jobs are generally regarded as seasonal thus having
a limited effect on permanent population.

The Lastern Oklahoma Development District estimates
the 1980 population will exceed 30,000 in Sequoyah
County and by 1990, the population will be 72,000,
Using these estimates, optimistic as they might be,
the projected population in the year 2000 would then
be around 100,000, The ten mile area around the
Kerr-McGee plant has a current population of 5,472,
Using the percentages of the E,0,D.D, the area
permanent resident population would be 1980-7026,
1990-16,862, and 2000-21,583 respectively, It must
be pointed out, that these figures are the based on
optimum growth factors., A more realistic set of
figures would range from 50% to 75% of those quoted
according to Phillip Knowlin, Sequoyah County
Extension Agent,

l20klahoma Highway Department, Division of Traffic
Studies,



With the current trend in recreation and the fact
that the Corps plans to build additional recreation
facilities on Robert S, Kerr Reservoir the temporary
population will be a significant factor during the
next 30 years. Robert Hensley of the U.S5. Army
Corps of Engineers estimates that by the year 1977,
the four reservoirs and related recreational facil-
ities will have an annual visitation rate of 14
million persons, Assuming that the area 1ill
eventually reach what might be termed a recreational
saturation point, a figure of 25 million visitors
per year is quite possible by the year 2000.

In summary, it would appear that the temporary
population resulting from a rapidly growing
recreational pattern must be considered equal in
importance to the permanent resident population,.
The transient nature of the recreational population
should certainly be considered also,

Projected Use of Land

The location of the Kerr-McGee plant has caused a
small change in the landuse patterns., The removal
of 2175 acres has caused an increase in the farm
land values and has cre.ted a demand for land
reflected particularly in the western part of
Sequoyah County, Except for a slight intensifica-
tion within the urban areas and a slight modifying
of land useages, the plant has had little effect
upon land use patterns, By far, the greater impact
within the region has been the creation of the large
Teszrvoirs and subsequent flooding of much bottom-
and,

The city of Sallisaw is now attempting to negotiate
a site for its port facilities, A Sallisaw Chamber
of Commerce spokesman stated that Sallisaw has had
many inquiries conczrning potential plant site
location, most desired location either at the port
site or situated somcwhere between Sallisaw and

Ft. Smith, lle stated that to his knowledge, no
plants planned to locate anywhere between Sallisaw
and Muskogee., Mark Rader, terminal manager for the
Port of Muskogee said that at this time he knows of
no plants planning to locate in the area between
Muskogee and Sallisaw. He pointed out that there
is already one liquid storage plant 2 miles south
of Muskogee and a coal company loading facility
below Lock #1l6.




The fact that recreational development constitutes
the primary thrust in the area at this time also
indicates that land use patterns will not change
appreciably, In most of the recreational areas
surrounding large reservoirs, typical pasture and
limited farming patterns are continued. No residen-
tial areas other than cabin sites and only a few
recreation-related businesses such as lodges,
service facilities and docks, will be located in

the area adjacent to the reservoirs,

Exact percentages of landuse within a ten mile
radius of the plant are not available. Based on
topographic data from maps, previously cited popu-
lation statistics, limited agricultural use data,
and recreation statistics, the following percen-
tages are estimated. (1) agricultural; (mostly
pasture with some farming): 30%. (2) Recreation:
35%. (3) Residential (towns and rural settlements):
20%. (4) Commercial and industrial: 15%. (5)
Vacant rough terrain, river bed, etc: 25%. (Figures
total over 100% due to multiple use in some cases.)

Land Values

The per acre value ot farm land has changed 56.63%
in the period from 1964 to 1969, This is due in
part to the location of the Kerr-McGee Plant and

the inundation of farm land by the large reservoirs.
The value per acre for Sequoyah County in 1964 was
$113.04, The 1969 value per acre of land sold was
$197.66'%, The 1972 estimate is $225.00 per acre.
The value varies widely due to location and physical
features., Bottom land sells generally from a low

of $400,00 to $600,00 per acre. Some farm land will
sell for a $1,000.00 or more per acre when the land
has any possible industrial or recreation develop-
mental potential according to Phillip Knowlin,
Sequoyah County Agricultural Agent.

The value is much less in hill regions. For
instance the isolated, rocky hill soil may bring no
more than $75.00-8100,00 per acre. Again these
values will be influenced by commercial or recrea-
tional development potential. If land is located
between Sallisaw and Ft., Smith or near the new river
port in the county, the value will be proportionally
higher,.

19Leo Strickland, Agriculture Economics Specialist,
Oklahoma State University,










The Arkansas and Illinois Rivers, the reservoirs and
many small streams in this arc¢a contain many varieties of native
and introduced species of fish. As described above, the Illinois
River, from the Tenkiller Reservoir Dam to the Arkansas River,
is a put-and-take trout fishery under the control of the
Department of Wildlife Conservation. In the warm water lakes and
rivers large-mouth bass, crappie and catfish are the most popular
sport species though all species have their enthusiasts. The
levels of fish populations are especially sensitive to quantities
of food supplies and optimum spawning conditions., Many small
ponds have been known to become overpopulated with consequent
reduction in size, general malnutrition and deteriorated quality
of occupying species. Heavy pollution will tend to reduce fish
populations by interfering with spawning conditions and food
supplies. Neither the Illinois nor Arkansas River systems at
this location show any evidence of such conditions,

The recent completion of the Robert S. Kerr Reservoir
1s expected to alter the species population in the direction of
providing more typically impoundment populations as contrasted
to the previous river channel populations. Strijed Bass
apparently migrated from plantings in Keystone Lake or the
Dardenelle Reservoir in Arkansas and are now found in Ker:
Reservoir. Bass and Channel Catfish were stocked when the lake
was filled,

None of the resident species are endangered and seem
to be flourishing with completion of the reservoir,

No commercial fishing is permitted,

An inventory of fish species in the Illinois and

Arkansas Rivers is included in Appendix I1,

I. Geology and Geohydrology of the Plant Site

The Sequoyah Plant site is located on the southwest
flank of the Ozark Uplift, a major tectonic feature which
extends from eastcentral Missouri to northwest Arkansas and
northeast Oklahoma. The Arkoma Basin lies immediately to the

south and southeast and the Ouachita Mountains are fifty miles



south of the plant, A section of "Tectonic Map of the United

States 1961" by U.S.G.S. and A.A.P.G. is shown on Figure 9.

