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L. INTRODUCTION

A. Background

Fort Cobb Reservoir was constructed in 1959 by the U.S. Bureau of Reclamation for
flood control, municipal water supply, fish and wildlife propagation and recreation. The dam is
located at river mile 7.4 on Cobb Creek, a tributary of the Washita River, in Caddo County,
Oklahoma (Lat 35° 09' 45", Long 98° 27' 00"). Cobb Creek and two other principle tributaries
(Lake Creek and Willow Creek) drain approximately 314 square miles into the reservoir.
Outflows from the reservoir include municipal pipelines to Chickasha and Anadarko, and an
outlet for Cobb Creek. At normal pool elevation (1342.0' NGVD), the reservoir is about 7 miles
long, has a capacity of 80,000 acre-feet, an area of 4,100 acres, a shoreline length of about 45
miles and a maximum depth of around 60 ft. The water in Fort Cobb Reservoir is managed by
the Fort Cobb Master Conservancy District, with offices in Anadarko, Oklahoma.

Land use within the Fort Cobb watershed is primarily agricultural, with 52% cropland and
42% range and pasture land. The remaining land surface can be broken down into various other
rural categories, with less than 0.5% considered urban (U.S. Department of Agriculture, Natural
Resources Conservation Service, 2001). Livestock estimates are not available for the watershed
specifically, however those for Caddo County include around 130,000 head of cattle, 12,000
hogs and 1,500 head of sheep. These livestock numbers can be compared to a human population
of about 31,000.

Recent events in the Fort Cobb watershed, such as increased human development near the
reservoir and the construction of large confined animal feeding operations (CAFOs), have raised
questions about the present status and the future of Fort Cobb Reservoir water quality. The
presence of sandy soils and a relatively shallow water table throughout much of the watershed led
to concerns regarding the potential for adverse impacts to surface and/or groundwater due to
increased loading of nutrients or other contaminants. Contamination of surface or groundwater
would almost certainly impact Fort Cobb Reservoir. In addition to the effects that
contamination could have on municipal water supplies, there is a large amount of wetland,
riparian and deep-water fish and wildlife habitat associated with the reservoir that is also
supported by surface and groundwater.

B. Study Objectives

In 1997, the U.S. Bureau of Reclamation, the Fort Cobb Master Conservancy District and
the U.S. Fish and Wildlife Service agreed to conduct a joint, 3-year study to: (1) establish a
baseline for surface water quality entering Fort Cobb Reservoir; and, (2) determine the present
trophic status of Fort Cobb Reservoir and it’s vulnerability to potential changes in water quality,
particularly nutrients, that might result from future development within the watershed. The
purpose of this report s to summarize the results of that study.



II. SITE DESCRIPTION

A. Fort Cobb Reservoir

During this study, water level elevation (NGVD) in Fort Cobb Reservoir (Figure 1)
ranged from a high of 1346.5' in March of 1998 to a low of 1339.3' in September and October of
that same year. Corresponding maximum and minimum surface areas were 4,556 and 3,384
acres, respectively. Total monthly discharge from the reservoir ranged from 20,450 acre-feet in
April, 1998 to 890 acre-feet in January, 1999. The calculated flushing rate (i.e. the time required
for the volume of the reservoir to be discharged) ranged from 124 days in April, 1998 to 2,424
days in January, 1999. Annual cycles of water level elevation, surface area, total discharge and
flushing rate were well defined and qualitatively related (Figure 2). Quantitative differences
among years are due to differences in inflow, however little inflow data are available. Rainfall
contributes significantly to inflow and hence to reservoir hydrology. Figure 3 shows that average
rainfall at the dam is highest in the spring, just prior to the period of highest maximum air
temperatures, and is lowest in winter, during the period of lowest maximum air temperatures. In
this part of the world, “average” rainfall, for any given time period, is a rather abstract notion as
shown in Figure 3. In general, for time periods as short as this study, rain comes when it comes,
and is not bound by averages. One must remember that one of the primary functions of this
reservoilr is to convert the seemingly erratic nature of actual rainfall and inflow into the smooth
and more disciplined cycles illustrated in Figure 2.

