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ABSTRACT

Sequoyah Fuels Corporation operates a Uranium Hexafluoride 4

(UF ) production facility at a location southeast of the City of6
i

Gore, Oklahoma. The effluents from this plant enter the Illinois

River via outfall streams from the plant. Previous studies have

!documented the presence of Uranium on the Robert S. Kerr Project

Lands as a result of these effluents. Sequoyah Fuels Corporation

has proposed construction of a pipeline directly from the plant
i

to the Illinois River to eliminate the problem of uranium
i

deposition on project lands. This study was conducted to
.

determine the current level of Uranium series radionuclides on ;

project lands. Analysis of collected samples shows the current

level to be similar to that of previous studies in the major !

outfall and also documents the radionuclide levels in streams ;

;

inactive at the time of sampling. Sediment samples taken in the ;
i

Illinois River and further downstream in the Arkansas River :
!

indicate a diluting effect on the radionuclide concentrations
,

downstream. Uranium concentrations downstream in the waters of
fthe Illinois and Arkansas Rivers are within the limits specified
|

in the Oklahoma Water Quality Standards. None of the Uranium
!

soil concentrations measured would produce an external radiation !

!

!exposure dose in excess of Nuclear' Regulatory Commission limits

for unrestricted areas.
;
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OBJECTIVES

The objectives of this work are to:

j A. Determine the extent and levels of uranium and uranium
3- daughters (Uranium Series) present on Corps of.Engin-

eers project lands along the effluent and storm water

discharge streams of the Sequoyah Fuels Plant and the

Illinois River adjacent to the discharge streams;

B. Analyze the measurements of Uranium series members to

ascertain, if possible, the origin of the radionu-

clides, i.e. natural vs. process effluent discharge;
.

C. Determine, to the extent possible, any patterns of

concentration, accumulation or dilution of the

radionuclides;

^

/ D. Compare measured radionuclide concentrations to applic-

able Federal Regulations for the release of such to-un-

restricted areas; and

E. Evaluate the degree.of hazard associated with the de-

termined radionuclide concentrations.

1

-

c _ . -



s

F

BACKGROUND

THE URANIUM DECAY SERIES

Uranium is a primordial element existing in nature in three

isotopic forms: U-238; U-235 and U-234. All isotopes of Uranium

are radioactive'with differing half lives and belong to one of
.

two decay series. U-238 is the parent of the " Uranium" (4n+2)

series (Figure 1) and has a half life of 4.5 x 109 years. U-234 ;

I

belongs to this same series. It has a short half life (2.45 x
'

105 years) with respect to the age of the earth (=3 x 109 :

years). Thus, its existence in nature is a direct result of the

series decay from U-238. Other radionuclide daughters, from

Thorium through Lead, also exist as a result of the U-238 *

parent. U-235 (half life = 7.1 x 108 years) is the parent of

another series called the " Actinium" (4n+3) series. If not
,

subjected'to chemical or physical separation, a decay series will

attain a state of radioactive equilibrium wherein the number of -

atoms of each nuclide of a given series that decay during a given ;

interval is nearly equal to the number of decays of the nuclide

that heads that series. *

Due to differing half lives, the current weight % of the
'

Uranium isotopes is: U-238 - 99.2745%; U-235 - 0.72%; and U-234 -

0.0055%. U-234 is in a small weight % compared to U-238, but
;,

since it is in radiological equilibrium with U-238 it makes an

equal contribution to the radioactive specific activity of
,

Uranium samples. U-235 is of limited significance as far as

radioactivity of natural Uranium. On a radiological basis,

i

2

!

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



e

-238g 234g

9 6,Y
54.5 x 10 y 2.5 x 10 y
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1600 y

a,y

"
222 Rn

3.8 d
a,y

218po 214po 210po
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a
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26.8 min 19.4 y stable.

Figure-1. _ Uranium-238 Decay Series
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one gram of Uranium yields approximately 0.33 uCi each of U-238

and U-234 and 0.015 uCi of U-235.

Although U-235 is present as less than 1% w/w of Uranium, it
,

is the isotope responsible for the fission process in a thermal

reactor. However, a sustained chain reaction is not possible in

a thermal reactor using natural uranium. For criticality, the %

content of U-235 must be increased. Such a process is entitled ,

enrichment.

THE URANIUM FUEL CYCLE

The nuclear fuel cycle (Figure 2) for the production of a
;

fission chain reaction is a multistep and multilocation process.
,

,

h

Uranium Conversion 'U-235 Fuel
Cxice to

Extraction UF Enrichment Fabrication
6

Ore ,

Mining Reactor

!
,

Figure 2. Uranium Fuel Cycle ,

!

After mining'of an ore (normally containing Uranium in low w/w

%), Uranium is extracted, usually as an oxide, from the ore, con-

verted to a gaseous form, and then enriched in a gaseous diffu-

sion process. The enriched uranium can then be fabricated as

4
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fuel for a reactor. In the process of extraction of the Uranium
:

oxide from the ore, the radioactive daughters remain behind as_ |

'

mill tailings. The material of interest (U 03 8 - Yellow Cake)
i

sent to a UF6 (a gaseous compound of Uranium) generation facility '

is no longer Uranium in radioactive equilibrium which is of im-

portance when analyzing environmental samples.
,

Since Uranium exists most everywhere in nature, soil and. '

water samples will usually contain some Uranium. This concentra-
,

tion varies by geographic location with an " average" worldwide

concentration in the range of 1-5 pCi/g (NCRP, 1987). [A pCi is

a measure of radioactivity equalling 2.22 disintegrating atoms ,

per minute. It is the approximate decay rate of 1.5 ug of natur-

al Uranium)._ Due to the decay series, radioactive daughters of

the Uranium parent will also be present.
.!

,

;

Examination of the Uranium-238 decay scheme (Figure 1) in- i

dicates that in a natural equilibrium-condition, the radioactiv-

ity ratios of U-238:U-234:Th-230:Ra-226 should be_ unity. . As a

result, the ratio of natural Uranium radioactivity (U-234'and

U-238) to Th-230 or Ra-226 should be two. The decay product of

Ra-226 is Rn-222, a gas, and its emanation disrupts further >

equilibrium,

u

Although the process of Uranium-oxide extraction'from ore is |

not perfect, the majority of the product (yellow cake) is Uranium

with minimal daughters. The ingrowth of a radioactive daughter

5
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.follows the equation

A D
^P [(Exp - A t) (Exp - A t)A * -

D A A p D
D P ,

;

i

where:

Ap = Activity of the daughter radionuclide

Ap = Decay constant of daughter radionuclide ,

Ap* = Initial activity of parent radionuclide
,

Ap = Decay constant of parent radionuclide
t = elapsed time since separation of daughter from parent i

;

The time (teq) for equilibrium to be reestablished between
the parent and daughter is given by:

In ( A A *D/ Pt*9
=

A - A
D P

f

In the case of U-234/Th-230 parent-daughter, this time is'

approximately 200,000 years. Thus', an examination of-the U:Th'

ratio of-a sample can be an indication of whether_or not the "

Uranium measured is of natural or other origin. It should also f

be noted that, as different elements, Uranium and' Thorium have

different chemical properties and soil affinities. This can' i

affect' equilibrium conditions and subsequently the ratios of ura- !

nium to its daughters. <

-;

i
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CHEMISTRY OF URANIUM, THORIUM AND RADIUM
i

Uranium (atomic number 92) is a member of the group of

elements known as actinides and exists in tri , tetra , penta-

and hexapositive oxidation states. Uranium is found in the tet-

ravalent oxidation state in primary igneous rocks and minerals
;

but is oxidized to the penta- and hexavalent oxidation states in

near surface environments. Compounds containing hexavalent ura-

nium include uranium hexafluoride (UF6), uranates and uranyl ion
(UOg2) complexes. Uranyl compounds are the largest class of ura-

nium containing compounds and vary from simple salts to complex
organic molecules.

,

'

Thorium, atomic number 90, is also an actinide element and

exists in tri- and tetrapositive oxidation states. Thorium is

found only in the tetravalent oxidation state in aqueous '

solutions.

Radium, atomic number 88, is not a member _of the actinide ,

elements group but, like uranium and thorium, exists as an elec- I

tropositive ion. Radium has a single divalent oxidation state
,

and may be found as free ions, in simple inorganic compounds such

as radium sulfate (RaSO4), or complexed with a variety of organic

molecules in natural environments.

;

!

'

|

7
I



.

RADIOLOGICAL PROPERTIES OF URANIUM

The radioactive decay of Uranium or.its daughters can result

in the emission of one of 3 types of radiations (Kocher, 1985),

referred to as alpha, beta or gamma radiation.

Alpha radiation is the emission of a particle identical in
;

nature to a helium nucleus (He+2). Typical alpha particle ener-

gies for the U-238 series are in the range of 4-5.5 Mev, yet

travel very short distances (mm) due to their mass and charge.

As a result, they are not considered an external hazard. Inter-

nal deposition of alpha emitters is of concern due to concentra-

tion of the decay energy in small volumes. Additionally, the |

radionuclide may have an affinity for a certain organ and inten-

sify the effect due to bioconcentration.

Beta particles are identical to electrons and those in the s

,

U-238 series range in kinetic energy from 16 kev to 3.3 MeV. The

range of a beta particle is a function of its energy. It is

generally considered that beta, like alpha, are a more signifi-

cant internal, than external,-hazard.

,

Gamma rays are electromagnetic photons which may accompany- ,

the emission of alpha or beta particles. They are. highly pen-

etrating and those of the U-238 series (Figure 3) range in energy

.from 63 kev to approximately 2.5 Mev.

4
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The radiological profile for Uranium that has been~ separated
,

'

from its daughters (Figure 4) is significantly different, with

' lower energy radiation ranges as well as lower frequencies of

emission of specific radiations. With time, and approach to
,

equilibrium, the profile changes. ;

,

'(

The radiation dose (measured in Rems) to an individual in an-
:

area containing radionuclides is a function of multiple factors. j
.

These include the identity and quantity of radionuclide, depth of 5
'

.

location, residence time of the individual, topographical ;

conditions, and many others. The calculated annual dose'for

occupancy in a location containing U-238 is 6.2 x 10-2 mrem / year -

per pCi/ gram (Napier, 1982). With time, and growth towards equi- .

librium, this dose rate will change. It increases to 5.2 x 10-1
and 3.5 mrem / year per pCi/g after 100 and 1000 years respective-

ly. The annual background radiation exposure due to terrestrial '

radiation averages approximately 50 mrem / year in Oklahoma (NCRP,

1987). The NRC limit for induced exposure to personnel outside a

restricted area is 500 mrem / year.

UF6 PRODUCTION AT SEQUOYAH FUELS FACILITY

:

t

The source of Uranium and its daughter radionuclides in

waste water discharges from the sequoyah Facility can be seen
.

from an examination of the UF6 conversion procedure. This pro-

cedure (Figure 5) essentially involves wet chemical purification

to convert yellow cake to pure uranium trioxide followed by dry

10
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Figure 5. Conversion of U 03 8 (Yellowcake) to UF6 (Gas) Product
.

12
:

,



"

.

|

!

chemical reduction, hydrofluorination, and fluorination tech-

niques to produce the Uranium hexafluoride gas. )

s

The yellow cake is generally received as a slurry or dry

concentrate and is dissolved in nitric acid for processing. This

uranium solution is purified by solvent extraction and then sub-
;

i

jected to thermal denitration to prepare uranium trioxide. Hy-

drogen reduction of the uranium trioxide yields uranium dioxide ;
r

which is converted to uranium tetrafluoride by reaction with
,

anhydrcus hydrogen fluoride. The desired uranium hexafluoride

product is formed by contacting the uranium tetrafluoride with

elemental fluorine.

>

v

Each process step will yield wastes and loss which can be'a

source of Uranium and/or daughter radionuclides in the waste

stream. These wastes / losses may end up in rainwater, sumps,

solvent extraction operation, receiving and reprocessing tanks,
,

vapors, clarifiers or scrubbers. [N5TE: a' detailed description

of the current operation is contained in NUREG-1157, " Environ-

mental Assessment'for Renewal of Special Nuclear Material License '

N. SUB-1010", Docket No. 40-8027,. U.S. Nuclear Regulatory Commis- >

sion,. Office of Nuclear Material Safety and Safeguards; August !..

1985].
,

>

f

,

'
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URANIUM SERIES RADIONUCLIDES IN TERRESTRIAL ECOSYSTEMS

i

The movements of uranium and uranium daughter radionuclides

in soil are dependent upon physical phenomena and complex sets of :

inorganic and organic chemical reactions peculiar to each differ-

ent radionuclide. Numerous physical and chemical characteristics '

of soils and abiotic environmental factors are capable of influ-

encing uranium-series radionuclide movement (Andersson, Torsten-

felt and Allard, 1982; Gascoyne, 1982; Eisenbud, 2987). A vari-
,

ety of living organisms affect uranium-series radionuclide trans-

port through adsorption, bicaccumulation, chelation or solubili-

zation mechanisms similar to those important in the environmental

cycling of other elements (Wildlung and Carland, 1980; Garten,

Trabalka and Bogle, 1982; Francis, 1985; Miller, Landa and Upde-

graff, 1987). Uranium and radium are relatively mobile in nat-

ural environments, while thorium is generally characterized as

having a much lower mobility (Osburn, 1965; Schulz, 1965). The

differential transport and movement of uranium, thorium, and

radium as a result of geochemistry and the effects of biota are

responsible for variations in their isotopic ratios (disequilib-

rium) in many natural materials (Ivanovich and Harmon, 1982).
?

.

The solubility of uranium-series radionuclides in soil water

and their sorption onto solid soil components are affected by
,

soil clay content, cation exchange capacity, oxidation reduction '

;

potential, pH, temperature and the concentr tion of other ionic

species. Soil moisture content and porosity are additional pri-

14
;

,
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mary variables affecting the movement of solutes and'the soil |

water solution. Radionuclides present as solutes in a saturated
.

soil may be' rapidly transported during the convective-bulk flow
,

!

of the soil solution. Alternatively, in unsaturated soils the
'

I
movement of the solutes and soil solution is the result of the

adhesive and cohesive properties of water, and proceeds at slow-
!
'er rates.
?

Microorganisms and many species of plants are known to bio- -

!

accumulate uranium-series radionuclides and alter their movement

in terrestrial habitats. Bacteria have been shown to cause the

leaching of uranium from rock and soil components (Heinen and
f

Lauwers, 1988). The common soil bacterium Thiobacillus ferro-

exidans can oxidize uranium (Di Spirito and Tuovinen, 1982) and
!

has been used in commercial mining _to leach and extract uranium,

i
Pseudomonas aeruginosa, another common soil' bacterium, accumu- :

;

lates uranium (Strandberg, Starling and Parrott, 1981) and pro-

duces uranium- and thorium-specific chelating substances similar !
!

in structure to bacterial chelators which bind' iron and enhance

its. solubility and bioavailability (Premuzic et.al., 1985). -!

Many other genera of bacteria and fungi present in soils have !
!
,

been found to have high uranium adsorbing abilities (Nakajima and
;

i

Sakaguchi, 1986). Mixed populations of sulfate reducing bacteria

and pure cultures of the soil bacterium Desulfovibrio desulfuric- 'I

ans have been shown to leach radium from rock and geologic _ mate- !

!
rials (Fedorak et.al., 1986; Landa, Miller and Updegraff, 1986). !

!

!
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Uranium and radium are bicaccumulated by numerous species of
,

food crops, native plants and trees. Mosses and lichens (Sheard,

1986), alfalfa (Sheppard, Sheppard, and Thibault, 1984), grasses

(Mahon and Mathews, 1982) and conifers (Sheard, 1986) are among .

the many species which are able to absorb and accumulate uranium

and radium. Ibrahim and whicker (1988) also report thorium may '

be accumulated by vegetation to a much greater extent than previ- '

i

ously shown. A summary of the literature documenting the accumu-

lation of uranium in various species of plants is presented in
i

tabular form in a technical document published by the Interna-
,

tional Atomic Energy Agency (IAEA, 1985). In addition to accumu-
L

lating radionuclides, the roots of plants have been found to re- :

lease organic compounds which bind radionuclides. These plant- -

produced chelators form anionic radionuclide. complexes which are
,

highly mobile in soils (Cataldo et.al., 1987). Deer and other i

terrestrial animals feeding on contaminated plant biomass have

been shown to bicaccumulate uranium and radium in body tissues '

(Mahon, 1982; Williams, 1982). In general the concentrations of

radionuclides in living organisms decrease with each transfer in

the food chain.
3

.

URANIUM SERIES RADIONUCLIDES IN AQUATIC ECOSYSTEMS
i
i

!

Uranium and the uranium-series daughter radionuclides have been

shown to be partitioned between the biota, sediments and the

water columns in aquatic habitats. Radionuclide transport be-

tween the different compartments in such ecosystems is dependent

16
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upon complex interactions between abiotic environmental parame-

ters and living organisms (Eisenbud, 1987). Movement of radionu-

clides via-biotic pathways and aquatic food chains is of primary
|

interest because of the potential for bio-accumulation and subse- !

quent harmful effects to both aquatic organisms and man. -

. i.

!

Photoautotrophic organisms also known as primary producers 1

form the base or first trophic level of aquatic food chains, f
Typical freshwater habitats contain large and diverse communities

of primary producers composed of aquatic vascular plants, peri-
i

phyton and phytoplankton. Biomass generated by primary producers
'

I
'

then serves as food for the next trophic level of organisms known

as primary consumers. primary consumers include herbivorous .

fish, insects and invertebrate species. In turn, primary consum- |

ers serve as food for carnivorous secondary consumers. Secondary
I

consumers in aquatic ecosystems include many of the common game ;

fish species consumed by man. Benthic dwelling detritus feeders i

are an additional important group of organisms in aquatic ecosys-

tems. These organisms, which also include fish, insect and in-

vertebrate species, feed primarily on living and non-living bio- t

?

-mass which accumulates in aquatic sediments.

1

Primary producers serve as one of several possible points of
i

entry for radionuclides into aquatic food chains. -Aquatic plants ]
and algal species have been shown to be capable of adsorbing and !

accumulating uranium and uranium-series radionuclides (Stegnar

and Kobal, 1982; Mann and Fyfe, 1985). Radionuclides may then be

17
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transferred to primary consumers and subsequently other organisms

when plant and algal biomass is consumed. Alternatively, the ra-

dionuclides present in unconsumed plant and algal biomass may be

transported to the sediments or exported further downstream in i

flowing waterways. ,

|

Uranium and uranium daughters may also enter aquatic food
,

chains when soluble or particulate forms are ingested incidental-
,

ly during feeding. swanson (1985) studied a flowing freshwater .

stream and lake system in which sediments and the water column

were contaminated with uranium series radionuclides at concentra-

tions similar to those measured in effluent streams from the Se-
!

quoyah Fuels Facility. Radionuclide concentrations in organisms ;

i

generally declined with each successive move up in trophic level.
,

Transfer coefficients indicated that direct uptake of uranium and

'radium from the water by large fish and insects was more

important than transfer up the food chain. Additionally, !

organisms feeding on or near sediments had higher radionuclide

concentrations in their tissues than did pelagic species.

Calculated dose rates to fish in this study were below levels-- ,

i

previously shown to cause somatic effects in fish. Similarly,
.,

estimates of doses of radioactivity received by humans consuming j
l

single servings of contaminated fish weekly were low. Other
{

authors have documented the general trends observed by swanson ,

i
;indicating decreasing concentrations of uranium at higher aquatic.

trophic levels and greater concentrations in benthic organisms as *

!

opposed to pelagic species (Garten et.al., 1982; stegnar and

I

18
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Kobal, 1982). A summary of. data from recent studies describing
ithe accumulation of uranium and radium in aquatic organisms is t

given as a table of "bicaccumulation factors" in the National I

Council of Radiation Protection and Measurements Report Number 76

(1984). *

,

A variety of abiotic environmental parameters also influence

the distribution of uranium and uranium series radionuclides in ,

:

aquatic ecosystems. Among these factors total alkalinity, bicar- i

bonate ion and organic carbon concentrations have been shown to
;

correlate with uranium concentrations in freshwaters (Scott,

1982; Wahlgren and Orlandini, 1982). Representative concentra-

.itions of uranium and thorium in North American rivers ranged from ~

0.55 ug/g to 4.71 ug/g in sediments and from 0.022 ug/l to 4.50
.

ug/l in water (Scott, 1982).
'

!

GEOGRAPHIC DESCRIPTION OF AREA OF INTEREST

!

The Sequoyah nuclear fuels processing ~ plant is located in '

Sequoyah County, Oklahoma, approximately 3.0 miles southeast of

the town of Gore, Oklahoma (Township 12Nr Range 21E, Section 21). |

The plant is situated adjacent to the eastern bank of the Illin-

ois River, 7.0 miles downstream from Tenkiller Reservoir. One

mile downstream from the fuels plant, the Illinois joins the Ar-
kansas River which in turn immediately flows into Robert S. Kerr

Reservoir, part of the Kerr-McClellan Waterway.

19 |
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CHARACTERIZATION OF SOIL AT AREA OF INTEREST
:

!

Soils along the Illinois River in the area of the Sequoyah
,

fuels plant are predominantly of the Rosebloom and Mason soil

series. The soil in the area of interest is further character-

ined as a Mason silt loam. Soils of this class are moderately

permeable, well drained and extend relatively deep into the

subsurface profile. Surface horizons of Mason series soils are '

?

!

typically composed of brown silt loams or brown silty clay loams

and are of moderate to high fertility (USDA, 1970). Well drained '

'and permeable soils should provide opportunity for subsurface

transport of mobile radionuclides.

PROPOSED CHANGE OF DISCHARGE PROCEDURE BY SEQUGYAH FUELS CORP. F

'i-

Studies (Appendix A) conducted by the Sequoyah Fuels Corpor- i

ation (SFC) facility staff document that releases of radioactive
i

materials to the unrestricted area (i.e. off-site) are below the !

:1'

levels specified in 10CFR20 (Standards'for Protection Against
:

Radiation). However, accumulation of uranium in the sediment or ',
r

soil along the waste streams has reached a significant level and
;

t
SFC has proposed an alternative discharge method which involves

t

access to land and waterways under the jurisdiction of the Army 1

i
Corps of Engineers. '

:
;

'l
:

The proposal entails construction of a pipeline to replace the ;

effluent flow through the Outfall 001 natural drainage chan- :

20 ;
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nel (Figure 6). . This pipeline would empty the plant process

water directly into the Illinois River. The soil and sediment i

along the natural channel would be surveyed after pipeline in-

stallation and sediments and soils with elevated uranium levels
,

would be removed for proper disposal.

As a result of the request of SFC to the Corps.of Engineers 1

for permission to construct this pipeline a need exists to know'
I

the present levels of radionuclide contamination that may exist

on the government lands involved. To fill this need a study.was
.

conducted to collect samples for independent analytical determin-

ation of radionuclide levels. This report contains a summary of

the sample collection and measurement of radionuclide levels in

these samples (Appendix B) and is an analysis of the results

obtained.

-

)

,

i

k

i
,

t

e

i
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SAMPLING METHODOLOGY
!

The current discharge of waters and wastes from the Sequoyah

Fuels plant includes four streams discharging into the Illinois :

River (Figure 6). The streams are the process waste water stream '

and three storm water streams. Each discharge stream was sampled

for sediment and upland soil contamination of uranium, radium-

226, thorium-230 and gross alpha emission. Sediment samples were

also collected at the location of entry.of each stream bed to the -

Illinois River. Water samples were collected from Stream 001 and

both the Illinois and Arkansas Rivers. Background control sam-

ples were collected from three locations on government property

at a minimum distance of one mile from the Sequoyah property up-

stream and downstream of the sampling area. Outfall streams were

sampled on 29 and 30 June and Illinois and Arkansas River samples

were collected on 1 July 1988.
i

Outfall 001 is the longest of the streams involved and at

the time of sampling was the only one containing water. Sampling

locations (Figure 7) for this stream were at distances of approx-

imately 25, 200, 400, 500 and 700 feet from the Facility property

line. Subsurface stream bed sediment samples were collected by
|

sediment sampler at each sampling distance. Soil surface samples *

were collected by hand trowel along a transect perpendicular to

the stream. If possible, a-sample was collected at the bank and
~ '

then at increasing distances from the stream depending on the
,

.

terrain. Since this stream contained flowing water, a

>

23 6
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!:

sample of the effluent was collected at a distance of approxi- |

mately 250 feet downstream from the property line. Multiple sed- [

iment samples were collected at the entry point of the stream ;

;
into the Illinois River. One sample was taken at the point of

.

entrance of the stream into the river. Additional samples were

taken at 50 and 100 feet distances into the River along diagonals

of 45' to the upstream bank, 90' to the bank and 45' to the
,

downstream bank. Additional subsurface sediment samples were
I

taken along the eastern bank of the river at downstream distances

of approximately 500 and 1000 feet from the 001 stream mouth.
,

h

The 194 stream was dry and stream bed soil samples were
,

collected from it at distances of approximately 20, 50 and 100
,

:

feet from the property line (Figure 8). Two upland soil samples

were taken at approximately 25 feet distances from the stream bed |
[

on opposite sides. A subsurface sediment sample was taken at the i

entry point of the stream into the Illinois River.
.

u

!

The 005 stream (Figure 9) was dry and stream bed soil
'

samples were collected at distances of approximately 50 and 80

feet as well as in a depression in the stream bed just short of ;
:

its entry into the Illinois River. Additional _ upland soil i

samples were collected at distances of 25 feet either side of the

center stream bed locations. A subsurface sediment sampic was

taken at the entry point of the stream into the Illinois River. ,

25
,
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Samples,for stream 005A (Figure 10) included dry stream bed !

!
'

soil at distances of approximately 50 and 150 from the property

line. At these distances upland soil samples were collected at

50, 150 and 300 feet distances on opposite sides of the stream. j
.i

'An additional sample was taken from the soils at a high water *

:

mark near a group of large boulders at the stream's terminus. A |

.

near subsurface sediment sample was collected from the area of

the entry point of the stream into the Illinois River. '

(

Stream 007 (Figure 11) was short and only 3 soil samples were
,

collected. Besides the stream bed sample at a distance of ap-

proximately 40 feet from the property line, upland soil samples
,

were taken at a distance of approximately 25 feet either side of j

the stream bed. A subsurface sediment sample was. collected from
;

the area where the stream enters the Illinois River. An addi- {

tional Illinois River subsurface sediment sample was collected at ,

a point approximately midway between the 007 and 005A stream.

,

,

In addition to the water sample from the 001 stream, water !
1

samples were also collected from the junction of the Illinois and j

Arkansas Rivers and downstream in the Arkansas River at the In-
.t

terstate 40 bridge. |

|

Background soil / sediment samples were collected from the Gore f
' Landing site (upstream) and at the Junction of Interstate 40 and

Highway 100. Background water samples were collected at Gore .

!

!
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' Landing and from the Arkansas River approximately 1500 feet up- '

stream from the junction with the Illinois River.
,

k

Soil and sediment samples with accompanying Chain of Custody

Records were delivered to Core Laboratories'(420 West First St.,

Casper, Wyoming 82601) for radiochemical analysis. Water

samples were delivered to Southwest Laboratory of Oklahoma-(1700

W. Albany, Suite C, Broken Arrow, OK 74012) for radiochemical

analysis. All samples were analyzed according to Standard Meth-

ods (APHA, 1985) for Uranium (natural), gross alpha, Thorium-230

and Radium-226. Assay results (Appendix B) for soil and sediment

samples were reported in pCi/ gram for soil and sediment and

pCi/ liter for water samples.

.

9
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RESULTS'AND DISCUSSION
,

The results of radiochemical analysis of all samples

collected in this study are detailed in Appendix B. Two addi-

tional studies are included as appendices as they can be used for

limited comparisons of radioactivity levels at different sampling

times. Appendix A contains the results of a soil / sediment survey

conducted by Sequoyah Fuels Corporation in 1986 in response to an

NRC License Condition. This document is of additional importance

as it proposes a pipeline as a mitigation step. This proposed

activity was a factor in the decision to conduct the current

study. Appendix C details results from samples of soil, sediment

and water collected by the Corps of Engineers from Outfall 001 in

December of 1986.

STREAM 001

Table 1 lists the results of the radionuclide analysis of 1

samples of Stream 001. The Uranium concentrations (pCi/g) along

this stream are portrayed in Figure 12. Of all the streams

surveyed, 001 is the longest. It was also the only streambed

containing water and thus appears to be the active outfall from

the facility at that time (30 June 1988). Uranium concentrations

in soil and sediment are statistically above background in most

cases. Analysis of the U:Th ratios indicates that these elevated

concentrations are probably of process origin (i.e. Uranium '

separated from its daughters during ore processing) rather than

from naturally occurring Uranium in the locale.
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Table 1. Results of Radionuclide Analysis of Samples of Stream 001
i

Gross
Distance Sample U-nat Alpha Th-230 Ra-226

Downstream Location pCi/g pCi/g pCi/g PCi/g
========== ========== ===== ===== ====== ======

25 feet streambed 28.0 54.0 1.9 1.7
southbank 16.0 31.0 0.5 0.8
50 ft south 3.1 14.0 2.0 2.8
100 ft south 1.7 14.0 2.5 0.8

,

200 feet streambed 19.0 19.0 1.4 1.3
southbank 8.9 19.0 1.2 1.3
50 ft south 19.0 26.0 1.1 1.6
100 ft south 8.3 15.0 5.5 2.9

400 feet streambed 19.0 26.0 1.4 1.0
southbank 14.0 25.0 1.7 1.1
50 ft south 21.0 44.0 1.0 1.7
100 ft south 38.0 59.0 3.0 2.7

500 feet streambed 21.0 33.0 ^ 1.4 1.4 ,

50 ft north 27.0 35.0 1.9 1.6 .

