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|

| n.S.DUNN

aROue viCa ,RtsiotNr June 30, 1972

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

I U. S. 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. ;

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

) should be recognized that this report does not contain in duplicate {d 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 II 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
c onvenienc e.

Very truly yours,

.&. 5
.

P. S. Dunn

PSD:ks

In
i% Attachment

'

I.
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ENVIRONMENTAL REPORT

SEQUOYAll FACILITY

KERR-McGEE CORPORATION
| E
| m suggEggENIAh

I,

I. GENERAL

I A. Report Content

An Environmental Report-Revised was submitted to the
USAEC on November 24, 1971, in accordance with the requirementsI of Appendix D, 10 CFR Part 50, effective September 9, 1971. On

March 23, 1972, the USAEC requested a supplement to the original
report containing more detailed and, in some instances, addi-

tional analysis of the environmental impact of the Sequoyah

Facility. This supplement is submitted in response to this

request. These two environmental report sections should be con-

sidered as mutually supportive, neither considered as a complete

document by itself.

The report does not follow in format the Table ofI ,

Contents of the earlier report but, instead, is subdivided into |
four general sections discussing the plant site, the surrounding

area, the plant and its processes, the environmental impact and

a cost-benefit evaluation.

I
B. Permits and Licenses

Prior to construction, extensive consultation was heldI with the Oklahoma Water Resources Board and the Corps of
Engineers as to the most acceptable method of diverting Illinois

River water for use in plant cooling and potable water. Agree-

ment was reached with the Oklahoma Water Resources Board on

January 9, 1968, with the issuance of a " Permit to Appropriate

Surface Water No. P-67-765" covering 30,000 acre-feet of water

I n')
per year to be diverted from the outlet works of the Tenkiller

i Reservoir.
VI
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I
Subsequently, Contract No. DACW 56-70-C-0083 for water

storage space in Tenkiller Ferry Reservoir was completed with

the Department of the Army Corps of Engineers. These agreements

permitted the diversion system to be designed and installed to

remove water from the reservoir dam and pipe it to the site.

The State of Oklahoma is proceeding in an orderly -

*

fashion to evolve a set of environmental control regulations

that are consistent wi th the U.S. Government regulatory activi-

ties. The Oklahoma Water Resources Board requires a permit for

the disposal of water to riverways. This permit, No. IW-70-011,

has been granted by the State to the Sequoyah Facility. Waste
"

disposal has been certified as meeting Water Quality Standards.

Because this plant processes nuclear source materials,

it was necessary to obtain an operating license from the USAEC.
License SUB-1010 was granted February 20, 1970, based upon
application submitted on September 25, 1969.

_

In accordance with applicable regulations under the

Re fuse Act o f 1899, an application for a waste discharge permit

filed wi th the Corpos of Engineers on June 21, 1971, andG was

supplemented on October 4, 1971. The Discharge Permit

Application OK-076-OYI-2-000111 is currently being processed.
A sanitary waste treatment system was designed in

accordance with recommendations made by the Oklahoma Department
of Health. A Waste Treatment Permit for this sanitary system

was issued August 21, 1969, and no further action or approval

will be received from the Department of health.

Appendix 1 contains a copy of the Waste Treatment

Permit, the engineer's report on the sanitary waste treatmentI system and a technical assessment of the waste treatment system

| prepared by Dr. R. H. Ramsey of East Central State College.

The regulations of the Air Pollution Control Division

of the Oklahoma State Department of Health prohibits open,

burning of trash materials and requires that an open-pit

incinerator be installed and inspected by the Department of

Health for such disposal activities. An open-pit, jet-fired

incinerator was installed in the Sequoyah Facility and approved
by the State Department of Health on July 26, 1971. A copy ofI

-2-
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I
the application and approval is included in Appendix I.

By Executive Order of blay 24, 1971, Governor hall
j

es tablished the Eas tern 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 DistrictI Committee was formed and includes the counties of Wagoner,

Cherokee, Adair, Sequoyah , Flus kogee , Okmulgee and htcIntosh 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.I
II. DESCRIPTION OF SITE AND AREA

A. Location

The plant site was selected from 10 potential sites in

the Arkansas River Valley, blaj o r 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 chronicallyI depressed economy o f eas tern 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. liighway 64, on the wes t 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-R21h) with access to Oklahoma Highway 10
adjacent to the eas te rn boundary. The site layout is shown inIO Figure 1. The plant site is approximately 150 miles east of

1

N / Oklahoma City, 40 miles west of Fort Smith, Arkansas, and 25

miles southeast of bluskogee, Oklahoma.

|

-3-
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I
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 are 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 use ful.

Some local cutting is done for fuel and, to the east in Arkansas,I 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 capabic of supporting

about 10-20 cattle (Foreman Carlile, previous owner) on a year-

round basis providing that the e f fort 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

S 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 liighways
Standard Specifications. Asphaltic concrete paved parking areasI have been built for 60 cars near the administration area.
Storage areas have been provided for full and empty drums and

UFs shipping tanks. A tank farm for storage of chemicals is

located near the process building. Ilazardous 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 0.000" black plastic base to
,.

;) keep the area free of vegetation.
N j

I
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I
Drainage 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

I 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

S and vegetation.

Since the inventory of the biota requested seemed

beyond the normal scope of expertise for the Kerr-McGee organi-

zation, members of the a taf f of East Central State College were

retained to prepare certain sections of this report so as to

insure reliability and completeness of information. Their

contributions are credited and included below.

, Tile FLORA
C. E. Butler, PhD

Associate Professut of Blulugy

The vegetation of Sequayah County. which inclu& s
the Kerr-McGee Sequoyah facili ty, is included in
what Bruner 1 has described as the Oak-hickory i

savannah vegetation region. This type of region ;

is characterized by varying degrees of dominance

I of woodland and grassland. It is essentially a ,

transition community between forest and prairie.
!

/

('') Bruner, W.E. 1931. The Vegetation of Oklahoma.I

Ecological Monogr. 1:99-188.
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PLATE 1 - Page 8

TOP: Sequoyah Facility from the South

BOTTOM: Sequoyah Facility from the West !
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I PLATE 2 - Page 9
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TOP: Sequoyah Facility from the Northeast

BOTTOM: Town of Vian East of the Plant
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s

Wallis2 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. lie made twenty-I 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 foundI in the Ke rr-McGee facility.

3 was usedThe publication of Waterfall and Wallis

I as a checklist in two survey trips during mid-May
1972. Deletions and additions were made to make
the lis t better fit this limited area. The spring

I 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 was
investigated. The topography in this area varies
from nearly flat in the bottom lands of the
Arkansas and Illinois Rivers to gently rolling
adjtcent to the bottom lands to a high level ridge

G 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
Illinois River to 700 fee t in the southeast corner.I 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 s tream beds , ponds and
rive rs in the area.

2Wallis , C.S. 1959. Vascular Plants of the Oklahoma
Ozarks, Ph.D. Dissertation, liotany Dept. , Oklahoma
State University, Stillwater, Oklahoma.
3'] Naterfall, U.T. and C.S. Wallis, 1964. A List of

i| the Vascular Flora of the Oklahoma Ozarks. Studies

I''
in the coinposition and distribution of the Oklahoma
flora. No. 29. Proc. Okla. Acad. Sci. Vol. 44:11-22.

-10-



The Uplands

I 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 r:; ping on the
north and east varies from gradual to steep.

The soils in this region are mostly of the hector-
Linker-Enders Association 4 These soils are

I described as being sloping to steep, somewhat
. excessively drained, stony soils that are very
shallow to deep over sands tone or shale.

The region varies from heavily wooded on the upper
slopes to sparsely wooded with intermittent open
areas. The open areas have been c1 cared in the pastI 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, mowingI is practiced. Due to past cultivation and over-
grazing by cattle most of the native grasses have
been removed. These grasses have been replaced byS 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

I many trunks and branches littering the forest floor.
Also, outcroppings of sandstone are frequent. The
trees on the south and wes t slopes are comparatively

I 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.

I 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

I vines and herbaceous plants, which are typical of a
bottomland forest.

(
( ) Abernathy, E.J. 1970. Soil Survey of Sequoyah4

'd County, Oklahoma. United States Department of
Agriculture , Soil Conservation Service.

-11-



Adj acent to the fringe of wooded area along the
Illinois 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.

Aquatic
'

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 partialI identification of the flora of the plant site. It

impossible to note all of the species becausewas
of the limited period of time that observationsI 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,

I summer and fall plants. From the observations that
were made, no observable adverse effects of the
effluents from the plant were noted. Various

S 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 theI e f fluen ts 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 f rom

| the effluents.

An inventory of known and expected species appears in
Appendix II.

I 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.

v!
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The normal annual rainfall is about 40 inches and the
mean temperature is 62 During the 62-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 i

I 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 lics in a zone of having an approximate
probability o f 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

e THE FAUNA: TERRESTRIAL VERTEBRATES
W. C. Carter, PhD

Chairman, Department of Biology

The species lis ts 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.

I The species found and expected in the area are
essentially those of strong eastern (Deciduous
Fores t) affinities. This is expected as the
Sequoyah Facility is in the southwestern edge of
the Ozark Uplift. The proximity of both the
Illinois 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.

(O) Development of the river floodplain areas for
'x / commercial use has drastically altered much of'

-13-
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this habitat. Some prime mature hardwood forest
remains and provides exec 11ent habitat for numbers
of wildlife species. Upland areas are altered in
the immediate area of the Facility with the
remainder of the area either le f t " wild" or with
limited agricultural uses. Thus, the Sequoyah
Facility property presents a varied habitat that

I 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

I property allows a "re fuge" e f feet on the terres-
trial vertebrates.

I Amphibians: The species list of 14 salamanders
and 12 frogs and toads is chiefly compiled from

5 and Conante. Ve ri fication o f the amphibianBragg
fauna would require a considerabic amount of fieldI 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.

Rep tiles : The species list of 12 turtles, 8
"="'""> ' """'""- '' " * " " " " '' " ' """' """l' ') Webb7 Although the Scarlet Snake is rarely encoun-
tered, and the Red bli1k Snake is represented by only
a few specimens for Oklahoma, none of the reptilianI species are considered rare or endangered. Nine
species we re observed on a two-day study in blay 19 72.

I Birds: The list of birds representing 47 families
and over 260 species is chiefly compiled from
Sutton e. This reference notes the considerable
amount of field work done in adjacent bluskogcc CountyI and lis ts a numbe r of re fe rences for Sequoyah County.

I
Bragg, A.bl., et al. 1950. Researches on the5

Amphibia of Oklahoma. Univ. of Okla. Press, Norman,

I Okla.
6 Conant, R. 1958. A field guide to reptiles and
amphibians of eastern North America, lloughton-
Fli f fli n , llos t on .
7 Webb , R. G. 1970. Reptiles of Oklahoma. Univ. of
Okla. Press, Norman.

O eSutton, G . bl . 1967 Oklahoma birds. Univ. of
;) Okla. Press, Norman.
\s~
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I
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 blay 1972.

I Of the species known and expected for the area, the
Bald Eagle (an uncommon Winter Visitant) and the
Peregine Falcon (a rare Winter Visitant) are con-
sidered rare and endangered 9 The Bald Eagle and

I the Golden Eagic 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 0.; prey is
listed in the Rare and Endangered species lists as
" status undetermined". This species is probably a
low density regular migrant along the rivers. TheseI species would be affected by activities of the
Facility only in case contamination of river fish-
cries occured.

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

h!ammals : The list of 53 species of mammals is
ia and liall andcompiled from Burt and Grossenheider

Kelson ll. 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

I great extent at this time. Recent records indicate
the presence of the Ptountair 1. ion as a visitant
species in this area of Oklahoma.

I 90.S. Fish and Wildlife Service. 1968. Rare and
endangered fish and wildlife of the United States.

10Burt, W.J. and R.P. Grossenheider. 1964. A

I field guide to the mammals. Ilough ton-bli f flin ,
Boston.

Illia11, E. R. and K.R. Kelson. 1959. The mammals of
of North America. Vol. I and II. Ronald Press,
New York.

I An inventory of known and expected species appears in
Appendix II.
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F. Population
|

This area of Eastern Oklahoma is relatively sparsely
,

! populated with very little industrial growth. The population

j grew about 3% in the period 1960-1970. Population figures from

the 1970 Census for the immediate area are Presented in Table I.

: I
TABLE I

1970 CENSUS POPULATION FIGURES FOR TiiE'

j IhtblEDI ATE AREA AROUND Tile PLANT
,

!
I Distance

County or City Direction hii les Population

Sequoyah County 23,370

Vian E 4 1,137
Sallisaw E 19 4,888
Gore NW 2 478,

h!uskogee County 59,542

blus kogee NW 25 37,331I Warner W 15 1,217
<

Webber Falls W 3 485
,

Other

i Fort Smith , Arkansas E 40 62,802

!I
! A discussion of population distribution as a function

of distance from the plant and projected population growth was
prepared by East Central State College and appears below.

I DEh!OGRAPliIC CliARACTERISTICS OF
Tile KERR-htcGEE PLANT AREA

R. V. Garner, PhDiI Dean, School of Environmental
and liealth Sciences

I Population

A detailed study of population location and densityI within ten miles of the Kerr htcGee plant was made.
Using the plant as the center, a series of six
circles were drawn. The first circle was placed at,a

3 one mile on a map with a scale of 1/63360". Four
additional circles were drawn for every mile up to

I
-21-
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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 22h each, with true north bisecting segment A.
Proceeding around the circle to the right, each
22b segment was then given a subsequent alphabeti-

I cal letter thru (P), the 16th Ictter. The 96
subsequent sub-division were identified by an
alphabet letter and number. The population of each
segment and sub-totals for both dis tance and
direction are shown in Table II.

Within this charted area, are three small towns on

I which population statistics were available from the
1970 census. These towns and their population and
location on Table II are: Gore (478/O-3), Tamaha
(83/G-10), Vian (1131/11-10, 7 mi). The inhabitedI areas outside the three small towns were identified
by using the 1969 county cultural maps of the
Oklahoma liighway Department. All housing, schools
and churches outside municipal limits are identified
on the maps. The 1970 census indicated the popula-
tion per household was 2.97 in Sequoyah County,

I 2.71 in h!uskogee County and 2.70 in liaskell County.
Using the 1970 census for the small towns a
population estimate for the 10 mile radius was made
by counting the number of houses in each of the 96

I. sections.

Transient population figures and estimates for the

I area were obtained from several sources. Recreation
figures were obtained from the U.S. Army Corps of
Engineers, and the Oklahoma Industrial Development
Parks Department. Traf fic figures for the Inter-I state highway were obtained f rom the State flighway
Department. Supplementary data were obtained f rom
local industrial development sources, countyI extension and civic leaders.

The concentration of population varies considerably
I in distance and direction from the plant, as shown

in Table II and Figure 8. Within one mile of the
plant the population estimate is 54 people. The
second mile the amount doubles to approximately 126.I h!os t of the population within the second mile are
located south and southeast of the plant. Within
three miles of the plant, the heavies t concentration| 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 fo r

I -w that zone is estimated to be 808 persons. Smaller,
but still relatively heavy population concentrations7

i)
'

\
_
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t

TABLE II
POPULATION DISTRIBUTION WITilIN 10 MILE
RADIUS OF THE KERR-MCGEE SEQUOYAll PLANT

Segment 1 mile 2 mile 3 mile 4 mile 5 mile 10 mile subtotal'

A 3 9 3 12 42 303 372
,

B 3 9 21 9 6 143 188

C 9 3 0 6 3 309 330
4,

D 12 15 3 15 6 190 241
1

! E 3, 27 33 24 53 1422 1562

F 0 15 36 50 3 241 345

G 0 6 3 48 15 53 125'

11 6 9 6 0 0 33 54

| I 3 12 0 0 12 12 39

{ J 0 3 0 3 30 119 155

K 3 0 0 12 6 160 181

L 3 0 6 9 3 122 143

M 0 0 24 202 27 176 429

N 3 0 170 164 5 70 412

|I 0 3 18 489 46 27 103 686
;
'

P 3 3 14 49 19 122 210

Subtotal 54 126 808 649 257 3578

Total 5472

:I
I
I
OI
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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 peopic. 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 peopic.

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 cast in the town of Vian,
and the northwest along state highway 10. The
sparsest concentration of population is due south
in northern liaskell 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 facilitiesI attract. In section 11-10, 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 andI Webbers Falls. During the year of 1971, Greenicaf
State Park and Tenkiller State Park had 417,007 and
1,011,928 visitors respectively according to figuresI sup, lied by the Oklahoma Industrial Development and
Par <s 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 liensicy
of the U.S. Army Corps o f lingineers , Tulsa district,
estimated that the two reservoirs and related
attractions drew 2 million visitors in 1971.

With the realization that part of these facilities

I are just outside the ten mile area, the Corps of
Engineers estimate and the Industrial Development
and Parks Department figures place between 34 to 4
million persons within or adjacent to a ten mile

I7m radius of the Kerr McGee plant each year. Since this
i

'
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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-
s tate liighway 40 which passes one mile to the south
of the plant. The traffic count is 6000 vehicles
per day per annum in 1971 12 Although this popula-I 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 j obs. Ports are being constructed upstream
at Muskogee and downstream at Sallisaw. It is
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 e f fects on this area. The Kerr-McGee

I 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 ef fect 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 Eastern Oklahoma Development District estimates
the 1980 population will exceed 30,000 in SequoyahI 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 li 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 f actors . A more realistic set of
figures would range f rom 501, to 75f, of those quoted
according to Phillip Knowlin, Sequoyah County
fixtension Agent.

120klahoma liighway Department, Division of Traffic
C's Studies.

;
'
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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.S. 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 oill
eventually reach what might be termed a recreational

figure of 25 million visitorssaturation point, aI 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 crected a demand for land
reflected particularly in the western part of

I) Sequoyah County. Except for a slight intensifica-
tion within the urban areas and a slight modifying
of land usenges , 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
reservoirs and subsequent flooding of much bottom-
land.

The city of Sallisaw is now attempting to negotiate
a site for its , ort facilities. A Sallisaw Chamber
of Commerce spou.sman stated that Sallisaw has had
many inquiries concerning potential plant site
location, most desired location either at the port
site or situated somewhere between Sallisaw and
Ft. Smith, lie 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. lie pointed out that there

I is aircady one liquid storage plant 2 miles south
of Muskogee and a coal company loading facility
below Lock #16.

(
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The fact that recreational development constitutes
the primary thrust in the area at this time also
indicates that land use patterns will not change
app re ci ab ly . 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,I service facilities and docks, will be located in
the area adj acent 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 s tatis tics , 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, ete: 25%. (Figures
total over 100% due to multiple use in some cases.)

Land Values
-

The per acre value of farm land has changed 56.63%
in tae period f rom 1964 to 1969. This is due in

) part to the location of the Kerr-McGee Plant and
the inundation of f arm land by the large reservoirs.
The value per acre for Sequoyah County in 1964 was

I $113.04. The 1969 value per acre of land sold was
$197.66 13 The 1972 estimate is $225.00 per acre.
The value varies widely due to location and physical
fe a ture s . 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 possibic industrial or recreation develop-I mental potential according to Phillip Knowlin,
Sequoyah County Agricultural Agent.

I The value is much less in hill regions. For
instance the isolated, rocky hill soil may bring no
more than $75.00-$100.00 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.

['')3
13 Leo Strickland, Agriculture liconomics Specialist ,
Oklahoma State Unive rsity.( ,
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G. Areas of Ilistorical Significance

The plant site does not intrude into any site of
historical significance. No part of the site nor nearby area
is lis ted in The National Regis te r of Itistoric Places.

The plant site was a part of the land given to the
Cherokee Nation after their move from the Southeastern United
States. The State of Oklahoma 11istorical Society lists two

locations o f interes t. Talonteeskee, western capital of the

|Cherokee Nation was located in the area from 1829 to 1839. Sam
1

| Ilouston is known to have visited of ten. Dwight Mission was
established by Rev. C. Washburn in 1821 and served the Cherokees j

'

'

until after the Civil War. Sc tuoyah, a Chief of the Cherokees
and originator of their alphabet, lived and worked north of
Sallisaw. llis home is preserved as a public attraction.

The Carlile Itouse was on the property and served at
one time as a station for a stage running from Fort Smith to Fort

Gibson. This house has been moved from the site to n location
on U.S. liighway 64 near State liighway 10 as a public attraction.
The ford of the Illinois River, which was known as Carlile Ford,

) has been flooded by the completion of the Robert S. Kerr

Reservoir.

I
11. Wa te rways

As can be seen in Figure 1, the plant site is bounded

on the west by the Illinois and Arkansas Rivers and the Arkansas
River lays a short distance to the south of the site. The

natural drainage of the plant area is to the west into the

Illinois River.

In recent years, the Arkansas River has become a
working commercial waterway for the movement of freight. Barge

traffic has not yet developed signi ficantly but is expected to

grow at a steady rate for the next decade. One important effect

of this change is that water levels and flows are greater during

the dry summer months than when the river was in its original

state.IG
( ,I
v
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The Illinois River is the only spring-fed cold water

river in Oklahoma. Tenkiller Ferry Reservoir was completed and

opened for recreational use in 1953, approximately seven miles

up river from the site. Tenkiller has become very popular with

Oklahoma residents and many small businesses serving the recrea-

tional market are located near the lake. When the Tenkiller Dam
was completed, the water temperature was decreased below ther

reservoir. This made it possible for the Illinois River, from

- Ii

the dam to its junction with the Arkansas River, to become one

of two artificially stocked trout streams in Oklahoma. Most of

the stocking and trout fishing is done between the highway 64

Bridge and the dam.

When the Robert S. Kerr Reservoir was completed in

1970, the headwater of the reservoir's normal pool icvel became

extended upstream the Illinois River to the liighway 64 Bridge.

As a result, the Illinois River f rom the liighway 64 Bridge to its

) mouth at the Arkansas River is classified as part of the

reservoir. The reservoir filled in December 1970. Measurements
of turbidity and conductance indicates that the surface water

} from the Arkansas River has flowed up the Illinois River past

the plant outfall discharge point. The area around the highway

Bridge has not become commercialized for recreational purposes
but it is quite possibic that this will eventually happen since

the Corps of Engineers has designated the west bank of the

Illinois River immediately north of U.S. 64 as a public access

area for the reservoir.I The area on the shoreline of the Robert S. Kerr

Reservoir from the I-40 bridge to Vian Creek has been established

as a wildlife refuge. 'l h e area is partially reserved exclusively

for wildlife with controlled waterfowl hunting permitted in a

portion.

The Corps of Engineers has control of the Illinois

River at Tenkiller Reservoir, the downstream water to the

Arkansas River and the area reserved for the flood level (490
feet elevation) of the Robert S. Kerr Reservoir. The dams andI their lock mechanisms are the only government installations in

G the vicinity of the plant.

-30-
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I
The Arkansas and Illinois Rive rs , the reservoirs and

many small streams in this area 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 theI 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. Pfany small
ponds have been known to become overpopulated with consequent
reduction in si:c, general malnutrition and deteriorated quality

of occupying species. Ileavy pollution will tend to reduce fish

populations by interfering with spawning conditions and foodI 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

is expected to alter the species population in the direction of

) providing more typically impoundment populations as contrasted

to the previous river channel populations. Stri ed Bassl
apparently migrated from plantings in Keystone Lake or the

Dardenelle Reservoir in Arkansas and are now found in Kerr
Reservoir. Bass and Channel Catfish were stocked when the lakeI 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 II.

I. Geology and Geohydrology of the Plant Site

The Sequoyah Plant site is located on the southwestI flank of the Ozark Uplif t, a major tectonic feature which

extends from eastcentral Missouri to northwest Arkansas and

northeas t Oklahoma. The Arkoma Basin lies immediately to them
i

( ) south and southeast and the Ouachita Mountains are fif ty miles
,-
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I
south of the plant. A section of " Tectonic blap of the United
States 1961" by U.S.G.S. and A.A.P.G. is shown on Figure 9.

I 1. Topography and Drainage
The area surrounding the plant consists of openI pasture, heavily wooded slopes and wooded stream channels.

Drainage is by small intermittant streams which empty into the
Illinois River, the wes t boundary of the Kerr-b!cGee property.
blaximum relie f across the area is 250 feet, with elevations

ranging from 450 feet adjacent to the Illinois River to a maximum
of 700 fee t above sea 1cvel 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 escarpmentI above the Illinois 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 (fliser 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 ArkomaI Basin. This tectonic activity, which formed NE-SW trending folds
and normal faults , ended in middle Des-bloinesian time. The

region has been structurally stable since this middle Pennsyl-

vanian period. (lluffman 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. liighway 64 in the northeast corner of Section 22 to a point

at the center of the south line of Section 22. Based on surfaceI and subsurface data, the throw on this down-to-the-east fault is

estimated to be approximately 800 feet.

( 3. , Stratigraphy
Rocks exposed at the surface are lower Atokan in

age and consist of a 100 foot thick sequence of brown sands tone
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I
and dark gray to black shale. In the immediate area of the

plant site the Atoka formation is covered by a 15 foot thick

terrace gravel. Three separate sandstone beds were mapped at
the outcrops in the bluff above the Illinois River in the north-

central part of Section 21. These sandstone beds which make up

40% of the Section are fine grain, medium to thick bedded and

they weather to a dark reddish-brown color. Siderite concretionsI are common and the sandstone contains thin irregular streaks of

carbonaceous mate rial . A microscopic examination of the sand-
stone reveals that it is made up of fine to very fine grain sub-

,

| angular quart: grains. The intergranular space is completely

filled with tan clay and there is essentially no visible

porosity.

As part of a foundation evaluation study of the

plant site, some 20 core holes were drilled in the east half of

Section 21 and the west half of Section 22 (Figure 1). BecauseI of the limited number and poor quality of the outcrops in the

area, core descriptions from the foundation investigation holes

were used to prepare a composite stratigraphic section of the

surface and near-surface beds.

I
LOWER ATOKA SliCTION-KliRR-McGlili PLANT SITE

Sandy clay at surface 3' thick |
Sandstone, fine grain, brown, weathered 7' thick |

|Shale, tan, so f t , weathered 2' thick

Sandstone, fine grain, gray with
irregular thin streaks of carbonaceous
mate ri a l 8' thick

Shale, dark gray, compact 18' thick

I Sandstone, fine grain, light gray,
slightly shaly with irregular thin
streaks of carbonaceous material 10' thick

I Shale, dark gray to black, slightly
sandy, hard 30' thick

Sandstone, fine grain, light gray

I to white, slightly shaly, calcarcous,
q hard 10' thick

-34-
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I
Two of the core holes, located near the Carlile School fault,

encountered zones of fractured shale which contained minor

amounts of fresh 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 Atoka sand-

stone and shale beds are not capable of storing any significantI 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 liydrologic Atlas #1, "The Water

Resources of the Ft. Smith Quadrangle" by bl. V. h! archer, 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.Iy '
h! archer 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 aquifei 1sI dependent upon the thickness and permeability of the soil mantle

and the porosity and permeability of the bed rock. hfarcherI considers the Atoka formation to be a very poor aquifer since

the soil cover is thin, has poor permeability and the underlying

sandstone and shale beds require fracturing to provide permea-

bility and storage capacity. Water quality is poor and yields

average only 0.5 gpm. h!archei es timates that, because of the very

low permeability of the Atoka rocks, approximately 95% of the

rainfall is lost by run-off.

(~x The hydrologic conditions in the immediate area of
,

'

'nzl the Kerr-htcGee Sequoyah Facility are typical of those described

l

W
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I
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 reliabic 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 SectionI 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 liighway 10 were insuf ficient for domestic purposes

and it was necessary to construct cisterns to maintain an adequate

supply of potable water (Foreman Carlile, prior owner, personal

communication).I Exploration of the area has demonstrated no commer-

ps cial deposits of oil and gas. Dry holes are located approximately
; r

L ) two miles east and three miles south of the plant site. These
v

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,I 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.

I
J. Seismicity |

As discussed in the section on regional structure, j

I ~T,/ the southwest flank of the 0:.nrk uplif t has been tectonically |
t_,) stable since middle Pennsylvanian time. As a consequence, the !

I 3e.
|



I
area has a very low seismic risk and is classified as being in

Zone One by the Coast and Geodetic Survey (see Appendix III,

" Seismic Risk in Oklahoma," by the s taf f 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

blodified h!crcalli scale: very minor damage to dishes and windows
(ht?tV); a few cases of slight damage to plaster or chimneys (hth!VI) .

I 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 hfodified h!crcalli 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 carthquake and the distance between

the plant site and the epicenter.I 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 biblVII may occur on an average of once every
55 years in Oklahoma outside the El Reno area. Since the plant

site area has never, in recorded history, experienced an earth-

quake of magnitude 1131VII, the time span of damaging earthquakes
of this order of magnitude mus t be much greater than 55 years.

As quoted in the attached report (Appendix III) by the OklahomaI 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 reduction 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 byI N.B.C. Zone L.

2. Structure will be designed as directed in

In) Appendix J of the N.B.C.
( :
\ / '

%s
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I
3. Allowable working stresses will be increased

33t, for the above loading conditions.

4. The factor of safety against overturning
will be not less than 1.50 for the above
loading conditions.

In summary, all of the available data indicate that carthquakes I

I

do not constitute an environmental hazard at the Sequoyah Plant.
.II |

K. Floods
The possibility of flooding _does not exist. One of

the objectives of the Tenkiller and Robert S. Kerr Reservoir
projects is flood control. The normal water level is 450 feet j

above sea level, liigh 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.
'

I
[]
I
I ,

I ,

I

I
|

I
I
I
I
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I
III. Tile PLANT AND Tile PROCESS

A. Physical Description of the Facility

The Sequoyah Facility was designed and built by Bechtel
Corporation based upon design criteria furnished by 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 (10,600 square fee t) , fluorine gene ration (17,250
square feet) , maintenance (5,500 square feet) , utility (5,500I square fee t) and main process areas (26,900 square fee t) . 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 s tream, 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.

['N Bechtel Corporation designed the plant with the
t :() 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 possibic
for process equipment. This approach provided the greatest

assurance of reliabic operation with demonstrated minimum risk

to the environment.

B. Plant Capacity, Lifetime and DisposalI The lifetime of. a chemical processing plant is not

readily es timated. 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
:

' ' '"""" "" "'""" "**"'' ""' '"'" '"""'' '"" "'""' " '" """I' been assumed to be 30 years.

I -39-
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I
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 useI 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 designed 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.I Briefly, the process flow involves the receipt of

my uranium concentrates (normally ammonium diuranate), known as

I ) yellowcake, in 55 gallon drums from .Cerr-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 isI concentrated, dehydrated and denitrated to uranium trioxide.

This oxide is then reduced to UO2 with ammonia and subsequently

converted to UFq with anhydrous hydrafluoric acid. The UFq is

converted to UF6 by reacting with elemental fluorine, cendensed

and packaged into shipping cylinders as final product. A

schematic process outline is shown in Figure 10. This process

is described in more detail below.

1. Feed PreparationI[] Yellowcake feed is received in 55-gallon drums
r ! '""' " '"" "' " "'"'" '""~"""~"""""" """" "''" "" """'"" ' '""I' '
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1

I
pounds. Open storage on a pad is provided for 3000 drums (about

| 1000 tons). The drums are stored on stacked pallets (four drums
*

per pallet, three pallets high). There i,s also a storage area

for empty drums. Facilities are provided for handling larger

l drums containing 1500 pounds of feed.

Yellowcake is removed from the drums by dumping =

each drum into'a sampling system which removes .1% as a repre-
sentative sample of the material. This sampling system is the

same as that employed by the USAEC at Grand Junction, Colorado,
I and Weldon Spring, Missouri. The drums are dumped and the

falling stream of material is regulated and passed through a

reciprocating sampler removing 10% of the stream. The sample is

subsequently passed through a second and third sampler reducing
the quantity to .1% of the total. Each rejected portion is

returned to the main stream. The main stream is conveyed to
' '

either a redrumming station if the material is to be stored or

to storage hoppers located in the digestion area.

All movement of the material is done in completely

enclosed equipment. Dumping and packaging systems are ventilated

as are all other openings so as to remove any dust generated to

a bag-type blowback dust filter. No changes to the physical or

chemical nature of the material occurs in the sampling area.

The stored yellowcake is fed to one of two digest

tanks and is reacted with 40% nitric acid to yield an acidic

uranyl nitrate solution. Under present operating conditions,I the digesters are operated for 15 shif ts a week with the equiva- -

g lent of one shif t being devoted to start-up and shutdown.

3 Digestion is a batch operation using two 4000 gallon vessels.

The charge per batch is 10,300 pounds of uranium and 2630

I gallons of 40% nitric acid (IINO /U molar ratio of 4.0) . 3100 -

3 g
gallons of solution containing 3.33 pounds of uranium per gallon

results. The normal digester operating temperature is 90-105 C

with the minimum temperature being 60-70 C. At 5000 tons of

uranium per year, the average flow through the digesters will beI A
1717 pounds per hour. When the plant is expanded to 10,000 tons

of uranium per year, it is planned to operate the entire plant
,

-42-
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I
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 appreciabic amounts
(N0 ) which areof nitric oxide (NO) and nitrogen dioxide 2

recosered 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
I 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
{ j' ]k process are recycled to the miscellaneous digester. This

includer dust collected on the exit filters from the tower
reactors and tower reactor feed material which escaped conversion

to UFs. These values are dissolved in aluminum nitrate solution

(A1(NO ) 3) . The offgas from the miscellaneous digester contains3

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 vesselI that is operated on a batch basis. The charge is about 750

pounds of uranium and 950 gallons of 2 molar A1(NO )3 solution.3

Presently, this solution is blended with the main digester

solution.

Conventional control systems are provided for

normal operations. Level alarm and automatic cutoffs are used

I to avoid overfilling of vesse n , terminate feeds and reduce

operating temperature in the ev3nt of boilover or excessive off-

V gas flow. A curb system around the area contains solutions in
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I

the event of nominal pump leakage or total failure of a vessel
or piping.

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

In addition, a pil meter is used to detect inleakage of process
solutions into the plant condensate system from the digesters.

2. Purification

I The solvent extraction system is of the same

design as the AEC plant at Weldon Spring, Flissouri, and uses
tributy1 phosphate-hexane solvent, pumper-decanters for extraction,
a two-stage scrub (wash) section and a pulsed-column strip (re-
extraction) 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
Lj 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 III

FLOW RATES THROUGil TiiE SOLVENT EXTRACTION SYSTEh!

Normal Range
Stream Temperature Gallons /ilour Gallens/ilour

I Primary Aqueous Feed 25-35 C 520 400-900
TBP-liexane Solvent 25-35 C 2300 1600-3600
Aqueous Scrub to Scrub

System 25-60 C 230 120-380I Aqueous Reextractant
to Strip Column 50-60 C 2100 1300-2900

Aqueous Raffinate 800 600-1350

Each Pumper Decanter Unit

Iem Net Organic Inflow
and Outflow 7200

( I Organic Recycle 7500 1200-12,000

I .)K 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 is 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 the miscellaneous digest scrubber and any

I excess recovered weak acids from the absorber for treatment.
The solution is neutralized by ammonia and impounded in earthen-
walled retentic,n basins for permanent storage.

Two storage ponds have been constructed with a
r_,,s

{] 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 approximatelyI 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 radioactive elements can be removed, theI residual solution contains sufficient ammonium nitrate to be a

useful fe rtili ze r. This solution could be used on the site to

,n promote the growth of cover for wildlife or concentrated and sold

kV) locally. It could be possibic that with fertilization the site

I

|
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I
could support more animal and plant life than it did before the

,

plant was built.

The concentration is completed in two steps. In

the primary evaporation system, the solution is concentrated
from 0.833 pounds of uranium per gallon to 4 pounds per gallon.
The feed to the evaporator is first scrubbed with hexane to

remove any TBP. The aqueous phase is passed through a secondI decanter to remove any residual organic matter. This is done to

eliminate the potential danger due to a combination of nitrates,
organic matter and heat. The evaporator is also located out-

doors at a minimum distance of 20 feet from any building. There

will be about 210r ,allons per hour of 0.833 pound solution

going into the evaporators and about 430 gallons per hour of 4
pound solution coming out. At 10,000 tons-per-year production

I rate, the flows would be about 3250 and 680 gallons per hour in

and out, respectively.

3. Conversion to UFu
The secondary evaporation system consists of two

4000 gallon boildown tanks equipped with heating coils and vapor
,

I offgas piping. The solution is concentrated to 10 pou;ds per

gallon and sulfuric acid is added in order to enhance the

activity of the decomposition product.

This concentrated solution is decomposed in a

trough-type denitrator containing approximately 5000 pounds ofI product heated to 525 F. A small stream of UNH is added

continuously to this bed, stirred by the agitator, and decomposed

to UO , oxides of nitrogen gases and nitric acid vapor. The3

offgas is separated from any entrained powder and is piped to a

nitric acid recovery system described below.

Nitrogen oxides are recovered and converted to

nitric acid in a conventional recovery system. Nitrogen oxides

are generated at three points in the process.

1. Orc concentrate dissolution (digestion and feedI make-up system).
2. Fluorination ash dissolution (miscellaneous

digestion system).
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3. Denitration as UO (NO )2 to UO32 3

The nitrate values from the raffinate are not currently recovered.

Nitrogen oxide loads on the recovery system were

calculated as follows: ;

a. Ore Dissolution

Potential Reactions are:

+ 2U02(NO )2 + 311 0 *
h! U 0 + 611NO 3 + 2h!NO 3(i) 3 22 2 7

3UO2 (NO )2 + 2N0 + 411 0(ii) U 0s + 8HNO3 +
3 2 23

(maximum evolution)I +- 2NO + 1011 0+ 9UO2(NO )2U 0s + 20 lino 3(iii) 233

b. Fluorination Ash Dissolution

The worst case would be

4A1F + +2211 0 + UO (NO )2UFq + 4 A1(NO ) 3 ++
3 2 2 3

3NO3 + 2N0 2 i

c. Denitration

UO (NO )2 611 0 + UO2 3 + 611 0 + 2N0 + 102I 2 2 1
-2 3

*bt is symbol for one of several possible cations

The denitration step is conducted continuously andm
F T
ty it has been assumed that NO is released in the dissolution2

steps over a two hour period.

| The results of maximum NO release rate calculations2

(pure U 0s feed) are presented in Table IV.3

TABLE IV

NO RELEASE RATES2

5,000 Ton Per 10,000 Ton Per
Year Capacity Year Capacity

Ore Digesters 600 lbs/llr Peak 600 lbs/llr Peak
hiiscellaneous Digester 133 lbs/lir Peak 133 lbs/lir Peak
Denitration 520 lbs/llr Steady 1040 lbs/lir Steady

Total from Orc Digesters 5,280 lbs/ Day 8,350 lbs/ Day.

I Total from !!iscellaneous
Digester 266 lbs/ Day 532 lbs/ Day

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

In 18,030 lbs/ Day 33,840 lbs/ Day
i

I !
,

|

|
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Since the probability of prolonged operation with

3 2 production is remote, the system has beenU08 at a maximum NO
designed to handle 14,000 pounds per day of NO2 at 5000 ton

capacity and 27,000 pounds at 10,000 ton capacity. Calculations I

have been made on a NO2 basis but NO and N 0% are also present.2

The of fgases from the denitrator are first scrubbed
|with 40% HNO . This step removes particulate matter and about3

I
a third of the nitrogen oxides. From the wet scrubbers, the

offgases pass through a vertical fin-tube gas cooler cooling theI gas to below 95 F. Another third of the nitrogen oxides are

removed in this step. The gases leaving the gas cooler are

combined with the offgases from the digestion processes and are

sent to the nitric avid absorber column. lie re , the nitrogen

Plant measurements have shownoxides are converted to 40% llNO 3
that 0.2-1.2% of the nitrogen oxides are lo-t. NO2 losses would
be 2:6 pounds per day or 9 pounds per hour. The gases are

released from the top of a 150 foot high stack.

UO3 is converted to UO2 using dissociated ammoniaG at a temperature of 1000 F. The fluid bed reactor is designed

for a capacity of 20 tons per day of uranium or 1950 pounds per

hour of UO . Reducing gas is furnished by ammonia crackers at3

a rate of twice the stoichiometric amount required for complete

reduction. The reactor offgas is filtered through sintered metal

filters and burned. Gas is released as a mixture of NO II 0,2, 2

N2 and 0 .2

2 produced in the reduction system is convertedUO

to UFu by reaction with anhydrous liF at an operating temperatureI of 650-1000 F. The fluid reactor design is similar to that used

in the AEC's Paducah, Kentucky Facility. The uranium processing

rates are the same as that of the reduction section.

The ilF flow rate is 1.1 times the amount required

for stoichiometric reaction. Offgases are condensed and the

aqueous acid returned to AliF supplier. The noncondensable vent
* gases are combined and scrubbed with vater before being vented

9 through a 150 foot high stack. Anhydrous liF is transferred

from storage by pressuring storage tanks with nitrogen.I
.
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4. Fluorination

UFq is cor verted to UFs 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% UFq, 3% UO F2 2

and 5% UO . Each reactor has a normal processing rate of about2

seven tons of uranium per day. At 5000 ton-per-year capacity,

three primary and one cicanup 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 UF6 in the gas streams.

The fluorine flow rate is about 2.26 moles F2 per

mole of uranium, twice the stoichiometric rate. Under normal

operating conditions with the F2 cleanup reactor performing as

expected, essentially no F2 is discharged from the system.

However, provisions have been made to dispose of a flow of about-.w
A

[ v ;!-
25 pounds of F2 per hour by burning it with H from the fluorine2

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 UF6 product is drained into cylinders (AEC
design) containing 10 tons each. The cylinders are placed onI rail-mounted carts, filled and are removed by forklif t truck.

The product is carried from the plant in trucks. The cylinders

are approved by the Department of Transportation for natural UF6
shipments.

Fluorine production equipment is similar to that

used at the Paducah, Kentucky, plant. F is produced from HF2

by the electrolysis o,f HF dissolved in a fused salthath of KF-HF
in medium temperature, water-cooled cells.

At 5000 tons of uranium per year capacity, 249

g'')N
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, F2 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 F2 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

as generated into 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

~- s approved the use of this well because additional data is needed

[v) as to the extent and capacity of the underground reservoir, the

permeability of the formation and the probabic 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 to the

AEC.

While awaiting approval of the use of the deep

f'~X disposal well, raffinate is stored in surface ponds.
( !v
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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 radioactive 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 satis factory 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 cell rework area, any acid spilled in the llF

p~~N vaporizer room sump and laboratory wastes. The combined stream
L ,) is treated with lime which neutralizes acids and precipitatess

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 pli 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 point ai combination allows forI mixing of the flow and controlled relea;c 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, consisi ng of a series of floating metal

plate baffles, was installed in the fluoride sludge pit and

I n}
clarifier lagoon. This system, combined with an improved acid

/ neutralization operation, has resulted in better solid settling.
t

I'x_/, The overflow effluent stream from the clarifier lagoon is clear.
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PLATE 3 - Page 52

LEFT: Main Plant Effluent Stream

RIGHT: Main Plant Effluent Stream
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I
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 llealth Department considered the

existing design to be preferable to a treatment facility. Speci-

fications, drawing and a technical assessment is included in

Appendix 1.

The design, construction and operation of theI waste 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".

Q) These storage pits are monitored by seepage wells located at the

periphery. Fi gure 11 shows ef fluent 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,I Pennsylvania, and Bell Refinery 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 IIcalth on November
12, 1970. The unit was tested by the State Department of IIcalth

on July 14, 1971, and found to be operating satisfactorily.

[') Copies of the permit and inspection letter are included in
sN Appendix I.I
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I
Solid combustable wastes that are not suitable

for open-pit burning are burned in an enclosed unit located

within the plant and discharging to the boiler stack. The

capacity of the incinerator is 50 pounds per hour with loads

being about 50 pounds per day. No radioactive material nor

chemicals capable of releasing noxious vapors are treated in this

unit. Combustion gases are vented out the 150 foot high stack.I Radioactive materials such as contaminated

drums, sludges and other solids, where burning is impractical or

undesirable, are buried underground. Materials so treated are

essentially water insolubic. As of June 19, 1972, 305 pounds of

material has been buried. It is not anticipated that buried

wastes will adversely affect underground water supplies. The

plant process does not create new radioactive elements nor

increased radioactivity. Consequently, burial represents a

transfer of natural water-insoluble radioactivity from one loca-I tion to another. The plant site is a licensed burial ground.

c. Gaseous Wastes
The treatment of gases containing nitrogen

I oxides, liF and hydrogen have been discussed in the sections of

this report describing the appropriate functions of the plant.

Considerable ambient air is moved through solid uranium streams
(1) as displaced gas when hoppers are emptied and filled and
(2)I to pneumatically convey uranium dusts to a collection point
to avoid their uncontrolled release. Uranium dusts are removed

from such air streams by cyclone separators and blowback filters
of closely woven f abric felt. These filters are installed on

all exhaust gas streams to eliminate release of uranium dust to

the environment.

6. Raw Materials liandling

All tanks, vessels, pumps, valves, lines and

agitators that come in contact with nitric acid are of type 304I stainless steel. Nitric acid storage tanks are located out-of-

doors and surrounded by a four foot high concrete wall. Insjde
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I
| the boundaries of the wall is' sufficient limestone to neutralize

the acid that would be released in the event of a tank rupture.

All tanks, vessels, valves, lines and agitators

that come in contact with anhydrous liF are of' carbon steel.

Storage tanks are located out-of-doors with similar type concreteI

walls as used for nitric acid. Wet ilF is held in polyvinylchloride-
_

'

<

| lined carbon steel vessels. IlF is moved through lines by nitrogen ;

| pressure. ,

All tanks, vessels, vc1ves and lines that come in

contact with elemental fluorine are of carbon steel. Fluorine

is not stored but is generated as needed. Nitrogen is used to .z .

flush fluorine lines, c

All parts of the solvent extraction system, inclu <.

including hexane storage tanks, are of type 304 stainless steel.I The hexane storage tank is located out-of-doors , underground,

and is located 120 feet from the truck unloading station. -

I -

TABLE V :

CllEMICAL STORAGE VOLUMES

NominalfI Number Capacity
of Tanks Gallons (.

I Anhydrous flydrofluoric
Acid 2 30,000

Aqueous flydrofluoric
Acid 2 30,000I 60% Nittic Acid 1 15,000

40% Nitric Acid 1 15,000
Ammonia 1 15,000I Sulfuric Acid 1 1,000
Fuel Oil 1 30,000
Diesel Oil 1 2,000
llexane 1 19,000

D. Material BalancesI The following tables provide information as to chemical

consumption , dis tribution of maj or materials and total effluent

distribution. These data are based upon actual consumption

experienced from July 1971 to March 1972 and are subject to change

.
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I
I as operating efficiencies improve or production rates increase.

Data is included for the operating rate experienced in this

3 period and extrapolated data for capacity production.

Process changes are contemplated that will alter these

flows. An additional ventilation system is being installed to

better control in-plant ambient air uranium concentrations and

to provide a secondary filter for exhaust streams from the

current blowback-type air filte rs . It is planned to provide for

recycle for primary fluorination ash returning directly toI fluorinators thus reducing the recycle material recovered in the f
miscellaneous digest tank. This change will reduce the amountI of aluminum hydroxide used for complexing fluoride in the solvent

'

extraction feed.

Storage of intermediate products is provided to permit

continued operation of downstream equipment during interrup-

tions. A hopper of sufficient size to contain ten days k
production of UFu was installed to permit campaigning of opera-
tions in two sections when schedules did not require capacity

production.

TABLL VI
.

LAG STORAGE CAPACITY OF INTERMEDIATE PRODUCTSI
Material and Location 5,000 Ton Plant 10,000 Ton Plant

Orc concentrate as
received in drums 3,000 Drums 6,000 Drums

Ore concentrate afterI sampling 750 Feet 3 750 Feet 3
UO (NO )2 as 4 lb U/ gal2 3

Solution 2,000 Gal 2,000 GalI UO (NO )2 as 10 lb U/ gal2 3

Solution 75,200 lbs U 112,800 lbs U
Milled UO 3 32,250 lbs U 32,250 lbs U

I UFu in Storage Bin 64,500 lbs U 64,500 lbs U
UFu in 10-Day Hopper 322,000 lbs U 322,000 lbs U
Fluorine None None

IO
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TABLE VII |I !

CONSUh!PTION OF CilEh!ICALS |
BY TIIE SEQUOYAli FACILITY |

,

(July 1971 - March 1972) |
!

I :

'I |
,

|

I '

I
.

.

'

I
KERR-McGEE IIAS REQUESTED TilAT TilIS INFORh!ATION ,1

BE WITHilELD FR0ft PUBLIC DISCLOSURE IN ACCORDANCE

WITil SECTION 2.790(b) 0F 10 CFR PART 2.

i |
;

|
'

|

|I
I
II
J

,I

IO
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TABLE VIII
'

; SEQUOYAll FACILITY

RECEIPTS, SlilPMENTS AND LOSSES (INCLUDING STORAGE) 0F
URANIUM, FLUORIDE AND COMBINED NITROGEN AT A PRODUCTION
RATE OF 175.3 METRIC TONS PER MONTil 0F URANIUM AS
URANIUM llEXAFLUORIDE (2312 S110RT TONS PER YEAR) |

I !
|

I I
I I

I

|

I

KERR-?!cGEE liAS REQUESTED TilAT Tl!IS INF01BtATION j

l

BE WITililELD FR0!! PUBLIC DISCLOSilRE IN ACCORDANCE |

WITil SECTION 2.790(b) 0F 10 CFR l' AFT 2.

i i
I |

-

!

I -

'I
I
I
I
$
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TABLE IX

SEQUOYAH FACILITY

RECEIPTS, SHIPMENTS AND LOSSES (INCLUDING STORAGE) 0F
URANIUM, FLUORIDE AND COMBINED NITROGEN AT A PRODUCTION
RATE OF 378.8 METRIC TONS PER MONTH OF URANIUM AS
URANIUM HEXAFLUORIDE (5000 Sh0RT TONS PER YEAR)

I 1
|

.3 !

!

'

KERR-McGEE ilAS REQUESTED TilAT THIS I N FORM A1.'ON !
l

BE WITilHELD FRO?! PUBLIC DISCLOSURE IN ACCORDANCE

WITil SECTION 2.790(b) 0F 10 CFR PART ?

1

,

II |
l

E
-

.

I
I
I
IO

'
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TABLE 1

METRIC TONS OF EFFLUENTS IN ALL PROCESS STREAMS AT A PRODUCTION RATE OF 175.2
METRIC TONS PER MONTH OF URAN!UM CONTENT AS URANIUM HEKAFLUORIDEa (2312 Sh0RT TONS U/ YEAR)

(All Quantities are in Metric Tons)
Stored Air Stream g g

2*
, . e a. a , .

Se # 3 : eS 8 :* N* -,= 3 So
e u x.

:: .3 43 43 .: "". : 33, 3.3 33 = q
|' S e%E TE" I "' a8 855 2*E 8. t 3?: 05 2 ta It: a5 a aa.

st 8*: 8*: 8:: "8 s m :: ."2 |E :: .4:2 .i|4 : E 80% "82 52 2- sa*

ia *2 Caa to :Ge RM %30 saa Es #3 Bon a82 EM 283 as RM 53 R4
922x10-6 .70 0.701Uranium 0.1 0.10 0.20 2x10-5 - - 2x10-6 - 9x10'4 0

Hexane - - - - 9.7 - - - 9.7 9.7
87.3 - 87.3 - - - - - - 47.3

Nitrage
Water 961.4 172 1133.4 9888 - - 274.6 29.3 62 365.9 11.387'

O
* Ammonia 19.0 1.5 - - - 20.5 - - - - - 20.5

Fluoride 13.1 .03 - 13.1 .06 - .021 .19 .014 .225 13.4'
Hyd ro fluoride .21 .001 .21 - - - - - 0.21
Nitrogen Oxide - - - 3.1 - - - 3.1 3.1

Sulfur Dioxide - - - 0.67 - - 0.67 0.67
Fluo rit '

- - - - - .079 .079 .079

Nitroggnb
- - 543.5 777 3726 - 5046 5046

0xyger. - - 164.2 218 1116 - 1498 1498

TOTAL 1254.7 9888 17722C

Matter such as sodium, potassium and calcium that is present in sas.'1 amounts and is relatively innocuous has beena.
left off this table

b These are diluents that serve to dilute pol:.2tants.
c. 28.1 Million cubic feet (568 metric tons) o f natural gas are (assumed tube) burned in (stoichimetric) air, yielding

H O and 7958 metric tons of nitrogen. This is not a process stream1562 metric tons of CO .1278 metric tons o $ 22
but it contributes to dilution at the sta:k

|
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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 HEXAFLUORIDEa (5000 Sit 0RT TONS U/ YEAR)

(All Quas~1 ties are in Metric Tons)

Stored Q Q Air Stream @ @

i E. 2, a a e a
E. Oc N O e5 cOEc k E u LE $
:: .2 43 43 .: 82 EE 2.a t Ec 2 SE So-.

0" .EE ::a * E ag 85?. 2"a E. t" te- 2 ta OtE a5 we aa
$U $3% EUO SO il do Ee7 ISw E EO 4EE E SEc " E .E D S! I- Na
ia Saa ca Ca BR RM Z8 att is An aEC %# C53 Cad Ru 53 R4

Uranium 0.1 0.20 0.30 0 4x10 - - - 9x10'8 94x10 0.7 1.2-5 -5

Hexane - - 9.7 - - - 9.7 - 9.7

Nitrage 167.5 167.5 .1L - - - - - - 167.6
Water 1397.2 180 1577.2 119: - 276 91 62 429 - 13926

e

C Ammonia 37.5 1.4 38.9 - - - - 38.9
N Fluoride 11.1 .06 11.2 . 07 E .021 .047 .030 .098 11.4

Hydro fluoride .43 .43 - - - - .43'

4.6 - 4.6 4.6Nitrogen Oxide
Sulfur Dioxide 1.51 - 1.51 1.51

.048 .048 .048Fluorine

Nitrogen b $43.5 1690 3741 5975 5975

Ox ygenb 164.2 472 1104 1740 1740

TOTAL 1795.5 11923 25836C 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. Tttse are diluents that serve to dilute pollutants.
, c. 46 million cubic feet (930 metric tons) of natural gas are assumed to be burned in stoichimetric air, yielding 2557

metric tc.ns of CO ,1278 metric tons of H O and 7958 metric tons of nitrogen. This is not a process stream but itI 2 2
contributes to dilution at the stack.

- _ _ _ _ _ _. _ ._._ __ _ _ _ _ _ , _ , _ _ . _ _ _ _ _ _ _ _ - . _ . _ . . . _ . _ _ . _ . , . _ _ , _ . . _ _ . __



I
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"

I . . .

it recognizes that any improvement in the welfare of man has some
effect upon the natural environment and the policy seeks to
minimize the adverse ef fects of such impact.

Such effects can be subdivided into several levels
of interest for the purpose of our analysis primarily by the

current level of knowledge 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 technical 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 ef fluentI 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 leWs of exposure
of the environment to effluent contaminants has not been completed |
to the extent that standards can be established. l

I |-63-
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I
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 technicalI 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 accumulations

are outside of the current state-of-the-art. Subsequently, it

will examine those items of marginal economic or subjective

influence on the total environment.

I A. Effluent Quality

Process streams in a UF conversion plant must beI 6
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 indiscriminate 1y released from chemical processing plants, wouldI result in deterioration of the environment. Tolerable target

levels of effluent content were established by researchingI 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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I TABLE XII

DESIGN CRITERIA FOR THE
FACILITY EFFLUENT CONTROL

Maximum Ground
Level Conc.

Beyond
Constituent Facility Limit Site Fence Re fe rence

Hexane 500 ppm 500 ppm 1.2
S0 -Ground level 5 ppm 0.2 ppm 2.3.4.5.62

-Stack emission 2000 ppm
Smoke Less than #2 Ringlemann neglecting water vapor effect 7I 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
F2 -Ground level 0.1 ppm 10 pp billion 3.9

Stack emission 1 ppm
Particulates 0.3 grain /ft3 at the point of release 6I 3
UF4 0.25 mg/ meter 0.006 mg/m3 10

3
UF6 0.05 mg/ meter 3 0.009 mg/m 2.11.12
Radionucleides 11.12
Raffinate N.A. No discharge
Sanitary 6 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).I 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

I 9.07 (1964).
4. S.F. Bay Area, Air Pollution Control District, Req. 2, Div. 31 (1962).
5. County of Sarasota, Florida Air Pollution Control Resolution,

Section 8 (1959).I 6. County of Los Angeles, Air Pollution Control District, Requisition
IV (1965) .

7. U.S. Bureau of Mines Information Circular 7718.

I 8. State of California Public Health Department.
9. State of Florida Air Pollution Control Commission Rules (1965).
10. Harrington and Ruchle, " Uranium Production Technology" (1959).

I 11. State of Oklahoma Radiation Rules /
12. USAEC Regulation. Title 10, Port. 20.
13. State of Oklahoma Regulation.
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I
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 tystems 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
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 detcrmined.

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 release of

potentially hazardous materials. Consequently, an environmental
lsurveillance program was established to monitor the effectiveness '

of the plant design and operation. Subsequently, certain facets

7-~N'
)

v 1
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I
and activities have been modified under this surveillance program

to respond to additional problems or alteration in planned
operation. The current environmental surveillance program consists

of collecting the following sampics and analyzing monthly for
fluoride, nitrate and alpha and beta radioactivity:

1. 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.

2. Air samplers are located at the fence perimeter and at
a radius of 1000 feet in four directions. Continuous
samples are taken for a week and analyzed.

3. The Illinois and Arkansas Rivers are sampled upstream

and downstream of the outfall discharge once each

week and analyzed in a monthly composite.

4. 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.

5. Samples are removed from the monitoring wells near the

storage ponds and from water wells on the site monthly.

6. Surface ponds on the site are sampled and analyzed

monthly.