B. Tributaries

Three perennial streams (Cobb Creek, Lake Creek and Willow Creek), each flowing
primarily along a north/south axis, enter the upper end of Fort Cobb Reservoir (Figure 4). Only
the largest of these (Cobb Creek) has a permanent gaging station, located about 4 miles upstream
from the headwaters of the reservoir. Discharge in each of the three tributaries is very dynamic
and can be illustrated by data from the Cobb Creek gaging station. For example, during the three
years from October 1, 1997 to September 30, 2000, mean daily discharge ranged from 3.9 cfs on
September 9, 1998 to 1430 cfs on March 16, 1998. During the period of record, from 1969 to
present, maximum instantaneous flow was 12,000 cfs on June 4, 1995, while a mean daily flow
of 0 cfs was recorded for August 18-19, 1970 and May 26-30, 1971.

We measured discharge on various occasions in each of the three main tributaries, as well
as in Crooked Creek, Camp Creek, Eakly Creek and an unnamed, intermittent creek that flows
directly into the reservoir (Figure 5). Some characteristics of these streams at the times our
measurements were taken are summarized in Table 1. In general, Cobb, Willow and Lake
Creeks are broad, shallow, sandy streams. Crooked and Camp Creeks are small, permanent,
spring-fed tributaries to lower Cobb Creek. Eakly is a small, intermittent tributary to Lake
Creek. Noname Creek is very small, intermittent, and appears to be fed by shallow groundwater
during periods of rainfall. It was included in the study because of its proximity to a large swine
CAFO directly up gradient from it’s source. Figure 6 shows the average contribution of each
stream to the total surface water inflow into Fort Cobb Reservoir on the dates our discharge
measurements were taken,
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[II. METHODS

A. Tributaries
1. Water

Ten tributary stations were established for the purpose of sampling surface water quality
directly upstream of Fort Cobb Reservoir (Table 2 & Figure 4). Two stations were located on
each of the three primary tributaries (Cobb, Willow and Lake Creeks) in order to determine if
there were significant changes in constituents between the upstream site and the point where each
emptied into the reservoir. Two perennial tributaries to Cobb Creek (Crooked and Camp
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Creeks), and one intermittent tributary to Lake Creek (Eakly Creek) were sampled to determine if
they contributed significantly to any changes in water quality that might be observed between the
upstream and downstream sites on the primary streams. One additional intermittent stream
(Noname Creek) , that flowed directly into the reservoir, was sampled at the mouth because of
it’s potential hydrologic connection to a large swine CAFO located near it’s source (Figure 4).

The water quality constituents measured at the tributary stations were divided into two
groups, with each group having it’s own sampling schedule. Samples for Water A (Table 3)
were taken on 12 dates (Table 4), ostensively at quarterly intervals, but also on a schedule that
would include every month of the calendar year during the study period. Hence, Water A
sampling commenced on November 3, 1997 and ended on June 22, 2000. Water B samples
(Table 3) were taken on 4 dates (Table 4), at intervals designated to include four seasons of the
year.

Samples for Water A analyses were collected upstream of bridges (well above the
redneck trash throwing limit) by wading into the stream and filling a narrow mouth, chemically-
cleaned, glass container (I-CHEM 249-1000) by hand. The mouth of the container was held in
the current a few inches below the surface, rinsed three times with sample water, then filled
leaving just enough head space to allow mixing. Immediately following water sample collection,
temperature and pH were measured iz situ using a Cole-Parmer, Model 8110-20 thermistor
- thermometer and an Oakton, Model pHTestr2, waterproof pH meter with sealed combination
electrode.