100 ft north 50.0 96.0 1.1 0.6
140 ft north 97.0 108.0 1.1 3.2

700 feet streambed 16.0 23.0 1.1 0.7
30 ft south 12.0 25.0 0.9 1.4 *

50 ft south 32.0 69.0 3.8 2.7

Water Sample
250 ft downstream 554.6 459.0 0.7 0.1
(All values are pCi/1) 548.7 359.0 0.6 0.1

,

**** Calculated Isotopic Ratios ****

Gross
Distance Sample U-nat Alpha:

Downstream Location pCi/g U-nat U:Th U:Ra Th:Ra
========== ========== ===== ===== ===== ===== =====

25 feet streambed 28.0 1.9 14.7 16.5 1.1
southbank 16.0 1.9 32.0 20.0 0.6
50 ft south 3.1 4.5 1.6 1.1 0.7
100 ft south 1.7 8.2 0.7 2.1 3.1

200 feet streambed 19.0 1.0 13.6 14.6 1.1 ;

southbank 8.9 2.1 7.4 6.8 0.9
50 ft south 19.0 1.4 17.3 11.9 0.7
100 ft south 8.3 1.8 1.5 2. 9- 1.9

400 feet streambed 19.0 1.4 13.6 19.0 1.4 i
southbank 14.0 1.8 8.2 12.7 15
50 ft south 21.0 2.1 21.0 12.4 0.6

,

100 ft south -38.0 1.6 12.7 14.1 1.1
500 feet streambed 21.0 1.6 15.0 15.0 1.0

50 ft' south 27.0 1.3 14.2 16.9 1.2
100 ft south 50.0 1.9 45.5 83.3 1.8
140 ft south 97.0 1.1 88.2 30.3 0.3

700 feet streambed 16.0 1.4 14.5 22.9 1.6
30 ft south 12.0 2.1 13.3 8.6 0.6 !

50 ft south 32.0 2.2 8.4 11.9 1.4
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Duplicate water samples taken at a location approximately

250 ft. downstream from the property line indicate an average

concentration of 551 pCi/ liter. This value is well within the
3

NRC limit of 30,000 pCi/ liter. Although the sample was not taken

at the exact entry from the property (restricted area) into the |
t

open (unrestricted area) stream area, it is reasonable to assume

the concentrations will be fairly similar. This assumption is

based on the premise that all the flow originates in the restric-

ted area and there is no significant dilution factor between the

boundary and the sampling location. The Th-230 and Ra-226 con-

centrations of this effluent are essentially background. This is
i

noted in respect to the premise that isotopic ratios can be an

indicator of " natural" or " process" origin in samples with

elevated radionuclide concentrations. Although this is a one |

time sample, it does lend support to the hypothesis that a sample f
with an elevated uranium concentration and high U:Th ratio is of

,

" process" origin.

STREAM 004

.

Values for this stream are listed in Table 2 and Uranium

concentrations portrayed in Figure 13. All samples are essen-
.

tially background values and no significant radionuclide concen-

trations are found in the. locations samples.

STREAM 005
,

Table 3 lists the results of the radionuclide analysis of
F

soil and sediment samples of stream 005. The Uranium concentra-

i
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Tablo 2. Results of Radionuclido Analysic of Soil ~and.Sodiment
.Samples of Stream 004.
|;

Gross d
Distance ' Sample U-nat Alpha Th-230 Ra-226 j
Downstream Location- pCi/g pCi/g pCi/g pCi/g i

========== ========== ===== ===== ====== ======
Prop. +20 'streambedL ' 1.1 18.0 2.3 1.5
Prop. +50- streambed 1.2 9.3 0.1 1.4 ~

f

25 ft north 2.2 8.8 1.5 1.8 :Prop. + 100 streambed. 2.2 18.0 1.7 2.1
25 ft south 3.3 10.0 1.8 1.7 ~ ||

**** Calculated Isotopic Ratios ****

\
Gross i

Distance Sample U-nat Alpha:
Downstream Location pCi/g U-nat U:Th U:Ra Th:Ra
========== ========== ===== ===== ===== =====. =====

5
Prop. +20 streambed 1.1 16.4 0.5 0.7 '1. 5 !
Prop. +50 streambed 1.2 7.8 12.0 0.9 0.1

25 ft north 2.2 4.0 1.5 1.2 0.8 *

Prop. + 100 streambed 2.2 8.2 1.3 1.0 .0.8 i
25 ft south 3.3 3.0 1.8 1.9 11 |

,

.i

Tabl.e 3. Results of Radionuclide Analysis of Soil and Sediment- [Samples of Stream 005. '

+

Gross
Distance Sample' U-nat Alpha Th-230 Ra-226 i

Downstream Location pCi/g pCi/g pCi/g pCi/g
,========== ========== ===== ===== ====== ======- +

Prop. +50 streambed 7.9 '32.0 1.1 1.2 :
25 ft south 4.2 29.0. 1.6 1.4

.

25 ft north 5.6 35.0 1.4= 1.4 [Prop. +80 streambed 18.0 55.0 2.7- 1. 9'
t25 ft north 254.0 551.0 101'.0 2.7 ;

25 ft south 4.1 -40.0 2.0 1.8 ||Sed. base- 289.0 578.0 97.0 3.3 -|
Ditch '

.

>

**** Calculated Isotopic Ratios ****
'

.

Gross
Distance Sample U-nat Alpha:

iDownstream Location pCi/g U-nat- U:Th U:Ra ThiRa .

========== ========== ===== ===== ===== ===== ===== .t
Prop. +50 streambed . 7.9 4.1 7.2 6.6' O.9 l

25 ft south 4.2 6.9 2.6 3.0 1.1 |25 ft north 5.6 6.3 4.0 4.0 1.0- *

Prop. +00 streambed 18.0 3.1 6.7 9.5 1.4
25 ft-north 254.0 2.2 2.5 94.1 37.4 {25 ft south 4.1 9.8 2.1 2.3' 1.1 '

Sed. base- 289.0 2.0 3.0 87.6 29.4-
'

Ditch
i

|
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tions are portrayed in Figure 14. Two locations of this stream
:

area show elevated Uranium concentrations.- A Uranium concentra- t

tion of 254 pCi/g was. measured in a soil sample taken 25 ft.
,

north of the streambed location 80 feet downstream from;the
+

property line. The same sample also had a Th-230 concentration
,

of 101 pCi/g. The sample collected from a depression in the ;
!

streambed just short of its entry into the Illinois River showed
'

~

similar levels with a Uranium concentration of 289 pCi/g and a

Th-230 level of 97 pCi/g. With the exception of the samples from I

the two above mentioned locations, other samples from this

outfall were only slightly above background. These results

indicate the possibility that the elevated levels may be of

natural origin or are the effluent from processes of other than j

the normal type. .

;

i

STREAM 005A !

!

Assay results for samples from this stream are listed in

Table 4 and Uranium concentrations portrayed in Figure 15. The

sediment and soil values from this dry streambed and bank are

generally only slightly elevated above background level. One

sample showed elevated levels of both Uranium and Thorium. This

sample was taken from the soil at the'highwater mark among a
,

group of large rocks in the streambed near its terminus. The
,-

U:Th ratio suggests a natural origin as well as a geological area

that concentrates Thorium from a mixed flow of naturally occur--

ring radionculides.
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Table 4. Results of Radionuclide Analysis of Soil and Sediment
Samples of Stream 005A.

Gross-
Distance Sample U-nat Alpha Th-230 Ra-226

Downstream Location pCi/g pCi/g PCi/g pCi/g
========== ========== ===== ===== ====== ======

Prop. +50 streambed 6.5 54.0 1.1 1.1- '

50 ft south 6.5 48.0 3.3 0.9
150 ft south 9.4 19.0 0.6 1.1
300 ft south 2.1 15.0 0.2 0.5

Prop. +100 streambed 2.8 12.0 2.$ 1.7 *

50 ft north 7.4 29.0 0.8 1.3
150 ft north 4.8 24.0 0.9 1. 5-
300 ft north 6.8 18.0 0.6 0.5

Highwater 83.0 483.0 159.0 2.9
mark

**** Calculated Isotopic Ratios ****

Gross
Distance Sample U-nat Alpha:

Downstream Location pCi/g U-nat U:Th U:Ra Th:Ra
========== ========== ===== ===== ===== ===== ===== i

Prop. +50 streambed 6.5 8.3 5.9 5.9 1.0 -

50 ft south 6.5 7.4 2.0 7.2 3.7
150 ft south 9.4 2.0 15.7 8.5 0.5
300 ft south 2.1 7.1 10.5 4.2 0.4

-Prop. +100 streambed 2.8 4.3 1.1 1.6 1.5
50 ft north 7.4 3.9 9.3 5.7 0.6
150 ft north 4.8 5.0 5.3 3.2 0.6
300 ft north 6.8 2.6 11.3 13.6 1.2

Highwater 83.0 5.8 0.5 28.6 54.8
mark

.

t
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STREAM 007 .

Table 5 details the analytical results for stream 007. .

,

Uranium concentrations for the sampling locations are portrayed

in Figure 16. The dry streambed sample indicates an elevated

Uranium level while soil samples taken either side of the stream
i

are only slightly elevated above background.

ILLINOIS RIVER ;

i

In addition to samples of various individual streambed '

!
areas, soil / sediment samples were collected at the point of entry i

>

of each stream into the Illinois River. A background sample was ;

obtained at Gore Landing which is approximately 2 miles upstream

from the facility site. Analytical results from these samples f

are detailed in Table 6 and the respective Uranium concentrations -

portrayed in Figure 17. The only significantly elevated level ,

seen is from the sample collected at the mouth of the 005 stream.

This sample also indicated an elevated Th-230 concentration. I
.

These results are consistent with that seen in the analytical

Ipicture of the streambed itself and indicate a possible

localization of natural Uranium and daughters. '

The multiple samples taken in the area of the mouth of out-

fall 001 indicate a slightly elevated level of radioactivity near ,

the shoreline with reduced levels further out into the river

itself. The elevated levels near the mouth are significantly

reduced from those found in the stream itself (Table 1 and Figure

12) indicating the river's diluting effect.
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Table 5. Results-of Radionuclide Analysis of Soil and Sediment '

Samples of Stream 007.
:
i

Gross -

Distance Sample U nat Alpha Th-230 Ra-226
Downstream Location pCi/g pCi/g pCi/g pCi/g
.........= ====...... ..... .....- ...... ......
Prop. +40 streambed 46.0 72.0 5.1 1.7

25 ft south 2.7 22.0 1.2 1.2 ;
25 ft north- 3.6 15.0 1.8 2.9 :

,

**** Calculated Isotopic Ratios ****

I
Gross '

' Distance Sample U-nat- ' Alpha:
Downstream- Location pCi/g U-nat U:Th ~U:Ra Th:Ra
.......... ========.. ..= . =====- ..... . . . . . - .....
Prop. +40 streambed 46.0 1.6 9.0 27.1. 3.0 ;

25 ft south 2.7 8.1 -2.3 2. 3 - 1.0
25 ft north 3.6 4.2 2.0 1.2 0.6 .!

:
1

43

'

,



_

r

Table 6. Results of Radionuclide Analysis of Sediment-Samples ~from
the 1111nois Riear. ;

,

Gross
Sample- U-nat Alpha Th-230 Ra-226'
Location pCi/g pCi/g pCi/g pCi/g

;======================= ===== ===== ====== ======
Gore Landing mouth 1.4 12.0 0.4 0.7
Mouth of stream 007 1.1 18.0 1.8 1.2
Midway between 007&005A 1.4 14.0 1.2 0.9
Mouth of stream 005A 2.0 17.0 9.8 1.9

' Mouth of stream 005 32.0 139.0 56.0 1.0
Mouth of stream 004 2.9 21.0 0.8 1.2
Mouth of stream 001 4.1 9.6 0.7 0.5 '

(duplicate) 3.3 14.0 1.0 0.4
45 N, 50 ft~ 2.6 4.8 5.0 1.1
90 50 ft 4.2 11.0 1.0 0.9
90 ,100 ft 1.6 2.1 0.9 0.4
45 S, 50 ft 3.8 5.2 0.5 0.7
45 S, 100 ft 1.2 0.0 1.0 0.5

500 ft S of mouth 1.2 4.0 0.8 0.7
1000 ft S of mouth 1.8 5.3 0.8 0.7
I-40 & Hwy 100 1.2 14.0 3.0 1.1

(duplicate) 1.1 3.3 1.1 2.2 '

:

**** Calculated Isotopic Ratios ****

Gross
Sample U-nat Alpha: '

Location pCi/g U-nat U:Th U:Ra Th:Ra
======================= ===== ===== ===== ===== =====

Gore Landing mouth 1.4 8.6 3.5 2.0 0.6
Mouth of stream 007 1.1 8.6 3.5 2.0 0.6
Midway between 007&005A 1.4 8.6 3.5 2.0 0.6
Mouth of stream 005A 2.0 8.5 0.2 1.1 5.2
Mouth of stream 005 32.0 4.3 0.6 32.0' 56.0

*

Mouth of stream 004 2.9 7.2 3.6 2.4 0.7 '

Mouth of stream 001 4.1 2.3 5.9 8.2 1.4
(duplicate) 3.3 1.8 0.5 2.4 4.5

45 N, 50 ft 2.6 2.6 4.2 4.7 11
90 ,50 ft 4.2 1.3 1.8 4.0 2.3
90 ,100 ft 1.6 1.4 7.6 5.4 0.7
45 S. 50 ft 3.8 0.0 1.2 2.4 2.0

*45 S, 100 ft 1.2 3.3 1.5 1.7 1.1
500 ft S of mouth 1.2 2.9 2.3 2.6 1.1
1000 ft S of mouth 1.8 4.2 3.3 7.8 2.4
I-40 & Hwy 100 1.2 11.7 0.4 1.1 2.7

(duplicate) 1.1 3.0 1.0 0.5 0.5
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Samples taken along the shoreline cf the Illinois River

downstream from the mouth of outfall 001 are of background level.

The sediment sample collected at the shoreline of a small island

in the Illinois River between the 007 and 005A streams was not

significantly different from the background sample.

WATER SAMPLES

Table 7 lists the results of radionuclide analysis of the

limited number of water samples collected in this study. Compar-

ison of values for the 001 stream concentration with that of the
Illinois River - Arkansas River junction and also downstream in

the Arkansas River show a significant dilution effect. The

Illinois River and Arkansas River concentrations are within those
specified in the Oklahoma Water Quality Standards (OWRD 1985).

Table 7. Results of Radionuclide Analyses of Water Samples.

Gross
U-nat Alpha Th-230 Ra-226

Sample Location pCi/l pCi/l pCi/l pCi/1
===================================================
Gore Landing 0.59 0.0 0.1 0.1

,

0.20 0.0 0.1 0.1

Illinois 4.72 3.7 0.3 0.1
River Mouth 5.30 2.8 1.1 0.1 !

Arkansas River 2.95 0.0 0.1 0.1
Upstream 2.36 3.1 0.2 0.1

Arkansas River 0.59 29.0 0.5 0.1
Downstream 1.48 0.0 1.5 0.1

Stream 001 554.60 459.0 0.7 0.1
(250 ft) 548,70 359.0 0.6 0.1

;
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COMPARISON OF CURRENT AND PREVIOUS STUDIES

Tables 8-10 compare the results of three separate studies (Appen-

dices A, B and C) of the sediment in the 001 stream. Although

the locations of the sampling points are not exactly identical,

they are in close enough proximity to make some comparison. It

appears that the sedimentation of radionuclides is relatively

uniform along the first few hundred feet of the stream and grad-

ually decreases further downstream. The radioactivity levels of
,

Uranium and Thorium in 1986 are higher than those of the 1987 and

1988 studies. This could be a reflection of activity at the

facility. It is significant to note that the level decreases

rather than increases. This would indicate the levels of radio-

nuclides along the streambeds are not building up with time.
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Table 8. Uranium Activities (pci/g) in 1986, 1987 and 1988 i

Sediment Samples from the 001 Stream

1986 1987 1988
Distance

(ft)a Sample #D Activityc Sample #d Activity Sample #e Activity
'

O 001-33 47.0 1 16.5 SF-1-AO 28.0
50 2 19.4 ,

100 3 12.9 ,

150 4 21.2 '

200 5 14.1 SF-1-Bo 19.0
250 7 29.5
300 001-36 54.0 9 21.2 .

350
400 SF-1-CO 19.0
450
500 SF-1-DO 21.0
550
600 000-39 30.0
650
700 SF-1-EO 16.0
750
800

,

850
900 001-42 37.0

river 001-Rf 19.0 SF-S-07f 4.1

-----------------------------------------------------------------

a Distance down 001 Stream from federal property line towards
Illinois River.

,

b samples taken at 300 ft intervals beginning near federal
property line.

c The mean of two samples.

d Samples taken at 50 ft intervals beginning at the federal
property line, except sample no. 9 was taken half way to the

.

stream mouth.
i

e Samples taken at 100 or 200 ft intervals beginning 25 ft from
the federal property line. '

f samples from river sediments near 001 Stream mouth.

!
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Table 9. Thorium Activities (pci/g) in 1986, 1987 and 1988
Sediment Sampics from the 001 Stream

,

1986 1987 1988
Distance ,

(ft)a Sample eD ActivityC Sample #d Activity Sample se Activity

0 001-33 2.74 1 No Data SF-1-AO 1.9;

50 2 N.D.
100 3 N.D.
150 4 N.D.
200 5 N.D. SF-1-BO 1.4
250 7 N.D.
300 001-36 4.59 9 N.D.
350
400 SF-1-CO 1.4
450 '

500 SF-1-DO 1.4
550
600 001-39 3.55
650
700 SF-1-EO 1.1-
750
800
850
900 001-42 0.70

river 001-Rf 1.09 SF-S-07f 0.7

_________________________________________________________________a Distance down 001 Stream from federal property line towards
Illinois River. ;

'

b Samples taken at 300 ft intervals beginning near federal
property line.

c The mean of two samples.
!

d !Samples taken at 50 fc intervals beginning at the federal
property line, except sample no. 9 was taken half way to the
stream mouth.

8 Samples taken at 100 or 200 ft intervals beginning 25 ft from
the federal property line.

f Samples from river sediments near 001 Stream' mouth.

!

!

49



1

.

Table 10. Radium Activities'(pci/g) in 1986, 1987 and 1988
Sediment Samples from the 001 Stream

1986 1987 1988
Distance(ft)a Sample #D Activitvc Sample #d Activity Sample #e Activitv-

1

0 001-33 0.93 1 2.5 SF-1-AO 1.7
*

50 2 1.3

100 3 1.6

150 4 1.5

200 5 2.0 SF-1-BO 1.3.
250 7 3.1 ;

'

300 001-36 1.27 9 1.4

350
400 SF-1-CO 1.0

450
.500 SF-1-DO 1.4
550
600 001-39 1.41
650

-

,

700 SF-1-EO 0.7

750
800
850
900 001-42 1.55

river 001-Rf 0.92 SF-S-07f 0.5

_________________________________________________________________
Distance down 001 Stream from federal property line towardsa

Illinois River.

b Samples taken at 300 ft intervals beginning near federal
property line.

t

c The mean of two samples.

d Samples taken at 50 ft intervals beginning at the federal
property line, except sample no. 9 was taken half way to the
stream mouth.

Samples taken at 100 or 200 ft intervals beginning 25 ft frome
the federal property line. ,

f Samples from river sediments near 001 Stream mouth.

:

,
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SOIL NITRATE AND MOLYBDENUM

-;

Soil nitrate concentrations at selected sample sites along

the 004, 005, 005A and 007 streams are shown in Figures 18, 19,

20 and 21; and in Tables 11, 12, 13 and 14. Soil nitrate concen-

trations were not found to consistently coincide with or statis-

tically correlate well with soil uranium, thorium or radium con-

centrations or with the various isotopic ratios. The maximum

soil nitrate concentration of 49.9 mg/kg occurred at the high

water mark sample site near the mouth of the 005A Stream. The

nitrate concentration in the soil / sediment sample with the max-

imum uranium activity, which was collected near the mouth of the

005 Stream, was 4.3 mg/kg. This concentration is among the low-

est nitrate concentrations reported. Nitrate concentrations in

soils may vary widely due to fertilization and other factors;

14.0 mg of nitrate per kg of soil is a typical concentration

(Lindsay, 1979). Variations in soil nitrate concentrations at

sites described in this report are most probably a function of

local concentrations of soil organic matter and quantities of

vegetation present at the sites. Soil molybdenum concentrations

(Appendix B) remained consistently less than 15.0 mg/kg, the min-

imum level of detection, at all sampling sites.
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Table'11. Nitrate Concentrations Along the 004 Stream.

,

Distance Sample Nitrate Concentration
'

Downstream Location (mg/kg)
========== ========== =====================

_,

Prop. +20 streambed 11.5 ,

Prop. +50 streambed 11.9
25 ft north 24.6

Prop. + 100 streambed 15.5
25 ft south 37.0

,

!

!

Table 12. Nitrate Concentrations Along the 005 Stream.

Distance Sample Nitrate Concentration
Downstream Location (mg/kg)
========== ========== =====================
Prop. +50 streambed 42.8 i

25 ft south 4.0
25 ft north 3.0

Prop. +80 streambed 9.5
25 ft north 23.0 |

,

25 ft south 5.5
Sed. base 4.3

'

Ditch

i

,
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Table 13. Nitrate Concentrations Along the 005A Stream.
,

Distance Sample Nitrate Concentration
Downstream Location (mg/kg)
========== ========== =====================
Prop. +50 streambed 30.2

50 ft south 19.9
150 ft south 18.3
300 ft south 13.1

Prop. +100 streambed 16.9
50 ft north 14.5 .

150 ft north 16.9
300 ft north 11.5

Highwater 49.9
mark

.

:

;

Table 14. Nitrate Concentrations Along the 007 Stream. ;
'

Distance Sample Nitrate Concentration
Downstream Location (mg/kg)

.

========== ========== ===================== >

Prop. +40 streambed- 11.0
25 ft south 3.0' ,

25 ft north 4.5 :
!

i

L i
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COMMENTS AND CONCLUSIONS

Results of this study confirm the presence of Uranium in the

effluent from Sequoyah Fuels Facility and that the concentration

of Uranium at the time of measurement was within NRC Guidelines

for the release of such to unrestricted areas. Uranium concen-

trations are documented in the outfall streambeds and radionu-

clide concentrations above background were present in soil sam-

ples taken on the banks of streams 001, 005, 005A and 007. An

area of elevated radionuclide concentration in Stream 005 could

possibly be of natural origin. None of these concentrations |

would produce an external radiation exposure dose in excess of

NRC limits for unrestricted areas.
.

The downstream sediment and water samples indicate a dilut-

iing effect on the radionuclide concentrations.and the concentra-

tion of Uranium downstream in the waters of the Illinois and

Arkansas Rivers are within the limits specified in the Oklahoma

Water Quality Standards. -

i

Soil nitrate and molybdenum concentrations were not found to

be appreciably greater than naturally occurring concentrations.
t,

,

I

Construction of a pipeline directly from the facility to the
!

Illinois River would. reduce the potential for surface contamina- !

tion but would probably increase the concentrations of radionu-
$

clides in the waters of the rivers. The degree of increase can

only be predicted from detailed effluent analysis. Such sampling-

was not included in this study.
t
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SEQUOYAH FUELS CORPORATION
Appcnd'x ^ '' P '

0,, . .n .om.. . m ..~. c.. . m.4 .

September 19, 1986

-. !
-

.

FEDERAL EXPRESS
,

i

: 1
i
i

William T. Crow, Acting Chief
Uranium Fuel. Licensing Bra'nch

,

Division of Fuel Cycle & Material Safety ,i
Office of Nuclear Material' Safety & Safeguards
United States Nuclear Regulatory Commission- t

Washington, D. C. 20555 :

:
Re: License SUB-1010; Docket 40-8027

.;
Condition 17

i
R

:
Dear Mr. Crow:

[
1 |

Attached for your information is Sequoyah Fuels Corporation's { ,

report in response to License Condition 17 addressing the ;g
comprehensive soil / sediment radiological survey of the ef fluent 5- -

stream (001) and the facility intermittent stormwater run-off |. ;
drainages. 5 .- ;

-

Should you have any questions, please contact me at ': your
earliest convenience. <

Sincerelyy '

/H 6

C 42 & :
,

~!
J. C. 'Stauter, ' Director:
Nuclear Licensing & Regulation

Enc.:- 8 copies !

i

JCS/sc !
!

.i
'

:
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. .!
i
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Appendix A - p. 2
Sequoyah Fuels Corporation

Effluent Stream Soil and Sediment
Radiological Survey and Mitigation Program

Introduction
,

Sequoyah Fuels Corporation source material license SUB 1010, renewed on *

September 20, 1985, stipulated in Condition 17 that:

"The licensee shall conduct a comprehensive soil / sediment
radiological survey to determine the extent of uranium accumulation
along the length of the effluent stream (001), at the confluence
upstream and downstream of the Illinois River, and along the
intermittent runoff areas identified in Condition 14." (Sic 15)

This document reports the results of the comprehensive survey and
mitigation measures that are appropriate.

*
Effluent Drainage Ways

The effluent drainage ways surveyed were the NPDES permitted combination [stream (outfall 001) and various ditches that carry stormwater runoff, '

designated as outfalls 004, 005 and 006-7. An application to permit k
these latter outf alls was submitted to EPA on June 12, 1984 and remains

[under EPA review. g
.

||'Outfall 001 discharges the plant process waste water. Outfall 004
discharges stormwater runoff from the areas west of Pond 2 and from the
northern portion of Clarifier A area. Outfall 00S discharges runoff from
the areas west of the sanitary lagoon, west, north and northeast of Basin
1, and east of Clarifier A. Outfall 006-7 discharges runoff from the UF
cylinder concrete storage pad and other areas in the northeast portion of
the facility property. The location of each of the outfalls and the
drainage courses are schematically shown in the attached Figure 1.

Survey Program *

Soil and sediment samples were collected at 300-foot intervals along the
length of each of the outfall drainage ways. Using a small garden-
trowel, approximately 500 grams of sediment, consisting of silt and sand,
were' taken at each sample point, placed in " zip-lock" plastic bags and
sealed.

Outfall 001 has continuous flow and the width of the stream varies
widely; consequently, two samples were obtained at each of the intervals
at a point one-third the stream width in from each bank. The other
outfalls have intermittent flow and single samples were collected at the
center of the channel at each of the intervals. Because these channels

- _ _ _ _ _ _ _ _ - - - _ - _ _ - - _ _ _ - _ _ - _ - - _ _ -_ - ---__- ---_-_---
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are directly on or within a few inches of bedrock, sediment and soil was
sparse. Most of the samples had to be obtained from small silted
depressions in the channel near the 300-foot spacings.- - -

In addition to the outfall channel sampling, sediment was collected in
the Illinois River at points upstream and downstream of the outfalls, as
well as at the outfalls. These samples were obtained using a *

weight-operated clam shell sampler.

All samples were analyzed at the Kerr-McGee Technical Center for U-nat,
Th-230, and Ra-226.

As part of the comprehensive radiological survey, gamma measurements were
also made at ground level at the sediment collection locations. These
measurements were taken using an unshielded micro-R scintilation gamma
meter placed directly on the sediments in the dry runoff channels. Gamma
measurements along the 001 outfall stream were taken immediately above
ground surface.

I

l
Survey Results j

C

1The radionuclide and gamma measurement data for outfall 001 are in Table
1. Data _ for the two samples taken at each location are shown | 1
individually and as the average for each location. The data for the [other outf alls are in Table 2. The data show that for each outfall a

drainage, there are some areas where concentrations of either uranium or ;

thorium or both are elevated. 5

i
The uranium levels along outfall 001 reflect buildup in the sediment from
long term discharge of the plant process water. Although the
concentration of uranium in the discharge stream is far below permitted
release criteria, some soil accumulation is apparent.

Outfall 004, with the exception of one sample location inside the
controlled area fence, does not show elevated uranium. Outfall 005-shows
elevated levels of both thorium and uranium along the upper reach of the
drainage way. Outfall 006-7 shows uranium levels are elevated generally

,

along the length of the drainage channel. While the gamma measurements
along outfall 006-7 exceed background at three sample locations, the
gamma fields detected are not associated with the uranium or thorium in
the soil sediment. The elevated readings are due to the UF cylinders

6stored in the immediate vicinity.

None of the survey results indicates that the presence of the slightly
elevated levels poses a threat to health or the environment.

Mitigation Program

Outfall 001 was addressed in SFC's letter of August 9,1985 to the NRC.
Briefly, a pipeline will be constructed, eliminating use of the present

-2-
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Appendix A - p. 4
natural drainage channel for plant process water. An application for a
right-of-way for the pipeline has been submitted to the U.S. Corps of
Engineers. The uranium-containing soil and sediment along the natural

- channel will be resurveyed after pipeline installation and the elevated
sediments / soils will be removed and properly disposed of.

The origin of the elevated uranium and thorium along the reaches of
,outfalls 005 and 006-7 were addressed in SFC's December 19, 1985

submittal in response to License Conditions 15 and 16. Following
completion of the mitigation activities described in that submittal, the
stream channels will be resurveyed, and removal and disposal of the
elevated uranium and thorium-containing soil and sediment will beundertaken.
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TAPLE I

50!L/ SEDIMENT SAMPLES

SEQUDYAH FUELS CORPORAi!ON ^-
DUTFALL DRAINAGE SURVEY

llRAN!UM''(nati- THORIUM 230
- '

RADIUM 226 -6AMMA~

DUTFALL fptilg) - .(ptilg) (ptilal fur /hr).

