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ABSTRACT

Sequoyah Fuels Corporation operates a Uranium Hexafluoride
(UFg) production facility at a location southeast of the City of
Gore, Oklahoma. The effluents from this plant enter the Illincis
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. Segucyah Fuels Corporation
has proposed construction of a pipeline directly from the plant
to the Illincis River to eliminate the prcblem of uranium
deposition con project lands. This study was conducted to
determine the curren% level of Uranium series radionuclides con
project lands. Analysis of collected samples shows the current
level to be similar to that of previocus studies in the major
outfall and also documents the radiocnuclide levels in streams |
inactive at the time of sampling. Sediment samples taken in the |
Illinocis River and further downstream in the Arkansas River
indicate a diluting effect on the radionuclide concentrations |
dow.astream. Uranium concentraticns downstream in the waters of |
the Illincis and Arkansas Rivers are within the limits specified
in the Oklahoma Water Quality Standards. None of the Uranium
s0il 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:

0

Determine the extent and levels of uranium and uranium
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;

Analyze the measurements of Uranium series members to
ascertain, if possible, the origin of the radionu-

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

Determine, to the extent possible, any patterns of
concentration, accumulation or dilution of the

radionuclides;

Compare measured radionuclide concentrations to applic-
able Federal Regulations for the release of such to un-

restricted areas; and

Evaluate the degree of hazard associated with the de-

termined radionuclide concentrations.



THE URANIUM DECAY SERIES

Uranium is a primordial element existing in nature in three
isctopic forms: U~-238; U-235 and U-234. All isotopes of Uranium
are radiocactive with differing half lives and belong to cne of
two decay series. U-23B is the parent of the "Uranium" (4n+2)
series (Figure 1) and has a half life of 4.5 x 10° years. U-234
belongs to this same series. It has a short half life (2.45 x
10° years) with respect to the age of the earth (=3 x 10°
years). Thus, its existence in nature is a direct result of the
series decay from U-238. Other radionuclide daughters, from
Thorium through Lead, alsc exist as a result of the U-238
parent. U-235 (half life = 7.1 x 108 years) is the parent of
ancther series called the "Actinium" (4n+3) series. 1If not
subjected to chemical or physical separation, a decay series will
attain a state of radicactive eguilibrium wherein the rumber of
atoms cf each nuclide of a given series that decay during a given
interval is nearly egual 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 radiocactive specific activity of
Uranium samples. U-235 is of limited significance as far as

radicactivity of natural Uranium. On a radiological basis,
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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.

Uranium Conversion =235 Fuel
Cxide to | S :
Extraction UF& Enrichment Fabrication

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 preocess. The enriched uranium can then be fabricated as



fuel for a reactor. In the process of extraction of the Uranium
Oxide from the ore, the radicactive daughters remain behind as
mill tailings. The material of interest (U30g - Yellow Cake)
sent to a UFg (a gaseous compound of Uranium) generation facility
is no longer Uranium in radicactive 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 radicactivity equalling 2.22 disintegrating atoms
per minute. It is the approximate decay rate of 1.5 ug of natur-
al Uranium]. Due tc the decay series, radicactive daughters of

the Uranium parent will also be present.

Examination of the Uranium-238 decay scheme (Figure 1) in-
dicates that in a natural equilibrium condition, the radicactiv-
ity ratios of U-238:U-234:Th-230:Ra-226 should be unity. As a
result, the ratio of natural Uranium radicactivity (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.

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 radicactive daughter



follows the equation

Ap = =X Ap® [(Exp - A t) - (Exp - A .t)

where:

Ap = Activity of the daughter radionuclide

P
]

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

The time (tgq) for eguilibrium to be reestablished between

the parent and daughter is given by:

¢ % in | AD/ lp)
€4 Y |
D

P

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
be noted that, as different elements, Uranium and Thorium have
different chemical properties and soil affinities. This can
affect equilibrium conditions and subseguently the ratios of ura-

nium to its daughters.



CHEMISTRY OF URANIUM, THORIUM AND RADIUM

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 (UFg), uranates and uranyl ion
(Uoﬁz) 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 alsc an actinide element and
exists in tri- and tetrapositive oxidation states. Thorium is
found only in the tetravalent oxidation state in agueocus

solutions.

Radium, atomic number 88, is not a member of the actinide
elements group but, like uranium and thorium, exists as an elec-
tropesitive ion. Radium has a single divalent oxidation state
and may be found as free ions, in simple inorganic compounds such
as radium sulfate (RasSOy4), or complexed with a variety of organic

molecules in natural environments.



RADIOLOGICAL FPROPERTIES OF URANIUM

The radiocactive decay o¢f Uranium or its daughteis 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 (Het?). 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. Additiocnally, the
radionuclide may have an affinity for a certain organ and inten-

sify the effect due to biocconcentration.

Beta particles are identical to electrons and those in the
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 vhich 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 €3 KeV to approximately 2.5 MeV.
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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 freguencies 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.
These include the identity and guantity of radionuclide, depth of
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.

UFg PRODUCTION AT SEQUOYAH FUELS FACILITY

The source of Uranium and its daughter radionuclides in
waste water discharges from the Sequoyah Facility can be seen
from an examination of the UFg 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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chemical reduction, hydrofluorination, and fluorination tech-

nigues to produce the Uranium hexafluoride gas.

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-
jected to thermal denitration to prepare uranium trioxide. Hy-
drogen reduction of the uranium trioxide yields uranium dioxide
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.

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. [NéTE: 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].

13
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URANIUM SERIES RADIONUCLIDES IN TERRESTRIAL ECOSYSTEMS

The movements of uranium and uranium daughter radionuclides
in soil are dependent upon physical phenomena and complex sets of
inorganic and organic chemical rezctions peculiar to each differ-
ent radicnuclide. Numerous physicél and chemical characteristics
of soils and abiotic environmental factors are capable of influ-
encing uranium-series radionuclide movement (Andersson, Tersten-
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 (wWildlung and (arland, 1980; Garten,
Trabalka and Bgle, 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, 1365). 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



mary variables affecting the movement of sclutes and the soil
water solution. Radionuclides present as solutes in a saturated
scil may be rapidly transported during the convective-bulk flow
of the scil sclution. Alternatively, in unsaturated scils the
movement of the soclutes 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

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

oxidans can cxidize uranium (Di Spirito and Tuovinen, 1982) and
has been used in commercial mining to leach and extract uranium.

Pseudomcnas aeruginosa, another common scil 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 iren and enhance
its solubility and bicavailability (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
Sakaguchi, 1986). Mixed populations of sulfate reducing bacteria

and pure cultures of the scil bacterium Desulfovibric desulfuric=-

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

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

15



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-
cusly shown. A summary of the literature documenting the accumu-
lation of uranium in various ~pecies of plants is presented in
tabular form in a technical document published by the Interna-
tional Atomic Energy Agency (IAEA, 1985). 1In addition to accumu-~
lating radionuclides, the roots of plants have been found to re-
lease organic compounds which bind radicnuclides. These plant-
produced chelators form anicnic radionuclide complexes which are
highly mobile in soils (Cataldo et.al., 1987). Deer and other
terrestrial animals feeding on contaminated plant biomass have
been shown to bicaccumulate uranium and radium in body tissues
(Mahon, 1982; williams, 1982). 1In general the concentrations of
radicnuclides in living corganisms decrease with each transfer in

the focod chain.

URANIUM SERIES RADIONUCLIDES IN AQUATIC ECOSYSTEMS

Uranium and the uranium-series daughter radionuclides have been
shown to be partiticned between the biota, sediments and the
water columns in aguatic 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 radiocnu-
clides via biotic pathways and aquatic food chains is of primary
interest because of the potential for bio-accumulation and subse-

guent harmful effects to both aguatic organisms and man.

Photoautotrophic organisms also known as primary producers
form the base or first trophic level of aguatic food chains.
Typical freshwater habitats contain large and diverse communities
of primary producers composed of aguatic vascular plants, peri-
phyton and phytoplankton. Biomass generated by primary producers
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 seccondary consumers. Seccndary
consumers in agquatic ecosystems include many of the common game
fish species consumed by man. Benthic dwelling detritus feeders
are an additional important group of organisms in aguatic ecosys-
tems. These organisms, which alsoc include fish, insect and in-
vertebrate species, feed primarily on living and non-living bio-

mass which accumulates in aguatic sediments.

Primary producers serve as one of several possible points of
entry for radionuclides into aguatic food chains. Aguatic plants
and algal species have been shown to be capable of adscrbing 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 ané subseqguently 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

flowing waterways.

Uranium and uranium daughters may also enter aguatic food
chains when scluble 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
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 con 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
previously shown to cause somatic effects in fish. Similarly,
estimates of doses of radiocactivity received by humans consuming
single servings of contaminated fish weekly were low. Other
authers have documented the general trends observed by Swanson
indicating decreasing concentrations of uranium at higher aguatic
trophic levels and greater concentrations in benthic organisms as

opposed to pelagic species (Garten et.al., 1982; Stegnar and
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Kobal, 1982). A summary of data from recent studies describing
the accumulation of uranium and radium in aquatic organisms is
given as a table of "bicaccumulation factors" in the National
Council of Radliation Protection and Measurements Report Number 76

(1984).

A variety of abiotic environmental parameters alsc influence
the distribution of uranium and uranium series radionuclides in
aquatic ecosystems. Among these factors total alkalinity, bicar-
bonate ion and organic carbon concentrations have been shown to
correlate with uranium concentrations in freshwaters (Scott,
1982; wWahlgren and Orlandini, 1982). Representative concentra-
tions 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/1l in water (Scott, 1982).

GEOGRAPHIC DESCRIPTION OF AREA OF INTEREST

The Sequoyah nuclear fuels processing plant is located in
Seguoyah County, Oklahoma, approximately 3.0 miles southeast of
the town of Gore, Oklahoma (Township 12N. Range 21E, Section 21).
The plant is situated adjacent to the eastern bank of the Illin-
©is River, 7.0 miles downstream from Tenkiller Reservoir. One
mile downstream from the fuels plant, the Illinois jeins the Ar-
kansas River which in turn immediately flows into Robert S. Kerr

Reservoir, part of the Kerr-McClellan Waterway.
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CHARACTERIZATION OF SOIL AT AREA OF INTEREST

Scils along the Illinois River in the area of the Seguoyah
fuels plant are predominantly of the Rosebloom and Mason soil
series. The scil in the area of interest is further character-
ized 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

transpert of mobile radionuclides.

PROPOSED CHANGE OF DISCHARGE PROCEDURE BY SEQUCYAH FUELS CORP.

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

ation (SFC) facility staff document that releases of radicactive

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

levels specified in 10CFR20 (Standards for Protection Against

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

scil aleong the waste streams has reached a significant level and

SFC has proposed an alternative discharge method which involves

access to land and waterways under the jurisdiction of the Army

Corps of Engineers.

The proposal entails construction of a pipeline to replace the

effluent flow through the Outfall 001 natural drainage chan-
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nel (Figure 6). This pipeline would empty the plant process
water directly intoc the Illinois River. The scoil and sediment
along the natural channel would be surveyed after pipeline in-
stallation and sediments and scils with elevated uranium levels

would be removed for proper disposal.

As a result of the reguest of SFC to the Corps of Engineers
for permission to construct this pipeline a need exists to know
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 ana&ytical determin-
ation of radionuclide levels. This report contains a summary of
the sample collection and measurement of radicnuclide levels in

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

obtained.
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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 scil 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
Illincis 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 preperty
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.

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



ve

Property Line

25 ft downstream -

200 ft downstream

/

~

water \\50' \‘!00'

samp le
collection

400 ft downstream

700 ft downstream

50"
W
_.__*.\
Bank 100°

2
30"’/}1i

Steep xHiilside
50

JAALY SLOuLL(]

—— 500 ft downstream

50*

Figure 7. Sampling Locations for Outfall 001



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° tc the
downstream bank. Additional subsurface sediment samples were
taken along the eastern bank of the river at downstream distances

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

The .4 stream was dry and stream bed scil samples were
collected from it at distances of approximately 20, 50 and 100
feet from the property line (Figure B). Two upland scil samples
were taken at approximately 25 feet distances from the stream bed
on opposite sides. A subsurface sediment sample was taken at the

entry peint of the stream intc the Illineis River.

The 005 stream (Figure 2) was dry and stream bed soil
samples were collected at distances of approximately 50 and B0
feet as well as in a depression in the stream bed just short cof
its entry intc the lllincis River. Additional upland soil
samples were ccllected at distances of 25 feet either side of the
center stream bed locations. A subsurface sediment sample was

taken at the entry point of the stream into the Illinois River.
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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 scil samples were collected at
50, 150 and 300 feet distances on opposite sides of the stream.
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
neas 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
the stream bed. A subsurface sediment sample was ccllected from
the area where the stream enters the Illinois River. An addi-
ticnal Illincis River subsurface sediment sample was collected at

a peint approximately midway between the 007 and D052 stream.

In addition to the water sample from the 001 stream, water
samples were alsc collected from the juncticn of the Illincis and
Arkansas Rivers and downstream in the Arkansas River at the In-

terstate 40 bridge.
Background soil/sediment samples were collected from the Gore

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.

Scoil and sediment samples with accompanying Chain cof Custody
Records were delivered to Core Laboratories (420 West First St.,
Casper, Wyoming 82601) for radiochemical analysis. Water
samples were delivered to Scuthwest Laboratory of Oklahoma (1700
W. Albany, Suite C, Broken Arrow, OK 74012) for radiocchemical

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

pCi/liter for water samples.




RESULTS AND DISCUSSION

The results of radiochemical analysis of all samples
collected in this study are detailed in Appendix B. Tweo addi-
tional studies are included as appendices as they can be used for
limited comparisons of radicactivity levels at different sampling
times. Appendix A contains the results of a scil/sediment survey
conducted by Sequoyah Fuels Corporation in 1986 in response to an
NRC License Condition. This document is of additional importance
as it propcses a pipeline as a mi;igaticn step. This proposed
activity was a factor in the decision to conduct the current
study. Appendix C details results from samples of scil, sediment
and water collected by the Corps of Engineers from Outfall 001 in

Lecember of 1986.

STREAM 001

Table 1 lists the results of the radionuclide analysis of
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. 1t 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 scil ané 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.

Distance
Downstream

25 feet

200 feet

400 feet

500 feet

700 feet

Sample
Location
streambed
southbank

50 ft south
100 £t scuth
streambed
southbank

50 £t south
100 ft south
streambed
southbank

50 ft south
100 ft south
streambed

S0 ft north
100 £t noxth
140 ft north
streambed

30 £t south
50 ft south

Water Sample
250 ft downstream
(All values are pCi/l)

Distance
Downstream

25 feet

200 feet

400 feet

500 feet

700 feet

Sample

Locaticon
t 2 & 5 & 5 & & & 54
streambed
southbarnk

50 £t south
100 £t south
streambed
southbank

50 £t south
100 ft south
streambed
southbank

$0 ft south
100 ft scuth
streambed

50 £t south
100 £t south
140 £t south
streambed

30 £t south
50 £t south

U-nat
pCi/g
Sz===
28.
16.
3,
3.
19
B.
19.
B.
19.
1é.
21,
38.
< 3y
224
50.
57,
16.
125
32.

O00000O0O0OOO0OWOWONIHOOD

554.6
$48.7

Gross
Alpha
pCi/g
=Sz
54.
31-
14.
14.
9.
19.
26.
15,
26.
25.
L.
59.
33,
38.

OO0V O0O0O0ODDODODOOOOO0OOO

o0
Yl

.

459.0
359.0

Results of Radionuclide Analysis of Samples of Stream 001

Th-230 Ra-226
pCi/g pCi/g

Z=zzsasxs Es=zzass
1.9 1.7
0.5 0.8
2.0 2.8
é:5 0.8
1.4 1.3
1.2 1.3
1.1 1.6
5.5 2.9
1.6 1.0
1.7 1.1
1.0 1.7
3.0 Ra ¥
1.4 1.6
1.9 1.6
1.1 0.6
1.1 3.2
1.1 0.7
0.9% 1.4
3.8 2.7
0.7 0.1
0.6 0.1

*x*%xCalculated Isctopic Ratios*»x*»

Gross
Alpha:
U-nat

b
-
o

. . @ .

BB B B3 b B B RO B RS B B RO B D & 3
- - - - - - - . - - - - - -
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U:Th U:Ra Th:Ra
s==== Sz sEz=s=
14.7 16.5 <3
32.0 20.0 0.6
1.6 3.3 0.7
0.7 2.1 3.1
13.6 1.6 1.3
7.4 6.8 0.9
ar.3 11.9 0.7
1.5 2.9 1.9
13.6 19.0 1.4
8.2 12.7 1.8
21.0 12.% 0.6
12.7 14.1 1.1
15.0 15.0 1.0
14.2 16.9 y 1
5.5 B3.3 1.8
68.2 30.3 0.3
14.5%5 22.9 1.6
13.3 8.6 0.6
8.4 il.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
NRC limit of 30,000 pCi/liter. Although the sample was not taken
at the exact entry from the property (restricted area) into the
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
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
with an elevated uranium concentration and high U:Th ratic is of

"process" origin.
STREAM 004

Values for this stream are listed in Takle 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

scil and sediment samples of stream 005. The Uranium concentra-
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Table 2. Results of Radionuclide Analysis of Soil and Sediment

Samples of Stream 00&.

Gross
Distance Sample U-nat Alpha Th-230 Ra-226
Downstream Location pCi/g pCi/g pCi/g pCi/g
LT 2 = & 3 5 & & & L2 & = & & B & & % 3 L -5 & & 1 === t 2 & & & F L &+ & ¥ & 3
Prop. +20 streambed 1:1 18.0 2.3 1.5
Prop. +50 streambed 1:2 9.3 0.1 1.6
25 ft north 2.2 8.8 1:8 1.8
Prop. 4+ 100 streambed - 18.0 $:7 2.1
25 ft south 3.3 10.0 1.8 1.7
*x**Calculated Isotopic Ratios***x
Gross
Distance Sample U-nat Alpha:
Downstream Location pCi/g U-nat U:Th U:Ra Th:Ra
EzZsSsz=z=nx t & & & 2 & + 5 & 5 3 5 = 353 L& = = 33 -8 % =3 SEE==s =Tr=s=
Prop. +20 streambed 1.1 16.4 0.5 0.7 1.5
Prop. +50 streambed - 7.8 12.0 0.9 0.1
25 ft north Tk 4.0 1.5 1.2 0.8
Prop. + 100 streambed - 8.2 1.3 1.0 0.8
25 ft south 3.3 3.0 1.8 1.9 1.4

Table 3. Results of Radionuclide Analysis of Soil and Sediment

Samples of Stream 005.

Th-230 Ra-22¢6
pCi/g pCi/g
1.1 1.2
1.6 1.4
1.4 1.6
2.7 1.9
101.0 3.7
2.0 1.8
97.0 3.3

**sxxCalculated Isotopic

Gross

Distance Sample U-nat Alpha

Downstream Location pCi/g pCi/g

I S E &+ 3 & & & & & i = % * & 3 & & & 1 sES==s =E===s=

Prop. +50 streambed 7.9 32.0

25 ft south 6.2 29.0

2% ft north 5.6 35.0

Prop. +B0 streambed 18.0 55.0

25 ft north 254.0 £51.0

2% ft south 6.1 40.0

Sed. base 289.0 578.0
Ditch

Gross

Distance Sample U-nat Alpha:

Downstream Location pCi/g U-nat

i * & & & & = & & &4 t £ 2 & * = F & & F 1 T=z== t & & & & |

Prop. +50 streambed 7.9 4.1

25 ft south 6.2 €.9

2% ft north 5.6 6.3

Prop. +80 streambed 1.0 3.1

25 ft north 254.0 2.2

25 ft south .1 9.8

Sed. base 28%9.0 2.0
Ditch
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7.2 £.6 0.9
2.6 3.0 - B |
4.0 4.0 1.8
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2.% 94.1 37.4
2:1 23 % |
3.0 87.6 29.4
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tions are portrayed in Figure 14. Two locations of this stream
area show elevated Uranium concentrations. A Uranium concentra-
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 alsc 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 Illincis 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
the twe 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 |

the normal type.

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 abcve background level. One
sample showed elevated levels of both Uranium and Thorium. This
sample was taken from the scil 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 0D0SA.

Gross
Distance Sample U-nat Alpha Th-230 Ra-226
Downstream Location pCi/g pCi/g pCi/g pCi/g
TSSCSTTRST ZoSTTTT =R ===== L 2 & & ¥ L = & &+ & & 3 & & 5 & & 3
Prop. +50 streambed 6.5 54.0 1.3 1.1
50 ft south 6.5 48.0 3.3 0.9
150 ft south 8.4 19.0 0.6 1.4
300 ft south 2:1 15.0 0.2 0.5
Prop. +100 streambed 2.8 12.0 2.5 1.7
S0 ft north 7Tk 29.0 0.8 1.3
150 ft north 4.8 24.0 0.% 1.5
300 ft north 6.8 18.0 0.6 0.5
Highwater 83.0 483.0 159.0 2.9
mark
**%xxCalculated Isotopic Ratios**x*x
Gross
Distance Sample U-nat Alpha:
Downstream Location pCi/g U-nat U:Th U:Ra Th:Ra
t &+ & & = & F & & 3 t & & &+ £ & & £ & F =SE=z== === STz === sE==z==
Prop. +50 streambed 6.5 8.3 5.9 5.9 1.0
50 ft socuth 6.5 7.4 2.0 7.2 x P
150 ft south 9.4 2.0 15.7 8.5 0.5
300 ft south 2.1 v A3 10.5 4.2 0.4
Prop. 4100 streambed 2.8 4.3 1.1 1.6 1.5
§0 ft north 7.4 3.9 9.3 8.7 0.6
150 £t north 4.8 5.0 5.3 3:2 0.6
300 £t nerth €.8 2.6 11.3 13.6 [
Highwater 83.0 5.8 0.5 28.6 54.8
mark
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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

are only slightly elevated above background.

ILLINOIS RIVER

In addition to samples of various individual streambed
areas, soil/sediment samples were collected at the point of entry
cf each stream into the Illincis River. A background sample was
obtained at Gore Landing which is approximately 2 miles upstream
from the facility site. Analytical results from these samples
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.
These results are consistent with that seen in the analytical
picture 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 radiocactivity 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.

Distance
Downstream

Prop. +40

Distance
Downstream

Prop. +40

property line
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I11inois River

Uranium Concentrations in pCi/g along the 007 Stream.

Results of Radionuclide Analysis of Soi) and Sediment
Samples of Stream 007.

Sample
Location
streambed
25 ft south
25 ft north

Sample
Location
streambed
25 ft south
25 ft north

U-nat
pCi/g
46.0
2.7
3.6

U-nat
pCi/g
46.0
-
3.6

Gross
Alpha Th-230 Ra-226
pCi/g pCi/g pCi/g

72.0 5.1 1.7
22.0 1.2 1.2
15.0 1.8 2.9

*33*Calculated Isotopic Ratios***»*

Gross
Alpha:

U-nat U:Th U:Ra Th:Ra
1.6 9.0 27.1 3.0
B.1 2.3 - | 1.0
b.2 2.0 1.3 D.6
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Table 6. Resu’ts of Radionuclide Analysis of Sediment Samples from
the illinuis Rivar.