Water B samples were collected from the same locations as Water A, using methods
outlined in Section 8.2.8 of the Environmental Protection Agency’s “Method 1669:Sampling
Ambient Water for Trace Metals at EPA Water Quality Criteria Levels” (Telliard, 1995). One
filtered (for “dissolved”) and one unfiltered (for total recoverable) sample was collected from
just below the surface in mid-stream, using a battery- powered peristaltic pump, tubing, and an
in-line 0.45 micron membrane filter. One glass (for mercury) and one polyethylene bottle was
filled
for each sample. A complete set of pre-cleaned and appropriately sealed equipment required for
each sampling site was received from the analytical laboratory prior to the sampling trip. At each
site, the equipment was removed from the sealed containers, water was pumped directly from the
stream into the sample containers (first with, then without, the in-line filter) using adequate
flushing and rinsing, and the containers were closed and resealed. Samples were returned to the
analytical laboratory without further handling.
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Once collected, samples for Water A analyses were transported to the laboratory where
aliquots were filtered through Whatman GF/C glass-fiber filters. Filters were placed in 13x1.5
cm tissue culture tubes and 90% acetone added for chlorophyll extraction. Subsequent analyses
for ammonia-N, nitrite-N, nitrate-N, soluble reactive phosphorus (SRP), chloride and sulfate
were performed on the filtrate, while total-N, total-P, chemical oxygen demand (COD), turbidity,
conductivity and total alkalinity were performed on the remaining unfiltered sample. The
filtering apparatus and filtrate containers were acid-cleaned prior to use and rinsed with sample
before filling.

Water A analyses generally followed methods outlined in “Standard Methods for the
Examination of Water and Wastewater” (Greenberg et al., editors, 1992). Total alkalinity was
determined by titrating a 100 ml sample with 0.10N sulfuric acid to a pH 4.5 end point utilizing a
Cole-Parmer Model 5996-80 pH meter with a sealed combination electrode. This pH meter, as
well as the Oakton Model pHTestr2 used in situ, was calibrated before each use using Cole-
Parmer standard buffer solutions of pH 4.01, 7.00 and 10.00. Conductivity was determined with
a Cole-Parmer Model 1500-32 conductivity meter equipped with a matching 1500-60 probe. The
instrument was standardized before each use with solutions of 445 and 700 micromhos.
Turbidity was measured with a HACH Model 2100P Turbidimeter, calibrated according to the
instruction manual with HACH stabilized formazin standards (Sadar, 1996a, 1996b, 1997).
Chlorophyll a concentrations were calculated by the “trichromatic method” using optical density
measurements obtained on 10 ml 90% acetone extracts , using a 1.0 cm light path. The
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spectrophotometer used for chlorophyll analysis, and for all colorimetric and turbidimetric
procedures in this study, was a HACH Model DR/3000. The barium chloride, turbidimetric
method was used to measure concentrations of sulfate. A calibration curve, that spanned the
range of concentrations encountered, was used to convert the optical density readings obtained
with HACH SulfaVer 4 reagent. All colorimetric procedures, whether using HACH proprietary
reagents or reagents prepared in our laboratory, were run using calibration curves made from
freshly prepared standard solutions. Chemical oxygen demand (COD) was determined by
measuring the color change in a standard potassium dichromate solution following a 2-hour
digestion in a closed micro-reactor (Gibbs, 1993). Chloride was determined by titrating a 100 ml
sample with 0.0141N mercuric nitrate using diphenylcarbazone as an end point indicator.
Soluble reactive phosphorus (SRP) was measured using the ascorbic acid (combined reagent)
method. Samples for total phosphorus (Total-P) were digested for 30 min. in a pressure cooker
at 15 psi in a mixture of sulfuric acid and potassium persulfate. Following pH and volume
adjustment, the digest was analyzed for SRP as described above. A direct colorimetric method,
utilizing ammonia salicylate and ammonia cyanurate reagents, was used to determine ammonia-
nitrogen (ammonia-N). Nitrite-nitrogen (nitrite-N) was also determined colorimetrically by the
diazotization method. For nitrate-nitrogen (nitrate-N) analysis, cadmium was used to
quantitatively reduce nitrate to nitrite in the sample, followed by analysis of the latter by
diazotization. An alkaline persulfate digestion was used to convert all forms of nitrogen in a
sample to nitrate-N. This was followed by the chromotropic acid determination of nitrate-N,
resulting in an estimate of total-nitrogen (Total-N). HACH reagents and standards were used in
the determination of all nitrogen forms.