, SAMPLE No.' _Ric'_T LEFTAV6 RIGHT (*-) LEFT 1+-l AVG RIGHT (+-) LEFT (+-l A'lG
L___ . _ _ _ _ _ . _____ ____ .___ ____ ____ ____. ____ _____ _____

.001-00. 255 298 271 6.93 0.07 B.97 0.09 7.90 1.25 0.28 1.39 0.28 1.32 3
- 001-03 168 101 134 2.Al 0.26 3.22 0.05 2.92 0.61 0.21 1.53 0.34 2.61 3 ,

001-06: .94 .101. 97 2.69 LA4 2.05 0.04 .2.37 1.20 0.44 1.40 0.42 1.30 4 i- 001-09. 107J'121- 114 2.64 0.04 4.58 0.19 3.61 1.50 0.40 1.94 0.43 1.67 3
001-12 114. 168 141 3.54 0.11 4.72 0.21 4.13 1.28 0.20 1.35 0.35 1.32 ' 3

' 001-15 : 67. 141 104 - 1.19.0.09 4.23 0.23 .2.71 1.BB' O.25 2.10 0.24 1.99 3
- 001-18 147 141 144 2.90 0.15 1.18L0.11 :2.04 1.88 0.37 1.80 0.39' l.B4 3

'

001-21 -101- 51 76 ' l.44 0.12' l.61 0.12 ' I.53 1.36 0.24 1.33 0.32 1.35 .3
001-24 64' 29 46 -'t.49 0.11- 1.53 .0.12 ' l.54 1.60 0.34 1.16 0.28 . 1.42 3
001-27 : 54 - 87 70 - 0.98 0.24- 0.98 0.09 0.98 1.2B 0.21 - 1.60.0.35 1.44 . 3 a
001-30- 90 94 - 87 - 7.43 0.40 4.20 0.23''5.B2- 1.40 0.28 1.24 0.24 1.32- 4-
001-33 34 60' 47 _ 3.70'O.25 1.78.0.14' 2.74 0.96 0.24 0.91 0.27' O.93 4
001-36 : 54 54. 54 4.74n0.24 4.44 0.36. 4.59 1.26' O.20- 1.28 0.33 ~1.27 3

' 001-39- :27 34 . 30 - -3.83'O.21 3.26 0.16 3.55 1.34-0.32- !.48 0.21- 1.41 : 3 ['.001-42 27 '47. .37- 0.66 0.10 0.74. 0.11'.0.70 1.64 0.39 1.45 0.16 1.55 3 *

..
.

, Note: Uranius concentrations converted to PCi/g free original reported ppe. >
!

Analytical accuracy for uranive was +- 7.51 '

?
m

* . , *

|| 4

so.ewri seeweeswoo av osanoonwas

i
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TABLE 2

50!L/SE0lMENT SAMPLES

SEQUDYAH FUELS CORPORATION

DUTFALL O'1All:ASE SU WEY
.

DUTFAll U (nati Th 230 Ra 226 EAMMA

SAMPLE NO. Iptilg) (ptilg) (+-l Ipti/gl (+-! (uR/hr

004A-00 3 0.69 0.05 1.56 0.16 3

0040-00 205 1.25 0.09 1.09 0.15 7

004A-01 13 1.44 0.!! 1.90 0.34 5

004A-03 7 1.28 0.10 0.90 0.14- 5

004A-06 6 0.62 0.05 1.14 0.14 5

005-00 159 49.00 3.68 2.22 0.38 15

005-03 170 73.00 5.48 1.30 0.16 9

005-06 277 354.00 26.55 2.40 0.34 10

005-09 505 106.00 7.95 1.60 0.32' 10

007-00 35 3.54 0.27 1.07 0.14 52

006-00 118 6.86 0.51 1.30 0.14 25

007-01 17 1.85 0.14 1.09 0,15 25

007-03 40 2.95 0.22 1.37 0.14 7

007-06 105 2.52 0.19 1.46 0.24 5

007-09 104 16.20 1.22 1.41 0.15 3

007-12 74 2.47 0.19 1.27 0.17 2 O

UP-STRM 11 1.02 0.08 1.02 0.15 --

004-R 45 0.93 0.06 .l.14 0.': --

005-R 5 1.06 0.08 1.02 r .J g--

007-R 21 3.47 0.26 1.21.G.16 3
--

001-R 19 1.09 0.00 0.92 0.14 g--

DN-STRM 5 1.51 0.!! 't.34 0.15 --

;;'-

2
Note: Uranius contentrations tenverted to pCilg free original ,

assay reported in pps.
y

Analytical atturacy for uranius was +- 7.5I *

u

.' .
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SEGUOYAE FACILITY

CONVERSION OF FILL CONCENTRATE TO
URANIUM EEXAFLUORIDE
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SEOUOYAH FACILITY

FLUORIDE WASTE MANAGEMENT SYSTEM

OFF-GAS SCRUBBER ---+- DILUTE HF SOLUTION

14ISCELLANE00S HF WASTE

V

QUICK LIME NEUTRALIZATION~
"

CaF, PRECIPITATIO!..

.

SULFURIC ACID >
y.

3-
FLUORIDE SLUDGE

f
g3 isogg*

CLARIFIER LAGOON
;

1

' $. SOLUTION
DEWATERIllG

g
!.

Y Y 5
, PLANT COMBINATION

STREAM REPROCESSIllG

.

.



-

,

,

t

. i
.

.

P

4

,

;

APPENDIX B

Analytical Report for Corps of Engineers
i

Soll, sediment and Water Samples of
.

Sequoyah Fuels Facility Outfalls - 1988
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CORE LABOAATORIES
Intervurtional

e-o c

FikAL #EPORT DISTalBUTION
08/25/88

308 WUMBER: 884202

C34PA07 KAME COMPANY MAIL!hG ADCRESS COMPAWY CITY STATE COMPANY 2]P CODE :

US ORQ7 CORPS OF Eh3 P.O. BOX 61 TULSA Os: 74121-0061
CAVID COMBS
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U CORE LABORATORIES
Westam Atlee

.

Irite.rnational-o m

LABORATORT TE57$ RESULTS
08/25/88

.

.t06 ftLNBER: 884202 CUSTOMER: US ARMT CORPS OF ENG ATTN: DAVID COMBS

SAMPLE NUMBER: 1 DATE RECEIVED: 07/18/88 TIME RECE!VED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50

PROJECT: Secuoyah Fuels smPLE: 19879 SF-1-A0 6/30/88 001 REM:

STFIAM, 25'

SAMPLE NUMBER: 2 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 5 AMPLE TIME: 13:50 '

PROJECT: Sequovah Fuels SAMPLE: 19880 SF-1-Al 6/30/88 001 REM:

BANK, * TIGHT

SA:'.PLE NUMBER: 3 DATE RECE!VED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE CATE: 07/08/$8 SAMPLE TIME: 13:50

PROJECT: Sequcyah Fuels SAMPLE: 19881 SF-1-A2 6/30/88 001 REM:

50', RIGHT

SAMPLE NJ(SER: 4 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50

PROJECT: Sequcyah Fuels SAMPLE: 19882 SF-1-A3 6/30/88 001 REM: -

,
100', RIGHT g

SMPLE NUMSER: 5 CATE RECElVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50
,

,

PROJECT: Sequoyah Fuels SA"PLE: 19883 SF-1-BO 6/30/88 15:15 REM: ?
'

001 STDIAM 200' [
' SAMPLE NUM3ER: 6 CATE RECEIVE 0: 07/18/88 TIME RECElvED: 13:55 5 AMPLE cATE: 07/07/88 5 AMPLE Tl>E: 13:55 5

I,PROJECT: Sequ0Vah Fuels SAMPLE: 19884 SF-1-B1 6/30/89 15:25 REM:

001 BA!!K D.IGHT
~

,

,

.

TEST DESCRIPTION SAMPLE 1 SAM 0LE 2 5 AMPLE 3 5 AMPLE 4 SAMPLE 5' 1AM*LE 6 Uh!TS OF MEAS;RE 3

h
'

urenim , natural 28 16 3.1 1.7 19 8.9 pCi/gm

Gross Alpha, totat 54 31 14 14 19 19 pCi/gm ;

Gross Alpha, total, error, +/- 8.3 6.8 5.3 5.3 5.8 5.8 pCi/gm

Cross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/sm

aadim 226, total 1.7 0.8 2.8 0.8 1.3 1.3 pCi/gm

.
Radie 226, total, error, ./- 0.5 0.3 0.6 0.3 0.4 0.4 pCi/sm

l
'

Radie 226, total, LLD 0.21 0.2 0.2 0.2 0.2 0.2 pCi/gm
.

Thorium 230, total 1.9 0.5 2 2.5 1.4 1.2 pCi/gm
i

Thoria 230, total, error, +/- 0.55 0.4 0.6 0.6 0.4 0.5 pci/gm

*Thorium 230, total, LLD 0.5 0.5 0.5 0.5 0,4 0.5 pcl/em

Uranium (U), total 48 28 5.3 2.9 32 15 mg/kg

PACE 1
,

.

tn. asam o.o+ons e, a. rranoni c
|

wa .en.s o, -e e as to in.oo. mon.omameo m mis me.m mee nuw.a upon oese~,anons ano me.. a secoa.e or.m. ci m toe.. .. css,. aan.ceaem..: use mno...non. o, o,o,iao.,..of co . tawso . cr. Law..... e. ne .po, ca, ese ... no .r am, o" ew can
a r

I om ta a.rranoa P ..r.ss.e .. o. oomem rew"a
o.oo,ei: s o o.. r.; .o- i no .., o, any . coa; o, ois., mm... o.om, .." o, sa,a e co voo .* ,ce suce

j. f.po*t 8 v4 5 F ,.h C upon %N any ..aboa .han&o.v.'

|
|

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



.

Appendix B - p. 4

; .'s' CORE LABORATORIES |

|

Woertern At$am ;

intemational
e -w %

LASORATORY TE5T$ RESULTS
08/25/88

J08 WLMBER: 884202 CUSTOMER: U$ ARMY Ci|*5 07 IEC nT!h /iVQ L3GS

SAMPLE NUMBER: .7 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 $ AMPLE CATE: 07/07/88 $ AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19885 SF-1-E2 6/30/88 001 REM:

50', RIGHT

EAMPLE W1.MBER: 8 DATE RECElvtD: 07/18/88 TIME RECElvtD: 13:55 SAMPLE cATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19886 SF-1-B4 6/30/BB 15:30 REM:

001 100' RIGHT
SAMPLE NUMBER: 9 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19887 SF-1-CO 6/30/88 15:00 RtM:
001 STREAM 400'

SAMPLE WUMBER: 10 CATE RECE!VED: 07/18/88 TIME RECElVED: 13:55 SAMPLE CATE: 07/07/88 $ AMPLE TIME: 13:55

PRC. LECT: Secuoyah Fuels SAMPLE: 19888 SF-1-C1 6/30/88 15:15 REu: g
001 BANK RIGHT

SAMPLE NUMBER: 11 DATE RECE!VED: 07/18/88 TIME RECEIVE 0: 13:55 $ AMPLE DATE: 07/07/88 SA@LE TIME: 13:55 g

Sequoyah Fuels SF-1-C2 6/30/PE 15:20PROJECT: SAMLE: 19889 REM-
001 50' RIGHT -

8
3SA:5PLE NUMBER: 12 CATE RECE!VED: 07/18/88 TIME RECElVED: 13:55 SAMPLE DATE: 07/C7/88 SAMPLE TlwE: 13:55

IPROJECT: Sequoyah Fuels sAMPtE: 19890 SF-1-C3 6/30/8B 15:30 REw: ,

001 100' RIGHT
5

8|5 AMPLE9|$A@tETEST DESCRIPfl0W SAMPLE 7 SAptE 10 SAMPLE 11 SApit 12 UNIT 5 CF MEASU8E g ,

urani m , natural 19 8.3 19 14 21 38 pCi/sm

cross Alpha, totat 26 15 26 25 44 59 pCi/gm

Cross Alpha, total, error, +/- 6.3 5.5 6.4 6.2 7.6 8.6 pCi/sm

Gross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/sm

Radi m 226, total 1.6 2.9 1 1.1 1.7 2.7 pCi/sm

Radim 226, total, error, +/- 0.5 0.6 0.4 0.4 0.5 0.6 pci/gm

Raditra 226, total, LLD 0.2 0.2 0.2 0.2 0.2 0.2 pCi/sm

Thorium 230, total 1.1 5.5 1.4 1.7 1 3 pCi/sm

Thori m 230, total, error, +/- 0.4 0.8 0.5 0.6 0.4 0.6 pCi/em

Thorie 230, total, LLD 0.5 0.5 0.4 0.5 0.5 0.5 pCi/9m

. Uranim EU), total 33 14 33 23 36 64 mg/6s

k

I
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CORE LABORATOAIESWestern AttaMa
Inte.r rurtJona.l-o a ,

LABORATORT TE$T$ RESULT $
08/25/88

JOB WUMBER: 884202 CUSTOMER: Us ARMT CORPS OF ENG ATTW: DAvlD CCNRS

SAMPLE NUMBER: 13 DATE RECElvED: 07/18/88 TIME RECElvED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels EAMPLE: 19891 SF-1-DO 6/30/88 13:50 REM:

001 STREtsM 500'
$ AMPLE NLMBER: 14 DATE RECElvED: 07/18/88 TIME RECEIVED: 13:55 $ AMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SAMPLE: 19892 SF-1-D1 6/30/88 13:50 REM-
001 50' LEFT

r

5ANDLE NUMBER: 15 DATE RECEIVED: 07/18/88 T!hE RECElvtD: 13:55 $ AMPLE DATE: 07/07/88 $ AMPLE TIME: 13:55

PROJECT: Sequcyah Fuels SAMPLE: 19893 Sr-1-D2 6/30/88 14:00 REM:

001 100' LETT
SAMPLE NUMBER: 16 DATE RECElvfD: 07/18/88 TIME RECElvED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequcyah Fuels SAMPLE: 19894 SF-1-D3 6/R/98 14:00 REM:

001 140' LEFT 2

ISAMPLE WUMBER: 17 DATE RECEIVED: 07/18/88 TIME RECElvED: 13:55 SAMK E DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT Sequoyah Fuels SAMPLE: 19895 SF-1-EO 6/30/S8 16:00 REM- E
001 ~700' STREM1 g

fAMPLE WLMBER: 18 DATE RECE!VED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

fFRO.!ECT: Sequoyah Fuels SAMPLE: 19896 SF-1-El 6/30/88 16:10 REM:

001 30' RIGHT I

h
ITEST DESCRIPTION SAMPLE 13 SAMPLE 14 SAMPLE 15 SAMPLE 16 SAMPLE 17 SAMPLE 18 Uh!T5 0F MEASUSE

Urani m , natural 21 27 50 97 16 12 pCi/gm

Gross Alpha, total 33 35 96 108 23 25 pCi/gm

Gross Alm a, total, error, +/- 6.9 7.1 11 12 6.1 6.3 pCi/gm

cross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Redi m 226, tetal 1.4 1.6 0.6 3.2 0.7 1.4 pCi/gm

Rsdi m 226, total, error, +/- 0.4 0.5 0.3 0.6 0.3 0.4 pci/gm

Redi m 226, total, LLD 0.2 0.2 0.2 0.2 0.2 0.2 pCi/gm

Thorium 230, total 1.4 1.9 1.1 1.1 1.1 0.9 pCi/gm

Thoria 230, total, error, +/- 0.4 0.5 0.4 0.4 0.4 0.4 pci/gm

Thorlism 230, total, LLD 0.5 0.5 0.5 0.4 0.4 0.4 pCi/gm

ureni m (U), total 36 46 85 165 27 20 mg/kg

PAGE:3
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CORE LABORATORIESWestam Atdem
inter national _

a 6mricanes Creorg

LABORATORT TEST $ RE$ULTS
08/25/88

J3 WJ48EE: 8'A202 CUT T *>'.E R : t|5 APMT CORPS Cr ChG ATTN: DAvla COMES

$ AMPLE NUMSER: 19 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 $ AMPLE flME: 13:55

pooJECT: Sequoyah Fuels samptg: 19397 SF-1-E2 6/30/88 16:20 REM:
001 50' RIGHT

SAM?LE NUMBER: 20 DATE RECE!vtD: 07/18/88 TIME RECElvED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19898 SF-1-F 6/30/88 14:00 REM:

001 500'
SAMPLE NUMBER: 21 DATE RECE!vED: 07/18/88 TIME RECElvED: 13:55 SAMPLE DAtE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19899 SF-1-G 6/30/88 16:00 REM:

001 700'
SACPLE NUMBER: 22 DATE RECEIVED: 07/18/88 TIME RECElvtD: 13:55 $ AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19901 Sr-5-01 7/1/88 13:00 REM:

GORE LA CING

SACPLE NUMBER: 23 CATE RECE!VED: 07/18/88 TIME RECElvED: 13:55 $ AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55 4
c
E'ROJECT: Sequoyah Fuels SAMPLE: 199C2 SF-S-02 7/1/88 007 REM;

fMO"TH

|
SAMPLE NUMBER: 24 CATE RECEIVED: 07/18/88 TIME RECElvED: 13:55 SAMPLE DATE: 07/07/88 5 AMPLE TiwE: 13:55

PROJECT: Sequoyah Fuels $AMptg: 19903 SF-S-03 7/1/88 005-007 REM: I

:o y

23fSAMPLE24 UkIT5 OF MEASURE kTEST DESCRIPTION SAMPLE 19 SAMPLE 20 SAMPLE 21 SAMPLE 22 SAMPLE

Urante, retural 32 26 19 1.4 1.1 1.4 pCi/gm

Cross Alpha, total 69 37 35 12 '18 14 pCi/gm

Gross At# a, total, error, e/- 9.1 7.2 7.1 5.1 5.7 5.4 pCi/gm

Cross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Radim 226, total 2.7 1.3 1.2 0.7 1.2 0.9 pCl/gm

Radim 226, tetal, error, +/- 0.6 0.4 0.4 0.3 0.4 0.3 pCi/gm

Radi m 226, total, LLD 0.2 0.2 0.2 0.2 0.2 0.2 pCi/gm

7hori m 230, total 3.8 1.4 2.3 0.4 1.8 1.2 pCi/gm

Thoria 230,' total, error, +/- 0.6 0.5 0.5 0.4 0.5 0.4 pCi/sm

Thori m 230, total, LLD 0.4 0.5 0.4 0.5 0.5 0.4 pCi/gm

Urani m (U), total 54 44 32 2.4 1.8 2.4 mg/kg

i
PActt4
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CORE LABORATORIES
Wenstern AtAma
intervurtional

amm

LABORATORY TE5i$ RESULTS
08/25/88

r

J06 GMEER: 884202 CUSTCMER: US ARMT CORPS OF ENG ATTW: DAVID COMBS

SAMPLE WLMBER: 25 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secuoyah Fuels 5 AMPLE: 19904 SF-S-04 7/1/58 005A REM:

MOUTH

SAMPLE Wi.MBER: 26 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 5 AMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

Se ya uels SF-S-05 7/1/88 10:30PROJECT: gg,ptg, 3,933 REM:
005 MOUTH

5 AMPLE WPBER: 27 DATE RECE!VED: 07/18/88 TIME RECEIVED: 13:55 5 AMPLE DATE: 07/07/88 SAMPLE T!*iE: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19906 SF-S-06 7/1/EE 10:15 REM: !

004 MOUTH

SAMPLE ktMBER: 28 DATE SECE!VED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 $ AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19907 SF-S-07 7/1/62 10:00 #f":

001 'Oi"*H 3 ,

EAMPLE NJMBER: 29 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secucyah Fuels SAMPLE: 19908 SF-S-09 7/1/88 001 REM:

50', 45 [
fAMPLg NUMBER: 30 DATE RECE!vtD: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

|PROJECT: Sequoyah Fuels SAMPLE: 19909 SF-5-09 7/1/88 001 REM:

50', 00 r

26|5 AMPLE 28|$ AMPLE 295 APLE 30|UhlisOFMEasurE jTEST DESCRIPT10W SAMPLE 25 SAMPLE 27 SAMPLE

kUrrmi m , natural 2 32 2.9 4.1 2.6 4.2 pCi/gm

Cross Alpha, total 17 139 21 9.6 4.8 11 pCi/gm

Gross A!;ea, total, error, */- 5.6 13 6 4.9 4.4 5 pCi/gm

Cross Alsta, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Redium 226, total 1.9 1 1.2 0.5 1.1 0.9 sci /gm

Radim 226, total, error, */- 0.5 0.3 0.4 0.3 0.4 0.3 pCi/gm

Radium 226, total, LLD 0.2 0.2 0.2 0.2 0.2 0.2 pCi/gm

| thorium 230, total 9.8 56 0.8 0.7 5 1 pCf/gm
!

Thori m 230, total, error, +/- 0.9 4.2 0.4 0.4 0.5 0.4 pCi/gm i

Thori m 230, total, Ltc 0.4 0.4 0.4 0.4 0.5 0.4 pCi/gm

(
Ureni m (U), total 3.4 54 5 7 4.4 7.1 mg/kg

i
|
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CORE LABOAATORIES
Westem Atlee

Inte.matio.nalu- m c ,

7

LA80RATORY TE5TS RESULT 5
08/25/88

JOB F#8ER: 884202 CUSTCMER: US ARMY CORPS OF ENG ATTW: CAVID CCNBt

SAMPLE N WBER: 31 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SMPLE: 19910 SF-S-10 7/1/88 11:35 REM:
001, 100', 90

SAMPLE NWBER: 32 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 $ AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19911 SF-S-11 7/1/88 11:45 REM:

001, 50', 45

SAMPLE N WBER: 33 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SMPLE: 19912 SF-5-12 7/1/86 11:50 REM-
001, 100', 45

EAMPLE N W BER: 34 CATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 $ AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19913 SF-S-13 7/1/88 11:55 REM:

001, 500' DOWN 3

SAMPLE NUMBER: 35 DATE RECEIVED: 07/18/88 TIME RECE!vED: 13:55 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19914 SF-S-14 7/1/88 12:00 REM: e
001, 1000' DOWM 8

ff.PLE NUMBER: 36 CATE RECEIVED: 07/18/88 TIME RECElvED: 13:55 SAMPIE DATE: 07/07/88 $ AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19916 SF-S-16 7/1/68 10:00 "f"*

001 I

36|Uh!TSOFMEASAE h34|5 AMPLETEST DESCRIPTION SAMDLE 31 SAMPLE 32 SAMFLE 33 SAMPLE 35 5 AMPLE

urcri.ium, natural 1.6 3.8 1.2 1.2 1.8 3.3 pCi/gm

Gross Alpha, total 2.1 5.2 0 4 5.3 14 pCi/sm

Gross Alpha, total. error, +/- 4.1 4.5 3.4 4.3 4.5 5.A pCi/gm

Gross Alpha. total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Radi e 226, total 0.4 0.7 0.5 0.7 0.7 0.4 pCi/gm

Rsci m 226, total, error, +/- 0.2 0.3 0.2 0.3 0.3 0.2 pCi/gm

Radim 226, total, LLD 0.2 0.1 0.1 0.1 0.1 0.1 pCi/gm

Thorim 230, total 0.9 0.5 1 0.8 0.8 1 pct /gm

Thori a 230, total, error, ./- 0.4 0.3 0.4 0.4 0.4 0.4 pCi/gm

Thorim 230, teta(, LLD 0.4 0.5 0.5 0.4 0.5 0.5 s4i/pm

Uranium (U), total 2.7 6.4 2.1 2 3.1 5.5 mg/kg
1

FACE:6
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CORE LABOAATORIES
h AtAas

inte.r" national-- c ,

LABCRATCRY TE$TS RE5 ULT 5
08/25/88

JOS tr#BER: 884202 CUSTOMER: US 4.RMY CORPS Of ENG ATTW: CAVID COMBS

SAMPLE NLMBER: 37 DATE RECEIVED: 07/18/88 TIME RECElvtD: 13:55 1 AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SAMPLE: 19917 SF 1R-01 7/1/88 13: 55 REM:

JUNCTION I-40 & HWY 100

SAMPLE NUMBER: 38 CATE RECE1VED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SAMPLE: 19918 SF-R-02 7/1/BB 13:55 REM:

Jur:CTIct3 I-40 & Hwy 100

SAM''LE WLMBER: 39 CATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Sequevah Fuels 5 AMPLE: 19931 SF-5A-01 6/30/EB REM:

PROP. + 50

SAMPLE WLNBER: 40 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE Time: 13:55

PROJECT: Secucyah Fuels 5 AMPLE: 19932 SF-5A-02 6/30/2B 11:10 REM:

50' RIGHT CF 01 &
E

g-SAMPLE huMSER: 41 DA1E RECE!VED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

C
PROJECT: Secuoyah Fuels SAMPLE : 19933 SF-5A-03 6/30/BB 11:20 REM: e

150' RIGHT OF 01
-

,

eAMPLE NUMBER: 42 CATE RECEIVED: 07/18/88 TIME RECE!VED: 19:31 SAwPLE DATE: 07/07/88 SAMPLE TIME: 13:55 '

PROJECT: Sequoyah Fuels SAMrLE: 19934 SF-5A-04 6/30/8B 11:25 REM:

300' RIGHT OF 01 [
42fuhlTSOFMEASU3E538|5 AMPLE39 5 AMPLE 40 SAuPLE 41 SAMPLETEST DESCRIPTION 5 AMPLE 37 SAMPLE

I
Ursni m , natural 1.2 1.1 6.5 6.5 9.4 2.1 pCi/gm

Cross Alpha, total 14 3.3 54 48 19 15 pCi/gm

Gross Alpha, total, error, +/- 5.4 4.3 8.3 7.9 5.8 5.4 pCi/gm

Gross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Radi m 226, total 1.1 2.2 1.1 0.9 1.1 0.5 pct /sm

Radi c 226, total, error, +/- 0.3 0.5 0.3 0.3 0.3 0.2 pCi/gm

Radi m 226, total, LLD 0.1 0.1 0.1 0.1 0.1 0.1 pCf/gm

Thori e 230, total 3 1.1 1.1 3.3 0.6 0.2 pCi/om

Thorim 230, total, error, +/- 0.5 0.3 0.4 0.7 0.4 0.3 pCi/gm

Thori m 230, total, LLD 0.4 0.3 0.4 0.5 0.5 0.4 pCi/gm

Urani m (U), total 2.1 1.8 11 11 16 3.6 mg/kg

|
,

PACE:7
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.

CORE LABORATORIES*

Western Atdes

Inte.r national-- c ,

LAB 0RATCRT TEST 5 RF5ULTs
08/25/88

JOB NUMBER: 884202 CUSTOMER: us ARMT CORPS OF ENG ATTN: DAVID CmB$

SAMPLE NW BER: 43 CATE RECElVED: 07/18/88 TIME RECElvtD: 19:31 $ AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19935 SF-5A-05 6/30/88 11:35 REN:

PROP. + 150'
SAMPLE WUMBER: 44 DATE RECEIVED: 07/18/88 TIMr RECEIVED: 19:31 SAMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Secucyah Fuels SAMPLE: 19936 SF-5A-06 6/30/88 11:45 #EM:

50' LEFT OF 05
5 AMPLE N WBER: 45 DATE RECE!VED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19937 SF-5A-07 6/30/86 11:45 REM: .

150' LEFT OF 05
,

SAMPLE WWEER: 46 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19938 SF-5A-08 6/30/88 11:50 REM:

300' LEFT OF 05
,

SAMPLE NUMBER: 47 CATE RECElVED: 07/18/88 TIME RECE!VED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55 }
PROJECT: Sequoyah Fuels SAMPLE: 19939 SF-5A-09 6/30/88 12:00 REM:

SOIL, HIGHWATER [
MPLE NUMEER: 48 CATE RECEIVED: 07/18/88 TIME RECE!VED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

~

h
PROJECT: Sequoyah Fuels $ AMPLE: 19940 SF-5-01 6/30/28 12:30 REM: ,

*

P S.0P . + 50' I
I

46fSAMPLE 47jsAMPLETEST DESCRIFTION SAMPLE 43 SAMPLE 44 5 AMPLE 45 SAMPLE 48 t;blTS OF ME ASJE
.{
2Urenis, retural 2.8 7.4 4.8 6.5 83 7.9 pCi/gm g

Cross Alpha, total 12 29 24 18 483 32 pCi/gm
,

Gross Alpha, total, error, +/- 5.2 6.6 6.2 5.7 37 6.8 pCi/gm

Cross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Radi m 226, total 1.7 1.3 1.5 0.5 2.9 1.2 pC f /9'r

Radi m 226, total, error, +/- 0.4 0.4 0.4 0.2 0.5 0.4 pCi/gm

R:di m 226, total, LLD 0.1 0.1 0.1 0.1 0.1 0.1 pCi/sm

Thori m 230, total 2.5 0.8 0.9 0.6 159 1.1 pCi/sm

Thori m 230, total, error, +/- 0.5 0.4 0.3 0.3 14 0.4 pCi/gm

Thori m 230, total, LLD 0.4 0.5 0.4 0.4 0.5 0.5 pCi/gm

urani m 01), total 4.8 13 8.1 12 140 14 mc/kg

.