(O.,
'L,/
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All composited environmental samples are analyzed by
an independent laboratory. Results of these analyses are pre-

sented in Tables XIII-XXII on the following pages. These samples
have now been taken over a period of more than one year. This

) includes hot and cold and wet and dry seasons.
'

The results of these independent analyses show that

radioactive discharge is well within the alpha, beta and radium
limits of 10 CFR 20 (Table XIII). Except for two months during

plant startup, the fluoride precipitation and clarification system
,

has kept the fluoride level in the effluent below the U. S.

,k Public Health Service drinking water standards (Table XIV)

of 1.2 ppm.

Sampling a well mixed liquid solution is straighforward.

Sampling a gas stream is more involved particularly if it is
i

not know whether complete mixing has taken place. In sampling
J
I solids, the greater limitation on measurement accuracy may be

sampling rather than analysis. This means that results obtained

from soil and vegetation sampics are usually less reliable than

results obtained from analyses of liquids.

When measuring low levels of radiation and concentration,

the analyst may be working at or near the detection limits.

With the growing interest in ppm and ppb analyses of trace

elements, the uncertainties in a determination by a careful

analyst may be more than 100% of the analysis. Consequently,

the average of a number of analyses is more reliable and useful

than any singic determination.

Measuring and tracing the flow of liquids from a plant

is relatively straightforward since the drainage flow can be

predicted and, to a fair extent, controlled. For gases, it is

far less predictable. Wind speeds and directions (see wind roses,

Figures 3-7), atmospheric temperatures ar..I humidity are very
18+

variable. Pasquill and Gifford derived an equation for

I
" Workbook of Atmospheric Dispersion Estimates, "U.S. Department of

Health, Education and Welfare, U.S. Public llealth Service,
Cincinatti (1969).
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TABLE IIII

GPOSS ALPHA. BETA AND RAOIlN 226 AuLYSES OF
SM'JOYAH FACILITY CCNBIRTION STREAM AC "J!E
II.LINCIS AND ARKANSAS RIVERS - pCix10"/a1

CCNBINATION SIREAM ILLINCIS RIVER ARKANSAS RIVER

AT PLANT UPSTREAM DOWNSTREAM UPSTREAM DOW.ESTREAM

a p 226 h a p 226 Ra a p 226 Ra a p 226 Ra a p 226 Ra

Operational

E*
January s3 sS sS zS nS nS zS xS mS sS zS m3 nS sS sS

February 1.6 .6 .01 <.01 .01 <.01 .04 .09 (.01 .02 .06 <.01 .03 .05 <.01

Maren 6.8 4.0 <.01 .c3 .09 <.01 .20 .14 <.01 .02 .14 <.01 .29 .37 <.01

April 31.8 13.0 .26 .02 <.01 .0b 1.10 .50 .01 .03 .10 <.01 .04 .06 <.01

May 26.4 h7.h .Cn .01 09 .01 .04 .12 <.01 _03 .12 <.01 <.01 <.01 .02

June mS sS nS <.01 .09 <.01 .Ok .12 <.01 .03 .12 <.01 <.01 <.01 .02

July 4.2 3.3 .03 .03 .03 .01 <.01 .14 <.0' <.01 .04 .02 <.01 .01 .02

September 3.6 3.0 .02 .08 .05 <.01 1.80 1.70 .02 <.01 .10 .02 .01 .17 .01

October 30.6 17. * .05 .08 1.22 .10 .57 40 <.01 .02 .27 .02 09 .19 .01

savenber 36.7 14.3 .05 .06 .29 0 1.52 .72 '. 01 .07 42 <.01 .13 .60 <.01,

e December 11.4 9.2 .04 .2k .06 <.01 41 .17 .02 .13 .71 .03 1.87 1.55 .03e

e

F' January 13.1 8.0 <.01 .08 .11 <.01 .31 .O <.01 .03 .15 <.01 .02 .08 <.01

February 19.0 8.2 <.01 .04 .06 <.01 1.12 66 <.01 .04 .16 <.01 06 .54 <.01

March 17.5 9.1 <.2 .17 .09 <.01 .74 48 <.01 .03 .05 <.cl .34 .10 <.01

Ave last 12 h aths E M T3 3 3 3 3 3 3 M 3 7 3 $ T

Prooperational

b1969
July No Effluent .03 .08 BS .03 06 .0k .03

Auc.:st .03 .07 NS .04 .05 .02 .04"

! Septaber .02 .03 FS .02 .05 .02 .01; *

October .02 .03 53 .02 .01 .01 .0'2"

November <.01 <.01 ES <.01 .04 <.01 .01"

December * <.01 <.01 NS NS NS N3 NS"

3 3 E 3 3 3 3
Average

(a) Control for hvironmental Pollution Results
(b) R. Y. Nelson's Preoperational Survey Results
BS - Not Sampled

- Sequoyah Imb Results*

i

J
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TABIE IIV

i FIUCRIDE A2 NITRATE ANALYSES CF SEQ'JOYAH FACILITY COMBINATION STREAM
AD WE I!1TNCIS AND ARKA33AS PP.TRS COMCETFATION IN TPG AND NO, AS N

, COMBIIATION SillEAM AVERASE M XPERA- ILLINOIS RIVER ARKANSAS RIVER
/ AT PIANT T' RE INCREASE UPSTREAM DOWN::TEEAM UPSTREAM DCWNSTPIAMJ
' F E oF F 5 F W F 5 F E

I Operational
1971*
7 anuary ES BS NS 53 53 ES ES NS NS NS1

; February 1.0 1.8 .5 1.8 .h 1.8 2.0 1.3 1.3 .5
March 2.6 <.1 <.1 <.1 .2 <.1 .h .1 .2 <.1

April 2.6 22.0 2.4 .1 .2 .1 .2 .h .h .3 4
May .8 8.1 k.3 <.1 2.6 .3 1.2 .6 .6 .3 1.8
.hme 33 s' 5.0 <.1 1.1 .2 .8 .h 1.1 .A .8

July .h .9 4.5 <.1 .5 .2 .5 .2 .3 .2 .2
Ancast .7 13.7 5.0 .1 .3 .2 .2 .h .3 .3 .2

! September .6 3.1 5.4 .1 .5 .2 .7 .2 .9 .2 .7

october 1.0 14.h" k.7 .1 ko.9" .1 52.1 " .2 kk.o** .2 k.o**
I sorember .6 1.3 k.3 .1 .3 .1 .2 .5 .8 .2 .7
! December .7 .6 k.T .2 .2 .2 .5 .2 .6 .2 <.1
!

19 7.

% uary 1.1 .1 5.5 .h .1 .6 .1 .6 .7 .5 .11 e

M February 1.0 <.1 6.1 6 <.1 .5 <.1 .h <.1 .8 <.1'

#k.5 6 .1 .6 4 .7 .1 .8 .3C March .h 3.1
' Ave lass 12 Mcethe 7 T.3 7. ' 'T 7 3 7 7 7 7 7

s
| Preopeptional
! g Bot Operating

July .2 .5 33 53 4 .2 .1 .3"

i August .2 .h 53 RS .5 .1 .2 .3"

September .2 .3 MS ES .5 .1 .h .3*
,

i octaer .5 .3 53 NS 4 .h .5 .3 1
*

| sovember .1 .3 ES BS 6 .5 .1 .3
'"

i December .3* <.1 N5 E ES .3 NS .1 N3
7 7 ~I "3 3 3; Average

,

I (a) Controls for iavircr: mental Pollution Besults
| (b) R. Y. Nelson's Preoperational Survey Results

Sequoyah Iab Lesultsi *

,

Analyses Suspect - Not Included in Calculation: Possibly due to storage for long period with continuing bacterial action.**

4

t !

!

!,
5

t

i
l
,

i

1

$

- - - - - - - - . - - . . - . - - - . - . - - - , _ , , , , - . , - - , _ _ _ , , _ , , , - , _ em , - - - - - - - - - .,,_-,,_,-.,-,. -, n_ , , , . , - , . _ - - - , - , _ _ . , - . , . , - , . - , .-n,, - , , , . , , , - . , , - - , - - -



_ _ . _ . _ _ _ _ _ _ _ _ . _

-
&

I

i
i

TABLE Z7

GROSS ALIHA, 3310SS BETA AX's RAOI'JM-226
SEQUDYAM FACILI"'T SFf3A3E WFUS bO1xlO'/al

j

wul Wu2 hu3 wu h* Wu5 wn6
.a e Ra a e Ra a e Ra a p Ra a e Ra a p Rs

)
1

]
opera * tonal

M" .uaryan x3 sS nS mS nS zS S s3 sS nS m3 m3 m3 m3 sS m3 3 m3

February 1.0 .7 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 .1 <.1 .2 6 <.1 3 .2 <.1

March NS 33 IS MS ES 33 NS ES 53 IS NS ES ES NS RS E3 33 NS

April .1 .2 <.1 <.1 .2 <.1 1.9 1.9 <1 <.1 .k <.1 <.1 .2 <.1 5 .5 <.1
stay .k 1.2 .3 .3 .8 <.1 .2 6 <.1 <.3 .6 <.1 .8 1.8 <.1 4 .7 <.1
.h.ne .8 1.1 <.1 2.5 1.1 <.1 .6 .8 <.1 RS ES NS .3 .7 <.1 .2 4 <.1

I
.

July .7 1.0 4 .5 .7 <.1 4 1.2 <.1 ES NS BS .2 1.0 <.1 <.1 .2 <.1 l

Aus2st 9 .5 3 1.0 .) <.1 53 3S NS NS NS NS .3 .8 <.1 .1 .2 <.1 I

September 1.4 .8 .1 .5 4 <.1 .3 1.5 <.1 zS NS RS .2 .5 .2 <.1 <.1 <.1 '

!
october 1.2 .8 .3 6 .6 <.1 .7 .5 <.1 <.1 .2 <.1 .3 .2 <.1

november .8 8 <.1 8 .6 <.1 .6 6 <.1 m3 .3 .5 <.1 .2 .5 <.1

December 1.1 1.3 .3 .5 4 <.1 .5 .5 <.1 .3 4 <.1 .6 .9 <.1

|
l MI e

January .1 .9 <.1 .5 .h ss 4 .7 IS .5 <.1 ES .1 .9 33
i

February 1.4 .5 <.1 1.1 .5 ES 8 .7 5S ES 1.0 .6 ES 1.2 .6 NSy

search 1.A .5 <.2 .5 .3 <.2 1.2 1.2 <.1 1.4 6 <.2 1.5 .2 <.1g

Ave. last 12 statas 7 7 7 7 7 D 7 7 U 7 7 U 7 7 Ue

Preeperational
hans were not drilled prior to facility operation

(a) Control for Envircemental Pallution Residts
Wen No. 4 aba2r.ed in J.me*

BS - Not Sampled
f Wen locations abows on Fig. 3. ,

i Due ta Ra conter.ts generally below detec' Ale levels and low analytteal precision, analysis for Ra win be performed quarterly in 1972. |

1
.

!
,

I

I

!

}

! l

!
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TABI2 XVI

FLUCRIDE AND IIT1UL*! ANAI.YSES - SEQ'JOYAR FACIETY SEENE WEUS
ccaccrrRATION IN PM F" A33 NO AS N3

WILL 1 wru. 2 wzLt. 3 wn.L h wzu. 5 wrLL 6i

F 5 F 5 F 5 F N F 5 F N

Cperst k: cal
M.H*

January NS m3 m3 nS as nS NS m3 nS NS nS m3

1.8 n.o .h k.3 2.0 3.3 6.o 5.5 6.3 5.5 .7 5.5

March NS ES ES 53 ES N3 NS 53 ES NS NS NSFetruary

april .5 32.0 .2 ,1.6 1.5 6.5 .6 3.1 1.o 4.k .7 3.5|

'

May 1.5 30.0 1.0 k4.0 .9 5.5 .8 6.3 .9 3.9 .7 3.5

| 1.0 43.1 .6 14.7 1.1 2.3 NS IS 1.1 1.8 .5 1.5
.Pae

|

1.h 3.9 .9 23.3 1.2 .5 .8 19.5 .3 .3
|

1.0 2.2 .8 3.2 NS ES ES N3 .9 A4.3 4 .2Aly

1.2 4.1 9 2.5 .6 h.3 1.0 3.1 4 1.6
y'

Augut
September

f

| october 1.1 10.5 .9 8.1 .5 4.9 1.1 5.5 .3 5.7 '

'

.8 n.o 8 1.1 .5 .6 u? RS 6 1.4 4 .3

|
December .6 T.1 8 1.0 .5 1.0 .6 2.3 .h .2| November

|

| January 1.2 .2 1.0 <.1 .9 .1 1.2 .6 1.0 .2| 19 7

|
February 1.0 <.1 1.1 1.0 .9 <.1 53 ES .7 1.1 .7 <.1

March 1.0 Ph.0 1.2 1.1 .9 .8 1.0 .5 .2

Ave. Iast 12 Months G G 7
.

7 U 7 M 7 Ui .*

Proopera'.ional

welle were not drined prior to faellity operation

(a) Control for Envircemental Ponution Results
Wen so. E seced in hoe+

M3 - Not Sampled

wen locations aboun on Fig. 3

-
_ |
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! YABI2 XVII
i
i GROSS ALPHA, GROSS El*A AD PET.%226 ANALYSES
I SEW 10YAH FCILIM FA"I.T AD NO WC uCixlO~%1
!

f FA"I? WELL CARLIS!I SML WE*.i RESITEECE WELL 1 RESIEE'tLT WEIl 2
1 a e na a e ia a e as a e pa
i

! Cperational

2.23*
January NS ES NS ES ES NS NS RS ES
February <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 53
March 53 E3 53 53 53 ES ES ES ES

April .1 .1 <.1 <.1 <.1 <.1 <.1 <.1 <.1
May .1 .2 <.1 <.1 <.1 <.1 C1 <.1 <.1 RS
June <.1 .5 <.1 <.1 <.1 <.1 <.1 <.1 <.1

July .2 .5 <.1 <.1 - <.1 <.1 Cl <.1 <.1,

i a;gast .2 .2 <.1 <.1 <.1 <.1 <.1 <.1 <.1 33
i Sr;tember .1 .2 C1 C1 <.1 <.1 <.1 <.1 <.1

Detober .1 .2 <.1 <.1 .1 <.1 <.1 .1 <.1 ,

november .2 .5 <.1 <.1 .5 <.1 .1 .5 <.1 !
'

December .1 4 <.1 <.1 .1 C1 .h .6 <.1

1972
' ~ January .3 .5 53 <.1 .3 53 .2 .2 MS,

[ yetruary .7 .7 NS <.1 .1 NS .h .2 RSj

l March 4 .h <.1 <.1 .1 <.1 .h 3 <.1
'

! Ave last 12 k aths 7 7 U D 7 D 7 7 U
4

Preoperational

I 1Mb
! July <.1 <.1 <.1 .1 <.1 .1
t August <.1 <.1 <.1 .1 <.1 .1
' September <.1 Cl <.1 .1 <1 .1

I october <.1 .1 33 nS <.1 .1
November C1 <.1 ES ES <.1 .1

'
December <.1 .h <.1 <.1 .h c.1 .3 <.1 .6

,
Average U 7 U U 7 C 7 U 7 1

1 I

i (a) Controls for Er.virornental Pollution Pes.alts - Residence wil 2 abardoned prior to facility opration

| (b ) R. Y. Belson's Preeperational Smey Results '
1 53 - Est Sas;1ed
I * Sequoyah Iab Besults
| Well locations shown on Fig. 1

i Due to Ra contents generally below detectable levels and low analytical precision, a=alysis for Ra vill be performed quarterly in 1972. ,

__ _ _ _ _ _ - - - - - - _ . _ - . - - _ _ . - _ _ - - . . ~ . , _ _ _ . _ . _ _ _ _ . . _ . . _ _ _ _ . - . - ...
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TA3 2 IVIII

F140 RICE AND WITPrE ANALYSES - SWJCTAH FAL*LT A.C DN!:3 TIC WEUJ5
CCN h.* ION IN P19t F* AND 50s AS N

CAPJISI2
FAfLT WEII. SQiOCL WEIL RES3ENCE VEU.1 RESILECE WELL 2

F 5 F E F M F 5

Operational

M.*mrya ss is as as as as
February 1.8 6.6 1.0 4.4 1.8 5.5 as as
March MS E3 R3 33 ES NS

april 2.6 2.6 .1 6.2 .2 3.5
stay 2.9 2.7 <.1 3.2 .3 25.5 53 N3

June 3.0 1.5 .2 1.6 4 .8

July 2.4 .1 .2 .5 .2 <.1
Angust 2.7 .6 .2 .h .3 4 us as
September 2.7 .1 .2 4 5 .3

Cetober 2.8 2.6** .1 %.O** .3 4.o**
November 2.4 .2 .2 .7 .3 .3 53 NS

Decenter 2.2 .2 .3 .5 .5 .2

E'

N January %.O .9 .9 <.1 1.1 <.1
A February %.2 .5 .5 <.1 .7 <.1 us as

March b.T .5 .6 .5 1.0 .1a

Ave. Iast 12 Manths N 7 7 U 7 U

Proeperatiocal
W

July .3 .5 .2 .5 .1 .(
August 4 4 .2 .1 .2

September .5 .5 .2 as .3 4

October .5 .h 53 as .5 6 |

November .2 3 53 US .2 .h
December * .T 2.5 .1 NS <.1 NS <.1 NS

Average 7 U 7 7 .2 .2 7 7

(a) Controls for Environmental Pollution Pesults - Residence Well 2 abanianed prior to facility operation
(b ) R. Y. Nelson's Precperatior.al Survey Results
NS Not Eszpled

* Sepacyah Zab Besults
Acalyses suspect - not included in calculations: Possibly due to storage for long period with continuing bacterial action.**

Well locations shown on Fig. I
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TAB 3 III
I

|

f CROSS AIJ"!A ACTIVITY A:O FLUORIDE reb 7JLTS - SEQUOYAH FACILI*Y DVIRONME:r AL AIR
ALiMA RIs!ETS pCix10 a*/al FLUDRIEE RES L*S - CONCE:r! RATION 1E FIM F f

|

I 11000 Ft. East 2
of Facility 1000 Ft. North 1000 Ft. South 1000 Ft. Wst

a F a F a F a F

Operational
M

April 5.b <.001
May 1.9 .001 <.5 3.0 .003
June 5.8 <.001 10.6 <.001 3.4 <.001

'

July 2.4 .0(X5 T.0 .001 3.6 <.001

| Aug2st 3.0 .001 7.2 .002 2.8 .002 f
1

' September <.3 <.001 4.6 .001 5.2 .005
!

October 2.6 .006 5.0 .025 1.2 .001 (
november 1.8 .017 5.4 .007 4.0 .001
December 1.8 .003 3.2 .002 2.6 .003

.l.23
January 1.6 0C1 3.6 .0T 1.h .001 |

' February 1.6 .001 2.6 .001 .8 .0c1
'

,

| pearch 1.k <.001 h.8 <.001 1.4 .013N

Ave. Iast 12 scaths M .0G3 G 703 D M y <.001'

Freoperational

1253
June througn
November Average < 100 ES < 100 ES < 100 ES < 100 ES

1 East ststion installed in April 1971.
2 porth and South stations installed in F4y 1971
3 niest station installed in March 1972
* Controls for Enviro mental Pollution Besults I

b R. Y. Nelson's Precperational Survey Besults

i

h

h.

t

.
- ._ ____ - _ - __
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TABLE IK

I
RALICAOTIVITY AND OsDUCAL ANALYSES - SEQ'JOYAM FACILITY PolCS - ALPHA EETA AND RA-226
FE'LTS in ci r10~ 7/al,FLilORCE AND N!TRA"E FEITS - CONCWATNS IN FFM F" AND NOs AS N

Pond 1 Pond 2
i

I (1/k Mile South of Facility) (1/k Mile East of Facility)

a b ha N F a O ha N F

Operational'

I 1971*
| ~ Ja-amg MS BS NS MS ES NS NS NS NS NS

Fetruary .2 .2 <.1 5.5 5.4 <.1 .2 <.1 11.0 1.5
March NS ES MS MS BS MS BS NS ES NS

April .1 .k <.1 1.7 .3 .1 .2 <.1 .5 .2i
'

i May <.1 .2 <.1 1.k <.1 <.1 .1 <.1 1.4 .1
i June .1 .1 <.1 1.3 .h <.1 .1 <.1 .2 .3

July .1 .1 <.1 <.1 1.2 .1 .1 <.1 .5 .1 i

A gast .T 4 <.1 .2 2.7 .1 .1 <.1 .3 .2

L Septsater .2 .2 <.1 .5 1.7 <.1 .1 <.1 .6 .1
|

october .9 .7 <.1 21.8** 1.0 .3 .9 <.1 37.k+* 2
;

'j November .1 .5 <.1 .3 .6 <.1 .4 <.1 .5 .1
December .7 .5 <.1 .3 .5 .1 <.1 <.1 .5 .2

'

~19n[ Jam ary 4 .6 .2 .7 .1 .2 MS .1 4

February .3 .7 .5 .7 .1 3 NS <.1 .5
,

March .8 .6 <.1 .1 1.0 .2 .1 <.2 .1 .8
I Ave, cf last 12 Montns .* .* 5.4 7 C U 3 U 7 7
i

| Preeperational
D1969'

~ July <.1 .1 NS 4 .1 <.1 <.1 ES .2 <.1

August <.1 <.1 NS .5 <.1 <.1 <.1 RS .3 <.1

September <.1 .1 RS .h <.1 <.1 <.1 RS .3 <.1

I october <.1 .1 MS .5 .1 <.1 .1 NS .3 <.1
November <.1 .1 NS .2 <.1 <.1 <.1 NS .2 <.1

Ieessrber <.1 <.1 NS NS .1 <.1 .4 NS NS <.1

Averede U U ~ 3 3 D .1 7 D
{

1 Ponds were constructed for water sqslies ten the land was farmed and are fed by runoff and/or small springs.
* Controls for Dwirormental Pollution Results
b N. Y. Nelson's Precperational Survey Results
MS Not Sampled

sequoyah lab Desults*

** Analysis St.spect - Not included in average,

i

t

J

4

)
i
i

. _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ ._ _ ._ _ _ _ _ . _ _ _ _ _ . _ . _ __ _ .
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TABM III

GBOSS ALPf!A PJEULTS - SEODYAH FACIUTY RESTPICTED AREA FCCE LINE AIR SAwf2S
pC1I10N/al ASS 3CM AIJ. ALP'fA AN DCE TO KAEllAL LETJE FLUCRIDES -

Pair"S FR BIIUCN

niest Fence South Fence North Fence East Fence
Gross Alpha Fluori.ie Gross Alpha Fluoride Gross Alpha Fluoride Gross Alpha Fluoride

Operational

E"
] January .79 .76
j Februry 1.02 84
! March 1.30 1.06

A,ru 2.o 1.2o
'May .68 .76

June .74 1.04

July .78 86
August .80 .64
Septaber .22 42

October .22 .33
November .13 .20
December .11 .17 ;

e 6

y L72 Started Feb. 1972 Started Feb. 1972
y January .13 .13 <1 !

February .35 .15 <1 .14 <1 .13 .2 !
March .17 .15 <1 .19 <1 .13 .2

Ave. Iast 12 maths 3 3 U
Pree tional

June .
October
Average <1

* Sequoyah Facility Health R:ysics enthly Average Results
b R. Y. Nelson's Preoperational Survey Besults i

I

i

i

.

,

,
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TAB 2 XXII

FWORII:E NITPJCE AND 'JJLY!!N RES'"TS
SEGJCYAH FACII.ITY E:r(IF30tE* CAL $3 L AND C ATION

Results in ppa, 51trate reporte1 as 5

1000 Feet South of Facility INO Feet liest of Facility loro Feet North of Facility 1000 Feet East of Facility South Fence North Fence

1 F U N f U N i U $ F U N F U 3 F U

Soil
T y rstional

1971*
Ime 1.0 o.3 4.1 .T 5.8 84 2.7 3.7 9.8 T.o 31 50

September 29.1 3.4 3.0 86.2 <.1 60 21.3 3.9 15 0 13.1 2.o 3.0 20 T.6 64 29 3 51
December 3.T 4.o <5.0 3.5 3.o <5.o 33 <.1 <5.o 3.8 <.1 c.c 5 13.o 19.o k to <5

March 8 116 1.2 3.0 160 20 5.0 176 2.6 2.0 100 2.7 57 280 16.6 20 224 241972

June * 11 41 32 22

Preoperational
6

|
19c9

Jme 13.2 29.T 25.2 22.5

october 29.1 22.0 18.6 17.1

Average M M 7C5 17.3

veeetation
_ operational

9E"
september <1 3 32 4 2 75 2 4 13 h 1 11 1 710 123 167 <1 T1 10e

y
cm Procperationale

19 @
Jae 38.1 34.5 25.2 13.2

october 31.5 18.9 20.k 22.8

M M M E
Ave . a.e

* Controls for envircramental pol tion resGts
b . Y. Belson's Preeperatio.a1 Survey Eesults. These uranium analyses were done by a different outside laboratory.R
*e qwyah Zaboratory So stock are pastured west of State Eighway lo nor north of the service road.e
Security line saiqles are taken for control.

|
!

!
.

__
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TABI.E XXII (Continued)

FII1ORI1E, IITRATE AC IIRANTJM REL*S
SEWJ0 TAN FA"ILITY Ef7IPO:0 ENTAL VEGMATION.1972 FIE7TS ,

Besdts in p;m, Nitrate reported as N |

I

.'ang 1972 March 1972 April 1972 May 1972 I

| IAo;ratory No. 1 Imboratory E. 2" Iaboratory M. 2 Iaboratory M . 2 Imbcratcry No. 2 !

t 5 F U h E U 5 E U S f L N I J }
| to rth .

I' 5 E.rt y >ence 3.6 200 11.9 141 < 10 91 33.h
1000 Feet fra Mant 5.k < 1.0 5 11.2 13.1 < 10 21 5.2 40 11 <5'

2000 Feet frca nant 8.3 8.1
6000 t e.t frr.m nant 30 10.7 <5 Ao 22.4 <5

| South
Eecurity Fence 6.b 700 43.3 2025 < 10 70 69 fi

| 1330 Feet fm nant 5.5 4.2 700 11.T 33.2 < 10 19.5 51.3 100 13 <5 i

! 2000 feet frca Flant 4.h 6.6 !

j 3000 reet frca Tiant 8.7 12.9 }
! 6oC4 Feet frem Mast 10 8.9 5.5 40 17.7 <5
i

East'

! * ~ Security Tecce 20 270 121
M 1000 Feet frca Plant 8.8 11.1 400 6.T 13.1 30 20 <5 180 7.0 <5 ;

CD 2000 Feet frca Mant 10.3 9.0 >

D 3000 feet fr a Plant 83.7 <1 i

4000 F ** f m Pla-t 18.9 lb.h !'

6xo Fwt frw rat 10 15.4 <5 40 19 <5 !
,

|
West i

Tecurity Fence 10 115 97 |
1000 Fret fna Mant 14.5 19.8 400 326 608 60 147 7 520 58 <5 l

2000 Feet f u Plant b.0 10.5 |
6000 Feet f m Plant 10 15.1 <5 100 13.1 <5 !

|
l

**be sample was split, half beira sent to each laboratory |
:
'STATE OF WA3NDOTON STACACS FOR FLDORIIE NOT To EI ED

1. 40 ppa - Average over 12 consecutive months -

2. 60 p;m - Each month for no acre than two (2) consecutive months (
3. 80 p;n - More t:.an once in tw2 (2) consecutive months }

l

|
t

|

|

|

t
J

,
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l 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 Gif ford'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 IV.

The Pasquill-Gifford treatment makes the following

| assumptions needed to make calculations workable:
1. The plume spread has a Gaussian distribution in both

hori::ontal and vertical planes and is from a single

source.

2. None of the material emitted is removed from theI plume as it moves downwind and there is complete

reflection at the ground.

3. There is no diffusion in the direction of plume

travel.

| 4. The relt ase is continuous or equal to or greater

thar the travel time from the source to the location

of interest.

5. The material diffused is a stable gas or aerosol

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

6. The terrain is a relatively flat open rural area.

7. 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

I,, dense uranium-containing dust and suspended liquids. This

'

-79-



. _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

1

-m
I i
v' material may settle faster than assumed. Ground level sampling

stations around the perimeter of the plant are useful to measure
this fallout and also ground or roof level accidental releases.

The data in Tabic XX.'II is presented in terms of the
XU

maximum value of 3 , a dilution factor and the distance in feet
XU

from the emission point both where y s equal to the minimumi

value and one-half the maximum value.

| TABLE XXIII
GAS DISPERSION DATA FR0h! U.S. PUBLIC

HEALTil SERVICE CALCULATIONS

'

Distance from Emission Point in Feet

|I Stability hiininum lla 1 f - Ila 1 f -
Condition XU& h!inimum XU/Q hiinimum XU/Q hfinimum XU/Q

|

-5A 3.45x10 1000 1800 2600
-5

B 4.7x10 800 1400 3000
-5C 4.5x10 1450 2050 3050,

-5
D 4.4x10 2000 3600 16000

-5F 1.45x10 8000 13200 38000

1/3C,1/3D,
f 1/3F 3.5: (10 3800 6300 19000

-5

These calculations suggest that the build-up of
concentration is relatively rapid compared to the dispersal and
that, if the primary reliance for environmental control is onI ground level sampling stations, they would need to be located at
varying distances around the plant up to at 1 cast a 6300 foot
radius. But the maximum value of under any set of conditions

is less than 5x10 This means that if the stack is being.

-4monitored you can rely on a dilution factor of at least 10

regardless of atmospheric conditions. llence, if 6 ppm fluoride

I leaves the stack, at no point will the ground level fluoride
-10O concentration ex: ecd 0.6 ppb (6x10 or 6 ppmx10 ~4). Fluoridet(, 'i icvels in the offgases from the fluoride scrubbers are measured.

-80-
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s/ Table XXIV gives calculated discharge levels after stack

dilution.

TABLE XXIV

FLUORIDE LEVELS - 0FF GASES FROM FLUORIDE SCRUBBER

4
At Top of 150' Stack Off-Site Assuming 10 Dilution

Levels in ppm Levels in ppm
Month Average High Low Average High Low

February 1972 0.91 5.26 .02 0.09 .53 .002

March 1972 0.91 5.81 .02 0.09 .58 .002

April 1972 1.72 16.9 .01 0.17 1.69 .001

It should be noted that this treatment assumes a

continuous discharge of material of uniform composition. It

is not applicable to a burst of material such as might result

from a breakdown followed by a shutdown. Under these conditions,I ground level surveillance would be superior.

The environmental surveillance program will be appreci-

ably strengthened with the addition of a main stack sampling and

analysis of the gases issuing from the 150 foot stack for alpha

and beta radioactivity, nitrogen oxides and sulfur dioxide.

The offgas from the fluoride scrubber stack is already being

analyzed for fluoride and alpha activity. The main stack sampler

is currently being designed and when installed in 1972 it will

be possible to calculate the concentration of gaseous effluentsI on or off the site. It is planned to continue the use of this

method of calculation for plant control.

C. Evaluation

1. Water

Recent literature" was examined in a search for data
as to the result of condnued environmental exposure to nitrate

and fluorides. No concern is demonstrated for nitrate levels

[''h below 10 ppm as nitrogen. But infant mothemoglobinemia has been
- |

I'- o
McKee and Wolf, " Water Quality Criteria, 2nd Ed.", State Water

Quality Control Board, Sacramento, California.

-81-
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caused by the use of drinking water containing 50 ppm nitrate.

It is widely recommended that water containing more than 10 ppm
nitrate should not be used for infants. Other threshold limits

are higher. Consequently, levels of nitrate discharged from the

Sequoyah Facility are well below those which cause harmful effects.
Some well publicized ec ologists have taken vigorous

positions about a nitrogen crisis in water supplies. Iloweve r ,

nitrogen accumulation or depletion from soil and water cannot
be understood without considering the pertinent parts of both the

nitrogen and carbon cycles. For exampic, nitrate in water is

readily depleted by material with a high biological oxygen demand
(BOC). Available information16 indicates that current use of
fertilizers is finally keeping nitrogen in cropland about in

balance. One estimate is that cultivated soils in the 48 states

have lost 1.75 billion tons of organic nitrogen from the top 40

inches of soil in the last 100 years. Total fertilizer usage

in 1968 was only 6.8 million tons compared with an estimated

removal of 6.5 million tons. Consequently, the model of an
ecosystem glutted with nitrogen seems rather unrealistic.

There is no evidence that nitrate 1cvels in water

below 30-40 ppm have any harmful effects. The current control

limit of 10 ppm would seem to be realistic. Consequently, it would

seem that no adverse environmental impact can or will result from

the nitrate levels in the discharge stream of the Sequoyah

Facility.

There could be adverse effects if one or more raffinate

pond ruptured or was sabotaged and the full contents were
delivered into the Illinois River during a dry season. While

the current method of raf finate storage is licensed by the AEC,

the Company is vigorously pursuing the development of a process

for the alternate disposal method of both currently produced and

stored raffinate.

I
O an"d Plants" by Frank G. Victs , Jr. and Richard 11. Itageman,

Factors Af fecting the Accumulation of Nitrate in Soil, Water

The United States Department of Agriculture.
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4 Fluoride icycls at approximately 1 to 2 ppm are known

to be beneficial in preventing the presence of caries in teeth.

Levels of 3 to 4 ppm can cause mottled enamel but are not likely

to cause other effects. No damage has been reliably reported

from waters containing up to 5 ppm. Municipal water supplies

| in Amarillo and Lubbock, Texas, contain from 3.8-5.5 ppm

fluoride. For waters used for industrial purposes, a limit

of 1 ppm is suggested. For the food processing industry no

serious effects have been noted until a concentration of 10 ppm

is reached. Cattic, stock and wildlife apparently show no

k I deleterious effects below approximately 10 ppm. In view of a

control point of 1.5 ppm, the emission of fluorides in aqueous

discharges from the Sequoyah Facility are well below any possible

danger level.

The plant liquid effluent drains into the Arkansas

and Illinois Rivers. The environmental impact of IJF6 plant

on the water supply can be evaluated by comparing averages of

x the last 12 months and preoperational levels and charging all'

changes against the plant. The average preoperational icvels

have been subtracted from the average operational levels. No

allowance is made for analytical uncertainty. Results are shown

in Tabic XXV and are compared with recommended maximum levels for
off-plant emissions.

Oklahoma Water Quality Standards require that the
temperature of a stream be raised no more than 5*F by man-made
causes with the maximum water temperature allowed being 93*F.
The temperature from the raw water sump and the combined exit
stream are measured daily. During the first months of 1972,

the average rise for onsite water was 5.4*F (Range 0-10). Fo r

July-August, 1971, when air conditioning loads were at a maximum,

the average rise was 4.8 F (range 0-10). More heat is dissipated

from the waste steam resulting from heating the plant than is

| removed by the air conditioners.

s .e3
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| TABLE XXV

CilANGES IN Tile ILLINOIS AND ARKANSAS RIVERS

DURING OPERATION OF Tile SEQUOYAll FACILITY

% of % of
Recom- Recom-

I Recommended mended mended
hfaximum Illinois River Maximum Arkansas River Maximum

-52x10 pCi/mt"
" -7 ~7

Natural Uranium 0.69x10 pCi/mt 0.35 0.20x10 pCi/mt 0.10

-52x10 Ci/m t" ~7 ~7O Natural Uranium 0.54x10 pCi/n t 0.27 0.26x10 pC1/mt 0.13
I;

-8 a -8 -8Ra-226 (d) 1x10 Ci/mt 0.1x10 Ci/mt 10 0.1x10 u i/mt 10c

I
Fluoride 1 0.1 ppm 10 0.1 ppm 10

Ialtrate 10 ppm 0.1 ppm 1 0.3 ppm 3

I
| " National Committee on Radiation Protection Standards

b
level added in water fluorination programs

c
McKee and Wolf, " Water Quality Criteria, 2nd Editions," State
Water Quality Control Board, Sacramento, California

d
Assume preoperational is zero

I
OI
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The discharge rate into the Illinois River in November,I'- 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
I 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 scepage 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 ofI the outcrops.

One additional potential pollution hazard exists in

connection with storing waste liquids in ponds; the carth

i,
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I1
embankment could conceivably be ruptured by an earthquake shock,

Iv thus releasing the liquid waste into the local drainage. The

possibility of an accident occurling from this cause must be
considered to be extremely remote because the area has a seismic
history of both low intensity earthquakes and low recurrence |

frequency. Tryggrason (1965) estimates that a destructive
earthquake may occur at any one place in Oklahoma about once j

in 10,000 years.

The monitoring wells are used as indicators to detect
potential trouble before contamination gets offsite. The highest

average levels for all seepage monitor wells (Tables XV and XVI) ]
-7 -7 -8

were a - 0.8x10 Ci/mt, 8 - 0.9x10 pCi/mt, Ra-226 - 1x10 i

pCi/mt, nitrate - 14 ppm and fluoride - 1 ppm. Therefore, it

appears that the control effort to protect water supplies is
satisfactory.

The fault well fluoride level has increased slightly

during the period of monitoring as shown on Table XVII. Sinces

] this well is located in the fractured zone and the strata East

of the fault lies approximately 800 feet below the balance ofI the site, it is believed that this water accumulates against

the fault and contains seepage from other unmeasured aquifers
to the East and North of the fault line. Additional sampling

and analysis is being performed in an effort to determine the

source of this water.

The Company believes that the environmental monitoring
program to detect the migration of waste liquids is effective

in that:

1. The geological and seismic history of the site hasI been satisfactorily evaluated.

2. A suitable' number of soil coring sampics were obtained

I to properly evaluate the potential path of seepage

from ponds. (Figures 12 and 13)

n
/ \
\ !

j
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3. The soil and well water sampling program and regular
surface inspections are adequate to detect seepage
from ponds before any significant volume of liquid
has been lost.

4.I The specification for the clearing, grubbing and
construction of waste disposal system ponds meet
all AEC specifications. Specifications for clearing

and grubbing and reduced drawings are presented in
Appendix I. Design specifications for the construction

of the ponds are consistent with AEC specifications in
that:

All ponds are surrounded by fences and only author-a.

1:ed personnel are permitted access.
b.I The ponds do not occupy the channel of any permanent

watercourse or natural drainage flow.

The embankments and bottoms of the ponds arec.

constructhd of impervious compacted clay. The
embankmencs have been planted with Bernuda

| grass to reduce the possibility of erosion

except for the separation levees in the raffinate
and fluoride ponds.

d. Ponds less than eight feet deep have an eightI foot top width. Ponds between eight and twelve
feet deep have a 10 foot top width,
Back angles are lined with well-compacted clay.c.

Dikes have deflector plates to reduce the
possibility of erosion.

f. The clay embankments have an upstream face
horizontal to vertical side slope ratio of 2.5
to 1 and a downstream face horizontal to vertical
slide slope ratio of 2 to 1.

11
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I
g. The freeboard height of the embankment aboveI the maximum liquid level is 3 feet. Suitable

|

schedule 40 pipe is used as the overflow pipe.

The outside of the overflow pipe is cold doped

before being embedded in impervious compacted

| clay.

h. The ponds and embankments are regularly inspected
to insure their continuing structural integrity.

Specifications for the design and construction for ponds

are available for inspection as full sized engineering drawingsI1 (44' x 68').

2. Air

Livestock in the field are exposed to fluoride from

the air , forage , feed supplements and water. It can be calculated

! that inhalation of fluoride from air contributes a negligible

, amount to the total fluoride intake of animals. For example,

in cattic an atmosphere with a fluoride concentration of around

3 milligrams per cubic meter for six hours a day (2.55 ppm)I resulted in a fluoride absorption of 0.4-0.8 milligrams per

kilogram of body weight. Safe icvels for soluble fluoride in

the total ration have been reported to be 30-55 ppm for dairy

cattle and 40-55 ppm for beef cattle. Corresponding IcVels for

insoluble fluorides are 60-110 ppm. Safe icvels are higher

for sheep, pigs and poultry.

Mo s t o f the fluoride retained by the animal reports
to the bones and teeth. Meat will contain 0.14-2 ppm and milk,

0.04-0.55 ppm. Considering that a fluoride level of 1 ppmI in water is usually considered beneficial to teeth, the meat

and milk of a cow that has been subjected to a high fluoride

diet is not a significant source of fluoride in human diet.

This is true even if the fluoride level in the animal's feed is
I high enough that it did not thrive.

17

I !?' Air Pollution", Second Edition, Arthur C. Stern, Editor,
Academic Press, 1968.
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A National Academy of Sciences sponsored study
concluded:

|

"Meanwhile, we must rely on the evidence that airborneI fluoride concentrations that produce no plant response

contribute quantities of fluoride that are negligible

in terms of possible adverse effect on human health

and offer a satisfactory margin of protection for

man."

Vegetaticr. cho*:s wide ranges of sensitiveness to

fluoride as reported by the same study." Conifers, sorghum

and gladiolus seem to be the most sensitive. Plant injury is

normally recognized by tip and margin burn of the Icaf that

proceeds irregularly into the body of the Icaf. Interest in

developing detailed information has been focused primarily
upon ornamental, decorative and human food plants. Fo r the
three species listed above it is suggested that the maximumI concentration of exposure be restricted to no more than .5

micrograms per cubic meter while a concentration of twice

this amount, or 1 microgram per cubic meter, be the limiting
factor for forage crops. They further conclude that:

"In the simplest terms, the minimal effective

concentrations of atmospheric fluoride would

| produce either no necrosis or an acceptabic
amount of necrosis on susceptibic receptor plants
or would result in a tolerable accumulation of
fluoride in forage."

I
=

" Fluorides, Committee on Biologic Effects of Atmospheric
Pollutants," National Academy of Sciences, 1971.

g " ibid
I
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The soil and vegetation analysis from tabic XXII

shows extremely erratic patterns that are believed to be due

mainly to analytical bias and sample contamination. Samples
are collected in the field, subdivided and packaged in the

plant, and forwarded to the testing laboratory. It is possible

that the samples are contaminated during subdivision or the

equipment used for analysis is contaminated.

Revisions to the collecting and subdivision technique

are being installed to insure a noncontaminated sample. In

addition, a control evaluation program to determine analytical

precision of the laboratory employed is in the process of

! implementation. The variation between months and between
laboratories does not seem to have another acceptable explanation.

This mechanism seemed to have occurred for fluoride,

especially in the month of March soil samples. Samples taken
on June 20 appeared to return to more expected levels.

' Soil sampics collected in 13 different locations between.

Sallisaw on the East and Warner on the West and along the
valley of the Illinois River North of the plant had a total

fluoride content of 32-56 ppm. Soluble fluoride content ofI these samples all measured less than .5 ppm.
Variation in chemical 1cvels of vegetation may be

I normal. Published data show nitrate levels vary from 274 ppm
to 10 million ppm for cornleaf and 23-423 ppm for pigweed,

| depending upon the season of the year and portion of plant
sampled. Fluoride variation in gladiola plant leaves varied

from . length of a discolored
leaf.g123ppminlocationsalongthe

In none of the plants sampled near the facility was

visual damage apparent.

20
Agricultural llandbook No. 413 " Factors Affecting the AccumulationI of Nitrate in Soil, Water and Plant", U.S. Department of Agriculture,

November 1971, pp 44-46.
21

" Air Pollution, Injury to Vegetation", U.S. Department ofI IIcalth, Education and Wel fare, National Air Pollution Control
Administration, 1970.

I
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The Company does not believe that adverse effects

|result from release of airborne fluorides at the current levels

of the Sequoyah plant. |

The lowest S02 level reported to cause any human

response was 0.2 ppm (humans are more sensitive to S02 than

the usual laboratory animal). A more general scientific opinion
;

is that a 1 ppm minimum level is needed to generate any response.

Prolonged exposure to at 1 cast 10 ppm levels is required to produce

noticabic damage to plants. Since maximum ground 1cvel SO2

concentrations due to the Sequoyah Facility are of the order of

0.1 ppb (See Dames and More repott, Appendix V), no detectable

damage has resulted to either plants or animals.

Maximum ground icvel nitrogen oxide concentrations due

| to the Sequoyah Facility are of the order of 0.3 ppb (Dames

and More report). Average NO2 concentrations of 6 ppb over the North
22

American continent are reported . The lowest reported response

due to NO is growth retardation of broad-leaved plants at2

the 500 ppb icvel. Some effects on aulnal life have beenI 3 23
rep'>rted at the 5x10 ppb icvel. These levels are orders

of magnitude above that resulting from the operation of the

Sequoyah Facility. Consequently, the Company believes that

nitrogen oxide emission from the Sequoyah Facility is not a

significant environmental factor.

It needs to be understood that there are experimental
limitations in the accuracy of parts per billion analyses.

Precision of measurement is limited by sample volume and con-

centration and analysis at or below icvels of detection.I An evaluation program to determine analytical precision

of the laboratories is in progress.

|'m #3' Air Quality Criteria for Nitrogen oxides", Environmental
') Igotec tion Agency ,1971.

-/ Stern, op. cit.
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3. Radiation Levels

The radioactivity associated with uranium conversion
to UF6 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
*' 25

systems. 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 andI 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 concent rated 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 19 a slightly radioactive materialI 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 IcVels associated
with uranium conversion activities are low and enployees working

g at the plant rarely receive more than 0.1 the annual occupational

I s" Waste Guide for Uranium blilling Indus try", U.S. Department o f
I!calth, Education and Welfare, Public Ilealth Service, Technical

|; Report W62-12 (1962).
2s

J "The Control of Radium and Thorium in the Uranium billling Industry",
' Report WIN-112.
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radiation exposure limit. Dose rates at the surfaces of process j
vessels rarely exceed a few milliroentgens per hour, j

Soluble natural uranium compounds exhibit chemical i

toxicity properties when taken into the body in sufficiently

largequantitigs. Approximately 6 mg can produce temporary
kidney damage. Since the surrounding population members
will not be exposed to sufficiently large quantities to produce
chemical toxcity effects, only the radiation dose effect is

| cvaluated for exposure to airborne uranium.

An alternate approach to the location of raultiple

air samplers is to apply pasquill's equation to a weighted
average weather pattern for the year so as to derive the cumulative
deposition and maximum concentrations of air pollutants completelyI around the plant rather than at specific points. In order

to accomplish ;his approach, it was necessary for Kerr4tcGee

to employ the services of Dames and More, Consulting Engineers,
of Washington, D. C. Since the data gathered at the Sequoyah

Facility was not sufficiently complete for computeri:cd cal-

culation programs, it was necessary to use the weather data

available from the weather observation station at the Fort Smith

airport which had been recorded on tapes by the Department of
Commerce and was immediately compatibic to the computer program.I Ilourly observations for a period of record from January 1960

to December 1964 provides data stability. Wind direction for

a ten year period f rom 1953 through 1963 were used. The

population distribution within distances of interest from the

| plant were thuse prepared and reported previously from the

Environmental Sciences Department at East Central State College.

I
76

1. S. Eve, "Some Suggested Maximum Permissible Single Intake
Io of Uranlun",llealth Physics, Vol. 10, pp. 773-776, 1964.
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The release rate was determined by estimating or sampling
the various sources of release from the plant as shown on

]
Table XXVI.

Through their computer program, Dames and More was
able to integrate these data and make a calculation of the expo-
sure of individuals at various distances from the plant. The
highest concentration values were found at a distance of one-

half mile Southwest of the plant as shown on the followingI tabic:

TABLE XXVII
MAXIMUM ANNUAL

DOSE TO INDIVIDUALS AT STATED LOCATIONS

FROM SEQUOYAll FACILITY

Dose (mrem /yr)
Kidney Lung Bone

School ENE 1.1 mi 0.04 0.5 0.009

Residence SE 0.5 mi 0.07 1.1 0.02

Residence NW 0.5 mi 0.16 2.6 0.04

Residence NE 0.5 mi 0.19 3.3 0.05I (Max) SW 0.5 mi 0.62 11.2 0.16

Average Natural Background 200 200 200

Cumulative man-rem doses were also calculated for the
exposure out to ten miles based upon the same estimated annual
released rate. The cumulative man-rem dose for lung, bone and
kidney tissue are as follows: kidney - 0.56, lung - .612I and bone .014 man-rem per year.-

It should be noted that these dose values are conserva-
tive since no allowance was made in the released rates of
radioactive material for nonrespirable particle size nor for
dropout between the release point and downwind locations of interest.

OI
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9 as Appendix
A complete copy of the Dames and More report is included

IV to this report.I Background radiation occurs naturally in our environ-

ment to such an extent that people in the United States receive

an average of about 200 mrem per year from background radiation

sources, with a dose of about 140 mrem per year being the

j minimum received by every individual living in the United States.

Further, this naturally occurring radiation exposure can be

substantially increased by such things as the type of building

traterials used for structures, the place where a person lives,

and other similar choices that are made in everyday life.I These background radiation data are furnished to provide a basis

for proper evaluation of the increnental radiation exposure

received from the Sequoyah Facility in relation to the radiation

exposure received f rom our environment.

| a. Na tu ra l Radiation Sources
There are several sources of naturally occurring radiation

exposure as shown in Tabic XXVIII. These naturally occurring

radiation sources have been essentially constant for the period

of recorded history and, thus, man has been continuously exposed

to these radiation exposures since the beginning of time.

One of the principal sources of natural radiation is

cosmic radiation. The icyc1 of cosmic radiation varies with

both latitude and altitude, with the average for a resident of

the United States being about 50 mrem / year. Cosmic radiation

increases with elevation, and at Denver (elevation 5000 f t) the

exposure from cosmic radiation is about 150 mren/ year, or three

times the U.S. average. Air travel also increases an individual's

radiation exposure, with a roundtrip cross-country jet flightI contributing abcut 4 miem.

The radioactive materials in the ground are another

major natural radiation source which produces an average radiation

exposure in the United States of about 45 mrem / year. Ilowev e r ,

there are wide variations within the United States, and there

are areas in India where the radiation exposure from the ground

98
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I
TABLE XXVIII

TYPICAL NATURAL RADIATION DOSES

mrem /yr

Cosmic 50-150

Grounds and Structures 95-145

Air 5-10

Food 25

Total 175-330

TYPICAL RADIATION DOSES FRO)1FIAN-hfADli RADIATION
SOURCES (NOT ASSOCI ATED WITil NUCLEAR POWl:R) -

mrem /yr

Watch Dials 2

TV l-10

Fledical X-ray (Average) 55

I
T_YPICAL X-RAY DOSES '!O PARTS OF liol)Y

Teeth 1000 mrem / series

Chest 500-5000 mren/ exposure

GI Tract 1000 mrem / exposure

Fluoroscopic 10,000-20,000 mrem / min

|
|
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I
is about 1300 mre m/ year. The type of building materials also

has a significant effect on radiation exposure as the natural |

radioactivity in a wood frame house will produce an exposure )
of about 50 mrem / year whereas a brick house will produce anI exposure of about 100 mrem / year. There are some types of stone,

'

such as some granite and marble that will produce an exposure

of 350 to 500 mrem / year. Radioactive gases and particulates

in air contribute about 5 mrem / year. Naturally occurring j

radioactive materials in foods contribute about an additional

25 mrem / year.
b. Variations in Natural Background Radiation

There are substantial variations in natural backgrourd

radiation IcVels and a person can affect the radiation exposure

he receives from such natural sources by 50 to 100 mrem / year.
As indicated previously, cosmic radiation increases with

altitude and living in Denver will increase the radiation

exposure from this source by about 100 mrem / year. Further, there

are significant geographical variations in the radiation exposure

from sources of radiation in the ground and even within a few

miles this may vary by a factor of two or more (approximately

20 to 50 mrem / year.) T1.c type of building materials utill:cd

in the home in which a person lives and in the building where heI works also affects the radiation exposures received. For
example, the natural radioactivity in a brick structure will

produce a radiation exposure of about 50 mrem / year more than
a wooden structure. Further, some forms of stone used for

building materials have much higher radiation IcVels than brick.

Thus the radiation exposure received from natural

g radiation sources by a person living in the vicinity of the

Sequoyah Facillty can casily be varied by 50 to 100 mrem / year by
choices that are nade as a part of everyday living. The fact
that people have been living in this environment for thousands

of years without discernibic effects resulting from such

variations in radiation background provides substantial evidencecx
l that the effects, if any, produced by such variations are not

~

significant to the general population. This conclusion is further

-100-
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I '

y supported by the lack of radiation effects observed in persons

) living in areas of the world that have natural backgroundx

radiation IcVels from two to ten times that of the average United

States background.

c. flan-hfade Radiation

There are several sources of man-made radiation not

associated with nuclear power which are used routinely by the

general population and which contribute to the total radiation !

exposure received. The most significant of these is the use ofI medical x-rays which, according to the U.S. Puolic IIcalth

Service, contribute an average of about 55 mrem / year whole body
radiation exposure for every person in the United States. The

total radiation exposure contributed by such sources is about

60 mrem / year. A summary of such sources and the radiation exposure

resulting therefrom is shown in Table XXVIII.

I 4. Uranium Deposition

In addition to such airborne uranium, the possibility

of particulate fallout coming at the source of external radiation

or the uranium entering the food chal of man and causing further

exposure from internal radiation has been further examined.

To conservatively define the fallout and deposition of

effluent particles from the facility, the following assumption

were made:
1. All of the ef fluent particles were uniformly

deposited on a circular area inside a one mile

radius around the facility. (See Dames and hfore
lleport, Appendix IV)

2. The initial interception of the particles by

vegetation was 40% with a retention half life on

the vegetation of thirty (30) days.

3. All the uranium released was uniformly deposited

in the soil at year end and accumulated with an infin-

In ite retention time at or near the surface of the soil,

w- '
27
' Retention of 1-44n Simulated Fallout Particles by Soybean and

Sorghum Plantd', J. P. Witherspoon 6 F. G. Taylor, Jr. , llcalth Physles,
November 1971.

-101-
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I
By using the above assumptions, calculations show that- s

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 wou1>

increase at a yearly rate of 5.4 microcuries per acre

The soluble uranium deposition is considered in cal-I culations for radiation dose from uptake via the food chain and

radiation doses due to external radiation due to buildups in the soil.

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

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 insolubic and solubic uranium depositions or 16.6 microcuries

of uranium per acre per year.

The principal uptake pathways between radioactive
material released to the atnosphere and man are shown on theI 28
attached chart.

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

man as food and cotton, wheat and soybeans are the commerctal
crops grown in the immediate vicinity. Only a very small fraction

of uranium deposited in the soil 1.; expec ted to be taken up by
29

vegetation. 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-

Izm ing Related to the ihndling of Radioactive Materials", Pergaman
j Press, 1965.

29<

J. P. Withe rspoon r 12 G. Taylor, Jr., op. cit.'

-lob
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Simplified pathways between radioactive material released to atmosphere
and man

I
.

I
Direct radiation

.

Derosition Crops IngestionI and -

"
Plants

Air +

H

Deposition _ Direct "
,s

~

#"
Soil Radiation o"

dioactive
terials

U

I -

Inhalation [ Animals

I
4I Inhalation

I:IGURI. 14

I Reference PR1!!CIPLES OF E!iVIR0!!'fE! ITAL lio!!! TORI!iG RELATED TO Tile ilA'iDLI!!G
OF RADI0 ACTIVE }!ATERI A1.5, ICRP PUBLICATIO!! 7. September 13, 1965.

A REPORT BY C0!OitTTEE 4 0F Tile !!iTEPflATIO!!AL C0!CilSS10!! O!!
RADIOLOGICAL PROTECT!0!!

e

I:! Gll R ii 1 4
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_ Additional important pathways considered of flesh,

by man, of animals foraging on grass contaminated by airborne
'

uranium particles and the external exposure possibic from uranium-

deposited on the soil.

a. Estimated Uranium Uptakes and EffectsI Calculations to arrive at an estimated uptake of uranium

by man via the vegetation--beef cattle pathway assumes the

following:

a. One acre of gra:ing land is required to support

one head of stock during the growing season and

each animal is gra:ed for one nine (9) month

season.
b. The cattle consumed all the forage grown on the land

during the season and ingested the average amount

of uranium retained on the forage.

c. All vegetation was forage,I d. The kidney is the critical organ of cattle and man,

c. The f raction of ingested uranium retained by the

-3 .'kidney of cattle and man was 1.1x10

f. A man consumes half a beef kidney each year.

Using the assumptions in parts a. through f., above,
the kidney of man would retain 1.2x10 microcuries of uranium

31
with a biological half life of 15 days. The total radiation

dose to the kidney of man would be less than .02 mrem.

b. External Pxposure from Uranium Deposited

on the Soil

The yearly uranium depositicn to the soil in theI immediate vicinity of the facility has been calculated to be 16.6

uCi per acre assuming that all the uranium contained in the

gaseous effluent were deposited in a circular area one mile in

radius around the facility. This amount of uranium would produce

| 7 37.4x10 d/m per acre or 1.8x10 d/m per square meter or 18 d/m
per 100 square centemeters. The dose rate from this if assumed

concentrated to one meter square would be .0032 mrem / year.
- s

.

f ? 30'j ICRP Publication Number 2 " Permissible Dose for internal
Radiation", Pergannn Press, 1959.
31

ibid.

104-
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,I
I'' Long term buildup of uranium in the soil of vicinity;

_
is not expected to increase lin arly in relation to the yearly

deposition due to rainfall and surface runoff of rainwater.

The average amount of uranium remaining in the soil is estimated

to be approximately 50% of that deposited. It is assumed that

the readily soluble deposition will be quickly dissolved and

percolated to lower soil layers and the insolubic portion will

be washed away by rainwater or will slowly migrate to the lower

soil layers. The buildup of uranium in the soil (.096 mrem /yr)
and the subsequent runof f of uranium by rainwater to nearby

streams (.0001 MPC) is considered to contribute an insignificantI radiation ha::ard during or af ter the 30 year estimated life of

the facility.
'

5. Conclusion

Based upon these investigations and on data, it is

concluded that the population in the vicinity is exposed to an

insignificant amount of additional radiation due to the installa-

tion of the Sequoyah Facility.