1. Topography and Drainage

The area surrounding the plant consists of open

pasture, heavily wooded slopes and wooded stream channels.
Drainage is by small intermittant streams which empty into the
Il1linois River, the west boundary of the Kerr-McGee property.
Maximum relief across the area is 250 feet, with elevations
ranging from 450 feet adjacent to the Illinois River to a maximum
of 700 feet above sea level in the southeast corner of Section

22 (USGS NE Stigler, Okla. 1963 and Webbers Falls, Okla. 1948
Topo. Quad,). Slopes are moderate except in the northcentral
part of Section 21 where sandstone ledges form a steep escarpment

above the I[llinois River.

2., Structure

The regional dip in the study area is 2-3°
southwest into the Arkoma Basin, In the vicinity of the faults
shown on the geologic map of Oklahoma (Miser 1954) dips of 15-20°
were observed., The block faulting occurred in post-Atokan time
as a result of tensional forces developed by the emergence of the
Ozark geanticline and the concurrent subsidence of the Arkoma
Basin., This tectonic activity, which formed NE-SW trending folds
and normal faults, ended in middle Des-Moinesian time. The
region has been structurally stable since this middle Pennsyl-
vanian period. (Huffman 1958, Oklahoma Geological Survey Bulle-
tin #77,) The fault nearest to the plant site is located one
mile to the east in the vicinity or Carlile School, The Carlile
School fault can be traced on the surface from the road cut on
U.S. Highway 64 in the northeast corner of Section 22 to a point
at the center of the south line of Section 22, Based on surface
and subsurface data, the throw on this down-to-the-east fault is

estimated to be approximately 800 feet,

3 Strutlgruphi

Rocks exposed at the surface are lower Atokan in

age and consist of a 100 foot thick sequence of brown sandstone
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Two of the core holes, located necar the Carlile School fault,
encountered zones of fractured shale which contained minor
amounts of frech water. In contrast, cores of sandstone and
shale recovered from the test holes located near the plant facil-
ities exhibited no severe fracturing and were totally lacking in
moisture., In the absence of severe fracturing, the Atuka sand-
stone and shale beds are not capable of storing any significant

amount of water.

4. Groundwater Geohydrology

information on the geohydrology of the fresh water
aquifers at the plant site and vicinity has been taken primarily
from Oklahoma Geological Survey Hydrologic Atlas #1, "The Water
Resources of the Ft. Smith Quadrangle'" by M. V., Marcher, 1969.

The only significant fresh water aquifer in the
area under discussion is the alluvium of the Arkansas River
Valley. The lower part of the alluvium consists of up to 15
feet of coarse sand with a productivity of as much as 900 gpm.
Marcher states that the water is "hard to very hard" (greater
than 180 ppm) but is suitable for irrigation and watering stock.
A typical alluvium water well is located in the SE SE/4 of
Section 19-12N-21E. The depth of the hole is 44 feet, static
water level is 4 feet below ground level and the reported yield
is 400 gpm.

The recharge and storage capacity of an aquifer is
dependent upon the thickness and permeability of the soil mantle
and the porosity and permeability of the bed rock. Marcher
considers the Atoka formation to be a very poor aquifer since
the soil cover is thin, has poor permeability and the underlying
sandstoie and shale beds require fracturing to provide permea-
bility and storage capacity. Water quality is poor and yields
average only 0,5 gpm. Marche: estimates that, because of the very
low permeability of the Atoka rocks, approximately 95% of the
rainfall is lost by run-off.

The hydrologic conditions in the immediate area of

the Kerr-McGee Sequoyah Facility are typical of those described



by Marcher for the Atoka formation. In the absence of severe
fracturing, the sandstone and shale beds lack sufficient porosity
and permeability to constitute a reliable aquifer. The only area
capable of supporting a marginal water well is adjacent to the
Carlile School fault where fracturing of the shale is sufficient
to provide a reservoir of limited areal extent. The best water
well in the plant site area is located in the NW NW/4 of Section
27-12N-21E, in the belt of fracturing. Depth of the hole is 84
feet, static water level is 29 feet and the yield is one gpm,
Water quality of this well is better than average for the Atoka
formation with total dissolved solids of approximately 460 ppm.
In contrast, water wells drilled at the three former home sites
west of State Highway 10 were insufficient for domestic purposes
and it was necessary to construct cisterns to maintain an adequate
supply of potaple water (Foreman Carlile, prior owner, personal
communication),

Exploration of the area has demonstrated no commer-
cial deposits of oil and gas. Dry holes are located approximately
two miles east and three miles south of the plant site. These
two wells were plugged and capped with concrete after completion
of drilling to 200 and 4600 feet, respectively. All of the dry
holes abandoned in the 16 township area surrounding the site
were abandoned by leaving the surface casing in the hole and
placing one or more cement plugs on top.

Other minerals in the area consist of coal,
sandstone, sand and gravel from the Arkansas River floodplain,
The nearest coal production is 14 miles west at the town of
Warner. Coal is being mined from a depth of 1400 feet at Stigler
in Haskell County 18 miles south of the site. The nearest coal
deposits are located approximately 12 miles southeast of the

plant site but these low-quality mines are currently inactive.

J. Seismicity

As discussed in the section on regional structure,
the southwest flank of the Ozark uplift has been tectonically

stable since middle Pennsylvanian time. As a consequence, the
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area has a very low seismic risk and is classified as being in
Zone One by the Coast and Gecodetic Survey (see Appendix III,
"Seismic Risk in Oklahoma," by the staff of the University of
Oklahoma, Earth Sciences Observatory). The possible minor damage
which might occur in Zone One is classified as V or VI on the
Modified Mercalli scale: very minor damage to dishes and windows
(MMV); a few cases of slight damage to plaster or chimneys (MMVI).

The Coast and Geodetic Survey report 41-1 (revised)
lists only one earthquake epicenter within a radius of 50 miles
from the plant. This earthquake, located 40 miles south of the
plant near Poteau, Oklahoma, occurred on April 27, 1971, and is
classified as Itensity V on the Modified Mercalli scale. The
probability of damage to the plant in the event of a recurrence
of the Poteau earthquake is extremely small because of the low
intensity of the recorded earthquake and the distance between
the plant site and the epicenter.