PACE:8
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k CORE LABORATORIES

Waertarart At:1mm
intomartJonal

a -n %

i

|
LABCRAT0RT TE5iS RE$ULTs 1

08/25/88

JOB NL84EER: 884202 CUSTOMER: US ARMY CORPS OF ENG ATTN: CAVID COMBS

SAMPLE NUMBER: 49 DATI RECE!VED: 07/18/88 TIME RECE!VED: 19:31 SAMPLE DATE: 07/07/88 $ AMPLE TIME: 13:55 ;

7ROJECT: Sequoyah Fuels gagptg. 19941 SF-5-02 6/30/clB.12:40 REM:

25' RIGHT OF 01
EAMPLE NUM6ER: 50 DATE RECE!VED: 07/18/88 TIME RECEIVED: 19:31 5 AMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19942 SF-5-03 6/30/88 REM: i

2b' LEFT OF 01
9

(AMPLE N W BER: 51 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19943 SF-5-04 6/30/88 REM-

80'PROP. +

SAMPLE W W SER: 52 CATE RECElVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE CATE: 07/07/88 5 AMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SAMPLE: 19944 SF-5-05 6/30/88 REM:

25' LEFT OF 04
E *

1 AMPLE WUMBER: 53 DATE RECElVED: 07/18/88 TIME RECE!VED: 19:31 5 AMPLE CATE: 07/07/88 1AuPLE TIME: 13:55 )

kPROJECT: Sequoyah Fuels SAMPLE: 19945 SF-5-06 6/30/88 REM:

25' RIGHT CF 04 e i

". AMPLE h pBER: 54 CATE RECElVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
~ t.

-

PROJECT: Sequoyah Fuels SAMPLE: 19946 SF-5-07 6/30/88 13:00 REM:

SFO. BASE /D' h s
3

50|S AMPLE Sh5 AMPLE 54|Uh!TSOFMEASUif f~ . '
TEST DESCRIPTIOW SAMPLE 49 SAmRLE 52 $ AMPLE 53 SAMPLE

s 2Ureni m , natural 4.2 5.6 18 ce 4.1 289 pCi/gm g1
Cross Alpha, totat 29 35 55 551 40 578 pCi/gm

Gross Alpha, total, error, +/- 6.6 7 8.3 44 7.4 49 pCi/gm

Cross Alpha, tetal, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

Radim 226, total 1.4 1.4 1.9 2.7 1.8 3.3 pCi/gm

Radium 226, total, error, +/- 0.4 0.4 0.4 0.5 0.4 0.6 pCi/gm

Radim 226, total, LLD 0.1 0.1 0.1 0.1 0.1 0.1 pCi/gm

Thori m 230, total 1.6 1.4 2.7 101 2 97 pCi/gm

Thorium 230, total, error, +/- 0.4 0.4 0.5 10 0.4 11 pCi/gm

Thori m 230, total, LLD 0.4 0.3 0.3 0.3 0.3 0.3 pCi/gm

Uranim (U), total 7.1 9.1 30 430 6.9 490 mg/6g

e

FACE:9
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1

A
(14

b CORE LABORATORIESWest;ern At:has

inter na.tionala. c

LABORATORY TESTS RESULT $
,

08/25/88

JOB NUM&ER: 884202 CUSTcmER: Us ARMY CORPS OF Ek: ATTW: DAVID CCMBS

SAMPLE NtM6ER: 55 DATE RECE!vtD: 07/18/88 TIME RECEIVID: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Tue15 $ AMPLE: 19947 SF-4-01 6/30/88 12:15 REM:

PROP. + 20'
$ AMPLE NtMBER: 56 OATE RECEIVED: 07/18/88 TIME RECElvED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19948 SF-4-02 6/30/88 12:25 REM:

PROP. + 50' -

SAMPLE NUMBER: 57 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Sequoyah Fuels SAMPLE: 19949 SF-4-03 6/30/88 12:30 REM:

25' LEFT OF 04
SAMPLE NUMBER: 58 DATE RECEIVED: 07/18/88 TIME RECE!VED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

TROJECT: Secuoyah Fuels SAMPLE: 19950 SF-4-04 6/30/85 12:30 REM: 2
'

PROP. + 100 R

SAMPLE NUMEER: 59 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
,

C

PROJECT: Sequoyah Fuels SAMPLE: 19951 SF-4-05 6/30/88 12:35 RE": 1 5

f_,25' RIGHT OT 02
SAMPLE kJMBER: 60 DATE RECE!VED: 07/18/88 TIME RECE!VED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55 | |
PROJECT: Sequoyah Fuels SAMPLE: 19952 SF-07-01 6/30/88 13:30 REM: I

'

PROP. + 40' ;
f

- 3

56|5 AMPLE
,

Test DESCRIPTION SAMPLE 55 SA=PLE 57 S A=PL E 58 SAMPLE 59 SAMPLE 60 Uh 1T S OF ME A s.;E E |
uronie, riatural 1.1 1.2 2.2 2.2 3.3 A6 pci/gm

Crcss Alpha, total 18 9.3 8.8 18 10 72 pCi/gm

Cross Alpha, tctat, error, +/- 5.7 4.9 4.8 5.7 5 9.3 pCi/g*

Cross Alpha, total, LLD 2.1 2.1 2.1 2.1 2.1 2.1 pCi/gm

aedim 226, tota! 1.5 1.4 1.8 2.1 1.7 1.7 pCi/gm

andi m 226, total, error, +/- 0.4 0.4 0.4 0.5 C.4 0.4 pCi/sm

Radim 226, total, LLD 0.1 0.1 0.1 0.1 0.1 0.1 pCi/gm

Thoria 230, total 2.3 0.1 1.5 1.7 1.8 5.1 pCi/gm

Thori m 230, total, error, +/- 0.5 0.3 0.4 0.4 0.4 0.6 pCi/gm

Thorium 230, total, LLD 0.3 0.5 0.3 0.2 0.2 0.2 pCi/sm

urtnim (U), total 1.8 2.1 3.8 3.7 5.5 78 mg/kg
i

L

,

1

FACE:10
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4 ' ba CORE LABORATORIES
h At;isas
Irvter national

e u .o o,.e.,

LABORATORY TE$T5 RESULT $
08/25/88

JD0 WUMBER: 884202 CUSTOMER: US ARMY CORPS Of ENG ATTW: CAVID COMBS

SAMPLE NUMBER: 61 CATE RECEIVED: 07/18/88 TIME RECE1VED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PROJECT: Secuoyah Fuels SAMPLE: 19953 SF-07-02 6/30/88 13:30 REM:

25' RIGHT OF 01
SAMPLE NWBER: 62 DATE RECE!VED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55

PRO.;ICT: Sequoyah Fuels SAMPLE: 19954 SF-07-03 6/30/88 13:30 REM:

25' LEFT CF 01

SAMPLE kWBER: 63 DATE RECE1VED: 07/18/88 TIME RECE1VED: 19:31 SAMPLE CATE: 07/07/88 SAMPLE TIME: 13:55

'
PRDJE CT: $ AMPLE: REM:

SAMPLE W W SER: 64

E

SAMPLE NUMBER: 65
'

e-
!.

wPtf muMBER: 66 [
s

I
r

65fsAMPLE 66|uh!T5 CF M[ ASJREhTEST DESCRIPT!0ai SANFLE 61 SAMPLE 62 SAMPLE 63 5 AMPLE 64 SAMPLE
3.

Urenim, riaturat 2.7 3.6 pCi/gm |
Gross Alpha, total 22 15 pCi/gm

Gross Alpha, total, error, +/- 6 5.4 pCi/gm

Gross Al # a, total, LLD 2.1 2.1 pCi/gm

Radim 226, total 1.2 2.9 pCi/gm

Redim 226, total, error, */- 0.4 0.5 pCl/gm

Radi m 226, total, LLD 0.1 0.1 pC1/gm

Thori m 230, total 1.2 1.8 pCl/gm

Thori m 230, total, error, +/- 0.3 0.3 pCi/gm

Thori e 23D, total, LLD 0.2 0.2 pCi/gm -

UrWm (U), total 4.5 6.1 mg/6s

|

|

t

|
! PACE:11
|
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CORE LABORATCAIES .
Western Atdes
intervuttional

e- - ,

ouAL11Y ASSURANCE REPQRT
08/25/88

JOB FABER: 884202 Customer: us ARgv CosPs CF EwG ATTW: DAVID ccMas

S.A. TYPE 0.A. ID BLAhC STAN0ARD AhALYZED BACKCROUND $ PIKE SP!KE DUPLICATE DUPLICATE % %
VALUE VALUE VALUE VALUE TRUE MEASURED SAMPLE ANALYS!$ RECOVERY RELATIVE

VALUE VALUE AhAltsis ERROR

Q.A. NUMBER:880168 08/18/88 14:36 Uranium, natural TEteh!CIAh:DF

DUPLICATE 884202 10 13.6 13.6 0.00

9 0LICATE 884202-22 1.4 1.7 19.35

DUPLICATE 884202-28 4.1 3.5 15.79

DUPLICATE 884202 34 1.2 1.2 0.00

DUPLICATE 884202-46 6.8 4.9 32.48

DUPLICATE 8842C2 6] 46 40 13.9

3
C.A. WUMBER:580169 08/18/88 15:07 Urani m (U), totat TEC*klCIA4:DF |

DUPLICATE 8842C2 10 23 23 0.0
C

DUPL1CATE 884202 22 2.4 2.8 15.3 8

JPLICATE 88'202-34 2 2 0.0

DUPLICATE 884202 46 12 8.25 37.0
i

DUPL]CATE 884202-60 78 68 13.7 -

3 .

o.A. muuBER:880197 08/22/88 13:14 Gross Alpna, total TE:*hl lah::F

DUPLICATE 8842:2-15 96 83 14.!

DOLICATE 884202-45 24 22 8.70

0. A. FJMBER:580192 08/22/88 13:24 Cross Alpha, total, error, e/- TEC*h! CIA 4:0F

dot!CATE 884202 15 11 10 9.52

DUPLICATE 884202-45 6.2 6 3.22

Q.A. WUMBER:880199 C8/22/88 13:28 Gross Alpha, total, LLD TECch1CIAh:0F

DUPLICATE 884202-15 2.1 2.1 0.00

DUPLICATE 884202-45 2.1 2.1 0.00

|

|
C.Q. rpBER:880294 08/24/88 17:21 Re:fim 226, totat TEC*k!;1Ah:CF

SPIKE 884202-16 3.2 23.8 24.5 89.50

SP!KE 884202-28 0.5 23.8 26.2 107.98
i

| IKE 884202-39 1.1 23.8 23.2 92.86

PACE:1,

|
!
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' " CORE LABORATORIES

Weertervi Ath
Intamational

a em cm,=.

QUAL 1TY AS$URANCE REPORT
08/25/88

Joe wuMSER: 884202 C21STOMER: US ARWY CORPS OF ENG ATTW: DAVID COMBS

Q.A. TYPE Q.A. ID BLANK STACARD AhALYZED BACKCROUC SP1KE SPIKE DUPLICATE DUPLICATE % 1
VALUE VALUE VALUE VALUE TRUE MEASURED SAMPLE AhALYSIS RE CDVE R Y RELATIVE

VALUE VALUE AhALYSIS ERRDR

Q.A. NUMBER:880294 08/24/88 17:21 Redie 226, total TECNW1CIAh:DF

SPIKE 884202-54 3.3 23.8 20 70.17

DUPt!CATE 884202-10 1.1 1.2 8.70

DUPLICATE 884202 22 0.7 0.8 13.33

DUPLICATE 884202-34 0.7 0.5 33.33

9UPLTCATE 284202-46 0.5 0.8 46.15

0.A. WUMBER:880296 O!/24/88 17:34 Radie 226, tot al, error, +/- TEthn!CIAh:0F
3

DUPLICATE 8842D2-10 0.4 0.4 0.0 |
1DUPLICATE 884202 22 0.3 0.3 0.0 #
C

DUPLICATE 884202 34 0.3 0.2 40.0 1
EJPLICATE 884202-46 0.2 0.3 40.0 s

!
Q.A. WJMBER:880297 08/24/88 17:38 Redi e 226, total, LLD TEt**! CIA *:DF !

CUPLICATE 884202-10 0.2 0.2 0.0 *

DLPLICATE 884202 22 0.2 0.2 C.C

DUPLICATE 884202-34 0.1 0.1 0.t

DUPLICATE 884202-46 0.1 0.1 0.0;

c.A. wuMBER:880315 08/25/88 11:12 Therium 230, total 1 Eta =101Am:w;b

STA C ARD 884202-1 6.9 6.7 97.10

ST AC ARD 884202-2 6.9 6.5 94.20

STAcARD 884202 3 6.9 7.2 1D4.35

STecARD 884202-4 6.9 6.9 100.00

STA3 ARD 884202 5 6.9 7.1 102.90

STCCCARD 884202-6 6.9 7.2 104.35

Spir! 884202-16 1.1 6.9 7.8 97.10

SPIKE 884202 28 0.7 6.9 7.9 104.35

SP1KE 884202 39 1 6.9 7.6 95.65

PAGE:2
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Appendix B - p. 16 '

'k -CORE LABORATORIES
VWestem Attes
inter national

a-c m

QUALITY A$SURANCE REPORT
08/25/88

JOB NLMEER: 884202 CUsicMER: Us ARMY CORPS of EsG ATTk: DAVID Comes

S.A. TYPE Q.A. ID SLAht STAh0ARD AhALYZED EACKCROUND SP!KE SP!KE DUPLICATE DUPLICATE % %
VALUE VALUE VALUE VALUE TRUE MEASURED SAMPLE AhALYSis RECOVERY RELATIVE

VALUE VALUE ANALYSIS EERDR

Q A. NUMBER:880315 08/25/88 11:12 Thori m 230, total TECHk!CIAh:MJh

SP!KE 884202-54 97 6.9 104 101.45

DUPLICATE 884202-10 1.7 2.2 25.64

DUPLICATE 884202 22 0.4 0.6 40.00
-

DUPLICATE 884202 34 0.8 0.5 46.15 ,

DUPLICATE 884202 46 0.6 1 50.00

DJPLICATE 884202-60 5.1 5.7 11.1

E
Q.A. WUMBER:880316 08/25/88 11:35 Thori e 230, tetel, error, +/- TECNh!CIAh:MJ j

f| | | 1 i i i l I i i

C.A. N'JMBER:880317 08/25/88 11:40 Thorium 230, totat, LLD TECw !t1Ah:MJ 5
i ! i i i l i I i i i E

.!.A. O BER:880318 08/25/88 11:47 Thori e 230, totat, LLD TEt ALCIAN:MJ

I-
E
.

5

i

PAGE:3
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Appendix B - p. 17

m HE E a
m WWW We W Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.53
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 00-31-88
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR RADIOACTIVITY (URANIUM & THORIUM)

SAMFLE MATRIX: WATERS
SWLO # 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I.D.'S: AS LISTED BELOW

URANIUM URANIUM Th **o Th *** Th 2*o
NATURAL TOTAL TOTAL ERROR (+/-) TTL.LLD

GLIENT I.D.*S (oCi/L) (ma/L) (oCi/1) (oCi/1) (oCi/1)

'SF-1-H 6/30 14: 00
001 EQUIPMENT BLANK- <0.2 <0.001 O.2 O.4 O.4

.

SF-5-15 7/1 10:00 [
EOUIPMENT BLANK 1.18 O.001 4.2 O.5 O.5

|_SF-1-OO 6/30 16: 00
TRIP BLANK N/A N/A N/A N/A N/A I

-

SF-W-01 6/29 09:30
GORE LANDING O.59 0.001 0.1 0.4 0.4

SF-W-02 6/29 09:30 i

GORE LANDING < 0, 2 <O.001 O.1 O.4 O.4

SF-W-03 6/29 10:00
ILLINDIS RIVER MOUTH 4.72 O.0067 O.3 O.3 O.3

SF-W-04 6/29 10:00
,

ILLINDI5 RIVER MOUTH 5.3 O.008 1.1 O.4 O.4

SF-W-05 6/29 10:10
ARK RIVER UPSTREAM 2.95 O.004 O.1 O.4 O.4

SF-W-06 6/29 10:10
ARK RIVER UPSTREAM 2.36 0.003 0.2 0.4 0.4

CONTINUED........ gOuthwest Laboratory of Oklahoma .

BY

TULSA BRANCH CUSHING BRANCH
1700 W. Albany, Suite C ova areas *=e mesoa',s **.tv oe io v a s*- a visne *e aan not ar:rssiac P.O. Box 368,,, oc,,,, o, ,,, ,,,.,,,o,,,,,,,,.,,y ,c , .. . a w ,
Broken Arrow, OK 74012 Cushing, Okta. 74023
(918) 251 2858 (918)225 1064_

_
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Appendix B - p. 18

W *** We W Southwest Laboratory of Oklahoma
!
I
I

|CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.53a J

POST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 08-31-88
ATTN DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR URANIUM L THORIUM PAGE: TWO

SAMPLE MATRIX: WATERS
,

SWLO 46 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I.D.'S: AS LISTED BELOW

URANIUM URANIUM Th *** Th 23 Th **
NATURAL TOTAL TOTAL ERROR (+/-) TTL.LLD

CLIENT 1.D.*S (oCi/L) (mo/L) (oCi /1 ) (DCi/1) (oCi/I)

SF-W-07 6/29 10:20 3
ARK RIVER DOWNSTREAM 0,59 0.001 O.5 O.4 0.4 I

|
s

SF-W-08 6/29 10:20 5
ARK RIVER DOWNSTREAM 1.48 O.003 1.5 O.4 O.4 E

SF-W-09 6/29 001
STREAM 554.6 O.797 O.7 O.4 O.A g

.

SF-W-10 6/29 001 5'
STREAM 548.7 0.789 0.6 0.3 0.3 |
SF-W-11 6/29 10:00
EQUIPMENT BLANK <0.2 <0.001 O.6 O.5 O.5

i

.

Southwest Laboratory of Oklahoma

BY

TULSA BRANCH CUSHING BRANCH
1700 W. Albany, Suite C os cras .=o me oe+s ***,, o tv ,o 5-e 5. .a sesne .ac .ae =ev =rens.=,t,

. ,,,, o, ,,, om,,,, o, ,,,,,, ,,,, a ,,,a o, ,,,, o , ,,,, P.O. Box 368
Broken Arrow, OK 74012 Cushing Okla.74023

._ (918) 251-2858 (918)225 1064 __ 2

.
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Appendix B - p. 19

m Egg 3 a
m WWW Wev Southwest Laboratory of Oklahoma .

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.54
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 08-31-88
ATTN: DAVID COMBS, ENVIRONMENTAL DIV. ,

SUBJECT: SAMPLES FOR GROSS ALPHA (RADIOACTIVITY)

SAMPLE MATRIX: WATERS
SWLO # 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I.D.'S: AS LISTED BELOW

GROSS ALPHA GROSS ALPHA GROSS ALPHA
TOTAL ERROR (+/-) TTL.LLD

CLIENT I.D.'S (oCi/1) (oCi/1) (oCi/1)

SF-1-H 6/30 14: 00
001 EQUIPMENT BLANK -0- O.6 1.4 |

|
C

SF-S-15 7/1 10:00 r,

EQUIPMENT BLANK -0- O.7 1.6

SF-1-OO 6/30 16:00 |
*

TRIP BLANK -0- N/A N/A

I
SF-W-01 6/29 09:30 g

GORE LANDING -0- 1.4 1.4

SF-W-02 6/29 09:30
GORE LANDING -O- 1.1 1.4

1

SF-W-03 6/29 10:00
ILLINOIS RIVER MOUTH 3.7 3.7 2.0

SF-W-04 6/29 10:00
ILLINOIS RIVER MOUTH 2.8 7.5 5.4

SF-W-05 6/29 10:10
ARK RIVER UPSTREAM -0- 10.0 7.8

*

SF-W-06 6/29 10:10
ARK RIVER UPSTREAM 3.1 11.0 7.8

Southwest Laboratory of OklahomaCONTINUED........

BY > '

7 .A ny Suite C ** TE,'|[[/2,1',l'N',2.7/d'7S',','j,7o''[2.'L'N''" O Box 36,

Broken Arrow, OK 74012 Cushing, Okla. 74023 i

. . _ . (918) 251-2858 (918)225 1064 __
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m EEE 3 a
m WWW We W Southwest Laboratory of Oklahoma

,

CLIENT: U.S. ARMY CORP OF ENGINEERS REFORT: SAP 3CO6.54a
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 08-31-88

'

ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR GROSS ALPHA PAGE: TWO
,

SAMPLE MATRIX: WATERS
SWLO # 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I.D.'S: AS LISTED BELOW

,

GROSS ALPHA GROSS ALPHA GROSS ALPHA
TOTAL ERROR (+/-) TTL.LLD

CLIENT 1.D.'S (oCi/1) (oCi/1) (pCi /1 )

|SF-W-07 6/29 10:20
ARK RIVER DOWNSTREAM 29.O 14.O 7.8 g

5SF-W-08 6/29 10:20 .
t

ARK RIVER DOWNSTREAM -0- B.1 4.9 g
SF-W-09 6/29 001 |
STREAM 459.0 40.0 1.4 I

.

SF-W-10 6/29 001
STREAM 359.0 35.0 1.4

SF-W-11 6/29 10:00
|EQUIFMENT BLANK -0- O. 6 1.4 !

:

Southwest Laboratory of Oklahoma-

BY

T[2,'|[[,',7|f," ', |,",2.'[,'1'7%,','[""[[ '[[$fN'''' O Box 368A7 . Al ny Suite C
Broken Arrow, OK 74012 Cushing, Okla. 74023 '
(918) 251 2858 (918)225 1064 ____
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Appendix B - p. 21 1

m WWW We W Southwest Laboratory of Oklahoma :

i

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.55
POST OFFICE BOX 61
TULSA. OKLAHOMA 74121-0061 DATE: 08-31-88
ATTN DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR RADIUM 22' (RADIOACTIVITY) .

SAMPLE MATRIX: WATERS
SWLO # 19900,19915,19919-19930
DATE SUBMITTED: 07-05-88
CLIENT I.D.'S: AS LISTED BELOW

RADIUM m2. pgggyn =2* RADIUM 22*

TOTAL ERROR (+/-) TTL.LLD
C_LIENT I.D.*S (oCi/1) (DCi /1 ) (oCi/1)

SF-1-H 6/30 14: 00
g001 EQUIPMENT BLANK O.1 O.1 O.1
J

SF-S-15 7/1 10:00
EQUIPMENT BLANK -O- O.1 O.1 $

SF-1-OO 6/30 16:00

|TRIP BLANK N/A N/A N/A
5

SF-W-01 6/29 09:30 j
GORE LANDING O.1 O.1 O.I g

SF-W-02 6/29 09: 30
GORE LANDING O.1 O.1 c.1

SF-W-03 6/29 10:00
ILLINOIS RIVER MOUTH O.1 0.1 0.1

SF-W-04 6/29 10:00 i

ILLINOIS RIVER MOUTH O.1 O.1 O.1

SF-W-05 6/29 10:10
ARK RIVER UPSTREAM O.1 O.1 O.1

SF-W-06 6/29 10:10
ARK RIVER UPSTREAM O.1 0.1 O.1

CONTINUED........ Southwest Laboratory of Oklahoma

BY Y
s

Oum PEPE &=C RE 80*'$ ***J CatV TC test SAwPol ES?EC AhD a#E hC' hECf 55AAILY1700 W. Albany, Suite C % ,,, o, ,,,, oy,,,, o, . ... 1,, ,o,.,',,c , 3 s.,g. ,.og,, P.O. Box 368
Broken Arrow, OK 74012 Cushing Okla 74023 '

__ (918) 251 2858 (918)225 1064 __
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Appendix B - p. 22
m Egg 3 A
W WWW We w Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.55a
FOST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 08-31-8B
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR RADIUM 22' PAGE: TWO

SAMPLE MATRIX: WATERS
SWLO # 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I.D.*S: AS LISTED BELOW

RADIUM 226 RADIUM *** RADIUM ***
TOTAL ERROR (+/-) TTL.LLD

CLIENT I.D.*S (DCi/1) (DCi/1) (DCi/1)

SF-W-07 6/29 10:20 . (ARK RIVER DOWNSTREAM O.1 0.1 0.1 ]
!

SF-W-OB 6/29 10:20 E

ARK RIVER DOWNSTREAM O.1 O.1 O.1 3

iSF-W-09 6/29 001
[STREAM O.1 0.1 0.1
g

SF-W-10 6/29 001 5
STREAM O.1 O.1 O.1 I

SF-W-11 6/29 10:00
EQUIPMENT BLANK O.1 O.1 O.1

,

. Southwest i_aboratory of Oklahoma

BY M

'TJ2[|[$'.*['d',**[3',,7.'."[d'7h"$'C*o,'"d'"','[[N''"' P O Box 368$. Al ny Suite C
Broken Arrow, OK 74012 Cushing Okla.74023

.__ (918) 251-2658 .(918)225 1064 __

- _ - - - _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ - _ _ _ _ _
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m WWW We w Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.52
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 08-31-GB
ATTN DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR ANALYSIS
*

SAMPLE MATRIX: SOILS
'

SWLO # 19931 - 19954
DATE SUBMITTED: 07-08-88

'

METHOD REFERENCE: STANDARD METHODS, 16TH EDITION

NITRATES (mg/Kg) MOLYBDENUM (mg/Kg)
CLIENT I.D.'S Ref: 418C Ref: 303C

, . _

SF-5A-01 6/30/8B PROP. + 50 30.2 <15.0 ,

SF-5A-02 6/30 11:10 50'
RIGHT OF 01 19.9 <15.0 ;

D

fSF-5A-03 6/30 11:20 150'
RIGHT OF 01 18.3 <15.0

I'
*

SF-5A-04 6/30 11:25 300'
RIGHT OF 01 13.1 <15.O j

i
SF-5A-05 6/30 11:35 PROP + 150 16.9 <15.0

SF-5A-06 6/30 11:45 50'
LEFT OF 05 14.5 < 15. 0

SF-5A-07 6/30 11:45 150'
LEFT OF 05 16.9 <15.0

,

SF-5A-OB 6/30 11:50 300'
LEFT OF 05 11.5 <15.0

SF-5A-09 6/30 12:00 SOIL
HIGHWATER 49.9 <15.0

SF-5-01 6/30 12:30 PROP + 50 42.8 <15.0

Southwest Laboratory of Oklahoma
CONTINUED........

BY I
, .-,

,

SA ANCH MM WM
o, a,, a ,, ,, o ,s ,o,,, ,,, , 0, c r,,r ,,,, a t, tt we ,,t ,o, , cr,,,,.

P.O. Box 3681700 W. Albany, Suite C ,.,3e,,,,, n,1- %.eirs o, ....ar=v r ios tc.t o. s, u. .aoma

Broken Arrow, OK 74012 Cushing, Okla. 74023
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Appendix B - p. 24

WD WWW We W Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 3OO6.52a
SUBJECT: SAMPLES FOR ANALYSIS PAGE : TWO.

SAMPLE MATRIX: SOILS
SWLO # 19931 - 19954
DATE SUBMITTED:- 07-08-88
METHOD REFERENCE: STANDARD METHODS, 16TH EDITION

NITRATES (mg/Kg) MOLYBDENUM (mg/Kg)CLIENT 1.D.*S Ref: 418C Ref: 303C
_ _ _

SF-5-02 6/30 12: 40 25'
RIGHT OF 01 4.0 <15.0

SF-5-03 6/30 12:40 25'
LEFT OF 01 3. 0 <15.0

SF-5-04 6/30 PROP. + BO' 9. 5 <15.0 g

iSF-5-05 6/30 25' LEFT OF 04 23.0 <15.0 |
\

SF-5-06 6/30 25' RIGHT OF 04 5.5 <15.0 t

e

SF-5-07 6/30 13:00 SEDIMENT i
BASE / DITCH 4.3 <15.0 |

1
SF-4-01 6/30 12:15 PROP. + 20' 11.5 <15.0 j
SF-4-02 6/30 12:25 PROP. + 50' 11.9 <15.0

SC-4-03 6/30 12:30 25'
LEFT OF 4 24.0 <15.0

SF-4-04 6/30 12:30 PROP + 100 15.5 < 15. 0

SF-4-05 6/30 12:35 25'
RIGHT OF 2 37.0 <15.0

SF-07-01 6/30 13:30 PROP. + 40 11.0 <15.0

SF-07-02 6/30 13:30 25'
RIGHT OF 01 3.0 <15.0

SF-07-03 6/30 13:30 25'
LEFT OF 01 4.5 < 15. 0

Southwest Laboratory of Oklahoma

| Wgy

7 . Al any Suite C To2'|,'[,7d'~,,$.['j,''[,"7S'dS"[[C.'$$','""" O Box 36Broken Arrow, OK 74012

_ (918) 251 2858
Cushing, Okla. 74023

(918)225 1064 _
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I

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.7-C
POST OFFICE BOX 61 ,

'

TULSA, OKLAHOMA 74121 DATE: 01-28-87
,

ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

'

SUBJECT: SAMPLE FOR ANALYSIS, SEDUOYA FUELS PERMIT PROJECT, CORRECTED

SWLO # 10868
DATE SUBMITTED: 12-10-86
CLIENT I.D.: SFC86 #1 12/3 10: 45 FEDERAL' PROP LINE O'

4

PARAMETER RESULTS
.

URANIUM, NATURAL 16.5 pCi /gm
GROSS ALPHA, TOTAL 5.O pCi/gm

IGROSS ALPHA, TOTAL, ERROR +/- 4.4 pCi/gm
GROSS ALPHA, TOTAL, LLD 2.O pCi/gm f
GROSS BETA, TOTAL 31.0 pCi/gm &

*GROSS BETA, TOTAL, ERROR, + / -- 5.0 pCi/gm
GROSS BETA, TOTAL, LLD - 1. 6 pCi/gm j
-RADIUM 226, TOTAL 2.5 pCi/gm A

RADIUM 226, TOTAL, ERROR +/- 5.0 pCi/gm |RADIUM 226, TOTAL, LLD O.5 pCi/gm 5
RADIUM 228, TOTAL 1.7 pCi/gm *

RADIUM 2 S, TOTAL, ERROR, +/- 1.1 pCi/gm. 5_
IRADIUM 228, TOTAL, LLD 1.6 pCi/gm

FLUDRIDE (F), TOTAL 6.7 mg/kg
URANIUM (U), TOTAL 24.O mg/kg

.