P. Other FacilitiesI The nodifications to the site required for the install-

ation of the plant has been described previously. In addition

to these modifications for the plant installation, a road was

improved and new powerline constructed.

| At the time of site acquisition, an unimproved road

extended from the county road just to the East of the present
location of Stato liighway 10 to the loc.ation of Carlile Ford and

the bottomland field across to the Illinois River. As shown
on Figure 1, and as can he seen on the act tal views of the plant,I this unimproved dirt road was improved by additional base grade

and surfaced with asphaltic concrete to the plant entrance

road. Beyond this, the surface was covered with heavy gravel
for approximately 1000 feet. The road formed the retention dike

for the settling basin located immediately South of the plant..

building. This installation resulted in an additional 500 feet
' '

of surfaced road and 100 feet of improved gravel road, consider-

ably more stabic and weather resistant than the county road it

-105-



I
replaced. Its construction did not intrude on any other property,

interfere with any other highway nor with the movement of fauna

in the area. The settling basin, located immediately to the

North of the road, is an attractive front for the plant and

has been stocked with native fish. The settling basin will not

become stagnant because a small stream of water is diverted fromI the water supply and piped to the basin. The basin overflews at

the West end of the dike and joins the combined effluent stream

as it passes under the roadway. No significant environm utal

effect has been observed as a result of this construc tion.
The power line shown as existing on Figure 1 which

crosses the site from Northwest to East is a 67 kva line located
there prior to the plant construction. A portion of the line

was relocated by OGSE to permit crection of the plant and to
supply the electrical substation which supplies electric powerI to the plant. In addition, since the plant was constructed OGGE

has installed a 131 kva line from the plant's switch yard North

approximately one mile and then West to the Gore substation to

provide an alternate source of power for continuous operation.

The erection of this power line required the removal of timber

along its route and the maintenance of a fire lane through the

timber immediately North of the plant. As can be seen in the

aerial photographs, the effect of this power line installation

due to the opening of the fire lane through the timber has beenI minor.

Examination of the aerial photos reveals two other

anomalies. The first is located immediately East of the plant

between State Highway 10 and the county road. This area appears

disturbed with no uniform covering of vegetation. This area was

used by the highway contractor as a location for his asphaltic

concrete preparation plar.: which was used to surface State

liighway 10. No effort was made to replace a uniform grade or

plant a cover vegetation.I In the aerial photographs, an area immediately North of

the No. 2 P.affinate Pond appears white to the camera. This area

I was the borrow pit for the fill material used for the dikes around

I
,

-106-



- - _ _ - _ _ - - . _ - - _ . - - _ _ - - _ - - - _ - . - - - - - - - - - _- - - _ --

! I
-

.

i

these ponds. The area appears white because of the high rock

| content at this particular location. No undue erosion has been -|

noted of the current surface and natural reseeding has not occurred
I

{ It is planned to prepare this surface for planting as soon as

material becomes available.

|
E. Lowest Practicable Value |

i Licensing conditions require that releases of radio- '

l

active materials be maintained at the " lowest practicable"iE
|5 value. The processes and procedures installed at the Sequoyah
;

j Facility must be examined in an effort to determine if these |

1 requirements are being met.
1

The Sequoyah Facility e f fluents of radioactive
5

chemicals occur from: |

| 1. Release of gaseous normal UFc.

2. The release of normal liquid UNil solutions.

3. The release of natural radioactive daughter
|

|
products (Thorium 230 and Radium 226) of

J natural uranium in soluble or insolubic form.
I 4 The release of noinal Uranium conpounds (UO 3,

2 and UFw) through entrainment in ambientUO i

| ai r st reams from leakage in packing glands,

spillage or inadequate functioning of partic-

ulate fi l te rs installed to prevent such loss.

It is cencluded that, due to appropriate design,

j environmental surveillance and restricted area.. control programs,

I such losses are not occurring undetected and are promptlyg
5 corrected if detected. In all cases , design criteria have been

,

| met. In examples where control has not been measured as being

f sufficiently e f fective, equipment has been added, i.e. additional

dust filtration equipment, to further control emissions. Active

programs to reduce ha:ards of accidental uncont rolled release

are under way to improve upon current control programs or to

avoid builup of quantities of contaminating pollutants.

OI
-107-
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:I
In the area of unregulated chemical pollutants , efforts

,

have been diligent to meet design criteria, measure environmental
| releases and improve control to provide measurabic safety
| factors.

From the surveillance program results and ongoing

| efforts, it is concluded that *he Sequoyah Facility meets all

|
current standards of emission control and requirements of the

| "lowes t practicable" release.
I
;

F. Accident Analysisi

1. Waste Retention Ponds, Rupture

The waste ponds contain raffinate from solvent
extraction and other nitrate or soluble fluoride materials. The

6
!

original Emergency lloiding Basin (Basin 1) contains 0.5x10 gal-

| lons of rainwater with nitrates above the 10 ppm level. This
1

j basin was used for raf finate but was pumped empty, then accumu-
! lated rainwater and was emptied again and is thus low in uranium,

thorium or radium content. Waste Pond No. I contains approxi-
b

,

mately 8.0x10 gallons of Ca(Oll)2 and Nil 3 neutcalized waste with
| the pil slightly basic. Waste Pond No. 2 currently contains

| approximately 3.5x10 gallons of Nil 36 neutralized waste with some

] Ca(Oll)2 neutrali:cd liquor from the No. 1 Pond with the pli

j slightly basic. (Volume and pit on May 5, 1972).
The total amount of uranium, thorium and radium 226

es timated to be present in the pond liquids has been tabulated.

i The total uranium, thorium and radium 226 present in liquids and
i

sludge has been calculated. 'lhe maximum thorium and radium 226'

was calculated using a separate analysis. These maximums are;

compared to the totals for radioactive materials in the liquids

and sludge,

f The following information in Tables XXIX and XXX was

f obtained by calculation using the pond volumes on May 5, 1972

; and concentrations for uranium, radium and thorium from sampics
I

taken February 23, 1972. The No. I l'ond was sampled with a pil

o f 2. 5. The No. 2 Pond was sampled with a pil of 0.9 (after

||
-108-
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|

'
|

direct Nil 3 neutrali:ation). Values for the Basin No. 1 are.;

omitted since it contained rainwater,
j

i I

TABLE XXIX,

URANIUM RADIUM 226 AND T110RIUM IN LIQUIDS
WITil pli 0F 2.5 IN PONDS

|I:
I

: Volume Uranium Radium 226 Thorium
Location in Liters in Kg in Curies in Curies

j Raffinate
{ Pond No. 1 22.7x106 12.2x102 0.0318 0.0134
I Raffinate

6
i Pond No. 2 13.2x10 7.13x102 0.0184 0.0087 |

1 Raffinate |
6Sludge Pond 7.57x10 4.03x102 0.0105 0.0045 i,

Basin 1 1.89x106 . . .

I 6Total 45.36x10 23.41x102 0.0607 0.0266 |
4

|

! or 2341 Kg
! l

I

i>

TABLE XXX
.

| URANIUM, RADIUM 226 AND Til0RIUM IN LIQUIDS
WITil pil 0F 6.9 IN PONDS

!
I g Volume Uranium Radium 226 Thorium
5 Location in Liters in Kg in curies in curies

e

!|
Raffinate

6 1Pond No. 1 22.7x10 8.1x10 0.0242 0.00025
Raffinate

6Pond No. 2 13.2x10 4.75x10 1 0.0141 0.00015
|' Raffinate
; Sludge Pond 7.57x106 2.79x10 1 0.0081 0.00008

6Basin 1 1.89x10 . . .

Total 45.36x10 15.64x10 I6 0.0464 0.00048
or 156.4 Kg

.

I
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1

I
I The amount of uranium discharged to the ponds from

h! arch 1970 through April 1972 was 7760 Kg by totaling the
uranium in each raffinate hold tank based upon sampling and

analysis of each tank's contents. The uranium accounted for in

| Table XXIX in liquids is 2341 Kg. By using the ratio of the

known uranium discharged to the ponds to the uranium in the

g liquids, or h = 3.3, as a multiplier for the values in Tabic

XXIX the data in Table XXXI was obtained.

I TABLE XXXI

I URANIU51, RADIU)! 226 AND TiiORIUht IN LIQUIDS
AND SOLIDS OF PONDS

Uranium Radium 226 Thorium'

Location in Kgs in Curies in Curies

I Raffinate
Pond No. 1 4000 0.1049 0.0442
Raffinate
Pond No. 2 2350 0.0607 0.0287
Raffinate
Sludge Pond 1350 0.0347 0.0149

Total 7700 0.2003 0.0878

I Since the ponds are now maintained slightly basic, the
totals from Table XXX may be sub t rac ted f roin the totals of TableI XXXI to find the distribution of the three materials in the

sludge.

TABLE XXXII

URANIUhl RADIUh! 226 AND Til0RIUh! -
TOTALS AS LIQUIDS AND SOLIDS

Uranium Radium 220 Thorium
in Kg in Curies in Curies

I Total to All Ponds
(Tabic XXXI) 7760 0.2003 0.0878
Less Liquid Contents
(Tabic XXX) 156 0.0404 0.0005
Amount of Sludge
of All Ponds 7604 0.1539 0.0873;

-110-
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As an approximate confirmation of the total radium 226

and the total maximum thorium, spot analysis made of fresh

unneutralfzed raffinate were examined. The sample results

| indicated:
-3Uranium 84.2x10 Gms/1

-8 '

I Radium 226 173x10 pCi/mt
-8

Total Thorium 47x10 uCi/mt
The radium 226 is calculated as follows:

~0173x10 uCi/mt
84.2x10" gms U/1t x 1000 gms/Kg x 1000 ml/l =

'

= 2.055 x 10 - 20.55 pCi radium 226
2

Kg L'ranium|I Multiplying by 7760 Kg. U to the retention ponds:

7760 x 20.55 = 159,300 uCi radium 226

or = 0.1593 Ci radium 226

The maximum total thorium is calculated as follows:

-8
) 47x10 uCi/mt

x 1000 gms/Kg x 1000 ml/l =84.2x10-3 gms U

h = 5.5 uCi ThKg U
Mul tiplying by 7760 Kg of U to the retention ponds:

I 7760 x 5.5 = 43,200 pCi total thorium

.043 Ci total thoriumor =

The 0.1593 Ci for radium 226 compares well with the

0.2003 of Tabic XXX. The .043 Ci total thorium compares well

| with the 0.0878 of Tabic XXXI.
The total radioactivity for solubic and insolube

radioactive materials in waste retention ponds is sunmarized
in Tabic XXXIII. The information is presented both in terms of
pCi/m and MPC's (maximum permitted concentratic.?) . It is|I apparent that the potential problem is the possibility of soluble

Ra-226 getting off-site since it contains the highest fraction
of solubic radioac.tivity.'

7,

< 1
x
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TABl.E XXXIII

RADI0 ACTIVITY - WASTE RETENTION PONDS

Raffinate Pond #1 Raffinate Pond #2 Raffinate Sludge Pond

Volume-mt 2.27x10 10 1.32x10 10 .757x10 10
(8 Million Gallons) (3.5 Million Gallons) (2.7 Million Gallons)

Ra-226 Activity-uCi/mt
Soluble 107x10-8 106x10-8 10.7x10-8

MPC 107 106 10.7
Insoluble .356x10-5 .353x10-5 .035x10-5

STC 0.12 0.12 0.01

Th-230 Activity-uCi/mt
Soluble 1.1x10-8 1.1x10-8 ___

FTC .01 .01.
---

:: Insoluble 1.94x10-6 2.17x10-6 .20x10-6
7 FTC 1.94 2.17 0.20

Natural Uranium Activity-uCi/mt
Soluble 1.2x10-7 1.2x10-7 1.23x10-8

>T C .01 .01 s.01
Insoluble 5.9x10-5 3.1x10-5 5.9x10-6

>TC 3.0 2.6 0.3

. . . . .



, - - - - -

Based upon the evaluation of the seismic history

;) of the area, described previously, Kerr-htcGee does not consider

|~ the. complete delivery of a pond's content into the watershed

to be a credible accident. If an act of sabotage occurred

where Raffinate Pond No. 1, Raffinate Pond No. 2 and the

Faffinate Sludge Pond are simultaneously destroyed, then complete
contents may be delivered to the Illinois River. The actI is assumed to happen in November when the average flow of the
river is 540 cubic feet per second, the lowest average monthly

flow rate of-the year. A volume of 1.59 billion gallons would

be required for dilution to hfPC concentrations (8 x 10 x 112 +
03. 5 x 106 x 111 + 2.7 x 10 x 11.2). This would be equivalent

to 3.8 days flow for the Illinois River at this time and place.

However, the minimum ' monthly average flow rate for

the Arkanscs River near Sallisaw was 9310 cubic feet per second

or 5.9 billion gallons per day. Hence, dilution below h!PCI levels would take place reac'ily in the Arkansas River. The

Illinois River would be above h!PC levels for not more than a

) few days.
The combined strecm would be about 3% by weight in

both ammonium and nitrate nitrogen. Dilution by a factor of<

100 would still leave a nitrate and ammonium nitrogen level
32

of about 300 ppm each. Publishe'd information indicates that

at these concentrations and pH,.the resultant ammonium solution

would cause fish kills in the reservoir. The potential chemicalI consequences are more harmful than any effects of radioactivity.

It is not believed that such an action is credibic.

2. UNH Evaporator, Rupture

The UNH evaporator is located within an undrained

| curbed area immediately North of the solvent extraction building.

The evaporator operating inventhry is 2,000 gallons of approximat-
ely 1.66 Sp. Gr. pure uranyl nitrate. Product from the evaporator

I '_'
#32

J . E . hic Kee and 'H. W. Wolf, " Water Quality Criteria",.Second
. Edition, Resources Agency, California State Water Resource Control
j Board, Sacramento. 1963, pp. 133-137.

I
.
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is also within the same curbed area in a 2,000 gallon UNH
'

( ; surge tank.

The evaporator is operated at approximately 225*F'~'

and near atmospheric pressure by keeping the condenser contin-

uously vented. The most likely spillage would occur accident-I ally, e.g., by breaking a line or breaking of a sample valve.

All liquid within the area would be contained in the dike with

2,479 gallons extra capacity. See calculations following this

analysis. Similar equipment has operated without difficulty

| for over a decade at the Fernald, Ohio AEC installation. Only

one known explosion of a similar evaporater has occurred and
was due to " Red Oil" in the evaporator. This reportedly occurs

only when the temperature is over 130*C (266*F). Rupture of

this type is accordingly considered remote since the temperatureI is maintained below the 266*F.

Should rupture occur some mist might splash over the

immediate area. Liquid would be caught in the curb. Discharge

beyond the facility fence would be Low Specific Activity uranium

| '; based material and free of thorium or radium.

Evaporator Area Curb -

33' x 30' = 990 Sq. Ft.

Less-- 2 x 1.0' x 5.0' 10.00 Sq. Ft.=

EquipmentI Bases 2 x 1.58' x 4.0 = 12.64 Sq. Ft.
4 x 1.5' x 1.5' 9.00 Sq. Ft.=

6x (1.17)2 (3.1416) 6.45 Sq. Ft.=

2 x 1.83' x 5.0 = 18.30 Sq. Ft.

(990 Sq. Ft. - 57 Sq. Ft.) x 1.00 Ft. = 933.Cu. Ft.

933 Cu. Ft. x 7.48 6,979 gals.=

I Evaporator (Working Volume 2,000 gals.

UNH Surge Tank 0 50% Full 1,000

RAC Storage Tank 8 50% Full 1,000

S-X Seal Water Tank 500

|' '
Total (Max, dumped by disaster) 4,500 gals.

'

/ '; Curb 6,979
( ,/ Minus Working Volume 4,500

Excess Volume 2,479
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^n 3. Acid Tank, Rupture

,) Acid tanks.are within a curb containing limestone to

neutralize any spilled acid. Storage area information is

tabulated as follows:

I Limestone
Number Content Filled Tank Required for
of Tanks Description Volume, Gal. Neutralization, Pounds

1 40% Nitric 15,000 35,200

1 60% Nitric 15,000 74,800

2 Aqueous HF 7,500 50,250

2 Anhydrous HF 12,000 250,500

Rupture of a single tank is considered the most

credible accident. Tank rupture of an anhydrous HF tank would

require the most limestone. The anhydrous HF tanks are only
filled to 80% capacity, i.e., 12,000 gallons. Following isI the calculation for the limestone required for this worst case.

2 HF + CaC aF
3 2+HCO3
=

240 100
I12,000 gal. x 8.35 = 100,200 lbs. HFga

x 100,200 = 250,500 lbs. limestone

The curbed area is 61 fect by 46 feet in area and 2.5
~

feet deep. The volume of this is:
361' x 46' x 2.5' x 7.48 gal /ft = 52,500 gal.

The limestone is to a depth of 2 feet and the limestone

available is:
361' x 46' x 2' x 100 lb/ft = 560,000 lb. crushed limestone

The absolute limestone volume is:
560,000 lbI x 7.48 k = 24,000 gal.
17 5 lb/ f t3 ft

The " free" volume of the curbed retainer is:
52,500 - 24,000 - 28,500 gal.

From the preceding calcul ations 250,500 pounds of lime-
stone are needed for the contents of one anhydrous HF tank and

[ ) the 560,000 pounds of limestone available would neutralize
'

' ' '
any release.
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Sequoyah Stack Diffusion Calculations,

. 8

! !
J

In order to place samplers to measure the concentrations of pollutants
at the point of maximum ground level concentration from the plant stack
and to calculate concentrations at the Facility boundary the following hasI been done:

From Hay and Pasquill:

The vertical distribution of spreading particles from an elevated point is

related to the standard deviation of the wind elevation angle E at the point

of release.

From Pasquill and Gifford:

Gifford converted Pasquill's values of angular spread and height into
standard deviations of plume concentration distribution a y an o z. The
following expression results:

-[Y/jl Y_j2}x(x, y, z;H) = Q exp
2HayazU l',._

9F *

-I z-Hf + exp -} z+H 2
exp ' ( */ Z

6 jj J
Where:

I x= concentration of gas or aerosol (gm-3 or Cihi-3)
H= effective emission 'eight (meters)
U= mean wind speed affecting the plume (hi sec~ I)

I Q= uniform emission rate of pollutants (g or Ci sec-I)
cy: horizontal plume conc. distribution
ox= vertical plume conc. distribution

From this equation, curves of standard deviations of plume concentration
distribution, e x and cy, as a function of distance downwind have been

I established for several stability classes. The maximum concentration
IUcan then be found by finding as a function of effective stack emission

height and stability and mult lying by Q/U.

The assumptions necessary to use this method for calculating the point of
maximum downwind concentration of pollutants from the Sequoyah Facility
stack are as follows:

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

,
<

'N

I
- -



2. None of the material emitted is removed from the plume as it moves
downwind and there is complete reflection at the ground.

3. There is no diffusion in the direction of plume travel.

I 4. The release is continuous or equal to or greater than the travel time
from the source to the location of interest.

I 5. The material diffused is a stable gas or aercsol (less than 20 microns
diameter) which remains suspended in air over long periods of time.

6. The terrain is a relatively flat open rural area.

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

The stability class and mean effective wind speed to be used is that defined
in the proposed " License Requirements for Measuring and Reporting of
Effluents" recently circulated by the AEC for comments:

"In lieu of measurements of atmospheric stability, concentration
estimates may be calculated by using the mean effective wind
speed and assuming the following Pasquill categories: 1/3 type F;
1/3 type D and 1/3 type C. "

"The mean effective wind speed is defined as the reciprocal of the
mean of the reciprocal of hourly average wind speeds. "

n
n 1

E IT-
1

i=1

EFFECTIVE STACK HEIGHT

The effective stack height is a function of exit gas velocity, exit gas
pressure, stack diameter, wind velocity and ambient temperature.

The effective height of emission may then be calculated by using the equa-
tion of Holland:

aH = Vs d (1. 5+2. 68 x 10- 3 p Ts - Ta d).

)
u Ts

Where:

AH = Rise of plume above the stack - in meters
Vs = Stack gas exit velocity - in meters sec-I

d = Inside stack diameter ; in metersI U = Wind speed in meters sec-1
P = Atmospheric pressure - in millibars

T, = Stack gas temperature - in *k
Ta = Air temperature - in *k
and 2. 68 x 10-3 is a constant having units of mb-I m-l

2.
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I
FLORA (Continued)

Arenaria patula Sandwort
Lespedeza cuneata Buxh clover
Oxalis stricta Upright yellow wood

I sorrel
0. violacea Sheep sour

I Grasses
Native

Andropogon gerardi Big bluestem
A. scoparius Lit tic blues tem
A..virginicus Broomsedge bluestem
Aristida oligantha Prairie three awn
Panicum virgatum Switch grass

I Sorgastrum nutans Indian grass
Se ia geniculata Foxtail

Intr. .ced

iI Bromus catharticus Rescue grass
B. japonicus Japanese brome
B. tectorum Chess grass

I Festuca paradoxa Fescue
F. obtusa Nodding fescue
Cynodon dactylon Bermuda grass

Forbs
Open Areas

Rumex hastatulus Wood sorrel

I Erigeron strigosus Wooly fleabane
E. annua Annual fleabane
Chaetopappa asteroides Chaetoppa
Coreopsis tinctoria Prairie tickseedI C. grandiflora Large-flowered tickseed
Valerianella radiata Beaked corn salad
Specularia biflora Venus looking glass
Heterotheca latifolia Camphor weed
Echinacea pallida Purple cone flower
Hymenopappus scabiosaus Smooth white hymenopappus

I Pyrrohopappus caroliniana Leafy false dandelion
Redbeckia amplexicaulis Clasping-leafed coneflower
R. hirta Black-eyed Susan
Vernonia baldwinii Baldwin's ironweed
Solanum carolinense Horse nettle
Physalis angulata Cut-leaf ground cherry
Penstemon arkansanus Beard-tongue
Euphorbia dentata Toothed spurge
E. dictyosperma Spurge
Viola kitaibeliana Johnny jump-up
Verbena canadensis Large flowered verbenaI Asclepias viridin Milk-weed
Achillea lanuloan Yarrow
Plantago aristita Large bracted plantain
Lepidiu.2 virginicum Pepper grass

I
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FLORA (Continued)

L. densiflorum Pepper grass
Lespedeza cuneata Bush clover
Psoralea tenuiflora Scurvy pea
Baptisia leucophaea Bush peaI Schrankia nuttalli Sensitive brier
Trif olium p rocumbens Low hop clover

I LOWER SLOPES AND STREAM VALLEY WOODLANDS
Trees

Lower' Slopes
Quercus s tellata Post oak
Q. marilandica Black jack oak

I Celtis laevigata Southern hackberry
Juglands nigra Black walnut
Fraxinus americana Green ash
Ulmus alata Winged elmI Bumelia languginosa Chittam wood
Carya tomentosa White hickory

I South and West Lower Slopes
Cercis canadensis Red bud
Gleditisia triacanthos Honey locust

North and East Lower Slopes
Quercus falcata Southern white oak
Juniperus virginiana Eastern red cedar
Os t ry a virginiana Hop hornbeam

Shrubs and Woody Vines
Understory of Lower Slope Areas

I Vitis linsecumii Post oak grape
V. vulpina Winter grape
Crataegus spathulata Hawthorn

I Smilax bona-nox Cat brier
Rhus glab ra Smooth sumac
R. copallina Winged sumac
Symphoricarpos orbiculatus Coral berry

Shrubs
North and East Slopes

I Vaccinium arboreum Tree huckleberry
Callicarpa americana Beauty-berry

Herbaceous Plants
Understory and Open Areas of Lower Slopes

Tradescantia ohiensis Ohio spiderwort
T. ernestiana SpiderwortI Phlox pilosa Downy phlox
Phacelia hirsuta Hairy phacelia
Lobella Specularia biflora Venus's Looking glass
Krigia dandelion Dwarf dandelion

I
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I
FLORA (Continued)

Sisyrinchium campestre Blue-eyed grassI 0xalis stricta Upright yellow wood
sorrel

Uniola latifolia Broadleaf uniolaI Panicum spp. Panic grass
Monarda fistulosa Wild bergamot
Salvia lyrata Fiddle-leaf sage
Galium aparine Common CleaversI Oenothera biennis Biennial evening

primrose
Geranium carolinianum CranesbillI

BOTTOMLAND FOREST

I Trees
Populus detloides Cotton wood
Quercus nigra Water oakI Q. macrocarpa Bur oak
Q. falcata Southern red oak
Q. velutina Black oak
Salix nigra Black willowI Ulmus americana American elm
U. crassifolia Cedar elm
Morus rubra Red mulberry
Cornus florida Flowering dogwood
C. drummondi Rough leaf dogwoodViburnum rufidulum Southern black hawI Plantanus occidentalis Sycamore
Gymnocladus dioica Kentucky coffee tree
Fraxinus americana White ashCercis canadensis Redbud
Juglans nigra Black walnutAcer negundo Box elderA. saccharinum Silver mapleI Betula nigra River birchGleditsia triacanthos Honey locust
Robinia pseudoacacia Black locust
Sapindus drummondii Chinaberry

Shrubs and Woody Vines
Cepholanthus occidentalis Button bushI Callicarpa americana Beauty berry
Lonicera spp. Honeysuckle
Sambucus canadensis American elderI Ampelopsis arborea Pepper vine
Berchemia acandens Supplejack
Amorpha fruticosa Water locust
Rubus trivialisI Black berry
Campais radicans Trumpet vine

I
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I
FLORA (Continued)

I
Herbaceous Plants

Unde rs tory and Open AreasiI Prunella carolina Heal all
| Teucrium canadense Virginia germander
| Polygonum convolvulus Black bindweed
| Scutte11 aria ovata Scullcap
I Polygonum hydropiperiodes Smartweed

|g P. pennylvanicum Pennsylvania smartweed
Passiflora incarnata Passion flower'

3 Chaerophyllum tainturieri Spreading chervil
Cicuta maculata Water hemlock
Caucus pusillus American wild carrotI Zizia auria Golden meadow parsley
Arisaema dracotium Green dragon
Podophyllum peltatum May appleI Elymus canadensis Canada wild rye
Carex spp. Sedge
Juncus in te rior Prairie rush

I J. diffusissimus Rush
Geum canadense Avens
Ranunculus pusillus Low spearwort
Stellaria media Chickweed
Commelina communis Day flower
Tradescantia ohiensis Ohio spiderwort
Allium canadense Wild onion
Camassia scilliodes Wild hyacinth
Polygonatum canaliculatum Solomon's seal
Trifolium repense White clover

I Phytolacca americana Poke berry
Euphorbia dentata Spurge

CULTIVATED BOTTOMLAND

Herbaceous Plants
Poa annua Annual blue grass
Achillea lanulosa Yarrow
Amb ros i a trifida Giant ragweed
A. artemisiifolia Common ragweed

I An th e mis cotula Mayweed
Cirsium altissimum Tall thistle
Echinacea pallida Purple cone flower
Lactuca canadensis Wild lettuceI Pyrrohopappus carolineanus Leafy false dandelion
Specularia perfoliata Venus looking glass
Lepidium densiflorum Pepper grassI Chenopodium alb um _Lambsquarters
Rumex crispus Curly dock
R. pulcher Fiddle dock

I Linaria canadensis Field toad flax
Verbascum blattaria Moth mullein
Cynodon dactylon Bermuda grass

|

I
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I
FLORA (Continued)>

|
Digitaria sanguinalis Crab grasoI Sorghum halapense Johnson's grass i

Setaria geniculata Bent foxtail grass
Polytaenia nuttallii Prairie parsleyI i

Oenothera laciniata Cut-leaf evening primrose |
0. linifolia Th re ad-le a f sundrop
Verbena urticifolia White verbena

I Lamium amplexicaule Henbit (Plantago aristita Large bracted plantain i

Delphinium tricorne Larkspur (
Asclepias virides Green milk weedI |

i
,

;

AQUATIC |

Typha dominginsis cattail
Sagittaria calycina Arrow head |
Cyperus acuminatus Sedge ;

Cyperus spp. Sedge
Scirpus rotunda Nut Sedge

,

Eleocharis macrostachya Rush |
I, 3 Jussiae decurrens Primrose Willow l

E Polygonum pensylvanicum Lady's thumb
!

; Polygonum hydropiper Smart weed |

,

I
; I i

l
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;.
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|
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I
I
I AMPilIB1ANS AND REPTILES

KN0h'N AND EXPECTED FROM KERR-MCGEE SEQUOYAll FACILITY AREA
SEQUOYAll COUNTY, OKLA110MA

AMPilIBIANS
Order CaudataI Family Ambystomatidae

Ambystoma annulatum Ringed Salamander
Ambystoma maculatum Spotted SalamanderI Ambystoma opacum Marbled Salamander
Ambystoma texanum Small-mouthed Salamander
Ambystoma tigrinum tigrinum Eastern Tiger Salamander

I Family Salamandridae
Notophthalmus viridescens louisian-
ensis Central Newt

Family PicthodontidaeI Eurycea multiplicata griscogaster Gray-bellied Salamander
(Eurycea longicauda melanopleura Dark-sided Salamander
(Eurycea lucifuga Cave Salamander)I (Eurycea tynerensis Oklahoma Salamander)
Plethodon dorsalis angusticlavius 0: ark Red-backed Salamander
Plethodon glutinosus glutinosus Slimy Salamander
(Typhlotriton spelaeus Grotto Salamander)

(includes T. nereus)
Family Proteidae

Necturus maculosus maculosus Mudpuppy

Order Anura
Family Pelobatidae

I Scaphlopus holbrooki hurteri harter's Spadefoot
Family Bufonidae
Bufo terrestris charlesmithi Dwarf American Toad
Bufo woodhousei fowleri Fowler's ToadI Family liylidae
Acris crepitans blanchardi Blanchard's Cricket Fiog
liyla crucifer crucifer Northern Spring PeeperI Hyla versicolor versicolor Eastern Gray Treefrog
Pseudacris triscriata feriarum Upland Chorus Frog

Family Ranidae

I Rana areolata circulosa Northern Crayfish Frog
Rana clamitans melanota Green Frog
Rana pipiens Leopard Frog
Rana catesbeiana Bullfrog|I Family Microhydlidae
Gastrophryne carolinensis Eastern Narrow-mouthed Toad

I
'I
I
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|I
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,g
e Ah!PilIBIANS AND REPTILES (Continued)

|

REPTILIA
_

| Order Testudines
i Family Trionychidae
| Trionyx muticus muticus Smooth Softshell
! Trionyx spinifer hartwegi Western Spiny Softshell
i Family Chelydridae

Chelydra serpentina Common Snapping Turtle
hiacroclemys temmincki Alligator Snapping Turtic

Family Kinosternidae

I (Kinosternon subrubrum hippocrepis hiississippi h!ud Turtle)
Sternotherus odoratus stinkpot

Family Testudinidae

I (Graptemys geographica blap Turtle)
Graptemys kohni Flississippi blap Turtle

(Graptemys pseudogeographica
ouachitensis Ouchita blap TurtleI Pseudemys flordiana hoyi hiissouri Slider
Pseudemys scripta elegans Red-cared Turtle
Terrepene carolina triunguis Three-toed Box Turtle

Order Sauria
Family Iguanidae
Crotaphytus collaris Collard Lizard
Sceloporus undulatus hyacinthinus Northern Fence Lizard

Family Scincidae
Eumeces fasciatus Five-lined Skink

| (Eumeces anthracinus pluvialis Southern Coal Skink)
Eumeces laticeps Broad-headed Skink)
Lygosoma laterale Ground Skink

I Family Telidae
Cnemidophorus sexlineatus Six-lined Raccrunner

Family Anguidae
Ophisaurus attenuatus attenuatus Western Slender Glass Lizard

Order Serpentes
Family Colubridae

I Carphophis amoenus vernis Western Worm Snake
(Cemophora coccinea Sca rle t Snake)
Coluber constrictor flaviventris Eastern Yellow-bellied Racer
(Diadophis punctatus arnyl Prairie Ringneck Snake)I Elaphe obsolete obsolete Black Rat Snake
lleterodon platyrhinos Eastern ilognose Snake
(Lampropeltis ca111 gaster calli-I gaster Prairic Kingsnake)
(Lampropeltis triangulum sysplia Red hfilk Snake)
Lampropeltis getulus holbrooki Speckled Kingsnake

I
I
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I
REPTILES (continued)

,

Masticophis flagellum flagellum Eastern Coachwhip
Natrix rhombifera rhembifera Diamor.d-backed Water Snake

|I Natrix erythrogaster transversa Blotched Water Snake
Natrix sipedon pleuralis Midland Water Snake
Opheodrys aestivus majalis Western Rough Green Snake -

Family ColubridaeI Storeria dekay1 texana Texas Brown Snake
(Storcria occipitomaculata

occipitomaculata Northern Red-bellied Snake)I Tantilla gracilis Flat-headed Snake
Thamnophis proximus proximus Western Ribbon Snake
Thamnophis sirtalis parietalis Red-sided Garter Snake

I Virginia striatula Rough Earth Snake
(Virginia valeriac elegans Western Smooth Earth Snake)

Family Crotalidae
Agkistrodon Contortrix CopperheadI Agkistrodon piscivorus Leucostoma Western Cottonmouth
Crotalus atrox Western Diamondback
(Crotalus horridus Velved-tailed Rattler)I (? 2 subsp)
(Sistrurus miliarius streckeri Western Pigmy)

(. .) indicates species reported from adjacent area which may be.

expected within study area

References:

I Bragg, A.N., et al. 1950
Researches on the Amphibia of Oklahoma. University of Oklahoma
Press, Norman 154 pp.

Conant, Roger. 1958
A Field Guide to Reptiles and Amphibians of Eastern North America
lioughton Mifflin Co., Boston. 366 pp.

Webb, Robert G., 1970
Reptiles of Oklahoma. University of Oklahoma Press, Norman. 370 pp.
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I
I BIRDS KNOWN AND EXPECTED FROM Tile

KERR-MCGEE SEQUOYAll FACILITY AREA, SEQUOYAll COUNTY, OKLA110MA
-

Gaviidae Anatidae
.

Common Loon M,WV Snow Goose M
Blue Goose M ,

I Podicipedidae Mallard M, WR |
llorned Grebe M, WV Black Duck M, WV '

Eared Grebe M Gadwall M, WV

I Western Grebe rM Pinta 11 M, WV
Pied-billed Grebe M,uSR Green-winged Teal M, WV

Blue-winged Teal M, WV
Pelecanidae American Widgeon M, WV kI White Pelican M Shoveler M

Wood Duck M,uSR
Phalacrodoracidae Redhead M, WV

I Doubic-crested Cormorant M Ring-Necked Duck M, WV
Canvasback M , WVI

Anhingidae Greater Scaup uM,UWV
Anhinga rSV Lesser Scaup M, WV k'I Common Goldeneye M, WV

Ardeidae Bufflehead M, WV
Great Blue licron PR Ruddy Duck M, WV
Green lieron M, SR liooded Merganser H, WV
Little Blue lieron M, SR Common Merganser M, WV,

Cattle Egret USR Red-breasted

I
Common Egret M, SR merganser M, WV
Snowy Egret M, SR
Louisiana fieron rSV Cathartidae
Black-crowned Night lieron M, uSR Turkey Vulture PRI Yellow-crowned Night lieron M, SR Black Vulture PR
Least Bittern M, SR
American Bittern M, SR Accipitridae

Mississippi Kite uM
Anatidae Sharp-shinned llawk M, WR

Canada Goose M Cooper's flawk uPR

I White-fronted Goose M Red-Tailed llawk PR
liarlan's llawk WR
Red-shouldered llawk PR

I Seasonal Status Code
M Migrant Wit Winter Resident

I V Visitant WV Winter Visitant
PR Permanent Resident r rare
SR Summer Resident u uncommon

I
I
I
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I

I< ~'1 BIRDS (Continued)
]

.J
Accipitridae Scolopacidae

Broad-winged llawk M,SR Stilt Sandpiper M
Rough-legged Hawk uWV Semipalmated SandpiperM

I Golden Eagle uWV Western Sandpiper M
Bald Eagle uWV Buff-breasted Sand-

piper uM
Marsh liawk M,WR Sanderling rM

Pandionidae Recurvirostridae
Osprey M American Avocet uM

Falconidae Phalaropodidae
Peregine Falcon rWV Wilson's Phalarope uMI Pigeon llawk rWV
Sparrow Itawk PR Laridae

lierring Gull M,WV

I Phasianidae Ring-billed Gull M,WV
Bobwhite .PR Franklin's Gull M

Bonaparte's Gull M
Rallidae Forster's Tern MI King Rail M,uSR Least Tern uSR

Virginia Rail M,uSR Caspian Tern uM
Sora M Black Tern M
Common Gallinule uM,rSR
American Coot M Columbidae

Mourning Dove PR

I
Charadriidae

Semipalmated Plover uM Cuculidae
Piping Plover uM Yellow-billed Cuckoo M,SR
Killdeer PR Black-billed Cuckoo uMI American Golden Plover M Roadrunner PR
Black-bellied Plover M
Puddy Turnstone Tytonidae

Barn Owl PR

Scolopacidae Strigidae
American Woodcock M Screech Owl PRI Common Snipe M,WR Great llorned Owl PR sUpland Plover M Barred Owl PR
Spotted Sandpiper M Long-cared Owl uPRI Solitary Sandpiper M Short-cared Owl uM,uWV )Willet '

Greater Yellowlegs M Caprimulgidae

I Lesser Yellowlegs M Chuck-will's-widow M,SR
Pectotal Sandpiper M Whip-poor-will M
White-rumped Sandpiper M Common Nighthawk M,SR
Baird's Sandpiper M

I(^'s Least Sandpiper M Apodidae
Dunlin rM Chimney Swift M,SR

't j Long-billed Dowitcher uM

I
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I
BIRDS (Continued)

Trochilidae Paridae
Ruby-throated Carolina Chickadec PR

llummingbird M,SR Tufted Titmouse PR

Alcedinidae Sittidae
Belted Kingfisher PR White-breastedI Nuthatch PR

Picidae Red-breasted
Yellow-shafted Flicker PR Nuthatch uWV

I Red-shafted Flicker WV
Pileated Woodpecker PR Carthidae
Red-bellied Woodpecker PR Brown Creeper WV
Red-headed Woodpecker M,SRI Yellow-bellied Troglodytidae

Sapsucker M,WR liouse Wren M,SR
liairy Woodpecker PR Winter Wren WV

I Downy Woodpecker PR Bewick's Wren PR
Carolina Wren PR

Tyrannidae Long-billed Marsh

I Eastern Kingbird M,SR Wren uM
Western Kingbird uM,uSR Short-billed blarsh
Scissor-tailed Wren uht

Flycatcher M,SR
I Great Crested Mimidae

Flycatcher M,SR hiockingbird PR
Eastern Phoebe M,SR Catbird ht , S R
Yellow-bellied Brown Thrasher SR

Flycatcher uM
Acadian Flycatcher M,uSR Turdidae
Traill's Flycatcher M,uSR Robin PRI Least Flycatcher M Wood Thrush M,SR
Eastern Wood Pewee M,SR liermit Thrush M,WV
Olive-sided Flycatcher uM Swainson's Thrush M

Gray-checked Thrush M
Alaudidae Veery uM

llorned Lark PR Eastern Bluebird PR

liirundinidae Sylviidae
Tree Swallow M Blue-gray Gnatcatcher M,SR
Bank Swallow M,SR Golden-crowned Kinglet M,WRI Rough-winged Swallow M,SR Ruby-crowned Kinglet M,WR
Barn Swallow M,SR
Cliff Swallow M Motacillidae

I Purple Martin M,SR Water Pipit uM
Spregue's Pipit uM

Corvidae

I Blue Jay PR Bombycillidae
Common Crow PR Cedar Waxwing M,WR
Fish Crow uSR

I
I
I
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I
BIRDS (Continued)

Laniidae Parulidae
Northern Shrike uWV Northern Waterthrush M
Loggerhead Shrike PR Louisiana Waterthrush M,SR

Kentucky Warbler M,SR
Sturnidae Mourning Warbler M

Starling PR Yellowthroat M,SRI Yellow-breasted Chat M,SR
Virconidae flooded Warbler M,rSR
White-eyed Virco M,SR Wilson's Warbler M
Bell's Vireo M,SR Canada Warbler rMI Yellow-throated Vireo M,SR American Redstart M,uSR
Solitary Vireo M
Red-eyed Vireo Ploccidae
Philadelphia Vireo M,SR llouse Sparrow PR
Warbling Vireo M,SR

Icteridae

I
Parulidae Bobolink M

Black-and-white Eastern Meadowlark PR
Warbler M,SR Western Meadowlark rWV

Prothonotary Warbler M SR Yellow-headedI Swainson's Warbler rSR Blackbird uM
Worm-eating Warbler rSR Red-winged Blackbird PR
Tennessee Warbler M Orchard Oriole M SR

I Orange-crowned Baltimore Oriole M.SRWarbler M Rusty Blackbird M,WRNashville Warbler M Brewer's Blackbird M.WVParula Warbler M,SR Boat-tailed Grackle uSRYellow Warbler M,SR Common Grackle PR
Magnolia Warbler uM Brown-headed Cowbird PRBlack-throated Blue

I Warbler rM Thraupidae
Myrtic Warbler M,WR Scarlet Tanager M,SRBlack-throated Summer Tanager M,SR

I Green Warbler M
Cerulean Warbler rSR Fringillidae
Blackburnian Warbler M Cardinal PRYellow-throated Rose-breasted Grosbeak MI Warbler SR Blue Grosbeak M,SRChestnut-sided Indigo Bunting M,SRWarbler uM Lazuli Bunting rMBay-breasted Warbler uM Painted Bunting M.SRBlackpoll Warbicr M Dickeissel M,SRPine Warbler rV Evening Grosbeak rWV

I
Prairic Warbler M SR Purple Finch M,WVPalm Warbler rM Pine Siskin M,WVOvenbird M American Goldfinch PR

I
I
I

! - - - -
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BIRDS (Continued) .

|Fringillidae i

Red Crossbill rWV
Eastern Towhee M,WR

i

Spotted Towhee M,WR

'I Savannah Sparrow M,WV
Grasshopper Sparrow M,SR
Le Conte's Sparrow M,WV
Vesper Sparrow M,WV'I Lari Sparrow M,SR
Slate-colored Junco M,WV

i Oregon Junco uM,UWV
! Tree Sparrow uWV
i Chipping Sparrow M

Clay-colored Sparrow M

,I Field Sparrow PR
|liarris' Sparrow M,WR '

White-crowned Sparrow N,WR
White-throated Sparrow M,WR,

Fox Sparrow M,WR
|

J

| Lincoln's Sparrow M,WR
' Swamp Sparrow M,WR
j Song Sparrow M,WR

Lapland Longspur uM,uWV
Smith's Longspur rWV
Chestnut-collared Longspur rWV

|

!
Re fe rences :

5 Peterson, R. T. 1963
A Ficid Guide to the Birds of Texas and Adjacent States,
lloughton Mifflin, Boston. 304 pp.

'

Robbins, C. S., B. Bruun , and 11. S. Zim, 1966.
A Guide to Field Identification of Birds of North America.
340 pp.

Sutton, S. M. 1967
|Oklahoma Birds. University of Oklahoma Press, Norman 674 pp,
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I
h!Ah!)1ALS KNOWN (OR EXPECTED) FR0h! Tile

KERR-h!CGEE SEQUOYAll FACILITY AREA

Order h!arsupialia

I
Family Didelphidae
Didelphis marsupialis oppossum

Order Insectivora
Family Soricidae

I Cryptotis parva Least shrew
Blarina brevicauda Short-tailed shrew

Family Talpidae

I Scalopus aquaticus Eastern mole
Order Chroptera

Family Vespertilionidae
liyo t is keeni Keen myotis

I b!yotis l uc i fugus Little brown myotis
(htyotis sodalis Indiana myotis)
(blyotis grisescens Gray myotis)

I htyotis subulatus Small-footed nyotis
Lasionycteris noctivagans Silver-haired bat
Pipistrellus subflavus Eastern pipstrel

I
Lasiurus borealis Red bat
Ensiurus cinereus lloary bat
Epresicus fuscus Big brown bat
NJ'cticeius humeralis Evening bat
Plecotus townsendi Western big-cared bat
Plecotus rafinesquei Eastern big-eared bat

Order Edentata
Family basypodidae
Dasypus novemeinctus Armadillo

Ordei~lagomorpha
Family LeporidaeI Lepus californicus Black-tailed jackrabbit
Sylvilagus floridanus Eastern cottontail
Sylvilagus aquaticus Swamp rabbit

Order Rodentia
Family Sciuridae

(Cite 11us tridecemlineatus 13-lined ground squirrel)

I Tamias striatus Eastern chipmunk
_Sciurus carolinensis Eastern gray squirrel
Sciurus niger Eastern fox squirrel
Glaucomys volans Southern flying squirrel

I Family Geomyidae
Geomys bursarius Plains pocket gopher

Family Castoridae
Castor canadensis Beaver

I
I

I
- -
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I
WOBMLS (Continued)

Family Cicetidae
(Reithrodontomys montanus Plains harvest mouse)
(Reithrodontomys humulis Eastern harvest mouse)I Reithrodontomys fulvescens Fulvous harvest mouse
Peromyscus leucopus White-footed mouse
Peromyscus maniculatus Deer mouse
Peromyscus boylei Brush mouse'I Neotoma floridana Eastern woodrat
Oryzomys palustris Rice rat

| Sigmodon hispidus !!ispid cotton rat
Microtus (Pitymys) pinetorum Pine vole
Ondatra zibethicus Muskrat

Family Muridae

I
Rattus norvegicus Norway Rat
Flus musculus liouse Mouse

Order Carnivora
Family Procyonidae

I Procyor lotor Raccoon
Family Mustelidae
Mustela frenata Longtail weasel
Mustela vison Mink
(Lutra canadensis River otter)
Spilogale putorius Eastern spotted skunk
Mephitis mephitis Striped skunk .

Family Canidae
Canis latrans Coyote
(Canis niger Red wolf)

I Vulpes fulva Red fox
Urocyon cinercoargenteus Gray fox

Family Felidae

I
(Felis concolor Mountain lion)
Lynx rufus Bobcat

Order Artiodactyla
Family Cervidae

I (Odocoileus (Dama) virginianus White-tailed deer)

(. .) indicates species reported from adjacent area which may be.

expected within the study area.

References:

Burt, W. II. , and R. P. Grossenheider. 1964 2nd ed.I A Field Guide to the Mammals lloughton Mifflin Co. Boston 284 pp,
lla l l , E. R., and K. R. Kelson. 1959

I The Mammals of North America. Vol. I and II. The Ronald Press,
New York 1083 pp.

I

I
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I

I FISil
KNOWN AND EXPECTED FROM SEQUOYAll FACILITY AREA

SEQUOYAll COUNTY, OKLA110MA

ARKANSAS RIVER

FETROMYZONTIDAE

|| Ichthyomy:on castaneus Chestnut lamprey
Ichthyomy:on gagei Southern brook lamprey

ACIPENSERIDAE

I Scaphirhynchus platoynchus Shovcinose sturgeon
POLYODONTIDAE

Polyodon spathula Paddlefish
LEPISOSTEIDAE

I Lepisosteus ocalatus Spotted gar
Lepisosteus asseus Longnose gar
Lepisosteus platostomus Shortnose gar

I Lepisosteus spatula Aligator gar
CLUPEIDAE
Alosa chrysochloris Skipjack herring

I Dorosoma cepedianum Giz:ard shad
SALMONIDAE

Salmo gairdneri Rainbow trout
ilIODONTIDAE

liiodon alosoides Goldeye
CYPRINIPAE

Campostoma anomalum Stoneroller

I Cyprinus carpio Ca rp
Chrosomus erythrogaster Southern redbelly dace
Chrosomus eos Northern redbelly dace
liybognathus nuchalis Silvery minnor

I liybopsis biguttata llorneyhead chub
Notemigonus crysoleucas Golden shiner
Notropis buchanani Ghost shiner| Notropis girardi Arkansas River shiner
Notropis lutrensis Red shiner
Notropis percobromus Plains shinerI Notropis potteri Chub shiner
Notropis umbratilis Redfin shiner
Notropis volucellus Mimic shiner
Phenacobius mirabilis Suckermouth minnow

I Pimephales notatus Bluntnose minnorPimephales promelas Fathead minnow
Pimephales tenellus Slim minnow

I CATOSTOMIDAE
Carpiodes carpio River carpsu ., c r
Carpiodes velifer liighfin carpr acker

I Castostomus commersoni White sucker
Cycleptus clongatus Blue sucker
Erimyzon oblongus Creek chubsuckerIctiobus bubalus Smallmouth buffalo

I
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I
I

FISil (Continued)

I
CATOSTOMIDAE

Ictiobus cyprinellus Bigmouth buffalo

I Ictiobus niger Black buffalo
Minytrema melanops Spotter sucker
Moxostoma carinatum River redhorse
Moxostoma duquesnei Black redhorseI Moxostoma crythrurum Golden redhorse
Moxostoma macrolepidotum Northern redhorse

ICTALURIDAE
Ictalurus furcatus Blue catfish

~

Ictalurus melas Black bullhead
Ictalurus natalis Yellow bullhead ||I Ictalurus nebulosus Brown bullhead
Ictalurus punctatus Channel catfish
Pylodictis olivaris Flathead catfish
Noturus flavus Stonecat

I Schilbcodes miurus Brindled madtom
Schilbeodes nocturnus Freckled madtom

ANGUILLIDAE
Anguilla rostrata American eel

CYPRIN0DONTIDAE
Fundulus notatus Blackstripe topminnow

POECILIDAE
Gambusia affinis Mosqui to fis h

SERRANIDAE
Morone saxatilis Striped bassI Morone chrysops White bass
Raccus mississippiensis Yellow bas

CENTRARCilIDAE

I Ambioplites rupestris Rock bass
Lepomis gulosus Warmouth
Lepomis auritus Redbreast sunfish
Lepomis cyane11us Green sunfishI Lepomis humilis orangespotted sunfish
Lepomis macrochirus Bluegill
Lepomis megalotis Longear sunfishI Lepomis microlophus Redcar sunfish
Lepomis punctatus Spetted sunfish
Micropterus dolomicui Smallmouth bass

I Micropterus punctulatus Spotted bass
Micropterus salmoides Largemouth bass
Pomoxis annularis white crappic
Pomoxis nigromaculatus Black crappicI PERCIDAE
Etheostoma cragini Arkansas darter
Etheostoma gracile Slough darter

I Etheostoma spectabile Orangethroat darter
Perca flavescens Yellow perch
Percina caprodes Log perch

I Percina copelandi Channel darter
Percina maculata Blackside darter
Percina phoxocephala Slenderhead dart er

I
_
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FISH (Continued)

I PERCIDAE
Sti:ostedion canadense Sauger
Stizostedion vitreum Walleye

SCIAENIDAEI Aplodinotus grunniens Freshwater drum
SPARIDAE

Archosargus probatocephalus Sheepshead|
,

COTTIDAE
| Cottus carolinae Banded sculpin
| ATilERINIDAE

Labidesthes sicculus Brook silverside

ILLINOIS RIVER

CENTRARCilIDAE
Ambloplites rupestris Rock bass
Micropterus dolomicui Smallmouth bass

i COTTIDAE
! Cottus carolinae Banded sculpin

SALMONIDAE

I Salmo gairdneri Rainbow trout
CATOSTOMIDAE,

Minytrema melanops Spotter sucker;

!I
Reference: Fishes of Oklahoma, Department of Wildlife

J| Conseryation

I

;

!I
4

I
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APPliNDIX III

I 'N 9
'E ARTH SCIENCES OBSERV ATORY

OF FICE OF THE DIRE CTomj

( ) 830 So. Van Vleet Oval, Rm.
,

I'"
' ' '

THE UNIVERSITY OF OKLAHOMA |

NORM AN, OKL AHOM A 73069 |

May 5, 1972

|

Mr. William J. Shelley
Nuclear Division, Technical Services
133 Robert S. Kerr Avenue

I Kerr-McGee Corporation
|

Oklahoma City, Oklahoma

Dear Mr. Shelley:I The attached report has been prepared for fou concerning
" Seismic Risk in Oklahoma," by the staff at the University of

I Oklahoma Earth Sciences Observatory. There appears to be some
small earthquake damage risk in the El Reno-Nemaha Ridge area,
but even a smaller chance in other areas of Oklahoma. Our micro-
earthquake recording studies have just begun but preliminary ;

meager results suggest small seismic risk. These studies will be (
continued and will give us much more information concerning this i
problem in the future. I

I With my best regards and should we be able to provide you with
additional information, please call us.

Sincerely yours,

./T Ydw ,

Robert L. DuBois
RLD3 km Director

I

I
'I

,9
s
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I

SEISMIC RISK IN OKI.A110MA

I
In 1969, the Coast and Geodetic Survey published a new " Seismic Risk

Map of the United States" (Algermissen, 1969). On that map, all of Oklahoma

outside the El Reno-Nemaha Ridge area is in Zone 1, which is defined a zone

of possible " minor damage." The El Reno-Nemaha Ridge area (96.2 W longitude

to 97.8 we'st longitude, from 35 N latitude northward to the Kansas border

and continuing northward through Kansas and Nebraska) which includes Oklahoma

City, Norman, Stillwater, Ponca City, and Enid is in Zone 2, which is the Zone

of possible " moderate damage." The possible minor damage of Zone 1 is stated

on the risk map to correspond to a Modified Mercalli Intensity of V or VI
E(M.M.V. M.M.VI). Intensity VI is defined in part as " felt by all . . .someI

heavy furniture moved; a few instances of fallen plaster or damaged chimneys;

damage slight." The El Reno-Nemaha Ridge moderate damage zone corresponds to

VII on the M.M. scale: " damage negligible in buildings of good design and con-

struction; slight to moderate in well-built ordinary structures . .some.

chimneys broken." The Algermissen (1969) Seismic Risk Map is also accompanied

by earthquake recurrence tables suggesting that damage corresponding to M.M. VII

may occur on an average of once each 27 years in the El Reno-Nemaha Ridge area

and once every 55 years elsewhere in Oklahoma.

In a study based on historical records, and on 21 months of seismogramo

from the University of Oklahoma Observatory, Professor Eysteinn Tryggvason (1965)

concluded that:

I

I
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" Destructive earthquakes (may occur at any particular place

in Oklahoma) approximately once per 100,000 years and strong

earthquakes causing minor damage.. .once every 2,000 years.

Major earthquake catastrophies are not likely to happen in

Oklahoma. .".

I Since September, 1970, the OU 0bservatory has operated its short period

seismographs at twice the magnification which was used during the Tryggvason

study, and there has been no indication of any greater seismic risk than that

assessed by Tryggvason. In April,1972, a special micro-earthquake seismo-

graph, operating at a magnification exceeding a million, was installed at the

Observatory. During its first three weeks of operation it recorded two micro-

G earthquakes. It will require at least a year to accumulate enough micro-

earthquake data to realistically extrapolate the frequencies to larger earth-

quakes but the meager data ao far does not suggest increased seismic risk.

There has been considerable publicity about the New Madrid, Missouri

earthquakes of 1811-1812. The New Madrid area has experienced several earth-

quakes that have been " felt" every year since 1812. If a catastrophic earth-

quake occurred in the New Madrid area, because of the distance involved, it would

be unlikely to damage any structure in Oklahoma unless the structure was very

poorly built or was large enough to have a free vibration made of one accond

or greater period.

The El Reno area in, according to Tryggvason (1965) the only area showing

a historical concentration of earthquakes compared to the rest of Oklahoma.

In conclusion it appears that there is some small chance of slight damage

to well-built structures in the El Reno-Nemaha Ridge area, and an even smaller

chance elsewhere in Oklahoma. The probability of serious damage, leading to

-2-
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I

'P
collapse or radiation leakage, from an Oklahoma nuclear power plant appears

to be too small to assess numerically.

REFERENCES:

Algermissen, S. T. (1969) Seismic Risk Studies in the United States, 20 pp.
This preprint was later published in the Proceedings of
the Fourth World Conference on Earthquake Engineering.

Tryggvason, Eysteinn (1965) Seismicity of Oklahoma, unpublished paper
presented at the Annual Meeting of the Seismological
Society of America.
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Appi ation No.

.

APPLICATION FOR MANUFACTURER'S
AIR PCLLUTION CONTROL FACILITIES AND/OR

INCOME TAX CREDIT

Oklahoma State Department of Health
Division of Air Pollution Control

Name of Tax' payer K e r r - bfc G e e C o_rlo o r a t i o n
(Ind,icate exact type of legal entity)

'

Name of Taxpayer's Correspondent \!r . D. J. Foley Title Manager
Project Engineering, Nucicar Division'

Address Kerr4fcGee Building, Oklahoma City, Oklahoma 73102
(Headquarter's Office)

1. Legal Description of Plant Location NE 1/4, Sec. 21, Twp. 12N, Rge.
21E, Sequoyah County, Oklahona., Keir-McGee Sequoyah Facility (UF6 Con-
version Plant) located 2-1/2 miles southwest of Gore, Oklahoma off
Highway 64, Sequoyah County, Tklahoma.

(Also give directions for reaching plant, if nece -ary)

2. List Product (s) Hanufactured or Processed Conversion of uranium ore

concentrates to uraniun hexafluoride (UF6).
3.' Describe or Identify Pollutant (s) to Be Controlled by Proposed Control

Facility, Plant refuse consisting of materials such as combustibic
packing naterials, shipping boxes and crates, office waste, and uncon-
taminated rags and wipes. 1

3(a) Amount Being Discharged Variable; perhaps up to one ton / day.

I .

Describe Method (s) or Princip'le(s) of Controling for theoretical complete combustion using overfire air-jet system in
4 to Be Utilized Open burn-

an open-pit incinerator.
.

4(a) Name,and Amount of Product (s) Recovered Fused ash and incombustibic
residues.