All Water B analyses were performed by the Trace Element Research Laboratory
(TERL), Department of Oceanography, College of Geosciences, Texas A&M University. This
laboratory is under contract with the U.S. Fish and Wildlife Service, and as such, is required to
adhere to strict standards of analytical methodology and quality assurance/quality control
procedures. The Patuxent Analytical Control Facility, Patuxent Wildlife Research Center, U.S.
Geological Survey-Biological Resources Division, is responsible for the scientific oversight of
this and other contract laboratories. Complete descriptions of analytical procedures are available
upon request from either of these sources; what follows is intended as a brief overview of
analytical methods. Digestion of water samples for “total recoverable metals” (other than
mercury) involved a two-hour digestion at 85 degrees Centigrade in polyethylene containers with
ultrapure nitric and hydrochloric acids at a ratio of 0.5% and 1.0%, respectively. Samples for
“total recoverable mercury” were digested with nitric acid, sulfuric acid, potassium permanganate
and potassium persulfate in polypropylene tubes in a water bath at 90-95 degrees Centigrade.
Sample aliquots for digestions were taken after vigorous shaking of the original sample bottles to
assure resuspension of solids that may have settled. Filtered samples, and digests of unfiltered
samples, were analyzed for various elements by inductively coupled plasma optical emission
spectroscopy (Ba, Ca, Fe, K, Mg, Na, S, Si), atomic fluorescence spectroscopy (As, Hg, Se), or
inductively coupled plasma-mass spectroscopy (Ag, Al, B, Be, Cd, Co, Cr, Cu, Li, Mn, Mo, Ni,
Pb, Sb, Sr, V, Zn).

2. Sediment/Soil

Forty-two sediment samples were taken from Fort Cobb Reservoir tributaries for
chemical analysis on June 2, 3 and 4, 1999. In each primary tributary (Cobb, Lake and Willow
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Creeks), samples were taken at intervals along their longitudinal axis, beginning at the upstream
water-sampling station and terminating at a point well into the reservoir (Figure 6). The purpose
for this sampling scheme was to provide a transect in each stream that ran from the sandy
substrates of the flowing water sites, through the alluvial deposits at the mouth of each stream,
and out into the fine-grained substrates of the reservoir. Two samples were also taken from each
of the small streams.

Samples of the upper 5-cm of substrate were collected by hand into 1000 ml, certified-
clean, wide-mouth, polyethylene containers (I-CHEM, 311-1000). At the shallow (<2.0 ft.),
flowing water sites, samples were taken by wading into the deepest portion of the stream and
scraping the substrate into the jar with the lid. At the deepest (10 - 15 ft.) reservoir sites, samples
were obtained in a similar manner by snorkeling.

Soil samples were taken from the vicinity of the large swine CAFO (Figure 6) on two
occasions, June 4, 1999 and January 17, 2000. On each date, two surface samples (0-5 cm) were
taken from the west, south and east fencelines of the quarter-section occupied by the swine
facility and it’s waste application field (SW¥%, sec 16, T.9N, R.12W). Soils in this area are
classified as Eufaula fine sand, rolling (EfD) and Konawa loamy fine sand, 1 to 5 percent slope,
eroded (KoC2). The former is considered unsuitable for cultivation, while the latter is listed as
useful for cotton, peanuts, small grains and sorghum (Moffatt, 1973). All fields adjacent to the
fencelines sampled were (or recently had been) under cultivation.