/

.
Southwest Laboratory of O lahoma

BY

J== = = = = = = ~ " " = ". >
' Tulsa. Okta. 74146 Cushing. Okla 74023

'"-"' (918) 665-0680 (918)225 1064 -
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Appendix C - p. 2

m WPr F A
IRID web De w Southwest Laboratory of Oklahoma

b

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.18-C
POST OFFICE BOX 61 ,

TULCA, OKLAHOMA 74121 DATC: 01-28-C7.

ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLE FOR ANALYSIS, SEQUOYA FUELS PERMIT PROJECT, CORRECTED

SWLO # 10879 #

DATE SUBMITTED: 12-10-86 >

CLIENT I.D.: SFC A 12/3 10:30 WATER AT O'-

J

. '
'

PARAMETER RESULTS

URANIUM, NATURAL 289.O pCi/L '.
GROSS ALPHA, TOTAL 125.O pCi /L ' !
GROSS ALPHA, TOTAL, ERROR, +/- 6.2 pCi/L j

'

GROSS ALPHA, TOTAL, LLD 1.0 pCi/L ;
'

GROSS BETA, TOTAL 11.0 pCi/L
~

GROSC BETA, TOTAL. ERROR, +/- 2.9 pCi/L
k-GROSS-BETA, TOTAL, LLD 1.O pCi/L

RADIUM 226, TOTAL. O.2 pCi/L |
RADIUM 226, TOTAL, ERROR, +/- 0.1 pCi/L [
RADIUM 226, TOTAL, LLD O.2 pCi/L *

IRADIUM 228, TOTAL 1.1 pCi/L
IRADIUM 228, TOTAL, ERROR, +/- 0.8 pCi/L

RADIUM 228, TOTAL, LLD 1.2 pCi/L
FLUORIDC (F), TOTAL 300.0 ug/L -
URANIUM (U), TOTAL 415.O ug/Lv

Southwest Laborato of Oklahoma

'BY ,

26 E 5 h PI "ENyY[$2)m7m"o.D# P O. Box 368
*

e

Tulsa Okla. 74146 Cushing. Okla. 74023

- (918) 665-0680 (918) 225-2064
-

1
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m FFF F A
min EbG te w Southwest Laboratory of Oklahoma

F

.
I

CLIENT: U.S. ARMY CORF OF ENGINEERS REF ORT : SAP 1 COL.7
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 0 1 - 2 ~..- 8 1

ATTN: DAVID COMBS, ENVIRONMENTAL DIV. j.

SUBCECT: SAMPLE FOR ANALYSIS, SEQUbYA FUELS PERMIT PROJECT ,

SWLO # 10868 |

DATE SUBMITTED: 12-10-06 !
CLIENT I.D.: SFC86 #1 12/3 10: 45 FEDERAL PROF LINE O' !

,t

PARAMETER RESULTS
E

URANIUM, NATURAL 16.5 pC1/gm
GROSS ALPHA, TOTAL L.O pCi /gni ,,,

GROSS ALPHA, TOTAL, ERROR +/- 4.4 pCi/gn, [ .

GROSS ALPHA, TOTAL, LLD 2.0 pCi/gm g
GROSS BETA, TOTAL 31.0 pCi/gm A

GROCS LETA, TOTAL, ERROR, +/- 5.0 pC1/gm |
GROSS BCTA, TOTAL, LLD 1.6 pC1/gm 5

RADIUM 2C6. TOTAL 2. 5 pLi/gm '"

RADIUM 226, TOTAL, ERROR +/- 5.O pCi/gm
*

RADIUM OC6, TOTAL, LLD O.5 pC1/gm
RADIUM 220, TOTAL 1.7 pC1/gm
RADIUM 220, TOTAL, ERROR, +/- 1.1 pC2/gm
RADIUM 228, TOTAL, LLD 1.6 pC2/gm
FLUDRILE (F), TOTAL 6.7 mg/1 o

,

URANIUM (U), TOTAL 10.5 mg/6.g ;

!

i
4

;

,

Southwest Laboratory of Oklahoma

/| $ 2gy
' ur

TULSA BRANCH CUSHING BRANCH
10926 E. 55m PI " EEc,TO7ENEmO#~' P O Box 368e
Tulsa. Okla. 74146 CusNng Omia 74023
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m rFr y &
Elia O b 6 W e w Southwest Laboratory of Oklahoma

CLIENT U.C. ARMY CORP OF ENGINEERC REPORT: SAP 1006.C
POST OFFICE BOX 61

.

TULSA, OKLAHOMA 74121 DATE: 01-23-C7 |ATTN: DAVID COMBS, ENVIRONMENTAL DIV. i '

SUBJECT: CAMPLE FOR ANALYSIS, SEDUDYA FUELS PERMIT PROJECT f
;

SWLO M 10869
DATE SUEMITTED: 12-10-G6 >

CLIENT I.D.: SFCB6 #2 12/3 14:45 STREAM AT 50' I
.

! .

PARAMETER RESULTS
R

URANIUM, NATURAL 19.4 pC1/gm
GROSS ALFHA, TOTAL 21.0 pC1/gm ,

GROSS ALPHA. TOTAL, ERROR +/- 5.9 pC2/gn. "

GROSS ALPHA. TOTAL, LLD 2.O pCi/gm ~

GROSS BETA, TOTAL 32.O pC1/gm f
GROSC BETA, TOTAL, ERROR, +/- L.1 pC2/qm |GROSS BETA, TOTAL. LLD 1.6 pCi/gm 5
RAD 1UN 026, TOTAL 1.3 pC2 /gtn *

RADIUM 226, TOTAL, ERROR +/- 0.5 pCi /gn. I
RADIUM 22(.,, TOTAL, LLD O.5 pCi / ora I
RADIUM 225, TOTAL 2.7 pCi/gm
RADIUM 22G, TOTAL, ERROR, +/- 1.2 pC2/am
RADIUM 228, TOTAL, LLD 1.6 pC2/am
FLUORIDE (F), TOTAL 2.I mg/6a
URANIUM (U), TOTAL 27.9 mg/t9 |

!

I

i

!
!

L Southwest Laboratory of Oklahoma ,
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Em 995 De w Southwest Laboratory of Oklahoma

,

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.7
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 01 - 20-F7
ATTN: DAVID COMBS, ENVIRONMENTAL,DIV.

EUBJECT: SAMPLE FOR ANALYSIS, SEQUDYA FUELS PCRMIT PROJECT
'

SWLO 41 10870 |
DATE SUBMITTED: 12-10-S6 |

CLIEN7 I . D. : SFC36 #3 12/3 10:45 STREAM AT 100' |

, ,

PARAMETER RESULTS
I

URANIUM, NATURAL 12.9 pCi/gm
GROSS ALFHA, TOTAL 11.O pCi/gn.
GROSS ALPHA, TOTAL, ERROR +/- 5.1 pC1/gm .

GROCS ALPHA, TOTAL, LLD 2.O pC1/am t

GROSS BETA, TOTAL 25.O pCi/gm g
GROSS BETA, TOTAL, ERROR, +/- 5.0 pCi/gm

fGROSS BETA, TOTAL, LLD 1.6 pCi/gm
RADIUM 226, TOTAL 1.6 pCi /am i

RADIUM 226. TOTAL, ERROR +/- 0.5 pC1/gm .

RADIUM 226, TOTAL, LLD O.5 pC1/gm
RADIUM 228, TOTAL O.6 pCi/gm
RADIUM 22C, TOTAL, ERROR. +/- 1.1 pCi/gm
RADIUM 200, TOTAL, LLD 1.7 pCi/gm j
FLUORIDE (F), TOTAL 6.2 mg/l~a ;

URANIUM (U), TOTAL 15.5 mg /6 p
i

:
'

.

I
i

'

I

i

Southwest Laboratory of Oklahoma
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CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.10
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 01-25-G7
ATTN: DAVID COMDS, ENVIRONMENTAL DIV.

EUBJECT: SAMPLE FOR ANALYSIS,-SEQUDYA FUELS PERMIT PROJECT
P

SWLO # 10871
DATE SUEMITTED: 12-10-86
CLIENT I.D.: SFC86 #4 12/' 12: 45 STREAM AT 150' |

1

PARAMETER RESULTS ,

URANIUM, NATURAL 21,2 pC1/gm
GROC5 ALPHA, TOTAL 23.0 pC1/gm @

-

'

GROSS ALPHA, TOTAL, ERROR +/- 6.1 pC1/gm :

GROSS ALPHA, TOTAL, LLD 2.O pCi /gm g

GROSS BETA, TOTAL 24.0 pC1/gm 5

GROSS LETA, TOTAL, ERROR, +/- 4.7 pCi/gm |
GROSS BETA. TOTAL, LLD 1.6 pC1/qm E

RADIUM 226, TOTAL 1.5 pCi/gm j
RADIUM 226, TOTAL, ERROR +/- 0.5 pC1/gm g.
RADIUM 226, TOTAL, LLD O.5 pCi/um
RADIUM 228, TOTAL 2.1 pCi/gm
RADIUM 220, TOTAL, ERROR, +/- 1.2 pCi/oni :

RADIUM 228. TOTAL, LLD 1.7 pCi/gm I

FLUORIDE (F), TOTAL 2.4 mg/6g
,

URANIUM (U), TOTAL 00.5 mg/6g
i

;
.

I
.

I k

h

Southwest Laboratory of Oklahoma
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|

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.1"
POST OFFICE BOX 61
TULSA, Ol'.L AHOMA 74121 DATE: 01- 23- G7
ATTN: DAVID COMDS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLE FOR ANALYSIS, SEQUDYA FUELS PERMIT PROJECT
,

SWLO # 10872 :

!DATE SUEMITTED: 12-10-86
CLIENT I.D.: SFCS6 #4A 12/3 10: 45 DANK (RIGHT) AT 150' f

i
i

PARAMETER RESULTS
E

URANIUM, NATURAL J8.8 pC1/gm j
GROSS ALPHA, TOTAL 28.O pCi/gm ;

GROSS ALPHA, TOTAL, ERROR +/- 6.5 pCi/gm s'
3GROSS ALF HA, TOTAL, LLD 2.0 pCi/gm

GROSS BETA, TOTAL 01.0 pCi/gm |
GROSC BETA, TOTAL, ERROR, +/- L.0 pC1/am i

GROSS BETA. TOTAL, LLD 1.6 pC2/gm ;
*

RADIUM 226, TOTAL 3.1 pCi/gm
RADIUM 226, TOTAL, ERROR +/- 0.6 pC2/gm 5
RADIUM 226, TOTAL, LLD O.5 pCi/gm |
RADIUM 228, TOTAL 1.6 pC1/gm
RADIUM 22G, TOTAL, ERROR, * /- 1.2 pC2/gm
RADIUM 228, TOTAL, LLD 1.8 pC2/gm -|
FLUORIDE (F ) , TOTAL 1.4 mg/t 9 .

'

URANIUM (U), TOTAL 27.1 mc/6:q ,

I

f

i

i

Southwest Laboratory of Oklahoma

MBY
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CLIENT. U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.12
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 01-23-C'/
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLE FOR ANALYCIS, SEOUDYA FUELS PERMIT PROJECT
:

-

SWLO M 10873 ,

DATE SUDMITTED: 12- 10-E6 :

CLIENT I.D.: SFC86 #5 12/3 12: 45 STREAM AT 200' ?

,

,

PARAMETER RESULTS
A

URANIUM, NATURAL 14.1 pCi/gm .

GROSS ALFHA, TOTAL DE.O pCi/gm
GROSS ALPHA, TOTAL, ERROR +/- 7.2 pCi/gm o

EGROSS ALPHA, TOTAL, LLD 2.0 pC1/gm
GROSS BETA, TOTAL 39.0 pC1/gm |
GROCS BETA, TOTAL, ERROR, +/- 5.4 pC1/am g
GROSS BETA, TOTAL, LLD 1.6 pCi/gm ,

RADIUM 226, TOTAL 2.O pC1/gm ;

RADIUM 226, TOTAL, ERROR +/- 0.5 pCi/gn, i
RADIUM 226, TOTAL, LLD O.5 pCi/gm |
RADIUM 226 TOTAL 2.1 pC1/gm
RADIUM 228, TOTAL, ERROR, +/- 1.2 pCi/gm
RADIUM 22D, TOTAL, LLD 1.7 pCi/gm |
FLUORIDE (F), TOTAL 3. ~/ ma /l 9 '

URANIUM (U), TOTAL 20.3 mg/kg

:

!

I

9:

i

Southwest Laboratory of Oklahoma
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CLIENT: U.S. AFO1Y CORP OF ENGINEERS REPORT: SAP 1006.12
POST OFFICE BOX 61
TULGA, OKLAHOMA 74121 DATE: 01 --23---C7
ATTN: DAVID COMBS, ENVIRONMENTAL DIV. !

1

|EUbJECT: SAMPLE FOR ANALYSIS, EEOUOYA FUELS PERMIT PROJECT
:

SWLO # 10874 ,

DATE SUEMITTED: 12-10-86 !
CLIENT I.D.: EFCSC #6 12/7 10: 45 BANK (EACKWATER) AT 200' |

PARAMETER RESULTS
I

URANIUM, NATURAL 17.7 pC1/gm
.

GROSS ALPHA, TOTAL 22.0 PC1/gm
GROES ALPHA, TOTAL, ERROR +/- 6.0 p C1 / p ts. 5
GROSS ALFHA, TOTAL, LLD 2.O pC1/gm 5

GROC5 EETA, TOTAL 34.O pCi/gm |GROES EETA, TOTAL, ERROR, +/- 5.2 pC1/gm g'GROSO LETA. TOTAL. LLD 1.6 pCi/om ,

RADIUM 226, TOTAL 2.3 pC1/gn, ;

RALIUM 226. TOTAL, ERRCR +/-- 0.5 p;i/om i
RADIUM 226, TOTAL, LLD O.5 pC1/gm i
RADIUM 228. TO7AL 2.O pC1/om
RADIUM 228, TOTAL, ERROR, +/- 1.3 pCi/gm
RAL1UM 220, TOTAL. LLD 1.9 pC1/gm !
FLUORIDE (F). TOTAL 4.E mg/kg i

UhAN1UK ( U ~) , 1DTAL 25.4 nig / L c

I

.

i

!

1
-

| Southwest Laboratory of Oklahoma

2BY
~
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i

CLIEN7: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.14
POST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 01-20-S7
ATTN: DAVID COMBS, ENVIRONMENTAL DIV..

'

SUBJECT: SAMPLE FOR ANALYSIS, SEQUDYA FUELS PERMIT PROJECT
,

SWLO # 10875 ,

DATE SULMITTED: 12-10-86
CLIENT I.D.: SFC86 #7 12/3 10: 45 STREAh AT 250" >

..

PARAMETER RESULTS

E
URANIUM, NATURAL 29.5 pCi/gm { 4

GROSS ALPHA, TOTAL 2G. O pCi/gm |

GROSS ALPHA, TOTAL, ERROR */- 6.5 pCi/gm j
GROSS ALPHA, TOTAL, LLD 2.O pC1/gm -

GROSS BETA, TOTAL 38.0 pCi/gm g

GROSS BETA, TOTAL, ERROR, +/- 5.4 pCi/gm I;
GROSS BETA, TOTAL, LLD 1.6 pCi/gm j

RADIUM 226 TOTAL 3.1 pCi/gm i

RADIUM 226. TOTAL, ERROR +/- 0.6 pC2/gm j
RADIUM 226, TOTAL, LLD O.5 pC1/gm g
RADIUM 223, TOTAL 1.8 pC2/gm
RADIUN 22G, TOTAL, ERROR, -* / - 1.4 pCi /om
RADIUM 228, TOTAL, LLD 2.0 p C1/ gru
FLUDRIDE (F), TOTAL 2.1 mg/Lg *

URANIUh (U), TOTAL 42.4 mg/i9
h

.

:.

$ '

Southwest Laboratory of Oklahoma
'
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CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: CAP 100t.IL
POST OFFICE BOX 61
TULCA, OKLAHOMA 74121 DATE: 01 - 23- C7
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUEJECT: SAMPLE FOR ANALYSIS, SEOUDYA FUELS PERMIT PROJECT

SWLO # 10876 i

DATE SUBMITTED: 12-10-86 |
'

CLIENT I.D.: SFCC6 #S 12/3 11:15 BANK (LEFT 4 RIGHT) AT 250' !

'

I

PARAMETER RESULTS
R

URANIUM, NATURAL 27.I pC) /gm j
GROSS ALPHA, TOTAL 47.0 pCi/gm j

OROSS ALPHA, TOTAL, ERROR +/- 7.0 pCi/gm 6

GRCES ALPHA, TOTAL, LLD 2.0 pC1/om a

GROSS BETA, TOTAL 35.0 pC1/gni | ,

GROSS BETA, TOTAL, ERROR, 4 / -- 5.3 pCi/gm
GROSS EETA, TOTAL, LLD 1.6 pC1/gm , ;

RADIUM 226, TOTAL 1.6 pC1/gn. ;"

RADIUM 226, TOTAL, ERROR +/- O.5 pC1/gm )
'

RADIUM 226, TOTAL, LLD O.5 pC1/gm |
RADIUM 22C, TO1AL 2.6 pCi /gm
RADIUM 220, TOTAL, ERROR, +/- 1.3 pC1/gm

IRADIUM 22B, TOTAL, LLD 1.8 pCi/om
FLUORIDE (F), TOTAL 8.O mg/lg ,

URANIUM (U), TOTAL 39.0 mg/6 9
.

I
i

.

! t

!

Southwest Laboratory of Oklahoma

BY

ur
TULSA BRANCH CUSHING BRANCH

cm m ue supo s av x, *e w w *ss m ue w e -v
10926 E. 55th Pt % mc,w mmse,u.% ,um o w e P O Box 36G -
Tulsa Okta. 74146 Cushing Oxla 74023
(918)665-0680 (918)225-1064 -"~

L



. ..

' ' ~
Appendix C 'p. 12

'm EPR y A
m WEW se w Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: SAP 1006.16
POST OFFICE BOX 61
TULCA, OKLAHOMA 74121 DATE: 01-23-87
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLE FOR ANALYSIC, SEQUDYA FUELS PERMIT PROJECT '

,

SWLO # 10877 ;
DATE SUEMITTED: 12-10-E6

,

CLIENT I.D.: SFC86 #9 12/3 STREAM HALFWAY TO MOdTH

!
PARAMETER RESULTS

'URANIUM, NATURAL 21.2 pCi/am
GRCCG ALFHA, TOTAL 36.O pCi /gm
GROSS ALPHA, TOTAL, ERROR +/- 7.1 pCi /gm ;
GROSS ALPHA, TOTAL, LLD 2.O p C 2 / g tr. *

GROSS BETA, TOTAL 35.O pC1/go.
GROCS BETA, TOTAL, ERROR, 4/- 5.3 pC2 /gn.
GROSS BETA, TOTAL, LLD 1.6 pC1/gm |RADIUM 226, TOTAL 1.4 pCi /gn. 5
RADIUM 226, TOTAL, ERROR +/- 0.5 pCi/gm j
RADIUM 226, TOTAL, LLD O.5 p Ci /pr:. g'RADI'JM 228. TOTAL O.7 pCi/cm
RADIUM 222. TOTAL, ERROR, 4/- 1.1 pLi / gtn
RADIUM 228, TOTAL, LLD 1.6 pCA/gm i
FLUORIDE (F), TOTAL 3.3 nig/Lg '

URANIUM (U), TOTAL 30.5 mo/6 o

.

Southwest Laboratory of Oklahoma

BY- *
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CLIENT: U.S. ARMY CORP OF ENOINEERS REPORT: SAP 10'6.17
POST OFFICE DOX 61
TULSA, OKLAHOMA 74121 DATE: 01-23-G7
ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUEJECT: SAMPLE FOR ANALYSIS,.SEOUDYA FUELS PERMIT PROJEC7

SWLO # 10878 i

DATE SUEMITTED: 12-10-C6
CLIENT I.D.: SFC86 #10 12/3 12:30 REFERENCE SOIL

|

PARAMETER RESULTS
3

URANIUM, NATURAL 5.9 pC1/gm j
CROE5 ALPHA, TOTAL S.2 pCi / ora j. ,

*GROSS ALPHA, TOTAL, ERROR, +/- 4.8 pC1/gm
~

GROSS ALFHA, TOTAL, LLD 2.0 pCi /gn.

GROSE BETA, TOTAL 17.O pCi/gm |
GROSS ECTA, TOTAL, ERROR, +/- 4.3 pCi/cm |GRO5S BETA, TOTAL, LLD 1.6 pC1/gm 5
FADIUM 226, TOTAL 2.7 pC1/gm -

RADIUM 226. TOTAL. ERROR, +/- 0.5 pC1/gm 3

kRADIUM 226. TOTAL, LLD O.5 pC1/9m
RADIUM 228, TOTAL 1.5 pC1/gm
RADIUti 228, TOTAL, ERROR, +/-- 1.1 pCi/gm t

RADIUM 228, TOTAL, LLD 1.6 pC1/gm n ,

FLUORIDE (F), TOTAL <.1. 0 mg/Lp
UR A N I U r'. (U), TOTAL B.4 mg/Lg -

i
.

|-

t

e
!

'

i

s
.

|
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I
CLIENT: U.S. ARMY CORP OF ENGINEERS REPORT: EAP1006.2E

lPOST OFFICE BOX 61
TULSA, OKLAHOMA 74121 DATE: 01-23-C7 |

ATTN: DAVID COMBS, ENVIRONMENTAL DIV. {

SUBJECT: SAMPLE FOR ANALYCIS, SEDUbYA FUELS PERMIT PROJECT j
'

l

SWLO # 10879 i

D4TE SUEMITTED: 12-10-86 i

CLIENT I.D.: SFC A 12/!, 10:30 WATER AT O'
I

PARAMETER RESULTS

G/$-URANIUM, NATURAL 287.O p2. 1 7
GROSS ALF H4, TOTAL 125.O p6 ni p g

P' '_.n. gGROSS ALFHA, TOTAL, ERROR, +/- 6.2 P
GROSS ALPHA, TOTAL, LLD 1.0 phw g ,

GROSS PETA, TOTAL 11.0 W n, $

GROLL BETA. TOTAL, ERROR, +/- 2.9 ti-+ -o n. |
'

'

GRCES EETA. TOTAL, LLD 1.0 r"' ' O T. 5

RADIUM 216, TOTAL O.2 ph u. j
RADIUM 226. TOTAL, ERROR, +/- 0.1 Mm g
RADIUM 226 TOTAL, LLD O.2 PWm
RADIUM 228. TOTAL 1.1 pWm
R4DIUh 22E. TOTAL, ERROR, */- O. O pW ne

[{%/
-

,

RADIUM 225. TOTAL, LLD 1.2 PMr. '

f

FLUDR1DE (F>. TOTAL 000.O cry,
URANIUM (U), TOTAL 415.O m er-r:- 9

'

,

!

I

i

).

Southwest Laboratory of Oklahoma
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Abstract i

This study .was conducted"to assess the- acute and
t

chronic toxicity of effluent from a' uranium hexaflouride-

manufacturing plant. Standard EPA methods were used in'the |

oftesting of the effluent from the plant. During collection
:t

of the first sample, observations were made as to the lack j
. . .r

of animal and insect life. Later sample collection dates' |

showed contrary- conditions with abundant- fish and ins e ct~!
]

life. The toxicity tests for the effluent were negative. l
,;. . ,

Chemical analyses revealed only nitrate andlnitrite" to be' ;,

- in excess of drinking water standards. Suggestions . werb
|
"

made for future monitoring and methods of study for this-
,

site.
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CHAPTER I -

.,

INTRODUCTION

The Sequoyah Fuels Plant manufactures uranium '

hexaflouride for nuclear power plant use. The refining

process involved resu3ts in several toxic byproducts 'which

are of concern. -The wastewater effluent streams from the

plant empty into Robert S. Kerr Lake which is used for

recreation, water supply and irrigation. ,

The Army Corps of Engineers is in charge of managing

the waters around the plant and enforcing standards. In'

order to ensure proper decision: making, they felt a current

bioassay was needed. In addition the Sequoyah Fuels Plant
>

has been the focus of several studies ranging from chemical

analysis and toxicity studies to radioisotope assays. One ;

of.these conducted by the University.of_-Oklahoma involved. !

the determination of radioactivity in the main._ effluent: *

- . . !

stream of the plant (Skierkowski. et- al.,' unpublished).

Although the water was within limits the researchers
,

involved found data that lead them to the conclusion that a

bicassay was indicated.

1

!
,

_ .ca
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The first objective of this research is to determine

whether or not the effluent streams of the Sequoyah Fuels

Plant are in violation of any Federal, State or local water -

standards. If violations are discovered, the determination

of the severity of the contamination and potential harm

would be the next objective. The tasks involved in

reaching the objectives of this research are to:

1. Perform on-site observations of effluent

streams.

2. Perform acute and chronic toxicity testing of

effluent streams at various sites to determine

whether they contain toxic levels of the elements
,

of concern.

3. Perform chemical analyses on the effluent streams

to quantify the amounts of chemicals present.

4. Analyze results of the testing mentioned in parts

1 through 4.

5. Make suggestions based upon the results of the ,

analysis.
*

,

The methods to be used are all standard EPA procedures

4
using laboratory quality EPA equipuient. Any exceptions.to

the procedures will be noted in the methods section.

_ _ _ . _ _ _ _ _
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CHAPTER II
,

LITERATURE REVIEW
t

A number of the different processes that occur inside

the Sequoyah Fuels Plant are not known.. Two of ~these' ]
processes are the- production of the uranium hexafluoride. ;

I

and the operation of a wastewater treatment' plant. There_ .

t

are many other processes that occur. within zthe plant,' - j

>

- affecting the effluent of the plant. Therefore,: numerous -

-!

substances were reviewed in the literature search. i

This chapter will be divided into two sections, the i
'

first covering Daphnia'magna and - the second, pimechales

cremelas. t

,

!

Section I. Daphnia magna:
,

.A. Historical, !

The.use of Daphnia manna (D. magna) ast.a: test' organism- ...
i

in acute and chronic tests is well established (Canton-and -

bAdema, 1978). .There has been much time, spent examining the:
'

L best methods and parameters for, toxicity testing- using D;
-

magna. . Adema' ' ( 19 7 8 )_ studied'these procedures extensively |'

and made the following-conclusions:
|

*

,

(. 3 .|
L 1
| t

| :.
v:

,f
"

_ _- _ _ _ _ . __--__ __ _ _ _ _ _ _ _ _ . _ - - _ . - - _ _ _ _ . _ _ _ _ . _ - _ _ _ _ . _ _ _ - - - ---
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1. If no food is supplied, the duration of toxicity
test with D. manna should not exceed 48 hrs.

2. If the test compound is a slow-acting poison, a
constant LCn may not be reached before the lapse
of 10-14 days, during which the daphnids should
be supplied with sufficient food and will
therefore grow during the experiment.

3. Adult daphnids may be less sensitive to
certain toxicants or may react more slowly
than young ones.

4. Acute toxicity tests should be carried out with
one day old daphnids, without food and with a
maximum test duration of 48 hrs. Chronic
toxicity tests with mortality as the criterion
should be started with one day old daphnids, that
are fed normally, with a maximum test duration of
at least two weeks.

5. The temperature of the medium should not exceed
27 C. Since rate of growth and reproduction
increases with temperature (within limits), a
relatively high temperature is recommended for
chronic tests with reproduction as the criterion.
If the only criterion is mortality, slight
temperature fluctuations do not greatly influence
the results. A temperature of 18-20C is quite
suitable for acute as well as for chronic tests.

6. The composition and pH of the medium should allow
the animals to develop normally. No difficulties -

are encountered in this respect in the testing of
known compounds in standard media. However, if
the compounds to be tested are in dilute aqueous
solution (e.g. wastewater), care should be taken
to keep the concentration of essential elements
and the pH of the medium within suitable limits.

7. In view of their small size, a number of 25
daphnids per testing vessel will seldom give rise
to problems of handling. This number is
sufficient for reliable results to be obtained.
If, however, the number of daphnids per testing
vessel is limited to 10, the resulting LCu values
will be approximately correct.

.___ __- _-. . - . - - _ _ . -. . - - _ _ _ - - - _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - _ _ _ _ - _ - -
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8. A frequent source of error is lack of oxygen in
the test medium, particularly in the closed and
non-aerated systems needed for the testing of

volatile compounds. The set-up of the test (ratio
of number of daphnids to volume of medium,

aeration or no aeration, replacement scheme)
should be so chosen that lack of oxygen is not
likely to occur. The oxygen concentration in all
testing vessels must be measured frequently.

'

Continuous-flow systems offer little economical
advantage, because the gain in time is

insignificant compared with the time needed for
counting the daphnids, as well as other criteria.

9. The duration of chronic tests in which
reproduction, growth, and mortality is

quantitatively measured, should be at least three
weeks.

10. In general, reproduction is a sensitive
criterion. (Adema, 1978).

Most of these initial conclusions are still recognized

today as evidenced by the testing procedures utilized by

the Environmental Protection Agency (EPA) (U.S.

Environmental Protection Agency, 1985). One main

difference is the number of organisms per replicate. The

EPA requires 10 organisms per container with replicates;

whereas Adema (1978) suggests 25. The EPA method is also

more explicit as to the media composition used in the i

'

toxicity testing procedures.