'

5. What Degree of Control of the Pollutt.nt(s) Will the New Facility Provide
E See! Attachmenta

6. On What Basis Is the Degree of Effectiveness Calcolited General design
criteria and specified arrangement proven by two years ilevelopmental
work and four years operating _ experience.

s
,

.
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Date Construction of New Facility Will Begin October, 1970

8. Date Construction of New Facility h'ill Be Completed December, 1970

9. If Presently Under Construction, Indicate - --

10. Will Additional Income or Savings of Any Sort Result from This Air
Pollution Control Facility No additional income or savings results.

(Indicate amount annually)

ATTACH COMPLETE COST BREAKDOWN BY PRINCIPAL ITEMS.

_.

Subscribed and sworn to before me this 7th day of October 19 70

$' Del y /Yr '/)M) KERR-McGEE CORPORATION'
,- sf f , . fr

Notary Publicv <> (Name of Taxpayer)-

. .
-- ||- ca,s-

My Commission Expires /.. f. Ci /F,%&
./ (Officer Signing Application)'

P. S. Dunn, Group Vice President
Nuclear Operations Division

_

__.

Application received and plans filed in this office this day of

19 .,

I DIVISION OF AIR POLLUTION CONTROL
.

I
By

DirectorI

I
/

')''' (To Be Filed in Triplicate)-
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'TACHMENT TO Application to Oklahoma Air Pollution Control Division

ibject: Kerr-McGee Sequoyah Facility

It is proposed that the open-pit incinerator using an overfire air-I jet system as shown on drawings #SF08-2 and #CF06-4 will control the
visible emissions, smoke and equivalent opacity so as not to exceed
No. 1 Ringlemann.

Fly ash or other particulate matter will be controlled within the
allowable enissions of Figure 1 of Regulation No. 5 of the Air Pol-
lution Co. trol Division of the Oklahoma State Department of llealth.n

The proposed location for the open-pit incinerator at the Sequoyah
Facility is shown on the plot plan drawings #SF08-1 (Rev. 1).

Estimated Capital Investment

We submit that an estimated $19,000.00 capital investment for the
Sequoyah Facility qualifies as "non-profitable" investment for in-
sta11ation of the proposed open-pit incinerator for control against
air pollution.

I'

I
.

I
.

I
O

.
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l Commcaonen

C. LCAQY C A APENTE R M.D.

I state soerce or see'en
,[

~

-

Oklahoma
State Department of Health f

,3
eiuc. c o s .--

E|o mc4Lovc= 0 o mwe
/: nonant 6 Lov e===

| 3400 N. Esotem. Omianome City. Oklenome 73105 ' ,'susu sance. ate.= o
u. , . o '~~

| . r v .. .< .

| '.^.^''*c."..e".'. July 26, 1971
,

enAR M 4 toA2

'I
Mr. George Wuller

I Ker McGee Building
133 Robert S. Kerr Avenue
Oklahoma City, Oklahoma 73102

Dear Mr. Wuller:

A visible emission evaluation test was made on your open-pit incinerator
located at Kerr-McGee's Segouyah Facility in Gore, Oklahoma, July 14, 1971. The test
consisted of making periodic visible readings of the stack emissions during the time
period from 10:00 a.m. to 10:15 a.m., while the incinerator consumed approximately i

2000 lbs. of type 0 waste.

The stack emissions ranged from a 0 to 3/4 Ringelmann during the test.
It is our estimation that your incinerator will operate in compliance with the

I ' Air Pollution Control Division Regulation No. 5, if it is maintained and charged
properly.

I This letter is not intended to be o formal permit and does not waiver any
requirements for stack sampling for detemining exact emission rates in the future.

I As we discussed, it is now necessary for the cost accounting and certification
of cost to be submitted to our office so that your tax credit application can be
completed.

We want to take this opportunity to thank you and your company for helping
to protect Oklahoma's environment.

Please contact our office if we may be of any further assistance to you.

Very truly yours,

Gp .

DoyleMcbirter,R.P.S.
Air Pollution Control Division

DMW:MJS

I cc Mr. Loyd F. Pummill
Deputy Commissioner
for Environmental Services

Gcc Mr. Sam Trzcinski, R.P.S.
District Sanitarian

cc Mr. Homer Pace, R.P.S.
Sequoyah County Health Department

I cc Mr. Robert V. Blanche, Director
Air Pollution Control Division

- _ _ _ _ _ _ _ _ _ _
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I Kerr-McGee Sequoyah Facility

Waste Disposal System Ponds

1.0 TECHNICAL PROVISIONS FOR CLEARING AND GRUBBING

1.1 Work Included

| The work. included under this item shall consist of
clearing and grubbing in the area within the " Limits
of Grubbing and Stripping" as shown on drawings.

1.2 Work Not Included

Cutting and removal of trees designated to be savedI is not included.

1.3 DefinitionsI 1.3.1 Clearing

I Clearing consists of the felling and cutting
up of trees and the disposal of such trees
together with the disposal of down timber,
snags, brush and rubbish occuring within the
areas to be cicated.

1.3.2 GrubbingI
Grubbing consists of the removal of all stumps,
roots larger that 1-1/2 inches in diameter and

I other objectionabic buried vegetabic matter to
a depth of 18 inches below subgrade or existing
ground.

1.3.3 Brush

Brush consists of that natural vegetation which| is two inches or less in diameter measured at
ground level or six feet or less in height mea-
sured above the ground Icyc1 on the uphill side.

r

1.3.4 Trees

I Trees consist of that woody growth not falling
within the limits of brush as defined above.

| .

| 1 of 7
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I-
1.4 Clearing

All trees, stumps, and brush within the designated
c1 caring area shall be cut to a height not exceeding
twelve inches above the ground surface, measured on |

the uphill side. In addition thereto, isolated snags, i

downed trees and unstable trees located outside of the iI areas to be cleared, which in falling would fall into
the cleared areas shall be removed to the extent dir-
ected. Clearing operations shall be conducted so as |

to prevent damage to trees designated to remain and to |I trees or vegetation outside the areas to be cleared.

1.5 Grubbing

Grubbing shall be performed within the limits designa-
ted as " Limits of Grubbing and Stripping" on the design
drawings.

1.6 Disposal

1.6.1 All debris resulting from removal of fences,
clearing and grubbing shall be disposed of in
the area designated for this purpose on the de-I sign drawings. All materials to be burned shall
be as completely burned as possible eventhough
it might result in considerabic delay, the burn-
ing operations shall be performed only at such
times and in accordance with the applicabic
state and local laws and regulations. Special
precautions shall be taken to prevent fire from
spreading beyond the limits of the burning area
and suitabic equipment and supplies shall be
availabic at all times to control fires.I

1.6.2 All of the non-combustibic material resulting
from clearing, and grubbing shall be wasted inI the areas designated for this purpose on the de-
sign drawings or as directed by the contractor.

1.7 Measurements

Field measurements will be made immediately after com-
pletion of c1 caring and/or grubbing and area of portionsI thereof.

2.0 TECilNICAL PROVISIONS FOR EARTilh'ORK

Note: The AEC Licensing Guide "Information and Criteria
Pertinent to Evaluation of Embankment Retention
Systems" is part of this specification.

I .

-- _ _ _ _ _-_ - - -
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2.1 Work Included

The work shall include the following items:

a. Topsoil excavation and stock piling.
b. General excavation and backfill.
c. Select excavation and backfill.| d. General excavation and steckpiling.

2.2 Excavation Classification

2.2.1 Common excavation shall consist of all excava-
tion which is not otherwise classified herein.

2.2.2 Rock excavation shall consist of igneous, meta-
morphic and sedimentary rock which cannot be
excavated by normal ripping procedures or with-I out blasting, and all boulders or detached rock
each having a volume of one-half (1/2) cubic
yard or more.

I 2.2.3 Topsoil excavation shall consist of friable re-
ridual surface soils, containing humes and natu-

I rally deposited organic matter, capabic of sup-
porting a satisfactory turf as demonstrated by
suitable growth in its undisturbed location, and
shall be free of harmful quantities of clay,I. sand or gravel.

2.2.4 Sc1cct excavation shall consist of materials, asI identified by the owner, which comply with the
requirements for inclusion in road and yard base
and surfacing er for use as trench backfill.

2.3 Embankment Cla_ssification

2.3.1 Type "A" embankment shall consist of suitabicI common or rock excavation placed and compacted
on prepared subgrade, as herein specified, to
ninety five (951) percent of laboratory densityI determined for laboratory test according to
ASTM D 698 method C or D. The field density
test shall be determined according to ASTM D
1556.

2.3.2 Type "B" embankment shall consist of suitabic

I common or rock excavation placed on prepared or
unprepared subgrade without specified ccmpaction
or treatment other than that achieved by the
whcc1 or track effect of hauling, icveling and| grading and maintaining the moisture content
within plus or minus five percent (51) of opti-

9 mum moisture content determined by laboratory
test according to ASTM D 698.

.

I
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2.3.3 Type "C" embankment shall consist of selectedI zone Il material, as shown on drawing. Com-
paction shall be to 95% of laboratory density,
at two or five percent above optimum moisture
content, according to ASTM D 698, method C or
D. Field density shall be determined according
to ASTM D 1556. The type "C". embankment shall

I be utilized in the imprevious core of raffinate
pond dike as shown on drawing.

2.4 Excavation

2.4.1 No common, rock or select excavation shall com-
mence until cicaring, grubbing, topsoll excava-I tion, concrete culvert installation, subgrade
preparation, cross-sectioning and engineering
staking are substantially complete.

2.4.2 Excavation of all classifications shall be donc
in such a manner or sequence that excavated ma-

,I terial can be placed directly in final position
*

in embankments, authorized stockpiles, or waste
areas. Expenses connected with unauthorized re-
handling or excavated materials shall be borneI by the contractor.

2.4.3 Topsoll excavation and stockpiling may be done
;|'' at sny time after the stock '311e area is c1 cared|

and prior to the start of ot.3cr excavation. Top-
soil, unless otherwise directed by the engineer,

I shall be excavated from within the limits of grub-
bing and stripping and 31 aced in a neat, well-
drained stockpile in substantial conformance to

i g the location shown on the drawings. Topsoll ex-
E cavation shall be done in thin strips to avoid

inclusion of unsuitable underlaying materials.
Any material excavated and found unsuitabic for

'| topsoil shall be wasted as directed by the owner.
2.4.4 Common excavation shall be finished to a reason-

,3 ably smooth and uniform surface. Subgrade in
'5 common excavation shall vary no more than two-

tenths (0.2) foot at any point from the typical
section as related to the design profile eleva-,

tion yard and area subgrade in common excavation
shall vary no more than two-tenths (0.2) foot at
any spot elevation or frem the theoretical ele-| vation determined from a line drawn between any
two given adjacent elevations as shown on the
drawings. If excavation to the design elevation
may be ordered by the owner and the excavated;

' area backfilled with suitabic material to the
'

,
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I
design elevation. Prior to such backfilling,

I the owner will take necessary cross-sections
and may order subgrade preparation as herein-
after specified. Backfill will be considered
as type "A" embankment unicss otherwise ordered
by the owner. At any interface between common

,

'

and rock excavation the common material shall
be completely removed in sections of one hund-I . red (100) feet or more so that cross-sections
can be made prior to the start of rock excava-
titu.

2.4.5 Select excavation and stockpiling may be donc
at any time that suitable material, as deter-
m!ned by the owner, is encountered. Select
excavation shall be stockpiled in a convenient
location as directed by the contractor and ex-
cavated in the same manner specified for top-| soil excavation.

2.5 Embankment Construction

2.5.1 hiatorial for type "A" embankment shall be placed
in horizontal layers not exceeding eight (8)

I inches in thickness by loose measurement and
shall be compacted to density required under
Section 9.4 Embankment Classification. Suffi-
cient spreading, watering, 1cveling, mixing and

| compaction equipment shall be required to achieve
uniform density on each successive lif t or layer..

Where type "A" embankment is to be placed againstI an existing slope steeper than four (4) horizontal
to one (1) vertical, the existing slope shall be
continuously benched as the embankment is brought
up in la Water shall be added by spray and
mixing (yers. hose or spray bar shall have minimum pres-
sure of 30 p.s.l.) or moisture removed by aeration
as necessary to obtain the required density. A| minimum of one (1) in-place density test per 500
cubic yards of embankment will be made by contrac-
tor.

2.5.2 Flaterial for type "B" embankment shall be placed
or dumaed in areas shown on the drawings or dir-

I ccted )y the owner. If the moisture content of
the natcrial as placed is maintained as required,
the whcci and track action of hauling, 1cveling,
ar.? grading equipment will produce an adequateI degree of compaction.

I
($ .
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2.5.3 Construction of type "C" embankment shall be
as specified for typo "A" embankment except
the moisture content shall be maintained at

i

two to five percent above the optimum moisture !

content and degree of compaction shall be that j
specified for type "C" embankment.

2.6 Subgrade Preparation

2.6.1 Subgrade preparation shall consist of scarify-
ing, blading and compacting all foundation areas
upon which type "A" embankment is to be placed.| . Scarifying shall be carried to a uniform depth
of at least six (6) inches. Unless otherwise
shown on the drawings, bring the scarified area

I to optimum moisture content and compact to a
density required under Section 2.3, embankment
classification. The results of subgrade prepar-
ation shall be tested for compliance prior to theI placing of any material.

-

2.7 Measurements

2.7.1 The owner will take cross sections of the ground
and of the completed work for each station or

I fraction thereof, and will com?ute the volume of
excavation, embankment or stoci piling by the
average end-area methods. The measurements will

I not include the yardage excavated without autho-
rization beyond slope lines as defined on the
drawings.

| The measurements for rock excavation will include:
a. Authorized excavation of rock below

g grade,

b. Overbreakage which, in the opinion of

I the contractor was not due to careless-
ness of the subcontractor.

3.0 SPECIFICATION FOR EROSION CONTROLI 3.1 Work Included

I The work included in this section covers crosion control
on the non-liquid faces of the levees for both the raf-
finate and fluoride ponds. Contractor will furnish all
materials, equipment and supervision required.

+
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3.2 Erosi_on Control by 11ermuda Crass Spriging (backslopes
of levees and cuts alove benches).
Strips consisting of Bermuda grass shall be. planted in

3 horizontal lines spaced three feet apart on the slopes.
Contractor shall malch, water, etc. until growth is
established.

3.3 Erosion Control by the Spraying of Asphal t

I 3.3.1 The separation IcVecs in the raffinate and fluo-
ride ponds will be stabilized by spraying with
asphalt.

3.3.2 Asphalt used for the purposes above will by type
MC-0 (medium curing grade 0), manufactured by
Kerr-McGee Corporation and applied at the rateI of 1/2 gallon per square yard. If the s?ccified
coverage is applied to rapidly for absoration by
the soil the asphalt will be sprayed in multiple

| * passes.

I
I
I

I
I
I
I
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j F L0 as.
; KNOWN AND EXPLCTED rROM S EQUOY Ali FACILITY AREA )
j S EQ UOY All COUNTY, OKLAll0HA [
l

! UPLANDS
|
' g Trees

E i'avi Y and Spara 27 woodad ^raaa
! Quercus stellata Post oak
' Q. marilandica black jack oak
3 Ulmus alata Winged elmi

| Carya tomentosa White hickory
C. ovalis Pignut hickory'

j Prunus mexicana Wild plum
Bumelia lanuginosa Chittam woodi

| Juniperus virginiana Red cedar

]g Juglans nigra Black walnut

3 Sparsely Wooded Areas
Maclura pomifera 0 age orange
Sassafras albidum SassafrasI Diospyros virginiana Persimmon!

I Robinia p r. e u d o a c a c i a Black locust
J

Sh rub s and Woody Vines |

! Ile avi ly and Sparsely Wooded Areas (
! Synphoricarpos orbiculatus Coral berry 1,!F Rhus radicans Poison ivy I
i Smilax Bona-nox Cat brier

'
i

| P a r the n oc is s us quinquefolia Virginia creeper
: Vitis vulpina Winter grape

Open Wooded Areas
] Prunus ame ricana Wild plum

|

j

Rosa settgera Wild roncI jRhus copallina Winged semac
,

Rhus gl ab ra Smooth numac i

i 1

| lie rb a c e o u s Plants
! Ileavily Wooded Areas
I Galium aparine Common C1 cavers

Antennaria plantaginifolia Pussy toes.I Cnaphallum perpureum Cudweed
| liypericum drummondil St. John's wort
| Pamicum app. Panic grass
i Monarda fistulosa Wild bergamot
j Viola app. Wild violeto

I Plants
Open Wooded Areas

Rudbeckia hirta Black-eyed Sunan
| Senecio obovatus Round-leaf squaw weed
| Vernonia baldwin11 Baldwin's ironweed
; Phlox pilosa Downy phlox
i Rumex hastatulun Wood porre1
|
!

|
|

!

L
_ _ _
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PLFJt!T 10 AMR0rRIATU $URFACC WATCM

SWk & ECh Sec. lal t;WL L hCk |

I9 Sec. 23, Twp 1371, Rge. 21!:IH
(Legal UesuiTTion,
Office use Cnly)

|
|Stream System Illi.of Number 2-17 County Ocquoyah

Application flo. 67-705 Date of Filing October la,1967

I '

Permit No. P67-705 .

This to to certify that the Chlahcma Water Resources Beard has hold

I a rublic hearir; on the application of Korr McGee Corpwation
By: R. M. Tryar Vice President! Att.: Carter D"dley, Attorney

whose address is ,you-Pr.. pl e ,, okto w n etty, Okla, , for e termit

to appropriate 30,000 acre. feet of water, for the turrose of Comerc ial

rmclear precessing arvi alltei f acilitten.

I
Water to te diverted furx directly out cf Tentiller Fencrwir

in M ! rr! re Ala era f.M an t tirl for. 21 Twp 191, F;e, 71 r 7'4

I -

at a rate tot to exc eed 1A.y gpm,

G The ap.11keathn is herel y arprovtd ar.d the applicant is autherired
to proceed with the ccr,struction of the project in cerrpliarre with the
above descritwd application, witch is reaje a part hereof ard subject to
the folicwirt; teres, corJittors and limitatiens:

1. trevMirA11er r icht s and +-at t ic . u e s &vrat rc q_ are- ret

af f ected t y tbt s diveraten of w er.

I -

I-
. .

_ . . . _ - - -

2 Wrk en the traject sust to starte11/ tha yjth ay ef_hbr,- d

IX) ,, ard tto applicar has ur.til the j i day cf 0"t'L'T 1974

to ec-pleto the project,

I
3 tJten ec+pletten of the pioject c;Titeant e.ust file with the

tuccutive Direttor cf the Oklah(ta Wator resources Peard a hof!CE OF
CC::l t.tTIC:: C T U ME::T !. t he c. .' c.n p e u t it.- f .

4 In ender to } cep this termit in f ull 't rce arvi effect ard
I retain the IFICRITY DA1E, a WATER tJfC FCICRT trut le filed e-sch year

en forts furnishel by the toerd.

5 Accept 4nce of this l'eroit 13/ a p pl i c.> n t shill t e en a:v role & s.J
rent an.1 agrattent that applicotton will cceply with all the ter*S,
ccrditions at;d limitatiens ei t cJi(d in this Pcimit.

DAIT.D t? is 9th _ day of Jar,uary 19 G
_

, ,

"

Ok t. AIK l:A UAITA Imr,0W ULS POAFD

ene.lesure s Cop / A; p. 07- 70's I
f,

,/ ., .I Cv pletica of Wirke ' ' *

f. . t . 3 M L f a i r t. f . ' t* T i ~ . ou+.n, , #;"TITCJr

_ _ _ . _ _ _J
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E su-7o-c-oo83-g
I CQiTRACT BE1VEEN THE UNITED STATES OF AsERICA |

'

AND .

THE KERR-HCGEE CORPORATION, EELAWARE, !
- I FOR

WATIR S1 TRACE SPACE IN TENXILLER FERRY RESDIVOIR

THIS CONTRACT,* entered into this h day of Febmary ,

I 1970, by the UNITED STATES OF AMDlICA (hereinafter called the
("Oovernment"), represented.by the Contracting Officer executing this
contract, and the KERR.McCEE CORP 0ilATION, a corporation organized and ,

I existing under the laws of the State of Delaware, with its principal
office at Oklahoma City, Oklahoma, (hereinafter called the " User"),

'

WI1WESSETH THAT:

WHEREAS, the Act of Congress approved June 28, 1938 (Public Law 761,
- 75th Congress. 3rd session), as modified by the River and Harbor Act
I approved July 24, 1946, authorised the construction, operation and

I maintenance of the Tenkiller Ferry Dam and Reservoir on the Illinois
River, Oklahoma,(hereinaftercalledthe" Project");and, '-

J

WHDIEAS, under provisions of the Water Supply Act of 1958, as amended
'

(43 USC 390 b f), the Government is authorized to make contracts with

I !! Laten and local interoots for water oupply storage for municipal and
industrjal purpocosi and, .

I WHEltTAS, the User is capowerad so to contract with the Covernment
and in vested with all necessary powers for the accomplishment of the
purposes of this contract:
,

NOW, THUtEMtE, in consideration of the faithful performance of
each party of the mutual covenants and agreemente hereinafter set forth,
the parties hereto do mutually agree as followss

3RT7Cf7.). WATm 51tH ACE SPACE.

a. The User shall have the right to utilise an undivided

3 780 percent of the storage space in the Project between elevations
4 632.0 and $94 5 feet above mean sea lovel as deerned necessary by the User

j to impound water for its present taanicipal and industrial use, and to
make euch diveesione as grantant to the User by the State of Oklahoma,

'O| coNTRaoten'8 W

I
----
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.

'O
to the extent euch storage space will provide, subject to the retention
by the Covernment and others of the renaining undivided 96.220 percent

I of the storage space between said elevations for such purposes as the
Government may deem desirable. Although the User's stcrage space is
estimated to provide a dependsble yield of about 10,000 acro-feet of
water per year Ibr municipal and industrial use, it is understood and
agreed that the Government in no way guarantees such a yield.

.

I b. De Ucer shall have the right to withdraw water from
the aforesaid 3 780 percent of the storage space between elevations
632.0 and 594 5, so long as the elevation of the water within the Project

I is above elevation 594 5 feet above mean sea level, and provided that
such releases when combined with local tvnoff below the dam will not
cause flooding.

De desi n and location of any future installations orc. 6
facilities which the User may construct at the Project for the purpose
of diversions or withdrawals shall be subject to the approval of the
Contracting Officer, and the cost of such installation or facilities,
or any modificat. ion thereof, shall be borne by the User. The User shall
be responsible ibr operation and maintenance of all installations or
facilities which may be provided and owned by the User.

.

I d. The User recognises that this contract provides storcge
space only, as stated above, and that any water that may be impounded
therein will be raw water. he Goverrunent makes no representation with

I respect to the quality or availability of water ar.,1 assumes no responsi-
bility therefore, or for treatment of the water.

I e. he User shall utilise such storage space in a manner

consistent with Federal and State laws.

ARTICff. 2. HEASUREMENT OF W!tf DP AWAf.S AND RE!. EASES.,

a. For the purpose of maintaining an accurate record of
water supply withdrawals, the User agrees to install, or cause to beI installed, meters or measuring devices satisfactory to the Contracting
Officer, without cost to the Covernrient, at such times and places as the

i
User, may construct facilities for the withdrawal of water from the

Project by any means other than through the Project outlet works. The
User shall furnish to the Contracting Officer regular monthly reconis of
all such withdrawale, and shall furnish interia records at more frequent
intervals upon specific re,uest.

*I
I
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I |G b. In the event the User desires releases through the 1

I Project works either as a sole source or as a supplement to facilities |

referred to in subparagraph "a" above, water win be released through
the Project outlet works from water supply storage space in accordanceI with schedules prescribed in writing from time to time by the User and
transmitted to the Contracting Officer. The measure of a u such releases
shan be by means of a rating curve of the outlet works, or by otherI suitable means, agreed upon in advance of the commencement of operation
of the Project for water supply purposes.

ARTIC12 3. REULAUON OF 1HE USE OF WATFJt. De regulation of
the use of water stored under this contract shan be the responsibility
of the User and shau not be considered a part of this contract.

I
ARTICt2 6. CONSIDT. RATION AND PAYMENT. -

| 'a . The User shan pay the following sums to the Covernments

(1) Annual paymnnts of $9,717, banod on the yearly
amount requirod to amortino thu invuotmont cont for providing tho aforuoaid
water supply storage space in the project over a 50-year period as deterw
mined in the manner set out in Exhibit A attached hereto and made a part
hereof. Except for the first payteent, which shall be applied solely to the
retirement of the principal, all payments shall include accrued interest at
the rate of 2 5 percent per annum on the unpaid balance. A schedule of
annual payments is shown in Exhibit D attached hereto and made a part
hereof. The first annual payment will be due and payable within 30 days
of the date the User is notified that this contract has been approved by
the Secretary of the Arezy. Payments thereafter shall be due and payable
within 30 days of the yearly anniversary date of the first payment under
this contract. Payments for any fractional part of a year which may

| result from termination of this contract shall be prorated on the basis
of the annual charge.

(2) 5512 percent of the annual loss in power revenue
resulting trote the operation cf the Project for providing 25.400 acre-feet
of storage for water supply. Tno annual payment shall be in the amount of

I
$1,100. We first annual payment shall be due and payable on the date set
forth its sabparagraph a(1) of this Article. Annual payments thereafter shan
be due and payable on the anniversary date of the first payment under this
conteset.

>

'OI
I

--- - - -
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,

(3) 1504 porcent of the joint-use costs of ordinaryI operation and maintenance of the Project. Iterrs of operation and mainton-
ance which form the basis of camputation and which will be used in future
computation of operaticr.s and maintenance charges are shown in Exhibit A.I Payments due prior to availability of actual experienced specific costs
and joint-use costs of operation and maintenance shall be jn the amount
of $1,600. Payments thereafter shall equal to 1504 percent of the joint-I uM conts of operatten and maintenance for the preceding Oovernment fiscal,
year. The first annuai payment shall be due and payable on the date set
forth in subparagraph a(1) of this Article. Annual payments thereafterI shall be due and payable on the anniversary date of the first payment

' under this contract. Payments following the first complete fiscal year
of operation shall be adjusted to reflect the difference between the priorI payment or payments for operation and maintenance and the actual experierced
specific costs for water supply and joint-use costs of operation and astru.
tenance for the period covered by such payments.

(4) 1.084 percent of' the joint-use cost of major
capital replacement items and sedimentation resurveys, when incurred.I Payment shall be made with the first annual payment becoming due after'
the date said cost is incurred. -

(5) 2 50 percent per annum en any overdue payment until
paid, to be compounded anrually frors the date auch payments are due. The

I amount charged on paymente overdue for a period of less than one year .

shall be figured on a monthly basis. For example, if the payment is
made within the first month af ter being overdue (31 to 60 days after the
anniversary date), one month's interest shall be charged.

I .

b. If the actual construction cost of the Project differe
from the estimated cost as set forth in Exhibit A, whether increased orI decreased, the aforesaid cost to be repaid by the User as set forth in
subparagraph a(1) above shall be adjusted accordingly upcn final deter-
mination of Project costs. If the cost is increased or decreased, an
adjustment, as detemined by the Contracting Officer, of paymente made
prior to deterair.ation of the final Project cost shall be made in the
first payment after such cost, is determined. Exhibits A atd D shall be mod-I ified to reflect the final Project costs, and the adjusted payments and
euch modifications shall form a part of this contract.

c. The extent of operation and maintenance of the Project
shall be deteriained by the Contracting Officer, and all recorde and

*
4q .

c ,>

I
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accounting shall be maintained by the Contracting Officer. Records of
the cost of cperation and maintenance tf the Project shall be available
for inspection and examination by the Ussr.

d. Should the User request additional operation and
maintenance for water supply storage over and above that determinedI by the Contracting Officer, and over and above that which formed the
basis for determination as set out in Exhibit A, the User shall bear
the entire cost of such additional expense. ,

ARTICt2 5. PDt!0D OF CONTitACT. This contract shall become

I effective as of the date of approval of the Secretary of the Army, and
shall continue in Ibil force and effect for a period of one year. The
User shall have the right to renew this contract each year thereafter
as long as storage remains available under the interim plan for pro-I viding water supply storage space in the Project or for a total period
of 50 years, whichever expires first. Payment of each annual paymen'
will constitute; renewal for the ensuing year.

AftTICf.E 6. tW COWTRACT. It is understood that in the event

G of a change in project purposes,' physical modification of the Project
and/or reallocation of storage in the Project to provide for water supply
t.y an Act of Congress, and upon equitable allocation of Project oost

I among purposes served by the reservoir, prior to expiration of 50 years,
a new contract shall be negotiated for use of storage space, with the
new contract providing for appropriate nodification in quantity, elevations
and annual payment. The new contract shall include permanent rights toI storage space under the provisions of Public Law 60-11.0. The terms of
the new contract shall be subject to ruutual agreement at that timel
however, it is further urvierstood by the parties hereto, that credit willI be given for the amount of repayment, applied to amortisation of inventaent,
which has been paid to the Covernment uruler this contract in computing the
amount due under the new contract for investment allocable to the water
supply storage space.

,AbTICII 7_. WATUt UlPPLY 81DRACL AND OPERATION AND MAINTENANCE.

s. The Government shall operate and maintain only the
Project owned by the Government.

o. The Government shall not be responsible for diversions
oy others, nor nL1 it recome a party to any controversies between usersIq of 4 * <f.:rusti Arage space, except as such withdrawal any affect

( ) stortga inace ru srvN % the Greernment. -

J

I !

_ - - - - - - - - ---
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I c. The Government reserves the right to take such
measures no my te necessary in the operation of the Project to -

preservelifeand/crproperty. .

I -

ARTICt2 8. RICHT-OF WAY. The grant of an easement for [-

rights-of-way over, across, in, and upon Government-owned lands under _(I the control of the Secretary of the Army, required for transmission
of water from the point of withdrawal, shall be by separate instrutnent.

_ without additional cost to the User under the authority of and in
accordance with the provisions of 10 U.S.C. 2669

.

_ -

T LRTICTI 9. ret 2ASE OF Cf.ATHS. no User shall hold and save-

'

the Government, including its officera, agents, and eeployees harmless
from liability of any nature or kind for or on account of any clain i'

for damages which may be filed or asserted as a result of storage and -

withdrawal or release of water from the Project made or ordered by the '

,

User or as a result of the construction, operation, or mintenance of ,

the features or appurtenances owned and operated by the User. *

gI ARTICf210. TRANSFER OR AS1tCN@JT. De t|ser shall not ,

transfer or assign this contract nor any rights acquired thereunder, 6S nor suballot said water storage space or any part thereof, nor grant
any interest, privilege, or license whatsoever in ecnnection with this "

contract, without approval of the Secretary of the Arn;y or his authorised_

I representativel provided that, this restriction shall not be construed i
to apply to any water which my be obtained frc:s the water supply storage '"

by the User and furnished to any thint party or parties.

I -

_ ART 1ct211. OFFICIAt/l NOT M ftDITFIT. No mornber of Congress. -

or resident comLssioner, shall be admitted to any share or part of this |

I contract, or to any benefit that may arise therefromi tnt this provision -

shall not be construed to extend to this contract if made with a corpora-
tion for its general' benefit.

ARTICt2 12. COVDIANT AGAINST CONTIN 0Dl? FES. The User '

warrants that no person or selling agency has been employed or retained
to solicit or secure this contract upon an agreement or understanding for
a commission, percentage, brokerage, or contingent fee, excepting bona 4
fide employees or bona fide established comercial or selling agencies

I maintained by the User for the purpose of securing business. For breach
or violation of this warranty, the Government shall have the right'to "

annul thie contract without liability, or in its discretion to add to the
ie :

* '

I -

_

I E

-

.
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'i.

I contract price or considerat,1on, or otherwise recover, the full amount
of such commission, per e:t. age, brokerage, or contingeht fee. ;

'

I ARTictF. 13. ArrR0 Vat. OF CONTRACT. This contract shall be j

oubject to the written approval of the Secretary of the Arv, and shall
not be binding until so approved. j

IN WITNMS WERFM. the partise hereto have executed this contract
se of the day and year first above written.

:

AFFROVIDI DE WITED STATES OF AMRICA

S.as
;

Secretarp of th Army
,

MGM A" MV15 JUL WO ,y-
Dates VERNON W. PINKEY t

1

Colonel, CE -

District Engineer
Contract 1hg Officer-

. .

; -

KRbMcCEE CORM) RATION,

I
,,ufde r, ,em

Proeident
"~

Att..t. a*

('|t /? ?) 0. , (6 ''. /y
,

AaWE . i . . .. . n, . . . . .I (Seal) , Seeretary
'

,

. . , , , , i,

.
5

es 6

,

8

l
: *

(
,-. '

I 7

1

-_ - . - - - - . -.



_ _ . _ _ _ _ . ._ ____-___- _____- - _____ - -

I; Fonetst htLs0N, tascutive Director.

YOKLAHOMA WATER RESOURCES BOARD
olALEX Bt 'M' STREET . OKLAHOMA CITY * OKLAHOMA * 73112 g g, y N

[ V '. March 22, 1971~ )(' b l.; & '. 4 'l lyy u ,,,, -

1
..

1

P S. DUNN
Mr. P. S. Dunn, Group Vice-President
Nuclear Operations
Kerr-McGee Corporation, Sequoyah Facility

I Kerr-McGee Building
Oklahoma City, Oklahoma 73102

PCMIT NO: W-70-Oll

DATE APPROVED: March 9,1971

Dear Mr. Dunn:

This is to advise you that your application for Waste Disposal
Permit has been approved by the Oklahoma Water Resources Board.
Tnis letter, accompanied by the enclosed copy of the applicction,
ceristitutes the issuance of a Waste Disposal Permit.

Your permit will remain in ef fect so lorvj as you are not in olo-
J stion of the Oklaho ra Water Quality Standards. In accordance
with the Pollution Control Act of 1955

SITTIO'l 90 5 (M

It chall Le unlawf ul for any person to cause pollution of any
wit ers of the State or to place or c.euse to be placed any vastes
in a location where they are likely to cause pollution of any
waters of the State.

.

Sr.cQgy90S ( h)

I It sha]1 ) e unlewful f ar any person to carry on any of the foll n'-
119 actsvitics without first securin;r ,uch lormit from the Loard,
as in required by it, f or tha diuposal of a31 industriel wastes
unleh ere or ray be dist or..J :hcrcLy 1.ito the waters of tho State.y

1. The constructJon, ine.tallation,. raodif leation or operation of
viny industtaal disposal ey.<tcm or part therr.of or eny extension or
addition thereto.

I -. .I,,- . .t. . - . . . . - . - . - - . . . . . . . . . .

L L. M Alti Meet 4e GL Abt b slauPate C a . Me**.ee LLOfD I CHL8CH M eet ** H A80LD 8 SCfhGd.1 Me*ber

_.___________ _-
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..

SECTION 905 (b) (cont.)

2. The increase in volume or strength of any industrial wastes.

3. The construction, installation or operation of any industrial
or commercial establishment or any extension or modification

I thereof or addition thereto, the operation of which would cause
an increase in the discharge of wastes into the waters of the' State
or would otherwise alter the physical, chemical or biological

'

properties, of any waters of the State in any manner not already
lawfully authorized.,

4. The construction or use of any new outlet for the discharge
of any wastes into the waters of the State.

The above activities can b*e carried out only after securing a
Permit from the Oklahoma Water Resourccs Board or revising an ex-
isting Permit.

On occasions personnel from the Oklahoma Water Resources Board will
be visiting your facilities; if a special visit is desired at any
time, please notify our office.

1 1

Very truly yours, |
e

For & & Wrest Nelson, Exec tive Director
OXLAHOMA WATER RESOURCES BOARD |

FN/ph

|I Enc 1:

I
>'

,

( )
w/

.

,



W 0-)*14 C L ri
n * i '/ iO?.LANOh8A WATE2 KEss RCES EOARD

0.il N. W. 4oth. Desars Lias. (Ems)
St

l.hssn. Oly, Okl.homa 13113

APPLICATION FOR |

W ASTE DISPOSAL PERMIT
(Must be Typewritten and Filed in Triplicate)

*Applac. tion No.I *""8"'''" to,. . e o . ,

Kerr 'fcCee Corporation. Seouoyah Facility1. N.nw or indu.i,y

I 2. Addr.as Kerr-ttcCee Pullding, Oklahoma City. Oklahoma 73102
ts. n.. no. w o., si. z., c .

3. County SefluoyahI NE gs. 21
4. L,g.1 D.acriptaon of Pt.nt location %

21Fg 12N Rs..

NE % see. 21
5. 1,g.1 D cription or Point or Docharg. ---- %

T.p. 12N ag., 21F

s. w..i.d . i. di.ch.rg.d into th. ..i.r. or _ _ T 111noi s R ive r

irihoi.ry to th. Arkansas Dtver
Lale Tenk111er

30,000 acre-ft/yr7. soure. or w.t., suppiy: Reservoir 4,no .e

5.000 tons per year of uranium hexafluoride
D7 ace.nor8mdstlNeD.nu,ffluerit of lime- tireated ItF scrWFeir waste ands. u

: e
s. Typ. or Erno.nt a..i.e cooling tower blowdown, boiler hlowdown, domesticI MA113 and water treatmefit FrInc. Surface retention: Solvent extrac-

-

10. Amaunt Di.ch.rgel. 1500 C.P.*I. to Illinois River tion raffinate waste
~a fter 1ime t reatment.

WASTE TREATMENT FACILITIES:

Lime treatment11. Pnm.ry Tr..iment:
i t. .a4 c. ,,. ,

oneA. Studge Prod w ed

I Four (4) eartifFn . pits -(2 sludge pits, clarifier

_

10,000,00(
sluds. Ds.po a . lagoogal_y ang ra m nate evaporative lagoonB. rin. - one yearGwaa44.eepacity]

12. second.ry weetm ni. PP ay us pent of waste e m uent

I i r, n .,a. .. . i

' N ~
' * E *

13. W t. St.batia.uon Pond _

. t . ,. 4 c ... . . .

I 14. son.d w.st. D.po..i
.t _.( ._ _ _ _4 u. .

15. INJELTION WELL: (Pending AFC License Approval)

b ' __ l 59'A. Date Con.tructed

IB. Tot.1 Depth of Welt *

Arbuckle limestonec. neemms str.t..I D. Tot.1 Tbcknew of Recemng Su.thadioactivitwF , acluittr sulfate and

MfN.S'"*i n6"'s'WM fn"g"iecalcium , Cl * , pit, turbidity, dissolved'' d
frequency to-deronstrate qualtty seand-

ards compliance.
SIGNATURE OF APPLICANT !

|* ,

P. 5. Dunn, Group Vice pMsident

E n% Nuclear Operationsi

i

{' j toer.. Uw o.3,3'

Apple. tion r.cerved .nd filed in thi. office, tha. d.y of 13

1 OKLAljoMA WATER RESOURC S BOARD I
l /

*! i
.

|./f- u

./
' / ' *****"E"'****'OWRB 2 5/70 %

|t %
| '

- _ _ _ . _ _- _. -- --



. _. __ .-_. - _ _ _. . --

i

M |

FORREST NELSON, Executive Director

OKLAHOMA WATER RESOURCES BOARD
DIALEX BUILDING . 2241 N.W. 40TH STREET * OKLAHOMA clTY + OKLAHOMA * 73112

June 22, 1972 l

I
'

I .

|

Mr. W. J. Shelley, Director
Regulation and Control Nuclear Division
Kerr-McGee Corporation

I Kerr-McGee Building !

Oklahoma City, Oklahoma 73102

Re: Kerr-McGee, Sequoyah Facility >I i
'

Dear Mr. Shelley: !

Enclosed please find our formal certification for waste
discharges from the above referenced facility. ,

i
Very truly yours, j

a .y''

| Mf'gif9,fMa' j
Assistant Director j

t

GS:mt ',

Encl. |

!

!
!

!
!

!

I i

i,
e

.

OI
|

MILTON CRAIG, Choermon L L MALES, Vse-Chairman GUY N. KEITH, Secretary

ROBERT C. (808) LAN1. Membst GLADE R. KIRKPATRICK, Member LLOYD E. CHURCH, Member HAROLD B. SCOGGINS, Member
i

!

_ _- ,_ . ., . _ . . _ . _ - . . . , . . . . . , _ , . . , . , _ . . _ _ . , _ . . . . . . _ . -
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I7~ TO WHOM IT MAY CONCERN

This is to verify that the applicant has been issued a Waste
Disposal Permit by the Oklahoma Water Resources Board and is

in compliance with Oklahoma's Water Quality Standards.
1. Name of Applicant Kerr-McGee Sequoyah Facility

| Address Kerr-McGee Building, Oklahoma City, Oklahoma 73102

Oklahoma Water Resources Board No. IW-70 011

Corps of Engineers Application No. 0760Y1 2 000111

2 The applicant has been issued a Permit by the Oklahoma Water

Resources Board and has assured the Board that his activities

| will be conducted in a manner which will not violate Oklahoma's
Water Quality Standards.

3 The Oklahoma Water Resources Board has considered the effect
the applicant's activities will have in Intra-state and Inter-
state waters and the beneficial uses of these waters, has

| reviewed the general and specific criteria as outlined in

Oklahoma's Water Quality Standards, and has determined through

Public Hearings that the applicant complies with Oklahoma's
Water Quality Standards.

4. Ccnditions: None

I
5. Other Considerations Applicant's waste disposal facilitiesI

are routinely monitored by the Oklahoma Water Resources Board.

,m.
c >
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h) '' Q * UNI':'ED STATES,j) ATOMIC ENEROY COMMISSION
v1 : i

I 50HCE EHEK2L LICENSE ; il

Pursuant to the Atomic Ener y Act of 1954, and Tit!.10, Code of Federal Regulation 6, Chapter 1,I J Part 40 " Licensing of Source 12aterial," and in rehance on statements and representations heretofoa
|

r

] made the heensee, a license is hereby issued authorising the licensee to receive, possess and import !
] the source material designated below; to use such material for the purpose (s) and at the ploos(s) . |r

'

] designated belo and to deliver or transfer such material to reons authortsed to rooelve it inI '1 accordance with r ations in said Part. This beense shall deemed to castain the cond!itons -

,

] specified in Section 1 of the Atomic Energy Act of 1954 cnd is subject to oil appucoble rules, i

i regulations, and orders of the Atomic Ener Commission, now or hereafter in effect, including Title 1 i !

I Code of Federal Begulations, Chapter 1, or: 20, " Standards for Protection Agains+ Eciatien, an n j
to any conditions specified below.

p Licensee 3. IJeanse No. I
l

j
l SUB-1010 I

I 1.Name Kerr-McGee Corporation I
J 1. Empiration Date : i

| 2. Address Kerr-McGee Building February 28, 1975 f |
j Oklahoma City, Oklahoma 73102

[ i

S. Docket No.
|/ 40-8027 b :

6. Source Material 7. Maximum quantity of source material which
1 licensee may possess at any one time under [ |

f Uranium this beense f f
A

1 No quantity limitation f'
1 ;tj

{
CONDITIONS

l 8. Authorised use (Unless otherwise specified, the authorized place of use is the licensee's address ( |
| stated in Item 2 above.) [ |

-| Subject to the conditions specified herein, this license authorizes the [
l activities described in the licensee's application dated September 23, !
I 1969, as supplemented January 14 and February 3,1970, in accordance

, iI | with the representations, specifications, and procedures in Appendix A ( i
i of the said application, including supplements.

f !
I i

| 9 This license does not authorize the disposal of liquid waste containing !I I radioactive constituent.s by injection into any disposal well. [ |-1

|

| 10. Authorized place of use: ne licansee's Sequoyah facility located about !<

21/2 miles southeast of Gore, Oklahora.

| 11. This license authorizes the ur.e of respirators in determining employee f |
1 exposures to airborne radioactive materials subject to the conditionsI ] and specifications in the attached Annex A. | |

r i

I
|I

<
- . _- - -



I i
FORM AEC 401/410A U. S. ATOMIC ENERGY COMMISSION Pcg, 2 of 2 Pcg:s |

!

x
:

License Number SUB-1010 ;

MATERIAL LICENSE

Supplementary Sheet |
|

I :
>

12. He licensee is exempt under the requirements of this license from com.
pliance with Section 20.203(e)(2) of 10 CFR 20 provided all entrances to j

I the plant are conspicuously posted in accordance with Section 20,203(e)(2) j

and with the words, "kiy area within this plant uay contain radioactive
'

material."

I The licensee shall inunediately notify the Director, Region IV, Division of f13.
Compliance, USAEC, Denver, Colorado, by telephone and telegraph of any ;

failure in an earth dam retention system which results in a release of ;I liquid wastes containing radioactive material. h is requirement is in i
'

addition to the requirements of 10 CFR 20.
i

14 Pursuant to Sections 20.106(b) and 20.302 of 10 CFR 20, this license au- |
thorizes the incineration of licensed material in accordance with the pro- |
cedures specified in the application, including supplements, listed in
Item 8 cf this license.

I
15. As a minimum, the licensee shall conduct the environmental monitoring pre

gram described on pages V1-6.1.1 and V1-6.1.2 (Rev. 2/3/70) of the licev ee's I

application listed in Item 8 above, including supplements. !

16. This license authorizes the disposal or transfer of articles contaminated ;

with source material to persons not possessing appropriate licenses pro-
7

vided the conditions in Annex B are met, j
t

I ;

;
i

I |

|

I .

!

'I i

!

! For the U. S. Atomic Energy Commission

MEI r ' ' '' .s con F. narson
Divisten el Meterials Licensing

jI
washinewn, D. C. 20545

|

-- - - - - - - - - - . - - , _ _ _ _ ___ _- __ _
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ATOMIC ENERGY COMMISSION 8 I
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SUB-1010, Amendment No. 1
!

i

Kerr-McGen Corporation
ATTN: Dr. Frank K. Pittman, Director

Technical Services |I Kerr-McGee Building i

Oklahoma City, Oklahoma 73102

Gentlemen:
|

Your application dated November 5,1970 has been incorporated into
the " demonstration" portion of your application for License No. SUB-1010.
In order to provide continued continuity in the license for subsequent [
construction of waste disposal facilities Condition 17 has been added
to License No. SUB-1010 to read as follows: i

"17. In the location, design, construction, maintenance and inspection
of waste disposal systems into which effluents containing radio- ;

active material in excess of the limits specified in Column 2,
Table II of Appendix B, 10 CFR Part 20 are di:sposed, the licensee
shall follow the criteria established in Section 4, page 5 of the

'

enclosure entitled "Information and Criteria Pertinent toI Evaluation of Embankment Retention Systems." In addition, the
licensee shall establish appropriately located test holes near
retention ponds to check for seepage, if any, of radioactive +

materials." ;

All other conditions of this license shall remain the same.

FOR THE ATOMIC ENERGY COMMISSION
|

*
7 |

Robert L. Lay ield

I Materials Branch
Division of Materials Licensing i

Enclosure:
"Information and Criteria ,

Pertinent to Evaluation of
Embankment Retention Systems"

CN KERR.McGEE RECEIVED 3@EN
( ) NUCl. EAR DIVISION g g W

IV JAN a is,i
JAN 19 1971 '

SERVICES
TECH' EAR DN.NUCL

*

| CONTRACT ADMINISTRATION N

I
____ ___ _ _
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!v PERMIT
'

I OKLAHOMA STATE DfPAR'n!ENT OF HEALTH
OKLAHOMA CITY 5, OKLAHWas

ugust 21, M-

Date 3g

Kerr-McGee Corporation having complied with the3,

requirements of the law is hereby granted permission to construct sanitary waste collection and _I treatment facilities to serve the Kerr-McGee Corporation's Sequoyah facility east

of Gore in Sequoyah county, Oklahoma, to be constructed in accordance with the plans

approved by this department on August 12, 1969.

subject to the following provisions -

1) That all details' relative to the project not covered in the plans and specifi-

I cations as approved will be constructed and accomplished in accordance with
good public health practice.

2) That the recipient of the permit is responsible that the project receive super-I vision and inspection by competent and qualified personnel.

3) That wherever water and sewer lines are constructed with spacing of 10 feet orI less, sanitary protection will be provided in accordance with Section 21 of the
Standards ior Water Pollution Control Facilities, 0D11 Eng!r.eering Bulletin No.
0587.

4) That this of fice will be notified approximately 10 days prior to completion of
the project, so that a final inspection can be made by an engineer from this
department before final payment is made to the contractor.I

,

I
b. b. bc b4m M.d. Commissioner of llealth

/ A I / State Sanitary Engineer-i ,
, ,

o i <

g .

| .

oon r w.. sss
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I
ENGINEER'S Rl! PORT

SANITARY WASTE TREAThl?.NT

AND DISPOSAL

FOR

KERR-bicGEE CORPORATION -

SEQUOYAH FACILITY
* SEQUOYAH COUNTY, OKLAHO.\fA

I 1

~A. GENERAL

This report covers the co11cetion, treatment and disposal
of sanitary sewage and waste for a Uranium Hexafluoride
Production Facility to be located in the SE 1/4 of the NW| 1/4 of Section 21, Township 12 North, Range 21 East,
Sequoyah County, Oklahoma.

I The proposed plant is sited on gently rolling terrain and
an average plant elevation will be approximately 565 feet
above bl. S. L. Its location with respect to surrounding
communities and dwellings is shown on Drawing 110-C-151
as appended to this report. Waste treatment and disposal
facilities are sized to serve the ultimate plant popula-
tion. No future additions to the serviced population areI contemplated but variations in sewage strength may occur,
and daily contribution may fluctuate.

B. DESIGN DATA

1. Volume and Strength of Sewage - Process Area

Anticipated equivalent. contributing population is 75
persons based upon the following:

a ., Day Shift "80 persons-

b. Night and Swing shifts e 40 person / shiftI c. 20-30 gal. PC/ shift - 3200-4800 GPD
d. Shower use at shift change - 3800-4500 GPD

e. Clothes washing and misc. - 200- 400 GPD

f. Infiltration 300- 500 GPDO
-

I
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'I
The flow will fluctuate widely, ranging from 1-2 GlW
normal to 200 Glw during shift change.

Average strength of the sewage must be estimated.-
Although experience would indicate a total solids||| contribution of 0.20 #/C. P. D. and a B. O. D. of

| 0.15 #/C. P. D., sufficient uncertaintics exist to
i consider design assumptions on a higher basis.

|
,

| Treatment facilitics for the process area are there-
fore predicated on a B. O. D. of 0.20 #/C. P. D.

I 2. Garbage and Rubbish Disposal |

Garbage and rubbish is expected to consist of pri-
marily volatile waste and trash in the amount of 50I f/ day, which will be reduced to approximately two
pounds per day of residual ash and incombustibics
in a gas or oil fired incinerator. The residuc will
be collected at intervals and disposed of at the.

closest public sanitary dump or by burial on the
owners' property.

3. Sewage Collection Systems

I Sewage collection from the process building will con-
sist of a single line, approximately 500 feet long,
placed in stiff weathered shale and sandstone. Pipe-
line plans and profiles are shown on Drawing 197 as
appended to this report.

No ground water is anticipated or likely above the
invert of the line serving the process building.

4. Location of Treatment Facilities

Location of treatment facilities for plant sewage has'

been evaluated on the basis of nuisance potential,
topography, and the necessity for a location within| the compound. All factors indicate an area approximat-
ely 350 feet north west of the process building repre-
sents optimum siting. Drawing 110-C-152 as appended

g to this report, shows the background for this conclusion.
5. Process Facility Water Supply _

The source for all process, service and potable water
will be Tenkillar Ferry Reservior which is primarily
charged by and dis rges into the Illinois River. AI four month sampli .nd testing program has furnished

,

the following dat. on water discharging from the reser-
voir. Sampics were taken from the Illinois River

|(~] approximately 100 feet south of Tenkillar ferry dam.
Analysis results are given in parts per million (p.p.m.)i)

''%,_ '

2 of 5

.
_



____ _______-_____ ____________ ________ - -

Date 9/12/07 10/13/67 11/15/67 12/12/67

'C 13' 12* 11'--

pH 6.8 7.4 7.4 7.8
Susp.
Matr. 8 6 28 1

I Diss.
Matr. 143 120 160 107

Na+ 6 8 14 4I
HCO3 93 105 105 100

.

SO4 12 7 6 7
' l

|CI- 5.4 7.4 22.0 6.2

F- .42 .02 .09 .07

NO3 0.6 0.7 0.3 0.2I Total
Hardness 95 92 97 88
as CACO 3

6. Receiving Waters

All sanitary effluent will be returned close to the con-
fluence of the Illinois and Arkansas Rivers. The resul-

,I, tant at the point of return is not cicar since this' point
'

will be within the navigation pool limits of the Robert
S. Kerr Reservoir and the quality of receiving waters will
vary indeterminately according to the varying contributoryI influence of the two streams.

The Illinois River is defined as having the following
beneficial uses:

Fish and Wildlife Propagationa.
,3 b. Recreation
5 c. Public and Private Water Supplies'

d. Hydroelectric Power
e. AgricultureI f. Receiving Treated Wastes
g. Aesthetics
h. Trout Fishery (Put and Take)

The Arkansas River is defined as having the following
beneficial uses:

Emergency Public and Private Water Suppliesy a.
! | b. Fish and Wildlife Propagation

I'd c. Agriculture
.

3 of 5
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l d. Ilydroelectric Power
c. Cooling Water
f. Receiving Treated Wastes
g. Recreation
h. Navigation

For the Illinois River, the record minimum daily flow
appears to be approximately 2.1 h!. G. D. with a 28 year
average of 1,469 C. F. S. or 950 bl. G. D. The minimumI weekly flow appears to be approximately 18.5 Ft. G.

For the Arkansas River the minimum recorded daily flowI appears to be approximately 49.2 h!. G. D. with a ten year 1

average of 19,300 C. F. S. or 12,500 F1. G. D. The minimum {weekly flow appears to be approximately 734 h!. G. |
-

No 24 hour periods of zero flow are apparent for either
stream from availabic records.

A four month sampling and testing program has furnished
the following data on Arkansas River water at Webbers
Falls. Analysis results are given in parts per million| (p.p.m.)

Date 9/12/67 10/13/67 11/15/67 12/12/67
T
*C 23* 14* 9*---

pH 7.2 7.1 7.4 7.6 |susp.I I

hiatr. 9.8 90 28 22 |
Diss.
hiatr. 730 290 220 540 1

Na+ 180 46 18 110

HCO3 120 118 110 159

p04 71 44 35 54

CI- 280 67 29 181

F- 0.40 0.30 0".40 0.41I N0- 6.2 1.1 0.8 1.8a
Total

I. Hardness 177 138 123 198.

as CACO 3

m
k
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I
C. ANALYSIS FOR PROPOSl!D Dl! SIGN

1. Collection System

Because of low anticipated average flow rates of oneI to three G. P. M. for 90% of an average day, the hy-
draulic characteristics of a six-inch diameter pipe
on a 0.65% gradient are considered preferabic to those

I of a standard eight inch line. A six-inch vitrified
clay pipe co11cetor main on a 0.65% slope is recommend-
ed for this installation, thus providing a velocity of

I approximately 0.8 f. p. s. at anticipated minimum flow
with adequate capacity for peak contribution.

2. Quality of Total Effluent

Treated effluent, averaging 5 to 7 G, P. M. will be
added to discharged service water which will flow atI rates between 1,100 and 1,600 G. P. M. Service watcrs'
will have no constituents not found at the source.
From this point of mixing, the combined flow will| travel along natural water courses within the owners
property for approximately 5,000 feet to the point of
return to public waters.- At the point of return the
anticipated average qualities are as follows:

a. Suspended matter 10 p.p.m.

O b. Dissolved matter 110 p.p.m.
c. Coliform bacteria 0
d. B. O. D. O p.p.m.
c. D. O. 10 p.p.m.

| f. Chloride (C1) 5-50 p.p.m.
g. Sulfate (SO ) 10-15 p.p.m.4
h. Nitrate (NO ) Neg. to 5.0 p.p.m.3I i. Oil, grease and fats 0
j. Turbidity (Silica Scale) 10 p.p.m.
k. pH 7.0-7.5

3. Sewage Treatment
.

Under the conditions anticipated, a treatment systemI capable of producing high quality effluent under heavy
shock loading conditions from influent is required.
To satisfy these conditions, a conventional stabilization

I lagoon having an operating depth of 3 to 5 feet and an
effective loading of less than 30 #B. O. D. per surface
acre is provided as shown on Drawing No. 170-C-101 appended
hereto.

,- .

Prepared by -'- :,..'. ' ,I , ,'
'

' . ,' - -
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. , , 17,, ;. / 4
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,

,

'.

.

.
'

5 of 5 I



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I

DOMESTIC WASTE DISPOSAL PROCEDURES

I
I

The domestic wastes for the facility are generated in the main

process and administration building. These vastes are piped to a

vaste stabilization lagoon of approved design where they are biolog- j

ically oxidized during a detention time which is a minimal of 43.8
i

days. Effluent from the lagoon is drawn off and mixed with the

cooling tower overflow stream. The combined stream flows under-

ground and is then released into a natural channel. This channel

empties into the Illinois River a short distance away. The wastes

sources and treatment systems are discussed in more detail in follow-

ing sections.

Sources of Domestic Sewage.

The domestic sewage generated at the Sequoyah facility consists

of spent water from toilets, lavatories, showers, and laundry facilities.

The waste treatment system was designed for an equivalent contributing

population of 75 persons based on a predicated day shift enplo;w nt

of 80 people and 40 people each on the night and swing shift. The

plant staff at present is lower than the design figures and consists

of some 100 people of whom 75 are production and maintenance workers.

Per capita usage of 20 to 30 gallons of water with a B.O.D. of

.2 pounds was allowed for the design population to satisfy estimated

toilet and lavatory usag safety requirements associated with the

handling of the process products necessitated an allowance for pro-0 '"" * " ~ "''' ' " " " ' " " " " ' " " " ' ' ' ' " " " * ' " " ' ' ' ' " ' ' ' " " " ' ' ' '
1

I
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I

'O
to be laundered periodically. Since individuals vary widely in their

shower water requirement, a cohservative data allowance for 60 gallons
'

per capita was provided. Daily laundry operation at the facility re-

d quire approximately 600 gallons. The wastes added to the water consists

of human feces, urine, toilet tissue, soap, detergents, and some

process material. The amounts of process material which enter the

waste water system from bathing and laundering operations are probably

f I extremely small. These products will be effectively trapped in the

sludge deposits of the lagoon. The waste water flows emerging from

these uses will fluctuate widely and will range from less than a gallon

per minute to several hundred gallons per minute at the end of the

shifts.