On the record, the frequence and severity of earth-
quakes in the plant site area are remarkably low. The Coast and
Geodetic Survey report includes recurrence tables that show that
damage equivalent to MMVII may occur on an average of once every
55 years in Oklahoma outside the Ll Reno area. Since the plant
site area has never, in recorded history, experienced an earth-
quake of magnitude MMVII, the time span of damaging earthquakes
of this order of magnitude must be much greater than 55 years,
As quoted in the attached report (Appendix III) by the Oklahoma
Earth Sciences Observatory, Trygvason (1965) concluded that
strong earthquakes causing minor damage may occur at any partic-
ular place in Oklahoma once every 2,000 years.

A further reducticn of the seismic risk is gained by
virtue of the plant design specifications. The design criteria
contain the following stipulations for seismic load:

1. The design forces will be as specified by

N.B.C. Zone L.

---'---

2., Structure will be designed as directed in

. Appendix J of the N.B.C.
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3. Allowable working stresses will be increased
33% for the above loading conditions.
4. The factor of safety against overturning
will be not less than 1.50 for the above
loading conditions.,
the available data indicate that earthquakes

In summary, all of

do not constitute an environmental hazard at the Sequoyah Plant,

K. Floods
The possibility of flooding does not exist. One of
the Tenkiller and Robert S. Kerr Reservoir

is 450 feet

the objectives of
projects is flood control. The normal water level
above sea level., High water level is 490 feet., All of the 75-
acre plant site is above 540 feet. No storage ponds, dikes or

buildings are located in the area below 540 feet.

X



I11. THE PLANT AND THE PROCLSS

A. Physical Dbescription of the Facility

The Sequoyah Facility was designed and built by Bechtel
Corporation based upon design criteria furnished Ly Kerr-McGee.
The plant consists of about 69,000 square feet of manufacturing,
warehousing and office floor space in three separate buildings.
The main process and administration building contains offices and
a laboratory (10,000 square feet), fluorine generation (17,250
square feet), maintenance (5,500 square feet), utility (5,500
square feet) and main process areas (26,900 square feet). A
separate solvent extraction building (4,000 square feet) contains
only the solvent extraction system. A separate warehouse
building was provided for storage of mechanical parts. Retention
ponds for (1) sanitary sewage, (2) fluoride precipitation and
clarification of dilute waste stream, and (3) raffinate are
located to the west of the plant. The plant employs approximately
100 people of whom 75 are production and maintenance workers.

Bechtel Corporation designed the plant with the
objective of minimizing the number of operating and maintenance
personnel required to the maximum extent economically justified.
All plant control functions are centralized where possible,
Existing proven AEC equipment designs were used whenever possible
for process equipment, This approach provided the greatest
assurance of reliable operation with demonstrated minimum risk
to the environment,

B. Plant Capacity, Lifetime and Disposal

The lifetime of a chemical processing plant is not
readily estimated. The nuclear industry is considered to be an
investment in the future rather than an opportunity to make an
immediate satisfactory return on investment, The nuclear power
industry is new. Technology has changed and may continue to
change, In time, the Sequoyah Facility may become obsolete if
it is not progressively modified as required. The Company
expects to be in the nuclear fuel industry as long as a market
for these services exist. For this report the plant life has
been assumed to be 30 years.
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The Company has no plans to close the plant. Should
the Company ever dispose of the site, the Company would seek a
buyer able and willing to use the property at its highest
economic value. With improvements on the site, the Company would
probably be able to sell the property to a commercial user thus
reducing the economic impact on the area. In the unlikely event
that no commercial, residential, charitable or educational use
could be made of the facility, the Company would take measures
to restore the property to a condition compatible with the

surrounding unimproved countryside.

C. Process Description

The plant was designel to make maximum use of
demonstrated production technology. Consequently, this involved
the application of processes developed and installed at the
several USAEC sites engaged in similar processing.

Briefly, the process flow involves the receipt of
uranium concentrates (normally ammonium diuranate), known as
yellowcake, in 55 gallon drums from (err-McGee owned or other
concentration mills in the Western United States and Canada. The
drums are emptied into a sampling system which removes a repre-
sentative sample. The material is stored briefly then digested
in hot nitric acid solution and the resultant solution is
processed by countercurrent extraction to recover uranium values
as a solution of uranyl nitrate hexahydrate, This solution is
concentrated, dehydrated and denitrated to uranium trioxide.
This oxide is then reduced to UO; with ammonia and subsequently
converted to UF, with anhydrous hydrafluoric acid. The UF4 is
converted to UFg by reacting with elemental fluorine, ccndensed
and packaged into shipping cylinders as final product. A
schematic process outline is snown in Figure 10. This process

is described in more detail below.

1. Feed Preparation

Yellowcake feed is received in 55-gallon drums
that normally contain 500-800 pounds each with an average of 700
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on a continuous 21 shift a week basis. Then the uranium flow
rate through the digester system will be 2686 pounds of uranium
per hour or 806 gallons of a solution containing 3.33 pounds per
gallon of uranium.

The digester process produced appreciable amounts
of nitric oxide (NO) and nitrogen dioxide (NO;) which are
recovered in the plant nitric acid recovery system. Operating
pressure slightly below atmospheric is maintained in the digester
system so that air flows into the system and nitrogen oxides do
not escape.

Primary liquid feeds to the system include recovered
nitric acid from the plant acid recovery system, commercial
concentrated nitric acid to boost acidity as needed and special
chemical additions such as aluminum nitrate solution, phosphoric
acid, caustic and iron solution. These latter special solutions
are added as needed to control impurities. These solutions are
made up as needed in a 1000 gallon tank.

Uranium values recovered from other parts of the
process are recycled to the miscellaneous digester. This
includes dust collected on the exit filters from the tower
reactors and tower reactor feed material which escaped conversion
to UFg. These values are dissolved in aluminum nitrate solution
(A1(NO3)3). The offgas from the miscellaneous digester contains
HF as well as nitrogen oxides. The gas is first scrubbed with
caustic and then piped to the nitric acid recovery system. The
spent caustic solution is combined with the raffinate.

The miscellaneous digester is a 1500 gallon vessel
that is operated on a batch basis. The charge is about 750
pounds of uranium and Y50 gallons of 2 molar Al1(NO;)s; solution.
Presently, this solution is blended with the main digester
solution.

Conventional control systems are provided for
normal operations. Level aiarm and automatic cutoffs are used
to avoid overfilling of vessei:, terminate feeds and reduce
operating temperature in the ev:nt of boilover or excessive off-

gas flow. A curb system around the area contains solutions in
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the event of nominal pump leakage or total failure of a vessel
or piping.