Gross
Samplg U-nat Alpha Th-230 Ra-226
Location pCi/g pCi/g pCi/g pCi/g
LR S 2 2 2 3 2 S F F F F E F R R N ] t & 5 3 & L F & ¥ 3 ==seEss aEETszs
Gore Landing mouth 1.4 12.0 0.4 0.7
Mouth of stream 007 11 18.0 1.8 1.2
Midway between 007&005A 1.4 16.0 1.2 0.%
Mouth of stream C0SA 2.0 17:.0 9.8 1.9
Mouth of stream 005 32.0 139.0 56.0 1.0
Mouth of stream 004 r B 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 e.2 11.0 1.0 0.9
90°,100 ft 1.6 2.1 0.9 0.4
45°8, 50 ft 3.8 5.2 0.% 0.7
&5°8, 10C ft 1.2 0.0 1.0 0.5
500 ft S of mouth s P 4.0 0.8 0.7
1000 £t & of mouth 1.8 $.3 0.8 0.7
I-40 & Hwy 100 L2 14.0 3.0 e |
(duplicate) : g 3.3 1.3 - P
****¥Calculated Isotopic Ratics#**#
Gross
Sample U-nat Alpha:
Location pCi/g U-nat U:Th U:Ra Th:Ra
Gore Landing mouth 1.4 B.6 3.5 2.0 D.6
Mouth of stream 007 1.3 B.6 3.5 2.0 0.6
Midway between 007&00%5A 1.6 B.6 3.5 2.0 0.6
Mouth of stream 005A 2.0 8.5 0.2 1.3 5.2
Mouth of stream 005 32:0 4.3 0.6 32.0 £6.0
Mouth of stream 004 2.9 7.2 3.6 2.4 0.7
Mouth of stream 001 S | 28 5.9 B.2 1.4
{duplicate) 3.3 1.8 0.5 2.% 4.5
45°N, 50 ft 2.6 2.6 6.2 4.7 453
90°,50 ft .2 1.3 1.8 4.0 2.3
90°,100 ft 1.9 1.6 7.6 5.4 0.7
458, 50 ft 3.8 0.0 R 2.4 2.0
£5°8, 100 ft (e 3.3 1.5 1.7 , O ]
$0C ft S of mouth 1.2 2.9 2.3 2.6 1.3
1000 £t S of mouth 1.8 6.2 3.3 7.8 2.6
I-40 & Bwy 100 s 31.7 0.4 1.3 S )
{duplicate) 13 3.0 1.0 0D.% 0.5
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Samples taken along the shoreline cf the Illinois River
downstream from the mouth of Outfall 00> 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
Illincis River and Arkansas River concentrations are within those

specified in the Oklahoma Water Quality Standards (OWRD 1985).

Table 7. Results of Radiconuclide Analyses of Water Samples.
Gross

U-nat Alpha Th-230 Ra-226
Sample Location pCi/l pCi/l pCi/l pCi/l
Gore Landing D.53% 0.0 0.1 0.1
0.20 0.0 0.1 0.1
Illincis 4.72 3.7 0.3 0.1
River Mouth 5.30 2.8 n W5 D.21
Arkansas River 2.95 0.0 0.3 0.1
Upstream 2.36 3.1 0.2 D.1
Arkansas River 0.5¢ 29.0 0.5 0.1
Dowristream 1.48 0.0 1.5 0.4
Stream 001 554,60 459.0 0.7 0.1
(250 ft) $48.70 359.0 0.6 0.1
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COMPARISON OF CURRENT AND PREVICUS 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 radicactivity 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 toc 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
Sediment Samples from the 001 Stream

1986 1987 1988

Distance

(£t)® sample #° Activity® sample %9 Activity Sample #® Activity

0 001-33 47.0
50
100
150
200
250
300 001-36 4.0
350
400 S¥-1-CO 19.0
450
500 SF-1-DO 21.0
S50
600 000~-39 30.0
650
700 SF-1-EO 16.0
750
800
850
90 001-42 37.0

16.5 SF-1-a0 28.0
19.4
12.9
21.2
14.1 SF-1-B0 19.0
29.5
21.2

WO b W

river 001-rf 19.0 sF-s-07% 4.1

- —_—— - W . e

8 Dpistance down 001 Stream from federal property line towards
Illinocis River.

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

C The mean of two samples.

B 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 from
the federal property line.

£ Samples from river sediments near 001 Stream mouth.
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Table 9. Thorium Activities (pCi/g) in 1986, 1987 and 1988
Sediment Samples from the 001 Stream

1986 1987 1988

Distance
(££)® sample #P Activity® sample 49 Activity sSample #® Activity

0 001-33 2.74
50
100
150
200
250
300 001-36 4.59
350
400 SF-1-CO 1.4
4350
500 SF-1-~DO 1.4
550
600 001-39 3.58%
650
700 SF-1-EO 1.1
750
800
850
900 001-42 0.70

No Data SF-1-A0 1.9
.D'

SF-1-BO 1.4

O~ U s o R
ZZZZ2ZZ
ooooLo

river 001-rf 1.09 sF-s5-07f 0.7

.----—---------------------—---n—--u--—-----——o----------------c-.

Distance down 001 Stream from federal property line towards
I1llinois River.

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

€ The mean of two samples.

2 Samples taken at 50 fc intervals beginning at the federal
property line, except sample nc. 9 was taken half way to the
stream mouth.

€ samples taken at 100 or 200 £t intervals beginning 25 ft from
the federal property line.

£

Samples from river sediments near 001 Stream mouth.
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Table 10. Radium Activities (pCi/g) in 1986, 1987 and 1988
Sediment Samples from the 001 Stream

1986 1987 1988

Distance
f£)2 sample #P Activity® Sample #¢ Activity Sample #® Activity

0 001-33 0.93 SF-1-A0 1.7
50
100
150
200
250
300 001-36 1.27
350
400 SF-1-C0 1.0
450
500 SF~1-DO 1.4
350
600 001-39 1.41

SF-1-BO 1.3

WU s W
S NSRS N
- - - - -
B O W W

700 SF-1-EO 0.7

90 001~42 1.55
river 001-rf 0.92 sFr-s-07f 0.5

—-—--—-—-----——--m----—---——-—-—--—-—--—---—----—-—--------------.

& pistance 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.

B 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 from
the federal property line.

: 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. Scil 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
scil nitrate concentration of 49.9 mg/kg occurred at the high
water mark sample site near the mouth of the 0052 Stream. The
nitrate concentration in the scil/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
scils may vary widely due to fertilization and other factors;
14.0 mg of nitrate per kg of scil 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 guantities of
vegetation present at tie sites. Scil molybdenum concentrations
(Appendix B) remained consistently less than 15.0 mg/kg, the min-

imum level of detection, at all sampling sites.




Table 11.

Distance
Downstream
t & & & & F 55 5 8
Prop. +20
Prop. +50

Prop. + 100

Table 12.

Distance
Downstream

EZ=Tzxzszos==

Prop. +50

Prop. +80
Sed. base
Ditch

Sample

Location
ST ===
streambed
streambed
25 ft north
streambed
25 ft south

Nitrate Concentrations

Sample

Location
Lt & = F & & 3 & & F
streambed
25 ft south
25 ft north
streambed
25 ft north
25 ft south

Nitrate Concentrations Along the 004 Stream.

Nitrate Concentration
(mg/ kg )

LR S 2 2 5+ 2 S S E S S FESET S
33.5
11:9
24.0
15.8
37.0

Rlong the 00% Stream.

Nitrate Concentration
(mg/kg)

LR & & 2 3 £ E 2 3 2 8 F 35 F 5 N

L2.

4.,

WUV orMO O om

& W w
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Figure 18. Nitrate Concentrations in mg/kg along the 004 Stream.
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steep
hillside
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Figure 19. Nitrate Concentrations in mg/kg along the 005 Stream.
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Table 13. Nitrate Concentrations Along the 005A Stream.

Distance Sample Nitrate Concentration
Downstream Location (mg/kg)
STz ET= L+ & = 3 F & F %3 TSRS TEESEESSRSSSESES
Prop. +50 streambed 30.2
5C ft south 19.9
150 ft south 18.3
300 ft south 3.3
Prop. +100 streambed 16.9
50 ft north %5
150 ft north 16.9
300 ft north 1.5
Highwater 49.9
mark

Table 1l4. Nitrate Concentrations Along the 007 Stream.

Distance Sample Nitrate Concentration
Downstream Location (mg/kg)
- & = & & & & B & &1 L F £+ & F £ F 1 & ETTTEETTEESETSESESSESSESS
Prop. +40 streambed 11.0
25 ft south 3.0
25 ft north 4.5
|
|
|

| 55
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Figure 20 . Nitrate Concentrations in mg/kg Along the O05A Stream .
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Figure 21. Nitrate Concentrations in mg/kg along the 007 Stream.
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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 scil 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-
ing effect on the radionuclide concentrations and the concentra-
tion of Uranium downstream in the waters of the Illinocis and
Arkansas Rivers are within the limits specified in the Oklahoma

Water Quality Standards.

Soil nitrate and molybdenum concentrations were not found to

be appreciably greater than naturally occurring concentrations.

Constructicn cof 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.
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September 195, 1986

v

FEDERAL EXPRESS

William T. Crow, Acting Chief

Uranium Fuel Licensing Branch

Division of Fuel Cycle & Material Safety
OCffice of Nuclear Material Safety & Safeguards
United States Nuclear Regulatory Commission
Washington, D. C. 20555

Re: License SUB-1010; Docket 40-8027
Condition 17

Dear Mr. Crow:

ttached for your information is Sequoyah Fuels Corporation's
report in response to License Condition 17 @addressing the
comprehensive soil/sediment radiological survey of the effluent

stream (001) and the facility intermittent stormwater run-off
érainages.

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

Sincerely

C Lt

J. C. Stauter, Director
Nuclear Licensing & Regulation

Enc.: 8 copies

JCS/sc

A SUBSIDIARY OF RERR MCCEE CORPORATION
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Sequoyah Fuels Corporation
Effluent Stream Soi)l 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
radiclogical 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
these latter outfalls was submitted to EPA on June 12, 1984 and remains
under EPA review.

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 005 discharges runoff from
the areas west of the sanitary lagoon, west, north and northeast of Basin
1, and east of Clarifier A, Outfal)l 006-7 discharges runoff from the UF
cylinder concrete storage pad and other areas in the northeast portion o?
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,
wer$ 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

FEMLAY T LHIWRIIAON 1Y OIS I
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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 I1linois 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.

A1l 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.

Survey Results

The radicnuclide and gamma measurement data for outfall 001 are in Table
1. Data for the two samples taken at each location are shown
individually and as the average for each location. The data for the
other outfalls are in Table 2. The data show that for each outfall
drainage, there are some areas where concentrations of either uranium or
thorium or both are elevated.

The uranium levels aleng 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 UF6 cylinders
stored 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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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 1in 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 wuranium and thorium-containing soil and sediment will be
undertaken.
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OUTFALL

SANPLE NO,

001-00
oel-e3
001-06
001-09
001-12
001-1%
001-18
001-21
001-24
001-27
001-30
001-13
0vl-38
001-39
001-42

URBNIUX  (nat)

ipCi fg)
RICYT LEFT

e mew—- -

253
168
9
107
L
&7
147
101
&
bl
80
3
H
27
27

1|

87
9
&0
54
3
L1

TARLE |
SOIL/SEDIMENT SANPLES
SEQUOYAH FUELS CORPORATION
OUTFALL DRATNAGE SURVEY

THORIUM 270 RADIUN 226

tpCi/g) {pli/g)

LEFT {+-) AVB RIGHT (=)  LEFT (+<) Y
8.87 0.08 7.9 .25 0.28 1.3Y 0.28 1.32
.22 0.05 2.%2 9.6 0.21 153 0.3 2.4
2,05 0.0¢ Q.M 1.20 0,46 140 0.42 1.30
.58 0.19 .81 1.50 0.40 1.B4 0.43 1.4
£72 0.21 L1 L2 020 1,35 035 .32
€23 0.23 2.7 1.88 0.25 2.10 0.2¢ .99
118 0.t 2.0¢ 1.88 0.37 1.80 039 L.B¢
Ll 012 L.S3 .36 0.2¢ 1.3 0.32 (.35
£50 0.12 1. 1,68 0.3¢ 1,16 0.28 (.Q
0.92 0.0 0.98 1.28 0.21 160 0.35 1. M
.20 9.2 5.82 1.40 0.28 124 O.2¢ .32
.72 o.14 2.7 0.9 0.2¢ 0,91 0.27 0.93
L 0.3 5% .26 0,20 4128 0.33 1.2

326 0.1 3.5% L3¢ 032 L4 0.21 1.4
0.7¢ 0.11 0.70 Lot 0.3 145 016 1.55

Note: Uraniue concentrations converted to PLi/g fros original reported ppe.
Analytical accuracy for wranium was +- 7,51
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DUTFALL
SANPLE WO,

0044-00
0048-00
0048-01
004R-03
004R-06

005-00
005-03
005-06
005-09

007-00
004-00
007-01
007-03
007-06
007-09
007-12

UP-STRM
004-k
005-R
007-R
001-R
DN-STRN

TABLE 2

SOIL/SEDIMENT SAMPLES

SEQUOYAM FUELS CORPORATION

th tast}
(pCizg)
3

295

b
-

!
b

159
170
n
505

35
e
17
Ll
105
HOJ
i

i1
45
3
u
19
3

Th 230
(pCilg)

45.00
73.60
154,00
1056.900

3.54
.86
1.85
2.95
L9
16.20
2.4

1.02
0.83
1,06
3.9
1.0%
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SENUOYAR FACILITY
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SEOUOYAH FACILITY
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[l
W&- CORE LABORATORIES

ANALYTICAL REPORT
884202
FOR
US ARMY CORPS OF ENG
DAVID COMBS
P.O. BOX 61
TULSA, OK 74121-0061

08/25/88
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CORE LABORATORIES
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PISTRIBUTION
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08/25/88
JOB NUMBER: B8L202
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CORE LABORATORIES

TOMILY } INTERIAON LY DIO0OMS N

The SnBivss ODNIONE OF MIETEEIENONS CONAINED M g MEON B DASSC DO DDSETVETDNS ANT Male 8 IRDHET by The Cient 10 whale 80 utve aNO CONIBRNLE sk 1hg TR0 Nl
Do made The niersieiaOns O OOUONS EXDIESEEC 1RDTESEN! 1hE DES’ WwOpmen! of Core LaDOSINEs Lo LADOIETO 85 BS5UMBS 1T IeSHETE I 1y BN MEES NG wa T anty D 18D CSE" A
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LABORATORY TESTS RESULTS
ca8/25/88

DB NUMBER: BBL202 US ARMY CORPS OF ENG ATTN: DAVID COMBS
SAMPLE NUMBER: 1 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50
feroJecT: Secucvah Fuels SANPLE: 19879 SF-1-A0 6/30/88 0Nl REX:

STREAM, 25°'
SAMPLE NUMBER: 2 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50
PROJECT: Secuovah Fuels SAMPLE: 19880 SF-1-R1 €/30/8B8 001 REM:

BANK, RIGHT
SAMPLE NUMBER: 3 DATE RECEIVED: 0O7/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: O7/08/88 SAMPLE TimE: 13:50
PROJECY: Secguovah Fuels SANPLE: 19881 SF-1-A2 6&/30/88 001 REW:

50*, RIGHT
SAMPLE NUMBE® : & DATE RECEIVED: O0O7/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: 07/08/88 SAMPLE TIME: 13:50
pROJECT: Seguoyah Fuels SAMPLE: o882 SF-1-A3 &/30/88 001 REM:

100%, RIGHT
SAMPLE NUMBER: 5 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:50 SAMPLE DATE: (7/08/88 SAMPLE TimE: 13:50
PROJECT: gSecuovah Fuels SAMPLE: 19883 £F-1-B0O £/30/88 15:1% REW

001 STREAM 200°
AMPLE NUMBER; é DATE RECEIVED: O7/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:8%
PROJECT: Secuocvah Fuels SAMPLE: 1988 SF-1-Bl £/30/788 1%:2%5 REM:

001 BANX BICGHT
TEST DESCRIPTION 'SAMPLE 1 |SAMPLE 2 SAMPLE 3 SAMPLE alsmv.t SISAMPLE & UNITS OF MEASURE
Uranium, natural 28 16 j 33 ' 1.7 [ 19 8.9 t,ab/gw
Gross Alpha, total 86 i n ‘ 14 | 14 19 1% ipCisgm
Gross Alpha, total, error, /- 2.3 6.8 I s.3 ‘ 5.3 { 5.8 s.2 ;pcvzgn
Gross Alpha, total, (LD 21 | 24 ; 2.1 f 24 | 23 | 24 lscisee
kadium 226, total .7 | o8 | 28 | o8 ; 1.3 | 13 lpcisem
Radium 226, total, error, /- i 0.5 , 0.3 0.6 0.3 0.4 i 0.4 Ipc-/gm
Radium 226, total, LLD ; 0.29 % 0.2 0.2 ! 0.2 0.2 0.2 pCizgm

{
Thoriam 230, totel | 1.9 0.% 2 2.9 1.4 1.2 pCisgm
Thorium 230, total, error, /- R 0.4 0.6 0.6 0.4 0.5 |pcisgm
Thorium 230, totel, LLD 0.5 0.% c.5 0.5 0.4 0.% pLi/gm
juranium W, total [ e 28 5.3 2.9 32 1 mg/kg
| |
PAGE : 1
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CORE LABORATORIES

FERALY N AN WA IAOD LY OIS

LABORATORY TESTS RESVULTS
0&/25/
JOB NUMBER: B8.L202 US ARNMY 074 "% OF EXG wolwg AVig B3
SAMPLE NUMBER: 7 PATE RECEIVED: 07/18/88 TIME RECEIVED: 13:5% SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuovah Fuels SAMPLE: 19885 SF-1-B2 €/30/8B8 001 REN:
50, RIGHT
SAMPLE WUMBER: & DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuoyah Fuels SAMPLE: 19886 SF~-1-B4 6/30/88 15:30 REW:
001 100*' RIGHT
SAMFLE NUMBER: DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuovah Fuels SAMPLE: 19887 SF-1-CO &/30/88 15:00 REM:
001 STREAM 400°
SAMPLE NUMBER: 10 DATE RECEIVED: O7/18/88 YIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJELT: Secucoyah Fuels SAMPLE: 19888 SF-1-Cl €/30/88 15:15 REW
001 BANK RIGHT
SAMPLE NUMBER: 11 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:55
paoJtct: Seguovah Fuels SANPLE: 1o8ge °ST-1-C2 €/30/8E 15:20 REN:
001 S0' RIGHT
SAMPLE NUMBER: 12 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/,07/88 SAMPLE TIME: 13:55
PROJECT: Secucyah Fuel SAMPLE: 19890 SF-1-C2 &/30/B8 15:3( RE™:
D01 100! RIGHT
TEST DESCRIPTION [SAMPLE  7/SAMPLE B SAMPLE  © SAMPLE 10 SAMPLE 11 SAMPLE 12/UNITS OF MEASURE
Uranium, natural I 1% ‘, 8.3 L \ 1% 1; 21 . 3e TDC'*W
Gross Aipha, total | 26 i 15 | 2 [ 25 | T 'oCi/gm
Gross Alpha, total, error, /- | 63 | s ; 6.4 : 62 | . . B ?ptl/gr
Gross Alpha, total, LLD | 20 | 21 |2 | 29 I 21 | 21 eeiee
Racium 226, total | 16 | 2 i‘ 1 | 1.9 1, : 2.7 :ucz,/gm
Radium 226, total, error, </~ : 0.5 0.8 0.4 0.4 0. | 0.6 pCizgm
kadium 226, totsl, LLD i 0.2 0.2 0.2 0.2 0. 0.2 pli/gm
Thorium 230, total R 8.5 1.4 1.7 1 3 pCisgm
Thorium 230, totsl, error, ¢/- 0.4 i 0.8 0.5 0.6 0. 0.6 pCir/gm
Therium 230, totel, LLD 0.% 0.5 0.4 0.5 0. 0.5 pCi/gm
ﬂurmim V), totel 13 1% 33 23 36 23 mg/ ey
.
|
. |
PAGE:2
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CORE LABORATORIES

FOR RN TR DA Ly TR

LABORATORY TESTS RESULTS
08/25/88

JOB NUMBER: 884202 CUSTOMER: US ARWY CORPS OF ENG ATTH: DAVID COMBS
SAMPLE MUMBER: 13 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: (07/07/88 SAMPLE TIME: 13:55
PROJECT: Sequoyah Fuels SAMPLE: 19891 SF-1-DO €/30/88 13:50 REM:

001 STREaM 500°
SAMPLE NUMBER: 14 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07,/07/88 SAMPLE TImE: 13:55
PROJECT: Segquoyah Fuels SAMPLE: 19892 SF-1-D1 6/30/88 13:50 PEM:

001 S0' LEFT
SAMPLE NUMBER: 15 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:55
PROJECY: Secucyvah Fuels SAMPLE: 19893 §S*-1-D2 €/30/E8 14:00 REW:

001 100' LEFYT
SAMPLE NUMBER: 16 DATE RECEIVED: O0O7/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJECT: Seguoyah Fuels SANPLE: 198% SF-1-D3 6/50/88 14:00 REW:

001 140' LEFT
SAMPLE NUMBER: 17 DATE RECEIVED: O07/18/88 TIME RECEIVED: 13:58 SAMF E DATE: O07/07/88 SAMPLE TIME: 13:55
PROJECYT: Seguoyah Fuels SAMPLE: 10895 ST-1-EC 6/30/88 1€:00 REw:

0C1 700' STREAM
AMELE WUMBER: 18 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 1355
PROJECT: Secucyah Fuels SAMPLE: 1989 SF-1-E]1 €/30/B8 16:10 RE™:

D01 30' RIGHT
TEST DESCRIPTION | samELE 13| SANPLE '|sl'snw.£ *S'sub.z w“smn{ 17 |SAMPLE 18 UNITS OF MEASURSE
Uranium, natural | 21 ! 27 | o | $7 T‘ 16 i 12 B /g
Gross Alphs, total 33 | 35 % E 108 | > : 25 < ivan
Gross Alpha, total, error, +/- | 6.9 \' LB T 12 | 61 | &3 |pcispe
Gross Alphs, totsl, LLD ’ 2.1 2.1 r 2.1 I 2. ‘: 2.1 J %1 L /gm
Radiar 226, total | e | 16 | o | 3.2 i 0.7 ' 1.4 B i /gm
Radium 226, total, error, +/- | 04 | 0.5 63 | 06 | 03 | 04 |pcisgn
Badium 226, total, LL 0.2 0.2 02 | 0.2 | 0.2 0.2 |scisgm
Thorium 230, total 1.4 1.9 1.1 1.4 1.1 0.9 pli/gm
Thorium 230, total, error, /- 0.4 0.5 0.4 0.4 0.4 0.4 pCi/gm
Thorium 230, total, LLD 0.% c.5 0.5 0.4 0.4 0.4 pCi/gm
Urenium (U), total 3¢ “é a5 165 e? 20 mg/kg

| |
PAGE:2
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CORE LABORATORIES

LABORATORY TESTS RESULTS

08/25/88
JOB MMBER: BS.2D CUSTOMER: LS APNY CORPS OF ING ATTH: DAVID COMES
SAMPLE NUMBER: 19 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55% SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
peoJEcT: Sequoyah Fuels SAMPLE: 19897 SF-1-E2 €/30/88 16:20 REM:
001 50' RIGHT
SAMPLE WUMBER: 20 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJECY: Secguovah Fuels SAMPLE: 19898 SF-1-F &/30/88 14:00 REM;
01 $00°
SAMPLE MUMBER: 21 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secqucyah Fuels SAMPLE: 19899 SF-1-C &/30/B8 1€:00 REM:
001 700°
SAMPLE MUMBER: 22 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:35 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:5%
PROJECT: Sequoyah Fuels SAMPLE: 19901 S¥-L-0]1 T/1/88 13:00 REM: 3
GORE LANDING
SAMPLE WUMEER: 23 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: (07/07/88 SAMPLE TIME: 13:55 E
MOJECT: Seguoyah Fuels SAMPLE: 19902 gF-g.02 7/1/B8 007 REM; ;
MOUTH ' 3
SAMPLE NUMBER: 24 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:5% SAMPLE DATE: 07/07/88 SAMPLE TIME: 13,88 ‘
PROJECT: Secuovah Fuels SAMPLE: 19903 SF=5-03 7/1/88 D0S-007 REM: s
TEST DESCRIPTION [sawpLE 15 SAMPLE 20 SAMPLE 21 SAMPLE 27 SAMPLE 23 SAMPLE 20 UNITS OF MEASURE g
Uranium, natural 32 | 26 [ 19 | 4.4 | 1.9 | V& ptisgm
Gross Alpha, total &5 | 37 | 38 | 12 R | % B 7gh
Gross Alpha, totel, error, +/- | 9.1 | 7.2 | 7 l 5.9 | 8.7 | $.4 [pci/gm
Gross Alpha, total, LLD ‘ 2.1 | &0 | 2.1 2.1 [ 2.1 | 2.1 |pCisgm
Radcium 226, total | 2.2 | 13 2 o7 | 12 | oe  [eige
Radium 226, total, error, +/- | 0.6 : 0.4 0.4 l 0.3 “ 0.4 : 0.3 pli1/gm
Radium 226, totsl, LLD 0.2 0.2 0.2 | 0.2 0.2 | ©.2 pCi/gm
Thorium 230, total 3.8 | 1.4 2.3 0.4 8 | 12 peisom
Thorium 230, total, error, +/- 0.6 0.% 0.5 0.4 0.5 | 0.4 pCi/gm
Thorium 230, total, LiD 0.4 0.5 0.4 0.% 0.5 0.4 pCispm
Uranium (U), total 54 bl 32 2.4 1.8 2.4 mg kg
| f |
l ! | |
| | | |
.
i | ] f |