Collection System

The vaste water is collected at the process building and piped

through a six-inch vitrified, clay pipe sewer line to the waste

stabilization lagoon. The sewer line, which is approximately 500

feet long, is laid in stiff weathered slate and Jandstone. No ground

water is likely above the invert of the sewer. Data from a water

well at the plant site in Section 27-12N-21E substantiates this. This

84 foot deep well has a static water level of 30 feet. Some infil-

tration to the sewer line from surface oeepage can occur during rainy

seasons to temporarily increase the flows to the lagoon. In like

answer, some effluent flow to soil tan occur from the sewer. The

permeability of the soil in this area is low and sewage organisms.

OI
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I

which are contained in the effluent flow would be removed within a

short distance of the sewer.

Stabilization Lagoon

The design of the stabilization lagoon was approved by the

Oklahoma State Department of llealth and a permit for construction was |

1ssued by that agency on August 21, 1969. This facility was subse-

quently constructed and put into operation. The lagoon effluent

has been tested and conforms to the requirements specified by the

State Health Department.

The surface area at the lagoon minimum depth of 3 feet is .51

' I The design load of the system was based on 30 pounds of F.O.D.acres.
L

per surface acre per day. This loading is well within the range

advocated by current design practioners for facultative basins. (1)

The amount of B.O.D. which is expected from the design equivalent

population at the facility is 15 pounds.

The pond volume .st the minimal depth of 3 feet is approximately

438,000 gallons. With a design flow of 10,000 gallons per day, the

average detention time is 43.8 days. This figure is well above the

7 - 30 days which is recognized as acceptable in current practice.

At the normal operating depth of 4.5 feet, the detention period is

70.2 days.

Liquid wastes are discharged below the water surface at the

center of stabilization basis. Any production process sedime.nts

obtained from laundering and bathing can be expected to cettle out

close to the outfall due to the high density of the process material.

I
- -



_ _ _ _ _ _ _ _ _ _ .-

k i

was filed with the Corps of Engineers on June 21, 1971 and supplemented'

on October 4, 1971 to meet federal regulations stipulated under the |

Refuse Act of 1899. The discharge permit application OK-076-0YI-2-000111
.

is currently being processed for the facility.

I
I
I
I
19
I
I

I

'I
(1) Eckenfelder, W. Wesley. Industrial Water Poll.: tion Control.

New York McGraw-Ilill Book Company, 1966.

(2) Oklahoma Water Resources Board. Appraisal Of The Water and
Related Land Resources of Oklahoma For Region Five and Six.

Oklahoma City: Mercury Press, 1969.

I
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The long detention time in the basin should promote a high degree of
|

biological oxidation for the waste organics entering the system. Per |
I

capita levels of nutrients similar to those found in sanitary wastes of jI '
'muncipalities can be expected in the basin effluent.

Lagoon Effluents

Effluents are drawn from the system by a baffle board weir arrange-I 1

ment. The outlet is located at the three feet level and the pond can )
be controlled over an operational span from 3 to 5 feet. Seepage rates

should be low through the weathered slate and sandstone material.which

comprises the basin bottom. This facility lies in an area with an

average annual precipitation of 43 inches and an average annual lake

evaporation of 49 inches. (2) Since no other surface inflow is permitted

to the lagoon this results in an annual net evaporation loss equal to

9 days of waste flow from the facility. The normal .7 gpm effluent

from the stabilization basin combines with the average flow of 1200

gpm emerging from the cooling tower overflow. The resultant stream

flows underground some 1000 feet to an outfall into a natural channel.

This flow proceeds downstream for a short distance and then joins the

Illinois River some 1000 yards upstream fron its confluence with the

Arkansas River. The point of unity is now an arm of the Robert S. Kerr

Reservoir.

In order to dispose these waste liquida to the river, Kerr 'icGee

first obtained a state permit, No. IW-70-011, from the Oklahoma Water

Resource Board. Later, an application for a waste discharge permit



4. Solvent Extraction Plant, Fire

The original design considered the solvent extractionI process as a special hazard and located the building over

100 feet from the main building.

The solvent extraction plant building is equipped with

a foam deluge system. The building area is curbed without

drains (divided into two areas) and the pulse column and UNH

evaporator adjacent to the building have separate curbs. The

curbed volumes were sized to contain the entire liquid contents

in the event of an accident such as misoperation or equipment

failure.I! The solvent extraction foam system was purchased

and installed in accordance with Standards 11 and 16 of NFPA

Code for Foam and Solvent Extraction Processes, respectively,

and has been accepted by Factory Insurance Association. The

original system test revealed below specification foam density
L and, after changing foam proportioners, the system was retested

as acceptable November 30, 1971. Both tests were witnessed

and approved by the Facility's insurers, Nuclear Energy Liability

Insurance Association and Nuclear Energy Property Insurance

Association (Appendix V) .

In the event of a fire the foam. deluge systea wouldI be automatically activated, spraying the building and pulse

column areas with a water-foam mixture from one foam tank (;wo
are maintained full) for approximately eight minutes. One foam
tank was deemed sufficient to extinguish a fire.

| The foam system is actuated by a decrease in gas
pressure when a sensor head melts. Corrosion, accidental sensor

breakage, tornado or earthquake will not operate the system.
Additionally, the deluge system can be manually actuated from the
solvent extraction or main process buildings.I The results from a fire could cause considerabic

interruption to the plant operation; however, the impact on
IO
I

-116-
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I
the environment would be expected to be minimal due to retention
of aqueous liquids within the curbed areas. Should a fire

be widespread and violent, it is expected that it would still be |

contained to the building area by the use of four fire hose

stations spaced around the building. In the most severe case, |
contamination local to the building might occur. Since the |
radioactive materials involved are either Low Specific Activity |

or in very low concentrations, any discharge beyond the plant

fence line is considered to be inconsequential.

In addition to the previously mentioned tests,

several insdvertent equipment failure trips occurred deluging

this area with the waterfoam mixture. These interruptions

normally required 16 to 24 hours for pumping the liquids to

the raffinate retention basins, washing down of the area and

checking and starting the equipment. Time for repair would

be additive to the 16 to 24 hours.
Examination of the curbed areas and tankage in calcu-

lations, which follow, indicate that the case with 1 cast excess

volume is the solvent rework side of the building. The spacing
of tanks is such that spillage of more than half the tanks
is unlikely. Also, the contents of the vessels are high

in percentage of hexane so this material would be burning off.
For these two reasons, a maximum volume spilled would be 7,000
gallons.

Allowing for ma,ximum spillage, the effective curb

volume would be 10,564 gallons (17,564-7,000). Foam and water
discharge at 1420 total GPM. Assuming that half the flow or

710 GPM goes to the solvent rework side, the time to fill the

1k5curb would be 14.9 minutes. This is almost double=
0

the capacity of the foam system.
Some low density foam, contaminated with nitric acidI and uranyl nitrate, may spill out door openings in the

preceeding example. It would be contained on site.

' ill 1



Working Capacity S-X Curbed Areas

A. Solvent Extraction Curb - 26.5' x 80' = 2120 Sq. Ft.

63.99 Sq. Ft. !Less) 2 x 1.5' x 1.5' = 4.50 Sq. Ft. 9 x 1.58' x 4.5' =

I Equipment)- |
Bases) 4 x 1.33' x 1.33' = 7.02 Sq. Pt.2 x 1.5' x 3.67' 11.01 Sq. Ft. |

=

|
5.00 Sq. Ft. 2 x 1.83' x 5.0' = 18.30 Sq. Ft. j5 x 1.0' x 1.0' -

9.58 Sq. Ft. 8x (1.17') 3.1416 = 8.60 Sq. Ft.1 x 2.5' x 3.83' =

4

1 x 4.5' x 11.0' - 49.50 Sq. Ft.6 x (1.33)2 3.1416 = 8.34 Sq. Ft.
4

1 x 2.0' x 5.0' 10.00 Sq. Ft.=

;

196 Sq. Ft.) x 1.1875 Ft. = 2285 Cu. Ft.(2120 Sq. Ft. -

2285 x 7.48 = 17,091 gallons usable curb volame

S-X Tankage:

Boildown Condensate Tank 300 gal.
i

Slurry Feed Break Tank 300

Pumper-Decanter 9 1000 gal /ea 6,000

Scrub Decanter 8 1000 gal /ea 2,000
8,600 gal.

Pulse Column 2,400 (possibly to S-X)

11,000 (Total possibly to S-3

Raffinate Decanter 1,000

Sump Liquor Tanks @ 500 gal /ea 1,000

Solvent Cleaning Tanks 0 1000 gal /ea 3,000

Ammonium Sulfate Tank 1,000

6,000 (Improbable, but
possible spill
to S-X side)

17,000 (Maximum, but
improbable spill
to S-X curb)

-118-

_



. . _ _

I

O B. 2120 Sq. Ft.Solvent Resork Curb - 26.5' x 80' =-

Less) 1 x 2.0' x 5.0' = 10.00 Sq. Ft. 2 x 1.5' x 1.5' = 4.50 Sq. Ft.
Equipment) -

5.31 Sq. Ft.Bases) 2 x 2.17 x 5.0' = 21.70 Sq. Ft. 3 x 1.33' x 1.33' =

2 x 1.58 x 4.0' = 12.64 35 x (1.17,2 3.1416 = 37.63 j
4 ,

1

7 x 1.50 x 3.67' = 38.54 2 x (1.33)2 3.1416 = 2.78
4

1 x 2.0' x 2.0' = 4.00
1

2 x 1.5' x 2.0' = 6.00

143 Sq. Ft.) x 1.1875 Ft. = 2348 Cu. Ft.(2120 Sq. Ft. -

2348 Cu. Ft. x 7.48 gals /cu ft = 17,564 gals.

Solvent Rework Tank Volumes:

Raffinate Decanter 1,000 gal.

( Sump Liquor 8 500 gals, ea 1,000

Solvent Cleaning 9 1,000 gals. ca 3,000

Ammonium Sulfate Work 1,000

5% Caustic Work 1,000

Solvent Work 2,000

Solvent Preparation (normally empty) -

Hexane Head 50

Hexane Phase Separators 0 50 gals ca 100

Hexane Recovery Still (50% full) 1,000

UNH Decanters @ 2,0 0 0 g al s . ea 4,000

TOTAL 14,150 gals.

C. Pulse Column CurbI Area = 21' x 26.5' = 556.5 Ft.2
Less Equipment Bases 6.45 Ft.2
Volume 9 l' depth = 550 Ft.3 550 Ft2

S 550 x 7.48 = 4,114 Gal.

2400 Gal.Pulse Column Volume -
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I
1 5. Fuel Oil Tank, Rupture

|9 The facility boilers normally operate on natural gas
but have provisions for operation on fuel oil in an emergency.
The fuel oil is stored in a 30,000 gallon tank located within a

drained (with shutoff valve) dike. The normal inventory in the

tank is approximately 20,000 gallons. The dike is sized to ;

contain the entire liquid contents in the event of an accident.I The diked area is 45 x 35 x 3 = 4725 cubic feet. The free

area is 3900 cubic feet which would hold about 29,000 gallons.
In the event of a fire or natural disaster rupturing

the tank, the incident would be handled by the plant emergency
team as any other emergency. The drain valve would be closed

'

to prevent discharge of the fuel oil. Should the rupture

be accompanied by fire, the fire would be fought as r.ny fuel fire.
6. Hot 10 Ton UF6 Cylinder or Cold Trap Rupture

The nominal net weight of UFs for a cold trap or
Model 48A cylinder is 20,000 lbs UF . Since both UFs containers6

are about the same size only one calculation was made to determine
the amount of UFs lost and the time for the 200*F liquid UF6

in the cylinder to solidify.

It was calculated that approximately 4550 lbs of UF
6

would be lost in 4 0 minutes. Af ter 40 minutes , the loss is

relatively small because the UF6 will have solidified. The
following assumptions and data were used to arrive at 4550 lbs:

The heat lost by convection through the cylindera.

wall was approximately zero (worst case) .
b.I The rupture hole is 1.5 inches in diameter and that

the hole is above the liquid level.

The specific heat and heat of vaporization of UFsc.

is constant between 200*F and 133.5'F.
A grapn showing the points at which calculations were made is

| shown on Figure 15.
In an actual incident, 3800 pounds of UF6 were lost.33

I 33

S Annual Bioassay and Analytical Chemistry Meeting, Gatlinburg,
M. W. Boback and R. C. Heatherton, National Lecd Co. of Ohio,12th

Tennessee, October 13-14, 1966.
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|An operator who removed the cylinder valve was completely hidden
from view by a cloud of white smoke resulting from the hydrolysis
of UFs to UO2F2 and HF. Other operators helped him from the )
scene and he was immediately hospitalized. He developed
pulmonary edema and was treated with oxygen for two days, kept in,

the hospital for six days and returned to work on the ninth

k | day. He has continued to work for the same employer without

difficulty. Eight other operators involved in the incident were

not inj ured . There were no permanent injuries. Based on urine
analyses, uranium was rapidly eliminated from the body, the

biological half-life being 4-6 hours.II Since this ha:ard was known to exist, certain precautions

were included in the design of the plant and the operating pro-

cedure. The cold traps are located in the plant within the

building completely covered with insulation and equipped in such

a way with block valves and an emergency cold trap to which a

l leaking unit can be dumped. Leaks in the valves controlling

flows have occurred and alternate cold traps used to control

such leakage. Such precautions have proved effective control

measures for cold traps preventing any significant releases fromI the system'.

The hot UFs cylinders, after filling, are disconnected

from the filling station, the cart upon which they are resting

moved to an aisleway, the cylinder lif ted from the cart by a

| 18-ton capacity fork truck and transported to a steam-heated
hot chest. They are held in this hot chest for 12 hours in order

to homogenire the contents, removed from the chest, placed upon
a rotator, the position adjusted to place the valve below the

liquid surface and connected to an evacuated sample cylinderI and a sample drained. The valve is then shutoff and cover caps

placed on the valve stem and spout. The cylinder is removed by

the fort truck and placed on a cradle in the UF storage area where
it is permitted to solidify, requiring approximately 72 hours.

I
OI
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I

Examining this procedure, one concludes that the

| possibility of accidental release occurs during transportation

and sample removal. The valve of the cylinder is located

in such a way on the end dish of the cylinder so that it is

protected by an overhanging steel skirt, thus preventing damage

to the valve during transportation by passing too close to aI structural column or structures. In addition, the valve is

protected by a valve guard designed for that purpose and placed
upon the cylinder during all transportation. A cross-section

of this arrangement is shown in Figure 16.

Inadvertent valve removal such as was experienced in

the reported case at National Lead Ccmpany cannot occur since

g the sample cylinder prevents turning more than a one-quarter

turn. In view of these precautions, we do not believe that the

accidental removal or breakage of a valve from a hot UF6 cylinderI constitutes a credible accident.

In the event of such an accident, plant employees

would take emergency action as described in " Emergency Procedure
for UF6 Release" attached as Appendix VI . Such action would
include spraying the cylinder with water to cool it more quickly

and result in less loss of UF than calculated as was experienceds34

I in the reported incident.

In addition the consultant was asked to calculate the
uranium dose and fluoride concentration downwind for such anI incident. Appendix IV includes the results of these calculations.

Due to confused communications these calculations assumed
- 4800 lbs. released in 400 minutes rather than the correct

assumptions of 4550 lbs. released in 40 minutes.

Also the calculation assumes all of the fluorine is -

availabic while only two-thirds is available as liF from the

reaction with water in the air: UF6 211 0-~ UO F2 2 2 + 411F+

/m 34-

( ) M. W. Boback and R. C. Ileatherton, op. cit.
|>

n-
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I |

To correct the exposure for these conditions:

I ,

*

800 6y / cI 40 min
19.9 remx =

400 min

F as HF

3 76 Fe, 4550 03 g/secI 23 mg/M x x x
4800 30.3 g/sec114 F6

153 mg/Mx =

The estimated 19.9 rem kidney dose is well below the

I acceptable 75 rem kidney dose for accidental exposures.
35

3
Exposure to 153 mg/M of HF vapor is uncomfortable

but not lethal. Animals are regorted to tolerate 100 mg/M gr
five hours while 1000-1500 mg/M was lethal in five minutes.

Sax permits brief exposure to 33-165 mg/M .' Vegetation would

be defoliated and small animals in the plume might expire.
In view of the conservative assumptions mentionedI previously on such diffusion calculations and the procedural

and equipment precautions, we do not believe such an exposure is
a credible accident.

35
Safety Evaluation by the Division of Material Licensing, USAEC,

In the Matter of the Midwest Fuels Reprocessing Facility, DocketI No. 50-268, October 6, 1967.
36

Amer. Ind. Hyg. Assoc., Hygenic Guide Series (A64).
37" Dangerous Properties of Industrial Materials", N. Irving Sax,
Reinhold, 1968.

I
l,o

3
VI
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7. Shipping Cylinder, ramage in Transit

UFs product is shipped by truck in a nominal 10 ton

(net UFs capacity) properly approved heavy wall cylinder -
Model 48A. The carrier has instructions, in writing, on the i

handling of emergencies. These instructions are included as |
Appendix VII.

This specific UFs container has been [n use by the AEC

in excess of a decade. [ Numerous intraplant cylinder moves andI less numerous but a significantly large number. of interplant

cylinders h$ve not resulted 1

.

shipments of ambient temperature UF6 '

in a single known release of significant uranium material.

Loads have been involved in accidents but always without serious
| damage to the vessel. Drop tests have been staged that tested

the vessel integrity.

E '

The container contents are in a solidified state, at

ambient temperature and below atmospheric pressure (approximately
5 psia maximum partial pressure of UFs). In order to have UF

3 6

or other uranium compounds escape from the container at least two
I .. contingent conditions,must exist:

1. The container must have significant damage resulting
in opening the container to atmosphere.-

'

2. ~There must be a motive force to move UF from6

the solid state to-the gaseous state and cause the
gas to' leave the opening.

Two motive forces for causing UF 6 to leave the cylinder

.are pressure (by increasing the cylinder temperatures) or diffu-I sion. Since the cylinder temperature is already in equilibrium
with the air, an increase in temperature would be possibic only
on receiving additional radiant energy or by applying heat:

'
directly to the cylinder, e.g., a fire. The probability of an

#

accident rupturing the cylinder and having the accident occur at
a railroad crossing resulting in a fire from rail tank car,

I
'
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I

contents or involving a truck transport of flammable contents

I is considered to be sufficiently improbable to not warrant further

consideration.

The.most likely method of having uranium leave theI container is.as a gas or very small particle. This is dependent

on a diffusion process and chemical reaction. Air containing |

moisture must diffuse into the cylinder. The moisture must
react with the UFs forming UO F2 and HF. The HF must diffuse2

(back through the same opening) to the outside carrying minute

quantities of UO F with the HF. Accordingly, while it is possible2 2

.

that an accident could cause damage to the cylinder and escape

of trace amounts of uranium, release of large amounts of material |
would not occur by this diffusion, chemical reaction and back

diffusion process.

In the event of an accident the driver, utilizing the

written instructions takes immediate action and then notifies

y, m the Facility. All receipt points are within 24 hours driving,

3
i

Ly / time of the Facility and should aid be needed this could be

supplied with personnel handling UF daily.
6

I G. Alternatives

The plant site was chosen for its relative isolation,I access to transportation and other advantages listed ciscwhere

in this report. These criteria were used to evaluate and reject

alternate locations. The plant has operated for two years with

no observed adverse environmental impact. The existing location

seems to have been the best choice.
Alternate conversion processes were not available

in the public domain at the time of initial planning without
extensive development work. A proprietary commercial process
exists but little is known about its characteristics. ThisI other process should offer no advantage in terms of gaseous efflu-
ent but it produces no liquid effluent similar to the raffinatei

,m stream generated at Sequoyah. Some technologists would view
| 1 )

w./
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this as an advantage. But the AEC developed process which is
used at Sequoyah has been in use longer. This as a considerable

advantage in anticipating, controlling and minimizing the facility's

environmental impact.I
H. Site Restoration and Reclamation

Except for the 75 acres occupied by the production

facilities, the land on the 2,100-acre site is being used in

essentially the fashion it would have been used if there were no

plant. Consequently, restoration and reclamation of 75 acres

needs to be considered.
Kerr-McGee believes that it is neither necessary nor

desirable to restore the 75 acres to the condition existingI before the plant was built. A developed industrial site with

buildings, utility lines, water supply, roads, sewage facilities

and possible access to a railroad is more valuable and productive
than a small pasture. This subject was discussed with Mr. Bill

Lovern, Vice President of the First National Bank of Sallisaw,
Oklahoma. Mr. Lovern is knowledgable about commercial real
estate in that area and he believed that the site could be sold
for industrial purposes and it would be more useful and beneficial

I as an industrial site than as a pasture. Keeping the site i.n

commercial use would minimize the economic impact on the Eastern
Oklahoma area.

The land occupied by chemical storage and processing
ponds should be restored. This involves filling the ponds

and planting suitable cover over both the filled-in ponds and the
fill dirt source.

The fluoride sludge ponds and settling basin would not
present any particular problem. Calcium fluoride is a common
water-insoluble mineral. Lime, on standing, is converted to calciumI carbonate, another common mineral. These sludges can be washed
free of soluble materials and buried. The ponds could then be

o filled in.
i)

_,
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It is anticipated that the raffinate ponds will be

eliminated while the plant is still in operation. The clean- |

up process will involve:
,

1. Recovering radioactive material in a solid form.

Laboratory scale experiments have precipitated
radioactive materials resulting in a solution

| containing approximately 3% of the Ra226 MPC. ;

2. Disposi'g of it in an approved manner by an AEC
licensed burial contractor.

3. Disposing of the liquid nitrate solution by
decomposition or other means.I 4. Filling in the ponds.

5. Planting suitable cover on'the filled area.

The ammonium nitrate solution may be a useful fertili-

zer after the radioactivity has been removed. It would be a low

| concentration fertilizer and could be used on the site or in |

the general area.

[ ) The estimated quantities of materials involved can
d' ~~' be obtained from Table X. The quantities used have been

obtained from purchases and beginning and first inventoriesI for the 12 month period April, 1971-March, 1972. It can be

calculated that annually about 300 short tons of calcium

fluoride are stored plus some calcium carboncte and lime.

Based on projected production figures, about 20,000 tons of

insoluble calcium salts will be produced in 30 years. Assuming
an effective bulk density of 60 pounds per cubic foot, the

volume would be approximately 700,000 cubic feet or a space

375' x 375' and 5 feet deep. Hence about 3.2 acres would be

needed. Since calcium carbonate and calcium fluoride areI commonly occurring water-insolubic minerals, disposal by burial

on the site should be satisfactory after filling and seeding

the cover.

By.1976, the raffinate storage ponds will contain 2413

tons of nitrate nitrogen and 2726 tons of ammonia nitrogen
,

( ) based upon actual and projected production rates. By that time,

l''
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'

a satisfactory process for the disposal of raffinate will be ;

in operation. This will treat both accumulated raffinate and

I also that produced by current operation.

The sewage stabilization lagoon would be an asset

needed by the next commercial user of the site. Depending

upon the user's sewage load, it could be necessary for him to

| add additional treatment facilities. i

An estimate of the cost required to fill in ponds

and reseed is $1,000 per acre. This is the estimated cost used
by others for land restoration in a uranium strip mining
operation. For the Sequoyah operations, $75,000 should beI conservative. It is acceptable procedure for a company with the
resources of Kerr-McGee to treat a $75,000 expenditure as an

operating expense incurred in the year that the money was i

actually spent. The Company would not need to establish a !

dedicated fund as planned by others.
,

.O '

I
I

.

I :

.

I
I

I
IOgv
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I
V. COST-BENEFIT ANALYSIS

A. Benefits

The Sequoyah Facility benefits the commerce and residents
of Sequoyah and Muskogee Counties, Oklahoma, as well as the overallI ,

nuclear industry.

The nuclear industry will gain the benefit of having

a second domestic supplier of conversion service, employing
a different process and accommodating a different set o.f specif-
ications for the mining and milling segment of the nuclear industry.

The second supplier provides competition, insures an equitable
price structure and assures the continuing availability of thisI necessary phase of the nuclear fuel cycle.

Of the approximately 100 employees at the Sequoyah
site, 90 were hired from the immediate area. A result is an

annual payroll of about a million dollars. Since, for every

direct factory employee, about three service people are needed,

a total boost to the local economy of about four million dollars
Ip) results.

Sequoyah County activities benefit from the additional

taxes paid on an industrial installation as compared to thoseI payed on unimproved land.

B. Costs

Seventy-five acres of low grade pasture have been con-

verted to an industrial site. This land would be worth $150 an
acre in the absence of industrial activity. This land would have

supported about 10-20 cows on a year-round basis. Since there

is plenty of unused potential pasture in the area, this would

not seem serious.
I Over the next 30 years, 3.2 acres of land will be

permanently converted to a burial ground for calcium carbonateI and fluoride solid wastes. A second acre may be permanently

converted to a burial ground for insoluble radioactive waste

h using a barium carrier. Burial of radioactive waste depends upon

( )
-
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development of a suitable process and AEC approval. Once the
site is relinquished, this land will require excavation, filling

and reseeding to restore it to a condition suitable for agricul-

tural or industrial use. During this period (about one year),
I- the land will be unusable. Again, since there is unused grazing

land in the area, this does not seem serious. Poor quality

pasture would rent for about $10 per acre per year.

Solid, liquid and gaseous effluents will be released.

The na.ture and quantities of these materials have been discussed

in detail in another section of this report. State and govern-

mental agencies regulate the quantities of these materials that

can be released. The general philosophy is that no detectable

harm shall result. The plant operates within boundaries set byI all regulatory agencies and endeavors to hold effluent releases

to the lowest practical levels rather than boundary limits

allowed. It is believed that no significant cost can be

r'N, assessed against discharge of effluents.
F

{ j) No irreplacable loss of wildlife, plant life, or air

quality has occurred. It is concluded that no cost penalty

can be assessed for the effect.

No irreversable or irretrievable commitment of

resources have occurred. While the 75 acre plant site area willI almost certainly remain in industrial use, this would be a matter

of choice rather than necessity. The option of restoring the

land to a condition similar to the original one still remains.

C. Conclusion

Based on the above, it is our conclusion that the

enhancement of values to the population of Eastern Oklahoma

by a viabic industrial site far outweighs in benefits the

negligible impact on the environment.

I,
c ;
s

-132-



_-

I
APPENDIX I

PERMITS AND LICENSES fI |1. Oklahoma Water Resources Board-Permit to Appropriate !Surface Water No. P67-765
|

I l2. U.S. Army Corps of Engineers-Contract No. DACW 56-70-C-0083 !

|

I Oklahoma Water Resources Board-Waste Disposal Permit No.3.
IW-70-011 L

i

4. Oklahoma Water Resources Board-Certification for Waste |Discharges |,

?5. AEC Radioactive Source Material License No. SUB-1010, i

Docket No. 40-8027 and Amendment No. 1

6. Oklahoma State Department of Health-Sanitary Waste Treatment |Permit
|

7. Engineer's Report on Waste Treatment Plant

8 Technical Assessment by Dr. R.11. Ramsey, " Domestic Waste !

Disposal Procedures"
j
i" 9. Oklahoma Air Pollution Control Division-Open Pit Incinerator i

J Application
f

10. Oklahoma State Department of Ilealth-Open Pit IncineratorI Evaluation Test
:

11. Waste Disposal Technical Provisions and Specifications !

,
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E SEQUOYAH AVERAGE CONDITIONS

475 f t. min- l = 7. 9 ft, sec-I (8' diam) 48. 0 ft. sec- 1 (3. 25' diam)A V =
3

} or 14. 6 meters sec-I;

\_/ d = 3. 25' = 1. 0 meters
-7 mph = 3. 0 meters sec-1u=

P= - 960 mb
Ts = 320' F = 146 * C = 419' k
Ta = 68* F = 20' C = 293 * k-

h = 150' = 45. 72 meters

Then - under average Sequoyah operating conditions:

d)AH = Vsd 1. 5 + 2. 6 8 x 10-3p T s - Ta
U Ts

AH = 14. 6(1) II. 5 + 2. 68 x 10-3 (920) 419 - 293
4]g

|

3 j, 419!

AH = 14. 63 1. 5 + 2. 68(. 92) . 30 (1)I a-

-

AH = 4. 87I 1. 5 + (2. 47) (. 30)J.

AH = 4. 87 (1. 5 + . 74)fI
I

aH = 4. 87 (2. 24) = 10. 9

The effective height of emission under average coniitions is then:

h + AH = 45. 72 meters + 10. 91 meters

H(eH) = 5_6. 6 meters

Effective stack height as a function of wind speedI The maximum ground level concentration occurs at some intermediate
wind speed, at which a balance is reached between the dilution due to
wind speed and the effect of height of emission.

A H = I4. 6 (1. 5 + . 74)U |

A H = 14. 6 (2. 24)
U
2. 7AH=
U

e

3.
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I
THEN:

WHEN
, v U= AH='

+h li
eff

~

M Sec Meters

.5 65.4 45.7 111.I
A-B 1 32.7 78.4

1. 5 21.8 67.5

I 2 16. 4 62.1
B 2. 5 13.0 58.7

3 10.9 56.6

3. 5 9. 3 55.0
4 8. 2 53.9

I B-C 4. 5 7. 2 52.9
5 6. 5 52,2

I CD 5. 5 5. 9 51.6
6 5. 5 51,2

I 6. 5 5. 0 50,7
D 7 4.7 50.4

9. 5 3. 3 50.0

I,

Calculation of maximum downwind concentration from Sequoyah stack:

Stability category F U = - 2. 5 M sec"I (assumed)
H= 60 M (calculated)

Stability category C U = -4 M sec"I (a ssumed)
H = 55 M (calculated)

Stability category D U = - 7' M sec"I (assmed)
H = 50 M (calculated)

THEN
l

Stability category F (from graphs)

Distance = 5. 0 K
-2~

XU = 1. 45 x 10 M

{3 *

I
.

4.

I
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I'
(V' Stability category C Ifrom grapha)

I Distance = . 64 Km
XU = 4. 5 x 10-5 M-2

I
Stability category D (from graphs)

Distance = 1. I Km
XU = 4. 4 x 10-5 g-2
Q,

Maximum downwind concentrations - Figure 3-9 graph

Stability F = 60 M = XU/O max m-2 = 1. 5 x 10-5 x max (Km) = 4 Km

| Stability C = 55 = XU/O max m-2 = 4. 6 x 10-5 .6Km

Stability D = 50 = XU/O max m-2 = 4.4 x 10-5 1Km

Conc. Dist.
-5

1/3 Stability F . 3 x 10 1. 3 Km

1/3 Stability C 1. 5 x 10- 5 .2Km

1/3 Stability D 1. 5 x 10-5 . 33 KmI 1

3. 3 x 10-5 x,g |
Max, downwind conc. = x

_
, U

Max. downwind distance = 1. 83 Km

*

.. At 1830 meters (6000 ft) downwind the maximum ground level cone-
entration occurs.
The ground level concentration will be 3. 35 x 10-5 times the emission
rate of [he pollutant in curies or grams divided by the wind speed in
M sec

I
Ie

!(

I 6.

. . .
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'I
Calculation of Roof Top Emission From Sequoyah Facility

Assuming a 15 meter effective stack height and the following stability
categories

I/3 Stability class F 4. 5 x 10 . 50 Km

1/3 Stability class D 4. 5 x 10~4 . 24 KmI
1/3 Stability class C 6. O x 10~4 .15 Km

15.0 4 3 .89 4 3

5. O x 10~4 .29
*. . Roof top release at 45 ft would have a max. downwind concentration

of 5. 0 x 10~4 O/U at . 290 Km or 951 ft.I
I
se

<I '

,I

I
tI
I
tI
' i

.

I
I
g 7..
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May 26, 1972

l
(

I Kerr-McGee Corporation
Kerr-McGee Building
Oklahoma City, Oklahoma 73102 <

Attention: Mr. A. Valentine

Enclosed is one ccpy of our draft report regarding
the calculation of potential impact of releases from the
Sequoyah UF f**IIi"Y*6

I am looking forward to hearing your comments.

Yours ve*y truly,

DAMES & MOORE

.r &

I Irwin Spickler
Associate
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INTRODUCTION

The purpose of this report is to quantify the near ground level

atmospheric concentrations of the routine chemical and radioactive gaseous

effluents that are released from the Sequoyah UF6 Facility. .

This plant is located in the vicinity of Core, Oklahoma, which has

similar topographic and climatologic characteristics as the closest first-order

weather data station, Fort Smith, Arkansas.

The method of analysis was a series of mathematical computer models

that assessed the combined effects of atmospheric dilution, multiple source

release rates and population distributions.

The mathematical model assumptions are deemed conservation and are

in compliance with the current Atomic Energy Commission standards.

A recapitulation of the scope of work is as follows:

Task A - Obtain from the first-order weather station an
-annual joint frequency occurrence of wind speed,I wind direction, and atmospheric stability. Also,
obtain the annual wind direction frequency.

Task B - Using the annual Joint frequancy distrib' tionu
obtained in Task A, calculate the annual average
dilution versus distance and direction from theI Uranium Hexafluoride.Sequoyah Facility for both
150-foot and ground level releases.

I Task * - Using gaseous effluent reicaso data I.e. ,
total NO , fluorides, and uranluca relcasedx ,

during the year, calculate the annual average
downwind concentrations of NO and fluoridesxand the lung and bone doses for the insoluble
and soluble uranium quantitics released versus
distance and direction out to a distance of
ten miles,

j

Task D - Using population distribution versus distance

I and dlrcction ccd tne bono dose distribution
eclculated in Task C, calculctc the totcl man-

[ } rcm that could potentially result from the
) estimated yearly uranium rolccscs.

a . s . . a .. . .u.... .

-
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Task E - Provide a report which documents all analyses-m
( ') performed and presents the results of the

,/ analyses performed.

SUMMARY

Coth the routinc annual calculated doses and concentrations of

radioactive and chemical gascous pollutants may be considered relatively

small. The low routine release rates of effluents coupled with the low popula-

tion density indicates that there will not be any deleterious environmental

impact due to the Sequoyah plant operations.
j

DATA INPUT

I .

Meteorology

The distribution of Pasquilt atmospheric stability categories by

wind direction was obtained from Fort Smith, Arkansas, for the period of

record January 1960 to December 1964 (43847 hourly observations). The

stability classification was based on the Pasquill-Turner method. Table i

summarlzes the annual percent distribution of wind direction versus stability

and the average wind speed in meters per second. This summary provided the

basis for calculating both the annual average elevated and ground release

atmospheric dilution factors. These factors are called relative concentrations
or "x/q" values.

Table || presents an annual percentage frequency occurrence of

( wind direction distribution by speed groups (knots) for Fort Smith, Arkansas,

March 1953 thrcugh February 1963

Population

|||(4) depicts the population distribution within a 10-milei Table

| A radius of the Sequoyah plent. The represented polar coordinate population
I }

, g v' me.trix is identical to meceorological wind rose with tha 16 cardinal directions

I
6', l G. . .. t, . , . . . . . /.

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ - - - - - _ _ - - - _ - - - - - - - -
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bisecting the lateral sectors. The 1970 U. S. Census provided the averaget

,

I() household resident population per county. These multiplicative values were'

applied to the number of homes that were identified in cach polar coordinate

segment.
e

| Cascous Effluent Release Data

E A summary of the gaseous effluent rates that are released on a
, ;

| routine annual basis from the Sequoyah plant are listed below. These rates
,

1

|
are referred to as "q" values.

Surmiary of
Gaseous Effluent Release Data [4)|

I Radloactive Pol 1utants
Release Rate (CI/sec)

Release Height Soluble U insoluble U
-30 -10Ground Level 0 5 x 10 7 2 x 10
-10 -10150-foot Stack 3.0 x 10 0.1 x 10

Non-radioactive Pollutants
Release Rate (q/sec)

Fluoride 50 N0Release Height 2I Ground Level 0.004 - -

ISO-foot Stack 0.12 0.26 1.98

ANALYSIS AND RESULTS

Glossarf__

The following glossary of symbols refIccts a partial list of
1

parameter notations and units applied tc the equations. '

_ Symbol Deseription Units
,

U Wind speed Meters por second

h Height Meters

H Stack height (150 fect) 45.7 meters
,

,) x/4 Relativo concentration sec./M3

1

ein h h h a e b ed 9 4 *he e 9 e e

_| 1 . -
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synSol Descriotion Units
1

i g f Fractional annual occurrence of wind Probabilityg direction

SZ Sigma-2, vertical dispersion coefficient Meters

D Distance Meters

q Source release rate Units /sec.

E A power of ten 10

Natrix
Location

i Wind direction 22-1/2 degrees

K Distance MetersI .

P Pasquill Stability Classes A through G

Constant

2.032 Constant incorporating geometric Radians
sector spread of 22-1/2 degrees and
grcund reflection

Wind Height Adjusteent

The wind speed data was collected at Fort Smith at the 10-meter

height. It was required to extrapolate the wind speeds to the stack height

level of 150 feet (45 7 meters) for the clevated release model. The following
equation was used:

f

h

45 meters 10 meters (h45)
(5)U =U

10
whe re :

I
'

n is 0.25 for Pasquill A, B, C, D

or 0 50 for Pasquill E, F, G

Ground Release

I Average enr.ual ground reicaso relative concentrations (etmospheric

dilu:lcn fcctors) were dc:ccmined by tha folicwing equation:

I
. . . . . -

% i um m m
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E

.032 f(I,P) (6)I Ground x E=

O(1,K) P=A 10(1,P) (K,P) O(g)

Table IV sur.marizes these relative concentration values by geographic

sector and distance in meters f rom the plant site. The metric distances repre-

sent the midpoint value of the statute miles; e.g., 805 meters - 1/2 mile,

2414 meters = 1-1/2 miles , etc.

Elevated Release

Average annual elevated release relative concentrations were deter-

mined by the fol' lowing equation:

H
~

2.032 f('' }G 2
Elevated 1 E EXP (K,P)=

| U45[,,p) SZ(K,P) D(K)| O(1, K) P=A |

The following assumptions were incorporated:

1. Flat terrain.

2. Ground reflection of the clevated plume.

3 A maximum vertical mixing depth of 1000 meters, i.e.,I SZ did not exceed 1000 r.eters.

4. Credit was not taken for any stack plume buoyancy, i.e.,
effective stack height = 150 feet.

Table V sur.T.arizes these values of relative concentration by geo-

graphic sector and distance in meters from the plant site.

Radioactive Dose

Dose values were computed based on ground and clevated gaseous

eff*ucnt release rates and ground and cicvated relative concentraticr.s. For

radioactiva pollutants the generatir.g dose cquctions are:

I
..... .o. .

.
. _ _ _ _ _ _ _
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I

DoseKidney " - evoted) +
"

""
(Elevated) (Ground)

where:

Dosc = Annual kidney dose from soluble uraniumKidney

BR = Breathing rate of 2 32E-4 H /sec.

I DF = Dose factor for uranium affecting the kidney
(80 rem /pc inhaled).(7)

Time = 3 154E+7 seconds / year

and, q values for uranium are from the Summary Table.

I
= BR (DF) Time ( f(Elevated) Q(Elevated) +O(Ground)

Desc
Lung

(Ground)I |
|

where:

Dosc = Annual lung dose from insoluble uraniumLung

I DF = Dose factor for uranlyN)af fecting the lungsn
(110 rem /pc inhaled).

and, all other terms remain the same.I
= BR (DF) Time ( h(Elevated)

Dose
Bone

(Ground) (G round)**

1

whe re: .

Dose ,n, = Annual bone dose from soluble uraniumg

DF = Dose factor for uranium affecting the bones
(20 rem /pc inhaled) . (7)

Table VI, Vil and Vill summarizes the kidncy, lung cnd bonc dosc in

millirem, respectively. The highest dose calculated for the kidney (0.62 milli-

rem), lung (11.2 millirem) and bono (0.155 millirem) wcs southwest of the plcnt

at 1/2 mile (805 meters).

I
'

.s. .. e sa e
L.... ..
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Chemical Pollutants
'

The ground level concentrations of chemical (non-radioactive)

pollutants were determined by the following equation:

* *-

Concentrations = ( O(Elevated) Q(I***** + O(Ground) Q(Ground) ) 1.0E+6
-

| \
where:

Concentrations arc in micro grams per cubic meter.

Q values are from the summary table for fluoride, sulfur
dioxide and nitrous oxides.

and, neglible quantities of sulfur dioxide and nitrous oxides are released at
|

ground level and therefore no ground level annual concentration analyses were

performed for these pollutants.

Tabic IX, X, and XI sumarize the ground level concentrations of

fluoride, sulfur dioxide and nitrogen oxides, respectively. The liighest con-

centration values were found at the distance of 1/2 mile (805 meters) for the

foilowing:

3Pollutant Directlon Value (po/M )
Fluoride SW 0.115
Sulfur dioxide WSW 0.130
Nitrogen ox! des WSW 0 991

Man-Rem

The cumulative total annual men rem for lung, kidney, and bor.c dose,

based upon the annual radioactivity releases f rom the Sequoyah plcnt, wereI determlncd by the following equation:

Annual Man-rem (Organ) = Dosc(Organ)(1,K)Populctlong,,g)] 1.0E-3nnua

.

I
.
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|

I where:

Dose is in millirem fron Tables VI, Vil and Vill for

', each distance, K, and direction, I.

Population distribution is from Table 111 for each
distance, K, and direction, l.;

I

Tables XI, XII, and XIII summarize annual man-ren for kldney, lung,
I
I and bone, respectively, as a function of distance and direction from the

plant site. Totals per each direction and each distance as wall as cumulativc

distance totals are also provided. The cumulative total annual man-rem in a

| 0-10 mile radial from the plant site for kidney, lung and bone dose is 0.056,

I 0.612 and 0.014, respectively.

ACCIDENT ANALYSIS |

!
j The following hypothetical accident is postulated:
r

} Accidental ,800 lb. UF rele se at ground level
6

| Release time - 400 minutes
,

! Pollutants released i

| Soluble uranium - 3200 lb = 39.6 pc/sec.
| Fluorides - 1600 lb. = 7 27 x 1.0E+59 = 30 39 sec./

| Meteorological assumption during accident (8) Pasquill F
I

!g at 1.0 mps for 6.67-hour duration with a constant center-

|E line wind direction-

The following equations generated the accident doses:|

! x 1.0
E +Ground

; Accident
I

i

where:
.

j SY(K) is the horizontal dispersion coefficient as a function
of distance

CA is one-half the minimum cross sectional area of the con-
tainment building = 334.5 M2

j cnd all other terms es previously defined.

|I
,

f
!
!

-_-. ..
.. <
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t
'

Soluble Uranium Dose = h (Q) BR (DF) Time4

i Ground
, Accident
! whe re :

Dose is in rem to the kidacy for the accident time
of 6.67 hours

1 Q = 39.6 pc/sec.
|

Time = 2.4E+4 seconds during accident

i DF = Dose' factor to kidney (80 rem /pc inhaled)

BR = 3.47E-4 M /sec.,

and all other terms as previously defined.
;

| t
.

I

f Fluoride =f (Q) 1.0E+6
i Ground
| Accident !
t where:

I
!

||
t

Fluoride , concentration is in micro grams per cubic meter (i

l|u q = 30 3 g/sec.
!
I

The table below summarizes accident dose and fluoride concentrations |I
I.

3
,

(pg/M ) as a function of distance. The nearest residential home is 2500 feet '
1

(.474 miles or 762 meters) northwest of the plant. Calculated accident
!

3j dose and fluoride concentrations were 20.1 rem to the kidney and 23000 pg/M ,
1

| res pe ct ivel y . The potential bone dose at 2500 feet is approximately 5.0 rem.
|t

| The dose calculations are based upon exposure for the 400 minute course of [
!

!
| the accident.

:|E Kidney Fluorldejg Miles Maters Ften (uq/M )J

| .125 200 6.14E+01 7.03E+04
| .250 400 3 96E+01 4.53E+04
! .474 762 2.0lE+01 2 30E+C4
] 500 005 1.69I+01 2.!CE+04 !

,g .621 1000 t.38E+01 I.502+04:g | 1.5:3 2U4 4.20Zv00 .SiEvC3 i
! ! 2 . , '. 3 ' ; 'y 2.33 v00 2 . 0 '.,2 v5 3
| s . T. S :,4 ; i .47dvC'J l . 6 L.. . 0 3 |

'

4 500 7262 1.01C+00 1.1C <03 ;

_ ._. ___ _ _.__ _____ _ _ _
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TABLE I
,

DIFFUSION METEOROLOGY, WINO DIRECTION VS. PASQUILL STABILITY

I Based on Fort Smith, Arkansas Weather Data
Period of Record: January i960 through December 1964

43,847 Hourly Observations

Annual Percent Distribution

Wind Pasquill Stability
Direction A B C D* DA* E F G

N 0.03 0.27 0 37 0.85 1.03 0.69 0.70 0.47I NNE 0.04 0.35 0 37 0.63 0.68 0.84 1.70 1.14
NE 0.09 0.82 1.30 1.28 1.57 1.86 4.08 2.60
ENE 0.10 0 97 2.46 3.14 3.62 2.07 2 73 1 53I E 0.07 0 55 1.21 2 37 2.55 1.07 1.00 0.80
ESE 0.05 0 38 0 71 1.09 0.76 0.51 0.55 0.42
SE 0.09 0.46 0 7? 0 97 0 73 0.47 0.65 0 59

I SSE 0.05 0.30 0.49 0.66 0.46 0.29 0.36 0.26
S 0.06 0.49 0.68 1.06 0.57 0.42 0.72 0 39
SSW 0.06 0.45 0 99 1.51 0.63 0 38 0.51 0 37
SW 0.09 0 57 1.17 1.68 0 54 0 52 0.87 0.79
WSW 0.08 0.49 0 93 1.05 0.57 0 55 1.18 0.66
W 0.05 0 30 0 72 1.25 1.21 0.94 0.71 0.29
WNW 0.05 0.27 0 57 1.32 1 32 0.49 0.32 0.10
NW 0.06 0.25 0.43 0 99 1.03 0.44 0.33 0.19
NNW 0.03 0.19 0 37 0 90 0 92 0 38 0 30 0.15

Average Wind Speed (m.p.s.)

Wind Pasqui.ll Stability
Direction A B C 0* 0** E F G

I N 1.84 2.44 3.63 5.70 4.92 3.65 2.14 0.67
NNE 1.71 2.41 3 39 4.59 3 54 2.83 2.01 0.68
NE I.72 2 51 3.10 3.44 2 91 2 74 2.10 0.68
ENE 1.89 2.69 3 55 4.23 3 73 3 05 2.16 0.69
E 1.81 2.60 3.78 4.72 4.34 3.17 2.12 0.67
ESE 1.93 2.60 3.83 4.54 3 71 2 95 2.02 0.68
SE 1.82 2.65 3 72 4.07 3 50 2 79 1 99 0.68
SSE 1.84 2.80 4.04 4.38 3 73 2 79 1.97 0.66
S 1.77 2 77 3 94 4.79 4.02 3 00 2.09 0.70
SSW l.84 1.02 4.45 5.53 4.91 3.14 2.01 0.67
SW l.90 2.80 4.42 5.63 4.10 3.40 2.14 0.68
WSW l.94 2.80 3.88 4.92 3.62 3 36 2.24 0.68
W l.88 2.83 4.00 5 51 4 94 3.89 2 33 0.67
WNW l.89 2 92 4.11 6.35 5 75 3 97 2 30 0.67
NW l.85 2.51 3 97 5 58 4.98 3 97 2.28 0.64
NNW l.87 2 52 4.20 5 52 5 28 3 96 2.26 0.65

" Day
** Night

..,u . n n ...,.....



.

.QV
TABLE ||

I ANNUAL PERCENTAGE FREQUENCY OF OCCURRENCE
WIND DIRECTIONS BY SPEED GROUPS

I Fort Smith, Arkansas Municipal Airport
Period of Record: March 1953 through February 1963

Total No. of Hean
Speed Groups (Knots) Obse rva t ions Wind

Direction 1-3 4-10 11-21 22-27 28-40 41+ % Obs. Speed
N 3 2.4 .8 .0 35 3063 8.0
NNE 5 2.4 .4 33 2883 6.6
NE 2.2 12 7 .4 .0 .0 15 3 13381 5.5 !I ENE 1.6 14.5 1.5 .0 17 6 15426 6.84

E 9' 6.9 1.8 .0 9.6 8423 7.7
ESE 3 2.1 3 27 2327 6.8
SE .4 23 3 30 2648 f6

/ SSE .2 1.4 3 .0 19 1696 *i';.
S .4 2.6 .8 .0 .0 37 3273 7.7
SSW 3 2.6 1.5 .0 4.4 3865 9.1
SW .6 36 19 .0 .0 .0 6.1 5324 8.8
WSW .4 3.1 .8 .0 .0 4.3 3736 7.6
W .6 4.9 1.3 .0 .0 6.8 5992 7.9I WNW .2 2.8 13 .0 4.3 3780 9.0
NW 3 2.6 1.0 .0 38 3364 8.4! NNW .I 1.9 .6 .0 27 2322 8.4 |

Calm 70 6105

TOTALS 9.4 68.6 14 9 .2 .0 .0 100.0 87608 6.8
,

,

I '

o

I
.

I'

tsM4 min ta 81 LAddDes t
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TABLE lil

j| POPULATION DISTRIBUTION WITHIN A 10-MILE
a RADIUS OF THE KERR McGEE SEQUOYAH PLANT

* Based on 1970 U. S. Census

Distance in MilesI Direction 0-1 1-2 2-3 3-4 4-5 5-10 Totals

N 3 9 3 12 42 303 372I 3 6 21 9 6 143 188NNE >

NE 9 '3 0 6 3 309 330
'

.

ENE 12 15, 3 15 6 190 241

I E 3 27 33 24 53 1422 1562'

ESE O 15 36 50 3 241 345
SE 0 i '6 3 48 15 53 125< ,

SSE -6 9 6 0 0 33 54,

S 3 12 0 0 12 12 39
SSW- 0 3 0 3 30 119 155,

SW 3 0 0 12 6 160 181
WSW ,3 0 6 9 3 122 143
W 0 0 24 202 27 176 429
WNW 3 0 170 164 5 70 412

I NW 3 18 489 46 27 103 686
NNW 3 3 14 49 19 122 210

Totals 54 126 808 649 257 3578 5472

"$ 54 130 988 1637 .1894 5472
*

II..

I e -

I
4

h

O
.
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TABLE IV

HERR ECGEE
F

[ SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

METEOH0 LOGICAL DATA IS FROM FORT SMITH, ARKANSAS
O FOR THE PERIOD OF RECORD; JANUARY 1960 THROUGH DECEMBER 1964

VITH A COMPOSITE OF 43847 HOURLY OBSERVATIONS

kI
AVERAGE ANNUAL GROUND RELEASE RELATIVE

g C ONOENTRATI ONS IN SECONDS PER CUBIC METER-

g '

, PER DISTANCE IN METERS AND GEOGRAPHIC DIRECTION FROM PLANT SITE
i

*

METERS

DIRECTION 805 2414 4023 5633 7242

' 5 N 3 31E-06 5 3 7E-0 7 2 58E-0 7 1.55E-0 7 1 04E-0 7
? NNE 3 12E-06 5 06E-0 7 2 43E-07 1 46E-0 7 9 73E-08

NE 5 63E-06 9 22E-07 4.45E-07 2 66E-07 1?79E-C 7
INE 5418E-06 8448E-07 Ai10E-07 2 46E' 07 1765E-07

k
-

E 3.02E-06 4 90E-07 2 34E-07 1.40E-07 9 34E-08
eSE 1.48E-06 2V36E-07 1 11E-07 6 60E-08 4 39E-08 _

JF SE .1791 E'-0 6 ~ 3'.0 9E' 0 7 l i48E-0 7 8.'63E-08 5 89E-0 8-

_ SSE 1 58E-06 2456E-0 7 1722E-0 7 7428E-08 4 85E-08
-

- S 3?77E-06 6717E-0 7 2?98E-07 1 79E-07 1720E-0 7
| SSU 8 35E-06 1438E-06 6V68E-07 4.03E-07 2770E-07m

b 5 SU IV93E-05 3718E'06 1 54E-06 9?29E-0 7 6 423E-07
,

-
-

USU 1.32E-05 2 16E-06 1404E-06 6 222-0 7 4 16E-07 '.g U 6 77E' 06 1710E-06 5 29E-07 3.17E-07 2412E-07-

. g UNU 3747E'-06 $765E-0 7 2k 71E-0 7 1463E-0 7 1 ?O9E-07.
'

NU 4745E-06 7 2 7E-07 3 50E-07 2 411E-07 I V41E-07k
NNU 2|.22E-06 3.;61E-07 1;.;74E-07 1.;04E-07 6 96E-08 . j,

5 METERS

DIRECTION 12070 24140 40233 56326 72419=

- N 4.97E-08 1 95E-08 9.80E-09 6 30E-09 4 56E-09k 3 NNE- 4'.65E-08 1782E-08 9 13E-09 5~.87E-09 4 25E-093 NE 8461E-08 3439E-08 1 71E-08 1.10E-08 7 95E-09
=

k ENE 7'.'92E-08 3 12E-08 1 572-08 l'.01E-06 7 32E-09 '
- E 4746E-08 1 74E-08 8?69E-09 5 45 7P.-09 4.'03E-0 9 " " '

_ ESE 2 08E-08 7494E-09 3 93E-09 2.s1E-09 1.81E-09 ffe.}E SE 2?81E-08 1709E-08 5 44E-09 3.48E-09 2?S2E-09
JJy$iSSE 2 31E-08 8'.96E-09 4?47E-09 2.86E-09 2.06E-09

.,

y#
'

F 5% 74E-08 2 26E-08 1 14E-08 7 29E-09 5'.28E-09 t 7s
_ SSU 1230E-07 S J15E-06 2 460E-08 1 ?6 7E-08 1.21 E-06 #?7
-

SU 2'.99E-0 7 1 18E-0 7 5 972-08 3.84E-00 2'. 78E-08 b.!
- USU 1 99E-07 7?76E-08 3 90E-08 2 50E-03 l'.61 E-08 U$

@ $. $U 1.01 E-0 7 3 94E-0 8 1.97.. -08 1.26E-0 8 9 14E-0 9 J
_ UNU S.20E-0 8 2'.04E'-0 8 1 02E-08 6.56E-09 4~.752-09 " " '
'

NU 6 75E-08 2 65E-08 1?332-08 8.57E-09 6421E-09
NNW 3.'33E-08 1.;31E-08 6?SSE-09 4.21E-09 3 05E-09,

,;
-

_

. _ . - . .