Pressure in the heating/cooling coils is maiatained
at a pressure above the solution pressure to minimize leakage of
process solutions into the coil in the event of coil failure,

Ip addition, a pH meter is used to detect inleakage of process

solutions into the plant condensate system from the digesters.

2. Purification
The solvent extraction system is of the same
design as the AEC plant at Weldon Spring, Missouri, and uses

tributylphosphate-hexane solvent, pumper-decanters for extraction,

a two-stage scrub (wash) section and a pulsed-column strip (re-
extraccion) section.

The organic extractant is a 30 volume percent
(range 20-35%) solution of TBP in hexane. The organic-to-aqueous
volume ratio is 4.0, The system processes 1717 pounds of uranium
per hour (14 shifts per week) on a 5000 ton-per-year production
rate and would handle 2692 pounds of uranium per hour (21 shifts
per week, 85% on time) on a 10,000 ton-per-year production rate.

Flow rates through the system are listed in Table III,

TABLE 111

FLOW RATES THROUGH THE SOLVENT EXTRACTION SYSTEM

Normal Range
Stream Temperature Gallons/Hour Gallcns /Hour
Primary Aqueous Feed 25-35°C 520 400-900
TBP-Hexane Solvent 25-35°C 2300 1600-3600
Aqueous Scrub to Scrub
System 25-60°C 230 120-380
Aqueous Reextractant
to Strip Column 50-60°C 2100 1300-2900
Aqueous Raffinate 800 600-1350
Each Pumper Decanter Unit
Net Organic Inflow
and Outflow 7200
Organic Kkecycle 7500 1200-12,000
Net Aqueous Inflow
and Outflow 1800
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The TBP-hexane solution is first washed with a 10-
25% solution of ammonium sulfate followed by a wash with a 1-5%
sodium hydroxide solution. After contact with the aqueous phase,
the extractant i1s scrubbed to remove impurities and the uranium
is reextracted by a pulsed stripping column, The organic is
recycled to the washing system. The uranium rich aqueous stream
is then concentrated .

The waste stream from the extraction system, known
as raffinate, is primarily composed of ammonium nitrate, nitric
acid, metallic salts and minute quantities of uranium and the
radioactive daughter products of normal uranium decay. This
stream is combined with spent sodium hydroxide from the solvent
treatment system and tne miscellaneous digest scrubber and any
excess recovered weak acids from the absorber for treatment.

The solution is neutralized by ammonia and impounded in earthen-
walled retenticn basins for permanent storage.

Two storage ponds have been constructed with a
combined capacity of about 25 million gallons providing for three
feet of freeboard height above the maximum liquid level to
protect against accidental release by overflow. Basin No. 2,
with approximately 15 million gallon capacity, has just been put
into use, This basin provides storage capacity for approximately
two years at planned production rates.

It would be desirable to develop an appropriate
method of safe disposal of a solid containing the radioactive
heavy elements., Currently, no practicable process for solidifi-
cation has been developed. Several alternatives have been
considered by the Kerr-McGee technical staff and studies and
experimental work is being done with the objective of selecting
the most suitable alternative.

If trace radiocactive elements can be removed, the
residual solution contains sufficient ammonium nitrate to be a
useful fertilizer. This solution could be used on the site to
promote the growth of cover for wildlife or concentrated and sold
locally. It could be possible that with fertilization the site
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3. Denitration as UO,(NO3), to UO,.

The nictrate values from the raffinate are not currently recovered,

Nitrogen oxide loads on the recovery system werc

calculated as follows:
a, Ore Dissolution
Potential Reactions are:
(1) M,U,042+ 6HNO; » 2MNO; + 2U0, (NO3), + 3H;0
(ii) U305 + 8HNO; + 3U0, (NO4), + 2ZNO,; + 4h,0
(maximum evolution)
(iii) U30g + 20HNO; - 9UO, (NO3), + 2ZNO + 10H;0
b. Fluorination Ash Dissolution
The worst case would be
UF, + 4A1(NO3)3 + 2H,0 - UO,(NO3), + 4A1F2Y
3NO; + 2NO,
¢c. Denitration
UO, (NO3)s « 6H,0 » UO3 + 6H,0 + 2NO, + X0.
*M is symbol for one of several possible cations
The denitration step is conducted continuously
it has been assumed that NO, is released in the dissolution

steps over a two hour period,

The results of maximum NO, release rate calculations

(pure U305 feed) are presented in Table IV,

TABLE 1V

NO, RELEASE RATLS

and

5,000 Ton Per 10,000 Ton Perx

Year (apacity Year Capacity
Ore Digesters 600 1bs/Hr Peak 600 lbs/Hr Peak
Miscellaneous Digester 133 1bs/Hr Peak 133 1bs/Hr Peak
Denitration 520 1lbs/Hr Steady 1040 1lbs/lir Steady
Total from Ore Digesters 5,280 1lbs/Day 8,350 1lbs/Day
Total from Miscellaneous

Digester 266 1bs/Day 532 1bs/Day

Total from Denitration 12,480 1bs/Day 24,960 lbs/Day

18,030 1bs/Day 33,840 1bs/Day






4, Fluorination

UF, is corverted to UFg; by reaction with elemental
fluorine. The design is based upon technology and experience
developed at the Paducah, Kentucky, and Portsmouth, Ohio, plants.
The feed to the fluorinators is approximately 92% UF,, 3% UOF;
and 5% UO,. Each reactor has a normal processing rate of about
seven tons of uranium per day. At 5000 ton-per-year capacity,
three primary and one cleanup reactors are used, To reach 10,000
ton-per-year capacity, two additional primary reactors will be
needed,

The gases leaving the reactors are passed through
30°F primary and -75°F secondary cold traps (AEC design) to
strip and recover valuable UFg in the gas streams.

The fluorine flow rate is about 2,26 moles F, per
mole of uranium, twice the stoichiometric rate. Under normal
operating conditions with the F, cleanup reactor performing as
expected, essentially no F; is discharged from the system,
However, provisions have been made to dispose of a flow of about
25 pounds of F, per hour by burning it with H, from the fluorine
plant to form HF. The HF is quenched and scrubbed with water,.
The scrubbed waste gases are discharged through the top of a
150 foot stack. The water scrub is neutralized with lime
precipitating insoluble calcium fluoride.