Results obtained using D. manna as the test organism

are reproducible (Canton and Adema, 1978). The use of

daphnids and fish is supported .by Kenega and Moolenaar

organisms sufficiently sensitive to be indicators(1979) as

!

!

__
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of toxicity. Canton and Adema (1978) also found that LC.. '

values differing by a factor of 2 could be regarded as

normal in tests performed at different times. A more

recent study supports the use of toxicity tests using

daphnia over chemical analyses alone (Thomas et al., 1985).

The physiology and development of daphnids has also

been highly studied. The different aspects of their life ,

cycle have been extensively researched (Carvalho and

Hughes, 1983; Doma, 1979) including their respiratory

response to pH changes (Alibone and Fair, 1981; France,

1982) and their digestive response to pH changes (Gophen

and Gold, 1981).

Applications of the acute toxicity test using daphnids

were studied and five types were suggested by the European

Inland Fisheries Advisory Commission (EIFAC) of the Food

and Agriculture Organization of the United Nations (EIFAC).
'

These five types are:

1. Screening tests - To detemmine-the acute toxicity
of chemicals or products under standard
conditions. In this way acute toxicities of
different chemicals can be compared under
identical conditions and, therefore, the
substances may be placed in broad categories of

'

toxicity.

2. Tests to establish water quality criteria - These
tests are designed not only to assess hazards,
but to enable water quality ob$ectives to be
prepared.

| 3. Effluent monitoring tests - Effluents are
frequently complex mixtures of chemicals which

i

_ _ _ _ _ - _ _ - _ - - _ - - - _ - _ _ - - _ _ _
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are difficult to analyze. Therefore biological
testing of aqueous effluents has advantages when
compared with chemical testing. Acute toxicity
tests with daphnids have shown to be feasible-for
monitoring these discharges to assess effluent
quality.

4. Legal tests - Where quality standards for
'

effluents have been established, closely defined
reproducible procedures are necessary to meet the
test requirements and to establish in a. court of
law acceptable evidence of failure to comply with
the (daphnids, fish) toxicity standard. For
these tests daphnids are recommended as useful
test organisms.

5. River monitoring tests - In order to decrease
hazards for water users from incidental high-
level pollution of rivers, biological monitoring
systems have been developed...As daphnids require
a water quality within rather narrow limits,
these organisms are unsuited for monitoring river
water. (Leeuwangh, 1978)

r

There are several advantages for using daphnids for

'

toxicity tests as mentioned in the literature. The

following is a summarized form of the combined opinions.

1. Daphnids can be cultured with relative ease

(Berge, 1978; Leeuwangh, 1978).

2. Individuals are genetically identical through the

process of parthenogenesis (Leeuwangh, 1978).

3. The size of the daphnids allows for higher

numbers of organisms. used and, therefore,

increases statistical accuracy (Leeuwangh, 1978).

4. Daphnids have been found to be a very sensitive

test organism (Adema, 1978; Canton and Adema,

!.

h
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1978; Kenaga and Moolenaar, 1979; Leeuwangh,

1978).
.

5. The short life span of the daphnids allows

chronic second and third generation studies to be

performed (Adema, 1978; Canton and Adema, 1978;

Kenaga and Moolenaar, 1979; Leeuwangh, 1978).

6. The effects of chemicals on food uptake, growth

efficiency, respiration and enzyme activities can

be measured (Leeuwangh, 1978; Kersting, 1978;.

France, 1982).

7. Results of toxicity testing using daphnids have

been found to be reproducible (Leeuwangh, 1978;

Canton and Adema, 1978; Adema 1978).

8. Several representatives of the daphnids are

important species indigenous to our surface

water. The consequence of daphnids dwindling

from an ecosystem may be the eventual elimination-

of one or more other species in the food web of

fishes as well (Leeuwangh, 1978).
.

1-

B. Application

The previous section presented the use of D. marna as

a test organism in toxicity testing. This section will

discuss several applications of the acute test with the

daphnid.

_ _
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1. General

A study has been done to correlate the toxicity

results of tests using daphnids and fish (Khangarot and

Ray, 1987). The authors compared the results of tests

using D. manna and Salmo nairdneri (rainbow trout) and

found there was a statistical correlation between the EC..

for the trout and the daphnid. The authors also suggest

the importance of hardness in toxicity testing since softer
,

water allows more toxicity.

Kaiser (1979) performed a study on the correlation and

prediction of metals toxicity. The author developed an

equation for the prediction of toxicity of an ion by

studying published data on the toxicity of metal ions. The

author compared the toxicity results with ion specific

physico-chemical parameters expressed in the equation.

Maki (1979) also conducted a comparison study on the

correlation between D. macna and pimecheles promelas. The

author cited the problems involved with the higher costs
,

and longer time requirements for chronic fish testing as ,

major obstacles for research. Maki (1979) found that in a

comparison of eight detergent components, seven metals, i

four PCB isomers, fifteen pesticides, and chlorine, the

combined regressions of their results were significantly

correlated. This indicated that the short term daphnid

test has significant predictive value for longer term' fish

t-
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toxicity data. The author further stated that these

results demonstrate aquatic safety data developed for the

protection of one trophic level may similarly extend to

include representatives of a higher level.

Cooper and Stout (1983) also studied the accuracy of

bioa.ssays using fathead minnows (Pimecheles promelas),
.

largemouth bass, smallmouth bass, damselfly, amphipod, and

the waterflea (D. manna). They made the following

conclusions:
'

1) The acute toxicity tests with fathead minnows,

largemouth bass, smallmouth bass, damselflies,

and amphipods produced estimated survivorship

rates of exposure to p-cresol which were
consistent with the results of the field
experiments.

2) The community parameters, both
structural (evenness and diversity) and
functional (community metabolism and leaf pack
degradation), indicated the same type of
ecological impacts on macroinvertebrates as did
the single species ' analyses.

3) The pulsed exposure produced slightly more -

impacts than continuous 48 hr exposure with a
comparable " ppm x days" integral.

t

2. Metals

*

1. Cadmium

Ca&nium contamination was studied by Maleug, et al.,

(1984) and it was concluded that D. magna was a useful,

sensitive laboratory bioassay organism for conducting acute

metal toxicity tests. In general, they found that numbers
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of organism, biomass, species diversity, and dominant types

of organisms correlated well with metal content and acute

laboratory toxicity. The research involved sediment

contamination of cadmium, copper, chromium mercury, nickel, [

!and zine.

Cadmium was also the contaminating metal in a study

done by the epa on metal sediment contamination of water
t

and slurries. Schuytema, et al., (1984) found that the

sediment sorbed cadmium contributed negligibly to D. manna

mortality. The authors suggested further work in the

toxicity testing of sediments.

Griffiths (1980) studied the effects of low level

ca&nium poisoning to D. meena and found the daphnid may

make a useful indicator of low levels of cadmium pollution

in the field. The research focused upon the effects of

cadmium upon the gut diverticulum of the daphnid. When

exposed to cadmium, the basal and lateral cell membranes,

and also the mitochondria and microvilli, had formations of

calcium granules.

The effect of cadmium on the alpha-aminolevulinic acid

dehydratase (ALA-D) activity of D. magna was studied by

Berglind (1986). It was- found that cadmium by itself

enhanced the activity of ALA-D, but in the presence of lead

it was a powerful inhibitor. In the presence of zinc, the

cadmium effect was neutralized.

.
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ii. Cooper
,

e

Numerous studies have documented 'that elevated ~
'

'

concentrations of copper and/or .zine in aquatic

environments, resulting from man's activities, could have

detrimental impacts on biological . communities (Hodson, .et |
,

al., 1979; Forstner and Wittmann, 1983). Hardy, et al., ,

(1983) outlined the variables they found to be most
,

;

important in controlling the fate of metals and their
'

:

T resultant toxicity in aquatic ecosystems in order of |
.

decreasing importance as follows: |

I1. pH
2. hardness

i3. alkalinity
4. adsorption
5. partitioning on surfaces

a. air-water |

b. suspended particles
c. sediments

;

Hardy, et al., (1983) also found that increasing pH' {
and alkalinity af forded protection for D.: magna against the;

toxic effects of brass powder. ~In addition, they discussed ;
t

the suggestion by many researchers' 'that the free copper: [

ion, and at least.some of the hydroxoide species, are toxic
:jand the copper: carbonate species are nontoxic. Zd* -was
t

also suggested- to be. . toxic - while zine: carbonate species. I

were nontoxic.
. . .

.D. magnn was found to-be the'most sensitive species in f,
,

a comparison sediment toxicity bioassay using- Chironemus
t

'

,

I

t

>

.- . - . . -
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tentans, Hvalella azteca, and Gammarus lacustris (Cairns,

et al., 1984). Cairns et al., (1984) also found that most

of the copper in the sediments remained there unless

disturbed either chemically or physically. The authors

suggested that when studying the effects of sediment bound

copper or other toxicants, it is best to sample at the

water sediment interface.

Malueg et al., (1984) studied the toxicity of several

sites known to have metal toxicity. These metals were

cadmium, chromium, copper, mercury, nickel, and zinc.

The authors made the following conclusions relative to the

research on the Robert S. Kerr Lake:

1. Daphnia and Hexagenia, when used together in the
recirculating' apparatus, were useful sensitive
laboratory bioassay organisms for conducting
acute metal toxicity sediment tests, the Daphnia
being the most sensitive.

2. Elevated metal levels were present in sediment
and bioassay test water where significant
organism mortality occurred.

3. In general, numbers. of organisms, biomass,

species diversity, and dominant types of
organisms correlated with metal content and acute
1aberatcry toxicity.

As several of the metals studied by Malues are possible

contaminants in the Sequoyah Fuels effluent stream, the

validation of Daphnia as a sensitive test organism by

Malues is extremely important in the selection of Daphnia

magna as a test organism.

- _
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It was found that 0.56 mg/L of copper and greater

caused 100% mortality with D. manna (Khangarot, et al.,

1986). Khangarot et al., (1986) studied the effects of

amino acids on the toxicity of copper and found that a 4.7

to 27 fold decrease in toxicity occurred when amino acids
,

were added. The authors found the amino acids formed a

complex with the copper to become a sort of " anti-

pollutant."

)

iii. Manzanese

'' Mn is an activation product, formed from stable 'Mn

and 'Te in the presence of high energy neutrons (Kwasnik et

al., 1978). Kwarnik et al., (1978) studied the

bicaccumulation of manganese in three species: |

protecoccoidal chlerella, D. macna, and pimechales

promelas. They found that accumulation. of manganese

f

decreases with ascent up a theoretical aquatic food chain

:

when water is the only source of centsmination. |

r

iv. Selenium

Selenium toxicity to D. manna was compared to that for
.

Hvalella anteca and pimechales promelas.- It was found that ,

.the -daphnid was more sensitive initially.(48 hours), but in- ;

chronic tests the amphipod was more sensitive (Halter, et

al., 1980). These results demonstrate the appropriateness
P

of daphnids for acute tests.
,

I

.j
;
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v. Uranium

The LG. for uranium in an acute test using-D. marna :

was found to range between 5.34 and 7.62 mg/L (Poston, et 1

!
al., 1983). The authors also found a correlation between :

carbonate hardness and toxicity as noted below: |

...Because uranyl ion has a high affinity for.coi', the I
relationship between hardness and toxicity may be more -

appropriately expressed as a function of carbonate:
alkalinity. At -a pH of 7.9 to 8.0, bicarbonate and r

carbonate ions predominate. Consequently, the ;

relationship between hardness . and toxicity can .be -
*

expressed as a function of bicarbonate and carbonate;
concentration by the regression equation: 1

LG. = 19. 4 91 + 19.830 In [HCOi' = CQ-') (1) ;
'

When expressed as a' function of hardness, the equation .

is:
'

I

LQ. = -159.777 + 39.322 in CACO. mg/L EDTA. 1(2) !

hardness j
!

.i
Poston, et al. (1985) made the following conclusions from j

!

their research: i

!

1. Uranium was acutely toxic at 6 mg/L in mildly
alkaline water systems.

2. The . toxicity of uranium was moderated by ,

alkalinity or hardness. -

3. Reproduction in experimental populations of D. !
magna may be suppressed at uranium concentrations '

as low as 0.5 mg/L. !
4. Although the toxicity of uranium VI relative to 1

*

other trace metals was low, .the potential for
release of toxic levels into . natural bodies of:
water was a concern that required. site specific .. f

hazard assessment.
,
.

f

.h
-1

!

I

'[

!
t
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13. Non-Metals

:i. Wastewater Disinfectants j

-Ward- and DeGraeve. (1978) published a study cn1 the.
., .

:topic of toxicity of wastewater disinfectants. The authors-,

J
focused their study on chlorinated, chlorobrominated, and- ,

i

ozonated effluents. ~ The chlorinated effluent exhibited the-

greatest potential for residual toxicity to' aquatic life of

the three; however, the residua 1' bromine chloride proved'to h
7

have the potential- to be harmful to . aquatic life- when~ d
>

present in sufficient- concentration. The: relatively- a
.:

I

reduced stability and longevity of bromine chloride in . . .

.(
comparison to chlorine contributed to its-reduced potential

;

for lethal effects on aquatic life. Ozone . was'found to be, j

the least toxic .of the three and the authors attributed f

' this partly to'the rapid dissipation of ozone. j
l
!

ii. Chlorebenzenes ;
- 1

Bobra et al. (1985) studied the correlation. 'cn ;

J
statistical interdependence between concentrations of -|

'

;

chlorobenzenes that cause a defined toxic endpoint,'and'a |
>

physical-chemical' property such as octanol / water partition'
t:

coefficientL(K..)- or aqueous solubility (C). In th'eir case-'
-!

'the. researchers: f ound the toxic ef fects were = nonspecific in - .;
i

.

nature 'and the concentration'at. which fifty percent of:the. |
;

-|

'l
!

:
:
!

<

;

t

AE
.. - -. . . - - - -_ -
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sample demonstrated effects of the chlorobenzenes (EG. ) was

controlled primarily by octonol/ water partitioning.
;

iii. Polychlorinated Bichenv1 (PCB) Replacement

products

'

Herman Sanders et al. (1985) conducted laboratory

studies to determine the acute or chronic toxicity of seven

potential PCB replacement products. These seven products

were six phosphate esters and one water-glycol mixture.

The organisms used were the alga Selenastrum capricornutum,

the daphnid D. magna, the midge Chironomus plumosus, and
,.

the amphipod Gammarut p s eu d ol imn a eu s . The authors

concluded that the least potential environmental hazard was

presented by the water glycol mixture followed by the

phosphate esters and PCB's. They also found that the risk

from phosphate esters to the environment was significantly

less than that of PCB's.

iv. Fluorides

Fieser, et al. (1986) studied the critical

concentrations of fluorides using D. magna. They found a

simple exponential relationship between the toxicity of

fluorides and temperature in hard water which they

attributed to increased physiological processes and, thus. ,

increased uptake of the fluoride. The study also revealed

that increases in fluoride content up to 65 mg/L stimulate

.

_ - - _ _ _ - .
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egg production by amounts up to about. 150% of that of the
i

control. It also demonstrated that increasing flucride. j

concentrations reduced the hatchabiliity rate continuously -f
<

with a sharp decrease around 34 mg/L.

f

v. Dithiocarbamates
i

Van Leeuwen, et al. (1978) conducted a study into the l
.

*

toxicity of dithiocarbamates to the guppy Poecilla"

reticulata, the water flea D2 manna, the Green alga I

Chlore113 ovrenoidesa, and the bacterium- Photobacterium ]
chosphoreum. They concluded that 'dithiocarbamates are '

-

''

cytotoxic- substances and, therefore, must- be regarded. as

lbroad spectrum biocides.

Section II. Pimethales promel as : -

A. General
!

Maki (1979) performed a comparison study between the ;

!

toxicity responses of the fathead minnow (Pimecheles :

oremelas) and the water flea (D. marna). See the' -j

discussion in Section I, B. o

!

l
,

B. Metals .;
!

|1. Chromium

Pickering (1980) conducted a study focused on :the

chronic effects of hexavalent chromium on Pimechales

:
i

i

,

!

l

!

- _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ - _
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promelas. In this study, the following results were

observed:

1) Survival was affected only at the high test
concentration of 3.95 mg/L

2) All chromium concentrations, including the lowest
tested (.018 mg/L), retarded the early growth of
the first generation fish, but this effect was
only temporary.

3) Growth of second generation fish was not affected
at concentrations of 1.0 mg/L or lower.

4) Reproduction and hatchability of eggs were not
affected at any chromium concentration tested.
(Pickering, 1980)

,

2. Metals Avoidance

Hartwell et al., (19E7), conducted a laboratory study

on the avoidance behavior of fathead minnows over a nine

month period. The metals used in the study were copper,

chromium, arsenic, and selenium which were mixed together

at ratios of 1.0:.54:1.85:.38, respectively. The authors

reported that unexposed fish avoided very low

concentrations of the (0.29 mg/l total metals) blend.

Exposed fish preferred elevated concentrations equal to

three times the holding exposure concentration after three

months of exposure and mildly avoided concentrations five
L

times the holding exposure concentration after six months

of exposure. The authors also found the fish were not

responsive to concentrations approaching ten times the

holding exposure level after nine months of exposure.
.
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;

Activity- was not found to be affected by the long term ;

i

exposure or test exposure. Hartwell et al. (1976) ;

conducted a second test which was a field validation of the :
'
i

results obtained in the first test. The authors found the t

response of fish acclimated to the metals blend for three
P

months in the field was in marked contrast to that of.

laboratory acclin.ated fish. They also-found that. fish in i

the laboratory avoided lower concentrations of metals than {
t

did fish in the field tests. They-concluded that' predicted j

responses, based-on. short term laboratory exposure, may be ;

I

erroneous. Depending upon unexposed laboratory fish would ;
i

be in closer agreement, but.would likely overestimate.the. |

responsiveness of fish to metals pollution in the wild,
i
!

3. Heavy Metal Tolerance

Benson and Birge (1985) conducted a study comparing ]
two different natural fathead populations in their response

to metals. The' authors concluded from the' data produced !
-

y

that the results .3ustify -the conclusion -that fathead! ]
,

minnows developed increased tolerance to cadmium and cop er. j-

-

q).
following prolonged sublethal exposure to these. metals;|and

:

- that this metal-induced tolerance was~ not. sustained.'once- j
i

organisms are removed from toxicant stress.- They _ also j

found tolerance induction was, in part, attributed. to ;

.!

increased production of metallothionein, a protein > which !
.

i

f
:

|

.

P

i
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selectively binds and deactivates cadmium, copper, and
>

certain other metals.
,

C. Non-Metals
3

1. Wastewater Disinfectants ,

Ward and DeGraeve (1978b) studied the toxicity of

several wastewater disinfectants on Pimephales promelas.

From the results of their study they concluded the ,

following:

1) The lowest total residual chlorine concentration

that had a lethal effect on fathead minnows was
.265 mg/L in 25% effluent.

2) The test animals in -this study exhibited a

greater tolerance to residual chlorine than those
in a similar study with domestic wastewater

treated by the activated sludge process. The
reasen for this greater tolerance was not known.

3) Dechlorination with sulfur dioxide eliminated the
lethal effects associated with chlorinated
effluent.

4) None of the effluent treatments tested were

observed to have any negative effect on the

growth or reproduction of fathead minnows.
(Ward and DeGraeve, 1978b)

:

2. Fluoride

Smith, et al., (1985) conducted a study on the acute

toxicity of the fluoride ion on Gasteresteus aculeatus,

Pimechales promelas, and juvenile Salmo rairdneri. Their

results suggested fluoride may not be as acutely toxic to

fish as certain earlier studies concluded. The authors
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discussed the problems associated with the determination

and classification of fluoride as a toxicant and concluded

that the available data suggested a uniform consensus about

the maximum safe level of fluoride ion for fish in natural
,

waters of varying hardness has not yet been achieved.

' 3. Pentachlorophenol

Two amphipods, Gamarus pseudolinnaeus and

Cranconyx pseudorracilis, and fathead minnows were used in

a study to observe the effects of varying pH on' the

toxicity of pentachlorophenol (PCP). Acute exposures with I

all three species showed PCP toxicity was decreased with

increased test pH (Spehar, et al., 1985). In addition,

chronic PCP toxicity and bicaccumulation were similarly

decreased when pH values were increased. The authors

attributed the decrease in chronic PCP toxicity to the

reduction in PCP accumulation as a direct result of the

increased ionization of PCP at higher pH values. The

authors then used this conclusion to state that the ionized

form of the PCP was less toxic per unit concentration than

was the un-ionized form. They also concluded from the

results that chronic, as well as acute toxicity, may be

caused by both forms of PCP when significant concentrations

are present in solution. .

__ _
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4. Multi-Species Testing

Phipps and Holcombe (1985) developed a method to

simultaneously determine 96 hour LCu values for seven
,

freshwater species in a single flow-through test. They

tested the following compounds and compared the results

with single species toxicity results:
,

i
1) pentachlorophenol
2) 2-chloroethanol
3) 2,4-pentanedione
4) hexachloroethane
5) alpha-bromo-2',5'-dimethoxyacetophenone

,

6) benzaldehyde
7) 1,3-dichloro-4,6-dinitro-benzene
B) dursban ,

9) sevin
10) cadmium chloride ,

The authors found the LCu values obtained from their test

methods usually were within 20% of those determined with

single species methods.

,

5. Inhibitory Effects on Acetv1cholinesterase

Olson and Christensen (1980) conducted a study into
.

the inhibition of acetylcholinesterase (ACHE) by several

water pollutants. They found a highly inhibitory effect

with several carbamates, one organo-oxy-phosphate, the
4

arsenite ion, and certain other heavy metal ions. The

authors also found intermediate effects from the arsenate

ion, other metal cations, organometals, certain neuroactive

agents, organophosphates, and one organochloride pesticide. ,
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The authors came up with a rank order of transition metal
,

inhibiting effects as follows:

Ctf* > Au'* >Pd" > Cd *> Pd " > Ag" > Au" >Hg'* > Sn'*>Pt" .

,

6. Ammonia

Arthur, et al. (1987) conducted a test into the

toxicity of ammonia to fourteen species, including five- '

species of fish. Tne authors ranked the fish from the-

highest sensitivity to the lowest as: Rainbow Trout >

Walleye > Channel Catfish > White Sucker > Fathead Minnows.

7. Synthetic Detercents :

A study into the toxic effects of synthetic detergents

on several species including fathead minnows was done by

Abel (19741. The author concluded that the most important

environmental' factors influencing toxicity were the type of

detergent, its molecular configuration, 'and the dissolved

oxygen concentration. The author also listed species -age-

and life stage of fish, and acclimation-as important biotic -

factors. The author found that exposure to low levels of

detergents prior to, or simultaneously with, exposure to

some other poisons, notably pesticides,' lowered resistance

to these poisons.

r

L

P
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8. Synthetic polvelectrolytes
|

Biesinger and Stokes (19B6)' performed a study into.the- ,

..!

acute toxicity of several polyelectrolytes on D. maann, j
.

- pimenhales cremelas, Gammarus oseudolimnaeus, and ;

.!
paratanytarsus parthenomeneticus. They found that the~-

'

nonanionic and anionic polyelectrolytes tested.'were. not
acutely toxic at 100 mg/L to the four species studied with. !

,

the exception of one experimental anionic polymer. The [

authors also found- that of the fifteen cationic f
;

. ere not toxic at'100polyelectrolytes- tested, only two w *

mg/L. j
t

I

!
h

|-

r

iI
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!
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CHAPTER III

METHODS

I. Test Methods for 48-hour Acute Toxicity Static

Testine

The procedures used were taken directly from the

EPA publication entitled " Methods for Measuring the

Acute Toxicity of Effluents to Freshwater and Marine

Organisms" (Third Edition, 1985)'. A short summary of

these methods follows.

A. Collection and Transport of Samples

Samples for the 48-hour acute toxicity static

test were collected on June 8, 1989. Samples were

collected at the three test sites in plastic one-

gallon jugs. The jugs were held beneath the surface

of the water and allowed to freely fill while avoiding

excess turbulence. Once the jugs were filled, they

were capped under water to prevent the trapping.of air

bubbles. Following collection, the samples were

placed in ice chests and iced for transport to the

University of Oklahoma. Upon arrival at the

26
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University, the samples- were transferred to a

refrigerator and stored at PC. ;

,

f

B. Preparation of Test Solution

Several hours prior to the beginning of the test :

the samples were remeved from the refrigerator and
,

allowed to equilibrate to test temperature.

Test dilutions. were prepared using a dilution factor
,

of 0.5. This dilution factor was chosen for its

greater precision and coverage. The resulting

effluent percentages were 100, 50, 25, 12.5, and 6.25
,

percent. Test solutions were prepared in 4.0 ounce

Cor pak bottles. A total solution volume of 50

milliliters (ml) was used. Solutions ~ were prepared

using the above mentioned dilution factor. The

combination of the dilution factor with the initial

volume used, resulted in effluent volumes of 50 m1, 25

m1, 12.5 m1, 6.25 m1, and 3.12 m1, with corresponding

volumes of reconstituted -water to provide a total

volume of 50 ml. Each replicate had a-control of 0.0

percent effluent or 100 percent reconstituted water.
,

Reference toxicants of- 'zine chloride were
,

prepared using the previously discussed dilution

factors and solution volume. Two concentrations of-

zine chloride were prepared in order to accurately

'.
>

. - - . - _ . - _ - - _ _ _ - _ - - - _ - - - - - - _ _ - - - _ - _ _ _ _
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determine the sensitivity of the test organisms. Zinc ;

chloride concentrations of 0.7 mg/l and 0.05 mg/l were
.

used.

After checking the temperature and dissolved

oxygen level, 24-hour neonates were randomly placed in

each test vessel. Upon completion of this step, the

test vessels containing the test solution and the

organisms were placed in the environmental chamber.

C. Environmental Conditions

The environmental chamber was maintained at 20 1

20. The photoperiod of the chamber was set on a cycle

of a 16 hour light cycle which.was divided into two e

four hour periods of incandescent lighting and one

eight hour period of florescent lighting. One period

of incandescent lighting preceded the 8 hour period of

florescent lighting followed by the second 4 hour

incandescent period.

D. Observations

Two hours after the initiation of the test, the

test organisms were examined to ensure that the :

organisms survived- handling and that the toxicity of

the solution was not too great. .This examination was

repeated at 6, 8, 12, 24, and 48 hours. The overall

effect observed was immobilization or no movement'of
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body or appendages upon gentle prodding. At each

observation period immobilization numbers were

collected and analyzed for toxicity. Throughout the

duration of the test, the test organisms were not fed.

Dissolved oxygen measurements showed that aeration was ;

not needed.

II. Test Methods fer 7-Day Chronic Static Renewal Embryo-

Larval Survival and Teratocenicity Test-

The procedures and methods used were taken

directly from the latest edition of the EPA document

entitled "Short-Term Methods for Estimating the

Chronic Toxicity of Effluents and Receiving Waters to

Freshwater Organisms," (1985). A short summary of

these methods follows. Table i summarizes the

procedures and conditions for D. macna acute toxicity

testing.

A. Collection and Transport of Samples

Samples for the 7-day chronic test were collected

on July 17, 20, and 22, 1989. Samples were collected

at site- numbers one and four in one-gallon plastic

juss. The jugs were held beneath the surface of the

water and allowed to freely fill wh,ile avoiding excess-

turbulence. Once the jugs were filled, they1 were

capped under water to prevent the trapping of air
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bubbles. Following collection, the samples were

placed in ice chests and iced for transport to the

University of Oklahoma. Upon arrival at the

iniversity, the samples were transferred to a

refrigerator ard stored at SC, until their use. |

B. Preparation of Test Solution

Prior to the test, moderately hard reconstituted i

water was prepared for use as dilution water. The

reconstituted water was prepared following EPA

standatds (EPA, 1985).

Several hours prior to 'the preparation of the

solution. the samples were removed from the

refrigerator and allowed to equilibrate to the. test

temperature. . Test dilutions were prepared using a

dilution factor of 0.5. This dilution factor was

chosen for its greater precision and coverage. The

resulting effluent percentages were 100, 50, 25, 12.5,

and 6.25 percent.

Test solutions were prepared in 500 ml Corning

7201-D Pyrex bowls. A total solution volume of 250 ml

was used. Solutions were prepared according to the

above dilution factors. The combination of the

dilution factor and initial volume resulted in

effluent volumes of 250 m1, 125 ml, 62.5 ml, 31.25 m1,
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and 15.63 mis with corresponding volumes of

reconstituted water to provide a total solution volume

of 250 ml. This procedure was repeated to produce

three replicates for both sites. Each replicate had a

'

control of 0.0 percent effluent or 100 percent

reconstituted water.

Reference toxicants of zine chloride were

prepared using the previously discussed dilution
,

factors and solution volume. Zinc chloride

concentrations of 0.7 mg/l and 0.05 mg/l were used.

After initially measuring water quality

parameters including temperature,- dissolved oxygen, ,

pH, conductivity, hardness, and alkalinity, the test

embryos were gently agitated and mixed in large

containers so that eggs from different spawns were

evenly distributed according to EPA specifications.

After random placement of the embryos in the test ,

chambers, the test chambers. were placed in the

environmental chamber.

C. Environmental Conditions

The environment chamber was maintained at 2512

*C. The photoperiod of the chamber was a- cycle of

sixteen hours of light and eight hours of darkness.

The light period consisted of four hours of

_ _ _ _ _ _ _ - - - - _ - _ _ _ _ . . ___.
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incandescent lighting followed by eight hours of ,

florescent lighting and ending with another four hour

incandescent lighting period.