PAGE "4
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CORE LABORATORIES

LABORATORY TESTS RESULTS
08/25/88
JOE MUMBER: BBL202 CUSTOMER: US ARMY CORPS OF ENG ATTH: DAVID COMES
SAMPLE WUMEER: 2% DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: C7,07/88 SAMPLE TIME: 13:5%
hPIDJ!CT: Seguoyah Fuels SAMPLE: 19904 SF=-S~04 7/1/BE8 0OOSA REM:
MOUTH
SANPLE NUMBER: 26 DAYE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:85
PROJECT : Secuovah Fuels SAMPLE: 19905 SF-£-05 7/1/88 10:30 REN:
00% MOUTH '
SAMPLE MUMBER: 27 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: O07/C7/88 SAMPLE TIME: 13:%%
PROJECT: S=2gucvah Fuels SAMPLE: 19906 SF-E-0€ 7/1/BE 10:1% REM:
004 MOUTH
SAMPLE WUMBER: 28 DATE RECEIVED: (7/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: sSequovah Fuels SAMPLE: 19907 gr.c.07 7/1/88 10:00 REw:
001 MOUTH
SAMPLE WUMBER: 29 DATE RECEIVED: O7/18/88 TIME RECEIVED: 13:%55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:%55
PROJECT: Secucvah Fuels SANPLE: 19908 SF-S-08 7/1/88 001 REw: 3
50, 45 :
AMPLE WUMBER: 30 DATE RECEIVED: (07/18/88 TIME RECE!VED: 13:5% SAMPLE DATE: D7,07/88 SAMPLE TIME: 1355 g
PROJECY: Seguovah Fuels SAMPLE: 19909 EF-S-09 7/1/BE D01 REV: !
50', 90 7
TEST DESCRIPTION | SAMPLE 25 |SAMPLE 26 SAMPLE 27 SAMPLE 28 SAMPLE 29 Sa<PLE 30 UNITS OF MEASURE g
Ursniur, netural 2 | 32 ' 2.9 6.1 , 2. 4.2 IpCi/gn !
| { | | { |
Gross Alpha, totsl | 17 139 [ 21 | o8 | &2 | M B /gm
Gross Alpha, total, error, /- | 3.6 ‘ 13 i é L9 | &k l 5 'acwr
\ | { |
Gross Alphe, total, LLD | 2.1 | 2A 1 2.1 | 2 | 2.1 | 24 (uc:/pn
| | i .
Racium 226, total | 1.9 1 A | 1.2 | 0.5 1.1 0.8 pCi/gm
- - : |
| ]
Radium 226, total, error, #/- 0.9 | 0.3 0.4 | 0.3 0.4 0.3 pli/gm
[ |
Radium 226, totel, LiD | 8.2 0.2 0.z | 0.2 0.2 0.2 B
Thorium 230, totsl .8 5¢ 0.2 0.7 5 1 pli/gm
YThorium 230, totel, error, «/- 0.9 R 0.4 0.4 l 0.5 0.4 pCi/gm
Thorium 230, totel, LLD | 0.4 0.4 0.4 0.4 | 0.5 0.4 pCizgm
Ursnium (U), totsl 3.4 54 $ 7 &4 7.1 mg/hg
]
|
|
|
| ! {
PAGE:S
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CORE LABORATORIES
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Western Atias
LABORATORY TESTS RESVULTS
D2/25/88
JOB NUMBER: B8L202 CUSTOMER: US ARMY CORPS OF ENG ATTN: DAVID CoOmgs
SAMPLE MUMBER: 39 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
{prosecr: Secuoyah Fuels SAWPLE: 19910 SF-S-10 7/1/88 11:35 RER:
001, 100', 90
SANPLE NUMBER: 32 DAYE RECEIVED: O07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07,07/88 SAMFLE TIME: 13:55
PROJECT: Secuoyah Fuels SAMPLE: 19911 SF-S5-11 7/1/8B8 11:45 REN:
001, 50, 45
SAMPLE WUMBER: 13 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
proJecT: Seduovah Fuels sawpLE: 19912 SF-S-12 7/1/88 11:50 REW:
001, 100', 45
SAMPLE WUMBER: 34 DATE RECEIVED: O7/18/88 TINE RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuovah Fuels SAMPLE: 19913 SF-S-]13 7/1/88 11:55 REW:
001, S500' DOWN
SAMPLE MUMBER: 3% DATE RECEIVED: (07/18/88 TIME RECEIVED: 13:5% SAMPLE DATE: OQ7/07/88 SAMPLE TIME: 13:5%
PROJECT: Secquovah Fuels SAWPLE: 19916 SF-S5-14 7/178R 12:00 REM:
001, 1000' DowM
MPLE WUMBER: 38 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPIE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT:  geguovah Fuels SAMPLE: 19916 gcr.s-16 77/1/88 10:00 BEm:
TESY DESCRIFTION ?SM‘LE 3‘:{5“9'.5 327541“55 33 SAMPLE B4 SAMPLE 35 SAMPLE 346 UNITS OF MEASURE
Uraniam, netural | ove | 38 | sa2 | o2 | we | 33 [pcivm
Gross Alphe, totsl 2 | sz | o ‘ | 53 | w ¢ g
Gross Alpha, total, error, /- | e : .5 | 3.4 .3 | &3 | 3. ;ptu’p'r
Gross Alpha, total, LLD [ 29 J 2.1 : e 2.9 2.1 ! 2. pC i /gm
Radium 2256, total ; 0.4 i 0.7 | 0.5 0.7 0.7 ! 0.4 :pc'/r
Racium 226, total, error, +/- 0.2 0.3 ‘ 0.2 | 0.3 6.3 | 0.2 Ipcisem
Radium 226, totel, LLD | 0.2 0.1 | 0.1 0.1 0.1 ! ¢.1 lpt!/m
Thorium 230, tots!l | 0.9 0.5 i 1 0.8 .8 1 pli/gm
Thoriwm 230, totsl, error, +/- 0.4 ' 0.3 ] 0.4 0.4 0.4 0.4 pCi/gm
Thorium 230, totel, LLD 0.4 0.5 0.% 0.4 0.5 0.5 o rgm
Huronisn V), totel 2.7 6.4 2. 2 b 98 5.5 mgkp
|
g ; | |
| | | |
PAGE : &
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CORE LABORATORIES
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LABORATORY TESTS RESULTS
08/25/88
JOB NUMBER: BBL202 CUSTOMER: US ARMY CORPS OF ENG ATTH: DAVID COMBS
SAMPLE MUMBER: X7 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuoyah Fuels SAMPLE: 19917 SF-8«01 7/1/88 13:55 REW:
JUNCTIORN 1I-40 & HWY 100
SANPLE WUMBER: 38 DATE RECEIVED: 07/18/88 TIME RECEIVED: 13:55 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Seoucvah Fuels SAMPLE: 19918 CSF-R-02 7/1/BB 13:55 REW:
JUNCTION I-40 & HWY 100
SAMPLE NUMBER: 3§ DATE RECEIVED: O7/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:%%5
PROJECT: Segucovah Fuels SAMPLE: 19631 SFP-S52-D1 €/30/EE REM:
ROP, + 5
SAMPLE WUMBER: &0 DATE RECEIVED: O7/18/88 TIME RECEIVED: 19:3) SAMPLE DATE: O07/07/88 SAMPLE TIME: 13:5%5
PROJECT: Secuovah Fuels SAMPLE: 19932 SF-52-02 6/30/8B8 11:10 Rim:
0' RIGHT CF 01
SAMPLE NUMBER: &1 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DAYE: 07/07/88 SAMFLE TIME: 13:5%5
PROJECT: Secuovah Fuels SAMPLE: 1933 SF-52-032 /30788 11:20 RE®:
150" RIGHT OF Cl
JAMPLE NUMEER: 42 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:39 SAMPLE DATE: O7/07/88 SAMPLE TIME: 13:5%
PROJECY: Secucvah Fuels SAMPLE: 19934 SF-52-04 &£/30/88 11:285 REM:
300" RIGHT OF 0}
TEST DESCRIPTION '[Ysu-m! 37 SANPLE 38 SAMPLE 39 SAMPLE &0 SAMPLE 41 SANPLE &2 UNITS DF MEASURE
Ureniam, natural .2 | 11 | &5 | o8 9.4 | 2.0 |pcisge
Gross Alpha, total % | 3.3 [ 54 | &8 19 | 15 plisgm
Gross Alphe, total, error, +/- ‘ $.4 . 4.3 2.3 | 7.9 | 5.8 ‘ 5.4 'ptur
Gross Alphs, totel, LLD 2.1 i 2.1 2.1 21 | 29 2. o i/gm
Radium 226, total 1.1 | 2.2 | 1 , 0.9 | 1.1 | 0.5 |pCi/gm
Radiam 226, total, error, /- | 0.3 Ces | o3 | o3 0.3 | 0.2 |pcisen
Radium 226, totel, LLD ’ g.1 0.1 0.1 ; g 0.1 % 0.1 oli/zgm
Thorium 230, totel 3 1.1 i | 33 0.6 0.2 |pcisgm
Thorium 230, total, error, /- 0.5 0.3 0.4 i 0.7 0.4 0.3 pCi/pm
Thorium 230, tots!, LLD 0.4 0.3 0.4 .5 0.5 0.4 pCi/gm
Uraniue (U), totel 2. 1.8 kR 1 16 | 3.6 mg/kg
; i
: | | '
E |
PAGE:7
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CORE LABORATORIES

Western Atias
intarnational
& ey D Loremes
LABORATORY TESTS RESULTS
08,25/
JOB NUMBER: BBL202 CUSTOMER: US ARMY CORPS OF ENG ATTW: DAVID COMES
SAMPLE WUMBER: 43 DATE RECEIVED: 0O7/18/88 TIME RECEIVED: 1901 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:55
PROJECY: Seguovah Fuels SAMPLE: 19935 SF-S52-05 €/30/B8 11:3% REW:
PROP, + 150"
SAMPLE MUMBER: 44 DATE RECEIVED: O7/18/88 TiW RECEIVED: 19:39 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Segucvah Fuels SAMPLE: 19936 SF-SA-06 €/30/88B 11:4%5 REM:
50' LEFT OF 0%
SAMPLE MUMBER: 45 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:39 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
IPROJECT: Secuovah Fuels SAMPLE: 19937 SF~-S54-07 £/30/88 11:4% REM:
150" LEFT OF 0%
SAMPLE MUMBER: 46 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuoyah Fuels SANPLE: 19938 sSr-Sa-08 €/30/8B8 11:50  REW:
300 LEFT OF 08
SAMPLE NUMBER: 47 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19: 31 SAMPLE DATE 07/07/88 SAMPLE TIME: 1913:5%
PROJECT: Seguovah Fuels SAMPLE: 19939 SF-52-00 €/30/8B8 12:00 REM:
SOIL, BIGHWATEER
MPLE WUMBER: 4B DATE RECEIVED: 07/18/88 TIME RECEIVED: 1§:39 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:8%
PROJECT: Secuoyah Fuels SAMPLE: 19940 SF-S5-01 £/30/88 12:20 REW:
PROP, + 5O
- - ~ -
TEST DESCRIPTION Ismm.[ 43 [SAMPLE &L SAMPLE 4D SAMPLE &6 SAMPLE 47134»,: 4B UNITS OF MEASURE
‘ . + PR :
Uranium, neture! [ 2.8 | 7.4 | 4.B | 6.8 | 83 ' e |pCi/gm
| | | " 3 | |
Gross Alpha, total 12 | 2 24 | 18 | 483 | 32 |pCizgm
! | |
Gross Alpha, total, error, «/- 5.2 : 6.6 | 6.2 * 5.7 i b. ¥4 | 6.8 :’pt.’/w
Gross Alpha, total, LLD ‘ 2.1 [ 2.9 . ' 2.1 | 2. | 2.1 lpC'fpm
! | |
{ { |
Radium 226, totsl | 1.2 | a3 | 13 ; 05 | 28 | 12 (i
| |
Racium 226, totsl, error, +/- 04 | 04 | 04 | 0.2 | o0 0.4 ipC‘/gm
Radium 226, totsl, LLD 0.1 f 0.9 | o1 { 0.1 | 0. 0.1 |pCisgm
Thorium 230, total 2.5 0.8 0.9 0.6 159 1.4 oli/gm
Thoriwm 230, totsl, error, «/- 0.5 0.4 | 0.3 0.3 1% 0.4 pCi/gm
Thorium 230, totsl, LLD 0.4 0.5 0.4 0.4 0.5 | 0.5 |pcisem
Uranium (U), total &“.B 13 2.1 12 %0 1% me/kgy
!
PAGE :B
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CORE LABORATORIES

LABCRATORY TESTS RESULTS
08/25/88
JOB MUMBER: BBL202 CUSTOMER: US ARMY CORPS OF ENG ATTN: DAVID COMBS
SAMPLE WUMBLR : DATE RECEIVED: 07/18/88 TINE RECEIVED: 19:3) SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
ispoJEcT: Seguovah Fuels SAMPLE: 19%¢1 SF-5-02 6/30/88 12:40 REN:
2%' RIGHT OF 01
SAMPLE NUMBER: DATE RECEIVED: O07/%B/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:55
fPr0sECT:  Seguoyah Fuels SAMPLE: 19962 SF-5-03 6/30/88 REW:
25" LEFT OF 01
SAMPLE WUMBER : DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DAYE: 07/07/88 SAMPLE TIME: 13:5%
PROJECT: Secuoyah Fuels SAMPLE: 19943 SF-5-04 €/30/88 REM:
PROP, + BD'
SAMPLE WUMBER: DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:3) SAMPLE DATE: 07/07/88 SAMELE TIME: 13:35
PROJECT: Seéguovah Fuels SAMPLE: 19944 SF-S5-08% &/30/88 REW:
29 LEFT OF 04
SAMPLE WUMBER: DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:39 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJECT: Sequovah Fuels SANPLE: 19948 SF-5-06 £/30/88 REM:
25" RIGHT OF 04
TAMPLE NUMBER : DAYE RECEIVED: 0O7/18/88 TIME RECEIVED: 19:3% SAMPLE DATE: O0O7/07/88 SAMPLE TiME: 13:55
PROJECT: Seguovah Fuels SAMPLE: 199486 C£F-5-07 €/30/88 13:00 REW;
SED. BASE /DISSW -
TESY DESCRIPYION lSAIP-.E 4 SAMPLE 50| SAMPLE ?C::::?;suc-.s SB'SAIF.{ Sb_Uh'TS OF mEASURE
Urenium, natural | %.2 1 56 | PST- I e [ 289 :atwr
Gross Alphe, tots! . 2% 35 | 8% | 551 | &0 | s78 fpc'/r
Gross Alphe, totel, error, #/- : 6.6 7 1 e.3 1 an ‘ 7.4 ‘ 4“9 |pC/gm
Gross Alphs, total, LLD | 2. | 2.9 2.1 | 2.1 o ‘ 2.1 .[pc‘?/w
Radium 226, total [ 14 | 14 % S M 5 1.8 | 33 tp('lgn
Radium 226, total, error, </- 0.4 ‘ 0.4 : 0.4 | 0.5 ' 0.4 ! 0.% Tutwr
kediur 226, totsl, LLD | e | 0a I‘ 0.1 0.1 | 0. | 0. Py
Thorium 230, totsl : 1.6 1.4 ‘ 2.7 101 2 ' 7 pCi/gm
Thorium 230, tots!, error, /- I 0.4 0.4 i 0.% 10 0.4 ' 1 "gcupn
Thorium 230, totel, LLD i 0.4 03 | 03 0.3 3 ! 0.3  |pcisgn
Uranium (U), tots! 7.1 9.1 30 30 6.9 : «90 m; kg
' |
|
S Nt oe
PAGE:®
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CORE LABORATORIES
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LABORATORY TESTS RESULTS
D&/2%/88

JOB WUMBER: BBL207 CUSTOMER: LS ARWY CORPS OF ENG ATTH: DAVID COMES
SAMPLE WUMBER: 55 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJECT: Seguoyah Fuels SAMPLE: 19947 SF-4-01 €/30/8B8 12:15 REW:

PROP, + 20"
SAMPLE NUMBER: 56 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:39 SAMPLE DATE: 07,07/88 SAMPLE TIME: 13:5%5
PROJECT: Secuoyah Fuels SAMPLE: 19948 SF-4-02 £/30/BE 12:2% REW:

FROP, + 50°
SAMPLE WUMBER: 57 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:55
PROJECT: Secuovah Fuels SANPLE: 19948 SF-4-03 £/30/88 12:30 REM:

25' LEFT OF 04
SAMPLE NUMBER: 58 DATE RECEIVED: 07/18/88 TIME RECEIVED: 18:31 SAMPLE DATE 07/07/88 SAMPLE TIME: 13:5%5
PROJECT: Secuovah Fuels SAMPLE: 19950 SF-4~04 6/30/88 12:30 REM:

PROP. + 100
SAMPLE WUMBER: 5§ DATE RECEIVED: O7/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TiIME: 13:5%5
PROJECT: cecuovah Fuels SAMPLE: 19951 6/30788 12:38 Riw
SAMPLE NUMBER: 60 DATE RECEIVED: 0O7/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: (07/07/88 SAMPLE TiME: 13:55
PROJECY: Secucyah Fuels SAMPLE: 19952 ESF-07-01 €/30/782 13:30 REX:

PROP, + 40
TEST DESCRIPTION sampLE ss?sw;z S6 SANPLE 57 SAMPLE S8 SAMPLE sv:smr;! 60 UNITS OF MERSURE
Uranium, netural 1.1 R R [ 22 | 33 | o 1 g
Gross Alpha, total 18 i 9.3 | 8.8 § 18 [ 10 T ;x;/w
Gross Alphe, totsl, error, ¢/- | 8.7 : 9 | «.p | 8.7 | 5 : 9.3 ;pCu‘g'
Gross Alpha, total, (LD | 24 ‘ 2.1 | 2. { 2.1 ‘ g 21 ;:(‘/gfr
Radium 226, totsl |1 | 14 o1& 72 R 1.7 lscisgn
Bacium 226, total, error, +/- : 0.6 | 0. : 0.4 0.8 0.4 0.4  |pCisgm
Radium 226, totel, LLD 0.1 0.9 0.1 0.1 0.1 | 0.1 |ecizen
Thorium 230, totel ' 2.3 0.1 [ 1.8 1.7 1.8 5.1 pCi/gm
Thorium 230, totsl, error, /- ‘ 0.5 0.3 0.4 0.4 0.4 0.6 pli/zgm
Thorium 230, tote!l, LLD .3 5 0.3 0.2 0.2 0.2 pCi/gm
Uranium (U), totsl 1.8 2.1 38 1.7 $.5 T8 mg/eg

, , |
|
| |
1 K l 1
PASE 10
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CORE LABORATORIES

LAsSORATOR Y TESTS RESULTS

08/25/88

JOB NUMBER: B84202 CUSTOMER: US ARMY CORPS OF ENG ATTH: DAVID CONES
SANPLE NUMBER: 61 DATE RECEIVED: 07/18/88 TIME RECEIVED: 19:31 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:%5
PROJECT: Secuovah Fuels SAMPLE: 19983 SF-07-02 6/30/88 13:30 REW:

25" RIGHT OF 01
SAMPLE NUMBER: 62 DATE RECE!VED: U7/18/88 TIME RECEIVED: 19:31 SANPLE DATE: 07/07/88 SAMPLE TIME: 13:%5
PROJELY: Seguoyah Fuels SAMPLE: 19984 SF-07-03 6/30/B8 123:30 REN:

25" LEFT CF 01
SAMPLE MUMBER: 63 DAYE RECEIVED: 07/18/88 TIME RECEIVED: 19:11 SAMPLE DATE: 07/07/88 SAMPLE TIME: 13:5%
PROJECT: SAMPLE | REw:

SANPLE NUMBER: 64

SAMPLE NUMBER: 65

AMPLE NUMBER: 66

TEST DESCRIPTION (SAMPLE 67 SAMPLE 67 SAMPLE 63 SAMPLE 64 SAWPLE 6% SAMPLE bbi.m:'.s OF MEASURE
Urenium, netural | 27 | 3. | i B/
Gross Alpha, totel 22 | 15 } : |oC 1 /gm
Gross Alphs, total, error, =/- [ | 5.4 . 1 ‘ :pc-.fr
Gross Alpha, total, LLD 2.1 [ 2.1 | o1 /gm
Radian 226, total | 1.2 | 29 | ! | ?u( som
Raciium 226, totel, errer, /- E 0.4 0.5 J é | i :!L\C‘/W
Redium 226, totsl, LLD } 0.1 ; 0.1 } [ ‘ac\/w
Thorium 230, total 1.2 1.8 J oli/gm
Thorium 230, totel, error, +/- 0.3 0.3 ; pCi/jgm
Thorium 230, totsl, LLD 0.2 0.2 ; o1 /g
Uranium (U), totel 4.5 6.1 I mg/eg
|
|
| |
| i !
PAGE: 11
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CORE LABORATORIES