Sediment and soil samples were cooled (not frozen) and shipped to TERL for the
analyses listed in Table 3. Samples were homogenized at the laboratory and unusual objects such
as sticks, leaves and large stones were removed. Moisture content was determined by weight
loss upon freeze drying and reported as percent of the original wet sample weight. Total organic
carbon (TOC) was determined by combustion in an oxygen atmosphere with subsequent
measurement of the carbon dioxide produced by an infrared detector. Analysis of grain size
distribution incorporated wet-sieving and the pipette method to separate samples into sand, silt
and clay fractions. Nitrogen was determined colorimetrically after digestion of freeze dried
samples. Samples for remaining elemental analysis (except mercury) were wet digested with 1:4
v:v nitric:hydrochloric acids (Aqua Regia) and converted into acidic digest solutions for analysis
by various atomic spectroscopy methods. As and Se were analyzed using atomic fluorescence
spectroscopy. Cd and Pb were determined by graphite furnace atomic absorption spectroscopy.
Inductively coupled plasma optical emission spectroscopy was used for Al, B, Ba, Be, Ca, Co,
Cr, Cu, Fe, K, Mg, Mn, Mo, Ni, P, S, Sr, V and Zn. Samples for mercury analysis were digested
with nitric acid, sulfuric acid, potassium permanganate and potassium persulfate in a water bath
at 90-95°C. Digests were then analyzed by cold-vapor atomic absorption spectroscopy.

3. Bacteria

Samples for bacterial testing were taken from the 10 tributary sampling stations (Figure
4) on seven occasions between June 8, 1998 and April 10, 2000. Samples were collected from
just below the stream surface by inverting a sterile bottle (HACH 24950), plunging it into the
stream, letting it fill underwater to the 100 ml. mark, and replacing the cap (Greenberg et al. eds.,
1992). HACH PathoScreen® medium was added aseptically to each bottle within 12 hours of
collection and the mixture incubated in a water bath at 30 °C. The reaction in each bottle was
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noted after 24 and 48 hours. The PathoScreen® procedure (Manja et al., 1982)is a
Presence/Absence test for hydrogen sulfide-producing bacteria, which have been shown to be
associated with fecal contamination and total coliform bacteria (Kromoredjo and Fujioka, 1991).

Unlike most other bacterial screening tests, the PathoScreen® test is simple and reliable to use in
the field (Grant and Ziel, 1996).

4. Quality Assurance/Quality Control

The purpose of Quality Assurance/Quality Control (QA/QC) is to insure the validity
and/or assess the limitations of the data collected during the course of a study. There are three
concerns regarding the quality of chemical data, i.e. precision, accuracy and contamination of
samples during collection, handling and analysis. We used field duplicates to assess the
precision of field sampling and laboratory duplicates to assess analytical precision. At least one
field and laboratory duplicate was included for each constituent analyzed for each Water A and
Water B sampling trip. Laboratory duplicates were analyzed for each soil/sediment constituent,
but no field duplicates were included in the sample set. Accuracy was evaluated by analyzing
standards, and in the case of selected Water A constituents, also by splitting samples with the
Oklahoma City/County Health Department Laboratory in Oklahoma City, Oklahoma. Standards
were included with every batch of Water A and Water B samples analyzed. These were separate
and independent from the ones used to calibrate or standardize an instrument or analytical
procedure. Where available, certified soil and sediment standards were used for sediment/soil
analytes. Possible sample contamination during collection and handling was determined by the
use of field blanks. Reagent blanks were used to detect contamination during analysis. One set of
field blanks was included with each Water A and Water B sampling trip; an initial blank at the
outset of sampling and a terminal blank at the end. Field blanks were carried through every step
of the sampling and handling procedures, came in contact with the same equipment as the
samples, and were analyzed as part of the sample set. One reagent blank was used for each
analytical procedure for each sampling trip. Field blanks are not practical for soil/sediment
sampling but procedural blanks were included for every elemental soil/sediment analyte.