D. Observations ,

Twenty-four hours after the initiation of the test

the embryos were examined for hatching and death. The

indicator of death used for the unhatched embryos was

the appearance of fungal growth on the egg casing. The

embryos were ex& mined every 24 hours for a period of

seven days. After hatching, the fry were checked for

survival and teratogenicity. Immobilization was used

as an indicator for death. Curvature of the spine,

enlarged gas bladders, and difficulty in swimming were-

used as indications of teratogenicity.

New test solutions were prepared daily using the

above mentioned methods. These solutions were also

analyzed for temperature, dissolved oxygen, pH,
.

conductivity, hardness and alkalinity. New sample water

was used to replenish the test bowls in'accordance with

epa standards.

Throughout- the duration of the test the fry were

not fed. Also, based on dissolved oxygen measurements

it was determined that aeration was not needed.

;

,
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TABLE 1: RECOMMENDED TEST CONDITIONS FOR DAPHNIDS
(DAPHNIA PULEXa AND D. MAGNA) ,

'
1. Temperature (C): 20 i fC

2. Light quality: Ambient laboratory illumination

3. Light intensity: 50-100 footeandles (ftef (ambient
laboratory levels)

4. Photoperiod: 8-16 h light /24 h

5. Size of test vessel: 100 mL beaker -

6. Volume of test
,|solution: 50 mL

7. Age of test animals: 1-24 h (neonates)

8. No. animals per
test vessel: 10

9. No. of replicate
test vessels per
cencentration: 2

10. Total no. organisms
per concentration: 20

11. Feeding regime: Feeding not required during first 48 h. For g,
*longer tests, feed every other day beginning on

, the third day (Appendix A).

12. Aeration: None, unless DO concentration falls below 40%
of saturation, at which time start gentle,
single-bubble, aeration. ;

'

13. Dilution water: Receiving water or other surface water, ground
-water', or synthetic water: hard water for
Dachnia narna; moderately hard or soft water-
for D. pulex

14. Test duration: Screening test - 24 h (Static Tests)

Definitive test - 48 h (Static tests)
e

15. Effect measured: Mortality - no movement of body or appendages
on gentle prodding (LC50)

'Use of D. pulex is preferred.
A ft c = foot candles.

:
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TABLE 2: SUMMARY OF RECOMMDIDED EFFLUENT T0XICITY TEST
CONDITIONS FOR THE FATHEAD MINNOW (PIMEPHALES PROMELAS)

EMERY 0-LARVAL SURVIVAL AND TERATOGDTICITY TEST i

1. Test type: Static renewal

2. Temperature: 25 i fC

3. Light quality: Ambient laboratory illumination

4. Light intensity: 10-20uE/d/sor50-100ft-c(ambient
laboratory levels)

5. Photoperiod: 16 h light, 8 h dark

6. Test chamber size: 150-400 mL

7. Test solution volume: 70-200 mL

B. Renewal of test
concentration: Daily

9. Age of test organisms: Less than 36-h old embryos

10. No. embryos per
test chamber: 15 (minimum of 30)

11. No. Replicate test
chambers per
concentration: 4 (minimum of 3)

12. No. Embryos per
concentration: 60 (minimum of 30)

,

13. Feeding regime: Feeding not required
r

i
14. Aeration: None unless DO falls below 40% saturation

Moderately hard synt water is prepared
using MILLIp0RE MILLI hetic

15. Dilution water:
O'or equivalent deionized

water and reagent grade chemicals or 20% DMW 7

(see Section 7). The hardness of the test
solutions must equal or~ exceed 25 mg/L(CaCQ/ ,

to ensure hatching.

16. Effluent test
concentrations: 5 and a control

17. Dilution f actor:a Approximately 0.3 or 0.5

' Surface water test samples are used as collected (undiluted).
l

r
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CHAPTER IV ;

.

IRESULTS AND DISCUSSION

Introduction

This section will discuss the data obtained from the-

site visits, the chemical analysis of the water samples and

the results of the acute and chronic. toxicity tests. The

information from the site visits includes ~ general

qualitative observations that may have had.an influence:on-

the test results and quantitative results .using various

probes and meters. The sites mentioned in- the text

following refer to the locations demonstrrited on Figure l.

In addition, there is also a stream profile (Figure 2) and

a calculation of volume and ficw (Table 3). The chemical-

analysis was performed by the Oklahoma State Department of

Health.

I. Site Observations-

A. Stream 001'
6/8/89

-Quantitative Observations-

The various physical and chemical' parameters

measured for this date were within expected ranges

35
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Figure 1: Sampiing locat tons for stream 001
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Figure 2: ' Cross Sectional View of Stream 001 at Site 2

. . _ . . . -- . . . . . _ . . _ _ . - - ., . . . . . , . . . ..;..,._. -._ . _ . .. . . _ . - . , , . . - - , . _ . _ , . ._. . . _ . . _ _ --



.

1

:

.,

38 -|

Table 3 *

Stream Profile at Site 2 on 7/17/89 ,

i

Width B.B ft
Width at center 4.4 ft

Cross-section area 9.93 ft3
Flow at 2/10's depth 0.6 ft/see
Flow at E/10's depth 0.6 ft/sec

Volume * 5.96 ft3

Distance from Eank Depth

I ft 1.10 ft

2 ft 1.30 ft

3 ft 1.35 ft

4 ft 1.40 ft

5 ft 1.40 ft

6 ft 1.30 ft >

7 ft 1.30 ft

6 ft 0.80 ft

i

* derived using 0 = V/A

,

!

|'

i
|

I

|

|

'

|
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except for the dissolved oxygen. and the ambient

temperature. These values were caused by a defective
.

meter. The " percent shaded" observation was a

subjective estimate of the shadedness of one site
.

relative to the other. This data gave general

information as to the amount of light penetrating the

canopy (see Table 4).

;

Qualitative Observations-

For the first visit to the 001 stream (Table 4) '

t

there appeared to be "sub-normal" aquatic flora and

fauna. The diversity in number and species of water
,

Lugs present at each site decreased from the mouth'to
,

site 4. This trend could indicate a preference of the

waterbugs, but is not a conclusive indicator in and of

itself.

The absence of any fish was a more telling

observatien as this stream would lend itself well to

habitation by minnows and small fish. However, the
,

lack of minnows or small fish in the stream was purely-

a non-scientific observation and could be due to any

number of reasons.

Readily observable algae, insects and insect

larvae appeared to be lacking in the stream and

immediate bank area. Even after somewhat extensive

.
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Table 4

Site Observations on 6/8/89

Quantitative Observations

SITE

Chemical parameters 1 2 3 4

Time 12:37p 12:52p 1:08p 1:26p

** ** ** **A:r.bient Temp. ,

,

Water Temp. C 21.5 20.6 21.9 21.8

D.O. mg/L **3.7 **4.0 **3.7 **3.2

pH 8.3 8.3 8.0 8.0

Conductivity mV 23.0 23.0 19.0 22.0
t

% shaded ~1% ~10% ~80% ~90%
'

Qualitative Observations:

-*sD.O. Probe not functioning properly
-Weather was sunny with a few clouds
-Mild winds ,

-4 species of water bugs observed at mouth of sstream
-Only 1 species of water bug observed at Site 4
-Periphyton observed at mouth of stream but no further upstream
-No algae observed in stream
-Silt plume observed entering Kerr Lake at mouth of stream
-No minnows observed in stream
-No insect larvae observed in stream or sediments
-Beaver dam found 9 30-40 ft downstream of property line

4

. . _ _ _.

^
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searching, larvae could not be found. Again, these

were interesting facts about the site, but they were

not scientifically derived.

6/15/89

Quantitative Observations-

The physical and chemical parameters measured for

this date were all within expected ranges and varied

only slightly from the previous sampling data. The pH

data varied a little more but this may_ be due to the
,

fact that the original pH meter (Hydrolab) was

discarded in favor of a new one-(Orion Research). In

any case, the variance was not enough to cause concern
,

(see Table 5).

Qualitative Observations-

Recent rains increased the level of the stream

and caused sediments and detritus to be suspended in

the water. The main point of interest here was the

appearance of another species of waterbus at the site

closest to the plant.

7/17/89

Quantitative Observations-
)

The data from this visit were all within expected j
,

ranges. As shown in Table 6 the data for dissolved j
i

)
i
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Table 5 ;

!

Site Observations on 6/15/89

Quantitative Observations

SITE

Chemical Parameters 1 2 3 4

Time 2:55p 3:01p 3:14p 3:25p

Ambient Temp. C 20.0 20.0 20.0 20.0

Water Temp. C 21.0 20.9 20.7 20.8
,

** ** ** **
D.O. mg/L

7.5 7.5 7.6 7.6
pH

Conductivity mV 27.5 30.0 30.7 33'.0

% shaded ~1% ~10% '~B0% ~90%

Oualitative Observations:

-D.O. probe inoperable
-Weather was cloudy
-Moderately strong breeze
-Increased depth due to recent rains and subsequent water release
from Lake Tenkiller

-2 Species of water bugs observed at Site 4
-Increased turbidity due to recent rains and runoff ,

-Erown' scum observed in stream, possibly an algae

:

I

.



. -~

;

,

L

i

43 |

:Table 6

Site Observations on 7/17/B9

,

Quantitative Observations

SITE

Chemical Parameters 1 2- 3 4

Time 4:15p 4:39p 5:10p- 5:32p

Ambient Temp. C 22.4 23.0 23.8 23.6 !

Water Temp. C 21.8 22.1 22.5 22.5 ;

1

D.O. mg/L 7.8 7.7 7.8 7.6
,

pH 7.7 7.9 .7.9 8.0 5

t

Conductivity mV 41.7 48.7 49.7 54.5

% shaded '1%- ''10% ~B0% ~90%

Oualitative Observations:

-Thunderstorms and heavy rain up until 2:30 p.m.
-

;

-After 2:30 p.m. the rain stopped any by 4:00 p.m. the sky was
~

partly cloudy. .:
-Heavy clay plume observed at mouth due to rain.

'
,

t

i

|
1

l

|

I
|

|

1

-|
|
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oxygen were finally obtained and were found to be

within acceptable ranges. The temperature values were

slightly higher than previous visits, but this was

most probably due to the time of day.

Qualitative Observations-

There were extensive, severe thunderstorms in the

area for the previous 24 hours before the sampling.

On arrival to the boat launch the sky began to clear,

and by the time the sampling was complete, the sky was

only partly cloudy. The effect of the severe weather

was increased levels of detritus and turbidity in the

stream. As noted in Table 6, there was a heavy clay

plume at the mouth of the stream.

7/20/89 ,

Quantitative Observations-

The physical / chemical parameters for the stream 3

on this date were all within expected ranges.

'

,

Qualitative Observations-

As Table 7 shows, there were no unusual

observations of the site and site area.
:
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Table 7

Site Observations on 7/20/89 'i
i

i

Quantitative Observations

SITE
|

Chemical Parameters 1 2 3 4

.

- Time 1:20p 1:43p 1:54p 2:11p
,

Ambient Temp. C 32.4 31.8 28.0 23.4

k'ater Temp. C 23.2 22.8 22.6 22.5 ;

D.O. mg/L 8.1 8.0 7.8 7.9
,

pH 8.0 8.0 8.0 B.1
;

Conductivity mV 56.5 56.3. 58.5 63.5 [
,

% shaded ~1% '10% '80% ~90% >

:!
!

Qualitative observations: .

;
;
>

-Partly cloudy.

-Maderate breeze. j

;

'

r

I

,

'.

I

i

'i
I

!

'
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.i
7/22/89 1

- .

Quantitative Observations- -t
.!

The values for dissolved oxygen were a'little; JJ
-;

higher for this -date than for previous dates. One |

. . :l'
'

possibility for this difference ~is the ' lack of rain
!

-fprevious to sampling. As noted in Table 8, the water

levels were the lowest observed. j
1

t

Qualitative Observations-- |

't

fThe. stream biota on this visit. strongly

contrasted that of the initial. visit.- The. insect life:: :|
-i

was abundant and waterbugs at; site 4 were as numerous- ?{
!

and various as at site 1. Minnows were observed in

the stream as far. upstream as site'3. Spawning beds- bf
'l

were'also observed approximately- fifty feet upstream ti
-

l

of site 1. Bluegill- were ob' served :throughout- the l
.

stream below site-- 3, possibly . responsible 1 for the-

spawning- beds. ' Blue Heron tracks were: also seen' j
.-

.

;

throughout the- stream from site l'to well- above site- j-

!
4. ;

l
o
I
i

i

- f,.

!

!

-

;

' - - - - - - - , . - , . . , .
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Table B

Site Observations on 7/22/89

Quantitative Observations

SITE

Chemical Parameters 1 2 3 4

Time 3:00p 3:09p 3:16p 3:30p

Ambient Temp. C 24.3 25.6 24.9 23.8

Water Temp. C 21.7 21.4 21.2 21.0

D.O. mg/L 6.4 B.7 8.6 8.9

B.0 B.0 8.0 8.0
pH

Conductivity mV 65.5 61.7 60.8 59.7
P

% shaded ~1% ~10% ~BD% ~90%

Oualitative Observations:

-Partly cloudy.
-Water level lower than previous visits.
-Increased presence of insects.
-Bluegill observed in stream.
-Spawning beds observed @ 50.ft. upstrewn of site.
1: possibly bluegill. i

-Minnows observed as far upstremn as site 3.
-Blue Heron tracks observed throughout stream downstream from
site 2.

|

8
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B. Stream 005 and 007

6/15/89 i

|

Quantitative Observations-
,

All of the physical and chemical parameters were

within expected ranges for the sites (Table 9). As
,

with Stream 001, the dissolved oxygen probe was not

functional.

Qualitative Observations-
i

The observations for these sites did not vary

significantly from those for Stream 001. The comments ;

in Table 4, in general, also apply to Stream 005 and
'

007 (Table 9). One point of interest, a crayfish was
.

'

observed and caught in the stream. Upon further

observation and examination, the crayfish appeared to

be in a healthy condition. He was observed in the

laboratory for a period of 1 month and exhibited no |

!unexpected attributes.

7/17/89

Quantitative Observations-

The physical and chemical parameters for Stream

005 and- 007 were within- the expected ranges-(Table j
10).
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Table 9

iSite Observations for Streams 005 and 007 on 6/15/89

Quantitative Observations

STPIAM

Chemical Parameters 005 007

Time 1:08p 1:48p

Ambient Temp. C 20.0 18.9

Water Temp. C 19.5 19.2

** **D.O. mg/L

pH 6.4 7.7

Conductivity mV 39.0 34.7

% shaded ~98% ~98%

Qualitative Observations: ;

-Partly cloudy.
-Moderatley strong breeze.
-Crayfish observed and caught. |
-Further comments located on site observations for Stream 001
sites.

>

!

!

|

-

e
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Table 10

Site Observations for Streams 005 and 007 on 7/17/89

,

Quantitative Observations

STREAM

Chemical Parameters 005 007

'

Time 2:30p 3:45p
2

Ambient Temp. C 22.2 21.7

k'ater Temp. C 22.5 22.5
*

D.O. mg/L 7.8 7.6

pH 7.9 7.5

Conductivity mV 49.5 22.5

% shaded ~98% ~98%

Qualitative Observations:

-Thunderstoms and heavy rain.
-Eain stopped around 2:30p.m.
-Further comments located on site observations for Stream 001
sites.

,

*

>

.

k
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Qualitative Observations-

See comments for Stream 001 on 7/17/89.

II. Chemical Analysis

A. Hardness

The hardness for sites 1 and 4 for Stream 001 -

fell between 52 and 68 mg/l CACO. except for site 1

on 7/20/89. On this date the hardness was 116 mg/l as

CaC4 for site 1. As Table 11 shows, the increase in

hardness was due to an increase in calcium hardness

while the magnesium hardness was approximately the

same for all sampling dates. The reason for this was

unknown. To ensure accuracy, a second titration was
5

done to confirm hardness. The hardness values for the

ZnCL spikes were also within acceptable ranges.
-

,

B. Alkalinity

The total alkalinity for the sampling sites and

the ZnC1, spikes ranged from 80 to 110 mg/l_ CACO.-

(Table 12). The phenolpthalein alkalinity was 10'mg/l

CaCQ for all dates and sampling sites,_except for site

1 on 7/17/89 (Table 12).

C. Other parameters

Table 13 shows the various chemical parameters
.

analyzed at_each sampling site. Of these,_ only the

,
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Table 11

Hardness Data for Sites 1, 4, and Spike Solutions

Hardness in mg/l CACO 3

Ca++ Mg++ Total
film Daig ml EDTA Hardness Hardness ml EDTA Hardnes s ?

1 7/17 1.90 38 14 2.60 52

1 7/20 5.20 104 12 5.80 116

1 7/22 2.20 44 16 3.00 60
,

4 7/17 2.20 44 24 3.40 68 ,

4 7/20 2.20 44 20 3.20 64

4 7/22 2.10 42 10 2.60 52
,

S-1 - 1.10 22 26 2.40 48

S-2 - 1.00 20 26 2.30 46

4

I
,

i

>
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Table 12
,

y

Alkalinity Data for Sites 1, 4, and Spike Solutions

Alkalinity in mg/l CACO 3

Phenolpthalein Total
fili DAlg ml H2SO4 Alkalinity ml H2SO4 Alkalinity

1 7/17 1.0 20 4.0 80

1 7/20 0.5 10 5.0 100
1 7/2J 0.5 10 5.0 100

4 7/17 0.5 10 5.0 100

4 7/20 0.5 10 5.5 110

4 7/22 0.5 10 5.5 110

S-1 - 0.5 10 4.0 80

0.5 10 4.5 90S-2 -

.

P

P

!

~

,
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Table 13

Results of Chemical Analyses

6/15/89

Total Organ. NO2

Site PO4 PO4 NH3 TKN NO3 F1- SO4 C1-

1 .053 .013 xx xx .8 .61 21 10

4 .090 .057 xx xx .8 .62 (20 <10

005 .130 .030 xx xx 9.3* .42 74 <10

007 .098 .018 xx xx 3.6 .25 23 <10

7/17/89 ,

Total Organ. NO2

Site PO4 PO4 NH3 TKN NO3 F1- SO4 C1-

1 .152 .011 .688 2.552 5.8 .47 35 <10
,

,

4 .213 .213 .229 1.044 2.8 .91 35 <10
!

005 .444 .030 .344 2.784 20.89 .95 49 <10

007 .343 .254 .229 1.508 4.0 .52 41 <10 f

All values in mg/L except for NH3, TKN, and NO2/NO3, which are in mg/1.
.

as N.
xx-data not available. ;

*-approaching 10mit 6-in excess of limits.

,

Maximum Allovable Limits:
Nitrate / Nitrite as Nitrogen 10 mg/L
Flouride Total- 4 mg/L
Chloride 250 mg/L
Sulfate 250 mg/L

- _ _ - _ - _ _ _ . - _ - _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ . . _ _ _ - _ _ _ _ - _ _ - _ - -
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nitrate / nitrite (as nitrogen) values were at or above

permitted amounts. For Stream 005, the ,

.

nitrate / nitrite value was 9.3 mg/L on 6/15/89 and 20.8

mg/L on 7/17/89. The Maximum Allowable Limit for this
,

parameter is 10 mg/L and thus, the stream is near
i

violation on the first date and is in clear violation

in the second case.
.

III. Test Results ;

A. Chemical / physical parameters-

'

The chemical and physical parameter monitoring

during the tests was done to ensure conditions were |
t

within the required ranges as established by the U.S.

Environmental protection Agency. The data in

Appendix A show that there were .>o instances where

these langes were violated, either for the

D. manna or pimechales promelas. The only parameter

close to exceeding its given range was temperature for
!

day five on the fathead minnow test. Even then, the
,

temperature was within given ranges and did not affect

the test.

B. Acute Toxicity -
,

The results of the D. maana acute bioassay did

not show toxicity to any significant degree. The
:

reference toxicants, however, demonstrated that the q
,

.

! E

.s
. _ - - _ - - .
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organisms were acutely sensitive to the spikes uced.

The control for site 1 had no deaths and the highest !

'

mortality was in the fifty percent dilution (Table

16). The results did not indicate a pattern of-
'

increasing toxicity with increased effluent strength.

The control for site 2 had one death which was

nine percent of the test organisms in that- dilution
'

(Table 15). This was wel1 within the twenty percent
.

limit expressed by the EPA. The highest mortality for

this site was twenty percent and this occurred at the

fifty percent dilution level. As in the case of site

1, there are no significant trends in the limited

toxicity demonstrated by the daphnids. !.

The control for site 4 demonstrated no toxicity

whereas the highest. toxicity, seventeen percent

mortality, was found at the 6.25 percent dilution

level (Table 16). There were no apparent trends in

the result for this site.

The control for Spike 1 had no deaths whereas all

of the dilutions for this reference toxicant'

demonstrated one hundred percent mortality

(Table 17).. For this reason, Spike 2 was started.

Spike 2 was initiated eight hours after the beginning

of the test. The test organisms appeared to be far

more sensitive that had been thought. There was a

i

!
__-. _ . _ . - _ _ _ - _ _ - _ - - _ _ _ - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ - . _ _ _ _
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Table 14

Daphnia Survival Data for Site 1
4

HOUR

Daphnia
Condition 6 15 24 48 sum

Control
Live 10 10 10 10

Dead 0 0 0 0 0

Mortality % 0 0 0 0 0

6.25%
Live 31 31 31 30

Dead 0 0 0 1 1

Mortality % 0 0 0 3 3

12.5%
Live 30 30 30 27

Dead 0 0 0 3 3

Mortality % 0 0 0 10 10

25%
Live 30 30 30 30

Dead 0 0 0 0 0

Mortality % 0 0 0 0 0

50%

Live 30 29 29 25
'

Dead 0 1 0 5 6

Mortality % 0 3 0 17 20

100%
Live 30 30 30 29
Dead 0 0 0 .1 1

Mortality % 0 0 0 3 3

!

1.

!:

.

. _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ . _
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Table 17

Daphnia Survival Data for Spike 1-

Daphnia HOUR -

,

Condition 6 15 24 48 sum

Control
Live 10
Dead 10 10 10 'l0 0 0 0 0 I
Mortality % 0 0 0 0 0 !,6.25%
Live 7 4

1 0 0Dead 3 9 10 10 10 |.Mortality % 30 90 100 100 100
12.5%

Live 1 0 0 0Dead 9 10 10 10 10Mortality % 90 100 100 100 100
25%

Live- 0 0 0 0Dead 10 10 10 10 10Mortality % 100 100 100 100 100
50%

Live 0
Dead 0 0 010 10 10 10 10Mortality % 100 100 100 100 100-

>

100%
Live 0 0 0 0Dead 10 10 10 10 10Mortality-% 100 100 100 100 100

i

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -- _
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Table 18

Daphnia Survival Data for Spike 2

HOUR
Daphnia
Condition 6 15 24 48 sum

Control
Live ** 5 5 4

'

Dead ** 0 0 1 1
** 0 0 20 20Mortality %

6.25%
Live ** 5 5 5

Dead ** 0 0 0 0

Mortality % ** 0 0 0 0

12.5%
Live ** 5 5 0

Dead ** O O 5 5

Mortality % ** 0 0 100 100 ,

25%
Live ** 4 4 0

Dead ** 1 0 5 ~5

Mortality % ** 20 0 100 100 ,

50%
Live ** 0 0 0

Dead ** 5 0 0 -5
Mortality % ** 100 0 0 100

100%'
Live ** O O O

Dead ** 5 0 0 5

Mortality % ** 100 0 0 100

i

__ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - _ - _ _ _ - - - _ _ _ _ _ _ - _ _ _ _ .
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Table 19
i-

Data Summarf for Fathead Minnow Survival and
Teratogenicity, Site 1

F

0% 6.25% 12.5% 25% 50% 100%

Dead * 2 4 0 2 6 3

Terata 2 6 3 2 6 1

Total ** 4 10 3 4 12 4

mortality

Total 13 32 10 13 39 12

mortality %

Terata % 7 19 10 7 19 3

Hatch % 97 94 94 97 81 88

Note: * dead embryos and larvae
** dead and defomed organisms

.

P

---------e_- - _ _ _ _ _ _ _ _ , , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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The control for site 4 had twenty percent

mortality rate with a ninety seven percent hatch rate

(Table 20). Although the mortality rates for this

site were generally higher than the other site, there

was still no correlation between the rates and the .

dilutions.

Spike 1 had two dilutions with one hundred

percent mortality, twenty five and one hundred percent

dilution as shown in Table 21. The control had a

twenty percent mortality rate with one hundred percent

hatch rate. The one hundred percent dilution did not
>

have a single minnow hatch.

Spike 2 had only one dilution, the one hundred *

percent dilution, with one hundred percent mortality,
,

(Table 22). This dilution also had no minnows hatch.

The other dilutions and the control, however, had one

hundred percent hatch rates.

.

_ . _ _ _ _ . _ _ . _ . _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ . - . - . _ _ - _ - _ _ _ _ _ _ _ _ _ . . - _ _ . _ . _ _ _ _ . _ . _ _ . . _ _
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Table 20

Data Summary for Fathead Minnow Survival and
Teratogenicity, Site 4

0% 6.25% 12.5% 25% 50% 100% I

Dead * 1 5 1 4 1 7

Terata 5 2 12 13 4 1

Total ** 6 7 13 17 5 8

mortality

Total 20 24 43 57 17 27

mortality %

Terata % 17 7 40 43 13- 3

Hatch % 97 86 97 83 93 93

|

| >

Note: * dead embryos and larvae
** dead and deformed organisms

,

1

i

i

;'

'

\

i

|
,

. _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _
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Table 21
,

Data Summary for Fathead Minnow Survival and
Teratogenicity for Spike 1 (0.7 mg/L 2nCl)

0% 6.25% 12.5% 25% 50% 100%

Dead * 2 3 0 9 5 10

Terata 0 0 3 1 0 0

Total ** 2 3 3 10 5 10

mortality

Total 20 30 30 100 50 100

mortality %
a

Terate % 0 0 30 10 0 0

Hatch % 100 91 100 80 70 0

Note: * dead embryos and larvae
** dead and deformed organisms

,

b

8

!

l

1

- _ _ _ _ - - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ - - _ _ _ _ _
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Table 22

Data Summar,/ for Fathead Minnow Survival and
Teratogenicity for Spike 2 (0.5 mg/L ZnCl) ,

D% 6.25% 12.5%. 25% 50% 100%

Dead * 0 7 7 3 3 10

Terata 1 1 0 2 3 0

Total ** 1 8 7 5 6 10
'

mortality

Total 10 80 70 50 60 100
mortality %

Terata % 10 10 0 20 30 0

Hatch % 100 100 100 100 100 0

r

Note: * dead embryos and larvae
** dead and deformed organisms

.

1

i
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CHAPTER V

CONCLUSIONS

The results of both the acute and chronic toxicity

tests indicate that the sites investigated in this study

are not to::ic . However, several points related to site

characteristics need to be discussed.

The first site visit qualitative observations were

completely opposite of those from the last visit in terms

of ecological conditions and stream biota. On the first

visit, the stream revealed little or no insect or animal

life in and around the stream. The insects that did

inhabit the stream decreased as one traveled closer to the

source of the wastewater discharge.

The last site visit yielded completely different

observations. Not only did the insect life ,seem'far more
'

abundant, fish and minnows were also observed throughout
<

the lower one third of the study- area. There were what

appeared to be spawning beds for bluegill in the stream.

In addition, there were tracks in the stream bed that were
'

possibly .due-to a Blue Heron, as many of these birds were

6B

.

. _ - - -
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observed in and around'the site area. The number of tracks
i

in the stream bed could indicate successful feeding.

The reason for these differences in qualitative
,

observations is difficult to discern since the number of

site visits were limited and the events preceding the first >

visit were unknown. It is also difficult to conclude that -

the observations made were the norm for the same reasons.
.

In addition, the visits were made at different times of the

day and there were no 24 hour background studies to

determine daily cycles and variations. The lack of 24 hour

data limits the conclusions by the possibility of toxic

spikes occurring at times other than those when collections

were made. The limited visits also could obscure toxic !

spikes in between collection days. For example, the

qualitative observations of the stream improved over the ,

course of this study which could indicate a toxic spike -

just previous to the first visit. If no other

contamination occurred ~during the study, the violation

would go undetected. Another possible explanation for the

difference is the effect of a heavy rain on the biota. It-

is possible that if there was enough flushing of the stream

it theoretically could have caused the conditions observed. I

other problems with the sampling methods _ involved the

collection of the samples from the stream. The methods

used in this study resulted in surface samples. The ;

?

f
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potential problem h'ere is that the water at the

sediment / water interface may have been more toxic and since

it was never sampled, it would not be detected. Several of

the articles concerning metal contamination reviewed in the

literature search advised sediment / water interface sampling

as the metals were bound to the sediments.

In order to correct the problems mentioned in the

previous paragraph it would be advisable to change several

of the methods used. A 24 hour chemical study should be

conducted several times in order to obtain a good diurnal
.

1

variation of physical / chemical parameters. These 24 hour

studies should be done at least a week apart to ensure

accuracy. Chemical analysis should be performed on weekly

or bi-monthly basis to detect large changes in

concentrations. At least one bioassay should be performed

per month and more if it is indicated by one of the other

monitored parameters. A method to obtain sediment / water

interface samples should be devised and both the surface

and the interface samples should be tested.

The adjusted methods would also improve the :
I

statistical accuracy of the results. The small samples in

this study limit the ability to make broad conclusions as

t.o the conditions of the effluent water. As the time and
i

manpower involved in increasing the size of the samples is !

prohibitive, the increase in the number of tests run as |

H

=
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,

well as the 24 hour study would increase the accuracy of ;

!

the results and the strength of the conclusions. However, i

i

it should be noted that the results from the bioassays
,

i

appear to be a good representation of the stream when it ;

.;

was sampled. The main point here is that the stream may not- ;
- t

*

always be in this condition.