BUALITY ASSURANCE REPORT
08/25/88
JOB WUMBER: B8L202 CUSTOMER: US ARMY COKPS OF ENG ATTN: DAVID COMBS
C.A. TYPE [Q.A. ID BLANK STANDARD ANALYZED “C(”wlﬂ’l(f SPIKE DUPLICATE |DUPLICATE |%X 2
VALUE VALUE VALUE VALUE TRUE MEASURED |SAMPLE | ANALYSIS |RECOVERY | RELATIVE
VALUE VALUE ANALYS S ERROR
'Q.A. NUMBER 880168 0B/18/88 14:36 Uranium, natural TECHNICTANDF
DUPLICATE |684202-10 13.6 13.6 0.00
LICATE |884202-22 1.4 1.7 LR
DUPLICATE (88:202-28 | f “1 | 3s 15.7%
DUPLICATE | BBL202- 3 f | | ' 1.2 1 1.2 ? 0.00
DUPLICATE |BB4202-46 . : ’ 6.8 | “.9 | | e
DUPLICATE |884202-62 ; ! ' 4 | &0 ‘ | 1.8
J ] I J | | | |
Q.A. NUMBER:BBL16Y DB/1EB/BB 15:07 Uranium (U), total TECHNICIAN:DF
DUPLICATE (884202-10 | | ‘i ; | 23 1 2 | 0.0
DUPL 1CATE laa.zozzz ' i i : | { , 2.4 J; 2.8 15.3
JPLICATE |884202-34 ]’ , | * : | i 2 2 5 0.0
DUPLICATE |884202-4¢ | z ] | ! | 12 | ez | 3.0
DUPLICATE |884202-60 | | | : | e 13.7
| | " | f
Q.A. NUMBER:880197 0B/22/88 13:% Gross Alpha, tota TECHUNIZ AN DH
DLPLICATE (88:202-15 | 1 ; , % e 1.8
DUPLICATE |884202-45 | : | ; ‘ | ’ % 2 ' 8.72
! | | | i |
Q.A. MUMBER:BBOYOE 08/22/88 13:24 Gross Alphe, tr;al, error, /- TECHNICIAN:DS
DUPLICATE |884202-15 | : | | | 1" | 10 l 9.52
fourL1caTe |B84202-45 | ! 6.2 ¢ | 3.28
| | o
{O.A. NUMBER:BBOY9S OB/22/B8 13:28 Gross Alpha, total, LD TECANICIANDF
DUPLICATE |884202-15 | T 2 | 24 I | 0.00
DUPLICATE |8B4202-4% 2.1 : 2.1 i l 0.0
o o -
llﬂ.l. NUMBER : 880296 0B/24/B8 17:21 Radium 226, total TECHRICIAN:DF
SPIKE 88420216 1.2 2.8 2.5 } 1 e.50
SPIKE 884207 28 0.5 2.8 26.2 % | 107,98
e 88420239 | 1| e 2.2 I ' 52 8
PAGE :1
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Appendix B

p. 15

CORE LABORATORIES

SuUALITY ASSURANCE REPOR?Y
08/25 /88
JOB NUMBER: 884202 CUSTOMER: LS ARMY CORPS OF ENG ATTN: DAVID COMBS
Q.A. TYPE |Q.A. ID BLAKK STANCARD AKALYZED llCKGIMDKNKE SPIKE DUPLICATE |DUPLICATE [X Yl
VALUE VALUE VALUE VAL UE TRUE MEASURED | SAMPLE ANALYSIS |RECOVERY | RELATIVE
VALUE VALUE ANALYSIS ERROR
LA, WUMBER:BBOZ94 DB/2¢/B8 17:2% Rediam 226, total TECHNICIAN :DF
l
SPIKE B84202-54 3.3 3.8 20 0.17
DUPLICATE |884202-10 | 1.1 1.2 8.70
DUPLICATE |884202-22 | , 0.7 0.8 13.33
DUPLICATE |BB4202-34 | ‘ | 0.7 | 05 33.33
[ |
DUPLICATE |884202-46 | | | | 0.5 | o8 | 46.15
| ' | | | | | | |
Q.A. NUMBER:BBI206 0B/24/88 17:34 Racdium 226, total, error, #/- TECHNICIANCDF
Ti j [ | T
DUPLICATE |884202-10 | , | g g 0.6 | 04 | | 0.0
| | : i ] | :
fowrLicare | sai202-22 ; ‘ ; 03 | o3 | | 0.0
{ | | i
! | |
DUPLICATE |884202-34 | | ¢ | ! ﬁ 03 | 02 1 | 40.0
| | ; | { { |
PLICATE mzoz-aei i } | 0.2 | o3 | | 0.0
| | { | I |
C.A. NUMBER:BBO297 QBs24/8B 17:38 Rodium 226, total, LLD TECHRIC I AN:DF
foriicate |B8<20z-10 | f I , | 0.2 | 02 | 0.0
} ! | l | }
DUPLICATE |884202-22 | | | | ; | 0.2 0.2 0.0
| | ! | |
DUPLITATE (88420234 | | | ! 5 | 0.1 | e 0.¢
| ! | ! | |
DUPLICATE |BBL202-46 | f | . | | o1 | 02 0.0¢
‘ | ' | | | |
C.A. NUMBER:BBO3YS OB/ 25/BE8 11:12 Thorium 230, totel TECRRID AN Mok
T {
STANDARD  (B84207-1 | |8 | &7 | | | 97,10
STANDARD  |884202-7 | 69 | 65 | se.2
STANDARD |884202-3 6.9 7.2 | 106,35
!
STANDARD | BBL207-4 6.9 69 | 100. 00
|
STANDARD  [B84202-5 6.5 | 7. 102.90 |
STANDARD | 8842026 69 | 7.2 10435
SPIKE 88420216 1.1 6.9 7.8 $7.10,
i
SPIKE 88420228 0.7 6.9 7.9 |04, 35’
PIKE 88420239 1 6.9 7.6 ' 9565
|
PAGE: 2
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Appendix B - p. 16

CORE LABORATORIES

Veeatern Atias
international
. e e
QGUALITY ASSURANCE REPORT
08/25/88
JOB NUMBER: BSL202 CUSTOMER: US ARMY CORPS OF ENG ATTN: DAVID COMBS
T
0.A. TYPE [Q.A. 1D [BLANK STANDARD  (ANALYZED | BACKGROUND SPIKE SPIKE DUPLICATE [DUPLICATE |%X %
VALUE VALUE VALUE VALUE TRUE MEASURED | SAMPLE ANALYSIS |RECOVERY |RELAYIVE
VALUE VALUE ANALYS!S ERROR
R.A. MUMBER:BBO315 08/25/88 11:12 Therium 230, tetal TECHNICTAN:M K
1
SPIKE B84L202-54 §7 6.9 104 101.4%
DUPLICATE |B84202-10 1.7 2.2 25.64
|
Lnuvu:n( 884202-22 | ‘ 1 0.4 | 0.6 40.00
| |
DUPLICATE |884202-34 | | 1 | | 0.8 " ¢.s | ‘ .15
! | { { “ |
DUPLICATE |884202-46 | E 1 | | 0.6 | 1 $0.00
| | |
‘ | { |
DUPLICATE |884202-60 | | ,‘ | | ; 54 | 8.7 BT
i | | | ! 1 | i
C.A. NUMBER:BBC314 08/25/B8 11:35 Thorium 230, total, error, /- TECHNICIAN MY
T "3 ! , T ] s i T
C.A. NUMBER:B80317 OB/25/B8 11:40 Thorium 230, tota!l, LLD TECHNICIAN M,
1 I { | ) | | b 1 J |
JA. MUMBER:880318 0B/25/88 11:47 Thorium 230, total, LLD TECHNICIAN M)

!
{
|
|
|

|

|

FENRLY T INTBE A 1V O INWNOMA T

PAGE .3
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Appendix B - p. 17

Southwest Laboratory of Oklahoma

L. (918) 251-2858

CLIENT: U.S. ARMY CORF OF ENGINEERS
FOST OFFICE EBOX 61
TULEA, DKLAHOMA 74121-0061
ATTN: DAVID COMES, ENVIRONMENTAL DIV.

SUBJECT: SAMFLES FOR RADIDACTIVITY

SAMFLE MATRIX: WATERS
SWLD # 19900,19915,15919-19930

DATE SUEMITTED:

07-0E-8B8B

(URANIUM & THORIUM)

REFORT: SAFI006,853

DATE: 0B-Z1-BB

CLIENT 1I.D. 'S: AS LISTED EELOW
URANI UM URANI UM Th =3o Th =s° Th =3
NATURAL TOTAL TOTAL ERROR(+/~) TTL.LLD
CLIENT 1.D.°S ApCi/L) img/L) (pCi/1)  (pCi/Zl) _ (pCi/l)
BF=1=~M 6/30 14:00
001 EQUIFMENT ELANK <0.2 <0, 001 C. 2 0.4 0.4
SF-8-1% 7/1 10:00
EQUIFMENT EBLANK 1.18B 0. 001 4.2 0D 0.9
EF=1-00 &6/30 16:00
TRIP ELANK N/A N/& N/A N/A N/A
SF-W~-01 &/29 0S:20
BOKE LANDING 0.5%9 0,001 0.1 0.4 c.4
SF-W-02 6/29 0%9:3(
GORE LANDING 0.2 <0.001 0.1 C.4 0.4
EF=W-0 &/29 10:00
ILLINDIS RIVER MOUTH 4,72 0. 0067 0.3 a3 0.3
SF-W-04 6/29 10:00
ILLINOIS KIVER MODUTH - Pl 0,008 13 0.4 0.4
SF-W-0S 6/29 10:10
ARK RIVER UFETREAM 2.95 C. 004 0.1 0.4 0.4
SF-W-0& &£/29 10:10
ARK RIVER UFPSTREAM 236 0,003 0.2 0.4 0.4

CONTINUED. covesse

TULSA BRANCH
1700 W. Albany, Suite C
Broken Arrow, OK 74012

DUR LETTERS AND RESORYS APy D% Y 0
WOCATIVE OF Yok QUALTIES DF APPARENT.Y

Southwest Laboratory of Oklahoma

THE SAMPLE TEETED anD aRE NOT NECESSAR v
DENTICA, DF SiM LAk SRODUCTS

CUSHING BRANCH
P.C Box 368
Cushing, Okla. 74023
(818) 2251064

i il

|
{

-
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Appendix B - p. 18

Southwest Laboratory of Oklahoma

g

CLIENT: U.S. ARMY CORF OF ENBGINEERS REFORT: SAF3I006.%1a
FOST OFFICE EOX 61
TULSA, OKLAKOMA 74121-0061 DATE: 0B-X1-88B

ATTN: DAVID COMBS, ENVIKDONMENTAL DIV.

SUBJECT: SAMPLES FOR URANIUM & THORIUM FAGE: TWO

SAMFLE MATRIX: WATERS

SWLD # 19900,19915,19919-19930
DATE SUBMITTED: (©7-0B-B8
CLIENT 1.D.'S: AS LISTED BELOW

URANIUM  URANIUM Th =se Th =se Th =s3e
NATURAL  TOTAL TOTAL ERROR (+/=) TTL.LLD
CLIENT 1.D.'S SpCi/ZL) _ (mg/L) pCizZ1)  (pCi/l)  (pCi/l)
SF-W-07 &/29 10:20
ARK RIVER DOWNSTREAM 0.59 0. 001 0.5 0.4 0.4
SF-W-08B &/2% 10:20
AKK RIVER DOWNSTREAM 1.48 0. 003 1.5 0.4 0.4
SF-W-09 &/29 001
STREAM 554. 6 . 797 0.7 0.4 0.4
SF-W-10 &/29 001
STREAM 548, 7 0.789 0.6 0.3 0.2
SF-W-11 &/29 10:00
EQUIFMENT ELANI ¢.2 0. 001 0.8 0.8 0.8

TULSA BRANCH

170C W. Aibany, Suite C
Broken Arrow, OK 74012
{918) 251-2858

Southwest Laboratory of Oklahoma

CUSHING BRANCH
OUR LETTERS AND REPORTS aWS, v DMLY 10 THE SAMPLE TESTED AND ARE KOT NECESSARY, y
INDICATIVE OF Yol QUALITIES OF APPARENTLY IDENTICAL DF SIMi AR PRODUCTS P.O. Box 368

Cushing, Okla 74023
(218) 2251064

TR RAN D NI A (W ODRNWN NG T
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Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGCINEERS
FOST OFFICE EOX 61
TULEA, OKLAHOMA 74121-0061

SAMFLE MATRIX: WATERS
SWLD # 19900,19915,19919-19930
DATE SUEMITTED: 07-08-8BB

BROSS ALPHA

CLIENT 1.D. 'S: AS LISTED EELOW

REFORT: SAFI006.54

DATE: OB-I1-B8

ATTN: DAVID COMBS, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR BROSS ALFHA (RADIDACTIVITY)

BROSS ALPHA GROSS ALPHA

Broken Arrow, OK 74012

TOTAL ERROR (¢ /=) TTL.LLD
NT 1.D.° (pCi /1) (pCi /1) (pCi /1)

EF=1=H &/720 14:00

001 EQUIFMENT ELANL =)= 0. & 1.4

SF~-8-1% 7/1 10:00

EQUIFMENT EBLANK - 0.7 1.6

EF=-1-00 &£/30 1&:00

TRIF BRLAN? - N/A N/&

ESF-W-01 &/29 0%: 20

GORE LANDING -0~ 1.4 i. &

SF~W-02 &/29 0%9: 20

BF-W~0T &/29 10:00

ILLINDIS KRIVERK MDUTH e 7 b A 4 =.0

SF-W=04 &/29 10:00

ILLINDIS RIVER MOUTH 2.8 Te D o P

SF-W-0% &/29 10:10

AR RIVEFR UFETREAM -0 10,0 7.8

SF-W~-0& &/29 10:10

arl. RIVER UFPSTREAM 3.1 14.0 7.8

EONTIMED. o« av 24 Southwest Laboratory of Oklahoma

N A e 277

TULSA BRANCH e S = e ! CUSHING BRANCH
B B O = S T e B St o e | PO Box 368

Cushing. Okia 74023
(918) 225-1064

. (91B) 251-2858

|
I

—
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Appendix B -« p. 20

Southwest Laboratory of Oklahoma

Comee

CLIENT: U.S. ARMY CORF OF ENGINEERS REFORT: SAFI004.54a
FOST OFFICE EOX &1
TULSA, DKLAHDOMA 74121-00&1% DATE: OB~-21-B8
ATTN: DAVID COMES, ENVIRONMENTAL DIV.
SUBJECT: SAMFLES FOR BGROSS ALFHA FAGE: TWO
SAMFLE MATRIX: WATERS
SWLD # 19900,19915,19919-19930
DATE SUEMITTED: 07-08-BE
CLIENT 1.D."'S: AS LISTED EBELOW
BROSS ALPHA GROSS ALPHA GROSS ALPHA
TOTAL ERROR (+/=) TTL.LLD
CLIENT X.D.'S (Cifl) (pCi/l) _  (pCi/l)
SF-W=-07 &/29 10:20
ARK RIVER DOWNSTREAM 29.0 14.0 7.8
SF-W-08 &/29 10:20
ARK RIVER DOWNETREAM ()= 8.1 4.9
SF-W=08 &/29 001
STREAM 455, 0 40.0 i.4
SF~W~-10 &/29 0CG1
STREAM I59.C 5.0 1.4
SF=-W~11 6/29 10:00
EQUIFMENT ELANK -0 0.6 1.4

TULSA BRANCH

1700 W. Albany, Suite C
Broken Arrow, OK 74012
(918) 251.2858

OUR LETTERS anD REPOSYS APD v
INDICATIVE OF ToE DUALTIES OF 4PPARENT, Y

ONLY TD THE SAMPLE TESTED AND ARE NOY NECESSARLY

Southwest Laboratory of Oklahoma
W AR 227

CUSHING BRANCH
P.O. Box 368
Cushing, Okla. 74023
(918) 2251064

IDENTICA, OF Sim: AR MRODUCTS

FERLY T LR IAOE) W )TN R
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L “l '- w Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REFDRT: SAFI00&,55
FOST OFFICE BOX &1
TULSA, OKLAHOMA 74121-006&1 DATE: 0B-Z1-BE

ATTN: DAVID COMBS, ENVIRONMENTAL DIV.
SUBJECT: SAMPLES FOR RADIUM 22e (RADIOACTIVITY)

SAMFLE MATRIX: WATERS

SWLD # 19900,19915,19919-19930
DATE SUBMITTED: 07-08-88
CLIENT I1.D.'S:s AS LISTED BELOW

RADIUM =2e RADIUM ==ze RADIUN ==e
TOTAL ERROR (+/-) TTL.LLD

NT 1.D.° (pCi/1) (pCisl)
SF-~1=-MH &/30 14:00
001 EQUIFMENT BELANK 0.1 0.4 0,3

BF-8~18 771 10:00
EQUIFPMENT ELANI i * 0.1 0.1

SF-1-00 6/30 16:00
TRIF BLANK N/A N/A N/A

SF-W-01 &/29 09:20

GORE LANDING 0.1 0.4 0.1

EF-W-02 &/29 09:30

GORE LANDING G.1 0.1 O, 4

SF-W-0X £/29 10:00

ILLINDIS KIVER MOUTH C.1 0.1 0.1

SF-W-04 &6£/2% 10:00

ILLINOIS RIVER MOUTH 041 C.1 0.1

SF-W-0% &6/29 10:10

ARY. RIVER UFSTREAM 0.1 0.1 0.1

SF-W-0& &/29 10:10

AR, RIVER UFSTREAM 0.1 0.1 0.1

NT seensnns
CONTINUED Southwest Laboratory of Oklahoma
o 7y
o AT ot e

TULSA BRANCH N Ny i CUSHING BRANCH
g it Bt € - s i s st P.O. Box 368
Broken Arrow, OK 74012 Cushing. Okla 74023

. (91B) 251-2858 (91R) 2251064

|
}
—
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Appendix B - p. 22

Southwest Laboratory of Oklahoma

F—

CLIENT: U.S. ARMY CORFP OF ENGINEEKS REFORT: SAFPI006.55a
FOST OFFICE BOX é1
TULSA, OKLAHDMA 74121-0061 DATE: oB-21-E8

ATTN: DAVID COMEBS, ENVIRONMENTAL DIV.

SURJECT: SAMPLES FOR

RADIUM ==2e FAGE: TWO

SAMFLE MATRIX: WATERS
SWLD # 19900,19915,19919-19920
DATE SUEMITTED: 07-0B-88B

ELIENT 1.D,

‘S8: AS LISTED BELOW

STREAM

STREAM

RADIUM =2e RADIUM ==e RADIUM ==e

TOTAL ERROR (+/~) TIL.LLD
CLIENT 1.D.°S N— -1 A pCiz1) (PCi/Z1)
SF=W-07 &£/29 103120
ARK RIVER DOWNESTREAM ' P 0.1 0.1
SF~W-0B 6/29 10:20
ARK RIVER DODWNSTREAM 0.1 0.1 v
SF-W=-09 &/29 001

o I 0.1 0.1
SF-W~10 &/29 001

-« | o = A |
SF=W~11 &/29 10:00
EQUIFMENT ELANK €, 1 0.1 0.1

TULSA BRANCH

1700 W. Aibany, Suite C
Broken Arrow, OK 74012
(918) 251-2858

. Southwest Laboratory of Oklahoma
av%’é"{ é'/’(ﬁ%/l//’

CUSHING BRANCH

NDICATIVE DF T™E QUALTTHE OF APPARENTLY (DENTICAL DR SiMiLAR PRODUCTS PO Box 368
Cushing. Okla. 74023
(918) 225-1064

DUR LETTERS AND REPORTL ABP. vy ONLY T0 THE SAMPLE YESTED AND ARE RO NECESSARIL v

il

P RLTT NI AAON 1Y OIS T



- "" ' ‘ Appendix B - p. 23
i - W Southwest Laboratory of Oklahoma

FOST OFFICE BOX 61
TULSA, OKLAHOMA 74121-0061 DATE: 0OB-Z1-BB
ATTN: DAVID COMES, ENVIRONMENTAL DIV.

SUBJECT: SAMPLES FOR ANALYEIS

SAMFLE MATRIX: SOILS

SWLD & 19971 -~ 19954

DATE SUEMITTED: 07-08B-BB

METHOD REFERENCE: STANDARD METHODS, 16TH EDITION

CLIENT: U.S. ARMY CORF OF ENGINEERS KEFORT: 8API00&,52

NITRATES (mg/Kg} MOL YEDENUM (mg/kg)
CLIENT 1.D.°S Fef: 418C Ref: TOIC ¢
SF-Sa-01 &/30/88 FROP. + SO 0.2 <1%5.0
EF-85p-02 &/7370 11:10 SO~
KIGHT OF 01 15.9 15,0
SF-SA-0F &6/30 11:20 150"
RIGKT OF 01 18. 3 15,0
SF-SA-04 &/30 11:2% 00
RIGHT OF 01 17,1 (18,0
| BF-5A-0S 4/30 11135 FROP + 150 16.9 £1%.0
1
|  SF-%SAa-06 &/30 11:185 SO
| LEFT OF 0S 14.5 £18.0
| BF-5A-07 &/30 11:4% 150
| LEFT OF 05 16.9 $1%.0
SF-S54-08 &/30 11:%0 300"
LEFT OF 05 11,5 <15.0
SF-SA-09 &/70 12:00 SOIL
H1GHWATER 45,9 <15.0
SF-5-01 &/30 12:30 PROF + S0 42.8 <15.0

CONTINUED. ¢ c s sss e

AL Fhete

Southwest Laboratory of Oklahoma

TULSA BRANCH Mpria) B s . CUSHING BRANCH
S o DUk | AnD & YEAPPLY DY TO THE SAMPLE TESTED AND ARE NOY NECESSaR Y

1700 W AID&"-Y. Suite C INDIZATIVE OF THE GuaLTIES OF APPAREWT, Y IDENTICAL DF Si1MILAR PRODUCTS P O Box 368

Broken Arrow, OK 74012 Cushing. Okla. 74023

. (B18) 251-2858 (918) 225-1064

il

T RAY 1IN IO LV OIIDOONORA T
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—
= "' '. = Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORP OF ENGINEERS REFORT: SAFI006.52a
SUBJECT: SAMPLES FDR ANALYSIS PABE s TWOD.

SAMPLE MATRIX: SOILS

SWLOD & 19931 - 19954

DATE SUEBMITTED: 07-08-B8

METHOD REFERENCE: STANDARD METHODS, 1&6TH EDITION

NITRATES (mg/Kg) MOLYEDENUM (mg/kg)

IENT 1.0: 8 Lef: $18C LA .
SF-5-02 &6/30 12:40 28
RIGHT OF 0O 4.0 £15.0
SF~5~-0T 6/30 12:40 25
LEFT OF 01 3.0 <18.0
SF-5-04 &/30 PROF., + BO’ ?.5 €15.0
SF~5-05 &/30 25" LEFT OF 04 £23.0 L15:0
BF~5-06 &/30 25 RIBHT OF 04 - P {135.0
SF~5-07 &/30 13:00 SEDIMENT
BASE/DITCH 4.2 <15.0
SF~4-01 &/30 12:15 FROP, + 20° 11.5 £1S.0
SF-4~02 6/30 12:25 FPROF., + S0 11.9 €15.0
EF-4-03 6730 12:30 25
LEFT OF 4 24.0 £18.0
SF-4~04 &/30 12:30 PROP + 100 18.8 & - P
SF-4-0% &/30 12:3%5 25
KRIGHT OF 2 7.0 <15.0
SF-07-01 &/30 12:30 FROF. + 40 11.0 <135.0
SF-07-02 6/20 13:30 2%
KIGHT OF 01 3. 0 <15.0

SF-07-02 &/30 13:30 25"
LEFT OF 01 4,.% £185.0

Southwest Laboratory of Oklahoma

S Al et

TULSA BRANCH g o CUSHING BRANCH
UR LETTERS AND RERDRTS APPLY ONLY T0 THE SAMPLE TESTED AND ARE NOT WECESSAR

1700 w Alb’nf' s"”?e C INDCATIVE OF TWE QUALITIEE DF APPARENT, v -mwf;q. OF Sinti_ak -.;.M'-Zs " O BOi’ 368

Broken Arrow, OK 74012 Cushing, Okla. 74023

L (P1B) 251-2858 (918) 2251064

|
{
!
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Scoil, Sediment and Water Samples of

Sequoyah Fuels Facility Outfall 001 - 1987
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' F. .
R Southwest Laboratory of OKlahoma

CLIENT: U.E. ARMY CORF OF ENGINEERS REFORT: SAF1004.7-C
FOST OFFICE BOX 61
TULEA, OrLAMDMA 74121 . DATE: 01-28-B7
ATTN: DAVID COMES, ENVIRONMENTAL DIV.
SURJELT: EAMFLE FOR ANALYEIES, SECUDYA FUELE PERMIT FROJECT, CORRECTED
SKLO # 10B4E
DATE CSUBMITTED: 12-10~-8B6 '
LIENT 1.D.: SFCB& #1 12/7 10:4% FEDERAL FROF LINE O
FARAMETER RESULTS -
URANIUM, NATURAL 16.9 pCa 7gm
GROSE ALFHA, TOTAL S0 pCi /anm
GROSS ALPH&, TOTAL, ERRDR +/-~ 4, pCi/gm
GROSE ALFHA, TOTAL, LD i ¢ pCa7ogm
C] CL: BETA, TOTAL .1 8 pCi 7gm
GROSS BETA, TOTAL, ERROF, +/- 5.0 pCi/Zam
GRDSZ BETA, TOTAL, LLD 1.8 pCi/gn
RADIUM 22¢, TOTAL Lol pCiZgm
RADIUM 22¢&, TOTAL, ERROR +/- S0 pCi/gm
RADIUM 2246, TOTAL, LLD 0.8 pCi/gm
RADIUM 228, TOTAL 147 pCi/gm
RADIUM 228, TOTAL, ERROR, +/- 1.1 pLi/gm
GADIuM 228, TOTAL, LLL 1.6 plCi/gn
FLUDRIDE «(F), TOTAL P mg /b
URANTIUM (U), TOTAL 24.0 mg/ kg
”

TULSA BRANCH
10826 E. 55th Pt
Tulse Oxla 74146
(918) 665-0880

Southwest Laboratory of Oklahoma

o Tl Tt

CUSHING BRANCH
PO Box 368
Cushing Okla 74023
(918) 225-1064

CUIR FYYENRE AND RESORTE ARy O Y TO THE SAMELE TESTED AND ARE WO NEOERSARS. ¥
SERCATIVE OF TWE DUALMES OF AFPARENT, v CENTICAL OF SBAL AR SOODUCTY,

FEM AT IR IAOT LY TIDOOOORSI
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Appendix C - p. 2

Southwest Laboratory of Oklahoma

U.8. ARMY
FOST OFFICE EOX &1

CLIENT:

TULEA, DKLAHMOMA 74121

ATTN: DAVID COMES,

SWLD # 10879

DATE SUBMITTED: 12-10-8B6
CLIENT 1.D.3 SFC A 12/3
PARAMETER

URANIUM, NATURAL

GROEE ALFHA, TOTAL

GROSS ALFHA, TOTAL, ERROR,
GROEE ALFHA, TOTAL, LLED
GROSE BETA, TOTAL

GROSS BETA, TOTAL, ERROF,
GROSS BETA, TOTAL, LLD
RADIUM 22¢&, TOTAL

RADIUM 226, TOTAL, ERROR,
RADIUM 22¢, TOTAL, LLD
RADIUM 228, TOTAL

RADIUM 228, TOTAL, ERROR,
RADIUM 228, TROTAL, LLD
FLUDRIDE (F), TOTAL
URAGNIUM (W), TOTAL

TULSA BRANCH
10826 E §5th P
Tuise Okia 74746

OB L VTERE AND RERCORTE AN Y ORE Y TO THE BAMPLE TESTED AND ARE NOT NECESLARS. Y
BOECATVE OF T DUALTES OF ARPARENT. Y DENTICA, OF SHaLAR BROOUCTS

CORF OF ENGINEERS

* [ -

Southwest Laborato

ENVIRONMENTAL DIV.