_ _ _ _ - _ _ - _ _

_

TABLE V

HEHh ECGEE

- SEdUOYAH UF6 FACILITY NEAR GORE OKLAHOMA
~

I METEOROLOGICAL DATA IS FROM FORT SMITH,AhKANSAS
FOR THE PERIOD OF HEC 0itD;JANUAhY 1960 THROUGH DECEMBER 1964"

?
WITH A COMPOSITE OF 43847 HOUltLY ODSERVATIONS

I AVElmGE ANNUAL ELEVATED RELEASE RELATIVE
C ONCENTRATIONS IN SECONDS PER CUBIC METER

-

'-

PER DISTANCE IN METERS AND GEOGRAPHIC DIRECTION FROM PLANT SITE-

[ METERS

- DIRECTION 805 2414 4023 5633 7242
F N 1 29E-07 S.21E-08 3 28E-08 2 50E-08 2 04E-08

3 NNE 1.41E-07 5?34E-08 3s23E-08 2 40E-08 ll94E-08
-

5 NE 1.65E-07 6 45E-08 4 22s-OS 3.39E-08 2 93E-08<

r ENE 1.46E-0 7 6.'21E-08 4 15E-08 3 33E-08 2 85E-08"

E 1.*39E-0 7 6 36E-08 3?83E-08 2 ?77E-08 2.17E-08
ESE 1718E-0 7 4 85E-08 2 72E-08 1.83E-08 1 35E-08

1704E' 07 AV34E-08 2 53E-08 1 79E-08 1.39E-08SE -

-

SSE 8 74E-08 3 76E-08 2.~19E-08 1 54E-08 1 ~.19E-08-

S 1703E-0 7 S J0 7E-08 3 31E-06 2 59E-06 2.16E-06
SSW 1.10E-0 7 6.99E-08 5 30E-08 4 60E-08 4 12E-08'

- SU 3 412E-0 7 1 78E-0 7 1430E-0 7 1.~11E-0 7 9 78E-08'

B WSW 5.01E-0 7 2.27E-0 7 1 ?41 E-0 7 1.0 5E-0 7 8.48E-08
. 5 W 2 85E-07 1.26E~ 07 7456E-08 5.52E-03 4 40E-08-

-

UNW'1740E-07 5283E-08 3 57E-08 2 66E-08 2.16E-08-

NW l'.'48E-07 6V08E-08 3 86E-08 2 99E-08 2 51E-08
{ .I NNW 9 12E-08 3 6 7E-08 2;.;25E-08 1;.69E-08 1.;37E-08,

,

L METERS

||
-

L DIRECTION 12070 24140 40233 56326 72419
_

I N 1.27E-08 6 11E-09 3 45E-09 2 34E-09 1 75E-09
NNE I V20E-08 5 70E-09 3.'21E' 09 2V18E-09 1 63E-09-

NE 1 94E-08 9 78E-09 5^.65E-09 3 38E-09 2%92E-09-

i . ENE 1.86E-08 9.24E-09 5?30E-09 3V63E-09 2V73E-09
E 1 %28E-08 5%84E-09 3 22E-09 2.16E-09 1 61E-09,- t

- ESE 7 37E-09 3 11E-09 1464E-09 1.08E-09 7 94E-10
SE 8714E-09 3769F.-09 2V03E-09 1 36E-09 1 01E-09-

'

SSE 6'.90E-09 3V10E-09 1 69E-09 1.13E'-09 8 38E-10
S l .' 39E-08 6 80E-09 3.'87E-09 2 64E-09 1 98E-09'

SSU 2783E-08 1.45E-08 8446E-09 5 82E-09 4 38E-09-

-

SV 6 62E-08 3'J38E-08 1?96E-08 1'.35E-08 1.01E-08
_ WSW 5721E-08 2246E-08 1 %38E-08 9'.34E-09 6%98E-09

U 2.'68E-08 I ?26E-08 7402E-09 4 74E-09 3 54E-09"

g WNW 1734E-08 6V37E-09 3 58E-09 2 43E-09 1.82E-09
- 5 NW 1 61E-08 7 92E-09 4 53E-09 3.09E-09 2 32E-09

NNW 8 53E-09 4.08E-09 2 30E-09 1 56E-09 1 17E-09,

: ||
A.hm :" 1., L 2. 4 d.E i ll
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TABLE VIi

; I
|

HERH MCGEE

| SE.QUOYAH UF6 FACILITY NEAR G0hE ORLAH0hA

KIDNEY DOSE IS IN MILLI REM PER YEAR FROM DOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 2-3 3-4 4-5

N 1 19E-01 2 49E-02 1 33E-02 8 92E-03 6 63E-03
NNE 1 16E-01 2.42E-02 1 28E-02 8.47E-03 6.26E-03

I NE 1 94E-01 3 83E-02 2.04E-02 1 30E-02 1.04E-02
ENE 1 77E-01 3.57E-02 1 93E-02 1 31E-02 9 83E-03
E 1 13E-01 2.55E-02 1.36E-02 8.95E-03 6.54E-03
ESE 6 40E-02 1.54E-02 8 03E-03 5.15E-03 3 66E-03
SE 7 43E-02 1 V6 7E-02 8 76E-03 5 73E-03 4.16E-03
SSE 6 16E-02 1.41E-02 7.42E-03 4.84E-03 3.51E-03
S 1 28E-01 2 70E-02 1.45E-02 9 77E-03 7 30E-03$ SSV 2.64E-01 5 26E-02 2 89E-02 1.995-02 1.51E-02
SU 6 20E-01 1 24E-01 6 80E-02 4 66E-02 3.54E-02
USU 4 75E-01 1.03E-01 5 51E-02 3 66E-02 2 70E-02

I W 2 48E-01 5.45E-02 2 88E-02 1 90E-02 1.39E-02
UNU 1 26E-01 2 68E-02 1.42E-02 9.44E-03 6.97E-03
NW 1 56E-01 3 20E-02 1 70E-02 1.14E-02.8.52E-03
NNU 8 11E-02 1770E-02 9.04E-03 6.01E-03 4 45E-03

,

MILES

DIRECTION 5-10 10-20 20-30 30-40 40-50

N 3 69E-03 1 64E-03 8 92E-04 5.95E-04 4.41E-04
I NNE 3 47E-03 1.53E-03 8 31E-04 5.55E-04 4.11E-04

NE 5 93E-03 2 71E-03 1.49E-03 1.00E-03 7.46E-04
ENE 5 58E-03 2 54E-03 1 39E-03 9 33E-04 6. 93E-04

I 3.55E-03 1 53E-03 8 19E-04 5.42E-04 4.00E-04E

ESE 1 90E-03 7. 78E-04 4 03E-04 2.63E-04 1.92E-04
SE 2'.25E-0 3 9.'68E-04 5.15E-04 3 41 E-04 2. 51 E-0 4'
SSE 1.89E-03 8.06E-04 4 27E-04 2.82E-04 2.08E-04I S 4 12E-03 1.85E-03 1.01E-03 6 77E-04 5.02E-04 -

SSW 8 77E-03 4.06E-03 2 24E-03 1 51E-03 1.12E-03
SW 2 04E-02 9.40E-03 5.18E-03 3 49E-03 2'.'59E-03I USW 1 50E-02 6 60E-03 3 56E-03 2 3 7E-03 1.76E-03
V 7 67E-03 3'.36E-03 1.81E-03 1.20E-03 8.89E-04
UNU 3 872-03 1 71E-03 9.28E-04 6 19E-04 4.59E-04
NU 4 81 E-03 2.17E-03 1.19E-03 7.94E-04 5.90E-04 ,

NNV 2'.47E-03 1.10E-03 5 95E-04 3.978-04 2.94E-04 !

I
- - -
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g TABLE Vil
- g
- ,,

1 -

KERH MCGEE

I- SEQUOYAH UF6 FACILITY NEAlt GORE OHLAHOMA
g;

'

LUNG DOSE IS IN MILLI REM PER YEAR FROM DOTH

I AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE
.

7 PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 2-3 3-4 4-5

N 1.92E+00 3 12E-01 1 50E-01 9 01E-02 6.03E-02
-

NNE 1.81E+00 2 94E-01 1.41E-01 8 46E-02 5 66E-02-

-

g NE 3 27E+00 5 35E-01 2 58E-01 1 55E-01 1.04E-01
i 9 ENE 3.00E+00 4 92E-01 2.' 3 8 E -01 1 43E-01 9 59E-02
i E 1 75E+00 2.84E-01 1 36E-01 8 13E-02 5 43E-02
i . ESE 6 56E- 1 1 37E-01 6 47E-02 3 84E-02 2 55E-02
-

~

SE 1 11E+00 1 80E-OL 8.S8E'-02 5 13E-02 3 42E-02-

~

SSE 9 17E-01 1 48E-01 7 08E-02 4 23E-02 2.82E-02
S 2 18E+00 3 58E-01 1 73E-01 1 04E-01 6 96E-022 SSU 4 84E+00 7 99E-01 3488E-01 2 34E-01 1 57E-01
SU 1.12E+01 1 84E+00 8 95E-01 5 39E-01 3 62E-01

-

USU 7 68E+00 l'.25E+00 6402E-01 3 61E-01 2.41E-01
- E U 3 93E+00 6 41E-31 3.07E-01 l '. 8 4E -01 1 23E-01

5 WNU 2.01E+00 3 28E-01 1 58E-01 9 45E-02 6 32E-02
L NU 2 58E+00 4 22E-01 2.03E-01 1 22E-01 8 18E-02
{ NNU l'.29E+00 2 10E-01 1 01E-01 6 05E-02 4?O4E-02

h MILES

I DIRECTION 5-10 10-20 20-30 30-40 40-50

I N 2 89E-02 1 14E-02 5 71E-03 3 67E-03 2 66E-03
1 E NNE 2 71E-02 1 '06E-02 5 432E-03 3 42E-03 2.47E-03
m 5 NE 5'.00E-02 1. '7E-02 9.94E-03 6 40E-03 4 63E-03
a ENE 4 60E-02 1 82E-02 9 15E-03 5 89E-03 4.27E-03=
-

g E 2.59E-02 1 01E-02 5.06E-03 3 25E-03 2 35E-03
-

g ESE l'.21E-02 4 63E-03 2 29E-03 1 46E-03 1.05E-03
SE 1 63E-02 6 34E-03 3.17E-03 2 03E-03 1.47E-03 ,

- SSE 1 35E-02 5 22E-03 2 60E-03 1 66E-03 1 20E-03
-

S 3.34E-02 1 31E-02 6.'61E-03 4.25E-03 3 07E-03
SSW 7 55E-02 2499E-02 1 51E-02 9 73E-03 7 05E-03
SU 1 74E-01 6 89E-02 3'.47E-02 2 24E-02 I?62E-02_

I WSU l'.16E-01 4 53E-02 2.27E-02 1 46E-02 1.05E-02
U 5.~88E-02 2 29E-02 1.15E-02 7 36E-03 5 32C-03.

= UNU 3.03E-02 1.'19E-03 5 95E-03 3 822-03 2 762-03
NU 3.93E-02 1 54E-02 7 772-03 4 99E-03 3 632-03

_ NNU 1494E-02 7 60E-03 3.82E-03 2 45E-03 1 77E-03
_

EI
.

.

w
- - _ _ _ - _ - _ _ _ _ _ . . _ . - - _
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TABLE Vill b

L -

f ' ' KERR hCGEE [

_ SEQUOYAH UF6 FACILITY NEAR -GO.4 *GhLAHOMA
_

'
-

DONE DOSE IS IN MILLI REM PER YEAR FROM BOTH
E AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

I PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE G
4

L

F[ MILES -

'
-

DIRECTION 0-1 1-2 2-3 3-4 4-5y
..

N 2 96E-02 6.22E-03 3 33E-03 2 23E-03 1 66E-03 #
[ NNE . 93E-02 6.04E-03 3 19E-03 2 12E-03 1 56E-034

L NE 4.o sn2 9 58E-03 5.11E-03 3 45E-03 2 60E-03 -

F ENE 4 43E-02 8 93E-03 4 82E-03 3.27E-03 2 46E-03g E 2 82E-02 6.37E-03 3 39E-03 2.24E-03 1 63E-037
m a ' ESE 1 60E-02 3.85E-03 2.01E-03 1 29E-03 9 14E-04-

SE 1 86E-02 4 17E-03 2 19E-03 1 43E-03 1 04E-03 _-

-

SSE 1 54E-02 3 52E-03 1 85E-03 1 21E-03 8 77E-04
- S 3 21E-02 6 74E-03 3 63E-03 2.44E-03 1 83E-03

3 SSW 6 59E-02 1.31E-02 7 22E-03 4 97E-03 3 79E-03 ,

; SW 1 55E-01 3 11E-02 1 70E-02 1.16E-02 8 85E-03 "~

USW 1 19E-01 2'.58E-02 1 3SE-02 9 16E-03 6 76E-03-

W 6 21E-02 1 36E-02 7 19E-03 4 74E-03 3 48E-03
UNV 3 16E-02 6 69E-03 3 55E-03 2 36E-03 1 74E-03

'

I NW 3 91E-02 7 99E-03 4 26E-03 2 85E-03 2 13E-03
g NNW 2 03E-02 4 25E-03 2 26E-03 1 50E-03 1 11E-03 .~

MILES

DIRECTION 5-10 10-20 20-30 30-40 40-50

b N 9 23E-04 4e11E-04 2 23E-04 1 49E-04 1 10E-041
NNE 8 67E-04 3 84E-04 2 06E-04 1 39E-04 1.03E-04 -

E NE 1 48E-03 6 78E-04 3 73E-04 2 51E-04 1 87E-04-

ENE 1 39E-03 6 34E-04 3.48E-04 2 33E-04 1 73E-04
- E 8 87E-04 3 83E-04 2.05E-04 1 36E-04 1 00E-04F

ESE 4 76E-04 1 95E-04 1 01E-04 6 56E-05 4 61E-05g SE .5 63E-04 2 42E-04 1 29E-04 U.51E-05 6 28E-05c
g SSE 4 72E-04 2.01E-04 1 07E-04 7 04E-05 5.195-05 '

& S 1 03E-03 4 64E-04 2.53E-04 1 69E-04 1 26E-04
SSU 2 19E-03 1 02E-03 5 61E-04 3 76E-04 2.61E-04F Sb 5 10E-03 2 35E-03 1 30E-03 8 72E-04 6 4bE-04

>

E ESW 3 74E-03 1 65E-03 8 91E-04 5 93E-04 4 398-04i W 1.92E-03 8.40E-04 4 52E-04 3 00E-04 2.22E-04[ UNU 9 67E-04 4 2SE-04 2 32E-04 1 55E-04 1.15E-04 "* NL 1 20E-03 5 42E-04 2 96E-04 1 98E-04 1 47E-04-

NNk 6 18E-04 2 74E-04 1 49E-04 9 935-05 7.36E-05 '

5
i

* I .

: _ _ _ _ .

... . ,, . .......
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TABLE IX

_

7
.

HERR ECGEE, ,

_ g .

[ m SEQUOYAH UF6 FACILITY NEAR G0HE OHLAHOMA

:
. AVERAGE ANNUAL FLU 0 HIDE CONCENTRATIONS

'

IN MICRO-GRAMS PER CUBIC METER FROM DOTH AN
ELEVATED AND GROUND HOUTINE RELEASE

- I! PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE,

MILES

- DIRECTION 0-1 1-2 2-3 3-4 4-5

N 2.87E-02.8.40E-03 4.97E-03 3 62E-03 2 87E-03
NNE 2.94E-02 8.43E-03 4.85E-03 3 465-03 2 72E-03

_- I NE 4.24E-02 1 14E-02 6 85E-03 5 14E-03 4 23E-03
ENE 3i83E-02 1.08E-02 6 62E-03 4 96E-03 4 07E-03

- E 2.87E'02 9.59E-03 5.54E-03 3 88E-03 2 97E-03-

~- ESE 2 01E-02 6 77E-03 3 71E-03 2 47E-03 1 80E-03
SE 2'.02E-02 6 44E-03 3?62E-03 2?50E-03 1 90E-03

[ SSE 1'.68E'-02 5.54E-03 3 12E-03 2 15E-03 1 62E-03
S 2 74E' 02 8.55E-03 5 16E-03 3 82E-03 3 08E-03-

SSU 4 66E-02 1.'39E-02 9.04E-03 7 13E-03 6.'03E-03
- 1
-

SU 1715E-01 3 41E-02 2 1~6E-02 I?70E-02 I?A2E-02_

USW 1.13E-01 3 59E-02 2 10E-02 1 51E-02 1.18E-02- g U 6'.14E-02 1 95E-02 1 12E-02 7 90E-03 6 13E-03
- g UNU 3?O7E'-02 9?25E-03 5?37E-03 3 855-03 3 02E-03-

NU 3.56E-02 1.02E-02 6 03E-03 4 43E-03 3 57E-03
L NNU 1798E-02 5.~84E-03 3.40E-03 2?44E-03 1?93E-03

,

~

- MILES

k DIRECTION 5-10 10-20 20-30 30-40 40-50
-

N 1 73E-03 8 11E-04 4 53E-04 3 06E-04 2.29E-04
E NNE 1?62E-03 7 5 7E-04 4 22E-04 2' 85E-04 2 13E-04=

.

r g NE 2.67E-03 1 31E-03 7.46E-04 5 10E-04 3 835-04
mNE 2 55E-03 1.23E-03 6 99E-04.4 76E-04 3 56E-04

. a E 1.'71E-03 7.~70E-04 4.21E-04 2 81E-04 2 09E-04,

g ESE 9 67E-04 4?OSE-04 2 13E-04 1 39E-04 1.'03E-04 ,e
? SE 1?O9E-03 4 87E-04 2 65E-04 1 772-04 1 31E-04

SSE 9 20E-04 4.07E-04 2.21E-04 1 4 7E-04 1.09E-04
-

S 1.89E-03 9 06E-04 5.10E-04 3 46E-04 2.59E-04"

_ SSU 3 91E-03 1 95E-03 1.12E-03 7 65E-04 5 75E-04
SU 9 14E-03 4 53E-03 2 59E-03 1 77E-03 1 33E-03
USU 7 04E-03 3 2 7E-03 1 81E-03 1 22E-03 9 10E-04
W 3'.622-03

- 1 67E-03 9~.21E-04 6 19E-04 4 61 E-04'

UNU 1 ?81E-03 8.45E-04 4 71E-04 3 18E-04 2.37E-04
NU 2.202-03 1.06E-03 5 97E-04 4.05E-04 3.04E-04-

NNU I ? 16E-03 5'.41E-04 3?O2E-04 2.04E-04 1.'52E-04

_

E

=
r

. . . ,
.. _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - - _ _ . . ~ ~ - - - - - ^ ' '_
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TABLE X
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'

KERR MCGEEs,

SEQUOYAH UF6 FACILITY NEAlt GORE OKLAHOMA

I AVERAGE ANNUAL SULFUR DIOXIDE CONCENTRATIONS IN
MICRO-GRAMS PER CUDIC METER FROM AN ELEVATED ROUTINE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 2-3 3-4 4-5
,

I N 3 36E-02 1 35E-02 S.53E-03 6.49E-03 5.32E-03
NNE 3 66E-02 1 39E-02 8 39E-03 6 24E-03 5.05E-03
NE 4 30E-02 1.68E-02 1.10E-02 8.82E-03 7 61E-03

I ENE 3 60E-02 1 61E-02 1 08E-02 8 66E-03 7 40E-03
E 3 61E-02 1.65E-02 9.97E-03 7.19E-0 3 5 63E-03
ESE 3%0 7E-02 1 26E-02 7.0 7E-03 4 7 7E-03 3.d2E-03
SE 2 ~. 71 E-0 2 1.13E-02 6~.575-03 4 66E-03 3 61E-03I SSE 2.27E-02 9 78E-03 5 70E-03 4.02E-03 3 09E-03
S 2 67E-02 1.32E-02 Si60E-03 6 72E-03 5 63E-03
SSW 2 85E-02 1.82E-02 1.38E-02 1.20E-02 1 07E-022 SU .8.11E-02 4.'64E-02 3 39E-02 2 87E-02 2 54E-02
VSV 1.30E'-01 5.91E-02 3 66E-02 2 73E-02 2 20E-02
U 7742E-02 3?28E-02 1.97E-02 1?44E-02 1415E-02

I UMU 3?64E'02 1.52E-02 9.28E-03 6 92E-03 5761E-03-

NW 3.~84E-02 1.58E-02 1.00E-02 7 78E-03 6 51E-03
NNU 2.'37E-02 9.53E-03 5.86E-03 4 39E-03 3 57E-03

,

MILES

DIRECTION 5-10 10-20 20-30 30-40 40-50I
N 3 31E-03 1.59E-03 8.96E-04 6'.0SE-04 4 56E-04
NNE 3 12E-03 1 48E-03 8?355-04 5 67E-04 4.25E-04I NE SWO5E-03 2.54E-03 1 47E-03 1.01E-03 7 60E-04
ENE 4 83E-03 2 40E-03.1 38E-03 9.43E-04 7 09E-04
E 3 32E-03 1.52E-03 8436E-04 5~.62E-04 4 18E-04

I ESE 1 92E-03 8.06E-04 4 27E-04 2 80E-04 2 06E-04
SE 2.12E-03 9 60E-04 5.28E-04 3 53E-04 2?635-04
SSE 1 79E-03 8.05E-04 4.392-04 2.93E-04 2 18E-04 '
S 3 61E-03 1 77E-03 1 01E-03 6 868-04 5 15E-04I SSW 7 35E-03 3 78E-03 2?20E-03 1.51E-03 l'.14E-03
SW 1?72E-02 8 78E-03 5 09E-03 3450E-03 2 63E-03
WSW 1?35E-02 6?40E-03 3.59E-03 2443E-03 1 81E-03
U 6 97E-03 3.2 7E-03 1 625-03 1 23E-03 9'.20E-04
UNU 3447E-03 1'.66C-03 9.32E-04 6.'32E-04 4 73E-04
NU 4 19E-03 2 065-03 1'.18E-03 8 045-04 6.04E-04
NNU 2.22E-03 1^.06E-03 5.97E-04 4.'06E-04 3 04E-04

I
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TABLE XI

I
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KERR ECGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

AVERACT) ANNUAL NITROGEN OXIDES CONCENTRATIONS IN
MICRO-siRAMS PER CUSIC METER FROM AN ELEVATED ROUTINE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 2-3 3-4 4-5

I N 2 56E-01 1 03E-01 6 50E-02 4 94E-02 4.05E-02
NNE 2779E-01 1J06E-01 6 39E-02 4 75E-02 3 84E-02
NE 3 27E-01 1.28E-01 8 36E-02 6472E-02 5479E-02I ENE 2790E'-01 1%23E-01 8?22E-02 6 60E-02 5 63E-02
E 2 75E-01 1 26E-01 7 59E-02 5 48E-02 4.29E-02
ESE 2434E-01 9 61E'02 5.39E-02 3263E-02 2 6SE-02-

SE 2707E-01 8 58E-02 5.01E-02 3 55E-02 2 75E-02fI SSE 1 73E-01 7 45E-02 4.34E-02 3 06E-02 2 35E-02
S 2.03E-01 1 00E-01 6455E-02 5.12E-02 4.29E-02

-- SSU 2717E-01 1.36E-01 1 05E-01 9 11E-02 8 16E-02
SU 6418E-01 3.53E-01 2 58E-01 2 19E-01 1.94E-01

- USU 9%91E-01 4 50E-01 2 79E-01 2.08E-01 1 68E-01

;I
U 5765E-01 SiSOE-01 1.50E-01 1.09E-01 6 72E-02
UNU 2 78E-01 1715E-01 7706E-02 SW27E-02 4 27E-02

- NU 2 93E-01 172]E'01 7 64E-02 5%92E-02 4496E-02_ -

7 NNU 1}.;E1E-01 7 26E-02 4~.46E-02 3 34E-02 2 72E-02
,

~

- MILES
-

'
DIRECTION 5-10 10-20 20-30 30-40 '40-50I

N 2 52E-02 1 21E-02 6.82E-03 4 63E-03 3 47E-03-

-

NNE 2W37E-02 1.13E-02 6?36E-03 4 32E-03 3 23E-03: NE 3.85E'02 !?94E-02 1.12E-02 7 68E-03 5 79E-03-

EUE 3 6'SE-02 !V83E-02 1.05E-02 7 18E-03 5 40E-03:

E 2.53E-02 1 16E-02 6V37E-03 4 28E-03 3?l8E-03
I cSE'1.46E-02 6715E-03 3%25E-03 2 13E-03 1 57E-03i SE 1 61E-02 7.'31E-03 4 02E-03 2 69E-03 2.00E-03 '

; SSE 1?37E'-02 6 13E-03 3 35E-03 2 23E-03 1%66E-03
S 2 75E-02 1 35E-02 7 67E-03 5%22E-03 3 92E-03

-

SSU 5 60E-00 2 8SE-02 1 67E-02 1.15E-02 8 68E-03-

SU 1 31E-Oi 6 69E-02 3.88E-02 2 66E-02 2 01E-02-

USU 1703E-01 4.86E-02 2V73E-02 1.65E-02 1736E-02
'I U 5731E-02 2?49E-02 1.39E-02 9%38E-03 7 01E-03

UNU 2.64E-02 17262-02 7 10E-03 4.81E-03 3 60E-03*
XU 3.152-02 !?S7E-02 CV965-03 6'.122-03 4 60E-03
XNU 176CE-02 8'.072-33 4.55E-03 3.09E-03 2.31E-03

.

I

iI.

_.
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TABLE XIi *

.

,HEstR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

I ; KIDNEY DOSE IS IN MANREM PER YEAR FROM DOTH

{AN ELEVATED AND GROUND lt00 TINE ANNUAL AVERAGE RELEASE

!PERDISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 2-3 3-4 4-5 5-10 TOTALS

E :
N 3 58E-04 2.24E-04 4 00E-OS 1.07E-04 2 78E-04 1 12E-03 2 13E-03

NNE 3 48E-04 1.45E-04 2 68E-04 7 63E-05 3 75E-05 4 96E-04 1 37E-03

NE 1 75E-03 1 15E-04 0. 8 28E-05 3 12E-05 1 83E-03 3 81E-03

ENE 2 13E-03 5.36E-04 5 76E-05 1. 96E-04 5 90E-05 1 06E-03 4 04E-03

E 3 38E-04 6 88E-04 4 48E-04 2.15E-04 3.46E-04 5 04E-03 7 08E-03

ESE 0. 2 31E-04 2 89E-04 2 58E-04 1 10E-05 4 58E-04 1.25E-03

SE 0. 1.00E-04 2 63E-05 2 75E-04 6 24E-05 1.19E-04 5 83E-04

SSE 3 70E-04 1 27E-04 4 45E-05 O. O. 6 23E-05 6 03E-04

S 3 85E-04 3.24E-04 0. O. 8 76E-05 4 94E-05 8.46E-04
1 *

| SSW 0. 1 58E-04 0. 5 96E-35 4 54E-04 1 04E-03 1 71E-03
|
| SW 1.86E-03 0. O. 5 5 9E-04 2.12E-04 3 26E-03 5 89E-03

USW 1.43E-03 0. 3 30E-04 3.30E-04 8.11E-05 1 82E-03 3 99E-03
U 0. O. 6 90E-04 3 8SE-03 3 76E-04 1 35E-03 6 25E-03

UNU 3 79E-04 ,0. 2 42E-03 1 55E-03 3 49E-05 2 71E-04 4 65E-03
NW 4 69E-04 5 75E-04 8 33E-03.5.25E-04 2.30E-04 4 95E-04 1.06E-02

NNW 2 432-04 5.10E-05 1 27E-04 2.95E-04 8.45E-05 3.02E-04 1 10E-03

TOTALS 1.00E-02 3.27E-03 1 31E-02 8 36E-03 2 39E-03 1 88E-02 5 59E-02

5 CUxuLATIVE
70***ALs 1.002-02 1 33E-02 2 64E-02 3 47E-02 3 71E-02 5 59E-02

I
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IMDLE Alii

HERR MCGEE
{I

|SECUOYAH UF6 FACILITY NEAR GORE OKLAHOMA
1

LUNG DOSE IS IN MANHEM PER YEAll FROM BOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

PER DISTANCE IN ' MILES AND GEOGRAPHIC DIRECTION Fh0M PLANT SITE

MILES

DIRECTION 0-1 1-2 '2-3 3-4 4-5 5-10 TOTALS

N 5 75E-03 2.80E-03 4.50E-04 1.00E-03 2 53E-03 8 76E-03 2.14E-02

NNE 5 42E-03 1 76E-03 2.96E-03 7 61E-04 3 39E-04 3 87E-03 1 51E-02
I.

NE 2 94E-02 1 60E-03 0. 9 33E-04 3 13E-04 1 55E-02 4 77E-02

ENE.3 60E-02 7 36E-03 7 13E-04 2 15E-03 5 75E-04 8 75E-03 5 56E-02

E 5.25E-03 7 67E-03 4.49E-03 1 95E-03 2.88E-03 3.69E-02 5 91E-02

2 ESE 0. 2 05E-03 2 33E-03 1 92E-03 7 66E-05 2 92E-03 9.30E-03
SE 0.

1I ,
1.08E-03 2 57E-04 2 46E-03 5 13E-04 8 66E-04 5 18E-03

) SSE 5 50E-03 1 34E-03 4 25E-04 0. O. 4 44E-04 7 71E-03

S 6 55E-03 4 30E-03 0. O. 8 35E-04 4 01E-04 1.21E-02

SSU 0. 2 40E-03 0. 7 01E-04 4 71E-03 8 9dE-03 1 68E-02
SW 3.36E-02 0. O. 6 47E-03 2.17'E-03 2 78E-02 7 00E-02

USW 2 30E-02 0. 3 61E-03 3 25E-03 7 24E-04 1 41E-02 4 47E-02
U 0. O. 7 37E-03 3 72E-02 3 32E-03 1 04E-02 5 82E-02

UNU 6 04E-03 0. 2 68E-02 1 55E-02 3 16E-04 2.12E-03 5 07E-02

NW- 7 74E-03 7 59E-03 9 94E-02 5.62E-03 2 21E-03 4 04E-03 1.27E-01I NNW 3 87E-03 6 29E-04 1 41E-03 2 96E-03 7 69E-04 2 36E-03 1 20E-02
.

TOTALS 1 68E-01 4.06E-02 1 50E-01 8 295-02 2 23E-02 1.48E-01 6 125-01

CUEULt.TIVE
T C'.'.'. L S 1 685-01 2.09E-01 3 59E-01 4.42E-01 4 64E-01 6 125-01

I
o
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TABLE XIV

/.

; )-( j'';tsn3 ECGEE

SEQUOYAh UF6 FACILITY NEAR GORE OKLAHOMA

BONE DOSE IS IN MANREM PER YEAR FROM DOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

D'IRECTION 0-1 1-2 2-3 3-4 4-5 5-10 TOTALS l

|

N 8 95E-05 5 59E-05 9 99E-06 2 66E-05 6 96E-05 2.SOE-04 5 32E-04,

NNE 8 70E-05 3 63E-05 6 71E-05 1 91E -05 9.38E-06 1.24E-04 3 43E-04

| NE 4 36E-04 2 37E-05 O. 2 07E-Ob 7 79E-06 4 58E-04 9 52E-04

ENE 5 30E-04 1 34E-04 1.45E-05 4 90E-05 1 47E-05 2 65E-04 1 01E-03
E 8.45E-05 1 72E-04 1.12E-04 5.37E-05 8 66E-05 1 26E-03 1 77E-03
ESE 0. 5 78E-05 7 23E-05 6 44E-05 2 74E-06 1 15E-04 3 12E-04
SE 0. 2 50E-05 6 57E-06 6 88E-05 1.56E-05 2 98E-05 1 4C5-04I
SSE 9 24E-05 3.17E-05 1 11E-05 O. O. 1 56E-05 1 51E-04

I

S 9 62E-05 8.09E-05 O. O. 2 19E-05 1 24E-05 2 11E-04

SSW 0. 3 94E-05 O. 1 49E-05 1 14E-04 2 61E-04 4 29E-04
SU 4 65E-04 0. O. 1.40E-04 5 31E-05 8 15E-04 1.47E-03
USW 3 56E-04 0. 8.26E-05 8 24E-05 2 03E-05 4 56E-04 9 98E-04
V 0. O. 1 73E-04 9 58E-04 9.402-05 3 37E-04 1.56E-03
UNU 9.47E-05 O. 6 04E-04 3 87E-04 S. 71E-06 6 77E-05 1 165-03
NU 1.17E-04 1.44E-04 2.08E-03 1 31E-04 5 75E-05 1.24E-04 2 65E-03

NNU 6 08E-05 1.28E-05 3.16E-05 7 37E-05 2 11E-05 7 54E-05 2 75e. -Oe.

TOTALS 2 51E-03 8 18E-04 3 27E-03 2 09E-03 5 97E-04 4 70E-03 1 40E-02
! \
t

CUMULATIVE
TOTALS 2 51E-03 3.33E-03 6 60E-03 8.69E-03 9 08E-03 1.40E-02

I
_
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/ APPENDIX V

INS. DEPT.

I JAN7 19%

I .

January 5,1972

I Mr. Charles E. Hughes
Suite 1000

I Leonhardt Building
228 Robert S. Kerr Avenue
Oklahoma City, Oklahoma 73102

Dear Charlie: SEQUOYAH FACILITY

Enclosed is a copy of a letter from the Factory InsuranceI Association to Automatic Sprinkler Corporation of America indicating
that recent tests of the foam water system at the captioned plant
meet the design criteria and is acceptable to the FIA.I Yours very truly,

'I . ..
i .

. .

Frisbie. .

I
Fire Protection Consultant

CVF/gh

cc: Mr. R. L. SlaughterI Mr. C. W. Dugan

Encl.

I

I
Im
I

I
-- -
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FAC's JRY INSURANCE ASSOC.. . TION ;

g', WESTERN REGIONAL OFFICE
CHICAGO. ILL. 60006V !I 2 y: R. L. Knop - Marsh a'McLennan, Chicago [ z) '

Kansas City Office
i

I
Deterabe r 27, 1971

t

| Automatic Sprinkler Corporation
of America '

835 Touhy Avenue
| Park Ridge, Illinois ;

i

Atter. tion: Mr. Hal Thompson
i

I :

Re: Kerr-McGee Corporation !
Sequoyah Facility |I Hear Vian, Oklahoma !
FIA File No. W-49620-W |

Dear Hal:It i
i

Please accept this letter as evidence that the recent changes !to the foam-water systen at subject location and full finw
i

| test of equipment meets the design criteria and is acceptable !

to this Association. We fully appreciate your efforts put
!forth to nahe this needed protection operate in a satisfactor"
|

I
manner. The full flow test results from the equipment, copies !of which we have,. speak for themselves.

!
I

I
Should you have any questions and/or comments on any- of the |
above, do not hesitate to advise.

;

Yours very truly,
i

,

FACTORY INSURANCE ASSOCIATION

I I
|

G. E. Vandarakis :

| Chemical Engineer I

GEY:eg
;I iO ' '

V .

I
,

1
~

DEC 2 . 'd |.

I |
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APPENDIX VI

IE'N SEQUOYAH FACIt.ITY STANDARD OPERATING INSTRUCTIONS Number E-008
Rev. 0

( ) Page 1 of 3v

I
Subject EMERGENCY PROCEDURE FOR UF6 RELEASE

'

INTRODUCTIONI This procedure outlines the necessary sters and safety precautions to be
taken in the event of a major UF6 release. A major UF6 release is charac-

iI terized by dense clouds of heavy white smoke and for this procedure is
defined as a release of UF6 frcm a system or a vessel which is pressured

i above atmospheric.
,

,
SAFETY PRECAUTIONS

1. Dress with the proper safety equipment.

(I 2. A fresh air mask or Chemox mask and an impermeable suit with a special I

) . hood should be used in major releases.

3. A gas mask is not adequate protection in a major release because of.the
high (above 2% by volume) concentration of UF6 and the formation of HF.

\ 4. Secure medical attention as soon as possible for any personnel exposed-

to the release without proper safety equipment. Personnel exposed to
the release without proper safety equipment should flush affectedI parts with large quantities of water for at least fifteen minutes. If
respiration is affected, oxygen snould be administered until medical
attention 4 s: cured. Any skin contact warrants first aid and medical
attention.

5. Rope off the contaminated areas until decontamination is accomplished.

6. Use care not to direct water on the electrical lines or equipment when
attempting to cool a cylinder with water.

| 7. When area decontamination is ccmpleted, personnel should shower and
protective clothing should be changed.

PROCEDURE *

I. Imediate action.

A. The shift supervisor is responsible for emergency actions.

B. Evacuate all personnei frcm the area of the release, includingIg neighboring buildings, if necessary.
/ )

|("J Isolate the system from which the release is occurr ng if it mayC.
be done oeickly and safely.

I '

--
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Subject: EMERGENCY PROCEDURE FOR UF RELEASE Page.2 of 36

D. Start any emergency ventilation available.

II. General action.

A. Put on the proper safety equipment. -

| B. Determine the location and cause of the release.

C. If possible, isolate the source of release by bordering valves.

D. Reduce the system ar vessel pressure below atmospheric if possible.

I
E. Stop the leak, if at all possible, by physical means such as plug,

tape, etc.

F.
I

Clear the atmosphere in the release area as soon as possible.

G. Determine as nearly as possible the amount of inventory lost and
inform the Production Manager.I III. Specific action.

A. If the release is from a cold trap:

1. Determine the source of the leak.

2. Cool the trap (per normal procedure) if the trap or associated
valving is leaking.

| 3. Isolate the leak if possible.
,

4. Evacuate the leaking trap to any standby trap or any trap below
g atmospheric. pressure.

5. Start all ventilating fans.

6. Repair the source of the leak as soon as possible.

B. If the release is from a drain station, pigtail or cylinder:I 1. Follow the general procedure.

I 2. Evacuate the pigtail or cylinder via the drain line to a '

standby cola trap or, if necessary, to the onstream trap.I

I

Evacuation to an onstream trap will probably require shut-
down of, UF6 production.

O 3. Cool the area near the leak with liquid nitrogen. Water may
also oe used. Water with UF6 forms HF. Avgid getting the

It solution on the skin.
1
1
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Subject: EMERGENCY PROCEDURE FOR UF RELEASE Page 3 of 3
6

4. Make repairs as soon as practical.

C. If the release is from a ruptured cylinder:

1. Assemble the emergency equipment and personnel at a convenient *

point upwind of the cylinder involved.I 2. Apply water to the cylinder for cooling. Water is to be
applied quickly and in large quantities.

3. Determine the source of the leak and contain the leak by
physical means such as wooden plug, tape, etc.

4. If the leak is too large to stop with wooden plugs or tape,s

consideration must be given to one of the following means:

| a. Apply liquid nitrogen to the cylinder.

b. Cover the crack with liquid nitrogen.

c. Apply and secure a patch over the crack or hole.
-

d. Construct as needed a plywood fence or box to be used to
hold cooling media (ice, etc.) against the cylinder.s '

e. A tarpaulin may be helpful in holding the coolant closeI to the cylinder.

5. Decontaminate the area after the release is brought under
g control.

.
.

I

I
I -

APPROVED: DATE: e"me 28, /970..

/ /

G $
t
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' APPENDIX VII
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KERR-PcGEE CORPORATION
Driver or Carrier Instruction

TO ACCGMPANY VEHICLE FROM POINT OF ORIGIN 'IO DESTINATIONI Your cargo is uranium hexafluoride. .

If necessary to gain access to load for any reason, call B. E. Brown, Panager
Sequoyah Facility, Kerr-PcGee Corporation, Gore, Oklahoma, Telephone 918-489-5511
before breakin6 seal.

,

'Ihis Paterial: 1. Is not explosive. 2. Will not burn.

I
3. Should not be breathed. 4 Should not be swallowed or put in mouth.
5. Should not come in contact with skin or clothing.

IN THE EVENT OF ACCIDENT:
I

As soon as possible take preliminary precautions indicated
below. Display these instructions as necessary to local
authorities on the scene to obtain their help.

1 Evaluate the situation by answering all questions on attached sheet.
2 Call (or have local authority call for you) B. E. Brown, Kerr-McGee Corporation,

Gore, Oklahoma 918 489-5511, collect, and report all answers to questions on
attached sheet.

3. Make no other statements or phone calls except on instruction from your
N dispatcher or Kerr-McGee Corporation.

I IF CONTAINERS ARE NOT LEAY,ING, AND ARE NOT SERIOUSLY DAPAGED, THE FOLLO'. TING ACTION
SHOULD BE TAKEN:

1 Caution people not to tamper with the containers. Use civil authorities to
help you if necessary.

2 It is not necessary to have a specific distance between humans and the
container or truck, but for ease of controllin6 the situation, ask people

I
to stay back 10-15 feet.

3. If closed containers are lying on the road, obtain assistance from whatever
civil authority is available to move containers to the side of the road.

4 Assure local authoritics that there is no danger in handling closed containers.

IF CONTAINERS ARE LEAKING OR DAMAGED TOO SERIOUSLY 'ID BE MOVED, FUMES WILL BE A DEEP
WHITE VAPOR:I 1 Caution humans to stay away from the material. Keep them at a distance of at

1 cast 25 feet. Uce civil authorities for help if necessary.
I 2. Approach containers from the up-wind side.

3. Assure local authorities that there is no danger from radiation but that people
should avoid breathing any of the material.

4. Material will vaporize. Obtain help from local civil authorities if necessary
to re-route traffic around the spill area.m

)
xs

I
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In i

U
FIRE INVOLVING VEHICLE OR IN IMEDIATE VICINITY OF VDIICLE.

1 Obtain fire fighting help from local groups.I 2. The material you are hauling will not burn. *

-3. Fight the fire from up-wind, attack at maximum range, using solid streams of,

water from a point far enough back that the stream of water breaks up into a
I shower. '

4 Use respirator to avoid breathing smoke from any fire involving your cargo.
5. Every effort should be made to get the fire under control and keep the gas

I cylinders cooled down so that expansion of the contents will not cauce a
rupture of the safety disc and release of the contents.

IN CASE OF COUTACT WITH THE SKIN:

1. Plush the area thoroughly with water.
2. Treat as for an HF or other acid burn by packing the burned area with ice to

retard action. See local physician.

.

:

.

I
E

I
I

.

'I
|
|

( |
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'I I
EVALUATION QUESTIONNAIRE

|
|I

e of Individual in Charge of Train or Truck

Carrier

Bill of Ladin6 Uumber Destination

Time and Place of Accident

Describe Preliminary Precautions You Have Taken:

I

Describe Any Spillage, Leakin6, or Damaged Containers:

I
Name of Any Law Officer or Civil Authority on the Scene:

l Are You Under Any Arrest, Restraint, or Instructions from Iocal Authorities?
I
l .

(|I
I

I
'

Is Car or Truck Roadworthy?
i

Can You Proceed to Destination?

Ii '

Where Can You Be Reached By lhone? '

. - -

Ii
.

.

I
.

- -
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U.S. Atomic Energy Commission [ yp ep.i /8fATTN: Mr. J. E. Rothfleis ch r .. a . ,.

Materials Branch M>*g
Directorate of Licensing '

* I-Washington, D. C. 20545

Dear Mr. Roth fleis ch :

Please refer to your letter of December 6 raising certain
questions or requesting additional information in regard to our
Revised Environmental Report of November 1971 and our
Supplemental Environmental Report of June 1972.

The questions raised have been answered and additional detailed
data or explanation furnished in the attached Environmental

p) Report-Supplemental #2 dated December 1972. In accordance with

(d our discussion, the report is answered in the order of your
'

questions and additional information included immediately there-
after where appropriate. In some cases your questions have
coincided with those of others who have examined these reports
and, if one answer covers both subjects, appropriate reference
will be made.

In accordance with our previous arrangement, I have included
five copies of the report and am shipping to you separately the
balance of 195 copies for your distribution. We would be
pleased to discuss all or part of this report at your
Convenience.

Sincerely,

%>lM %
,

Parker S. Dunn
Group Vice President g
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ENVIRONMENTAL REPORT

SEQUOYAll FACILITY
KERR-McGEE CORPORATION

SUPPLEMENTAL #2 -

.

(1) Current and projected plant capacity is not clearly stated. We assume
that license is foc 5,000 TPY operation, yet'10,000 TPY rate is dis-
cussed in text.. Please clarify.

Design and current plant capacity .is 5000 tons per year (4536
_

MTU) and operation will eventually reach that level. The wet.
end of the plant was built for a capacity of 10,000 tons per
year and the dry end of the plant from boildown through fluorin-
ation was designed for 5000 tpy .with . sufficient space for
addition of another module of equipment to raise the total to
10,000 tpy. In earlier exchanges,'the AEC requested that we
discuss 10,000 tpy, especially in regard to possible effluenti
effects in terms of .the life of the plant. There fore , this

discussion is. included where appropriate.

(2) Maps provided ,(Figure 1 in particular) are not very clear. Suggest
substituting following 8 x 10 1/2" drawings:

(a) General map of State of Oklahoma pointing out plant site (scale
about 50 miles per inch),

(b) Second map showing general area details f .e. . towns, roads, rivers,
etc. (scale about 10 miles' per inch) .

.

(. c) Third map similar to insert in present Figure 1. (scale about4 miles per inch)

(d) Plant area map (scale about 1500 feet per inch) up-dated to show
all existing ponds, monitoring points, residences, etc. alone
with distances from air-borne effluent' release point to possible
critical exposure points; e.g. , school, homes, roads.

N -

ha
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/ \ The maps requested are enclosed. We feel, however, that this

request, if such fixed criteria for such reports exists, should

be included in the guidelines for such reports. Figure 1 is a

reduction of Drawing 110-C-151 included with the Revised

Environmental Report. The location of the houses and school are
circled and the distances tabulated.

.

(3) Page S-45. Process description covers disposal of sodium hydroxide
solution used to wash lean organic. What is done with the arunonium-

sulfate solution used in the first stage lean organic wash?

The ammonium sulfate solution used in the first stage of organic.
washing is returned to the pumper decanters and the aqueous
solution combined with the raffinate for discard at that point.
We are currently developing the use of this ammoinium

T sulfate solution to provide sulfation of the UNH instead of

using sulfuric acid. Initial results appear favorable.s

.

(4) Page S-45. Claim is made that raffinate stream is neutralized with
anunonia and impounded for. permanent storage while Revised Environmental
Report (November 1971), page R-5, states that raffinate stream is
neutralized with lime slurry precipitating U and daughter products, ,

'

Th-230, Th-234 and Ra-226 along with heavy metals. Which procedure
is used?

i

Initially, the raffinate stream was neutralized with lime slurry
as described in the Revised Environmental Report and subsequently j
changed to ammonia in December 1971 in order to take advantage ;

of the ammonia economics, more nearly stoichiometric neutraliza-,

rtion, and to prevent filling the pond prematurely with solid
calcium hydroxide. Pond No. I was essentially all neutralized
with lime slurry while Pond No. 2 has only been neutralized with

p\ . ammonia solution.
9 /
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(5) Page S-47...

\_ (a) Equation (iii) is not balanced; needs 3_ U 0 =38

(b) Equation is not balanced; insufficient oxygen'and no hydrogen
on right-hand side of equation. Expression "8 NO3 not understood.

(Table IV) - Totals from ore digesters do not appear compatible with
previous data,~1.e., 5280 lb/ day release rate of NO 2 for 2 shift operation
processing 1717 lb/hr U does not appear to equate to 8350 lb/ day release
fot 3 shift operation at 2686 lb/hr rate. Please clarify.

As you noted, (a) equation (iii) omitted 3_ in front of U 0 '38
The corrected equation is given below:

3U 03 8 + 20 lino3 + 9UO (NO )2 + 2NO + 10H 02 3 3

(b) Equation is not balanced. The corrected equation is given
below:

UF
4 + 4 A1 (NO ) 3 + UO (NO ) 2 + 4 A1F (NO ) 2 + 2N03 2 3 3 2

* |

The rate of uranium throughput does not orrelate with the rate
p of uranium digestion. As noted.on Table IV, NO rate is 660

2''

lbs/ hour (600 in error) because ore addit ton rate is 5150 lbs
U/ hour. The daily rate for 5000 TPY operation would require 8
digestions (200 days / year) while 12.5.digestions would be

j
f required for 10,000 TPY (310 days / year). Tnerefore, 8 x 660 =

5280 lbs NO / day. Similarly, 8250 lbs/N0 day for 12.5 (83502 2
in error).

i!

(6) Page S-48, Paragraph 2. At 0.2 to 1.2% losses, the amount of NO
~

2 lostwould range from % 36 to 216 lb per day at the 5,000 TPY rate and
|from % 68 to 406 lb per day at the 10,000 TPY rate based on values |

given in Table IV. Should specify 9 lb/hr loss is at 5,000 TPY rate. |
Letter WJS to CRB 1/21/72 indicates loss of 24.1 lb/hr NO . Please I2
report measured or best estimate of NO2 release at 5,000 TPY rate.

I
NO released from the stack varies with several plant activities.2

Rate.of generation is controlled by the rate of digestion and
composition of feed material and the rate.of denitration. The

y degree of absorption is controlled by the efficiency of the. I

C./) I
, ~

-8-
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absorber at any given instant. In our total material balance,

> we show 4.6 metric tons released per month at 5000 tons per year
or a rate of 14. pounds per hour which is our current best

estimate. The measurements reported to Mr. Buchanan have not
been redone though we now have a sampler in the stack which has

,

measured from 100 to 300 ppm NO in the stack effluent. This2
exact concentration, of course, may vary by the steam demand of

the boilers. Nitrogen effluent on Table VII should be 1.4 MT/Mo.

(7) Page S-55, Paragraph 2. Claim is made that plant site is a licensed
burial ground. We do not find this authorization in the license, license
application or environmental reports. Please clarify.

Burial of plant generated solid waste material on the site is
done in accordance with 10 CFR 20.304 which provides a general
license for such disposal. Describing the plant site as a

" licensed burial ground" should be eliminated. A's stated,
cumulative burials through November 1 have totalled 304 Kgs of
natural uranium. In 1971, Mr. J. Hyder of Region IV Compliance
Office answered certain questions as a routine part of his
inspection, a copy of which is enclosed for your information.

(8) Pages S-61 and S-62. Tables X and XI should indicate that' quantities
are in metric tons per month. Please clarify method used to scale up
losses.

Tables X'and XI show quantities in metric tons per month.
Losses were scaled up on an item by item basis since the higher

- production rate of 378.8 metric tons per month of uranium would
permit higher efficiencies in handling of certain off-gas
streams. Generally, plants designed for continuous operation
produce their best efficiencies at the design rate rather than
approximately 50% of design rate. The earlier exchange of
information, however, emphasized that these data should be based'
upon measured experienced quantities and expanded with the best

_

-9-.
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QUESTIONNAIRE
.

,
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.

|/"'! BURIAL OF WASTE PURSUANT TO 9 20.304( 1
,

.

yy
'

' ;I Licensee L;..a A A'ur N?rJ/sn.

Add.ess s ~

Lum.A i%3dC
License No. % /SWB -/0/e f '

. *

Date of ." .

Inspection 9[40 - ;.2 2/ 7/"

Doeslicenseegenerate'radioactivewasteduringnormaloperations?Yesd'o.'E-

7 s. Does licensee bury waste pursaant to 5 20.3047 Yasd__,

,

If No, disressrd rys;;
pf questjor.,wirs,

j 3- 'nhat were the principsi types of waste buried? '

' '

Ct.emical laboratory waste -

Ar.imal carcasses

| Contaminated eqtiipw.ent T. sorap [
Other (descr.a; briefly)'

,
-

1

k}j M. -.

|
{ -

What were tlie principal isotopes ano estinated amount of i.ctivity bu;ies
during 19707

} /)b5 /L- 3 7 |P st -e ' Os A A k.kh'
~

'

(m m,L n AU )
'

< - -M . What alternative disposc'. methods were considered?
.

Transfer to a commerci&. disposal firm *

, ,

. Incineration *

~

Storage for decay.

Other (describe briefly) Mwn
M, What were the bases for choosing burial persuant to 5 20.004?**

/ Economics / Convenience */

Other (describe brisfly) I

{W . In the licensee's opinion, would deletion of i 20.304 present a h rdship? {,

Yes d, * j

i

CD Yi

* AEd.-

.

9
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[] engineering estimates which was the procedure followed. As(j mentioned, October 1972 provided one month of operation at
slightly in excess of rated capacity. Additional measurements
of effluents were made and Table XI has been reconstituted based
upon these measurements. Table XI Revised is attached* immediately following.

(9) Page S-65, Table XII. Design criteria used for a number of constituents
appear substantially higher than EPA ambient air quality standards.

Design Value Maximum EPA Air Ambient
Ground Level Beyond Quality Standard

Constituent Site Fence (40 CFR 50)
Hexane 500 ppm 0.023 ppm (Hydrocarbon)

maximum 3-hour concentration
..

S02 0.2 ppm Primary Standard: (a) 0.03 ppm
annual arithmetic mean.
Secondary Standard (a) 0.02 ppm
annual arithmetic mean.

NO 2 ppm 0.05 ppm nitrogen dioxide -x

annual arithmetic mean

O)Particulates 0.3 grain /ft3( at point Primary Standard: (a) 75pg/m3U of release (equivalent annual geometric mean
to 6.87 x 105 pgf,3) Secondary Standard: (a) 60pg/m3

annual geometric mean

= m mum uinrq e before reacMng site boudary.5

UF" concentration of 0.006 mg/m3

(N 1.15 x 10 129Ci/ml) and UF6 concentrationof 0.009 mg/m3 (N 2.03 x 10-12pci/ml) appear to be slightly below the
10 CFR 20 allowable limits in unrestricted areas of 2 x 10-12 ci/ml andp3 x 10-12 pCi/ml for insolubic and soluble natural uranium respectively.

While not stated in the report, the data given on Table XII was
design criteria targets compiled from applicabic standards at the
time these criteria were set, July 1968, so as to provide the
goal for the design contractor to perform calculations and select
optimal processing methods. These criteria were generated (1968) )
well before the establishment of EPA ambient air quality

|
,

standards. Effluent air' quality is being monitored continuously '

1

p) to seek control methods to insure that offsite emissions never
\ exceed air quality standards.

I

i
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[ (10) Page S-69, Table XIII .

Combination stream at plant, average for last 12 months indicates:

18.6 x 10-7 pCi/ml a
12.6 x 10-7 pCi/mi 8

E a + 8 = 31.2 x 10-7 = 3.12 x 10-6 pCi/mi
>

Maximum allowable concentration for unidentified radioactive material
(10 CFR 20, Appendix B, Note 3C, Table II, Column 2 (unrestricted) is
given as 3 x 10 6 pCi/ml indicating 12 month average was in excess of

| MPC with monthly values of 4.48 x 10-6 for 4/71; 7.38 x 10-6 for 5/71;
4.80 x 10-6 for 10/71 and 5.10 x 10-6 pCi/mi for 11/71 all above MPC.

[ The observation made as to the data on Table XIII is correct.
However, the interpretation of the use of 10 CFR 20, Appendix
B, Note 3C, Table II, Column 2, is not in accordance with our

unde rs tanding. Note 3C is only used for unidientified

radioactive material not containing Radium which is separately226
recorded on Table XIII. The uranium component of this stream
is also measured and is tabulated in the data submitted in
answer to paragraph 11 below.

%./
(11) Page S-71, Table XV and following tables

While well Nos. 1, 2 and 3 do not show any significant trend in = and
S levels with time, the Gross = in well Nos. 5 and 6 appears to have
taken a sharp rise in the last two months reported. This trend is not
seen in fluoride and nitrate analyses reported for these wells in
Table XVI.

Page S-73, Table XVII indicates'a significant increase in gross a and
S in the Fault Well and Residence Well I while Table XVIII shows a
rise in F and N concentrations in the Fault Well and a jump in
fluoride in both the Carlisle School wall'as well as Residence Well 1.

In addition, as pointed out by Dr. Warner, the average nitrate con-
centrations and radioactivity in the six monitor wells appear 'to be
substantially higher than in .the four background wells indicating...

possible contamination of the ground water.

In view of these apparent anomalies, we are most interested in seeing
more recent analyses for all of these wells and for monitor wells
Nos.10 through 15 if these data are available. Please resubmit data
furnished on 11/20/72 in a form and using units that will permit direct
comparison with analytical results provided.in Tables XIII thru XXII of

q the Supplemental Environmental Report.

(vI

.-13-
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yn The additional data requested is attached. Additional
I \

| ( ,) information as to the construction, subsurface structure,
analysis and conclusions as to the integrity of the storage

| ponds will be covered in detail later in this report.

|- It should be noted that in January 1972 we changed independent
!

l
analysts from Controls for Environmental Pollution, Albuquerque,
New Mexico, to U.S. Testing Company, Richland, Washington, on
the basis that analytical control data could be furnished by UST

thereby providing statistically sound results at these extremely

low levels. However, these data have not been furnished and we

currently plan to use the analysis of the Sequoyah Laboratory

and the Kerr-McGee Technical Center upon certification by the
Oklahoma Water Resources Board as an environmental laboratory.
This certification is now being processed.

(12) Page S-71, Table XV. Well No. 1 on several occasions indicated Radium-226
concentrations of 3 x 10 euci/ml and once (July 1971) showed
4 x 10-8pC1/ml. HPC (unrestricted) 10 CFR 20 value is 3 x 10-8 ci/ml.

(Vg)
p

It should be noted that this analysis has varied widely. In

addition, Well No. 1 is not an unrestricted area and application
~7o f 4 x 10 .uci/mi is considered the appropriate 10 CFR 20 limit.

(13) Page S-72, Tabic XVI. Well No. 1 NO3 as N avg. last 12 months reported
as 14.0 ppm with 6 of 12 values exceeding recommended maximum of 10 ppmquoted in Table XXV Page S-84.

While Well No. I shows an average value of 14 ppm N as nitrate,
you can see it is primarily due to high levels in April, May
and June of 1971 and March of 1972. The data supplied under
paragraph 11 again shows high levels from March through July.
You will note that these levels are not correlatable with
uranium levels. Well No. 15, which is down slope from No. 1,
shows the same pattern. Again, we believe that these wells

should not be considered availabic for public access and
certainly not sources of drinking water to which the standard

p., on Tabic XXV applies.

-14-
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1972 ENVIRO!DE2rTAL WATDt SAnGES
SURFACE

UNITS STATES TERING RESULTS
RADIOACTIVEUNITS-uC1/r.12.10a

1CHEMICAL UNITS-ppn

ILC4 TION ANALYSIS JAN. FEB. MAR. APRI' MAY JUNE JULY AUG. SEPT. OCT.

2201 Nitrate .1 < .1 .1 .3 .1 1.o .3 .3 .2 < .1 |
nuoride 4 .5 .6 .5 8 .3 < .1 1.0 .6 1.1

Ill. River ' Gross a 1.06 41 1,67 66 .38 49 41 .23 < .23 < .23 ,

tystream cross a 87 .57 .92 .84 1.18 .51 .65 5.47 1.71 .53 1

Uranium .31 .32 8o .26 .72 84 .50 < .1T < .17 .50
* *Ra < .02 < .02 < .02

2202 Nitrate .2 .1 4 < .1 4 .5 .2 .1 .3 .< .1
Fluoride 6 .5 .6 .k 1.o .7 .2 1.1 .7 2.4 *

Ill. River Gross a 2,08 11.20 7.ko 3.63 1.81 1.10 1.15 3.6o 5.39 1.94
Downstream cross e 1.99 4.58 '4.76 2.39 1.74 .97 .56 1.30 3.60 1.57

Uranium 1,76 6.22 3.25 2.13 .72 1.13 .75 2.72 6.03 3 72* *% <.m < D2 <.
u.
*

22o3 Nitrate .7 < .1 .1 .1 .1 .8 .3 .1 4 < .1 i
| nuoride .6 .6 .7 .7 1.0 .6 4 1.2 .9 1.4
l Ark. River Gross a . 30 42 .34 48 48 .32 .74 .26 < .23 < .23
| tystream cross a 1.51 1.62 .53 2.30 2.46 1.30 1.52 .T1 3.43 1.14 !