The results of the chemical' analyses yielded no

significant findings except that stream 005 had a nitrate

problem (Table 13). However, since the toxicity tests were -

!

performed on stream 001, this information is ancillary and
'

does not change the interpretation of the bioassays. "

There were slightly higher mortality rates for site
-

number four than for site number one in the chronic testing I

which could indicate possible sub-chronic -toxicity. The
i

trends in both tests did not indicate increasing toxicity

with increasing effluent concentration which makes it
;

difficult to accredit the mortality rates to the effluent. ;
t

In- addition to the information obtained from this.
'

study, there was a radioisotope study performed.on stream

001 by Skierkowsky et al. (unpublished). It was discovered ;

that the levels of radioactivity were higher in!the soils.

' n theiand sediments in and around the stream -bed than

aqueous wastewater effluent at some. locations. Even though

the- effluent was within acceptable limits at the time of. j

sampling, the level of radioactivity of the soil raised a

:
i

, , , . _ - - - _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - . _ _ _ _ _ - _ - _ _ _
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question as to compliance of standards in the past. One of

the authors of the research stated that it was their

opinion that an extended study of the effluent stream was

needed.

In conclusion, stream 001 was found to be non-toxic.

However, further studies are strongly suggested with the

changes in methods as noted earlier in this section.

_ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ - _ _ - - - _ _ _ _ _ _ _
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===========================================================
Table 1.1.1: Chemical Parameters for Site 1, Series 1

'

=======r.===========================================........ '!
1 2 3 4 5 6 7

Concentration 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22.9 25.5 22.1 22.8Temperature 22.4 22.2 -

P

D.O.
initial 7.0 7.4 7.3 7.1 7.5 7.8 7.0

final 7.3 7.6 7.1 6.9 7.7 7.1 7.3 i

Alkalinity 65.0 65.0 65.0 65.0 65.0 65.0 65.0

Hardness 85.0 85.0 85.0 85.0 85.0 85.0 85.0

Conductivity -61.7 -72.5 -67.3-43.0 -50.0 -35.0 -35.0

===========================================================
Table 1.1.2: Chemical Parameters for Site 1 Series 1
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

1 2 3- 4 5 6 7

Concentration 6.25 6.25 6.25 6.25 6.25 6.25 6.25

Temperature 22.2 22.5 - 22.5 25.1 22.0 22.7

-

D.O.
initial 7.2 7.4 7.3 7.2 7.5 7.8 7.3

final 7.3 7.4 6.8 7.0 7.9 7.2 7.3 |
!

Conductivity -61.3 -65.3 -63.3 -57.0 -51.0 -45.0 -42.0

l

o

a

s

- - - .__
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===========================================================
Table 1.1.3: Chemical Parameters for Site 1 Series 1 :

1===========================================================
*

1 2 3 4 5 6 7
Concentration 12.5 12.5 12.5 12.5 12.5 12.5 12.5

Temperature 22.4 22.6 - 22.6 25.0 22.0 22.5

ID.O. '
initial 7.2 7.5 7.2 7.2 7.2 7.8 7.3
final 7.3 7.4 7.1 7.1 7.5 7.1 7.4

7 pH
initial 7.8 8.1 8.0 B.5 7.8 8.0 7.9
final 8.0 8.1 8.1 6.9 8.0 7.9 8.2

Conductivity -61.7 -68.7 -62.7-59.0 -48.0 -45.0 -43.0 ;

===========================================================

Table 1.1.4: Chemical Parameters for Site 1 Series 1 h
===========================================================

1 2 3 4 5 6 7

Concentration 25.0 25.0 25.0 25.0 25.0 25.0 25.0

I

Temperature 22.4 22.6 - 22.6 24.8 22.6 22.7
:

D.O.
initial 7.2 7.3 7.2 7.3 7.1 8.0 7.5 *

final 7.3 7.3 6.8 6.8 7.7 7.0 7.2

pH
initial 7.9 8.0 0.0 B.3 7.9 8.3 7.9
final B.1 8.2 8.2 6.9 8.0 8.2 8.1 !

Conductivity -57.5 -60.3 -63.0 -44.0 -50.0 -52.7 -43.0
,

L

I

i

-
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===========================================================
Table 1.1.5: Chemical Parameters for Site 1 Series 1
=========================================================== ;

1 2 3 4 5 6 7
'

Concentration 50.0 50.0 50.0 50.0 50.0 50.0 50.0 ;

Temperature 22.2 22.7 - 22.7 24.8 -22.5 22.6

D.O.
initial 7.1 7.4 7.1 7.1 7.2 8.1 7.5

final 7.2 7.1 7.1 6.9 7.8 7.2 7.2

PH '

initial 7.8 7.9 7.9 8.2 7.8 8.2 7.9
'

final 8.0 8.1 8.1 6.9 8.0 8.3 8.2

Conductivity -55.0 -55.7 -60.3-35.0 -47.0 -51.8 -45.0
.

>

===========================================================
Table 1.1.6: Chemical Parameters for Site 1, Series 1

+=========================================================== '

1 2 3 4 5 6 7

Concentration 100.0 100.0 100.0 100.0 100.0 100.0 100.0
'

22.7 25.4 22.5 22.7Temperature 22.7 23.0 -

D.O. '

initial 7.1 7.3 7.3 7 -. 4 7.1 8.4 7.5 ,

final 7.1 7.3 7.3 7.0 7.4 7.5 7.3 >

PH
initial 7.8 7.7 8.0 8.0 7.7 8.3 7.9 .'

final 7.9 8.1 8.2 8.1 8.0 8.1 8.2

Alkalinity 80.0 80.0 100.0 100.0 100.0 100.0 100.0 ;

,

Hardness 52.0 52.0 116.0 116.0 60.0 60.0 .60.0

Conductivity -49.0 -43.0 -62.3 -31.0 -44.0 -52.2 -46.0

a
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===========================================================
Table 1: Chemical Parameters for Site 1, Series 2
===========================================================

1 2 3 4 5 6 7

Concentration 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Temperature 23.2 22.2 - 22.8 25.6 22.5 22.9

D.O.
initial 7.1 7.6 7.4 7.3 7.5 7.8 7.4

final 7.5 8.0 6.9 6.9 7.5 7.3 7.6

pH ,

'

initial B.0 8.2 8.1 8.2 7.8 8.2 7.9

final 8.2 8.2 8.2 8.1 8.0 0.1 8.2

Alkalinity 65.0 65.0 65.0 65.0 65.0 65.0 65.0

Hardness 85.0 85.0 85.0 85.0 85.0 85.0 85.0
:

Conductivity -61.0 -70.0 -67.3 -37.0 -49.0 -48.0-43.0

===========================================================
Table 2: Chemical Parameters for Site 1, Series 2

'

===========================================================
1 2 3 4 5 6 7

Concentration 6.25 6.25 6.25 6.25 6.25 6.25 6.25

Temperature 22.7 22.1 - 22.5 25.2 22.5 22.7

D.O.
initial 7.2 7.7 7. 3~ 7.4 7.5 7.8 7.3

final 7.5 7.7 6.9 7.5 7.5 7.2 7.2
i

pH
initial 7.8 8.2 8.0 B.3 7.9 8.3 7.9

'

final B.1 8.2 0.1 6.9 8.1 8.1 8.1

Conductivity -61.3 -69.7 -63.5 -43.0 -50.0 -50.6 -45.0

t

,
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>===========================================================
Table 3: Chemical Parameters for Site 1, Series 2
===========================================================

1 2 3 4 5 6 7

Concentration 12.5 12.5 12.5 12.5 12.5 12.5 12.5

Temperature 22.5 22.2 - 22.5 25.0 22.5 22.6- !

D.O.
initial 7.1 7.4 7.2 7.2 7.0 7.8 7.1

final 7.4 7.4 6.9 6.8 7.6 7.2 7.2

pH '

initial 8.0 B.0 8.0 8.2 7.9 8.3 7.9

final 8.0 8.0 B.1 6.9 8.0 8.2 8.1

Conductivity -61.3 -65.7 -63.3 -39.0 -53.0 -49.8-45.0

=========================================================== ,

Table 4: Chemical Parameters for Site-1, Series 2
===========================================================

1 2 3 4 5 6 7

Concentration 25.0 25.0 25.0 25.0 25.0 25.0 25.0

Temperature 22.3 22.5 - 22.5 24.8 22.6 22.5

t

D.O.
initial 7.1 7.4 7.3 7.4 6.9 7.9 7.2
final 7.3 7.2 7.0 7.0 7.8 7.2 7.4

pH
initial 8.0 8.0 8.0 8.1 7.9 8.2 7.9

final 8.0 8.1 8.1 6.9 H8 . 0 7.9 8.2

Conductivity -59.7 -64.3 -63.3 -34.0 -47.0 -49.9 -46.0

.
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========================================================e==
Table 5: Chemical Parameters for Site 1, Series 2
===========================================================

'

1 2 3 4 5 6 7

Concentration 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Temperature 22.3 22.3 - 22.4 24.6 22.7 22.5

D.O.
initial 7.1 7.6 7.3 7.1 7.0 B.1 7.4

final - 7.7 6.7 6.9 7.7 7.0 7.4

pH
initial 7.9 8.0 7.8 7.9 7.8 8.3 7.9

final - 8.1 8.2 6.9 8.0 8.3 8.2

Conductivity -54.5 -56.5 -58.5 -26.0 -45.0 -52.8-46.0

===========================================================
Table 6: Chemical Parameters for Site 1, Series 2
===========================================================

1 2 3 4 5 6 7

Concentration 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Temperature 22.0 22.8 - 22.4 24.9 22.5 22.6

D.O.
initial 7.0 7.4 7.4 7.3 6.9 8.4 7.3

final 6.7 7.3 7.1 6.9 7.8 7.2 7.2 ,

PH
initial 7.8 7.8 8.0 8.0 7.8 8.3 7.9 ,

final 7.8 7.9 8.2 6.9 8.2 8.3 8.2 ,

Alkalinity 80.0 80.0 100.0 100.0 100.0 100.0 100.0

Hardness 52.0 52.0 116.0 116.0 60.0 60.0 60.0
i

Conductivity -44.3 -46.3 -61.3 -27.0 -41.0 -53.9 -47.0
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i
mazzans=z==ss==z=m==zzzzm=zz=m=sms===szzzzmusszzzzzzzmumm=a

Data Summary for Fathead Minnow Survival
And Teratogenicity, Site 1, Series 1

zusumazzmazzan=zzas=mmanzmann=m=ms=nazzsa=mussmas=ssazzazz
Dilution 0% 6.25% 12.5% 25% 50% 100% >

Dead * O 1 0 0 4 1 >

Terata 1 1 0 0 2 0
J

'

Total **
Mortality 1 2 O O 6 1 -

Total **
Mortality % 10 18 0 0 55 9

Terata % 10 9 0 0 18 0

Hatch 100 100 100 100 64 91

Note: *-dead embryos and larvae
**-dead and deformed organisms

===========================================================
Data Summary for Fathead Minnow Survival ;

And Teratogenicity, Site 1, Series 2
n===m====u====mz=s==========mm==m==sz=z=z===mz==msnmanz=z==
Dilution 0% 6.25% 12.5% 25% 50% 100%

Dead * 1 2 0 1 1 1

Terata 1 5 2 0 3 0

Total **
Mortality 2 7 2 1 4 1

*

Total **
Mortality % 20 70 20 10 40 10

Terata % 10 50 20 0 30 0 ;
,

Hatch 90 80 90 90 90 90
;

|

Note: *-dead embryos and larvae
**-dead and deformed organisms

J
- --_ ___ _ , _ _ _ _ __ _
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===========================================================
Data Summary for Fathead Minnow Survival

And Teratogenicity, Site 1, Series 3
==================================================c======== '

Dilution 0% 6.25% 12.5% 25% 50% 100%

Dead * 1 1 0 1 1 1

Terata 0 0 1 2 1 1

Total **
Mortality 1 1 1 3 2 2

Total **
Mortality % 10 10 10 30 20 18

Terata % 0 0 10 20 10 9

Hatch 100 100 100 100 90 91
,

Note: *-dead embryos and larvae
**-dead and deformed organisms

,

===========================================================
Data Summary for Fathead Minnon Survival '

And Teratogenicity, Site 4 Series 1
===========================================================
Dilution 0% 6.25% 12.5% 25% 50% 100%

Dead * O O O O 1 2

Terata 2 2 9 10 1 1

;

Total ** '

Mortality 2 2 9 10 2 3

Total **
Mortality % 20 20 90 100 20 30

'

Terata % 20 20 90 100 10 10

Hatch 100 100 100 100 90 100

Note: *-dead embryos and larvae
**-dead and deformed organisms i

===========================================================
n

_
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Data Summary 'for Fathead Minnow Survival
And Teratogenicity, Site 4 Series 2

===========================================================

Dilution 0% 6.25% 12.5% 25% 50% 100%

Dead * O O O 3 0 1

Terata 2 0 1 1 0 0

Total **
Mortality 2 0 1 4 0 1

i

Total **
Mortality % 20 0 10 40 0 10

Terata % 20 0 10 10 0 0

Hatch 100 100 100 70 100 100

Note: *-dead embryos and larvae
**-dead and deformed organisms

.

===========================================================

Data Summary for Fathead Minnow Survival
And Teratogenicity, Site 4, Series 3

===========================================================

Dilution 0% 6.25% 12.5% 25% 50% 100%

Dead * 1 5 1 1 0 4

Terata 1 0 2 2 3 0

Totalt*
Mortality 2 5 3 3 3 4

Total **
Mortality % 20 50 30 30 30 40

Terata % 10 0 20 20 30 0

Hatch 90 50 90 80 90 80

Note: *-dead embryos and larvae
**-dead and deformed organisms-

===========================================================

. _ . -
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Survival, Terata and Hatch Data for Site 1, Series 1
===========================================================

t

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

,

Control
Live 10 10 10 9 9 9 9

'

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 1 0 0 0 1

Hatch 0 2 8 10 10 ,

6.25%
Live 11 11 11 11 10 10 9

Dead 0 0 0 0 1 1 0 1
'

Terata 0 0 0 0 0 0 1 1

Hatch 0 2 10 11 11

12.5%
Live 10 10 10 10 10 10 10

Dead 1 0 0 0 0 0 0 0 ;

Terata 0 0 0 0 0 0 0 0
'

Hatch 0 0 10 10
i

_,

25%
Live 10 10 10 10 10 10 10

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 0 0 0 0 0 e

Hatch 0 0 10 10

50%
Live B 7 7 7 6 6 5

Dead 3 1 0 0 0 0 0 4

Terata 0 0 0 0 1 0 1 2 ;

'

Hatch 0 0 6 7 0 7'

.

100%
Live 11 11 11 10 10 10 10

Dead 0 0 0 1 0 0 0 1

Terata 0 0 0 0 0 0 0 0~

Hatch 0 0 3. 10 10-

>

I
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===========================================================
Survival. Terata and Hatch Data for Site 1, Series 2

===========================================================
4

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

Control
Live 9 9 9 8 8 8 8

Dead 1 0 0 0 0 0 0 1 '

Terata 0 0 0 1 1 0 0 1

Hatch 0 1 8 9 9 9

6.25%
Live 10 8 4 3 3 3 3

Dead 0 2 0 0 0 0 0 2 ;

Terata 0 0 4 1 1 0 0 5 ;

Hatch 0 3 8 8 |

12.5%
Live 10 10 9 9 9 9 8

Dead 0 0 0 0 0 0 0 0

Terata 0 0 1 0 0 0 1 2

Hatch 0 0 7 9 9

25%
Live 10 10 9 9 9 9 9

Dead 0 0 1 0 0 0 0 1

Terata 0 0 0 0 0 0 0 0

Hatch 0 0 9 9

50%
Live 9 9 8 7 6~ 6 6

Dead 1 0 0 0 0 0 0 1

Terata 0 0 1 1 1 0 0 3

Hatch 0 0 8 9 9

100%
Live 10 10 9 9 9 9 9

Dead 0 0 1 -0 0 0 0 1

Terata 0 0 0 0 -0 0 0 0

Hatch 0 0 8 9 9

:

i.
L.
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===========================================================
Survival, Terata and Hatch Data for Site 1 Series 3

===========================================================

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

!

Control
Live 10 10 10 10 9 9 9 i

Dead 0 'O O O 1 0 0 1

Terata 0 0 0 0 0 0 0 0

Hatch 0 0 10 10

6.25%
Live 10 10 10 10 10 10 9

Dead 0 0 0 0 0 0 1 1

Terata 0 0 0 0 0 0 0 0

Hatch 0 2 10 10 t

12.5%
Live 10 10 10 10 10 10 9

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 0 0 0 1 1

Hatch 0 0 10 10

'

25%
Live 10 10 9 9 7 7 7

Dead 0 0 0 0 1 0 0 1
'

Terata 0 0 1 0 1 0 0 2

Hatch 0 0 10 10

50%
Live 9 9 9 8 8 8 8

Dead 1 0 0 0 0 0 0 1

Terata 0 0 0 1 0 0 0 1

Hatch 0 1 7 9 9

i

100%
Live 11 10 10 9 9 9 9

Dead 1 0 0 0 0 0 0 1

Terata 0 0 0 1 0 0 0 1

Hatch 0 0' 7 10 10 .i

i
!
!

!
;

!

!
_ - - _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _
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===========================================================
Survival, Terata and Hatch Data for Site 4, Series 1

===========================================================

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

Control
Live 10 10 9 8 7 6 5

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 1 0 0 0 2

Hatch 0 3 10 10

6.25%
Live 10 10 10 10 10 10 8

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 0 0 0 2 2

Hatch 0 0 6 9 10 10

12.5%
Live 10 10 8 8 6 4 1

Dead 0 0 0 0 0 0 0 0

Terata 0 0 2 0 2 2 3 9

Hatch 0 3 10 10

25%
Live 10 10 9 8 6 3 0
Dead 0 0 0 0 0 0 0 0

Terata 0 0 1 1 2 3 3 10
Hatch 0 0 10 10

50%
Live 10 10 9 9 9 9 8

Dead 0 0 1 0 0 0 0 1

Terata 0 0 0 0 0 0 1 1

Hatch 0 0 9 9

100%
Live 10 10 10 10 8 8 7

Dead 0 0 0 0 2 0 0 2

Terata O' O O O O O 1 1

Hatch 0 1 10 10

.
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======================....=......=. ..====......=..= ======
Survival. Terata and Hatch Data for Site 4, Series 2

============= ===============.......=..=. ======..........=

DAY
Embryo e

Condition 1 2 3 4 5 6 7 Sum

Control
)

Live 10 10 9 8 7 6 6

Dead 0 0 0 0 0 0 0 0
Terata 0 0 0 0 1 1 0 2

Hatch 0 0 10 10
;

6.25%
Live 10 10 10 10 10 10 10
Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 0 0 0 0 0 -

Hatch 0 1 7 10 10

12.5%
Live 10 10 10 9 9 9 9

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 1 0 0 0 1

Hatch 0 3 10 10

25%
Live 10 9 7 7 7 6 6

Dead 0 1 2 0 0 0 0 3

Terata 0 0 0 0 0 1 0 1

Hatch 0 4 7 7
,

50%
Live 10 10 10 10 10 10 10 ,

Dead 0 0 0 0 0 0 0 0

Terata 0 0 0 0 0 0 0 0 ,

Hatch 0 2 10 10

100%
Live 10 10 10 10 9 9 9

Lead 0 0 0 0 1 0 0 1 1

Terata 0 0 0 0 0 0 0 0

Hatch 0 10 10

.
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===========================================================
Survival, Terata and Hatch Data for Site 4, Series 3

===========================================================

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

Control
Live 10 9 9 9 8 8 8

Dead 0 1 0 0 0 0 0 1

Terata 0 0 0 0 1 0 0 1

Hatch 0 0 0 9 9

6.25%
Live 9 9 5 5 5 5 4

Dead 0 0 4 0 0 0 1. 5

Terata 0 0 0 0 0 0 0 0 ,

Hatch 0 3 3 3 5 5

12.5%
Live 10 10 7 7 7 7 7

Dead 0 0 1 0 0 0 0 1

Terata 0 0 2 0 0 0 0 2

Hatch 0 1 9 9

25%
Live 10 10 8 8 7 7 7

Dead 0 0 0 0 1 0 0 1

Terata 0 0 2 0 0 0 0 2

Hatch 0 1 8 8 .

50%
7 7 7Live 10 10 9 9 -

Dead 0 0 0 0 0 0 0 0

Terata 0 0 1 0 2 0 0 3

Hatch 0 2 9 9

100%
Live 9 9 8 7 6 6 6

Dead 1 0 1 1 1 0 0 4

Terata 0 0 0 0 0 0 0 0
Hatch 0 0 8 8

.

b

_ _ . . _ _.___ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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===========================================================
Survival, Terata and Hatch Data for Spike 1

===========================================================

DAY
Embryo ,

Condition 1 2 3 4 5 6 7 Sum

Control
Live 10 10 10 10 10 8 8

Dead 0 0 0 0 0 2 0 2

Terata 0 0 0 0 0 0 0 0

Hatch 0 3 10 10

6.25%
Live 11 10 10 10 10 10 8

Dead 0 1 0 0 0 0 2 3

Terata 0 0 0 0 0 0 0 0

Hatch 0 3 9 10 10

12.5%
Live 10 10 8 8 7 7 7

Dead 0 0 0 0 0 0 0 0

Terata 0 0 2 0 1 0 0 3

Hatch 0 2 9 10 10

25%
Live 9 8 8 7 0 ** **

Dead 1 1 0 0 8 ** ** 9

Terata 0 0 0 1 0 ** ** 1

Hatch 0 1 7 8 8

50%
Live 10 9 7 7 5 5 5

Dead 0 1 2 0 2 0 0 5

Terata 0 0 0 0 0 0 0 0

Hatch 0 2 7 7

1100% *

Live 0 ** * * - ** ** ** **
'

Dead 10 ** ** ** ** ** ** 10
Terata O ** ** ** ** ** ** O

Hatch 0 0

.
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===========================================================
Survival, Terata and Hatch Data for Spike 2

===========================================================

DAY
Embryo
Condition 1 2 3 4 5 6 7 Sum

Control
Live 10 10 10 10 9 9 9
Dead 0 0 0 0 0 0 0 0
Terata 0 0 0 0 1 0 0 1

Hatch 0 4 9 9 10 10

6.25%
Live 10 10 10 10 9 4 2
Dead 0 0 0 0 0 5 2 7

Terata 0 0 0 0 1 0 0 1

Hatch 0 3 6 10 10

12.5%
Live 10 10 10 10 10 5 3

Dead 0 0 0 0 0 5 2 7

Terata 0 0 0 0 0 0 0 0 !

Hatch 0 4 10 10

25%
Live 10 10 10 9 8 6 5
Dead 0 0 0 1 0 2 0 3

Terata 0 0 0 0 1 0 1 2
Hatch 0 3 10 10

50%
Live 10 10 10 10 8 5 4

Dead 0 0 0 0 0 3 0 3

Terata 0 0 0 0 2 0 1 3

Hatch 0 4 10 10
t

100%
Live 9 0 ** ** ** ** **

Dead 1 9 ** ** ** ** ** 10
Terata 0 0 ** ** ** **. ** o
Hatch 0 0 0

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _
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*============================================a==============
Daphnia Survival Data for Site 1, Series 1 '

===========================================================

HOUR
Daphnia i

condition 6 15 24 48
:

Control j.

Live 10 10 10 10 ;

Dead 0 0 0 0
,

6.25%
Live 11 11 11 11
Dead 0 0 0 0

:

12.5%
Live 10 10 10 9

Dead 0 0 0 1

25%
Live 10 10 10 10
Dead 0 0 0 0.

50%
Live 10 10 10 10
Dead 0 0 0 0

100%
Live 10 10 10 10
Dead 0 0 0 0

s

'

f

I

;

,

4

f

I

__ - . - _ . _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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=========================================================a=
Daphnia Survival-Data for Site 1, Series 2

=========================================================_.

HOUR
Daphnia
Condition 6 15 24 48

6.25%
Live 10 10 10 10
Dead 0 0 0 -0 .

>

12.5%
Live 10 10 10 8

Dead 0 0 0 2
-T

25%
Live 10 10 10 10
Dead O' O O O

l'

50%
Live 10 10 10 9

Dead 0 0 0 1
m

100%
Live 10 10 10 10
Dead 0 0 0 0

._
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===========================================================
Daphnia Survival Data for Site 1, Series 3

===_=======================================================

HOUR -

Daphnia ,

Condition 6 15 24 46

6.25%
Live 10 10 10 9

Dead 0 0 0 1

12.5%
Live 10 10 10 10
Dead 0 0 0 0

25%
Live. 10 10 10 10
Dead 0 0 0 0

50%
Live 10 9 9 5

Dead 1 0 0 4

100%
Live 10 10 10 9

Dead 0 0 0 1

.

-_--___m-__...-.__- -m_____ __,, -,_ _ _ _ , ,
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===========================================================

Daphnia Survival Data for Site 2, Series 1
===========================================================

HOUR
Daphnia
Condition 6 15 24 48

Control
Live 11 11 11 10
Dead 0 0 0 1

6.25%
Live 10 10 10 10
Dead 0 0 0 0

12.5%
Live 8 8 8 8

Dead 0 0 0 0

25%
Live 11 11 11 11.

Dead 0 0 0 4

50%
Live 10 10 10 9

Dead 0 0 0 1

100%
Live 10 10 10 10
Dead 0 0 0 0
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===========================================================
Daphnia Survival Data for Site 2, Series 2

===========================================================

HOUR
Daphnia
Condition 6 15 24 48

6.25%
Live 10 10 10 10

Dead 0 0 0 0 ,

12.5%
Live 9 9 9 9

Dead 0 0 0 0
L

25%
Live 10 8 10 8

Dead 0 0 0 2
,

50% !

Live 10 10 10 9

Dead O. O O 1

I
100%

Live 10 10 10 9 -

Dead 0 0 0 1
,

9

i

t

1
i

!
1

_ - .
c -
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===========================================================
Daphnia Survival Data for Site 2 Series 3

===========================================================

HOUR
Daphnia
Condition 6 15 24 48

6.25%
Live 10 10 10 10
Dead 0 0 0 0

12,5%

Live 10 10 9 8

Dead 0 0 1 2

25%
Live 10 10 10 8

Dead 0 0 0 2-

50%
Live 10 10 10 10
Dead 0 0 0 0

100%
Live 10 10 10 9

Dead 0 0 0 1

u
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===========================================================
Daphnia Survival Data for Site 4, Series 1

===========================================================

HOUR
Daphnia
Condition 6 15 24 48

Control
Live 10 10 10 10
Dead 0 0 0 0

6.25%
Live 10 10 10 10
Dead 0 0 0 0

12.5%
Live 10 10 10 9

Dead 0 0 0 1

25%
Live 11 11 10 10
Dead 0 0 1 0

50%
Live 10 10 10 9

Dead 0 0 0 1

100%
Live 10 10 10 10
Dead 0 0 0 0

;

,

l.

_ ___ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ . _ _ _ . . _ _ _ _
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=========================================================== ,

Daphnia Survival Data for Site 4, Series 2
=========================================================== ,

t

HOUR
Daphnia ,

Condition 6 15 24 48
,

;

6.25%
Live 10 10 10 9

,

Dead 0 0 0 1

12.5% .

Live 10 10 10 10
Dead 0 0 0 0

25%
Live 10 10 10 8

Dead 0 0 0 2

50%
Live 10 10 10 10
Dead 0 0 0 0 ;

i

100%
Live 10 10 10 10 ,

'Dead 0 0 0 0

,

6

5

.i

i

|

i
;

|

1

1
i

.

-|
~|

!

c..
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ensamazzmussansmazz=sss== man =mazzamazzes==sm=manssammassaz= +

Daphnia Survival Data for Site 4, Series 3
massmazzzzamanzmazzazzzmmmmsassazzasswamazuzzszzarmassamass

i

HOUR i

Daphnia ,

Condition 6 15 24 48 ,

4

6.25%
Live 10 10 10 6 -

Dead 0 0 0 4
,

12.5%
Live 10 10 10 9

Dead 0 0 0 1

25% ;

Live 10 10 10 10
Dead 0 0 0 0 ,

i

50%
Live 10 10 10 10
Dead 0 0 0 0 ;

100%
Live 10 10 10 10
Dead 0 0 0 0

.:
I

I

!
>

e

|

|

i

<

Y-
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.=.........................................................
Daphnia Survival Data for Spike 1 f

...........................................................
HOUR

Daphnia
Condition 6 15 24 48

L

Control
Live 10 10 10 10

Dead 0 0 0 0 ,

6.25%
Live 7 1 0 0

Dead 3 9 10 10 |

12.5%
Live 1 0 0 0

Dead 9 10 10 10
,

,

25%
Live 0 0 0 0 i

i

Dead 10 10 10 10

50%
Live 0 0 0 0

Dead 10 10 10 10 {

100% *

Live 0 0 0 0

Dead 10 10 10 -10
- I

,

[-.

f
i

k

:

I
t

;

:
1

i

f

i

$

- . - - - . _ _ . .-.
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===========================================================
Daphnia Survival Data for Spike 2 r

===========================================================

HOUR |
!

Daphnia
Condition 6 15 24 48

>

Control
Live ** 5 5 4

Dead ** O O 1
;

6.25%
Live ** 5 5 5

Dead ** O O O

12.5%
Live ** 5 5 0

Dead ** 0 0 5

!
25%

Live ** 4 4 0

Dead ** 1 1 5

50%
Live ** O O O

Dead ** 5 5 5 +

,

100%
Live ** O O O

'

Dead ** 5 5 5

>

Parameter *

Monitoring During Chronic Test

,

i

r

&