REFDRT:

DATE: 01-28-C€7

CAMFLE FOR ANALYSIS, SEQUOYA FUELE FERMIT FPROJECT, CORRECTED

’
»

10: 30 WATER AT O

T -
RESULTS
2B89.0 pCai/L—
25.0 pCiszk —
b. < pCi/L
1.0 pCai/L
11.0 pCi/L
2% pCi /7L
1.0 e
0.2 pL3 /L
0.1 pli/7L
s pCi /7L
1.1 pCi/L
0.8 pCi 7L
- pCi/7L
SO0, 0 gL l—
415.0 wg/le—

of Oklahoma

av&“37f5;,¢€if€ﬁ2§£;¢22;;

CUSHING BRANCH
PO Box 368
Cushing. Okia 74023

(918) 665-0680

(918) 225-]064

SAF1006. 18-C
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Appendix C -~ p. 3

et

':[ t. = Southwest Laboratory of

Oklahoma

il

-

CLIE

-

U.E. ARMY CORF OF ENGINEERC

FOST OFFICE ECOX &1

TULEA, OMLAHOMA 74121

ATTN: DAVID COMES, ENVIRONMENTAL DIV.

EAMPLE FOR ANALYSIES, SEQUOYA FUELS FERMIT FROJECT

SWLD & 1084E
DATE SUBMITTED: 12-10-E6
CLIENT 1.D.3 SFCBL #1 12/2 10:45 FEDERAL PROF

FARAMETER

REFORT:

DARTE: O] w38

L INL

URANTUM, NATURAL 16.5 pCi7om
BROCSE ALFHA, TOTAL S pli/on
BROSS ALFHA, TOTAL, ERROR +/- 4.4 pla/gn
CROSE AwlLFHA, TOTAL, LLD 4 pCi /0w
BROSE BLCTA, TOTAL S1.0 pCisgm
GROSE EETA, TOTAL, ERRDR, +/~- -~ B pLa g
GROSS BLCTA, TOTAL., LLD 1.4 pCai/gm
FRADILM 22¢. TOTAL b pLi /@7
RADIUM 22¢6. TOTAL, ERRDOR +/~- O pCi7gm
RaDIUM 226, TOTAL, LLD s '@ pCa /gn
RADIUNM 228, TOTAL e pCavsgm
RADIUM 228, TOTAL, ERRDR, #/~ - | pCi/Zam
RADIUM 228, TOTAL, LLD 1.6 pCaZgn
FLUDORIDE (Fi1, TOTAL &e7 na/bg

URANIUM (W), TOTAL 15.% ma/hg

TULSA BRANCH
10826 E 55t &
Tuise Okia 74145

Southwest Laboratory of Oklahoma

OO ITTHNG AND RESCITE a v O Y TO T ARl TESTED AND ARE MO WECESS M.
SERCATIVE OF T SR ITIS OF AMRARENT, \ DENTICAL OF SEsL AR SROOLCTS

By 7%/‘%7( %/f/{lj‘\

Erelk §

CUSHING BRAND -
PO Box 30

Cushing Okia 7407

L)
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= ‘t: ‘- 3 Southwest Laboratory of Oklahoma

CLIENT: U.S., ARMY CORF OF ENCINEERC REFDRT: ShAF1G0GL.
FOST OFFICE BOX &1
TULER, OELAHMOMA 74121 DATE: (1] =207

ATTN:  DAVID COMEE, ENVIRONMENTAL DIV.

SUEJECT: CAMFLE FOR ANALYSIE, EEQUOYA FUELE FERMIT FROJECT

DATE SUEMITTED: 12-10-B¢
CLIENT 1.Daz3 SFCBSL #7 12/7 14:48%5 STREAM AT S

FARAMETER

j

URANIUM, NATURAL 19.4 pCai/7gm

CROSE ALFHA, TOTAL i WO @ pCi 7agn

GROSE ALFHA, TOTAL, ERRDR +/- o P pLa/gn

GROSS ALFHA, TOTAL, LLD zs 0 pCi/Zan

GROSS BETA, TOTAL A eli/gnm

GROSE BETA, TRTAL., ERROR, #/- il PR pCi/am

GROSS BETA, TOTAL. LLD 1.6 pCi/7am

RADIUM 226, TOTAL el /g

RADIUM 22&6, TOTAL, ERROR +/- Do pCi 7gn

f RALIUM 226, TOTAL, LLD 0.8 pCi /ar

RaADIUM 286, TOTAL L plisgm

RADIUM 226, TDTAL, ERRDR, =+ 1i & pla/7an

RADIUM 228, TOTAL, LLD 1.8 pCi/gn

FLUDRIDE (F), TOTAL g | a/bva

UAanIur (L), TOTAL il S ma/hg
Southwest Laboratory of Oklahoma

o St~ i
Enel 3

TULSA BRANCH . CUSHING BRANCH
10926 E 55t P i 0 ™ SIS § AT, DRArT 0 St MOETS PO Box 360
Tuiss Okia 74146 Cushing Okia 74023

— - - OB DL AME #
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= !t‘ ll = Southwest Laboratory of Oklahoma

CLIENT: U.E. ARMY CORF DF ENGINEERS REFDRT: SAF10GL.5
FOST OFFICE BOX &1
TULEAR, DELAHDMA 74121 DATE: Q1-25-E7

ATTN: DAVID COMES, ENVIRONMENTAL DIV.

CUBJECT: SAMFLE FOFR ANALYEIS, SEQUDYA FUELE PERMIT FRCJIECT
SWLD 6 1087
DATE SUBMITTED: 1Z2-10--B¢&
CLIENT J.D.:3 SFC34 #7 12/7 10:4% STREAM AT 100
FARAMETER RESULTS
\,'F\QT-IJ"., NATURAL 12:. % D:l /gn
GROCT aLFPHA, TOUTAL 11,0 wCi7gn
GROSS ALFHA, TOTAL, ERROR +/~ e pCi 7gm
GROLE ALPHA, TOTAL, LLD s t) plLi/an
GrOsS BET&, TOTAL 2B 0 B3 /gn
GF.OSE EBETA, TDTAL, ERROR, +/- e pCi /aon
GRO3E BETA, TOTAL, LLD 1.6 pCi/gn
fRDIUN 226, TOTAL 1.6 pCa 7an
RADIUM 22&, TOTAL, ERROR +/- Cs pla/ge
R&DIUM 236, TOTAL, LLD DS pCi 7ai
RADIUM 228, TOTAL Q.6 pCisgn
FRRDIUM 22E, TOTAL, ERRDF ., +/~- 1,3 pli/um
RADIUr 228, TOTAL, LLT 1.7 pCa/gn
FLUDRIDE Fr, TOTAL el mo/ba
Uranium (W . TOTAL 1E.¢ me /b o
Southwest Laboratory of Oklahoma
-
N ., 7
Emnl 3
TULSA BRANCH CUSHING BRANC ~
O ETTENG AN RERORTE AP Y e v TD T BBl TESTED AND AR ST MBCESSA. L.
10926 E 55th P SO ATIVE OF TVE Db, TIES OF ARBAMENT, © DIEWTIGA. OF BALAR SICDLEC TS PO Box 368
Tuisa Okxia 74146 Cushing Okla 74023

(9181 665.0680 (918) 225-1064

IONTAE D LN WWRIIAON LY CTNVOMSIN



Appendix C - p. 6

B
CLIENT: U.E. ARMY CORF OF ENGINEERS REFDRT: SAF10GL. ;
FOST OFFICE EBOX &1
TULEA, DELAHOMA 74121 DATE: 01-2T-E7
ATTiv: DAVID COMES, ENVIRONMENTAL DIV.
SURBJECT: SAMFLE FOR ANALYEIE, SEQUOYA FUELE FERMIT FRDJIECLT
SWLD & 10871
DATE EUBMITTEL: 12106
CLIENT 1.D.: SFCBL #4 1277 12:4%5 STREAM AT 1S
FARAMETER RESULTS
URANIUM, NATURAL 2l pCi17gm
GRDES ALFiA, TOTAL 23.0 pCi/an
GRO3Z ALFHA, TOTAL, ERROR +/- &, 1 pCi 7gm
GROZE ALFHA, TOTAL, LLD b pCi 700
BROSS BETA, TOTAL bl pCi/an
GRESS BETA, TOTAL , ERRDOFR, =/~ 4.7 pli 7an
BROSE BETA., TOTAL., LLD 1.6 plisgn
R&DIUM 22¢, TOTAL W< pli/an
RADIUM 226, TOTAL, ERRDOR #+/- Ge'D pCi17gr
ARDILM Z26, TOTAL , LLEL 7 Wy pli fun
RADIUM 22, TOTAL . | plar/gn
ADIUM Z2€, TOTAL, ERROR, +/- 1e% pCi /@
FaDIuM Z22B, TOTAL, LLB pCi7Zam
FLUORIDE (Fi, TOTAL b - /s a
URanIUMm (Ui, TOTAL 0.5 mg/bg
Southwest Laboratory of Oklahoma
| /
, "
o Totoh Hetteo
TULSA BRANCH = ok R e e CUSHING BRANC =~
10926 E S5th P EICATVE OF T Gt IS OF aSAREATT, ¢ EXENTCA, DF BALAS SRCLCTS P O Box 368
Tuisa Okia 74146 Cushing Oxia 74023
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Southwest Laboratory of Oklahoma

CLIENT: U.8. ARMY CORF OF ENGINEERS
FOST DOFFICE BOX &1
TULEA, OLLAHDMA 74121
TITN: DAVID COMES,
SUBJECT: SamFLE FDR ANALYSIE,
SWL.O & 10872
DATE SUEMITTED: 1Z2-10-86
CLIENT 1.D.:s SFLEEL #44
FARAMETER
URANIUM, NATURAL
BRUCSEC ALFHA, TOTAL
D?::: ALFHA, TOTAL, ERROR
BROSS ALFHA, TOTAL, LLD
CnD:: EETA, TOTAL
BROSE BETA, TOTAL, ERROR,
GrROZS BETA, TOTAL, LLD
RADIUM 226, TOTAL
RACIUM 226, TOTAL, ERRDOR +/
ReDIum 226, TOTAL, LLD
RADIUM 22E, TOTAL
RADIUM 228, TOTAL, ERRDK,
RADIUM 228, TOTAL, LLD

o imeTr
£
N A =

LiF &b [ o8
L Ll I

TULSA BRANCH
10026 E 55th P
Tuisa Okia 747486

E (F), TOTAL

ENVIRONMENTAL

SEQUDYA FUELE

4 ) -

-+ /

B3 ves ek ba g £ 4

IV,

DI N

™

C O

FERMIT FROJECT

= = |

;’

0000000 0000 a
A 3 A IR D NS

2}

Southwest Laboratory of Oklahoma

" m%'/ Fpttos

O I TERE AN MERTIETE AR D6 Y TD THE BAARE TESTED AND ARE WO NECESSARL ¢

BOCATIVE OF T Qua THL OF AT, + CH0 A OF BAMLAR FRODUCTS

Caal
CUSHING BRANCH
PO Box 368
Cushing Okia 74023

e mEE RO AS

(@18) 225-1064
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Appendix C

Southwest Laboratory of Oklakoma

9

CLIENT: U.S. ARMY

-~

CORF OF ENGINEERS

FRZT OFFICE EOXx &1
TULSA, DFLAMOMA 74121 DATE: Q1=23
ATTN: DAVID COMES, ENVIRONMENTAL DIV.

EUBJECTs SAMFLE FOR ANALYSIE, SEQUOYA FUELE FERMIT FROJECT
SWLD # 10874
DATE EJEvI’T’I 12-10-g&
CLIENT I1.D.: CBL & 1277 10:4% BANE (BALHWATEF AT X
PARAMETER RESULTS
URANTUM, NaTURAL e AL pCi Zon
GFOEE ALFHA, TOTAL el plai/gn
GROZE ALFHA, TOTAL, ERROR #+/7- £eld pCi/a
GROSE ALFHA, TOTAL,., LLE e % pli/gn
GRUcE BETA, TOTAL o4&, O pCi
GRUSS BETA, TOTAL, ERRDR, +/- o P plasa
GROSE BETA, TOTAL. LiD 1.6 pli/o
RADIUM 226, TOTAL g plisgi
RADIWYY b TOTAL . ERRCR +/- ~ ph W =¥/
RADIUM 22¢, TOTAL, LLD DS pli/gm
REDIUM 22 TOTAL e ¢ pLirsan
RADTIUM Z2E, TOTAL, ERROR, /- 1.2 pli/g
Aal 1M 220, TOTAL . LLD 1.9 pla /ar
FLUORIDE (F), TOTA&L 4.E mg/kg
Rl Ui Ui o« TGTAL “e B fity / bC

TULSA BRANCH
10926 E 55t P
Tuiss Okia 74146

O ETTERG AND WENCIETE A O Y T Tl RAMRLE TESTED AND ARE SO NBOESSARW. ¢
PERCATIVE OF ToE QUL TIES OF ARRAmETL Y EIENTIA . O SR AR PROOUCTS

Southwest Laboratory of Oklahoma

o Tttt Fottes

Eel 3

CUSHING BRANC =~

PO Box 368

Cushing Okia 74023

{918) 665-0680

(818, 225-1064
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= 't! l- = Southwest Laboratory of Oklahoma

CLIENT: U.8. ARMY CORF OF ENBINEERS
FOET DFFICE BOX €1
TULSA, OELAHDOMA 74121

ATTN: DAVID COMEES, ENVIRDNMENTAL

REFDRT: SAF10uLE.

DATE: Qi-7-E7
DIV.

SAMFLE FOR ANALYEIS, SEQUOYA FUELE FERMIT FROJECT

SWLE # 10875

DATE SUEMITTED: 12~-10-E%
CLIENT 1.D.3s SFCBé #7 1277 10:4%5 STREAM AT 2SO0
PARAME TER RESULTS
URANIUM, NATURAL 29.5%5 pCi 7an
GROEE ALFHA, TOTAL <B.90 pCa /g
BROSS ALFHA, TOTAL, ERRDR «/- o pCi 7gn
GROZE ALFHA, TOTAL, LLD i ¢ pCi/an
GROSS BETA, OTAL <80 pCa /gn
GROES BETA, TOTAL, ERFROK, <+ €.4 pCa /gn
GRDSS BETA, TOTAL, LLL 1.6 pCi/7gm
FRADIUM 226, TOTAL o | pla7am
REDIUM 226, TOTAL, ERRDF O.6 pCi/gm
RAaDIuM 226, TOTRL, LLD 0.9 plLi/an
RADIUM 228, TOTAL 1.8 pCa/gn
RADIUN ZZE. TOTAL, ERROR, 1.4 pCa 7an
RADIUM 228, TOTAL, LLD =0 pli7gn
FLUDKRIDE (Fy, TOTAL el my/ ke
RanIuM (U, TOTAL 47 .4 mg /i o

Southwest Laboratory of Oklahoma
o ot Htic
Enek ¥

CUSHING BRANC =
PO Box 368
Cushing Okia 74025
(918) 225-1062

TULSA BRANCH
10826 E 55th P
Tulsa Okla 74148
(918) 665-0680

O FTTERG AN NEROPTG, AR, v O TD THE BAMSLE TEETED AND ANE MO NECERSAM,
BENCATIVE OF Twilf DU MES OF AFPAMENT v DBWTI0A. OF B AR SROODUCTS

i&

ISHBLN T INWRRIIAOE 1Y DTSN
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Southwest Laboratory of Oklahoma

-4

CLIEN

SUBJECT:

(918) 665-0880

U.£. ARMY

CORF

OF E

FOST OFFICE BOX 61

- 1 7
i UA—E;H N

ATTN: DAVID

EAMFLE FOR

OrLAHOMA

cOomMBE,

ANALYEI

SWLE # 10B7&
DRTE ESUEMITTED: 12
CLIENT 1.D.3 EFCEé
FARAMETER
URAMIUM, NARTURAL
GROES ALFHA, TOTAL
CRUSE ALFPHA, TOTAL,
GRCES ALFHA, TOTAL,
CROUESE BETA, TOTAL
BRUSS BETA, TOTAL,
GROEE EBETA, TOTAL,
RACIUM 22&, TOTAL
B AT Sl e - o
rokRl U0 —al, Uil o
RADIUM 226, TOTAL,
RADIUM Z2€, TOTAL
RADIUM 228, TOTAL,
P o A
PEUIUT by LR SR T W
FLUDRIDE (F), TDTAL
s 3 B ok : o
b“.‘H i - . et H..

TULSA BRANCH
1092€ E 55tn P
Tulsa Okia 74148

O FVVERL AND SERORTE AP Y 0N Y YD T A YEETED AND AN WOT WECERSARS,
BOCATVE OF ™™ DUALTIES OF ARRARENT, ¢ DENTICAL OF Sha AR SRODUCTS

NEINEERE

741

ENVIRONMENTAL

DIV.

+ SEQUOYA FUELE FERMIT

~310-B6

#C /o 113195
ERROR /-
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ERROR, +/
I D
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REFDRT: CAFIGO

DATE: 01-23-C7
"

C

RIGHT) AT 2%

Southwest Laboratory of Oklahoma

A pA b

CUSHING BRANC ~
PO Box 36C
Cushing Okia 7402

e T R e T

(§18) 225-1062
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[ o d & A,
L

Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORF OF ENGINEERS REFORT: SAF100&.
FOUST OFFICE BUX &1
TULSA., OKLAHDMA 741Z2% VATE: Qi-27-¢
ATTN: DAVID COMES, ENVIRONMENTAL DI1V.

SUBJECT: SAaMFLE FOR ANALYEIC, EEQUDOYA FUELE FERMIT FPROJELCT
SWLD & 10B77
DATE EUEMITTED: 12-10-E¢
CLIENT 1.D.: SFCB& #9 1272 STREAM HALFWAY MO T
PARAMETER RESULTS
URANTIUM, NATURAL 2338 pli7an
EROCE ALFHA, TOTAL SO pCi Zan
GROSS ALFHA, TOTAL, ERROR +/- 71 pCi /gn
GROZSS ALFHA, TOTAL, LLD 2.0 pCa7gm
GROSS BETA, TOTAL S pCi 7gw
CRCZS EETA, TOTAL, EFRDR, +/- Shs o pLli 7an
GROSS BET&, TOTAL, LLL 1.6 pCa/gn
RADIUM 22¢, TOTAL 1.4 pCi 7o
Rullum 224, TOTAL, ERROR +/=- - pCi /gn
EREIUM 226, TOTAL, LLED § % - pli/7an
RaDIJm 228, TOTAL ¥ pCi/gn
RaDIUm 228, TOTARL, ERRDFR, = il pli/gn
RADIUM 228, TOTAL, LLD 1.6 el 7gn
FLUDRIDE ((F), TOTAL - . me/ bo
URGNIUM (W) . TOTAL v0. % mo/h o

TULSA BRANCH
10826 E 55 P
Tuisa Okla 74946
(918) 665-0680

Southwest Laboratory of Oklahoma
A 277
Enek 3

CUSHING BRANC ~
PO Box 368
Cushing Okla 74023
(818 225-1064

TR TV AND SERTIECTE A Y (O Y YD T el TEETED ANE R WO NBOESEAR,
BENCATIVE OF ToE Dt TS OF ARPAMENT, T EENTIA. TP SRMAR SO

i

[

FOMAIND INTRRIIAOD LY TINORST
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-
= IEE '- - Southwest Laboratory of Oklahoma

CLIENT: U.E. aRMY CORF OF ENDCINEERSD REFDFRT: SAFI1OGE. 17
FOST OFFICE ROX &1
TULEA, CKLAMDMA 74121 DATE ¢ 0y~ 23-E7
ATTN: DAVID COMES, ENVIRONMENTAL DIV.
CSUEJECT: SaMFLE FOR ANALYEIS, SECQUOYA FUELS FERMIT FROJECT
SWLD & 10878
DATE EUBMITTED: 12-10-EL
CLIENT 1.D.: SFCB6 #10 1273 12:30 REFERENCE SOIL
FARAMETER RESULTS
URANIUR,  MATURAL £.9 pLi/gn
CROLES ALFHA, TOTAL £.2 pCi /G
BROZS ALFHA, TOTAL, ERROR, +/- 4.8 gli/gn
GROZT &KLFHA, OTAaL, LLD el pliJar
GROS:z BETA, TOTAL 174,40 pla/gm
BRUSS EETA, TOTAL, ERROR, +/ 4.3 pCa/aw
GRO3S FETA, TOTAL, LLD 1.6  pCazgn
FADIUM 226, TOTHL o pla7am
RADIUM 226, TOTAL, ERRDR, +/- 4o S pCa 7gn
RADIUM 22¢&,. TOTAL, LLD 0. % pli/an
RADIUM 228, TOTAL : S pCisgn
RabIUM 2268, TOTAL, ERRDK, =+ P8 | gC an
RADIUM 228, TOTAL, LLD 1.6 pCa/gnr
FLUORIDE (F), TOTAL mo /b
URANTL W)y TOTAL B.4 ma/kc
Southwest Laboratory of Oklahoma
v / -
¥ 7'; 2% %(/15‘2’
'“' “ ¥
10826 E 55th P POEATVE OF T Gt TS OF ARBABENT, v DENTICA, D BRALAR SICOLC TS PO Box 368
Tuilse Oxla 74146 Cushing Okla 74023

PEB: SEE ARSA (918) 225-1064
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Southwest Laboratory of Oklahoma

CLIENT: U.S. ARMY CORF OF ENGINEERS REFORT: SER/510
FOST OFFICE EOX 61
TULSA, OHLLAHDMA 74121 DATE:: Rl

ATTN:

10E79
SUEMITTED: 1

wWwlD #
- -
NT I.D.: SFC A

DARTE
CLIE

i ™ (_n

r

FARAMETER

DAVID COMES, ENVIRONMENTAL

Div.