Ure-lum .14 .27 .11 .31 1.29 .5% .02 < .17 < .17 < .172% < .02 < . 02 < .02

2204 Nitrate .1 < .1 .3 < .1 4 4 .1 .1 .1 < .1
neride .5 .8 .8 6 1.o 1.o .3 1.1 .9 1.o

Art. River Gross a < .19 .60 .34 .% .98 < .23 < .23 < .23 .39
Downstream Gross S 81 5.40 1.o3 1.05 1.54 .55 .So 41 4.18 .68

Urani m .19 .60 .13 45 .67 64 .54 .37 .91 1.93
22*Ra < .02 < .02 <.m

2205 Nitrate .1 < .1 .1 < .1 1 1.1 1.2 .3 .5 4
nuoride 4 .5 8 .6 .8 .6 .3 8 1.0 1.o

Farm Pbat Gross a .50 1.06 .64 1.45 .33 28 < .23 < .23 < .23 33
East Gross p 1.6T 2.93 1.90 2.91 1.46 1.26 1.32 1.86 4.64 2.29

Uranita .18 1.01 .20 65 43 .39 .18 < .17 .31 < .17
228Ra < .02 < .m < .02

|
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SURFACE-CONTDiUED

I4TATION A2tALYSIS JAN. FEB. MAR. APRIL - MAY JU:2 JULY AUG. SEPT OCT. |

2006 Nitrate .2 .5 .1 < .1 .1 .8 .2 .3 .3 .k
Fluoride .T .T 1.0 8 1.0 1.1 6 1.0 1.0 1.3

Farm Ibad Gross a 3.94 2.87 8.17 4.07 2.00 2.58 1.39 .23 .37 .26
South Gmss e 6.21 6.64 5.83 2.41 2.92 1.76 1.69 1.68 2.66 1.18

Uranium 3.39 3.57 2.72 2.00 3.57 .24 .04 .05 .32 .02" Ra < .02 < .02 < .02 '

2207 Nitrate 1 < .1 3.1 1.0 .9 2.4 .8 1.0 1.9 2.3
Fluoride 1.1 1.1 4 17.6* .6 1.1 4 .7 .7 .7

Facility Gross a 130.92 186.57 173.17 69.01 22.44 115.72 90.% 100.42 101.05 123.24
Effluent Gross S 80.05 115.27 90.97 84.63 83.02 58.09 22.57 11.52 18.36 14.37g um 70.88 164.29 30.62 61.15 94.54 102.38 86.71 63.62 92.15 T2.90

Ba < .02 < . 02 .05

2208 Nitrate .8 < .1 .3 .3 .6 1.1 4 .1 2 < .1 '

Fluoride .5 6 .7 .5 .5 .6 .1 .7 .6 2.3**
Teaktiler Gross a 15.02 .68 .T1 1.07 .54 < .23 46 .28 .83 < .23
Raw luster Gross a 15.39 .62 49 1.57 .75 .31 < .23 < .23 2.04 2.41

Uranium 15.65 .L6 .19 1.49 1.07 .22 .17 .28 .53 .58.

"Ra < .02 < .02 < .cc-

e.-
2209 Nitrate .1 < .1 .1 < .1 .2 .9 .7 .1 .2 < .1 '

Fluoride .2 .5 .6 .6 .5 8 .2 .9 .8 2.2**
Salt Fork Gross a < .09 .70 < .15 1.17 43 .65- 44 8.54 < .23 < .23
River Gross p 1.24 1.k9 1.06 1.59 .89 1.68 1.52 1.14 2.81 .%

Uranium .18 < .12 < .07 3.51 85 .53 < .17 < .17 .89 < .17* aa < .02 < .02 < .02

*Thf s sample was the emposite of a continuous sampler for the month analyzed by U. S. Testing. Grab samples are taken each shift and analyzed
by the Sequcyah lab. The average for the south was 1.4 pin. On April 25, one hie ~h sanple of 32 pp was recorded when the acid addition system
went out of control resulting in a pH of 5.5 for the same sample.

**ese results are detemined by U. S. Testir,g. A11 quota measured by Sequoyah lab tested < .1 pp. Apparently, an eva=ple of sample contamination
at sze stage of handit ig.

2Nitrate repor'ed as nitrogen on all tables.

_____ _ _ _ _ _ - _ . .
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1972 ENVIRO!90CrfAL WATER SAMPIIS
SEEPA2 WEUA |

'15ITED STATE TESTIM RESUCS
RADIOACTIVE LMITS-DCi/alx13-s

1CHD(ICAL 15ITS-ppm

LIATIoM AXALYSIS JAN. FEB. MAR. AFRIL MAY Jt3E JULY AUG. SEPT. OCT.

2301 Nitrate .2 .1 24.0 212.0 2 73 200.0 180.0 15.5 14.0 66.0
Fluoride 1.2 1.0 1.0 T.o 2.0 1.5 1.3 4.5 3.1 1.4

Basin s . 1 3ross a 1.34 14.c4 13.85 21.61 51.61 65.84 6.86 166.27 5.26 4.05
3arth cross s 9.2A 5.20 5.28 17.26 26.1T 15 9.18 25.57 8.50 6.98

Uranita 8.38 .17 3.09 4.42 134.21 39. 4 38.25 109.40 6.79 2.17
a2*Ra < .o2 < .02 < .m

25c2 xitrate < .1 1.0 .3 .7 .6 1.3 3.7 %.8 6.5 5.5
Fluoride 1.0 1.1 1.2 6.8 1.3 1.1 8 .7 .6 .6

Basin so. I- Oross a 5.10 10.52 4.89 17.19 5.22 12.84 9.55 5.21 2.00 2.00
south Gross s 4.29 4.54 2.66 13.19 3.55 3.61 2.36 1.38 1.78 * 37..

uranits 4.36 5.86 .65 3.95 5.94 4.8o 5.91 2.18 2.04 .86
23*Ba < .02 < .02 < . 02,

-

7 23c3 x1trate .1 < .1 .9 1.0 .1 .6 .6 2.3 1.1 5.1
Fluoride .9 .9 1.1 1.1 2.0 .9 .7 8 .5 .5

Raffinate Gross a 4.11 8.25 12.10 26.78 4.95 52.1% 6.05 6.58 2.09 1.64
Ptei so. 1 cross s 66 6.62 1.22 21.67 5.50 17.49 E.18 2.05 2.% 11. 4
North Uranita 3.64 6.49 3.37 8.61 7.44 9.97 3.93 3.04 - 1.52 78

aseRa < .c2 < .02 < .02

2305 Nitrate 6 1.1 1.0 .9 .7 8 .9 5.5 5.9 2.4
Fluoride 1.2 .7 8 1.4 1.1 1.0 1.1 8 .5 .2

Esffinate Gross a 3.3A 10.18 '13.95 21.02 6.86 10.46 9.47 9.43 1.07 .89
Pond No. 1 Gross s .50 6.13 6.34 22.80 3.11 9.38 3.24 2.10 2.53 5.k2
South crasita 3.37 3.97 2.33 4.52 5 22 17.10 3.88 1.k1 .56 .51

22*pa < .02 < .c2

I
f

! -

|
|
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SEEPAGE E1IE-Continued

WHION ANALYSIS JAN. FEB. M*Jt. APRIL MAY JtME JULY AUG. SEPr. OCT,

2306 Nitrate .2 < .1 .2 .5 0.2 < .1 .3 .1 < .1 .1
nuoride 1.0 .7 .5 2.6 1.2 .5 .3 .3 .2 < .1

Carlisle F. Gross a 1.30 n.56 14.57 13.40 87 1.36 3.m 5.67 1.% 1.51
Poed south Gross a 9.%4 6.25 2.24 3.88 1.21 1.49 49 89 1.40 5.07

Urania T.25 5.88 3.61 5.16 1.59 2.12 .59 1.37 5.9% .90
22*Ra < .02 < .02 < .02

2307 Eitrate .9 .5 .5 < .1 4 .5 .6 .3 .3 .3
nuoride %.o %.2 4.2 4.0 5.4 6.2 %.6 2.7 3.3 %.o

ranit wen Gross a 3.27 T.08 %.15 5.39 4.18 < .23 3.21 3.25 2.7% < .23
Gross 8 .53 6. 19 %.0% 5.29 5.71 %.48 2.0% 2.05 4.35 14.70 - |Urania .23 .21 .12 1.18 .59 .38 .20 .18 .22 .21 '

22*sa < .ce < .02 < .02

2308 Ritrate < .1 - < .1 .1 < .1 < .1 .1 .1 .1 < .1 < .1
nuoride 1.1 .T 1.0 .8 1.1 .7 4 .5 4 4

Besidence cross a 2.09 %.23 3.83 %.76 1.3% 1.38 2.51 .3% 2.38 .72 j-wen om.., a 1.46 1.8% 2.97 4.50 1.21 1.25 .90 .3% 2.56 67
Urani a 62 1.48 1.52 .38 1.16 1.12 .62 .22 < .17 .36 f,

22*Ra < .02 < .02 < .02-

?
2309 Nitrate . < .1 < .1 .5 .1 1.3 1.8 .T .2 .1 < .1

nuoride .9 .5 .6 .5 1.0 .6 .2 .2 .2 .2
carnale Gross a .09 .2% .17 < .23 .k3 < .25 .23 < .23 .23 < .23
school well cross 8 1.2% .81 .% .7% 89 62 .65 .73 3.13 .91

Uranim .18 .12 < .06 3.51 49 .12 < .17 < .17 < .17 < .1722e sa < .02 < .02 < .02

2310 Nitrate .1 1.1 2.4 1.3 4 .8 1.2 .2 .2 .1
nuoride 1.3 1.0 1.1 1.2 2.0 1.1 1.0 .2 .8 .9

Raffinate Gross a 3.H 2.06 11.98 9.H 3.31 6.93 2.58 < .23 2.52 8%
Ptoi No. 2 Gmsa3 %.26 5.06 6.05 4.81 1.62 2.17 .60 .67 1.70 .59

Urani a 2.68 3.93 %.30 3.33 2.11 %.32 1.22 < .17 2.46 1.n
22*aa < .m < .02 <.

2311 Nitrate .5 3.5 %.T 3.4 .1 1.3 4 .5 .2 < .1
nuoride 1.0 6 1.o .9 2.2 .8 .5 .6 5 .5

Raffinate Gross a %.C1 %.49 k.82 13.24 4.99 3.06 T.05 3.24 3.05 3.39
.'t.cd No. 2 Gross 8 1.37 .15 3.87 10.03 2.4T 3.53 1.69 1.25 1.32 1.22

Urania 3.37 2.95 3.46 6.52 6.83 %.52 3.30 1.16 2.10 1.75
* 'Ra < .02 < .02 < .02

|
.
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SEEPAGE WY.Yt Continued

; IOCATIoM AKALYSIS JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT.

2312 31trate < .1 .3 .1 .8 1.o 1.2 1.8 .5 7 .5
nuoride 1.o 8 1.o .7 1.o 4 4 .8 .3 4PafTinate Gross a 7.3% 1. 19 6.45 17.77 2.45 5.2k 2.43 10.67 2.53 3.80- Rai m. 2 Gross s 3.67 .2% 5.81 11.15 2.34 1.21 47 1.60 1.10 .74
Uranita 3.37 1.95 2.74 4.58 8.74 2.39 . f2 1.% 1.28 1.55NEa <.m < .02 < .02

2313 Nitrate .3 < .1 .1 .1 .2 .7 4 4.5 .1
nuaride .9 .6 1.1 .9 1.0 6 .5 .6 .5Earrinate Gross a 1.89 .35 22.97 111.18 6% 18.61 6.27 6.09 4.58lbr.1 30. 2 Gross s 2.09 2.09 10.67 116.12 5.52 3.17 1.22 1,79 1.33Uranita 85 .98 3 95 52.69 3.93 7.10 2.88 2.32 1.78* Ra < .m < .02

2314 sitrate .3 1.6 1.9 4 .3 10.4 .3 1.0 2 < .1
nuoride 1.0 .9 .9 %.1 2.o .7 .7 .T .6 .6Earrinate Gross 3 1.92 12.79 12.57 3k.32 %.74 12.67 8.15 5.22 A.01 16.58.

; Rc1 b. 2 Gross e 2.23 6.60 5.83 21.26 4.74 4.19 1.80 .87 1.To 2.13Urs=1:a 2.o4 6.83 k.23 1.16 7.85 8.09 4.73 3 27 6.08 2.38
.

* En < .m < .02 .T-

2315 Eitrate .1 16.o 48.0 97 .5 91.0 42.0 15.5 h2.o 15.5
nuoride .9 .7 8 .3 2.4 .2 .2 .2 .3 .2Barrimate Gross a 1.23 1.63 1.%4 9.85 1.90 1.64 6.66 2.40 .30 .61

Ptoi Ea. 2 Gross s 89 1.74 1.92 2.43 1.89 .33 1.96 82 1.T3 < .23
Uranita 1.01 .90 1.29 k.62 2.90 1.40 .79 .Lk < .17 .34msa <.T < .02 < .02

h trate reported as 51trogen on all tahles.

:
|
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1972 LTIIm!oe':rTAL SCIL SAMIUS

UNITED STATES TESTIE FISL7TS
ALL UNITS-ppm

LTAH3 AXALYSIS JA3. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT.

2Ac1 LMn 16.6
Saeth Seearity Flm ride 260.0
Fence Nitrate 57.0

2002 Urani a 23.8
krth Seearity Flm ride 224.0
Fe-.ce Nitrate 20.0

2403 Irania < l.2 7.2 3.8Seath Flm ride 116.0 %.O 44.0
l W Feet Nitrate 8.0 35.0 45.0
2!.0L Uranita 20.0 39.6 43.4

/, West Flmride 160.0 91.0 T3.0** 1000 Feet Xitrate 3.0 55.0 8.5
2LOS Uranim < 2.6 11.9 6.1
3crth Flm ride 176.0 71.0 96.01000 Feet Mitrate 5.0 4.0 1.0
2406 Lws < 2.7 8.7 3.3i

l East Flmride 100.0 70.0 86.0
1000 feet 31trate 2.0 6.0 16.5

|

|

|

|

|

|

|

____ .______________ _______ 1
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(14) Pages' S-78 and S-78A, Table XXII. Analytical results reported indicate
i

,

erratic control of fluoride emissions with a number of values at the !security fence exceeding recomended maximum concentration of vegetation
iof 40 ppa. Please provide more recent data. (See Comment (11)),

| More recent data is supplied under question 11. From our
examination of this data, we conclude that in the sample taken

| 1000 feet west of the plant there appears to be a single inci-
j ' dent resulting in contamination which has gradually decreased .

until the October sample which is within recommended levels.;

4, All other samples appear to be within the normal limits of
1 variability of this sampling and analysis procedure. As noted

j on Page S-78, no cattle are. grazed north of'the Port Facility I

j Road nor west of State liighway 10.
i !
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*( ] (15) Page S-79 - Effective stack height is reported as 170 feet (% 51.8 meters)
.\ / while calculated value shown in Appendix IV, Page 3 is 56.6 meters.

Calculation shown in Appendix IV fails to clarify whether stack
diameter is 8 feet or 3.25 feet. Calculation is also unclear as
to whether barometric pressure is 960 mb or 920 mb.

Effective stack heighth is 54.82 meters based upon recent.

calculations of rate of discharge and using 960 for the pressure

in milibars. The number on Page S-79 should be corrected. The

confusion on stack diameter is due to the fact that the OD of

the stack is 8 feet. However, it has a liner that restricts the

effective diameter to 7 feet and also has a restriction at the
discharge to 3.25 feet.

(16) Appendix IV, Page 3 indicates 475 f t/ minute velocity out of 8 ft
diam. stack for total flow of (.785)(8)2(475) = 2.38 x 10 cfm..4

License application 9/3/69 Page V-11 indicates stack discharge
volume of 1.9 x 105 cfm (normal) and 8.85 x 104 cfm during low
loads. Letter, W. J. Shelley to C. R. Buchanan dated 1/31/72
estimates flow with two boilers operating at 25,000 cfm.

C The measurement of 475 feet per minute should, of course, be used
in conjunction with the 7 foot effective diameter resulting in
a flow of 18,270 cubic feet per minute. The license application

discharge volume was made based upon estimates during the design
of the plant. The data supplied to Mr. Buchanan on 1/31/72 was
based upon the gas consumption of the boilers as of January 1972.

Recent data calculated from gas consuption during an extended
period and temperature measurements in the stack result in a

calculated discharge of 24,200 cubic feet per minute.

(17) Page S-80, Table XXIII. Data presented are not clear or consistent
with Figure 3.9 of " Workbook" Page 29. Table headings are confusing.

Table XXIII is mislabeled. All columns should be labeled
" Maximum XU/Q".

'
Tl

i )
k /

-24-
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' V ) (18) Page S-81, Table XXIV.i Off-site concentrations presented do not appear

to be consistent with dilution of 10.4 Values indicate dilution of
10 rather than 10,000. Headings on right should read M . Also, see
comment (25) below:

4Observation is accurate that the off-site levels assuming 10
dilution should be in ppb.

(19) Page S-84, Table XXV. Footnotes b and e are not shown in body of
table. You compare concentrations in rivers with recommended maximum
concentrations. Please note that 10 CFR Part 20.106 limits con-

| centration of radioactive materials in the effluent stream and requires-

considerable additional information if Appendix B, Table II limits are
to be exceeded.

Footnotes b and c apply to recommended maximum icvels of fluoride
and nitrate. We understand the application of 10 CFR 20.106 )

limits to effluent streams and do not intend to request exception
to Appendix B, Table 2, limits.

O

(20) Page S-85, Paragraph 1. Dilution factor implies process water flow
of 240,000/150 or 1600 gpm. Table VII indicates process water of
345,000 gal / metric ton of U. With production of 5,000 short tonn/ year

. '(4.55 x 10x metric tons / year), total water used = 3.45 x 105 x
4.55 x 103 = 15.7 x 10e gallons per year. This is equivalent to

|2990 gpm. Please explain.
|

1600 gpm is.the design capacity of the process water system.
,

1Actual flow varies from 1100 to 1450 gpm due to variations of
the icyc1 of water in the lake, i.e. the static head on the pipe
withdrawal system located in the dam penstock; the condition of
the pipeline, i.e. scale or algae present; and the resistance of
flow through the receiving station valves and meter. The amount
of water received from the lake is metered and fed into ag)( stilling and treatment basin shown on Figure 11, Page 54 At\s

-25-
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} this point, water needed for the processing is withdrawn in
three streams. The first is an emergency cooling water stream
which feeds certain sensitive cooling needs in order to protect
the plant equipment. This emergency cooling water flow is then

fed to the cooling tower feed basin and a secondary cooling
water system is used for less ' critical service and returned

directly to the cooling tower. The second stream is a bypass
stream which is excess to the needs of the plant and joins
discard from the cooling water system and flows to the point of
discharge into the natural drainage channel. The third stream

is potable water which is treated by settling, filtering and
chlorination. The quantity of water discharged from the plant
does not vary significantly with proc'ssing rates.e

,

(21) Page S-86, Paragraph 2. Ra-226 level of 1 x 10.epC1/mi is 33% of MPC
which still provides some leeway but iot a great deal. Also, 14 ppm
nitrate level is in excess of recosmended maximum per Table XXV,
Page S-84.

Please see the answer to question 13 on nitrate level in Monitor
Well No. 1. While Radium is 33% of the MPC, it can be226
recognized from Table XV that this level is approximately the
level of detection and reliable values would only be seen above
this level.

,

(22) Pase S-86, Paragraph 3. Should refer to Table XVIII rather than
XVII. Also fluoride level in Carlisle School well has also " increased
slightly."

Your correction is noted. Paragraph 3 on Page S-86 should refer
to Table XVIII instead of XVII. Pluoride analysis in these

-26-
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wells has shown very erratic data, especially between the twoG
'

laboratories. We hope that with the certification program of

| the Oklahoma Water Resources Board this erratic variation will
decrease.

!

P

| (23) Page S-86, Last Paragraph. Please explain more fully how the data
obtained establishes the potential path of pond seepage.

A complete description of the pond construction, the monitoring
wells and the strata in the immediate area follows at the end
of the questions.

(24) (deleted)

l

(25) Page S-97, Table XXVI - The data presented in this table represent
releases to the atmosphere during plant operation at throughputs

(3 significantly below those expected at the normal production rate of

( 5000 tons per year. To permit an assessment of the envitoniaental
\ impact of the Sequoyah facility under normal operating conditions,

the release data inust be scaled up (with the bases for the calcula-
tions clearly shown) and as a etinimum requirement, the annual average
significant organ doses to individuals exposed to radioactive
pollutants at the off-site point of inaximum ground level concentra-
tion cust be estimated. In addition, organ doses and chemical
pollutant concentrations should be estimated for each of the
following off-site locations (a) Residence northwest of plant site.
(b) Residence northeast of plant site. (c) Carlisle School. (d)
Points of maximum ground level concentration on Oklahoma liighway 10,
U. S. Ilighway 64. Interstate liighway 40, and the Missouri Pacific
rafiroad, and (e) Other nearby points of permanent and transient
habitation.

Total dosages attributabic to radioactive effluents out to a distance

of ten miles from the site should be estimated for both the transient
as well as the perinanent population.

During October, data shown in Table XXVI, Page S-97, was
measyred for the month of October 1972 wherein the production
rate was 387.8 metric tons / month (5119 tons U/Yr). Air

(O sampling and counting systems are those commonly employedj
v

-27-
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./~'} throughout the nuclear industry for low specific activity
- \m / material and have been inspected by the Division of Regulatory

Operations, Region IV, for adequacy and accepted. Revised i

release data is shown on the attached table as compared to the
;

measured and estimated releases shown originally. These new
- data were supplied to Dames 6 Moore who incorporated these data

into the exposure computer program with the resulting data
shown in their answer. As can be seen, radiological organ dose
estimates in milirem/ year are insignificant compared to natural
background. As with the earlier calculations, the dose values
are conservative since no allowance was made in the calcula-
tions for fallout between the release point and downwind
locations.

Dames G Moore answer to question 25 appears after Table XXVI -
Revised.

Om

1

|

|

,

,

m
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TABLE XXVI - REVISED

AT1f0SPiiERIC RELEASES
Uranium - gm/sec

Supplement - Page 97 October 1972
Insoluble Soluble Insoluble Soluble

150 Foot Stack

1. IIF Scrubber .00047 .000066
7. Incinerator .0000175 .0000175

Ground Level Stacks -

1. Sampling Plant Dust
Collector .00034 .00064.

f 2. Plant Vacuum System .000084 .0000092 .0000037 .00000046
3. UO bust Collector .00000062 .00000053
4. Sample Preparation lioods .000007 .0000037
5. Roof Vents .00066 .000073 .00057 .00007
6. Lab Iloods .000001 .000001

.001109 .0005538 .001235 .0001380

-4uCi/sec x 10 3.66 1.83 4.08 .46
i uCi/ month 947.9 474 1057 119!
'

*uCi/ month / acre .471 .236 .526 .059
-0*uCi/ month /M x 10 116 58.3 130 14.6

* Assume all effluent evenly deposited on circle one mile in diameter - 2010 acres or
8.13 x 106 g2,

L
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; )- A.E.C. Question 25
\ '

Page S-97, Table XXVI - The data presented in this table represent releases to
the atmosphere during plant operations at throughputs significantly below those
expected at the normal production rate of 5000 tons per year. To permit an
assessment of the environmental impact of the Sequoyah facility under normal
operating conditions, the release data must be scaled up (with the bases for the
calculations clearly shown) and as a minimum requirement, the annual average-

significant organ doses to individuals exposed to radioactive pollutants at the
off-site point of maximum ground level concentration must be estimated. In
addition, organ doses and chemical pollutant concentrations should be estimated
for each of the following off-site locations: (a) Residence northwest of plant
site. (b) Residenco northeast of plant site. (c) Carlisle School. (d) Points
of maximum ground level concentration on Oklahoma Highway 10, U. S. Highway 64,
Interstate Highway 40, and the Missouri Pacific railroad, and (e) Other nearby
points of permanent and transient habitation.

Total dosages attributable to radioactive effluents out to a distance of ten
| miles from the site should be estimated for both the transient as well as the

permanent population.,
1

|
Response

Data collected on Uranium release in October 1972, during which

(G) the Sequoyal facility operated at a rate of 5119 TPY (307.8 metric
\_

'
'

tons) is tabulated below:
,

Summary of
Caseous Effluent Release Data

Radioactive Pollutants

Release Rate (C1/sec)
Release Height Soluble U Insoluble U

-0~

Ground Level 2.4 x 10 4.1 x 10

~1 -12150-foot Stack 2.2 x 10 5.8 x 10

Mon-radioactive Pollutants
Release Rate (q/sec)

Release Height Pluoride

150-foot Stack .0496

The values of the October operating releases are utilized in cal-

culating the doses associated with these release levels. Tables Iva,
,/ -
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| Response to A.E.C. Question 25, p. 2.

.o -.,

.

| .'
*

Va, VIa, VIIA, VIIIa, IXa, Xa, XIa, XIIA, XIIIa, and XIVa represent,

the October operating data.i

l

! Specific radiological organ dose estimates (in mrem /yr) of
:
f primary interest locations are as follows:
la

Bone Lung ' Kidney

-2 -225. (a) Residence NW (.5 m' les) 1.57 x 10 1.47 6.44 x 10i

-2~

(b) Residence NE (.5 miles) 1.98 x 10 1.86 8.13 x 10
~3 ~1 -2Ic) Carlisle School 6.23 x 10 5.73 x 10 2.56 x 10

(NE 1 mile)

(d) Highway Maximums

-2 -21) I-40 (SW2 5 miles) 1.15 x 10 1.05 4.70 x 10

-2~

2) US-64/RR (NE.5 miles) 1.98 x 10 1.86 8.13 x 10,

(e) Points of Interest
~4 -21) Vian (E 4 miles) 4.63 x'10 3.74 x 10 1.90 x 10

~

~1~

2) Gore (NW 2 miles) 1.81 x 10 1.61 x 10 7.43 x 10
~

~3 ~1 ~33) Weber Falls (W 3 mi.) 1.58 x 10 1.33 x 10 6.46 x 10
-2 ~14) (MAX) (SW.5 miles) 6.71 x 10 6.37 2.75 x 10

| -
.

! i

: To evaluate the consequences of radiological releases upon transient(

| population groups, population estimates by Dr. R. V. Garner were evaluated
~

*,

for two specific areas: I-40 and recreational doses. The US-64/RR dose,

i

| (man-rem) is considered insignificant when compared to the high volur.c of !

the Interstate.-
t

!The transient I-40 population is given by Dr. Garner as 2.2 million '

;4

cars per year. Each car is assumed to have two occupants and is exposed
;

to the releases for five minutes. Assuming a maximum exposure distance I

i

g/ selection of one mile NE for deposition and dose calculation, the annual !
'',

'
I

| lung dose to transient I-40 population groups is .044 man-rea/ year.
<

,

-31- '
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,. Rerponse to A.E.C. Question 25, p._3

| - a '. .

*.
.

+ .

j The transient recreational population is given by Dr. Garner as'.

1

4 million visitors to the various reservoirs .'.ocated on the ten-mile'

f radius perimeter. Each visitor is assumed to stay 24 hours per visit
4

I

and exposed to the ten-mile maximum dose. The annual lung dose to
.

transient recreational population groups is .825 man-rom / year.

: The radiological dose. calculations have been tabulated for
i

1 . distances of 0-10 miles. Dose estimates havo been evaluated for

distances up to 50 miles. However, the 10-50 mile dose calculations
.|

| are not included as the resultant doses are insignificant when
I

$ compared to allowable dose levels.

b
'

1

-

,

!

|
n
i

i

.

!

!.

; ..

I ,

,

1

I

j ..

<
..

I
D e

9 9

I

t
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TABLE IVA.

.

MERR MCGEE
'

3 SEQUOYAH UF6 FACILITY NEAR GORE' OKLAHOMA

DETEOROLOGICAL DATA IS FROM FORT SMITH, ARMANSAS
FOR THE PERIOD OF RECORDJJANUARY 1968 THROUGH DECEMBER 1964
WITH A COMPOSITE OF 43847 HOURLY OBSERVATIONS,

i AVERAGE ANNUAL GROUND RELEASE RELATIVE
CONCENTRATIONS IN SECONDS PER CUBIC METER

,

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

; DIRECTION 05 10 15 20 25

s N 3.'31E-06 !.01E-06 5 37E-07 3 59E-97 2 58E-97
, NNE 3 12E-86 9 56E-97 5 96E-97 3 37E-97 2 43E-87

$NE 5 63E-96 1 73E-06 9 2EE-87 6 17E-87 4 45E-87
'il' ENE 5 18E-86 1 59E-06 8 48E-87 5 67E-97 4 18E-87'

E 3 82E-96 9 25E-07 4 90E-87 3 26E-97 2 34E-97 1

ESE 1 48E-96 4 49E-07 2 36E-87 1 56E-97 1 11E-97
( SE 1 91E-96 5 86E-07 3 09E-07 ' 2 86E-97 1 48E-87

L

'

\d SSE 1 58E-86 4 84E-07 2 56E-97 1 78E-87.1 22E-87,

S 3 77E-96 1 16E-06 6 17E-87 4 13E-87 2 98E-87
SSW 8 35E-06 2 58E-06 1 38E-06 9 24E-97 6 68E-97-

; SW 1 93E-05 5 96E-06(3 18E-06 2 13E-06 1 54E-96
WSW 1 32E-05 4 07E-06 2 16E-06 1 44E-86 1 94E-96

: W 6 77E-86 2 08E-06 1 18E-06 7 36E-87 5 29E-87!

WNW 3 47E-06 1 07E-06 5 65E-07 3 77E-87 9 71E-87
NW . 4 45E-06 1 37E-06 7 27E-07 4 86E-87 3 59E-87
NNW 2 22E-96 6 82E-07 3 61E-07 2 41E-97 1 74E-97<

,,

* ', MILES
'

,

t i DIRECTION 30 48 58 75 18 8 |
.

N 1 96E-97 1 25E-07 8 72E-08 5 43E-88 3 76E-98' '

NNE 1 85E-97 1 18E-87 8 17E-98 5 88E-98 3 51E-88\ NE 3 39E-67 2 17E-07 1 51E-07 9 41E-98 6 52E-88 :'

'

ENE 3 12E-07 1 99E-07 1 39E-97 8 65E-98'6.SSE-98 i
,

E 1 78E-97 1 13E-07 7 83E-98 4 86E-98 3 36E-88
>

'

ESE 8 41E-98 5 31E-08 3 66E-98_2 26E-88 1 55E-98 ['

'} SE ,1 12E-07 7 12E-08 4 93E-98 3 06E-98 9 11E-88
SSE 9 25E-08 5 87E-08 4 06E-08 2 52E-88'1 74E-08 i

'iS 2 26E-87 1 45E-07 1 01E-07 6 27E-88 4 35E-88
5SW 5 99E-07 3 26E-07 2 27E-07 1 42E-97 9 88E-88' ' ' )SW 1 17E-96 7 52E-07 5 24E-97 3 27E-87 2 27E-07'

WSW 7 88E-07fS,.'02E-07 3 49E-97 2 17E-87 1 5SE-97
W 4 92E-97 2 56E-97 1 77E-87 1 18E-97 7 62E-SS

g 1 WNW 2 86E-07 1 31E-07'9 13E-08 5 68E-88 3 93E-88 ,

j~

NW 2 66E-97 1 79E-07 1 18E-97 7 38E-88 5 11E-88 ;

. NNW 1 32E-87 8 41E-98 5 84E-98 3 64E-98 2 59E-SS !*

? t,

L
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TABLE VA
,

.

'

HERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

MTEOROLOGICAL DATA IS FROM FORT SMITH,ARNANSAS
FOR THE PERIOD-OF RECORDJJANUARY 1969 THROUGH DECEMBER 1964
WITH A COMPOSITE OF 43847 HOURLY '0BSERVATIONS. '

;

,

AVERAGE ANNUAL ELEVATED RELEASE RELATIVE -

CONCENTRATIONS IN SECONDS PER CUBIC METER
;

PER DIST NCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES i

DIRECTION S.5 18 15 20 25,

i'
N 1 99E-97 1 59E-98 5 21E-98 3 99E-98 3 28E-98
NME 1 41E-07 8 95E-88 5 34E-88 4.SSE-98 3 83E-98

; NE 1 65E-87 9 38E-98 6 45E-88 5 01E-88 4.SSE-88
ENE 1 46E-87 8 67E-88 6 11E-98 4 89E-88 4 15E-88
E 1 39E-87 9 24E-88 6 36E-88 4 78E-88 3 83E-88
ESE 1 18E-87 7 44E-88 4 85E-88 3 52E-88 9 79E-98
SE 1 84E-87 6 5SE-98 4 34E-98 3.SSE-98 2 53E-98
SSE 8 74E-88 5 65E-88 3 76E-98 2 78E-98 2 19E-98
5 1 93E-87 7 95E-98 5 97E-88 3 96E-88 3 31E-98
SSW 1 1SE-87 8 48E-88 6 99E-88 5 91E-88 5 3SE-88 -

SW- 3 12E-87 2 25E-87 1 78E-87 1 48E-97 1 3SE-87 '

WSW 5 91E-87 3 27E-97 2 27E-87 1 73E-87 1 41E-97i

W 2 85E-87 1 87E-97 1 86E-87 9 43E-88 7 56E-88 {
,

i WNW 1 49E-97 8 61E-88 5 83E-98 4 4SE-98 3 57E-88 ji NW !.48E-87 8 88E-98 6 88E-98 4 66E-88 3 86E-88 '

NNW 9 12E-88 5 43E-88 3 67E-98 9 77E-98 2 95E-88 l
'

i

MILES

DIRECTI ON 3.S' 40 58 75 10 8
.

~

N 2 83E-88 2 24E-88 1 87E-98 1 25E-88 9 35E-89 !
NNE 2 74E-98 2 14E-98 1 76E-88 1 17E-98 8 75E-99 ); NE 3 74E-98 3 13E-88 2 73E-98 1 86E-88 1 4SE-08

! ENE 3 68E-88 3 06E-98 2 64E-88 1 79E-88 1 37E-88
| E 3 21E-88 2 4SE-88 1 94E-88.1 87E-88 9 35E-99 j'

ESE 2 2SE-88 1 56E-88 1 18E-88 7 5SE-99 5 34E-99 ;

SE S.1SE-88 1 56E-98 1 94E-88 8 99E-99 5 99E-09
SSE 1 81E-88 1 34E-88 1 06E-88 6 88E-89 5.SSE-89 i

: S, 2 89E-88 S.35E-98 1 99E-98 1 35E-98 1.SSE-08
|5

SSW 4 91E-98 4 34E-88 3 90E-88 9 69E-88 2 89E-88 |SW 1 19F-97 1 94E-87 9 90E-88 6 33E-98 4 89E-98 :

WSW 1.SSE-97 9 35E-88 7 69E-88 5 11E-98 3 81E-98 |

'

| W 6 37E-88 4 88E-98 3 97E-98 2 63E-98 1 95E-88 |
'

WNW 3 84E-88 2 38E-98 1 96E-88 1 31E-88 9 77E-99 !
! NW 3 35E-98 2 79E-88 2 31E-98 1 56E-88 1 18E-98 .|NNW 1 98E-88 1 51E-98 1 95E-88 8 33E-89 6 84E-09 '

-34-
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TAILE VIA.

.

.C'

d HERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA
>

MIDNEY DOSE IS IN MILLI REM PER YEAR FROM BOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE,

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTI ON S.5 18 15 20 25

N 4 81E-82 1 52E-SS 8 21E-83 5 55E-83 4 85E-83
NNE 4 56E-82 1 45E-82 7 79E-83 5 25E-83 3 83E-83
NE 8 13E-82 2 56E-82 1 38E-92 9 31E-83 6 8SE-83
ENE 7 47E-82 2435E-52 1 27E-82 8 6SE-83 6 29E-83
E 4 42E-82 1 42E-SS 7 78E-83 5 19E-93 3 78E-83
ESE 2 23E-92 7,.27E-03 3 94E-03 2 64E-83 1 91E-93
SE 2 82E-82 9 98E-93 4 99E-93 3 3SE-93 2 4SE-83
SSE 2 33E-82 7 53E-83 4 88E-83 2 75E-93 1 99E-93
S 5 43E-92 1 72E-92 9 33E-53 6 31E-03 4 61E-93
SSW 1 19E-91 3 73E-52 2 93E-82 1 37E-92 1 81E-82
SW 2 75E-81 8 67E-82 4 78E-82 3 19E-82 2 33E-82
WSW 1 92E-81 6 14E-SS 3 33E-82 2 25E-88 1 64E-89
W 9 88E-82 3417E-82 1 71E-99 1 16E-92 8 41E-83
WNW 5 56E-82 1 61E-82 8 69E-83 5 86E-93 4 27E-93
NW 6 44't-02 2 94E-52 1 1SE-SS 7 43E-83 5 42E-83

'

NNW 3 24E-82 1 83E-82 5 55E-83 3 74E-93 2 73E-93
'

MILES
\

LIRECTI ON 38 49 58 75 18 8
|

| N 3 12E-83 2 05E-83 1 46E-93 9 23E-84 6 49E-84
NNE 2 94E-83 1 93E-93 1 37E-83 8 65E-54 6 96E-94

|NE 5 24E-93 3 45E-93 2 47E-93 1 56E-83 1 10E-83 !
ENE 4 85E-93 3 2SE-93 2 29E-93 1 45E-83 1 82E-83

; E 2 91E-93 1498E-93 1 35E-93 8 47E-84 5 93E-94
ESE 1 47E-83 9 47E-84 6 65E-04 4.'14E-04 2 86E-94 !
SE 1 84E-53 1 2SE-83 8 52E-04 5 34E-84 3 73E-84 [SSE 1 53E-93 9 98E-84 7 86E-84 4 43E-84 3 89E-94 iS' 3 55E-93 2 33E-83 1467E-83 1 85E-83 7 42E-04 1

SSW 7 78E-83 5 14E-83 3 69E-83 2 34E-83 1 66E-83 !'
SW 1 88E-82 1 19E-82 8 54E-93 5 41E-83 3 82E-83 !

WSW 1 26E-92 8 26E-83 5 89E-93 3 71E-83 2 6SE-83
V 6 46E-93 4 22E-03 3.SSE-93 1 89E-93 1 32E-83'

WNW 3 29E-83 2 15E-53 1 53E-83 9.'66E-84 6 78E-04
NW 4 17E-83 2 74E-83 1 96E-93 1 24E-83 8 79E-84 '

NNW 2 15E-83 1 38E-83 9 82E-84 6 18E-84 4 34E-94 i

|

| -35- !
t,

!

__ -_ _ _ _ _ . _ _ _ . _ . . _ _ . _ _ _ _ _ . _ . _ _ _ _ , _ _ _ _ . _ . _ . _ _ . . _ _- _



T

.

"

TABLE VIIA
.

O
HERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

LUNG DOSE IS IN MILLI REM PER YEAR FROM BOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTI ON 95 19 15 28 25

N 1 09E+98 3 35E-91 1 77E-81'1 19E-91 8 54E-92
NNE 1 93E+99 3 16E-91 1 67E-91 1 12E-91 8 83E-82
NE 1 86E+99 5 73E-81 3 04E-91 2 94E-91 1 47E-81
ENE 1 71E+99 5 26E-91 2 89E-91'1 87E-91 1 35E-81
E 9 96E-91 3 96E-91 1 62E-91 1 98E-81 7 74E-82
ESE 4 88E-91 1 49E-91-7 89E-92 5 16E-82 3 68E-92
SE 6 32E-91 1 94E-91 1 02E-91 6 89E-92 4 88E-92
SSE 5 22E-91 1 69E-91 8 45E-92 5 62E-92 4 93E-92
S 1 24E+99 3 83E-91 2 94E-91 1 36E-91 9 84E-92
SSW 2 76E+99 8 52E-91 4 55E-91 3.e5E-81 2 21E-81

O SW 6 37E+99 1 97E+99 1 95E+90 7 04E-91 5 99E-91
WSW 4 37E+99 1 34E+99 7 14E-91 4 76E-91 3.43E-91
W 2 24E+99 6 88E-91 3 65E-91 2 43E-91 1 75E-91
WNW 1 15E+99 3 52E-91 1 87E-91 1 25E-91 8 97E-82
NW 1 47E+99 4 52E-91 2 40E-91 1 61E-91 1 16E-91
NNW 7 34E-91 2 25E-91 1 19E-91 7 97E-92 5 74E-92

MILES

DIRECTION 30 40 50 75 10 9

N 6 59E-92 4 15E-92 2 88E-92 1 89E-92 1 24E-92
NNE 6 19E-92 3 89E-92 2 78E-92 1 68E-82 1 16E-92
NE 1 12E-91 7 17E-92 4 99E-92 3 11E-92 2 16E-92
ENE 1 93E-91 6 59E-92 4 59E-92 2 86E-92 1 99E-92
E 5 88E-92 3 74E-92 2 59E-92 1 61E-82 1 11E-92
ESE 2 79E-82 1 76E-92 1 21E-82 7 49E-83 5 14E-93
SE 3 71E-92 2 36E-92 1 63E-92 1 91E-92 6 99E-93
SSE 3 06E-92 1 94E-62 1 35E-92 8 35E-83 5 76E-83
S 7.'495-92.4 78E-92.3 33E-82 2 98E-92 1 44E-82
SSW !.68E-91 1 98E-81 7 52E-92 4 79E-92 3 27E-82
SW 3 88E-81 2 49E-81 1 73E-81 1 98E-81 7 53E-82
WSW 2 61E-91 1 66E-91 1 15Z-91 7 18E-92 4 97E-82
W- 1 33E-81 8 47E-92 5 87E-82 3 65E-82 2 52E-92
WNW 6 82E-92 4 35E-92 3 02E-92 1 88E-92 1 30E-92
NW 8 81E-92 5 63E-92 3 92E-92 2 44E-92 1 69E-82
NNW 4 36E-02 2 78E-92 1 93E-se 1 2SE-82 8 34E-83
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TABLE VIIIA

.

'

MERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

BONE DOSE IS IN MILLI REM PER YEAR FROM BOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DI RECTI ON ' O.5 18 15 28 95

N 1 17E-92 3 71E-03 2.SSE-83 1 35E-93 9 88E-94
NNE 1 11E-82 3 53E-83 1 98E-83 1 98E-83 9 33E-84
NE 1 98E-92 6 23E-53 3 36E-83 2 27E-93 1 66E-83
ENE 1482E-82 5 73E-03 3 18E-93 2 18E-93 1 53E-53
E 1 98E-92 3 46E-03 1 88E-93 1 27E-93 9.SSE-84
ESE 5442E-93 1477E-83 9 59E-94 6 44E-84 4 66E-84
SE 6 88E-03 9 21E-83 1 20E-93 8 85E-94 5 85E-84
SSE 5 69E-93 1 84E-03 9 94E-94 6 69E-54 4 86E-54
S 1 32E-82 4 2SE-93 S.27E-03 1 54E-83 1 19E-93
SSW 2 89E-82 9 15E-93 4 94E-93 3 35E-83 9 46E-83
SW 6 71E-82 2 11E-82 1 15E-92 7 77E-03 5 69E-93
WSW 4 69E-92 1 50E-92 8 11E-93 5 48E-93 3 99E-03
W 2 41E-02 7 72E-53 4 18E-93 2 8SE-93 2 05E-93
WNW.1423E-SS 3 92E-03 2 12E-83 1 43E-93 1 84E-03

iNW 1 57E-92 4 97E-93 2 68E-93 1 81E-93 1 39E-03 j
NNW 7 99E-53 2 51E-93 1 35E-83 9 18E-84 6 65E-04 :

MILES

DIRECTION 38 40 58 75 10 8 !
!

! N 7 61E-04 5.SSE-94 3 57E-94 2 25E-94 1.'58E-84
NNE 7 18E-04 4 78E-04 3 35E-04 2 11E-94 1 48E-84 !

;

NE 1428E-93 8 40E-84 6 82E-84 3 8SE-84 2 68E-84 |

ENE 1 18E-53 7 79E-84 5 58E-94 3 53E-04 2 48E-84 !'

E 7 99E-84 4 63E-94 3 29E-94 2 86E-84~ 1 44E-84 |ESE.3 57E-94 2 31E-84 1 69E-84 1 91E-04 6 98E-85 !
SE 4 49E-84 9 93E-84 2498E-94 1 3SE-94 9.SSE-95 |,

SSE 3 74E-84 2 43E-94 1 79E-84 1 98E-94 7 59E-95
; 5 8 66E-94 5 69E-84 4 07E-94 S.57E-84 1 81E-94

SSW 1 98E-f1 1 25E-93 9 91E-04 5 71E-04 4.84E-94 i
o

SW 4 39E-93 2 99E-93 2 88E-93 1 32E-83 9 39E-84 |WSW 3 88E-93 2 51E-93 1 44E-83 9 93E-84 6 34E-04
; V 1 58E-83 1 53E-53 7 32E-84 4 6SE-84 3 99E-54

WNW 8.SIE-84 5 25E-94 3 74E-94 2 35E-04 1 65E-84
NW- 1.SEE-83 6 68E-94 4 78E-84 3 51E-94 S.!SE-84
NNW 5 19E-84 3 36E-84 2 39E-84 1 51E-94 1 06E-84

!
.

!
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TABLE XIA

O
HERR MCGEE

i
SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

I

' AVERAGE ANNUAL NITROGEN OXIDES CONCENTRATIONS IN
MICRO-GRAMS PER CUBIC METER FROM AN ELEVATED ROUTINE RELEASE i.

PER DISTANCE IN MILES AND SE0 GRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION S.5 18 15 S.8 S.5
!

N 2 56E-81 1 5SE-S! 1 03E-91 7 89E-SS 6 5SE-SS '

NNE 2 79E-81 1 59E-S! 1 86E-91 7 91E-SS 6 39E-SS
NE 3 27E-81 1486E-81 1 28E-81 9 92E-SS 8 36E-SS
ENE 2 99E-91 1 758-01 1 93E-81 9 68E-SS 8.SSE-SS
E 2475E-91 t.83E-91 1 96E-81 9 47E-SS 7 59E-SS '

ESE S.34E-91 1'.47E-91 9461E-SS 6 98E-SS 5 39E-SS
SE 2 87E-81 143SE-81 8458E-SS 6 34E-SS 5 01E-SS
SSE 1473E-81 1 1SE-81 7 445E-SS 5 5SE-SS 4 34E-SS
S 2 93E-91 1 4SE-01 1.SSE-91 7 84E-SS 6 55E-SS
SSW S.17E-81 1 68E-91 1 38E-91 1417E-81 1 05E-81
SW 6 18E-51 4446E-81 3 53E-St.S.9BE-81 S.58E-81 (
VSW 9 91E-81 6 48E-81 4 5SE-91 3 4SE-81 S.79E-91
W 5 65E-81 3 79E-81 S.5SE-91 1 87E-91 1 5SE-81 ;.WNW S.78E-91 1 71E-91 1 15E-81 8 71E-SS.7 86E-SS [NW S.93E-81 1476E-91 1.SSE-81 9 23E-SS 7 64E-SS |
NWW 1481E-91 1 88E-91 7 86E-SS 5 49E-SS 4 46E-SS

|
MYLES

DIRECTI ON 30 49 59 75 18 8

N 5 6SE-SS 4 44E-SS 3 69E-SS 2 47E-SS 1 85E-SS
NNE 5 43E-SS 4 94E-SS 3449E-SS 2 3SE-SS 1 73E-SS
NE 7441E-SS 6.SSE-SS 5 4SE-SS 3 68E-SS 248SE-SS
ENE 7499E-SS 6486E-SS 5493E-SS 3 55E-SS 8 71E-SS
E 6 36E-SS 4 8SE-SS 3 83E-SS 2 5SE-SS 1 85E-SS
ESE 4 36E-SS 3 58E-SS 2 33E-SS 1448E-SS 1 86E-SS
SE 4415E-SS 3 89E-SS S445E-09 1 6SE-08 1 17E-SS |SSE 3 59E-SS 2 66E'SS 2 99E-SS 1 36E-SS 9 93E-93 ;

5 5 73E-SS 4 65E-SS 3 94E-SS 2 66E-59 S.SSE-SS |
SSW 9 73E-SS 846SE-SS 7471E-SS 5 33E-SS 4 14E-SS. !SW S.36E-91 S.95E-01 1 8SE-81 1 85E-81 9 68E-SS !
WSW S.37E-81 1 85E-81 1 5SE-91 1 91E-81 7 55E-SS 'lW 1 26E-81 9 67E-SS 7 87E-SS 5.S!E-SS 3 87E-SS |
WNW 6.SSE-SS 4 79E-SS 3488E-88.S.59E-SS 1 93E-SS i
NW 6 64E-SS 5438E-SS 4 57E-SS 3.SSE-SS 2 34E-SS
NNW 3 81E-SS 2 99E-SS 8 47E-SS 1 65E-SS 1 94E-SS

-38-
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TABLE XA
.

'f
MERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE ONLAHOMA

AVERASE ANNUAL SULFUR DIOXIDE CONCENTRATIONS IN
MICRO-GRAMS PER CUBIC METER FRON AN ELEVATED ROUTINE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE
|

MILES

DIRECTION S.5 19 15 S.S 25

N 3 36E-82 1 97E-99 1 35E-82 1 04E-89 8 53E-93
NNE 3 66E-82 2 89E-82 1 39E-SS 1 54E-SS 8 39E-83
NE 4 3SE-82 2 44E-SS 1 68E-SE 1 3SE-SE 1 18E-82
ENE 3 8SE-89'2 26E-99 1 61E-89 1 27E-99 1 98E-SS
E 3 61E-82 2 4SE-SS 1 65E-SS-1 24E-SS 9 97E-83 '

ESE 3 97E-92 I.93E-SS 1 86E-82 9 16E-83 7 97E-93
SE 2 71E-82 1 78E-SS-1 13E-02 8 32E-03 6 57E-83
SSE 2 27E-SE 1 47E-SS 9478E-83 7 23E-93 5 70E-93
S 2 67E-SS 1 83E-82 1 3SE'SS 1 03E-SS 846SE-83-

SSW 2 85E-82 2 21E-92 1 89E-SE 1 54E-88 1 38E-SS
SW 8411E-SS 5.'86E-82 4 64E-Se 3 84E-SS 3 39E-SS
WSW 1 3SE-91 8451E-82 5 91E-92 4 5SE-SS 3 66E-92
W 7.~42E-92 4 85E-SS 3 28E-82 2 45E-99 1 97E-89
WNW 3464E-92 2 24E-82 1 52E-SE 1 14E-SS 9 98E-83
NW 3484E-92 2 31E-82 1 58E-82 1 21E-82 1.SSE-SS
NNW 2 37E-92 1 41E-82 9 53E-93 7.SSE-93 5 86E-93

MILES

DIRECTION 39 48 50 75 10 0

N 7 35E-93 5 83E-93 4 85E-83 3 94E-03 8 43E-03
NNE 7 13E-83 5 56E-93 4 58E-83 3 85E-93 S.88E-93
NE 9 73E-93 8 15E-93 7 09E-83 4 83E-53 3 78E-83
ENE 9 57E-93 7 96E-83 6 87E-83 4 66E-93 3 55E-83
E 8 36E-83 6 3SE-83 5 83E-83 3 31E-93 S.43E-83
ESE 5 79E-83 4 95E-83 3 86E-93 1 95E-93 1 39E-83
SE 5 45E-93 4 06E-03 3.SSE-93 S.1SE-83 1 54E-53 '

SSE 4 79E'-83 3 49E-83 2474E-83 1 79E-03 1 3SE-03 '

S 7459E-93 6 11E-93 5 18E-93 3 5SE-93 2465E-83
SSW 1.SSE-SS 1 13E-59 1481E-SS 740SE-83 5 43E-93
SW 3 18E-SS 2 69E-82 2 39E-SS 1 64E-SS 1 87E-SS
WSW 3 1SE-SS 2443E-SS 2.SSE-SS 1 33E-Sa 9 91E-83

*

W 1 66E-92 1 27E-SS 1483E-SS 6 84E-93 5 08E-83
~

WWW 7 98E-83 6 16E-93 5.!SE-83 3 4SE-83 2454E-03
NW 8 78E-93 7407E-93 6 8SE-93 4 05E-83 3 87E-03 -

NNW 5.SSE-93 3 93E-93 3 25E-83 S.17E-83 1 69E-83
\

<
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TABLE IXA
.

.

HERR MCGEE

SEQUOYAN UF6 FACILITY NEAR SORE ONLAHOMA i

|
4

AVERAGE ANNUAL FLUORIDE CONCENTRATIONS !
Di MICRO-GRANS PER CUBIC METER FROM BOTH |,

AN ELEVATED AND GROUND ROUTINE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE !
l

MILES j
:

DIRECTI ON S.5 10 15 S.S 25

N 1 97E-SS 7 85E-83 4 75E-83 3 43E-83 S.67E-03 >

NNE 1 95E-82 7 85E-93 4 69E-83 3 35E-03 a.59E-83 I
NE 3 88E-82 1 16E-82 6491E-93 4 97E-83 3 895-93 !
ENE.2 8SE-82 1 87E-SS 6 49E-83 4 72E-83 3 71E-83 |
E 1498E-82 8 39E-83 5 14E-93 3 78E-83 2 85E-93 i
ESE 1 18E-82 5 52E-83 3437E-83 2 38E-83 1 81E-83 '

SE 1 29E-SS 5 6SE-03 3441E-93 2 49E-83 1 85E-83
SSE 1 87E-82 4 76E-83 2490E-93 2 87E-83 1 58E-93 j
S 2 82E-82 8 17E-83 5.SSE-83 3 63E-93 9 85E-83
SSW 3 89E-82 1446E-82 9 81E-83 6 65E-83 5 33E-93
SW 9 88E-82 3 51E-82 2 16E-SS~1 59E-99 1 97E-92
WSW 7 88E-82 3 97E-82 2.SSE-89 1 44E-82 1 12E-SS
W 4414E-82 1 77E-SS 1 87E-92 7 66E-93 5 99E-53

{WNW 2489E-82 8 57E-83 5 17E-93 3 71E-83 S.87E-83 ;

NW 2 52E-82 9 92E-93 5 95E-93 4 87E-93 3 33E-83 |

NNW 1 35E-89 5 45E-93 3 98E-83 2 35E-83 1 82E-93 '

MILES i

i

fDIRECTI ON 39 48 58 '7 5 18 8

N 9 2SE-93 1 6SE-03 1 28E-93 8 40E-84 6 18E-84
NME 2411E-93 1454E-83 1 91E-93 7 89E-84 5 78E-84' i
NE 3 93E-03 S.43E-83 1 97E-93 1 31E-93 9 73E-84 !

ENE 3 89E-03 S.33E-83 1 88E-93 1 94E-83 9 93E-94
E 2 39E-83 1 66E-83 1.SSE-93 8 3SE-84 6 09E-84 '

ESE 1 44E-83'9 91E-84 7434E-84 4 65E-84 3 99E-84 |
SE 145SE-03 1487E-83 8 16E-84 5 27E-84 3 81E-84 )
-SSE 1 28E-83 9 85E-54 6 90E-84 4 45E-84 3.SSE-84 4

S 2 35E-83 1 75E-83 1 4SE-93 9 94E-04 6 84E-94 [
,

SSW 4449E-03 3 48E-83 2486E-93 1 91E-83 1444E-83 t

1 87E'SS 8 19E-93 6 69E-03 4 47E-93 3435E-83 ISW -

USW 9 15E-93 6 69E-03'5424E-93 3449E-93 9 51E-83 [;

W 4479E-83 3 47E-53 2 78E-93 1 76E-93 1.SSE-83 i
'

! WNW 2434E-93 1 71E-03 1435E-83 8 8SE-94~6 46E-84 ,!

[ NW S.74E-83 2 94E-83 1 63E-93 1 07E-83 7 95E-84 i
( NNW 1 49E-93 1 99E-93 8 59E-84 5 62E-84 4 13E-54,

|
! !
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TABLE XIIA
4 -

.
,

,

.

|* MERR MCGEE
'

SEQUOYAH UF6 FACILITY NEAR SORE ONLANOMA
;

XIDNEY DOSE IS IN MANREM PER YEAR FROM BOTH
| AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

' *

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTION 0-1 1-2 S-3 3-4 4-5 5-10 TOTALS i

!
a

N 1 44E-84 7 39E-95 1.SSE-85 3.SSE-85 7 83E-95 S.61E-04 5 94E-84

NNE 1 37E-94 4 68E-85 8 84E-85 S.1SE-85 9 78E-86 1 16E-84 4 1SE-84

NE 7 31E-94 4 13E-95 S. 2 5SE-85 8 69E-96 4 51E-84 1 96E-93j '

ENE 8 96E-84 1 91E-84 1 89E-85 5 83E-85 1 61E-85 S.57E-54 1 44E-83
E 1 3SE-84 S.08E-84 1 95E-84 5 57E-85 8 43E-85 1 1SE-83 1 73E-83

'

ESE S. 5 95E-SS 6 88E-95 5 8SE-85 S.37E-96 9 33E-95 S.8SE-54
SE S. S.94E-95 7.SSE-96 7 56E-05 1 51E-95 S.65E-85 1 49E-84 !

SSE 1 4SE-84 3 67E-95 1.SSE-SS S. S. 1 37E-85 S.SSE-84
S 1 63E-94 1 1SE-84 S. S. S.35E-85 1 18E-95 3 18E-84,

SSW S. 6 88E-95 8. 1 87E-85 1 30E-04'S.68E-84 4 79E-84
SW 8 26E-84 S. S. 1 74E-94 6.SSE-85 8 89E-84 1 87E-83
WSW 5 77E-84 9 9 83E-95 9.SSE-85 S.08E-85 4.SSE-84 1 21E-934

,

W S. S. S.SSE-84 1 84E-53 9 56E-05 3 11E-54 1 65E-93,

*

|

: WNW 1 5SE-84 5. 7 96E-84 4 31E-84 9 83E-96 6 3SE-85 1 38E-93
NW 1 93E-84 1 98E-84 S.65E-83 1 54E-84 6 91E-05 1 195-84 3 38E-03

|
~

NNW 9 79E-S5 1 66E-05 3 8SE-95 8 23E-55 S.19E-85 7 85E-85 3 87E-84 i,

TOTALS 4 19E-83 1 87E-93 4 54E-83 S.31E-83 6 31E-94 4 41E-93 1 67E-SS (

CUMULATIVE
! TOTALS 4 19E-93 5 96E-03 9 3SE-83 1 16E-SS 1.SSE-SS 1 67E-SS

.