B. Outflows
1. Water

Two outflow stations (Table 2 & Figure 4) were established for the purpose of sampling
the quality of water as it leaves Fort Cobb Reservoir en route to the cities of Anadarko (Outflow
A) and Chickasha (Outflow C). Water for Outflow A leaves the reservoir via an outlet located
near the southwest end of the dam, while water for Outflow C is drawn from a small cove on the
opposite (northeast) side of the reservoir. Samples for Water A and Water B analyses (Table 3)
were taken on the dates shown in Table 4 from small (1-inch) hydrants attached directly to the
main pipelines. When taking samples, the hydrants were allowed to run for at least 15 minutes in
order to flush the entire 1-inch line before filling the sample containers. Temperature and pH
were taken directly from the hydrants immediately following collection of the water samples.
These measurements, and other methods pertaining to sample collection, handling and analysis
are the same as those described in Section IILA.1.
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2. Bacteria
Samples for bacterial testing were taken from Outflow A and C hydrants on the same

dates that the tributaries were sampled. See Section III.A.3 for a description of equipment and
procedures used.

3. Quality Assurance/Quality Control

Outflow samples were included as part of each Water A or Water B sample set and as
such are subject to the QA/QC procedures described in Section II1.A.4.

C. Reservoir
1. Water

Eight stations were established for the purpose of sampling water quality in Fort Cobb
Reservoir (Table 2 & Figure 4). Four of the stations (Northwest Sector, Upper Reservoir, Middle
Reservoir and Lower Reservoir) were located about equidistant along the main axis of the
reservoir from the headwaters to the dam, while the other four (Willow Creek Arm, Kardokas
Slough, Camegie Cove and Marina Cove) were chosen to represent the largest embayments.
Samples for Water A analyses (Table 3) were collected from the surface at each station with a
Wildco®, 3-liter, PVC water bottle. Temperature and pH of the surface water were measured in
situ with the same equipment previously described for the tributary and outflow stations. In
order to provide a vertical as well as horizontal dimension to the water sampling, the water bottle
was used to collect samples for Water A analyses at a depth of 1-meter from the bottom at the
Willow Creek Arm, Upper Reservoir, Middle Reservoir and Lower Reservoir sites. Dates for
reservoir Water A sampling are in the same months as those for tributary Water A, and no
samples were taken for Water B analyses (Table 4). From the point of collection with the water
bottle, all subsequent methods for sample handling and analysis were the same as those described
in Section IIILA.1.

2. Sediment

Sixteen reservoir sediment samples were taken from the vicinity of the eight water
sampling sites (Figure 4) for chemical analysis on January 17, 2000. A Wildco®, stainless steel
core sampler, fitted with a Lexan insert and nosepiece, was lowered from a boat and allowed to
penetrate the substrate to a depth of several centimeters. Upon retrieval, the upper S-cm of
sediment was removed from the liner and placed in a 1000-ml, certified-clean, wide-mouth,
polyethylene container (I-CHEM, 311-1000). Subsequent handling and analysis of sediment was
performed according to methods described in Section 1. A.2.

3. Fish



Three species of fish, each representing a different ecological niche in the reservoir food-
web, were captured from shoreline areas along the entire length of the reservoir, and analyzed for
whole-body elemental content (Table 3). Channel catfish ({ctalurus punctatus), common carp
(Cyprinus carpio) and walleye (Stizostedion vitreum) were taken from overnight gill net sets on
May 31, 2000. Six individuals of each species were weighed and measured in the field, wrapped
in aluminum foil, placed on ice, and frozen later that same day at the locker plant in Fort Cobb,
Oklahoma. Frozen fish were sent to TERL where they were ground, homogenized and aliquots
removed for analysis. Powdered, homogenized tissue was weighed into closed, Teflon reaction
vessels where it was digested with nitric acid at 130 C. Digests were later analyzed for most
elements by inductively coupled plasma optical emission spectroscopy (ICP). Exceptions were
As, Cd and Pb which were analyzed by graphite furnace atomic absorption spectroscopy, Se by
atomic fluorescence spectroscopy, and Hg by cold-vapor atomic absorption spectroscopy.