SAMPLE FOR ANALYEIS, SEDUOYA FUELE PERMIT FROJELT

RESULTS

wli /K
URANIUM, NATURAL TE5.0 phawae T /}ﬂ
BROSS ALFHA. TOTAL 120,00  phome '.R:, § 4
GROSE ALFMA, TOTAL, ERROR, +/- &.2 Nk WRY
EROSE ALFRA. TOTAL, LLD 1.¢ P //
GROSS PETA, TOTAL 11.¢ iy 1
BROSE BETA. TOTAL, ERRDR, +/- 2.5 (i B \\\
GROSE BETA, TOTAL, LLD 1.0 pla g
FADIUM 226, TOTAL 0.2 [ )
REDIUM 22&. TOTAL, ERROR, +/- 01 Pl 1
RADIUM Z2¢, TOTAL, LLD 0.2 pETun
RADIUM 228. TOTAL i.1 [ Sl 17 A’
RADIUNM 226, TOTAL, ERROR, /- N " ,<:/4§
R&DIUM 226, TOTAL, LLD $ R poaver ™ 4?
FLUDFIDE (F). TOTAL TO0. 0 Mgt “j/ i
URaNIuMm W, TOTaAL §15.0 me S ‘9//[

TULSA BRANCH
10926 E S5 P
Yuisa Oxla 74146

OB TN AN SERCITTY, A Y O Y TD T Gl TEETED AND ARE WO MECESSAR -
BERCATVE OF TvE Gt TS OF aSWamgnsT, v DENTICA. DR B AR SEODLUC TS

Southwest Laboratory of Oklahoma

BY %fléf %{{y

r
CUSHING BRANTC -
PO Bo» 360

Cushing Okia 74023

BT BDE shEr

Lie 4 &

FIGARLNT A MIWRIIAON LV DI DIOOORES T
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Abstract

This study was conducted to assess the acute and
chronic toxicity of effluent from a uranium hexaflouride
manufacturing plant. Standard EPA methods were used in the
testing of the effluent from the plant. During collection
of the first sample, observations were made as to the lack
of animal and insect life. Later sample collection dates
showed contrary conditions with abundant fish and insect
life. The toxicity tests for the effluent were negative.
Chemical analyses revealed only nitrate and nitrite to be
in excess of drinking water standards. Suggestions were
made for future monitoring and methods of study for this

site.
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CHAPTER 1

INTRODUCTION

The Sequoyah Fuels Plant manufactures urarium
hexaflouride for nuclear power plant use. The refining
procees involved results in several toxic byproducts which
are of concern. The wastewater effluent streams from the
plant empty intc Robert S. Kerr Lake which is wused for
recreation, water supply and irxrigation.

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
bicassay was needed. In addition the Sequoyah Fuels Plant
has been the focus of several studies ranging from chemical
analysis and toxicity studies to radicisotope assays. One
of these conducted by the University of Oklahoma involved
the determination of radiocactivity 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.
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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. I1f viclations 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 cf this research are to:

. 1 Perform on-site observations of effluent
streams.,
- 4 Perform acute and chronic toxicity testing of

effluent streams at various sites to determine
whether they contain toxic levels of the elements
of concern.

. FPerform chemical analyses on the effluent streams
tco quantify the amounts of chemicals present.

L. Analyze results of the testing mentioned in parts

1 through &.

o

Make suggestions based upon the results of the

analysis. .
The methods to be used are all standard EPA procedures

using laboratory quality EPA equip.ent. Any exceptions to

the procedures will be noted in the methods section.
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LITERATURE REVIEW

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
and the operation of a wastewater treatment plant. There
are many other processes that occur within the plant,
affecting the effluent of the plant. Therefore, numercus
substances were reviewed in the literature search.

This chapter will be divided into two sections, the
firet covering Derhnia magna and the second, Pimephales
promelas.

Section 1. Daphnia mMagna:
A. Histoxical.

The use of Daphnia magna (L. magna) as a test organism
in acute and chronic tests is well established (Canton and
Adema, 1978B). There has been much time spent examining the
best methods and parameters for toxicity testing using D.
MEENa - Adema (1978) studied these procedures extensively

and made the following conclusions:

3
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1f no foed is supplied, the duration of toxicity
test with D, magna should not exceed &8 hrs.

If the test compound is a slow-acting poison, a
constant LC,, may not be reached before the lapse
of 10-14 days, during which the daphnids shculd
be supplied with sufficient focd and will
therefore grow during the experiment.

Rdult daphnids may be less sensitive to
certain toxicants or may react more slowly
than young ones.

Acute toxicity tests should be carried out with
cne day old daphnids, without food and with a
maximum test duration of 48 hrs. Chronic
toxicity tests with mortality as the criterion
gshould be started with one day o©l14 daphnids, that
are fed normally, with a maximum test duration of
at least two weeks.

The temperature of the medium should not exceed

20 C. Since rate of growth and reproduction

increases with temperature (within 1limits), a
relatively high temperature is recommended for
chronic tests with reproduction as the criterion.
1f the only criterion is mertality, slight
temperature fluctuations do not greatly influence
the results. R temperature of 168-20C is quite

suitable for acute as well as for chronic tests.

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 aqueocus
egolution (e.g. wastewater), care should be taken
to keep the concentration of essential elements
and the pH of the medium within suitable limits.

In wview 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.
I1f, however, the number o¢f daphnids per testing
vessel is limited to 10, the resulting LC,, values
will be approximately correct.
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8. R fregquent source of errcr is lack of oxygen in
the test medium, particularly in the cleosed and
non-aerated systems needed for the testing of
volatile compounds. The set-up of the test (ratic
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 cffer 1little 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, 18%78).

Most of these initial conclusions are still recognized
today as evidenced by the testing procedures utilized by
the Environmental Protection Agency (EPR) (U.8.
Environmental Protection Agency, 1985). One main
difference is the number of organisms per replicate. The
EPA requires 10 organisms per container with replicates;
whereas Rdema (1978) suggests 25. The EPR method is also
more explicit as to the media composition used in the
toxicity testing procedures.

Results obtained using D. makna as the test organism
are reproducible (Canten and Adema, 1978). The use of
daphnids and fish 4is supported by Kenega and Moclenaar

(1979) as organisms sufficiently eensitive to be indicators
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of toxicity. Canton and Adema (1578) alsco found that LG,
values differing hy 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 physiclogy and development of daphnids has also
been highly studied. The different aspects of their life
cycle have been extensively researched (Carvalheo and
Hughes, 19583; Doma, 1979) 4including their respiratory
response to pH changes (Alibone and Fair, 1981; France,

1882) and their digestive response to pH changes (Gophen

Applications of the acute toxicity test using daphnids
were studied and five types were suggested by the European
Inland Fisheries Rdvisory Commission (EIFAC) of the Food
and Agriculture Organization of the United Nations (EIFAC).

These five types are:

1. Screening tests - To determine 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.

- Tests to establish water quality criteria - These

tests are designed not only to assess hazards,
but to enable water quality objectives to be
prepared.

3. Effluent monitoring tests - Effluents are
frequently complex mixtures of chemicals which



wm

7

are difficult to analyze. Therefore biclogical
testing of aguecus 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.

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.

River monitoring tests - In order to decrease
hazards for water users from incidental high-
level pollution of rivers, biclogical monitoring
systems have been developed...Rs daphnids require
a water gquality within rather narrow limits,
these organisms are unsuited for monitoring river
water., (Leeuwangh, 1978)

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).

Individuals are genetically identical through the
process of parthencgenesis (Leeuwangh, 1978).

The size of the daphnids allows for higher
numbers of organisms used and, therefore,
increases statistical accuracy (Leeuwangh, 197B).
Daphnids have been found to be a very sensitive

test organism (Adema, 1978; Canten and RAdema,
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1978; Kenaga and Moclenaar, 1979; Leeuwangh,
1978).

5. The short 1life span of the daphnids allows
chronic second and third generation studies to be
performed (Rdema, 1%78; Canton and ARdema, 1978;
Kenaga and Moolenaar, 1979; Leeuwangh, 1978).

6. The effects of chemicals on food uptake, growth
efficiency, respiration and enzyme activities can
be measured (Leeuwargh, 1978; Kersting, 1978;
France, 1%982).

7. Results of +toxicity testing using daphnids have
been found to be reproducible (Leeuwangh, 1978;
Canton and Adema, 1978; RAdema 1978).

B. 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, 197B).

B. BAeplication
The previous section presented the use of D. magna as
a test organism in toxicity testing. This section will

discuss several applications of the acute test with the

daphnid.



1. Geperal

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. magna and Salmo gaixdneri (rainbow trout) and
found there was a statistical correlation between the EG.
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 (1%79) alsc conducted a comparison study on the
correlation between D. magns and Pimephales 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 dJdetergent components, seven metals,
four PCE 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
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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.
Cocper and Stout (1963) also studied the accuracy of

bicassays wusing fathezd minnows (RPimephales promelas),

largemouth bass, smallmouth bass, damselfly, amphipod, and

the waterflea (D.magna). They made the fecllowing
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 &8 hr exposure with a
comparable "ppm x days" integral.

2. Mstals

i. Cadmium

Cadmium contamination was studied by Maleug, et al.,
(1984) and it was concluded that D. magna was a useful,
sensitive laboratory bicassay 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 invelved  sediment
contamination of cadmium, copper, chromium mercury, nickel,
and zinc.

Cadmium was also the contaminating metal in a study
done by the EPA on metal sediment contamination of water
and slurries. Schuytema, et al., (1984) found that the
sediment sorbed cadmium contributed negligibly to D. magna
mortality. The authors suggested further work in the
toxicity testing of sediments.

Griffiths (1980) estudied the effects of low level
cadmium poisoning to D. magna 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 (ALR-D) activity of D. magnas was studied by
Berglind (1986). It was found that cadmium by itself
erhanced 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 nevtralized.
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ii. Copper

Numerous studies have documented that elevated
concentrations of copper and/or zinc in agquatic
environments, resulting from man's activities, could have
detrimental impacts on bioclogical communities (Hoedson, et
al., 1979; Forstner and Wittmann, 1983). Hardy, et al.,
(1983) outlined the wvariables they found to be most
important in contrelling the fate of metals and their
resultant teoxicity in agquatic ecosysteme in order of
decreasing importance as follows:
pH
hardness
alkalinity
. adsorption
partitioning on surfaces

a&. air-water

b. suspended particles
c. sediments

(O i P S

Hardy, et al., (1983) also found that increasing pH
and alkalinity afforded protection for D. magna against the
toxic effects of brass powder. In addition, they discussed
the suggestion by many researchers that the free copper
ion, and at least some of the hydroxoide species, are toxic
and the copper carbonate species are nontoxic. zd*  was
also suggested to be toxic while 2inc carbonate species
were nontoxic.,

D. magna was found to be the most sensitive species in

a compariscn sediment toxicity Dbiocassay using Chironomus
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tentans. Hvalella azteca, and Gammarus lacustris (Cairns,

et al., 19B4). 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:

TR Daphnia and Hexagenia, when used together in the
recirculating apparatus, were useful sensitive
laboratery bioassay crganisms for conducting
acute metal toxicity sediment tests, the Daphnia
being the most sensitive.

2. Elevated metal levels were present in sediment
and bicassay test water where significant
organism mortality occurred.

3. In general, numbers of organisms, Dbiomass,
species diversity, and dominant types of
organisms correlated with metal content and acute
laboratory toxicity.

Ls several of the metals studied by Malueg are possible
contaminants in the Seguoyah Fuels effluent stream, the
validation of Daphnia as a sensitive test organism by
Malueg is extremely important in the selection of Darhnia

magna as a test organism.
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1t was found that 0.5 mg/L of copper and greater
caused 100% mortality with D. magna (Khangarot, et al.,
1966). Khangarot et al., (1986) studied the effects of
amino acids on the toxicity of copper and found that a &.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 o become a sort of Manti-

pollutant.™
iii. Maneganes
“Mr ie an activation product, formed from stable ¥

and *Fe in the precence of high energy neutrons {Kwasnik et

al., 1978). Kwasnik et al., (1%878) studied the
bicaccumulation of manganese in three gpecies:

D. magna, and Pimephales
promelas. They found that accumulation of manganese

decreases with ascernt up a theoretical aguatic food chain

whern water is the only source of contamination.

iv. Selenium
Selenium toxicity to D. magns was compared to that for

Hyalella aztecs and Pimephales 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

of daphnids for acute tests.

R wy—



15
v. Uxanium
The LG, for wuranium in an acute test using D. magns
was found to range between 5.34 and 7.62 mg/L (Poston, et
al., 1983). The authors also found a correlation between
carbonate hardness and toxicity as noted below:

...Because uranyl ion has a high affinity for CO,”, the
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
carbonate ions predominate. Consequently, the
relationship between hardness and toxicity can be
expressed as a function of bicarbonate and carbonate
concentration by the regression eguation:
LG, = 19.49% + 19.830 1n [HCO,” = CQ™) (1)
Wher, erpressed as a function of hardness, the equation
is:
LG:. = -159.777 + 39.322 1ln CaCO, mg/L EDTA (2)
haréness

Fo

"

ton, et al. (198%) made the following conclusions from

their research:

1. Uranium was acutely toxic a2t € mg/L in mildly
alkaline water systems,
2% The toxicity of wuranium was moderated by

alkalinity or hardness.

35 Reproduction in experimental populations of D.
magna may be suppressed at uranium concentrations
as low as 0.5 mg/L.

4. 2lthough the toxicity of uranium VI relative to
other trace metals was low, the potential for
release of toxic levels intc natural bodies of
water was a concern that required site sgpecific
hazard assessment.
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3. Non-Metals

i. Wastewatexr Disinfectants

Ward and DeGraeve (1978) published a study on the
topic of toxicity of wastewater disinfectants. The authors
focused their study on chlorinated, chlerobrominated, and
ozonated effluents. The chlorinated effluent exhibited the
greatest potential for residual toxicity to agquatic life of
the three: however, the residual bromine chleride proved to
have the potential to be tarmful to aguatic life when
present in sufficient concentration. The ‘relatively
reduced stability and longevity of bromine chloride in
comparison to chlorine contributed tc its reduced potential
for lethal effects on aguatic life. Ozone was found to be
the least texic of the three and the authors attributed

this partly to the rapid dissipation of oczone.

ii. Chloxobenzenes

Bobra et al. (19€%5) studied the correlation or
statistical interdependence between concentrations of
chlorocbenzenes that cause a defined toxic endpoint, and a
physical-chemical property such as octancl /water partiticn
coefficient (K..) or agueous scolubility (C). In their case
the researchers found the toxic effects were nonspecific in

nature and the concentration at which fifty percent of the
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sample demonstrated effects of the chlorobenzenes (EG.) was

contreolled primarily by octonol/water partitioning.

iii. 2 inat i oyl (PCE) _Replacement
Broducis
Herman Sanders et al. (198%) conducted Ilaboratory

studies to determine the acute or chronic ioxicity of seven
potential PCE replacement products. These seven products
were £ix phosphate esters and one water-glycel mixture.
The organisms used were the alga SelenasiIun capricornutim.
the daphnid D. magna. the midge Chiropmomus plumosys, and
the amphiped Gammarus pseudclimpasus. The authors
concluded that the least potential environnental hazard was
presented by the water-glycol mixture fcllowed 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. Eluoxides

Fieser, et al. (1966) studied the critical
concentrations of fluorides using D. magna. They found a
simple exponential relationship between the toxicity of
fluerides and temperature in hard water which they
attributed to increased physiclogical processes and, thus,
increased uptake of the flurxide. The study also revealed

that increases in fluoride content up to €5 mg/L stimulate
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egg production by amounts up to about 150% of that of the
contrel. It also demonstrated that increasing flucride
concentrations reduced the hatchabiliity rate continuously

with a sharp decrease around 34 mg/L.

v. Dithiocarbamates
Van Leeuwen, et al. (1978) conducted a study inte the

toxicity of dithiocarbamates to the guppy EPcoecills

reticulata. the water flea [. magna., the Green alga
Chicrella pyrencidcsa, and the bacterium FEhotohacterlium
glesphoreum. They concluded that dithiocarbamates are

cytotoxic substances and, therefore, must be regarded as

broad spectrum bioccides.

Secticn J1. Pimethales promelas:
A. General

Maki (1879) performed a comparison study between the
texicity responses of the fathead minnow (Pimephales
promelas) and the water flea (D. DAEDa) . See the

discussion in Section I, B.

B. Metals
1. Chromium
Pickering (1980) conducted a study focused on the

chronic effects of hexavalent chromium on Pimerhales
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promelas. In this study, the following Tesults 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/lL), 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.

&) Reproduction and hatchab.lity of eggs were not
affected at any chromium concentration tested.
(Pickering, 1980)

Hartwell et al., (15£7), conducted a laboratory study
on the aveidance behavicr 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 ratics of 1.0:.54:1.85:.38, respectively. The authors
repcrted that unexposed fish aveided wvery low
concentrations of the (0.29 mg/l total metals) bDlend.
Exposed fish preferred elevated concentrations equal to
three times the holding exposure concentration after three
months of exposure and mildly avoided concentraticns five
times the heclding 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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Rctivity was not found to be affected by the long term
exposure or test exposure. Hartwell et al. (1976)
conducted a second test which was a field validation of the
results obtained in the first test. The authors found the
response of fish acclimated to the metals blend for three
months in the field was in marked contrast to that of
laboratory acclinated f£ish. They also found that fish in
the laboratory avoided lower concentrations of metals than
did fish 4in the fiel.d tests. They concluded that predicted
responses, based on short term laboratory exposure, may be
erToneocus. Depending upon unexposed laboratory fish would
be in closer agreement, but would likely overestimate the

responsiveness of fish tc metals pollution in the wild.

3. - = -~

Benson and Birge (198%) conducted a study comparing
two different natural fathead populations in their response
to metals. The autrors concluded from the data produced
that the results Jjustify the conclusion that fathead
minnows developed increased tolerance to cadmium and copper
following prolonged sublethal exposure to these metals; and
that this metal-induced tclerance was not sustained once
organisme are removed from toxicant stress. They also
found tolerance induction was, in part, attributed to

increased production cof metallothionein, a protein which
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selectively binds and deactivates cadmium, copper, and

certain other metals.

C. Neon-Metals
1. Wastewater Disinfectantis
ward and DeGraeve (1978b) studied the toxicity of
several wastewater disinfectants on Rimephales promelas.
From the zxesults of their study they concluded the
foilowing:
1) The lowest total residuzl chlorine concentration
that had a lethal effect on fathead minnows was
L1655 mg/L in 25% effluent.
2) The test animals in this study exhibited a
greater toclerance to residual chlerine than those
in a similar study with domestic wastewater

+yrezted by the activated sludge process. The
reasen for this greater tolerance was not knowvn.

)

Dechlorination with sulfur dicxide eliminated the
lethal effects assocciated with chlorinated
effluent.

o) None of the effluent <treatments tested were
cbserved to have any negative effect on the

growth or reproduction of fathead minnows.
(Wayd and DeGraeve, 1978b)

2. Elucxigde

Smith, et al., (1985) conducted a study on the acute
toxicity of the fluoride ion on GCasterosieus aculeatus.,
Pimephales promelas., and juvenile Salmo gairdnexi. Their
resulte suggested flucride may not be as acutely toxic to

fish as certain earlier studies concluded. The auvthors
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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. Bentachlorophenol

Two amphipods, Gammarus pseudolimnasus and
Crangonvx pseudogracilis, and fathead minnows were used in
a study to observe the effects of wvarying pH on the
toxicity of pentachlorophencl (PCP). LAcute exposures with
all three species showed PCP toxicity was decreased with
increased test pH (Spehar, et al., 1%85). 1In addition,
chronic PCP toxicity and bicaccumulation were similarly
decreased when pH wvalues 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 wvalues. 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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6. Multi-s : - )
Phipps and Holcombe (1985) developed a method to

simultaneously determine 96 hour LC,, 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:

) pentachlorophencl

) 2~chlorcethancl

) 2,4-pentanedione

) hexachlcroethane

) alpha-bromo-2',5'-dimethoxyacetophencne
) benzaldehyde

) 1,3-dichloro-4,6-dinitro-benzene

} dursban

)
&)

sevin
) cadmium chloride

1
2
3
-
5
&
7
B
)
1
The authores found <the LC,, values obtained from their test
methods usually were within 20% of those determined with

single species methods.

5. SebBab b e - v

Olsorn and Christensen (1980) conducted a study inte
the inhibition of acetylcholinesterase (AChE) by several
water pollutants. They found a highly inhibitory effect
with several carbamates, one organo-oxy-phosphate, the
arsenite ion, and certain other heavy metal ions. The
authors also found intermediate effects from the arsenate
ion, other metal cations, organometals, certain neurcactive

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:

C* >AU™ >PA">C4A P4 ** >Ag " >AU DH" >Sn*>Pt* .

6. Ammonia

Arthur, et al. (1987) conducted a test into the
toxicity of ammonia to fourteen species, including five
species of fish. The authcres yanked the fish from the

Lighest sensitivity to the lowest as: Rainbow Trout >
E

o

Walleye > Channel Catfish > White Sucker > Fathead Minnows.

7. c:'w»':-,g¢-‘2 .’;Qogxsgr¢e

A study into the toxic effects of synthetic detergents
on several epecies including fathead minnows was done by
Abel (1974.. The author concluded that the most important
envircnmental factors influercing toxicity were the type of
detergent, its molecular configuration, and the dissolved
oxXygen concentration. The author alsc 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, ¢r simultaneously with, exposure to
some cother poisons, notably pesticides, lowered resistance

to these poisons.



25

8. Synthetic Folvelectrolvies

Biesinger and Stokes (198¢) performed 2 study into the
acute toxicity of several polyelectrolytes on D. magna.,
Eimephales promelas, Cammarus psewdolimnacus, and
Earatanviarsus parthencogenetlicus. 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
polyelectrolytes tested, only two were not toxic at 100

mg/L.



CHAPTER 111

METHODS

- Mothods £ 8- ) : foxd i - i
Iestline

The procedures used were taken directly from the

EPA publication entitled "Methods for Measuring the

Rcute Toxicity of Effluents to Freshwater and Marine

Organisms" (Third Edition, 1985). A short summary of

these methods follows.

k. Collection and Transport of Samples

Samples for the 4B-hour acute toxicity static
test were collected on June €, 1989. Samples were
collected at the three test sites in plastic one-
gallon Jjugs. The jugs were held beneath the surface
of the water and allowed to freely fill while aveoiding
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 SC.

8. Preparatinn of Test Sclution

Several hours prior to the beginning of the test
the samples were remcved from the refrigerator and
allowed to equilibrate to test temperature.
Test dilutions were prepared using a dilution factox
of 0.85. This dilution facter was chosen for dts
greater precision and coverage. The resulting

effluent percentages were 100, 50, 25, 12.5, and 6.2%5

percent. Test sclutions were prepared in 4.0 ounce
Qor pak Dbottles. A total solution wvelume of 50
milliliters (ml) was used. Sclutions were prepared
using the above menticoned dilution factor. The

combination of the dilution factor with the initial
volume used, resulted in effluent volumes of 50 ml, 25
ml, 12.5 ml, 6.25 ml, and 3.12 ml, 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 2inc chloride were
prepared using the previcusly discussed dilution
factors and solution wvelume. Two concentrations of

zinc 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 cocntaining the test solution and the

srganisms were placed in the environmental chamber.

i Environmental Conditions

The environmental chamber was maintained at 20 2
2C. The photoperiod of the chamber was set on a cycle
of a 16 hour light cycle which was divided into two
four hour pericds of incandescent 1lighting 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 & 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 sclution was not too great. This examination was
repeated at 6, 8, 12, 24, and &8 hours. The overall

effect cbserved was immobilization or no movement of
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body or appendages upon gentle prodding. At each
cbservation period immobilization numbers  were
collected and analyzed for toxicity. Throughout the
duration of the test, the test organisms were not fed.

Dissolved oxvgen measurements showed that aeration was

net needed.

The procedures and methods used were taxen

t

directly from the latest edition of the EPA document
entitled "Shert-Term Methods for Estimating the
Chronic Texicity of Effluents and Receiving Waters to
Freshwater Organisms,” (1985). AR short summary of
these methods follows. Table 1 summarizes the
procedures and conditions for D. [magna acute texicity
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
jugs. The jugs were held beneath the surface of the
water and allowed to freely fill while avoiding excess

turbulence. Once the Jjugs were filled, they 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
Tniversity, the sanp.es were transferred to &

refrigerator ard stored at 5C, until their use.

B. Preparation of Test Sclution

Prior to the test, moderately hard reconstituted
water was prepared for use as dilution water. The
reconstituted water was prepared following EFA
standatds (EPR, 198%).

Several hours pricor to the preparation of the
solution, the samples WETE 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
choser 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 velume of 250 ml
was used, Solutione were prepared according to the
above dilution factors., The combination of  the
dilution factor and initial volume Tresulted in

effluert volumes of 250 ml, 125 ml, 62.5 ml, 31.25 ml,

Ll e L
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and 15.63 mls 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
contrel of 0.0 pexrcent effluent or 100 percent
reconstituted water.