The UFg product is drained into cylinders (AEC
design) containing 10 tons each. The cylinders are placed on
rail-mounted carts, filled and are removed by forklift truck.
The product is carried from the plant in trucks. The cylinders
are approved by the Department of Transportation for natural UFg
shipments,

Fluorine production equipment is similar to that
used at the Paducah, Kentucky, plant, F, is produced from HF
by the electrolysis of HF dissolved in a fused salthath of KF-HF
in medium temperature, water-cooled cells,

At 5000 tons of uranium per year capacity, 249
pounds per hour of fluorine is needed. Twice as much would be

needed at a 10,000 ton-per-year production rate. The present
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facility has 34 cells at 6000 amps and operates at 8-12 volts.
This allows 30 cells to be in operation and 4 to be serviced.
In an emergency, F; is vented and purged to the top of a 150
foot high stack. Fluorine gas is delivered to the fluorination
reactors under positive pressure. The F; production unit is

located in a separate building.

5. Waste Disposal

The original plant design provided that the
raffinate and the fluoride scrubber solution would be discharged
2s generated intu a deep well disposal system. This well had
been drilled to the depth of approximately 3700 feet into a
porous Arbuckle limestone formation saturated with salt solution.
This saline salution is unfit for agricultural or industrial use
due to large amounts of dissolved salts, Approval for its use
was granted by the Oklahoma Water Resources Board in April 1969,
However, the AEC Source Material License SUB-1010 has not
approved the use of this well because additional data is needed
as to the extent and capacity of the underground reservoir, the
permeability of the formation and the probable waste distribution
within the formation.

Recently, Kerr-McGee employed a consultant firm,
H. J. Gruy and Associates, Inc., to supply this data. The
program involved the measurement of injection rates and dissipa-
tion of injection pressures over time periods at various depths.
The consultant correlated the actual reservoir data with
mathematical models of similar reservoirs. It is believed that
this definitive program permits definition of the reservoir
capacity and confirms the absence of any risk of communicating
waste liquids to potable and surface water. Kerr-McGee has
conducted a geological and engineering review of these tests and
has proposed the authorization for the use of the well 1o the
AEC.

While awaiting approval of the use of the deep
disposal well, raffinate is stored in surface ponds.
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a., Liquid Wastes

The waste stream from the extraction system,
known as raffinate, is primarily a solution of ammonium nitrate,
nitric acid, metallic salts and minute quantities of uranium and
the radioacti.e daughter products of normal uranium decay. This
stream is combined with spent sodium hydroxide from the solvent
treatment and miscellaneous digester scrubber systems along with
any recovered weak acids. This liquid is neutralized by ammonia
and impounded in storage ponds. For the present, this treatment
is satisfactory but a better, long-term solution is being sought,

A second liquid waste stream is generated by
the hydrofluoric acid scrubber. The scrubber is connected to
all emergency vent headers located on process vessels and storage
tanks so that gases evolved through the overpressurization of
vessels and tanks are absorbed. This fluoride waste stream is
combined with waste sodium carbonate solutions originating in
the fluorine cel! rework area, any acid spilled in the HF
vaporizer room sump and laboratory wastes, The combined stream
is treated with lime which neutralizes acids and precipitates
fluorides as calcium fluoride.

The alkaline sludge is permitted to settle in
a retention basin to permit flocculation and sedimentation, The
overflow is treated with sulfuric acid to adjust the pH and
precipitate excess calcium, It is then permitted to clarify in
a second basin. The clarified treated waste overflows and is
combined with clean waste water and the sewage lagoon overflow.
A concrete stilling basin at the poin: »: combination allows “or
mixing of the flow and controlled rele.se through a slotted weir
so that the rate of discharge can be measured. Discharge flows
to the Illinois River through a natural watercourse. Two views
of the effluent stream are shown on Plate 3. In January of
1971 a baffle system, consis. ng of a series of floating metal
plate baffles, was installed in the fluoride sludge pit and
clarifier lagoon. This system, combined with an improved acid
neutralization operation, has resulted in better solid settling.
The overflow effluent stream from the clarifier lagoon is clear,
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Sanitary waste from the process facilities is
kept in a stabilization lagoon having a holding time of about
60-70 days. Effluent from the lagoon is discharged with the
excess cooling water into the Illinois River through natural
watercourses, The State Health Department considered the
existing design to be preferable to a treatment facility. Speci-
fications, drawing and a technical assessment is included in
Appendix I,

The design, construction and operation of the
wacte treatment systems comply fully with applicable State and
Federal regulations, specifically "Water Quality Standards of
the State of Oklahoma-1968" and "Title 10 Code of Federal
Regulations Part 20", Permits and licenses required are
included in Appendix I.

Retention basins constructed for raffinate
storage and fluoride stream settling and clarification are built
to AEC standards "Licensing Guide-Information and Criteria
Pertinent to the Evaluation of Embankment Retention Systems',
These storage pits are monitored by seepage wells located at the
periphery. Figure 11 shows effluent flows and well locations,
Specifications of these ponds are in Appendix I,

b. Solid Wastes

Clean combustable materials such as boxes,

crates, paper and rags are burned in an open-pit incinerator,
These units were designed by DuPont and modified as a result of
operating experience gained by Glidden Company in Reading,
Pennsylvania, and Bell R%fjncry in Ardmore, Oklahoma. The design
capacity is one ton per day but actual loads are of the order of
100-150 pounds per day.

Permission to construct the incinerator was
granted by the Oklahoma State Department of Health on November
12, 1970, The unit was tested by the State Department of Health
on July 14, 1971, and found to be operating satisfactorily,
Copies of the permit and inspection letter are included in
Appendix I,
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IGURE |1

PLANT AREA MAP SHOWING SAMPLING
POINT LOCATIONS AND DRAINAGE FLOW
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TABLE VIII

SEQUOYAH FACILITY

SHIPMENIS AND LOSSES (INCLUDING STORAGE) O}
URANIUM, FLUORIODE AND COMBINED NITROGEN AT A PRODUCTION
RATE OF 175.3 METRIC TONS PER MONTH OF URANIUM AS
URANIUM HEXAFLUORIDE (2312 SHORT TONS PER YEAR)

RECEIPTS,

KERR-McGEE HAS | ESTED TilAT & N

WITHIIELD FROM PUBLIC DISCLOSURE IN A DANCI
SECTIO E 10 A

taniteaibedady © Sashodad it



TABLE IX

SEQUOYAH FACILITY

RECEIPTS, SHIPMENTS AND LOSSES (INCLUDING STORAGE) OF
URANIUM, FLUORIDE AND COMBINED NITROGEN AT A PRODUCTION
RATE OF 378.8 METRIC TONS PER MONTH OF URANIUM AS
URANIUM HEXAFLUORIDE (5000 SHORT TONS PER YEAR)