4. Limnology

Twelve synoptic, limnological surveys were conducted on Fort Cobb Reservoir between
January 28, 1998 and December 14, 2000. As in the case of Water A sampling, the surveys were
ostensively carried out at quarterly intervals, however the schedule was adjusted in order that
every month of the calendar year was represented during the study period.

Vertical profiles of temperature (°C), conductivity (micromhos/cm) and dissolved oxygen
(% saturation) were taken on each survey at the eight water sampling stations (Figure 4) by
lowering a Hydrolab MinniSonde® from the surface to the bottom of the reservoir and recording
the data at 1-meter intervals on a Hydrolab Surveyor® 4. All readings were taken on the same
day, and the Hydrolab system was calibrated according to instructions in the User’s Manual
immediately prior to use.

Vertical profiles of ambient, visible light (#425-665 nanometers) were taken on each
survey at the eight water sampling stations (Figure 4) using a KAHLSICO Model 268WD305
underwater irradiameter and matching deck cell. Voltage input to the system was carefully
monitored, and the instrument was zeroed prior to use, according to the operating instructions.
Paired instantaneous readings, of light incident to the water surface and at depth, were taken at 1-
meter intervals from the water surface to a depth where incident light was reduced to less than
1%. All readings were taken in duplicate, on the same day, under clear skies, in direct sunlight,
between 1000 and 1400 hours Central Standard time. Paired readings were used to calculate the
in situ extinction coefficient (1) from the expression In/, - In/, = 1)z, where 7, and 7, are light
intensity at the surface and at depth z, respectively (Wetzel and Likens, 2000).

Vertical profiles of phytoplankton photosynthesis and community respiration were taken
at four of the water sampling stations (Upper Reservoir, Willow Creek Arm, Middle Reservoir
and Lower Reservoir) during each survey. Duplicate composite samples of surface water (0-3 m)
were collected with a 3-inch PVC pipe (fitted with a ball valve at the lower end), placed in 5-
gallon, plastic, water coolers, and mixed thoroughly. A series of initial, light and dark, 300 ml,
BOD bottles was filled with water from each cooler, taking care to exclude all air bubbles before
stoppering. Initial bottles were immediately “fixed” for dissolved oxygen (DO) measurements
using the azide modification of the Winkler technique (Greenberg et al., 1992). Light bottles
were suspended in the reservoir at depths 0f 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0 meters for 24
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hours, while dark bottles were placed in light-proof containers and incubated at the same location
for the same time period. A discussion of the light and dark bottle methodology, using changes
in DO concentrations, can be found in Wetzel and Likens (2000). Phytoplankton standing crop
in each of the composite samples at the beginning of the light/dark bottle experiments was
estimated by determining concentrations of chlorophyll a (See Section III.A.1) and by direct
microscopic cell/colony counts of subsamples taken from the cooler at the time light and dark
bottles were filled. Samples for microscopic examination were preserved in the field with
Lugol’s solution and later submitted to Dr. Robert Lynch, Health Sciences Center, Department of
Occupational and Environmental Health, University of Oklahoma, for phytoplankton
identification and enumeration. Values of phytoplankton standing crop and metabolic rates are
averages of duplicate samples.