Reference toxicants of zinc chloride were
prepared using the previcusly discussed dilution
factors and solution volume. Zine chloride
concentrations of 0.7 mg/l and 0.05 mg/l were used.

Rfter initially measuring water quality
parameters including temperature, dissclved oxygen,
pH, conductivity, hardness, and alkalinity, the test
embryos were gently agitated and mixed in large
containers so that egge from different spawns were
everily 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 25 * 2
. The photoperiod o¢f the chamber was a cycle of
sixteen hours of 1light and eight hours of darkness.

The light pericd 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 examined 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 teratcgenicity.

New test solutions were prepared daily using the
above mentioned methods. These solutions were also
analyzed for temperature, dissclved 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
riot fed. RAlso, based on dissclved oxygen measurements

it was determined that zeration was not needed.
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TABLE 1: RECOMMENDED TEST CONDITIONS FOR DAPHNIDS
(DAPHNIB PULEX® AND D. MAGNA)
1. Temperature fC): 20 + X
2. Light quality: Ambient laboratory illumination
3. Light intensity: 50-100 footcandles (ftecf {ambient
laboratory levels)
4. Photoperiod: g8-16 h light/2¢ h
&, Bize of test vessel: 100 mL beaker

6. Velume of test
solution: 50 mL

7. Rhge of test animals: 1-24 h (neonates)

g. No. animals per
test vessel: 10

8. No. of replicate
test vessels per
concentration:

r

10. Total no. organisms
per concentration: 20

11. Feeding regime: Feeding not vrequired during first 48 h. For
longer tests, feed every other day beginning on
the third day (Appendix A).

12. Rexation: Nore, unless DO concentraticon falls below &0%
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
Daphnia magna: moderately hard or soft water
for D. pulex

14. Test duration: Screening test - 24 h (Static Tests)

Definitive test - 48 h (Static tests)

15, Effect measured: Mortality - no movement of body or appendages
on gentle prodding (LCSO)

SUse of D. pulex is preferred.
ft ¢ = foot candles.
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SUMMARY OF RECOMMENDED EFFLUENT TOXICITY TEST

CONDITIONS FOR THE FATHEAD MINNOW (PIMEPHALES PROMELAS)
EMERYO-LARVAL SURVIVAL AND TERATOGENICITY TEST

16.

i 9

Test type:
Temperature:
Light quality:

Light intensity:

Photoperiod:
Test chamber size:
Test solution volume:

Renewsl of test
goncentration:

hge of test organisms:

No. embryos per
test chamber:

No. Replicate test
chambers per
concentration:

No. Embryos per
goncentration:

Feeding regime:
Rheration:

Dilution water:

Moderately hard eyn

Static renewal
25 + fc
Armbient laboratory illumination

10-20 uE/m/e or $0-100 ft-c (ambient
laboratory levels)

16 h light, 8 h dark

Daily

Less than 36-h cold embryocs

1% {(minimum of 10)

¢ (minimum of 2)

60 {minimum of 30)
Feeding not reguired
None unless DO falls below 4(0% saturation

etic water is prepared

using MILLIPORE MILLI-C or equivalent deionized

water and reagent grade chemicals
(see Section 7).

or 20% DMW
The hardness of the test

sclutions must equal or exceed 25 mg/L (CaCly
to ensure hatching.

Effluent test
cencentrations:

Dilution factor:®

5 and 2 control

Rpproximately 0.3 or 0.5

§surface water test samples are used as collected (undiluted).



CHAPTER 1V

RESULTS AND DISCUSSION

ductiorn

This section will discuss the data obtained from the
site visits, the chemical analysis of the water samples arnd
the results c¢f the acute and chronic toxicity tests. The
information from the gite visits includes generzl
qualitative cobeervations that may have had an influence on
the test results and guantitative yesults using variocus
probes and meters. The sites menticned 3in the text
following refer to the locations demonstrzted on Figure 1.
In addition, there is also a stream profile (Figure 2) and
a celculation of volume and flow (Table 3). The chemical

analysis was performed by the Cklahoma State Department of

Health.
g Site Chbservations-
A. Streanm 001

6/8/8%
Guantitative Observations-
The wvarious physical and chemical parameters

measured for this date were within expected ranges

35




Kerr Lake

Rohert S.

SITE 1: & 550t
downstream from
prop. line

Figure 1: Sampling Locations for Stream DOi

SITE &
220f¢e
upstream

PROPERT] LINE

Recently formed
SITE 3: Beaver dam
R150ft downstre

from property line

k.

SITE 7: #1501t downstream

from property line

9¢
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1.0'<
— 8/10ths
/ -
2.0 TOTAL CROSE SECTIONAL ARFA = 9.93 sq. ft.

Figure 2: Cross Sectional

View of Stream 001 at Site 2
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Table 3

Stream Profile at Site 2 on 7/17/8B%

Width 8.8 ft
Width at center 4.6 £t
Cross-section area §,93 ft3
Flow at 2/10's depth 0.6 ft/sec
Flow at £/10's depth 0.6 ft/sec
Volume* 5.96 ft3
Distance from Depth

1 ft 1.10 £t

2 ft 1.30 ft

d 12 1.3%5 £t

o £t 1.40 £t

& ft 1.40 ft

& ft 1.30 £t

y . 130 5%

8 £+ C.80 ft

*derived using Q = V/A
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except for the dissclved 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 (ther. This data gave general
information as to the amount of light penetrating the

canopy (see Table &).

Qualitative Observations-

For the first visit to the 001 stream (Table &)
there appeared to be "sub-normal" aguatic flora and
fauna. The diversity in number and species of water
tugs present at each site decreased from the mouth to
gite &. This trend could indicate a preference cof the
waterbugs, but is not a conclusive indicater in and of
itself.

The absence of any fish was a more telling
chservaticn as this stream weuld 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 cbservation and could be due to any
number of reascns.

Readily observable algae, insects and insect
larvae appeared to be lacking in the stream and

immediate bank area. Fven after somewhat extensive
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Table &

Site Observations on 6/8/69

Quantitative Observaticns

SITE

Chamical Parameters 1 2 3 b
Time 12:37p 12:52p 1:08p 1:26p
Ambient Temp. ¥ L ¥ L
Water Temp. C 1.5 20.6 2359 21.8
D.O. mg/L %53.7 2,.0 %37 %%3.2
pH 8.3 8.3 8.0 8.0
Conductivity mV 23.0 23.0 19.0 22.0
% shaded “i% “10% “B0% “90%

Qualitative Observations:

-#3D.0. 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 cbserved at Site &
-Periphyton observed at mouth of stream but no further upstream
-No algae observed in stream

-8ilt 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 € 30-40 ft downstream of property line
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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 wvaried a little more but this may be due to the
fact that the original pH meter (Hydrolab) was
discarded in faver of a new one (Orion Research). In
any case, the variance was not enough to cause concern

(gee 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 waterbug at the site

closegt to the plant.

7/17/89
Quantitative Observations-
The data from this visit were all within expected

ranges. As shown in Table 6 the data for dissolved
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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 3 ¥ e ¥
pH 145 i % 7.6 7.6
Conductivity mV 27.5 30.0 30.7 33.0
% shaded 1% "10% “80% “90%

Qualitative Observaticns:

-D.0. probe incperable
-Wezther was cloudy
-Moderately strong breeze

-Increased depth due to recent rains an

from Lake Tenkiller
-2 Species of water bugs observed

-Increased turbidity due to recent rains

at Site &
and runoff

-Brown scum observed in stream, possibly an algae

d subsequent water relzase
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Table 6

Site Observations on 7/17/89

Quantitative Observations

SITE

Chemical Parameters 1 2 3 M
Time b:15p 6:3% 5:10p 5:32p
Ambient Temp. C 22.4 23.0 23.8 23.6
Water Temp. C 21.8 22+3 22.5 22.5
D.C. mg/L 7.8 Y3 7.8 7.6
pH 7.7 7.9 7.9 8.0
Conductivity mV 1.7 8.7 9.7 4.5
% shaded "1% "10% “B0% “90%
Qualitative Observations:

-Thunderstorme 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 wvas

partly cloudy.

-Heavy clay plume observed at mouth due to rain.
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oxygen were finally obtained and were found to be
within acceptable ranges. The temperature values were
slightly higher than previous wvisits, but this was

most probably due tec the time of day.

Qualitative Observations-

There were externcive, 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
etyream. 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

on this date were all within expected ranges.

Qualitative Observations-
Rs Table 7 shows, there were no unusual

observaticns of the site and site area.
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Table 7

Site Observations on 7/20/89

Quantitative Observations

SITE

Chemical Parameters 1 2 3 "

Time 1:20p 1:43p 1:54p 2:11p
Arbient Temp. C 32.4 31.8 28.0 23.4
water Temp. C 23.2 22.8 22.6 2240
D.0. mg/L £.1 8.0 7.8 7.9
pH 8.0 £.0 g.0 8.1
Conductivity mV £6.5 56.3 8.5 63.5
% shaded 1% "10% “80% “90%

Qualitative Observations:

-Partly cloudy.
-Moderate breeze.
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7/22/89
Quantitative Observations-

The values for dissolved oxygen were a little
higher for this date than for previous dates. One
possibility for this difference is the lack of rain
previous to sampling. As noted in Table 8, the water

levels were the lowest observed.

Qualitative Observations-

The stream biocta on this visit strongly
contrasted that of the initial visit. The insect life
was abundant and waterbugs at site & were as numercus
and various as at site 1. Minnows were cobserved in
the stream as far upstream as site 3. Spawning beds
were alsc observed approximately fifty feet upstream
of site 1. Bluegill were observed throughout the
stream below site 3, possibly vresponsible for the
spawning beds. Blue Heron tracks were also seen
throughout the stream from site 1 to well above site

L.
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Table 8

Site Observations on 7/22/89

Quantitative Observations

SITE

Chemical Parameters 1 2 3 .

Time 3:00p 3:09 3:16p 3:30p
Anbient Temp. C 26.3 25.6 2.9 23.8
wWater Temp. C 21.1 21.4 21.2 21.0
D.0. mg/L B.4 8.7 B.6 8.9
pH 8.0 8.0 8.0 8.0
Conductivity mV £5.5 61.7 60.8 $9.7
% shaded ~1% "10% “80% “90%

Qualitative Observations:

-Partly cloudy.

-Water level lower than previous visits.
-Increased presence of insects.

-Bluegill observed in
-Spawning beds cbserve

stream.

1: possibly bluegill.
-Minnows observed as far upstream as site 3.
-Blue Heron tracks observed throughout stream downstream from

site 2.

d @ 50 ft. upstream of site.
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B. Stxeam 005 and 007
6/15/89
Quantitative Observations-
All of the physical and chemical parameters were
within expected ranges for the sites (Table 9). Rs
with Stream 001, the dissclved oxygen procbe was not

functional.

Qualitative Observations-

The observations for these sites did not wvary
significantly from those for Stream 001. The comments
in Table &, in general, alsoc apply to Stream 005 and
007 (Table 9). One point of interest, a crayfish was
observed and caught in the stream. Upor. 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

10).
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Table $

Site Observations for Streams 005 and 007 on 6/15/89

Quantitative Observations

STRERM
Chemical Parameters 008 007
Time 1:08p 1:48p
Ambient Temp. C 20.0 18.9
Water Temp. C 19.5 19.2
D.O. mg/L ty i
122 6.4 7.7
Conductivity nV 358.0 3.7
% shaded “98% "98%

Qualitative Observations:

-Partly cloudy.

-Moderatley strong breeze.

-Crayfish observed and caught.

-Further comments located on site cbservations for Stream 001

sites.
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Table 10

Site Observations for Streams 005 and 007 on 7/17/89

Quantitative Observations

STRERM

Chemical Parameters 005 007

Time 2:30p 3:45p
Ambient Temp. C 22.2 21.7
Water Temp. C 22.5 22:%
D.0. mg/L 7.8 7.6
pH 7.2 79
Conductivity mV 49.5 22.%
% shaded “98% “98%

Qualitative Observations:

-Thunderstorms and heavy rain.

~-Rain stopped around 2:30p.m.

-Further comments located on site observations for Stream 001
sites.
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Qualitative Observations-

See comments for Stream 001 on 7/17/89.

Chemical Analysis
AR. Haxdpess

The hardness for sites 1 and & 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
CaCO, 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 reascn for this was
unknown. Te ensure accuracy, a second titration was
done to confirm hardrness. The hardness values for the

ZnCl, epikes were also within acceptable ranges.

B. Alkalinity

The total alkalinity for the sampling sites and
the 2InCl, 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. Qthex ParameteIrs

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, &, and Spike Sclutions

Hardness in mg/l CaCO3

&=

mtn
+

r A

Ca++ Mg++ Total

Date ml EDTR Hardness Hardness ml EDTA Hardness
7717 1.90 8 16 2.60 52
7/20 5,20 104 12 5.80 116
1/22 2.20 b 16 3.00 60
7717 2.20 A 26 3.40 68
7720 2.20 A 20 3.20 64
7722 2.10 2 10 2.60 52
- 1.10 22 26 2.40 8
. 1.00 20 26 2.30 4“6
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Table 12

Alkalinity Data for Sites 1, ¢, and Spike Solutions

Alkalinity in mg/l CaCO3

th !
'

[

Lo o

0D s

Phenolpthalein Total
1.0 20 4.0 80
0.5 10 £.0 100
0.5 10 5.0 100
0.5 10 5.0 100
0.% 10 £.5 110
0.5 10 5.5 110
0.% 10 4.0 80
0.5 10 6.5 90
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Table 13

Results of Chemical Analyses

6/15/89
Total Organ. NO2
Site PO PO4 NH3 TEKN NO3 Fi- S04 C1-
1 .053 .013 XX XX .8 .61 21 10
A .090 057 XX XX .B .82 <20 <10
005 .130 .030 xX b &4 9.3* 42 T4 €10
007 .098 .018 X 4 3.6 . 23 <10
7/17/89
Total Organ. NO2
Site PO4 POs NH3 TKN NO3 Fi- S04 Ci1-
1 152 011 . 688 2552 5.8 &7 35 <10
& .213 .213 .229  1.044 2.8 .91 35 <10
005s AN .030 L 3bd 2.784& 20.84 .95 49 <10
007 363 256 229 1.508 6.0 33 el <10

All values in mg/L except for NH3, TKN, and NO2/NO3, which are in mg/1
as N.

xx-data not available.

*-approaching limit #-in excess of limits.

Maximum Rllowable Limits:

Nitrate/Nitrite as Nitrogen 10 mg/L
Flouride Total ¢ mg/L
Chloride 250 mg/L

Sulfate 250 mg/L
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nitrate/nitrite (as nitrogen) values wer: 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

violation on the first date and is in clear violation

in the second case.

Test Results
A. mi / ! \ -

The chemical and physical parameter monitoring
during the tests was done to ensure conditions were
within the regquired ranges as established by the U.S.
Envirconmental Protection Rgency. The data in
Rppendix A show that there were .0 instances where
these 1anges were viclated, either for the
D. magna or pPimephales 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. BAgute Toxicity -
The results of the D. magna acute bicassay did
not show toxicity to any significant degree. The

reference toxicants, however, demonstrated that the
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organisms were acutely sensitive to the spikes wuced.
The control for site 1 had no deaths and the highest
mortality was in the €fifty percent dilution (Table
14). 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 well within the twenty percent
1imit expressed by the EPA. The highest mertality 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 & 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 contrel 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



Daphnia Survival Data for Site 1
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Table 14

HOUR

Daphnia
Condition 6 15 24 LB 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 2%

Dead 0 0 0 1 1

Mortality % 0 0 0 3 3




Daphnia Survival Data for Spike 1

HOUR
Daphnia
Condition 6 15 24 48 sum
Control

Live 10 10 10 10

Dead 0 0 0 0 0

Mortality % 0 0 8 0 0
6.25%

Live 7 1 0 0

Dead 3 < 10 10 10

Mortality % 30 90 100 100 100
12.5%

Live 1 0 0 0

Dead g 10 10 10 10

Mortality % 90 100 100 100 100
25%

Live 0 0 0 0

Dead 10 10 10 10 10

Mortality % 100 100 100 100 100
50%

Live 0 0 ] 0

Dead 0 10 10 10 10

Mortality ¥ 100 100 100 100 100
100%

Live 0 0 0 0

Dead 10 10 10 10 10

Mortality ¥ 100 100 100 100 100

—— e o —
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Table 18

Daphnia Survival Data for Spike 2

HOUR

Daphnia
Condition 3 15 24 48 sum
Control

Live *» 5 5 4

Dead % 0 0 1 1

Mortality % La 0 0 20 20
6.25%

Live X ) 5 5

Dead » 0 0 0 0

Mortality % ¢ 0 0 0 0
12.5%

Live L 8 5 0

Dead L 0 0 5 5

Mortality % i 0 0 100 100
25%

Live "X & & 0

Dead L 1 0 S 5

Mortality % 3 20 0 100 100
50%

Live L 0 0 0

Deacd L 5 0 0 5

Mortality % L 100 0 0 100
100%

Live LA 0 0 0

Dead La 5 0 0 5

Mortality % L 100 0 0 100
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Table 19

Data Summary for Fathead Minnow Survival and
Teratogenicity, Site 1

0% 6.25% 12.5% 25% 50% 100%
Dead* 2 b 0 2 6 3
Terata 2 6 3 2 6 3
Total** & 10 3 & 12 .
mortality
Total 13 32 10 13 39 12
mortality %
Terata % 7 19 10 7 19 3
Hatch % 87 94 9S4 97 81 88
Note: *dead embryos and larvae

s*dead and deformed organ

isme
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The contrel for site & 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 contrcl, however, had one

hundred percent hatch rates.



Table 20
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Data Summary for Fathead Minnow Survival and
Teratogenicity, Site &

0% 6.25% 12.5% 25% 50%  100%

Dead* 1 ) 1 v 1 7
Terata 5 2 12 13 4 1
Total*® 6 7 13 17 5 B
mortality

Total 20 24 63 $7 17 27
mortality %

Terata % 17 7 40 b3 13 3
Hatch % 97 86 97 83 93 93

Note: tdead embryos and larvae

txdead and deformed organisms



66

Table 21

Data Summary for Fathead Minnow Survival and
Teratogenicity for Spike 1 (0.7 mg/L InCl)

0% 6.25% 12.5% 25% 50% 100%
Dead* 2 3 0 9 5 10
Terata 0 0 3 1 0 0
Totalss 2 3 3 10 5 10
mortality
Total 20 30 30 100 50 100
mortality %
Terate % 0 0 30 10 0 0
Hatch % 100 91 100 80 70 0

Note: *dead embrycs and larvae
*2dead aud deformed organisms



Data Summary for Fathead Minnow Survival and
Teratogenicity for Spike 2 (0.5 mg/L IZnCl)
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Table 22

0% 6.25% 12.5% 25% 50% 100%

Dead* 0 7 7 3 3 10
Terata 1 1 0 2 3 0
Totals* 1 B 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

Note: *dead embryos and larvae
**dead and deformed organisms



CHAPTER V
CONCLUSIONS

The results of both the acute and chronic toxicity
tests indicate that the sites investigated in this study
are not ‘toxic. 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 texms
of ecological conditions and stream bicta. 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
ecurce 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 alsc 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

68
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observed in and around the site area. The number of tracks
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 wvisits also could obscure toxic
spikes in between collection days. For example, the
qualitative observations cf the stream improved over the
course of this study which could indicate a toxic spike
just previous to the first visit. it no other
contamination occurred during the study, the wviolation
would go undetected. Rnother 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.

Other problems with the sampling methods involved the
collection of the samples from the stream. The methods

used in +his study resulted in surface samples. The
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potential problem here is that the water at the
gediment/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. AR 24 hour chemical study should be
conducted severzl times in order to obtain a good diurnal
variation of physical/chemical parameters. These 24 hour
etudies should be done at least a week apart to ensure
accuracy. Chemical aralysis should be performed on weekly
or bi-monthly basis to detect large changes in
concentrations. At least one bicassay should be performed
per month and more if it is indicated by one of the cother
menitored parameters. AR methed 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
statistical accuracy of the results. The small samples in
this study limit the ability to make brecad conclusions as
to the conditions of the effluent water. Re the time and
manpower involved in increasing the size of the samples is

prohibitive, the increase in the number of tests run as
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well as the 24 hour study would increase the accuracy of
the results and the strength of the conclusions. However,
it should be noted that the results from the bicassays
appear to be a good representation of the stream when it
was sampled. The main point here is that the stream may not
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
which c¢ould indicate possible sub-chronic toxicity. The
trends in beth tests did not indicate increasing toxicity
with increasing effluent concentration which makes it
difficult to accredit the mortality rates to the effluent.

In addition to the information cbtained from <this
getudy, there was a radicisctope study performed on stream
001 by Skierkowsky et al. (unpublished). It was discovered
that the levels of radicactivity were higher in the soils
and sediments in and around the stream bed than in the
agueous wastewater effluent at some locations. Even though
the effluent was within acceptable limits at the time of

sampling, the level of radicactivity of the soil raised a
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question as to compliance of standards in the past. One of
+he authors of the research stated that it was their
opinion that an extended study of the effluent stream was
needed.

In econclusion, 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

1 2 3 & 5 6 7

Concentration 0.0 0.0 .0 0.0 0.0 0.0 0.0
Temperature 22.4& 22.2 - 22.9 28.% 22%.1 2.8
D.0.

initial 7.0 7.4 7.3 7.3 7.5 7.8 7.0

final 7.3 7.6 743 6.9 ¥ 7.1 7:3
Alkalinity €5.0 €5.0 €5.0 65.0 65.0 65.0 65.0
Hardness 85.0 65.0 £5.0 BS.0 85.0 B5.0 B5.0
Conductivity ~61.7 -72.% -67.3-43.0 -50.0 -35.0 -35.0

‘83882::3::38883883888==8£===‘=88S8=838::83883888"8‘38888.

Table 1.1.2: Chemical Parameters for Site 1, Series 1

38228SSS3888ZSSSBSSS:ISSS823838tSCSS‘S‘lststtgltﬂttt tZmTERET

1 2 3 - % 3 7
Concentration 6.25 6.25 6.2% 6.25 £.25% 6.2% 6.25
Temperature ZR S R - 22.%5 2%.1 22.0 22.7
D.D.
initial 7.8 7.4 7.3 " 2:R 7.5 7.8 7.3
final 7.3 7.6 €.8 7.0 7.9 7.2 7.3

Conductivity -61.3 -65.3 -63.3 -57.0 -51.0 -45.0 -42.0
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Table 1.1.3: Chemical Parameters for Site 1, Series 1

Er ST EE S S S I N I S S NS TS S S E T SESENSREIETESEISERESS

1 2 3 & 5 (3 7
Concentration 12.5% 12.% 12.%5 12.5 12.5 12.5 12.5
Temperature 22.4 22.6 - 22.6 25.0 22.0 22.%5
DIO‘
initial 3 7.5 Teil i A - 7.8 7.3
final 7.3 7.4 721 7.1 7:9 [V R S
7 pH
initial 7.8 8.1 B.0O 8.9 7.8 g.0 7.9
final B.0 8.1 B.1 £.9 8.0 7.9 8.2
Conductivity -61.7 ~6BE.7 <-62.7-59.0 -4B.0 ~-65.0 -43.0

P CE XSS EE NS S SN S S EE SRS SESESSETSESEEISTESEISESEESESES

Table 1.1.4: Chemical Parameters for Site 1, Series 1

SIS SIS E T ST S C T SIS EESSZSSSSESSOSRSETSSETETEESSESSES

1 2 3 & 5 € 7

Concentraticn 25.0 25.0 25.0 25.0 25.0 25.0 2%.0
Temperature 22. 22.% - 22.6 24.8B 22.6 22.7
D.0.

initial y P 7.3 v A et o 7.1 8.0 7.5

final 7.3 i B | 6.B 6.8 7.7 7.0 7.2
pH

initial 7.9 8.0 8.0 B.3 7.9 8.3 7.9

final 8.1 8.2 B.2 6.9 8.0 8.2 8.1

Conductivity -57.%5 =-60.3 -63.0 ~44.0 -50.0 ~-52.7 -43.0
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Table 1.1.5%: Chemical Parameters for Site 1, Series 1

..8'8.8".8.88:88"3'888'888..'8.'..'..'B......"'..'t‘.--.