KERR-McGEE HAS REQUESTED THAT Till [NFORMAT . ON
BE WITHHELD FROM PUBLIC DISCLOSURE 1IN ACCORDANI
WITH SECTION 2.790(b) OF 10 CFR PART 2

' ;
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TABLE X

METRIC TONS OF EFFLUENTS IN ALL PROCESS STREAMS AT A PRODUCTION RATE OF 175.2
METRIC TONS PER MONTH OF URANIUM CONTENT AS URANIUM HEXAFLUORIDE® (2312 SHORT TONS U/YEAR)

(All Quantities are in Metric Tons)

Stored Air Stream

®@ @

®
®

b e < 2 - - : ” m
- o Se c <> = - - et > 8 -« .o @
- - o ® 0 » 3 - - o -0 o - '™ o9 = - o = =
- - - - - -~ "wae - ] " - - oo v e - - - -3 : S
ec - n - " - a SCE v @ © 80 uw -a o - o - = = oyl
- EEes e ~ Y - O=8 - - | [~ - 3!!3 A = - ot L - ~ - O
- O & oo~ O~ w9 < &= Vo v AE® " - o~ —n 3 & 3 O & oo™ < & T < *
Rt Qs 35 33 3% BB 23F %3f 3% 33 oh: 322 % 33F 4f BE £z BS
ZXE «E® XM RO D€ e <O AEm =5 < S84 &%2 ¢ &2 oen Ba 8= B<
t 0 2 L10° 3 1078 R 5 €0 7 ’
Uranivm 0.1 0.10 0.2 10 2x10 9x10 922x10°%0.70 0.701
Hexane - - - - S. 2.7 9.7
Nitrage 87.3 87.3 - - " . 87.3
2 Water® 961 .4 172 1133.4 9888 - - 274.6 29.3 62 365.9 11.387
'I" Ammonia 19.0 1.5 . - - 20.5 - - - - - 20.5
Fluoride 13.3 03 . 13.1 .06 - .021 29 014 .225 13.4
Hydrofluoride 21 .001 21 - . - 0.21
Nitrogen Oxide - - 3.1 - 3.1 5.1
Sulfur Dioxide 0.67 - - 0.67 0.67
Fluori: - . - - - 079 .07% .079
Nxtro;gnb - - 543.5 777 3726 5046 5046
Oxyger - 164.2 218 1116 . 1498 1498
TOTAL 1254.7 9888 17722¢

a Matter such as sodium, potassium and calcium ‘hat is present in sm.'l amounts and is relatively innocuous has been

left off this table

b These are diluents that serve to dilute pol :tants
28.1 Million cubic feet (568 metric tons) ¢ natural gas are (assumed tube) burned in (stoichimetric) air, ylelding

1562 metric tons of CO», 1278 metric tons ¢ H20 and 7958 metric tons of nitrogen. This is not a process stream
but it coatributes to dilution at the stack
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TABLE XI

METRIC TONS OF EFFLUENTS IN A L PROCESS STREAMS AT A PRODUCTION RATE OF 378.8
METRIC TONS PER MONTH OF URANIUM CC TENT AS URANIUM HEXAFLUORIDE?® (5000 SHORT TONS U/YEAR)
(All Quar ities are in Metric Tons)

Stored @ @ Air_Stream © ®
© - »
b B = H - 0 2 ' 9
- e - e [ © - €2 [T - = -4 " o o
- o (=} e o o T - o= L o - - ® U e O = <
- L IR=Y 0 - o o« " . o £ L - w v v [~ —_ . - - 3 -0
- s - n - - w a ae O x o o0 - s P - O - 4 o .
L et eEEeEs e s - R e O - Lnd - Ewn - UiS e “ - o © =3 -t < - -
- o &~ 0 G~ c~ DT <= oo & B ERe O o S = 3 Oke Up®w < v <s
§5 B33 235 25 23 B2 38 52 35 33 B3 w5 235 8% BE £3 5%
22 224 n2a &8 =% gw <0 ma< T 2= K68 To B2 428 BE &2 B
Uranium 0.1 0.20 0.30 0  4x10”° 9x10"¢ oax10°% 0.7 1.2
Hexane 9.7 9 9.7
Nitrate 167.5 167.5 | - . - - . 167.6
Nater 1397.2 180 1577.2 119 . 276 91 62 429 13926
'
< Ammonia 57.5 1.4 38.9 - - - - 38.9
i Fluoride 11.1 .06 11.2 0 .021 .047 .030 .098 11.4
' Hydrofluoride .43 .43 . . - - .43
Nitrogen Oxide 4.6 - 4.6 4.6
Sul fur Dioxide 1.51 g 1.51 1.51
Fluorine .048 .048 . 048
Sxtrolenb 543.5 1690 3741 597§ 5975
Oxygend 164.2 472 1104 1740 1740
TCTAL 1795.5 11926 25836 0.7

a. Matter such as sodium, potassium and calcium that is present in small amounts and is relatively innocuous has been
left off this table.

b. These are diluents that serve to dilute pollutants.

46 million cubic feet (930 metric tons) of natural gas are assumed to be burned in stoichimetric air, yielding 2557

metric tins of COy, 1278 metric tons of H:O and 7958 metric tons of nitrogen. This is not a process stream but it

contributes to difution at the stack.
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IV. ENVIRONMENT IMPACT
The National Environmental Policy Act of 1969, Public

Law 91-190, states as its purpose "a national policy which will
encourage productive and enjoyable harmony between man and his
environment; to promote efforts which will prevent or eliminate
damage to the environment and biosphere, and stimulate the
health and welfare of man; . . ." At least by implication
it recognizes that any improvement in the welfare of man has some
ef:'ect upon the natural environment and the policy seeks to
minimize the adverse effects of such impact.

Such effects can be subdivided into several levels
of interest for the purpose of our analysis primarily by the
current ievel of inowledge about total impact. Such a subdivision
might be classified as (1) those impacts which have been well
recognized due to experienced adverse effects of some level result-
ing in intensive technical effort to measure and reduce such
adve.se effect, (2) technical impacts whose degree of adverse
effect has not been established with any degree of technical preci-
sion, and (3) those impacts which intrude into man's subjective
appreication of his environment and, hence, is not subject to
technical quantification.