I

L. i
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TABLE XIIIA.

*

q

HERR MCGEEs,

SEQUOYAH UF6 FACILITY NEAR GORE OKLAHOMA

ISNG DOSE IS IN MANREM PER YEAR FROM BOTH
AN ELEVATED AND GROUND ROUTINE ANNUAL AVERAGE RELEASE

,

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DI RECTI ON 0-1 1-2 2-3 3-4 4-5 5-10 TOTALS

N 3 27E-e3 1 60E-03 2 56E-04 6 16E-04 1 44E-03 4 99E-03 1 22E-02

NNE 3 09E-03 1 00E-03 1 69E-03 4 33E-04 1 93E-04 2 20E-03 8 61E-03
NE 1 67E-02 9 13E-04 8. 5 31E-04 1 78E-04 8 80E-03 2 72E-02

ENE 2 05E-02 4 20E-03 4 06E-04 1 22E-03 3 28E-04 4 98E-03 3 17E-02
E 2 99E-03 4 37E-03 2 55E-03 1 11E-03 1 64E-03 2 10E-02 3 37E-02

[ h ESE 0. 1 17E-03 1 33E-03 1 09E-03 4 36E-05 1 66E-03 5 29E-03
SE 0. 6 14E-04 1 47E-04 1 40E-03 2 92E-04 4 93E-04 2 95E-03
SSE 3 13E-03 7 61E-04 2 42E-04 6. 8. 2 53E-04 4 39E-03

S 3 73E-03 2 45E-03 8. 9. 4 75E-04 2 28E-04 6 88E-03
SSW 0. 1 36E-03 6. 3 99E-04 2 68E-03 5 12E-03 9 56E-03 i

SW 1 91E-02 6. B. 3 68E-03 1 24E-03 1 58E-02 3 99E-02
.

WSW 1 31E-02 9. 2 06E-03 1 85E-03 4 13E-04 8 03E-03 2 55E-02
iV 0. O. 4 20E-03 2 12E-02 1 89E-03 5 89E-03 3 32E-02

WNW 3 44E-03 9. 1 52E-02 8 83E-03 1 80E-04 1 21E-03 2 89E-02
NW 4 41E-03 4 38E-03 5 665-02 3 20E-03 1 26E-03 2 30E-03 7 21E-02

NNW 2 20E-03 3 58E-04 8 03E-04 1 69E-03 4 38E-04 1 35E-03 6 83E-03

TOTALS 9 58E-02 2 31E-02 8 56E-02 4 72E-02 1 27E-02 8 44E-02 3 49E-01
.

TOTALS 9 58E-02 1 19E-01 2 04E-01 2 52E-01 2 64E-01 3 49E-01
| -
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TABIJ XIVA,

.
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MERR MCGEE

SEQUOYAH UF6 FACILITY NEAR GORE OHLAHOMA

BONE DOSE IS IN MANREM PER YEAR FROM SOTH'

AN ELEVATED AND GROUND ROUTINE ANNUAL AVERASE RELEASE

PER DISTANCE IN MILES AND GEOGRAPHIC DIRECTION FROM PLANT SITE

MILES

DIRECTI ON 0-1 1-2 S-3 3-4 4-5 5-19 TOTALS

N 3 5SE-85 1 8SE-85 S.96E-06 7 31E-96 1 76E-95 6 37E-85 1 45E-84

NNE 3 33E-85 1 14E-?S 1 96E-85 5 17E-86 S.36E-86 S.8SE-95 1.SSE-84
NE 1 78E-84 1 01E-85 S. 6 14E-86 S.18E-86 1 1SE-84 3 56E-84

ENE 2 18E-84 4 65E-85 4 6SE-86 1 4BE-95 3 93E-96 6 96E-85 3 5SE-84
E 3 93E-85 5 87E-85 3 94E-85 1 36E-85 2 85E-85 9 74E-84 4.SSE-94
ESE S. 1 44E-95 1 6SE-95 1 4SE-85 5 78E-97 S.27E-95 6 87E-85
SE S. 7 17E-86 1 75E-86 1 73E-SS 3 68E-86 6 45E-96 3 63E-85

SSE 3 41E-95 8 94E-06 S.99E-96 8. S. 3 33E-06 4 93E-85

S 3 97E-95 9 73E-95 8. S. 5 73E-86 S.88E-96 7 56E-95
SSW S. 1 48E-85 9. 4 57E-96 3 16E-05 6 35E-95 1 14E-84
SW 2 01E-84 S. 8. 4 93E-85 1 46E-SS 1 97E-84 4 55E-84
WSW 1 41E-84 S. S.4SE-95 S.91E-85 5 97E-06 1 83E-94 S.95E-94
W S. S. 4 99E-95 S.54E-84 S.33E-85 7 5SE-85 4.SSE-94
WNW 3 79E-85 8. 1 77E-84 1 85E-84 S.SSE-86 1 54E-85 3 37E-84
NW 4 71E-85 4 8SE-85 6 46E-84 3 75E-85 1 51E-85 S.99E-85 8 23E-94

NNW S.37E-85 4 86E-86 9 31E-06 S.SIE-05 5 35E-86 1 79E-SS 7 97E-95
,

TOTALS 1.SSE-93 S.6BE-84 9 94E-84 5 64E-84 1 54E-84 1 87E-83 4 86E-53

:CUISJLATIVE

TOTALS 1.SSE-93 1.SSE-83 S.37E-93 3 83E-93 S.98E-83 4 86E-93

-43-
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' (26) Page S-104. a. Estimated Uranium Uptakes and Effects - Checking

calculations: Steer ingests total forage on one acre. Forage con-
tains 16.6 pCi natural uranium. Fraction retained by kidney = 1.1 x

-

10 ,3 (ICRP #6 not ICRP #2 cited.as reference 30). Total retained
'

_,

by steer kidney: (16.6)(1.1 x 10-3 = 18.3 x 10-3
1/2 kidney ger year or 9.15 x 10-3 )Ci and retains (1.1 x 10-3) gests

uC1. Man in
p

(9.15 x 10- ) = 10.05 x 10-6 pCi versus 1.2 x 10-6 pCi reported.

Organ Dose Calculations: Ref. Page 277 "Hagdbook of Laboratory
Safety" 1967; 92.238 organ dose = 1.59 x 10 rem /Ci.

1.5 x 108 rem 103 Ci l'.59 x 105mrem mrem
*

* 10buCi pCi
"

Ci rem

Using reported retention, kidney dose would be 1.2 x 10 6 pCi
x 1.59 x 105 mrem = 0.191 mrem vergs < 0.02 mrem reported.

pCi

At 10.05 x 10-6 pCi retained, kidney dose would be 1.59 arem.

Estimated Uranium Uptake. Several errors were found in the

calculations' included on'Page S-104 and data recalculated for
p effluent quantities shown on Page 29 (S-97) and quantities

measured in October 1972.

The following assumptions were made for exposure from the food
chain:

,

a. All effluent evenly deposited on circle one mile

in diameter. ;

b. A steer ingests total forage on one acre each
~

.

month,

c. Forage receives .471 uCi insoluble and .236 pCi

soluble (October - .526 uCi insoluble and
.059 uCi soluble). Uranium content of steer |
kidney results only from intake of soluble |

portion since insoluble uranium is excreted

without uptake.

Om
-44-
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d. Total uranium retained by_ steer kidney.is !

9 x 236~x 1.1 x 10~3 2.34 x 10-3 pCi'

=

(October .585'x 10 p Ci) .-
,

e. . Man ingest's 1/2 kidney per year or
-3 -32.34'x 10 x .5 x 1.1 x 10 = 1.28 x 10-6 Ci

(October .322 x 10-6 uCi).>

f. Organ dose - Page.277 of "Han'dbook of Laboratory
Safety", 1967:

8 5'1.59 x 10 rem /Ci = 1'.59 x 10 mrem /uCi
1.28 x.10-0 x 1.59 x 10 = .203 mrem5

(October - .051 mrem)

Kidney dose is consequently a. negligible fraction of background
dose.

.

.(27) Page S-104. b. External Exposure from Uranium Deposited on the Soil:
At 16.6 ~uci/ acre deposited and emission of 7.57 x 10'+ d/s/pci natural '

- uranium, I Emission = 7.57 x 10'' x 16.6 x 60 = 7.54 x 107 d/m/ acre

Reported Value = 7.4 x 107 d/m/ acre

*

'x{(4m2 = 1.83 x 10 d/ min /m2
4

,,,,

Reported Value = 1.8'x 10'' d/ min /m2

* 10 z = 1.8 d/ min /cm2n -- 4 m

or 180 d/ min /100 cm2 vs IP)/m/100 cm2 reported

Cannot determine calculation method employed to arrive at quoted
dose rate of .0032 ares /yr. Please clarify.

We have recalculated external. exposure in accordance with Table

XXVI-Rev. ' and the correct level should be .924- (October .76)'

disintegrations / minute /100 square' centimeters.. The method of.
calculation for dose rate-is shown below:

Based on the data shown on Revised Table XXVI
'(Page.S-97), total deposition = 174.3 x.10~4'.

2'pCi/Mo/M = 2.'09 x 10-3 Ci/yr/M2.(October -.

: :-45-
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-0 -3 2144.6 x 10 pCi/M or 1.73 x 10 Ci/yr/M ),-

\-

J From " Radiological' Health Handbook", Page 32:
Exposure rate from a point source-assuming

2
dose is from all uranium in a 1 M area: ;

5.156 n E(10 pa)I =<

r

wh'e re :

I = mi'/hr at 1 meter / mcir
n = gamu quanta per disintegration = 1.0

E = energy of gamma quanta in MeV .185 |
=

va = energy absorption coefficient

for gamma'in air (S.T.P.) in
-1 = 3.2 x 10-5 -1cm cm

then: i

5I = .156 (1.0) ( .185) (3. 2 x 10-5) (10 ) ;
r

I = .156(.592) = .09 mR/hr/ mci e 1 meterr
External exposure:

-6.09 x 2.1 x 10 mci /yr/M |
=

-7 21.'89 x 10 mR/hr/M |O 1.89 x 10-7 x 8760 = 1.65 x 10-3 !or
2.0016 mR/yr/M

I
(28) Page S-105, Paragraph 1. Cannot follow calculation for uranium

buildup in the soil (.096 mrem /yr)or runoff by rainwater (.001 MPC).
;

Please clarify.
i

f
t

Buildup in uranium in soil would equal 30 times the buildup !

calculated, 0016 mrem /yr x 30 = .048 mrem /yr dose rate after
30 years of operation. f

:

Runoff of uranium by rainwater is. calculated on the basis that

8.36 pCi/ acre /yr is deposited with an assumed runoff of 50%, '

resulting in the following calculations: j

b I

V :
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6

m 8.36 uCi/ acre x .5.
,

243,560 Ft / acre x #' , /YT 3 3x 28.32 x 10 ml/Ft-

g3

1.02 x 10 'pCi/ml

or .00005 MPC for natural uranium (October - 7.02 pCi/ acre /yr,

or approximately the same runoff) .

(29) Page S-ll2, Table XXXIII. MPC values used in calculations for Th-230 '

soluble and insoluble, and for Ra-226 soluble are not taken from !

10 CFR 20. Apparently values used were 1 x 10-8 pCi/ral for Ra-226
(sol) instead of 3 x 10-8 pCi/ml and 1 x 10-6 pCi/ml for Th-230 ,

soluble and insoluble instead of 2 x 10-6 pCi/ml for soluble Th-230
and 3 x 10-5 pCi/ml for insoluble Th-230. Use of proper MPC values
would not appear to change the overall conclusion but would require
considerably less dilution to attain MPC level than is indicated
in paragraph one, page S-113. Reasoning behind adding dilution
needed to reach Ra-226 MPC to that needed to reach Th-230 and U-Nat

,

*
'

MPC appears to be in error since providing the required dilution for ;

the Ra-226 would more than take care of that needed for the Th-230 ;and U-Nat. Table and text should be corrected. Values shown in i

table for raffinate sludge pond are all in error as are most of
values reported for natural uranium,x

t.Tabic XXXIII. Calculations on this table have been checked ;

and a revised table is attached. As noted, the incorrect MPC
fvalue for Radium was used in the calculation of the required226

dilution volume. This calculation has been redone as follows,
i

6Total Volume: 14.2 x 10 Sallons x 35.6 =
85.05 x 10 gallons required for dilution

At 540 cps, the Illinois River would supply 3.49 x 108 gallons

daily or 1.4 days would be required to dilute the entire soluble
;contents of the retention ponds to 1 MPC. Observations as to i

the probable effect of chemical concentrations on fish life in
the' reservoir do not change.

,

a
,

1
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TABLE XXXIII

RADIOACTIVITY - WASTE RETENTION PONDS

Raffinate Pond #1 Raffinate Pond #2 Raffinate Sludge Pond

10 10 10Volume-mt 2.27x10 1.32x10 .757x10
(8 Million Gallons) (3.5 Million Gallons) (2.7 Million Gallons)

Rs-226 Activity-pCi/mi '

Soluble- 107x10 8 106x10 8 1.07x10 6
MPC 35.6 35.0 35.6

Insoluble .356x10 5 4.59x10 6 3.5x10 6
MPC 0.12 0.15 0.12

Total Th Activity-vCi/mi
Soluble 1.1x10-8 1.1x10 8 1.1x10 8I- MPC .01 .01 .01

?~ Insoluble 1.94x10 6 1.1x10 6 2.0x10
'

4
MPC . 19 0.11 .20'

Nstural Uranium Activity-uCi/mi
. 1.2x10 6 1.2x10 6 1.0x10-6Soluble

EMPC. 0.06 0.06 0.06
Insoluble 5.9x10 6 5.77x10 5 5.76x10 5
MPC 3.0 2.88 2.88
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(30) Page S-115. Analysis of HF tank rupture indicates that limestone

provided is more than adequate if the HF doesn't vaporize. With
a boiling point of 19.4*C, it appears that more of the HF would
probably vaporize than would react with the limestone. Need new
analysis considering atmospheric pollution effect of HF release.

>

Acid Tank Rupture. While the capability of the limestone

contained in the curbed area under the HF tanks was calculated

to demonstrate its capability for neutralizing HF in the event

of a tank rupture, it seems unlikely that such an accident would

happen.

The acid tanks arb 3/4" carbon steel tanks mounted on scales
with no bottom opening. Acid is charged to the tank and removed

through the top. The tank is pressurized to 30 psig in orde'r

to discharge acid through a dipleg reaching to within 6" of the
bottom. The tank is equipped with two rupture discs. The

first, set at 55 psi, discharging into the scrubber system; the
second, set.at 75 psi, discharging into the atmosphere. The
tanks are inspected each three years at the welds, heads and
circumferential1y with an audiogauge to determine the thickness.
The most probable accident would be the accidental rupture of a
discharge line or valve containing liquid HF. By quickly

venting the tank to the scrubber system to reduce the pressure
and localized absorption with water sprays and. neutralizing
lime for liquid spillage, such line or valve ruptures ha'.a been
contained with very little loss of HF and no measurable escape
from the plant site.

Rupture discs installed are subject to occasional rupture due
to gradual fatigue of the discs. Such accidental releases have
occurred but have been quickly controlled by venting the tank to
the scrubber and replacing the disc.O

V
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( ) The worst accident of this nature known of by Kerr-McGee was the'

_,

loss of a flange while unloading an acid tank car at the AEC's
Weldon Springs site where approximately 11,000 pounds of HF were
lost before the tank car , ressure could be reduced and flow
valved off. In this instance, the plume rose almost vertically,

and drifted past a building whose ventilation system pulled the
HF into the building forcing its evacuation. The bulk of the

plume continued to rise and drifted approximately 1000 feet
before disappearing due to atmospheric dilution. No ground
level exposure occurred. Trees in the immediate path were
defoliated as would be expected but recovered during the next
growing season.

In examining the' remote probability of a complete tank rupture,
several simplifying assumptions had to be made in order to cal-
culate the_ size of the plume. The assumptions were as follows:

[~' 1. Temperature'- 100*F. Atmospheric Pressure - 29.5"
- mercury.

2. Sufficient limestone available to neutralize the
entire tank and reaction of HF with limestone
instantaneously.

3. No atmospheric effect influences the diffusion

and dispersion of the vaporized HF.
4 The HF tank contains the normal working inventory

of 60,000 pounds.
5. The tank contents empty instantaneously onto the

area of the limestone contained within the curb.
6. The. ratio of HF vaporized to HF reacted is equal

to the ratio of the heat of reaction to the heat
of vaporization.

Heat of reaction = 12,384 BTU /lb mol
Heat of vaporization = 3,950' BTU /lb mol
Ratio = 3, i.e. 25% of the HF reacts

(V''')
and 75% vaporizes
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-( ) 7. The HF diffuses uniformly into the shape of a
v

half sphere from the point of release.

8. An acceptable concentration of HF for temporary
3 ~0 3exposure is 100 mg/M or 6.239 x 10 lbs HF/Ft ,

With these. assumptions, we can calculate as follows:

.75 x 60,000 lbs = 45,000 lbs vaporized
945,000/6.24 x 10~0 = 7.2 x 10 Ft

Radius = (3 x Volume /8w)1/3 The radius,.

therefore, equals 1500 feet.

Therefore, we conclude that under these assumptions, breathing

zone tolerable levels are reached 1500 feet from the location

of the storage tank while localized defoliation would occur and

immediate onsite air concentrations would exceed the tolerable

levels. We believe that, in view of the procedural and equip-

/'~'} ment precautions, excessive airborne exposure would not be a

(_,/ credible accident from the unlikely event of an HF tank rupture.

(31) Page S-ll7. Burning of uranium loaded organic should result in
dispersing particulates in the resulting smoke. An assessment of
the amount of airborne uranium and dispersion to off-site areas
should be made.

We have not been able to locate or generate a thorough
technical assessment of the result of burning uranium-loaded
organic solutions. Four experiments were made in the laboratory
with plant solutions of hexane-TBP solvent. Upon ignition,

these solutions burned until all hexane disappeared. Combustion
of the loaded TBP, however, was dependent on conducting the test
in a thin aluminum shallow pan providing maximum temperature
generation and conduction of heat to the TBP residual. Under

,-~ this circumstance, a residual tar remained containing some
(v\)
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uranium. When the TBP-hexane mixture was burned in a heavy
nickel crucible or a glass beaker, combustion ceased with
complete removal of the hexane. We conclude that, in order to

burn uranium-loaded TBP, a.special consideration for the maximum
conduction of heat to the TBP must be made. We consider the
probability that, in the. event of a fire in the solvent extrac-

tion plant, such special conditions would not be present, i.e.
no large amounts of material to conduct heat to the TBP and

containment in concrete (poor heat conducting) curbing. Based
upon these tests and conclusions, we do not believe excessive
dispersion of uranium in resulting smoke a credible accident.

In the " Environmental Survey of the' Nuclear Fuel Cycle",
~

'

November 1972, published by the Directorate of Licensing, the
results of two fires in uranium concentration mills are reported.
No " appreciable. release of uranium to unrestricted environment"
was determined as a result of investigations into these fires.

(32) Page S-117, Paragraph 4. Do not understand meaning of last sentence.

It is calculated that the effective curbi volume is 10,564

gallons and the time to fill' the curb with foam and water

discharge is 14.9 minutes. The quantity of foam available for

discharge will only run for 8 minutes. Therefore, the last

sentence says,.in effect, that the amount of foam and water will

only fill the curb area to the extent of 8/15 or approximately

55% with no allowance made for the bulk buildup characteristics
of the foam.

(33) Page 5-118. Safety factor provided to contain maximum possible Sx
tankage. spill within curbed area (17091/17000) is extremely small.
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While the safety factor provided on the solvent extraction
curbing appears to be small by the calculation, note that it is
provided that the pulse column and the tankage located in the
rework side could conceivably spill into the solvent extraction,

area. These areas also have curb volumes to protect from
tankage collapse or total spillage with adequate safety factors.
As noted, this is a maximum but " improbable spill".

(34) Page S-123, Last Paragraph and Page S-125. Cannot follow reasoning
,

that only 2/3 of the fluoride is available because 1/3 is tied up
as insoluble UO F rmed by UF hydrolysis while all of the uranium22 6is considered to be soluble. Please explain.

|

The consultant's calculations assume that personnel present in |

( the downind plume are exposed to elemental fluorine which is
not true. Upon exposure to air, UF hydrolyzes to UO F and ilF6 22
as shown at the bottom of Page 123. Individuals in the plume,
therefore, are exposed to gaseous liF and particulate, probably '

respirable, UO F . Therefore, we must deal with two separate ;
F

22
toxic chemical exposures. The first, liF; the'second, UO F , with22 ;

its accompanying radiological and toxicological exposure to !
,

uranium and accompanying fluoride. The fluoride present in UO F22
is not free fluorine nor ifF when solubilized in the lung and
proceeds promptly to the blood stream. 'Therein, if it became an I
available fluorine contamination for subsequent flurosis of the :
skeletal bones, an exchange reaction would be required with

;

chloride ions in the blood stream. Based upon the 19.9 (20 rem
,

exposure), total inhalation would be
;

i

BU Rem / C nhaled * E* "*

,p .012 gram _ fluorine absorbed with the uranium dose
5.

',
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This amount of fluorine is below that causing fatality in
animals as reviewed by Dr. Sternhagen in the letter immediately

A
following.

35. Answer by Dames 6 Moore.
?

$ 36 Answer by Dames 4 Moore., '

1

[.

I

i
.

!

O

i
I
i

e \
,

t

;

l
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'. A SCHOOL OF MEDICINE DEP ARTMENT OF R ADIOLOGY (505) 265-4411 Ex t. 2424

'.
-

==-
13 Dec 72

8 William J. Shelley
g Nuclear Division

Kerr-McGee Corporation=

.o Kerr-McGee Building
a u Oklahoma City, Oklahoma 73102

x
*

Dear Mr. Shelley:

[. The Following information was requested by you
z per our phone conversation regarding fluorine toxicology

and its effects which we discussed this morning.,

E
o Animal experiments (W. F. Machle, et al, J. Ind.
5 Hyg Toxicol., 16, 129 (1934); and 17, 223 (1935)) showed

that rabbits and guinea pigs died within five minutes ina
U air containing hydrogen fluoride 1500 mg/cu. meter. But

inhaling air with 1000 mg/cu meter for 30 minutes causedm

T no fatalities in these aninals. 500 mg/cu. meter for 15
minutes caused some signs of ill health; below 100 mg/cuO meter no deaths occurred in five hours and 24 mg/cu meter
caused no deaths after 41 hours. It is necessary to discuss

-

*
hydrogen fluoride since this becomes one of the chemical
products in the possibic exposures of interest due to
presence of hydrogen ions in the hydrated alveolar lung
tissue or other respiratory epithelial lining areas.

g The dose causing fatality of sodium fluoride given
orally to rabbits is 200 mg/kg of body weight (C. W. Muchl-

[ berger, J. Pharmacol. Exptl. Therap., 39, 346 (1930))and
g when injected intraperitoneally it is 250 mg/kg (P. Handler,
g J. Biol. Chem., 161, 55 (1945)) . But Na3A1F , cryolite,

be given orally to rats in high enough doses to> cannot
i cause deaths because of lower toxicity, secondary to lower3 solubility (E. J. Largent, J. Ind. Hyg Toxicol., 30, 92

(1948)). The basic process of fluoride action is as anm

5 inhibitor of some intracellular enzymatic >rocesses in
anaerobic glucolysis, and the therapy has )een published
in the work by J. H. Peters, Am. J. Med. Sci., 216, 278
(1948) and is beyond the scope of a toxicology presentation
such as this.

In humans, in industrial exposures to fluorine in
an aluminum plant (G. H. Agate, et al, Med. Res. Council
Brit., Mem. No. 22,1948) it was noted that tnere were no
disabling symptoms even though some had radiographic
changes on X-ray Roentgenograms of bones consistent with
the diagnosis of skeletal fluorosis. The urinary fluoride
mean daily output was 9.03 mg in the most heavily exposed
group in that study. It is also now known that very slight

'
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W. J. Shelley -2- 13 Dec 72
-

bone changes can be seen in a small number of workers
with chronic exposures causing urinary concentrations of !
six mg/ liter (F. F. Heyroth, Am. J. Public Health, 42,

|1568 (1952)).
i

Some industrial physicians regard the maximum
permissible exposure as that causing less than 4 mg '

mean daily urinary output.

If there is any further way I may be of assistance
to you in this, please do not hesitate to let me know.

Respectfully,

j' |
~

g,

* e D.iss ssor of Radiology i
'

!

CJS/cs !

:

cc. P. A. Puttroff

;

I

:

[

IP

i

!

!

I

:

I
,
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' A.E.C. Question 35

Appendix IV Dames & Moore Report Page 8. Accident doses calculated as follows:
.

3 1.0
,

Q Ground. U (II SZ(K) SY(K) + CA)
Accident

where SZ(K) = 0 ; SY(K) = 0

2CA = 1/2 minimum cross' sectional area of containment building = 334.5 M

I question validity of using the "CA" term in the equation and believe that the
basic equation for atmospheric diffusion from'a ground level point source is
applicable here, is f , -1

E y#s

Use of tho'CA term was adopted from Reactor Safety Guide 4 dealing with a 3
accident.

'

.

Rosbonse:

The utilisation of the "CA" term was made to incorporate accepted

standard effects caused by " wake entrainment" associated with ground

level releases. The omission of the "CA" term causes increased

dispersion of the atmospheric ground release. By incorporating the

"CA" term, a more realistic and more conservative estimate of the

effects of the ground release are made. Even though the CA term is

. associated with Safety Guide 4's PWR accident it is used to evaluate

a ground level release that is influenced by a building wake which

is a model used by Safety Guide 4 and its use is not restricted to

either pressurised water reactors or accidents per se. 'An additional

reference would be " Atmospheric Dispersion C .culations Using the

Generalised Gaussian Plume Model" by F. A. Gifford, Jr. of the

weather Bureau Research Station, Oak Ridge, 'fennessee, published in

'the USAEC quarterly NUCLEAR SAFETY.
,,

,,
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[ AEC Question 35' (continued):
'

'

Dosage calculations at nearest residence le 762 meters northwest of plant:

X 1.0
.,

Q Ground U (Il SZ(K) SY(K) + CA)
Accident

Where ~ U = 1.0 mps for 6.67 hour duration (assumed) (stability F)

SZ(K) 0 x = 762m 11.5m

SY(K) 0 x = 762m = 26.5m

* *
(1) (3.14) (11. 5) 26.5) + 334.3 " 1291.5

* *

I-
Soluble Uranium Dose = -QGA . (Q) (BR) (DF) (TIME)

1

Response:

The values to SZ(K) and SY(K) were obtained from Figures 3.10 and

3.11 in " Meteorology and Atomic Energy 1968," published by the

Division of Technical Information, USAEC. Some other references

contain copying discrepancies in the use of these tables.

AEC Question 35 (continued):

Where Dose is in rem to kidney for accident time of 6.67 hr.

4
Time = 2.4 x 10 seconds

~4 3BR = 3.47 'x 10 m /sec (Safety Guide #4 p. 4.2)
'

Dr = Dose factor to kidney (80 reWpci inhaled)

Value indicated in Ref (7), (page 6 of D & M Report) la 2D0-12054 indicates inh.
dose for 92.238 to kidney at 4.45 x 106 rad /Ci or'4.45 rad /pCi.

-Source of 80 reWpci used in calculations is IAEA Safety Series No. 7 -(1961)' p.
50. Value of 4.45 ren/pci given in Handbook of Laboratory Safety 1967, p. 277.

. Calculations of this value was checked from equation given in both 100-12054 and
MLS-1967 as

.
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AfET 4 -6
Dose = (1 - exp. -1.26 x 10 ) x 1.6'x 10 x 3.2 x 10 '

'

s_, E

* 2
E 0.693 x 10

With A = 1.0; f = 0.023 E = 43.0 MeV; T days=
.

E
6and m = 300.0 grams, Dose = 4.45 x 10 rem /Ci

.

D. F. Bunch, buthor of IDO-12054, claims IAEA value of 80 rem /pci is incorrect.

Response:

Reference (7) in the Dames & Moore Report is incorrect for that

report; it should be IAEA Safety Series No. 7 " Regulations for the

Safe Transport of Radioactive Materials: Notes on Certain Aspects of

the Regulations," SPI / Pub /32, which is more applicable for this type

of an evaluation. The reference also includes chemical toxicity, and

although the 80 rem /pci is not the most rigorous value, it is the

more conservative./
\

AEC Question 35 (contit.ued) :

In soluble uranium dose expression, Q is calculated to be

4800 lb. UF, 1 min 238 lb. U 454g" * *400 min 60 sec 352 lb. UF *6

With D & M using Q = 39.6 pCi/sec, specific activity being used iss

39.6 pCi/sec
0.644 pCi/gU=

61.5 gy/sec -

!

This does not agree with N 1/3 pC1/gu given for U n p.104, Jan.1970 edition238of Radiological Health Handbook or for U-nat. in 10 CFR 20.5 (c) .

Response:

The value of 1/3 pCi/gu is the commonly-agreed upon value for

natural Uranium and therefore was used in the Dames & Moore calcu-
O ,

1ations.U
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AEC Question 35 (continued):.
,

) Using.D & M Values, checking arithmetic
;

, , Soluble Uranium Dose = (Q) (BR) (DF) (TIME)g
4

.
= (7.73 x 10 ) (39.6) (3.47 x 10" ) (80) (2.4 x 10 ) = 20.4 rem

~

''

versus 20.1 rem reported.,

t

Using DF of 4.45 rem /pci and specific activity of 1/3 pCi/ gram U, dosage would
; bei

d 45 ,0.3 = 0.58 remjg20.1 x
9,64

indicating D & M calculations to be conservative.

Fluoride conen. = E * *Ground
! Accident
t

,
'

i 0 1600 lb F"/400 minute release,
,

-

g 1600 lb 1 min 454 q = 30.3 g/sec;

400 min 60 sec LB

F' Concn = (7.73 x 10-4) (30.3) (10 ) = 23422 pg/m checking
3

23000 pg/m reported

Response:

The above AEC checks on reported values are in good agreement '

and it is assumed these checks do not reflect any concern with the

analyses reported.

.

e

e

a

I

e

6
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**h, AEC Qu'estion 36
~

,,

a-
; Paio S-125

.

\ '

s i .,q>
,

, correcting exposures for 4550 LB UF released in 40 minutes vs 4800
6lb relaased in'400 minutes: - (using D & M values for. DF and specific

. activity) ..
>

~4
hremainsthesame07.73x10

-

Soluble U Doses' ' .

. a.

Q=4 0 2
x x x 454 x 0.644 374 ~ hCh./sec-

52,

Dose. = (7.73 x 10~4) '(374) (3.47 x 10~4) '(80) (2.4 x 10 ) = 19.3 ram3'

N '' vs. 19.9 rem reported-

Fluoride conen (basis 2/3 of rotal availableL
i s. 1600 lb 2 1 %'

.Q " 40 min 3 * 60 - X 414 = 201.8 g/sec
.

* -
,

~4) (2.018 x '10 ) (10 ) = 15.6 x 10 - 9 g/m .2- 6 0 3', 'F ~Conca ='(7.73 x 10
~

3 *or 156 mg/m checking
3 *'

I153 mg/m reported*

s ,

'
- Response: T

.,

-> , v
)f

i

.,

The values obtained by the AEC and D & M are in good close^

>
,

4

agreementfortheSolubleUraniumdoseand-thhFluorideconcentra- '

!

! . %.

.. tions, as cited'above.
,

| | AEC Question 36 (continued):'
'

' Method -is OK bu't values questioned based on foregoing discussion.. -
t

' * '; .3 e
.

Checking Ref. 35, ie " Safety Evaluation by DML, USAEC in the Matter,,

| of MFRP, Docket No.- 50-268,.0ctober.6, 1967." The presumed. acceptable
! 75 rem kidney dose appears to have bpen calculated using the' guideline
.

~ basis described on page 44 of the document where. it is stated that
! "we have used an intake guideline which we believe is equivalent to

.'[ the whole body exposure guideline of 25 rem set forth in 10 CFR 100.
n This guideline is that the intake cf long-lived radionuclides,shall -

,( not' be greater than 50 times the- av nual intake b'y individual members of - ,

1 ( the general pu'olic which could ocer r under the provisions of,10 CFR
20.", The rationale appears to be as follows: .\ gj,
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O (a) Le whole body occupational annual permissible dose is 5 rems.

(b) The whole body annual pemissible dose for individuals in the
general population is 10 percent of .this level or 0.5 rem.

(c) The pomissible "otlier organ" (i.e. , , kidney) emergency dose
. (occupational) is 15 r,em.>

(d) Therefore, the pemissible emergency kidney dose for individuals
in the general population is 10% of 15 rem or 1.5 rem (50 year
integrated dose).

,

At 50 times the permissible dose an acceptable kidney dose for acci-
dental exposure would appear to be 1.5 x 50 or 75. rem'.

While this rationale appears reasonable, it should be pointed out
30,that permissible emergency exposures are covered in ICRP-6, pq

rather than 10 CFR 20.
,

Response:

The acceptance of the rationale by the AEC in the evaluation

/ 'of Docket No. 50-268 formed the basis for the 75 rem kidney
L.J accidental exposure dose. The reference to the ICRP-6, p. 30,

was not considered as the USAEC has not expressed the adoption of
'

these levels fer emergency exposures. Since the AEC accepted
.

limits for emergency exposures, as developed in Ref. 35, other

limits were not considered.

AEC Question 36 (continued):
..

Checking Reference 37 " Dangerous Properties of Industrial Materials",
1968 edition, page 823, referring to hydrofluoric acid , " Inhalation
of.the vapor may cause ulcers of the upper respiratory tract. Con-

centrations at 40 to 250 ppm arg) dangerous, even for brief c::posures"(50 to 250 ppm = 41 to 204 mg/m Sta5ement n page S-125 reads,. Sax.

permits brief exposure to 33 - 165 mg/m ". Please resolve this
apparent discrepancy.

,
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Responses !' *

!

In reference 36 and the cited reference 37, the term "brief
:

exposures" and " dangerous" provide unfortunate latitude in inter- -

pretation. It is ap p ent from ref. 36 and 37 that a potential (
?

p

le'Jutl hazard exists for HF. It is inferred from Sax reference,

3however, that a "non-lethal" exposure (33-165 mg/M ) could be

tolerated by an individual for'"brief" periods.'

i

!

I
4

I I,

:

1

I

:
I

;
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- ( ,)36. Kerr-McGee answer.

Reference 37, " Dangerous Properties of Industrial Materials",
1968 Edition, Page 823, is quoted accurately for ppm. Conver-

3sion from ppm to mg/M is given as 2/3 on page 13-5, " Industrial
~

Ventilation", Tenth Edition, American Conference of Industrial

Hygienists, resulting in the numbers of 33-165 mg/M shown in
the report. The difference in calculated concentration in

3mg/M is probably due to the use of the above reference which

is probably not.an exact calculation.

Persons in the plume at this concentration would be

uncomfortable during the period of exposure. In view of the

conservative assumptions used on diffusion calculations and the

procedural and equipment precautions, we do not believe even
this temporary exposure is a credible accident.

V (37) You state (top page S-130) that a satisfactory process will be
developed to handle the raffinate storage pond contents. . To support
this statement, you should provide a detailed status report of investi-
gations underway to cope with this problem. This is particularly
important in view of the apparent raffinate pond seepage being
experienced.

Three methods exist for the concentration and eventual disposal
of raffinate generated by the Sequoyah process:

1. Concentration. The fertilizer industry produces

solid ammonium nitrate by reacting ammonia with
HNO and subsequently concentrating the solution3
to approximately 80% Nil NO . This molten salt4 3
is then solidified'in a prilling tower to an

appropriate form for distribution.

(A) This process can be halted at any appropriate
''~

salt concentration and the solution sold for
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\_,/ fertilizer ~as a s'olution. This same process-*

could be used on the neutralized raffinate

solution to either partially concentrate so as

to maintain freeboard in.the ponds and overcome

the natural dilutioh of rainwater or concentra-
'

tion be continued and the material allowed to

solidify for disposal by burial.

In 1971 and early 1972, tests were made with a

submerged combustion evaporator which achieved
more concentrated solutions without undue

~

operating difficulty. These tests were run on

a batch basis concentrating step-wise to

examine operating difficulties and effluent

concentrations. From these tests it was

concluded that a large unit installed to

process raffinate on a once-through basis

( returning the concentrate to the ponds would
meet emission criteria and avoid the construc-

tion of additional ponds until resolution of

the proposed deep well disposal or the
installation of one of the alternate processes

described below.

2. Removal of Radionuclides. The radionuclides
~

contained in the raffinate can be removed by

chemical treatment.as solids resulting in a.

solution of essentially ammonium nitrate contam-

inated by trace amounts of metallic impurities.

It has been demonstrated in the laboratory and
on a small scale in pilot plant equipment that

the radium content can be reduced to approxi-
mately .05 x 10-8 uCi/mi or 1/30 of MPC, the

O' thorium.to .4 x 10-8 pCi/ml or 1/250 of MPC, and
uranium to 1.2 x 10~7 pCi/ml or approximately

,

6/1000 of MPC. This treatment involves the

-65-
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neutralization of the raffinate.with ammonia
which~ essentially removes all uranium and

thorium and then treatment with a soluble barium

content to the extent of'approximately 2 g/l

barium. The barium sulfate forms a precipitate
'

and serves as a carrier for_ radium sulfate

removal. The resulting solution radium concen-

tration reaches the limit of detection for

measuring Radium226'

Work is planned to determine the feasibility of

treating raw raffinate_directly by this system

so as to produce a more concentrated ammonium
nitrate solution which then could be disposed of

as fertilizing solution.

The solid precipitated would be separated by

O, settling or filtration and' buried in'accordance

with 10 CFR 20.304 or at a licensed burial
ground.

3. Decomposition. The third method of disposal of

the raffinate would involve decomposition to

stable metallic salts, nitrate and ammonia or

nitrogen and water. Two processes have been
technically described but, as yet, neither has

,
been tested in the laboratory.

The first l'nvolves the neutralization with
magnesium oxide with evolution of ammonia und
its collection, evaporation of the magnesium

nitrate solution, kiln firing of the resultant

magnesium nitrate hydrate and fractionation of

the evolved nitric and. hydrochloric acid vapor
*
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for recycle. The stream of solids consisting of

uranium, radium, magnesium' oxide and sodium
sulfate would be packaged as waste material for
burial.

>

The second process is the neutralization of

raffinate with ammonia and subsequent evaporation
and solidification of the concentrated ammonium
nitrate solution. This solid is then fed to a

fluidized bed reactor for decomposition to

nitrous oxide and water which is decomposed by a
~

catalytic. burner to nitrogen, oxygen and water

vapor. Solids recovered from .the ' luid bed aref

separated by screening and buried. These solids
would contain uranium, thorium, radium oxides and
sodium sulfate.

It is planned to commence laboratory evaluation
of these processes early in 1973.

(38) Supplemental Environmental Report Appendix I, Item 11, Waste
Disposal System Ponds. While design and installation of both the
fluoride and raffinate ponds may meet all requirements of AEC licens-
ing guide, the soluble salts in the raffinate stream may in time
destroy the effectiveness of the " impervious" clay liner through
ion exchange mechanisms. We suggest a laboratory study be performed
to determine resistance of pond clays to attack by raffinate solu-
tions.

Soil permeability tests were performed on samples of the clay
liners from Ponds 1 and 2. Fresh water Pond 1 and Pond 2 and
raw raffinate was used as the fluid for these tests. After 21

days of testing, no permeability of the clay used 'as liners
%J,
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was detected. The test used was that described on Page 63 of
"The Mechanics of Engineering Soils" by P. Leonard Capper and
W. Fisher Cassie.

.

>

(39) Supplemental Environmental Report: Appendix IV, Page 6. Max down-
wind conens - Fig. 3-9. Stability F,X occurs 0 N5.2 Km rather-5
than 4 Km. Also under " Cone." 1/3 staCffity F should be 0.5 x 10

5
making total 3.5 x 10 x. Under "Dist." 1/3 stability F should read
1.73 making maximum downwind distance 2.26 Km, changing statement in
next paragraph. Maximum concentration occurs 2260 meters downwind.

,

i

f

f
The co2,:rections noted were checked and the~1ast sentence on
Page 6|of Appendix 4 should read: "At 2260 meters downwind, the
maximin ground level concentration, 3.5 x 10-5 x the stack level
concentration, would occur."

(40) Suppicmental Environmer.tal Report: Appendix IV, Page 7. Small
errors in picking values off Figure 3-9 of " Workbook" result in

finalsengencechangetoread"maximumdownwindconcentrationof
5.5 x 10 _q , at _. 340 Km or 1114 f t.

u

Table is labeled incorrectly and should read:

Xu -2-

Q Max" Distance. Km
Stability F 4.5 x 10-4 0.63

-

Stability D 5.7 x 10 0.25

-0Stability C 6.2 x 10 0.15.

,

'

I(F + D + C) 16.4 x 10 1.03

-4I(F + D + C)/3 5.5 x 10 0. 34

(w
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| The questions were noted and the calculations rechecked. The !

{ 1ast sentence on Page 7 of Appendix 4 should read:- " Roof top |

,

release at 45 feet would have a downwind concentration of !
*

5.5'x 10-4 at 340 meters." i
:
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{ 41. Answer by Dames 4 Moore,
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j 42. Answer by Dames 6 Moore.
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- . N AEC Question 41
.

Supplemental Envirou - M4m; Appendix IV, Dames & Moore Reporti
Page 3., Sumnary Table of gaseous effluent release data should have
been obtained from data shown in Table XXVI; Page 97. ,-

. . ,

I, F- (stack) = .0.1152518 g/sec = 0.12 g/sec3

-
.

IF~ (ground level) = 0.0040923 = 0.004
'

I NO- x (stack) = 1.,98 g/sec .. -

I SO2 (stack) ~= 0'.26 g/sec
*

-
,

,

-5(a) I Solublo Uranium (ground level) = .00008382 or 8.382 x 10 gf,,,
'

-4
(b) -E soluble Uranium (stack) = .00047 or 4.7 x 10 g/sec

~3(c) I Insol Uranium (ground level)~= .001091 or 1.091 x 10 g/sec
,

-5
(d) I Insol Uranium (stack) = .0000175 or 1.75 x 10 gf,,,

Appendix IV, p. 3, summary table gives uranium release rate in Ci/sec..
i.e. , Sol U '(stack) = 3.0 x 10 Ci/sec or 3.0 x 10 ' pCi/sec.'-10 ~

Specific Activity = 3:0~x'10 ' u Ci/sec = O.639 pCi'
~

' '

4.7 x IO + g/sec gram

This agrees substantially with 0.644 p i/g value calculated previously
in these comments, but does not agree w '.ch 1/3 pct /gU value cited in
the literature.

,,

Response:

Reference AEC Question 35.

:

AEC Question 41 (continued):

However, apparent specific activity used was not c,onstant:

DCi/ gram U,

* "

Specific Activity.

Sol'ti stack 3.0 x 10 '
~ ~

0.639= .

4.7 x 10-4 .

'" Sol U Ground 5.0 x 10-5 s
o 597,

8.382 x 10-5-
~ ~ - --

.
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-5' Insol U Stack: 1.0 x 10 0.571=
'*

1.75 x 10-5 ..

Insol U Cround: 7.2 x 10 k = 0.659
~

,

10.91 x 10-4
>

This would imply that data furnished by K-M to Da:nes and Moore;
Re.ference (4) written correspondence between I. Spickler of D & M *
and A. Valentina of X-Mi May 1972 may not have been obtained from
Table XXVI, page 97. Please clarify this apparent discrepancy.

,Also see consnent (25) above; release data may need revision.

R4sponse

Reference AEC Question 35.

.

.

e

|
L

(o

f

f
..

{

!
.
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AEC Question 42s

( \

ds ,, I Supplemental Environmental Report Appendix IV, D & M Report, Page 6.

Dose factor for uranium affecting the kidney in reference (7) "IDO-12054" is
listed as 4.45 x 106 rad /Ci = 4.45 rad /pci for inhaled soluble U-238 versus
value of 80 rem /pci used by D & M.

Response:

Reference AEC Question 35.

AEC Question 42 (contin ted):

Dose factor for lungs is given as 110 rem / Ci by D & M quoting IDO-12054. Lung
data are not included in this publication.

nesponse:

Reference should be to revised reference #7.

[ )\( AEC Question 42 (continued):
w ,<

Dose factor for bones is given as 20 rem /pCi by D & M. IDO-12054 gives value as
19.5 rad /pci.

Response:

The revision from 20 rem /pci to 19.5 rad /pci was made in the

tables under question 25.

.

O

O

/
s i\
\ /
x._,:
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(43) Environmental Report (revised), dated November 1941.
"i

,

Page 23-R: Calculations for discharge data arc in crror. Basis for
conclusions drawn on page 24, il not understood.

(a) N as NO shown as 2 ppm with NO shown as 8.4 ppm.
3 3,

NO3 14 + 48
x 2 ppm N = 8.85 ppm NO-

3

(b) Illinois River: 1462 cfs.

I NO 0 2.4 ppm given as 2290 lbs/ day
3

ar s NO1462 CF 62.4 lbs 8.64 x 10 sec 3 lbs.

day " 3* * * "
sec CF day 6

1x10 Parts 110
2

19~ ~

F 0 0.1 ppm would be # 700 F
24 d

in place of 95 lbs/ day shown

(c) Arkansas River 19500 cfs

0 NO = 4.8 ppm, I = 64000 lbs/ day shown3
/

_j Should be - x (18900) = 503,000 lbs/ day
*

,4

50500~

F 0 0.3 ppm would be = 31500 lbs/ day

versus 4680 lbs/ day shown

The calculational errors noted under this comment should be
incorporated in the Environmental Report-Revised dated November
1971.

(44) K-H application dated 9/23/69; Page IV-7 5 3.

UF noma r ase rate of .000M B-mo@ou abg M 3.3 h@w
6

of inert gases.

-4 lb-mol UF 352 lb UF7.4 x 10 6x 6 x 454g x 1000 mg,,

llour Ib-mol UF 86
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~4) (3.52 x 10 ) (4.54 x 10 ) (10 )
2 2UF Release = (7.4 x 106

3= 118 x 10 mg UF / hour

ib-mol 359 CF 1M '

Gas flov = 3.3
* lb/mol (OSTP) x 35.31 CF

,

hour

3= 33.6 M / hour
3118 x 10 mg UF /hr

6 3 3UF conen = = 3.51 x 10 mg/M0 333.6 M /hr
3versus 0.004 mg/H cited.

3 -63.51 x 10 mg/M = 3.51 x 10 g gp j,1 ,, ( _'s(3.51 x 10-6) ,
-62.37 x 10

@ specific activity of 1/3 pCi/g, this represents a concentration of
-60.79 x 10 pC1/mi

-12At an MPC value of 3 x 10 Ci/ml for soluble U-238 per 10 CFR 20,
0.79 x 5/ a dilution factor of or about 2.6 x 10 is required to''-

3 x 10
meet the permissible site boundary concentration.

.

The reference to the Kerr-McGee license application dated,

September 23, 1969, Page IV-7, Paragraph 3, is not complete in
that the paragraph states further that this material is released
from the cold traps and is further processed by scrubbing prior
to release to the atmosphere at the top of the 150-foot stack.
In any event, as noted earlier, the dilution factor (corrected)
is 3.5 x 105 (question 39).

45. Answer by Dames 6 Moore,

,-
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,,/'~'s AEC Question 45
( I

' 'N - Supplemental Environmental Report Appendix IV, Dames and Moore Report, Table I.
Please dscribe meteorological conditions corresponding to Pasquill Stability
Category "G" along with source of this information.

.

*
Response:

The references to Pasquill Stability Category "G" can be obtained

from the AEC Safety Guide 23 and IDO-12040 "Climatography of the

National Reactor Testing Station" Idaho Op3 rations Office, USAEC.

m

<

$

m'

4

v)
t
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Answer to comments of Colorado State University Environmental
i O Resources Center
.\v}

Part 1, No. 1. See attached discussion on storage ponds.

Part 1, No. 2. Monitor wells are described in more detail in.

the attached discussion.

Pa'rt 1, No. 3. Study of the hydrological atlas of Oklahoma,
Fort Smith quadrangle, demonstrates that Atoka formations lack
a well defined water table or piezometric surface. The
residence well northeast of the plant has a water surface of
475 feet, well below current pond levels. The well formerly

serving the Carlile homestead, approximately 1000 feet south of
,

the plant, has a natural water level of about 516 feet. This

well was not sufficient, according to the former owners, to
maintain a flow of water for domestic use. A cistern was relied
upon for the domestic water supply.

As can be seen from the elevations shown on the cross section
of the storage pond locations, these water depths in the
referenced wells are well below the 532 foot elevation of the
No. 2 Pond.

Comments by U.S. Department of Commerce

As noted, Kerr-McGee manual calculations are less precise than
those made by Dames 4 Moore in their computer calculations and

'

are 100 times more conservative'than the Dames 4 Moore results.

'The wording on Page 29 of the Environmental Report-Revised is
not clear when it uses the "100% deposition". The calculations
were made assuming 100% deposition of the uranium content of
the material inhaled in the lung without an allowance ofi

t

deposition efficiency.'

n--
!
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| !' Comments of Dr. Don L. Warner, Rolla, Missouri.

c( g]

' x__-) Dr. Warner again raises questions as to the integrity of the
raffinate ponds and the apparent contamination of monitoring
well water. Please see the attached discussion for more
detailed explanation..

No discussion was given of burying solid wastes resulting from
raffinate treatment methods because it is still contemplated
that the deep disposal well will be approved. All of the

alternate methods of raffinate disposal described under question
37 would require burial of a solid. The first alternate would
require the burial of solidified raffinate in containers at a

commercial burial, site. Alternates 2 and 3 would require that
solids be buried in accordance with 10 CFR 20.304 or packaged
for commercial burial.

V)

(''N
( )v
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h RAFFINATE STORAGE PONDS
.

Questions relating to the raffinate pond construction
(University of Colorado report) and levels of various analyses
in monitoring wells (questions 11, 23, 36, D. L. Warner comments

,

and University of Colorado comments) demonstrate concern that
the rarfinate storage ponds have leaked chemicals into the

nearby monitoring wells.

This discussion describes more fully the examinations made, the
construction of the ponds, and the munitoring well analysis so
as to provide assurance that these ponds are not leaking
contaminated material into the ground.

Pond Construction
The ponds were constructed as described in the Supplementary
Environmental Report. All construction was supervised by a

well-qualified civil engineer specializing in such construction.-~

Inspection of the placement of the liner and dikes was conducted
on a daily basis by an on-site inspector. Density tests of

compacted bottom and levy liners were conducted routinely.
Areas that did not meet specified compaction requirements were
scarified and recompacted. A cross section of the ponds is
given on Page 79. The exact layout of the ponds and the location
of monitoring wells is shown on Page 80 A site map showing
approximate location of monitor wells can be seen on Page 81.
As can be seen from the cross section, only on the east wall of
Pond No. 2 was the excavation made to the icyc1 of a sandstone
strata. Subsequent installation of the clay liner provides
adequate assurance of no leakage of the pond contents into this
sandstone. In view of the demonstrated dip of the strata,
location of monitoring wells appears to be appropriate.

As described briefly under question 38, clay linings and dike
facings were subjected to permeability tests by standard methods

-78-
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b
.

bx employed by soil engineers, demonstrating essentially no
5 permeability to raffinate fluids exists as shown on the attached

report by Hemphill Drilling Co.

Monitoring Well Analysis
~

In an effort to determine if raffinate solutions have migrated

into ground water entering monitoring wells, a " pattern
analysis" was performed of monitoring well and raffinate pond
contents. The use of these analyses is described in "The

Interpretation of Water Analysis by Means of Patterns",

Petroleum Transactions, AIME, Volume 192, 1951. These analyses
are shown on the attached graphs *and were made on samples taken
in October 1972. The first graph, labeled raw water and

combination stream, demonstrates the relation of the two

analyses from essentially the same water. It should be noted

that the calcium level of the combinatic stream and the

bicarbonate level has increased slightly as has the ammonium
and nitrate above incoming raw water. The next graph, labeled

g' N 2301 and 2315, is samples taken from the well north of the No.

1 retention basin shown on page 54 of the Supplementary
Environmental Report. 2315 is located downslope from that and
it.is conceivable that ground water would progress from 2301
to 2315. As can be seen by the comparison of the patterns, it
is reasonable to conclude that except for additional dilution
such migration has occurred. The third graph shows 2308 which
is the residence well to the northeast of the plant which may
be considered as typical Atoka formation water but may contain

~

a slightly increased amount of sodium chloride than water taken
from higher in the structure. Patterns from 2311 through 2314
are prepared from well samples taken immediately around the
No. 2 raffinate pond.

In studying these patterns resulting from these analyses, one
is first struck by the relation between calcium and sodium ion
as it appears in the wells as contrasted to the relation

_

\

*llorizontal axis shows miligram equivalents / liter of ion of
interest.
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I

I appearing in the ponds. In the wells, the ratio of sodium to,

I calcium is approximately 2/1 with the exception of 2304 andp.

'( ; 2314 where they appear to be 1/1 and 6/1, respectively, while
' '''

the raffinate solutions have the reverse ratio of 1/5 and 1/2.

The same anomaly exists in the levels of bicarbonate and.

sulfate appearing in the well waters as compared to low concen-
trations in the raffinate pond. Bicarbonate seems to be a
major component in the case of the wells with the exception of
2303 while, in the raffinate solutions, it is not present. The
most outstanding absence in the wells is the absence of either

ammonium ion or nitrate ion which are present in high concentra-
tions in the raffinate solutions. It has been argued by some
that ammonium ion absorption would occur in passage through the
soils; but, since most nitrates are solubic, it would seem
apparent that, if the ammonium ion was trapped, another
balancing ion would replace it, such as calcium. From study of
these patterns, it is concluded that no contamination of the
wells has resulted by scepage of material from the raffinate

fe's pits into the ground . water.
(v)

In the monitor wells, themselves, no single source of ground
water is apparent, which is typical of-Atoka formation water.
Most ground water in such a formation is in pockets and
noncommunicating layers rather than any contiguous intercon-
nected field.

In the monitor well results shown under paragraph 11, the most
probable ground water contamination occurs in Well No. 1,
sample 2301, which is located immediately to the north of
settling basin No. I shown on page 54 of the Supplementary
Environmental Report. Previous and continued contamination of
this well led us to examine the probable cause of such contam-
ination.

,

(
v
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{ When the deep disposal well was first disapproved, it was
necessary to provide temporary holding capcity for raffinate.,f

( ,3) This was provided by the use of settling basin No. I while the
first two raffinate ponds were being constructed. Upon the
completion of the raffinate ponds in 1971, holding basin No. 1

was pumped to the raffinate sludge pond which overflows to*

raffinate pond No. 1. Subsequently, the dike at the east end

of the settling pond was constructed so that the settling pond
could be used in an emergency and to prevent any washing of
sediment into the watercourse. When the dike was constructed,

it was located too far to the west to include the soil covered
by the level of liquid reached when the settling pond was
originally used. As a consequence, measurable amounts of

raffinate materials exist to the east of the new dike. Also,

the dike provided a barrier to surface water draining to the
west. It has been noticed that surface water collects against
the dike and, when reaching a high enough level, flows to the
north around the end of the dike and directly into monitoring
well No. 1. Upon this discovery, an additional wing was added,_

/ ') (August 1972) to the north end of the dike so that this material
' would be held and, as it collects, it is pumped to the
'-

raffinate pond or into the combination stream, as appropriate,
depending upon the uranium and nitrate concentrations contained.
Subs'equent to the installation of this new wing to the dike,
September and October analyses demonstrate very low levels of
uranium and nitrate content in Well No. 1.

Conc 16sion

As a result of these detailed examinations, we believe that the
integrity of the raffinate ponds has been demonstrated. It is

concluded that any contamination appearing in the monitor wells
is incidental to surface contamination and, at current low
levels of airborne release, a substantial reduction in contam-

ination in all future analyses will be observed.

c''b i

I |

'e
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January 11, 1973
,

Tom S. Moore
Kerr - McGee Corporation
Kerr - McGee Bldg.
Room 521
Oklahoma City, Okla. 73102

Re: Permeability Tests
Kerr - McGee
Sequoyah Facility
Gore, Oklahoma

Gentlemen:

The solis testing requested by Mr. Tom S. Moore for the subject

(p site has been completed. Five (5) soll samples f rom two retention ponds
j were tested for permeability characteristics when exposed to certain

U solutions from the Gore Plant. All test data is attached.

The permeability test specimens were recompacted to optimum moisture
and maximum density as shown in the test results. A pressure of 5 psi
was applied to the test specimen as a constant head. The samples tested,
material source, and the respective solution used for the test are listed
below in Table 1.

TABLE I

TEST SPECIMEN DATA
MATERIAL

SAMPLE NO. SOURCE SOLUTION USED
:

1 Pond 2 Tap Water

2 Pond 2 RaffInate from Pond 2
l

3 Pond 2 Raffinate (fresh)

4 Pond 1 Raffinate (fresh) |
l

5 Pond | Raf fInate f rczn Pond i

The permeabllity test results are shown in Table 2_.
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Mr. Tom S. Mooro Pago 2 !

Kerr - McGee Corporation j,

()m \
TABLE 2 |

!

PERMEABILITY TEST RESULTS
PERMEABILITY )

DEPTH MATERIAL COEFFICIENT ,

|* SAMPLE NO. (Inc.) SOURCE SOLUTION GPD/so/ft.

| 3-9 Pond 1 Tap Water Impermeable

2 3-9 Pond 2 Raffinate from Impermeable
Pond 2

3 3-9 Pond 2 Raffinate (fresh) Impermeable

4 3-9 Pond i Raffinate (fresh) Impermeab le
1

5 3-9 Pond i Raf f Inate f rom Impermeable j
Pond 1 '

|

Since all samples tested Indicate an impermeable soII, it appears
the variation of a f resh or non-f resh solution of Raf finate causes no
difference in the permeability of the soils.

if you have any questions please feel free to call.

Very truly yours,

|

HEMPHILL DRILLING COMPANY j

yk p/ O
'

'

rrylO. Shepherd, PE
VConsulting Engineer

JDS/pjr

cc: 3 Tan S. Moore
i File

|
1

o
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