1 2 3 & 5 6 7

Concentration 50.0 0.0 50.0 0.0 S0.0 50.0 S50.0
Tempexrature 282 2207 - 22.7 24.8 22.5 22.%6
D.0O.

initial - O i Y ¥ 7.1 T 8.1 7.5

final P 7.1 o | €.9%9 7.8 T2 T2
pH

initial 7.8 7.9 7.9 8.2 7.8 .2 7.9

final 8.0 B.1 B.1 €.9 8.0 8.3 8.2
Conductivity -55. 0 -55.7 -60.3-35.0 -47.0 -51.8 -45.0
='_‘88==S=88:28=8="-‘=t====8=8‘—'88888883I'I“II‘IS'I.:'E'IB.S‘S:

Table 1.1.6: Chemical Parameters for Site 1, Series 1

8338838388883!888:288==3!‘GISSSSSS‘SS‘!SS88...883'88:.38.‘38
1 2 3 4 5 é 7

Concentration 100.0 100.0 100.0 10C.0 100.0 100.0 100.0

Temperature 221 230 - 22.7 25.4 22.5 22.7
D.0.

initial 73 7.3 7.2 7:% A B.4& 7.5

final 7.1 53 7.3 .0 7.6 7.8 7.3
pH

initial 7.8 9.7 8.0 8.0 7.7 8.3 7.9

final 7.9 8.1 B.2 8.1 B.0 8.1 8.2
Alkalinity 80.0 80.0 100.0 100.0 100.0 100.0 100.0
Hardness 52.0 %2.0 116.0 116.0 6D0.0 60.0 60.0
Conductivity -49.0 ~43.0 -€2.3 -31.0 -4&k.0 -52.2 -46.0




82

.8‘88‘8.38-SSSCS8338ISSSCC8'.88‘3'..‘88"."3...'...'8.'88:

Table 1: Chemical Parameters for Site 1, Series 2

1 2 3 & 5 € 7

Concentration 0.0 0.0 0.0 0.0 0.0 0.0 0.9
Temperature 23.2 22.2 - 22.8 25.6 22.% 22.9
D.0O.

initial v.3 7.6 7.4 7.3 7:95 7.8 7.%

final 7.5 8.0 £.9 6.9 7.5 7.3 7.6
pH

initial 8.0 B.2 8.1 B.2 7.8 8.2 7.9

final 8.2 B.2 B.2 8.1 8.0 B.1 B.2
Rlkalinity 65.0 65.0 €5.0 65.0 65.0 65.0 65.0
Hardness 85.0 g5.0 B5.0 85.0 B85.0 85.0 85.0
Conductivity -61.0 -70.0 -67.3 -37.0 -49.0 -4B8.0-43.0
=====::2:2::28!8::8888=:8::BS::32S88888‘:38‘:333'33-88SS!‘:
Table 2: Chemical Parameters for Site 1, Series 2
Szt2==S:t:l:lz!::::::kt!:::“888I888888I==CRIISSSIII.¢38.SS

: § 2 3 A -3 6 7

Cencentration €.25 6.25% 6.25 6.25 6.25 6.25 6.25
Temperature 2.7  2¥:3 - 22.%5 28.2 23.5 22.7
P.D.

initial i 7 7.3 T+ 7.5 7.8 b (T

final 7.5 s | £.9 7.5 7.5 - T
pH

initial 7.8 8.2 8.0 B.3 7.9 8.3 7.9

final 8.1 8.2 8.1 £.9 8.1 8.1 8.1

Conductivity -61.3 ~-69.7 -63.5 -43.0 -50.0 -50.6 =45.0
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Table 3: Chemical Parameters for Site 1, Series 2

1 2 3 4 5 € 7

Concentration 12.5 12.%5 . 12.% 12.% 2.5 313.% 12.%5
Temperature b TR 228 - 22.5  25.0 232.% 22.8
DL,

initial o | 7.4 AR 7.2 7.0 T8 T3

final 7.4 (" £.9 €.8 7.6 V.2 T2
pH

initial 8.0 g.0 B.0 g.2 7.9 8.3 7.9

final 8.0 8.0 B.1 6.9 B.0 B.2 B3
Conductivity -61.3 -65.7 -63.3 -39.0 -53.0 -49.8-45.0

88:2:3=88‘88!S:I:S:288'—'888:O‘:3'—'.‘.2833B:SSSS““""‘S’.:I:.

Table &: Chemical Parameters for Site 1, Series 2
z:::z:::s:s:::::::::s::ca:n::z::::::z::s:ss::::::s:n::::sz:
1 2 3 & 5 3 7

Concentration 28.0 25.0 25.0 25,0 . 25.0 2%.0 2%.8
Temperature 22.3  22:5 - 22.5 24.8 22.6 22.5
1 B =

initial 753 7.4 .3 7.4 6.9 7.9 752

final . b 7.0 7.0 7.8 7.2 1.4
FH

initial 8.0 .0 £.0 8.1 7.9 8.2 7.9

final 8.0 B.1 8.3 €.9 8.0 7.9 B.2

Conductivity -69.7 ~64.2 -€3.3 ~34.0 -67.0 ~49.9 -46.0
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Table $5: Chemical Parameters for Site 1, Series 2

1 2 3 N 5 6 7

Coencentration 50.0 50.0 S50.0 S0.0 50.0 50.0 50.0
Temperature 2243 v g IR - 22 .4 4.6 22.7 229
DD

initial 7.2 7.6 7.3 7.3 7.0 B.1 7.4

final - 7.7 €.7 £.9 p ks 1.0, 7.4
pH

initial 7.9 8.0 7.8 7.9 7.8 B.3 7.9

final - 8.1 8.2 6.9 g.0 B.3 8.2
Conductivity -54.5 -5¢.5 -58.5 -26.0 -45.0 -52.8-46.0

‘8:32:‘838‘388:::3:3:8383::I::S8'38#38888328'8.338“'."8.8

Table 6: Chemical Parameters for Site 1, Series 2
!:==3:3::38:388::38.8::.:82:8:'8:8.:83"8===3‘3"'883“:8I8
1 2 3 & 5 € k4

Concentraticon 100.0 3100.0 100.0 100.0 100.0 100.0 100.0
Temperature 22,0 12818 . 22.4 24.9 22.5 22.6
4 & 1P

initial 7.0 7.4& Tk 7.3 £.9 8.4 7 a8

final €.7 7.3 7.4 6.9 7.8 7.2 r
pH

initial 7.8 7.8 8.0 8.0 7.8 8.3 7.9

final 7.8 78 8.2 6.9 8.2 8.3 8.2
Rlkalinity 80.0 €0.0 100.0 100.0 100.0 100.0 100.0
Hardness 2.0 $2.0 116.0 116.0 €0.0 60.0 €0.0
Conductivity “bb.3 -46.3 -61.3 -27.0 -61.0 -53.9 -47.0
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Data Summary for Fathead Minnow Survival
And Teratogenicity, Site 1, Series 1

Dilution 0% 6.25% 12.5% 25% 50% 100%
Dead* 0 1 0 0 L 1
Terata 1 1 0 0 2 0
Total*x

Mortality 1 2 0 0 6 1
Total*#*

Mertality % 10 18 0 0 3] 9
Terata % 10 9 0 0 18 0
Hatch 100 100 100 100 64 91
Note: *-dead embryos and larvae

*%-dead and deformed organisms

EE T ST IR SIS I S SCESSECESESTCSESSSETISXEITITESTESE

Data Summary for Fathead Minnow Survival
And Teratogenicity, Site 1, Series 2

E L EE LSS TS S ESEE RS SSSSTSSSSEEEESSEREEEE

Tz====E

Dilution 0% 6.25% 12.5% 25% 50% 100%
Dead* 1 2 C 1 1 1
Terata 1 - 2 0 3 0
Totals»

Mortality 2 7 2 1 " 1
Total**

Mortality % 20 70 20 10 40 10
Terata % 10 50 20 0 30 0
Hatch S0 80 S0 S0 90 S0
Note: *-dead embrycs and larvae

**-dead and deformed organisms
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Data Summary for Fathead Minnow Survival
And Teratogenicity, Site 1, Series 3

-883S.SII:ISS.'S'.S‘8‘8'.‘S.8'8888Il..."':‘....BIB...I'..S

Dilution 0% 6.25% 12.5% 25% 50% 100%
Dead* 1 1 0 1 1 1
Terata 0 0 1 2 |  §
Total**

Mortality 1 | 1 3 2 2
Total**

Mortality % 10 10 10 30 20 18
Terata % c 0 10 20 10 9
Hatch 100 100 100 100 S50 91
Note: *-dead embryos and larvae

¥3-dead and deformed organisms

:::=======:a::==:==::z:==::sx::s-::zxcz::szs::-c:csc:c:sat:

Data Summary for Fathead Minnow Survival
And Teratogenicity, Site &, Series 1

:::z:223888::2::38882888‘SB38888SQESSSSS=ISSS!B‘I.ISSI:II"
Dilution 0% 6.25% 12.5% 25% §0% 100%
Lead* 0 0 0 C 1 2
Terata 2 2 9 10 1 - §
Total**

Mortality 2 2 9 10 2 3
Total **

Mortality % 20 20 950 100 20 30
Terata % 20 20 S0 100 10 i0
Hatch 100 100 100 100 a0 100

Note: *-dead embryocs and larvae
**-dead and deformed organisms

SSIIS‘IGCS‘:SS“:SSSI:SSRSSSSIISBSS’:SSSSS‘B":’S'IS:S.“:S
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Data Summary for Fathead Minnow Survival
And Teratogenicity, Site &, Series 2

Dilution 0% €.25% 12.5% 25% 50% 100%
Dead* 0 0 0 3 0 1
Terata 2 0 1 1 0 0
Total**

Mortality 2 0 i - 0 1
Total**

Mortality % 20 0 10 L0 0 10
Terata % 20 0 10 10 0 0
Hatch 100 100 100 70 100 100
Note: *-dead embryos and larvae

**-dead and deformed corganisms

I T T I ST Ay ST E TS S S TES ST OENSESSICSESSESEISTEESESZEZESESESD

Data Summary for Fathead Minnow Survival
And Teratogenicity, Site &, Series 3

T eSS SIS S TN TSNS NS ESCSCSCESZESSEXESTTESISESSSSR

Dilution 0% 6€.25% 12.5% 25% 50% 100%
Dead* 1 % 1 5 o) -
Terata 1 0 2 2 3 0
TotalY*

Mortality 2 5 3 3 3 "
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
*x-dead and deformed organisms
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Survival, Terata and Hatch Data for Site 1, Series 1

ISI.88.838Hl.."‘.II:’ISB:I.IIBS‘IISS"B...-3388..-'-33..88

DRY
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Survival, Terata and Hatch Data for Site 1, Series 2

8"-:..:.8'.8“'8.38.’I‘888888I'.8".8.8.3‘.3883'.88"‘..‘8

DAY
Embryo
Condition 1 2 3 & 5 6 7 Sum
Contrel
Live 9 9 ) 8 8 8 [
Dead 1 o) 0 0 0 0 0 1
Terata 0 0 0 1 3 0 0 . |
Hatch 0 1 8 B 9 g
€.25%
Live 10 g &4 3 3 3 3
Dead 0 2 0 0 (0] 0 0 2
Terata 0 0 & 1 i 0 0 5
Hatch 0 3 £ g
12.5%
Live 10 1 - 9 B g 8
Dead 4] 0 0 # 0 0 0 0
Terazta #) 0 1 0 0 0 1 2
Hatch 0 0 7 S g
25%
Live 10 10 - B ] 9 <
Dead 0 0 1 0 0 0 0 |
Terata 0 0 0 0 C 0 0 0
Hatch 0 0 9 9
$0%
Live - 9 3 i 6 () €
Dead 1 0 0 0 0 4} 0 1
Terata 0 0 1 | 1 (¢} 0 3
Hatch 0 (8] 8 -] 9
100%
Live 10 10 9 9 g S £
Dead 0 0 : 4 0 0 0 0 1
Terata 0 ) 4] 0 0 ] 0 0
Hatch 0 0 B 9 <
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Survival, Terata and Hatch Data for Site 1, Series 3

8:"3“.88.'3"833.:.’!'88'LSI'S".'...'.'C.I...:.'ll‘.I'.B

DRY
Embrvyo
Condition 1 2 3 & 5 (3 7 Sum
Control
Live 10 10 10 10 9 ] 9
Dead 0 0 0 0 1 0 0 1
Terata 0 0 §) 0 0 0 0 D
Hatch 0 0 10 10
6.25%
Live 10 10 10 10 10 10 S
Dead 0 0 0 0 0 0 1 1
Terata 0 0 0 0 0} 0 O 0
Batch 0 2 10 10
12.5%
Live 10 10 10 10 10 10 9
Dead 0 (&) 0 0 & 0 0 0
Terata 0 0 0 0 O 0 1 1
Hatch 0 ¥ 10 10
25%
Live 10 10 9 S i ;4 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 g 8 8 g g B
Dead 1 0 0 0 0 0 0 1
Terata 0 0 ¢] 1 0 0 0 1
Hatch 0 1 7 el 9
100%
Live 11 10 10 9 ] 9 g
Dead 1 0 0 0 0 0 0 4
Terata 0 0 0 1 0 0 0 1
Hatch 0 0 G 10 10
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Survival, Terata and Hatch Data for Site &, Series 1

S ECE eSS E T E NS S EC S S S NS S SS SIS rESSSESITSSSSSSESEIRIESSEESR

DAY
Embryo
Condition 1 2 3 N 5 6 7 Suam
Control
Live 10 10 g £ 7 6 5
Dead 0 D 0 0 0 0 0 0
Terata 0 (6] 0 1 0 0 0 2
Hatch 0 3 10 10
6.25%
Live 10 10 10 10 10 10 E
Dead 0 ] 0 0 0 #] c 0
Terata 0 8] 0 0 0 0 2 2
Hatch 0 0 € = 10 10
12.5%
Live 10 10 8 g £ & 1
Dead 0 0 0 0 0 0 0 0
Terata 0 0 2 D - 4 2 3 9
Hatch ¢ 3 10 10
25%
Live 10 10 9 g8 & 3 0
Dead 6] ¥ 0 0 0 0 0 0
Terata (¢] 0 2 1l 2 3 3 10
Hatch C 0 10 10
50%
Live 10 i0 9 8 9 S B
Dead 0 0 1 0 0 0 0 1
Terata 0 0 0 0 0 0 : | 3
Hatch 0 0 8 9
100%
Live 10 10 10 10 g B 7
Dead 0 0 0 0 2 0 0 2
Terata 0 ¢} 0 0 0 (6] : & i
Hatch 0 1 10 10
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Survival, Terata and Hatch Data for Site &, Series 2

EEEZr IS S S S EEECSSES SIS SO CCC S ESEE RS EET SN EREEETSTEEEEES

DAY
Embryo
Condition & 2 3 4 5 (3 7 Sum
Control
Live 10 10 9 8 7 6 €
Dead 0 #] 0 0 0 0 0 0
Terata #] 0 0 0 1 1 0 2
Hatch 0 8] 10 10
6.25%
Live 10 10 10 10 10 10 10
Dead o 0 (¢ 0 0 0 0 0
Terata 0 0 0 C 0 0 0 0
Hatch 0 i 7 10 10
12.5%
Live 10 10 10 9 g z 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 3 [
Dead 0 1 2 0 0 0 0 3
Terata 0 0 o 0 0 1 0 1
Hatch 0 & 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
Lead 0 0 0 0 1 0 0 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 &, Series 3

94

DRY
Embryo
Condition 1 2 3 N 5 3 7 Sum
Contrel
Live 10 ) 9 9 8 8 g8
Dead 0 1 0 0 0 0 0 1
Terata 0 0 0 0 i 0 0 1
Hatch 0] 0 0 9 9
6.25%
Live B S 5 5 5 5 &
Dead 0 0 & 0 0 0 1 5
Terata 0 0 & 0 (0] 0 0 0
Hatch 0 3 3 3 - 5
12.5%
Live 10 0 7 i 7 . 7
Dead 0 0 1 0 0 0 0 1
Terata 0 0 2 0 0 0 0 2
Hatch 0 1 Q 9
25%
Live 10 10 g B 7 7 7
Dead 0 0 0 (6] 1 0 0 1
Terata 0 0 2 0 0 8] 0 2
Hatch 0 : | B 8
50%
Live 10 0 9 9 7 7 7
Dead 0 0 &) 0 0 0 0 0
Terata 0 0 1 0 2 0 (6] 3
Hatch 0 2 9 g
100%
Live El S B 7 6 6 [
Dead 1 0 3 1 1 0 0 "
Terata 0 0 0 0 0 0 0 0
Hatch 0 0 8 8
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Survival, Terata and Hatch Data for Spike 1

'I‘III‘S"II‘SI-'88....38-8.38‘3'8...8‘...8"‘.S-BCICGI.III

DRY

Embryo
Condition p A 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 C 0 0 0 p) 3

Terata 0 0 0 0 0 0 0 0

Batch 0 3 9 10 10
1.2 5%

Live 10 10 g 8 7 7 7

Dead 0 0 0 0 0 0 0 0

Terata 0 0 2 0 1 (¢} 0 3

Hatch 0 2 9 10 10
25%

ive 9 & g 7 0 ¥ % ¥

Dead 3 1 0 0 g8 * % * % S

Terata 0 0 0 1 0 *% ¥ 1

Hatch 0 1 7 8 B
50%

Live 10 9 7 v 5 5 5

Dead 0 ol 2 0 2 0 0 5

Terata 0 0 0 0 0 0 0 0

Hatch 0 2 7
100%

Live 0 * % * % » ¥ % * %

Dead 10 *x x> LR % LR % 10

Terata 0 * % » % * 2 i * % * % 0

Hatch D 0
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Survival, Terata and Hatch Data for Spike 2

EE S S CSESESEESE R C NS S S E R SRS RS SS S EESESESEEESSSESSEESESSSSES

DRY
Embryo
Condition 1 2 3 I 5 6 7 Sum
Contxrol
Live 10 10 10 i0 9 9 9
Dead (o] 0 0 0 o 0 (v 0
Terata 0 0 0 0 1 0 0} i
Hatch 0 I S 8 10 10
6.25%
Live 10 10 10 10 S & 2
Dead 0 0 0 0 S 2 7
Terata 0 0 0 0 1 0 0 1
Hatch 0 3 (3 10 10
12.5%
Live 10 10 i0 10 10 5 3
Dead 0 0 0 0 0 - 2 7
Terata 0 0 0 0 0 0 0 0
Hatch 0 L 19 10
25%
Live 10 10 10 9 B 3 5
Dead 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 &
Dead 0 0 0 0 0 3 0 3
Terata 0 0 0 0 2 0 : 4 3
Hatch 0 & 10 10
100%
Live 9 0 »x % r %= * *x
Dead 1 9 % % » % ¥ * % 10
Terata 0 0 * % * % * ¥ % %% 0
Hatch 0 0 0
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Daphnia Raw Data
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Daphnia Survival Data for Site 1, Series 1

HOUR

Daphnia
Condition 6 15 26 &8
Control

Live 10 10 10 10

Dezd 0 (8] 0 0
6.25%%

Live 11 11 11 11

Dead 0 0 0
12.5%%

Live 10 10 10 9

Dead 0 0 0 1
25%

Live 10 10 10 10

Dead G 0 o 0
E0%

Live 10 10 10 10

Dead 0 0 6] 0
100%

Live 10 10 10 10

Dead 0 0 ¥ 0
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Daphnia Survival Data for Site 1, Series 2

HOUR

Daphnia
Condition 6 15 24 ]
6.25%

Live 10 10 10 10

Dead 6] 0 0 0
12.5%

Live 10 10 10 &

Dead (6] 0 4 2
25%

Live 10 10 10 10

Dezd 0 #) 0 0
50%

Live i0 10 10 9

Dead o] 0 0 1
100%

Live 10 10 10 10

Dead 0 0 (o) 0
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Daphnia Survival Data for Site 1, Series 3

EEE ST E RS S S SS S SIS S SIS E SIS EEZCSSIETSEEESEESEIZSES

HOUR
Daphnia
Condition & 1% 24 ()
€.25%
Live 10 10 10 9
Dead 0 0 0 1
12.5%
Live 10 10 10 i0
Dead (6] 0 0 O
25%
Live 1C 10 10 10
Dead o o 0 0
5 D./u
Live 10 = 9 5
Dead 1 0 0 A
Live 10 10 10 B
Deac 0 0 0 1
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Daphnia Survival Data for Site 2, Series 1

I S TS S S S ST S S ST S S S EESS TSSO SSSESESESTEE=ETE®E

HOUR

Daphnia
Condition 6 15 24 48
Control

Live 11 11 - § 10

Dead 0 0 0 . §
6.25%

Live 10 10 10 10

Dead 0 0 0 0
12.5%%

Live <} B 3] B

Dead 0 0 0 0
25%

Live 13 | 11 11

Dead C ¥ 0 b
50%

Live 10 10 10

Dead C 0 0 |
1C0%

Live 10 10 10 10

Dead 0 0 0 0
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Daphnia Survival Data for Site 2, Series 2

G..S.S:8’ISSSSSS3’:‘:‘8:--"CBSS’Il.t.l!'t.’."..‘..‘S.-.‘I

HOUR
Daphnia
Condition
6€.25%
Live 10 10 10 10
Dead 0 0 0 0
12.%%
Live G 9 B 9
Dead 0 0 0 0
25%
Live 10 g8 10 8
Dead 0 0 0 2
50%
Live 10 10 10 9
Dead 0 0 0 1
100%
Live 10 10 10 S
Dead 0 6] 0 1
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Daphnia Survival Data for Site 2, Series 3

.8...-"‘.:Ill-.838IGBSES:&BISCIEC-S'.I-"S."SG.."“..I'S

HOUR

Daphnia
Condition () 15 24 48
6.25%

Live 10 10 10 10

Dezd 0 0 0 0
12.3%

Live i0 10 9 g

Lead 0 ¢ 1 2
25%

Live i0 10 10 B

Dead 6] 0 0 2
50%

Live 10 10 10 10

Dead 0 0 0 0
100%

Live 10 10 10 9
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Daphnia Survival Data for Site &, Series 1

HOUR
Daphnia
Condition 6 15 26 48

Control
Live 10 10 10 10
Dead 0 C 0 0

€.25%
Live 10
Dead 0 0

f=y
L ]
[
0o
o
o

[

oo

Live 10 i0
Dead 0 0

Lol &

=
o
Py
e

Live 11 13
Dead 0 (6] | 0

[

O o
o

[

oo

ive
Dead

b
o
-

Live 10 10 10 10
Dead 0 0
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Daphnia Survival Data for Site &, Series 2

HOUR

Daphnia
Condition () 15 24 LB
6.25%

Live 10 10 10 <

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 C 0 0 0
100%

Live 10 10 10 10

Dead 0 0 0 0
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Daphnia Survival Data for Site &, Series 3

HOUR

Daphnia
Condition 6 15 24 48
6.25%

Live 10 10 10 (3

Dead o] 0 0 I
12.5%

Live 10 10 i0 S

Dead 0 0 0 1
25%

Live 10 10 10 10

Dead 0 0 0 0
50%

Live i0 10 10 10

Dead 0 0 (@) 0
100%

Live 10 10 10 10
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Daphnia Survival Data for Spike 1

HOUR

Daphnia
Condition 3 1% 26 48
Control

Live 10 10 10 10

Dead 0 0 0 0
6.25%

Live 7 1 0 0

Lead 3 o 10 10
12.5%

Live 1 0 0 0

Dead 9 10 10 10
25%

Live 0 0 0 0

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
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Daphnia Survival Data for Spike 2

HOUR

Daphnia
Condition 6 15 24 LB
Control

Live *x S 5 N

Dead *x 0 0 1
6.25%

Live ¥ ¥ 5 5 5

Dead *¥ 0 0 0
12.5%

Live i 5 5 0

Dead %% 0 0 5
25%

Live % b N 0

Dead ¥ p | 1 5
50%

Live L 0 0 0

Dead % 5 5 B
100%

Live *% 0 0 0

Dead * % -3 s 5
Parameter

Monitoring During Chronic Test