Where sufficient “echnical examination of the impact
of effluents on the total environment has been established, there
generally exists competent technical discussion, evaluation
of the degree of impact and establishment of standards of effluent
quality known to avoid adverse impact. Often, as in the case
of some recently discovered adverse effects, these same effluent
characteristics when reduced to barely detectable levels only
cause an adverse impact after long exposure to a narrow and
specialized segment of the environment. Much of the work to
define such long-range cumulative effect of low levcels of exposure
of the environment to effluent contaminants has no. been completed
to the extent that standards can be established.

~-03-



Impact resulting in adverse effect upon the subjectively
evaluated environment is extremely difficult to quantitatively
evaluate and to measure realistically for the population existing
in that particular environment. Therefore, any evaluation must
attempt to balance the effect of improvement resulting from new
economic activity with the marginal impact caused to the subjective
evaluation of that environment. It has been well demonstrated
that the cumulative effect of disregarding man's subjective
evaluation of his environment can lead to deterioration and
eventual destruction of the total environment for the great
majority of population in a given area.

This report will speak initially to those technical
subjects well defined by current literature as to the adverse effect
of excessive effluent concentrations and describe, where possible,
the marginal limitations where long-range low level accumulztions
are outside of the current state-of-the-art. Subsequently, it
will examine those items of marginal economic or subjective

influenc» on the total environment.

A. Effluent Quality
Process streams in a UF6 conversion plant must be

carefully designed and controlled to prevent uncontrolled release
of processing materials that would be harmful to the environment
or hazardous to the health of individuals. The design criteria
established for the use by Bechtel in plant design were based
upon levels established in other areas of the United States where
experience had demonstrated that certain effluent chemicals,

if indiscriminately released from chemical processing plants, would
result in deterioration of the environment. Tolerable target
levels of effluent content were established by researching
available established environmental control criteria. The design
criteria and sources from which such criteria were derived

are presented in Table XII. Kerr-McGee believes that under
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TABLE XII

DESIGN CRITERIA FOR THE
FACILITY EFFLUENT CONTROL

Maximum Ground
Level Conc.

Beyond
Constituent Facility Limit Site Fence Reference
Hexane 500 ppm 500 ppm 1.2
SO2-Ground level 5 ppm 0.2 ppm 2:,3:4.5.0
-Stack emission 2000 ppm : B
Smoke Less than #2 Ringlemann neglecting water vapor etffect 7
NOx-Ground level 5 ppm 2 ppm 3.8
Stack emission 300 ppm
HF -Ground level 3 ppm 10 pp billion 3.9
Stack emission 15 ppm
F; -Ground level 0.1 ppm 10 pp billion 3.9
Stack emission 1 ppm
Particulates 0.3 grain/ft3_at the point of release 6
UFga 0.25 mg/metcr3 0.006 mg/m3 10
UFg 0.05 mg/meter3 0.009 mg/m3 2.11.12
Radionucleides 11.12
Raffinate N.A. No discharge
Sanitary § Laundry N.M. 13
Thermal [Cooling water) N.M. Max. Rise 5°F. Max. 13
Temp. of Water 93°F.
REFERENCES
1. San Francisco Bay Area, Air Pollution Control District, Req. 2,

Div. 4 (1962).
2. American Conference of Government and Industrial Hygienists (1962).
Recommended Threshold Limit Values.
3. City of New York, Air Pollution Control Code, Article 9, Section
9.07 (1964).
S.F. Bay Area, Air Pollution Control District, Req. 2, Div. 31 (1962).
County of Sarasota, Florida Air Pollution Control Resolution,
Section 8 (1959).
County of Los Angeles, Air Pollution Control District, Requisition
IV (1965).
U.S. Bureau of Mines Information Circular 7718.
State of California Public Health Department.
State of Florida Air Pollution Control Commission Rules (1965).
0. Harrington and Ruehle, "Uranium Production Technology" (1959).
1. State of Oklahoma Radiation Rules/
2. USAEC Regulation. Title 10, Port. 20
3. State of Oklahoma Regulation,

o e

e e O 0O
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normal plant operating conditions these criteria are being met

and the testing and surveillance program in effect at the Sequoyah
Facility is adequate to detect incidences when they are exceeded.
If more stringent standards of effluent quality are established

by authority to which the Sequoyah Facility is subject, Kerr-McGee
will comply with these revised regulations within its capabil-

ity considering the state-of-the-art of measurement and control
available.

To meet the design criteria certain well defined tech-
niques of effluent control were recognized and installed during
the construction of the plant. These systems provide for the
recovery of nitric acid, the scrubbing of fluoride containing
effluent streams and continuous blowback air filters to remove
uranium particulates from the air and gases exhausted. With such

pb el s i

treatment, effluent levels are low enough that gases can be dis-
persed from the top of a 150 foot stack and reach tolerable ground
level concentrations. Such process control facilities have been
described in the earlier sections of this report.

Also described earlier was the planned disposal of
raffinate to a deep well during initial plant design. Subsequent
disapprcval of this method of disposal resulted in the installation,
as described, of holding ponds for interin storage of such
raffinates until such time that solidification and/or disposal
techniques could be determined.

B. Environmental Surveillance Program

Once that effluent criteria, designs and construction
had been established, it was realized that such precautionary
measures could not insure against the accidental relecase of
potentially hazardous materials. Consequently, an environmental
surveillance program was established to monitor the effectiveness
of the plant design and operation. Subsequently, certain facets

06~
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and activities have been modified under this surveillance program

to respond to additional probiems or alteration in planned

operation.

The current environmental surveillance program consists

of collecting the following samples and analyzing monthly for

fluoride,
1

nitrate and alpha and beta radioactivity:

The liquid effluent stream consisting of the combined
(1) fluoride treatment effluent, (2) sanitary effluent,
(3) water bypassed around the water treatment facility,
and (4) overflow from the cooling tower plant is

sampled at the point where it leaves the immediate plant
control area South of the road. This stream is sampled
continuously and daily cumulative samples are analyzed
for control daily and composited on a weekly and monthly
basis for analysis. The four individual streams are
sampled bi-weekly.

Air samplers are located at the fence perimeter and at

a radiuvs of 1000 feet in four directions. Continuous
samples are taken for a week and analyzed.

The Illinois and Arkansas Rivers are sampled upstream
and downstream of the outfall discharge once each

week and analyzed in a monthly composite.

Soil and vegetation samples are collected near the
location of the four air samplers (1000 feet) monthly
and vegetation samples are collected at 6000 feet
distances from the plant in all four directions.
Vegetation is protected by cages and entirely collected
at the time scheduled. Soil is taken from a four-
square-foot area, one-inch deep near the cages.

Samples are remcved from the monitoring wells near the
storage ponds and from water wells on the site monthly.
Surface ponds on the site are sampled and analyzed
monthly.
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calculating the dispersion of gases in air. Five stability cond-

itions, A, B, C, D and F, ranging from very rapidly dispersed

(A) to stable (F) have been defined. For sampling point cal-

culations, an average condition of one-third each C, D and F

is recommended by the AEC.

Using Pasquill and Gifford's equation,

graphs are presented in the "Workbook'" for estimating dispersion

as a function of distance from the point of emission.

The equation of Holland from the "Workbook'" was used to

calculate the effective stack height of the Sequoyah stack.
This was found to be 170 feet. Representative calculations are

found in Appendix 1IV.

The Pasquill-Gifford trcatment makes the following

assumptions needed to make calculations workable:

1.

ro

The plume spread has a Gaussian distribution in both
horizontal and vertical planes and is from a single
source.

None of the material emitted is removed from the

plume as it moves downwind and there is complete
reflection at the ground.

There is no diffusion in the direction of plume

travel.

The relrase is continuous or equal to or greater

thar the travel time from the source to the location

of interest.

The material diffused is a stable gas or aerosol

(less than 20 microns diameter) which remains suspended
in air over long periods of time.

The terrain is a relatively flat open rural area.

The sampling time is not greater than 10 minutes or
concentrations are corrected for sampling time according
to Meade.

Some of these assumptions may not be applicable to a

dense uranium-containing dust and suspended liquids. This
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The discharge rate into the Illinois River in November,
1969, was 540 cubic feet per second or 240,000 gallons per minute
(minimum flow for the year). Since the dilution factor is 150,
even if the process water has been heated by 10°F (the maximum
value recorded), the Illinois River will not be heated by any
more than 0.1°F. Consequently, thermal pollution is not a
problem.

It is recognized that seepage from the holding ponds
could develop into a pollution hazard if undetected. Seepage
from an earthen pit can occur in several ways. [If leakage
occurred within the earth embankment, it would be immediately
detected by visual inspection of the downstream slope of the
embankment. Another way seepage could develop would be through
a leak in the bottom of the pond or underneath the embankment.

In this case the waste liquid would filter slowly down through

the weathered zone until it reached the highest competent shale
bed. Because the Atoka beds have a very low vertical permeability,
the waste liquid would migrate slowly along a bedding plane

until it eventually reached the outcrop area where it would
reappear at the surface. Since the dip of the beds in the area

is 2-3° to the Southwest, this would be the direction of migration.

In order to detect and eliminate any seepage before
it could reach the outcrop, a monitoring system was installed.
This system consists of a series of observation holes located
down dip from the holding ponds, in the direction of potential
fluid migration. As the fluid front advances down dip, some
of the migrating fluid would enter the observation holes and
be recovered for analysis by periodic sampling of the contained
fluid. The effectiveness of this environmental monitoring
program is enhanced by periodic soil sampling and inspection of
the outcrops.

One additional potential pollution hazard exists ir
connection with storing waste liquids in ponds; the earth
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3. Radiation Levels

The radioactivity associated with uranium conversion
to UFg results from natural uranium and small quantities of
natural daughter products remaining after separation and purif-
ication at the mill. Approximately 99% cf the daughter products
associated with natural uranium in equilibrium conditions are
collected at the mill and retained in mill tailings retention
systems.z. *  The purified uranium known as uranium concentrate
or yellowcake serves as feed material for the uranium conversion
plant. In the conversion process, further purfication occurs
and most of the remaining daughter products are separated and
collected in the solvent extraction process.

Radium-226 and thorium-230 are the only significant
daughter products involved because thorium-234 decays to uranium
with a short half-life of 24 days Since these daughter
products are concentrated in liquids retained in ponds located
onsite, our evaluation of radiation doses received by the
population was limited to doses received from exposure to
airborne uranium.

Since natural uranium is a slightly radicactive material
found in nature there are no operations or activities associated
with the conversion process which could result in serious
radiation exposure to either plant employees or members of the
general public even in the case of an accidental release of
radioactive materials. External radiation levels associated
with uranium conversion activities are low and employees working

at the plant rarely receive more than 0.1 the annual occupational

ih

"Waste Guide for Uranium Milling Industry", U.S. Department of
Mealth, Education and Welfare, Public Health Service, Technical
Report W62-12 (1962).
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By using the above assumptions, calculations show that
0.45 microcuries of soluble uranium per acre would be deposited
on the soil each month and vegetation would retain an average of
0.32 microcuries of uranium per acre during a nine (9) month
growing season. Soluble uranium buildup in the soil woul
increase at a yearly rate of 5.4 microcuries per acrs«

The soluble uranium deposition is considered in cal-
culations for radiation dose from uptake via the food chain and
radiation doses due to external radiation due to buildups in the soil,

Again, using the above assumptions, 0.93 microcuries
per acre of insoluble uranium would be deposited in the soil each
ronth and vegetation would retain an average of 0.66 microcuries
of uranium per acre during a nine (9) month growing season.
Insoluble uranium deposition is significant only from the external
radiation dose standpoint and is not considered in calculations
of dose from uptake via food chains. Because of rainfall, soil
type, ground cover and other aspects of the surrounding terrain,
resuspension of deposited uranium into the atmosphere is negligible.

Total uranium deposition was considered only to calculate
radiation exposure expected due to external radiation from
buildup of uranium in soil. Total uranium deposition is the sum
of insoluble and soluble uranium depositions or 16.6 microcuries
of uraninm per acre per year.

The principal uptake pathways between radiocactive
material released to the atmosphere and man are shown on the
attached vhurt./a

Few, if any, wildlife species in the area are used by

man as food and cotton, wheat and soybeans are the commercial

crops grown in the immediate vicinity, Only & very small fraction
of uranium 43p06l!¢d in the soil is expected to be taken up by
vcgctat:on.‘ The critical pathway is considered to be the

inhalation of airborne uranium particles by man and animals.

I CRP Publication Number 7, "Principals of Environmental Monitor
ing Related to the Handling of Radioactive Materials", Pergaman

Pgeuw. 1965,
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