5. Bioassays

Nutrient enrichment bioassays were conducted on nine occasions between June 7, 1998
and August 6, 2000 at the Lower Reservoir water sampling station (Figure 4). The bioassays
were designed to: (1) determine qualitatively if nitrogen, phosphorus, light, or any combination
of these, were limiting to phytoplankton productivity, and if so, to define the seasonal aspect of
such limitation; and (2) estimate semi-quantitatively the potential effect that increased additions
of individual nutrients would have on phytoplankton standing crop and productivity.

Duplicate composite samples of surface water (0-3 m) were taken with the PVC pipe and
ball sampler, placed in 5-gallon, plastic, water coolers and mixed. Four 2-liter, clear, glass jugs
were filled from each cooler and designated as follows: (1) Control - nothing added; (2) Nitrogen
Treatment - 1000 ppb NO, -N added as KNO;; (3) Phosphorus Treatment - 400 ppb PO,-P added
as KH, PO,; and (4) Nitrogen + Phosphorus Treatment - 1000 ppb NO,-N and 400 ppb PO,-P
added. Following the nutrient additions, jugs were stoppered and suspended in the reservoir at a
depth of 0.5 m for 4 days. Additional samples were taken from the coolers on Day-0 to
determine initial concentrations of chlorophyll, SRP, total soluble N and turbidity. On Day-4,
initial, light and dark bottles were filled with water from each jug. Light and dark bottles were
suspended in the reservoir at 0.5 m for 24-h, where, following remowval, respiration and gross
photosynthesis were determined for each treatment using changes in DO. Samples were taken
from each treatment jug on Day-4 to determine changes in chlorophyll, SRP, total soluble N and
turbidity that occurred during the 4-day in situ incubation. Methods for all analyses are the same
as those previously described in Section III.A.1 and III.C 4.

6. Quality Assurance/Quality Control

QA/QC procedures for Water A and sediment samples have been previously described in
Section ITI.A.4. Procedural blanks - to detect contamination of samples during laboratory
handling and analysis, laboratory duplicates - to estimate analytical precision, and standard
reference materials - to evaluate analytical accuracy, were all used in conjunction with the fish
sampling. QA/QC for data taken during the limnological surveys and bioassays consisted of
strict adherence to manufacturer’s recommendations for maintenance and calibration of

instrumentation and additional instructions relative to specific methodologies.
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D. General

Statistical analyses of data collected during all phases of this study followed methods
described by Steel and Torrie (1960) and were performed on a 32 MB PC using SYSTAT® 9
software for Windows. Comparisons of means between two groups of data (e.g. surface vs
bottom or upstream vs downstream) employed Student’s ¢ test. Comparisons involving more
than two groups of data (e.g. elemental concentrations in three fish species) utilized an Analysis
of Variance followed by Tukey’s Asd procedure. Correlations between two variables (e.g.
elemental concentrations vs organic matter in sediment) were determined by calculating
Pearson’s coefficient, ». Unless otherwise noted, the word “significant” in this report refers to a
statistical probability of less than 0.05.

IV. RESULTS AND DISCUSSION

A.Tributaries
1. Water

Sampling precision, as shown by the results of duplicate samples (Appendix A-1), can be
viewed in two ways. First, there is an absolute difference that can be expected from two
samples, taken either from the same bottle in the laboratory or from the same site, at the same
approximate time, in the field. Second, there is a relative difference between the same two
samples that is expressed as the absolute difference divided by the mean of the two samples.
This is usually expressed as the RPD or relative percent difference. Both views are instructive
and should be considered when evaluating the precision of laboratory and field sampling. For
example, when ambient concentrations of any constituent are near the detection limit of the
method employed, relatively minor absolute differences will result in rather large relative
differences. This can be illustrated with the data for nitrite-nitrogen. The test for nitrite-N has a
detection limit of 1 ppb. Often times, ambient concentrations of nitrite-N are relatively low, in
the neighborhood of 1-10 ppb. Therefore, the average RPD for a series of duplicate nitrite-N
samples may be fairly high, when in fact the absolute differences were relatively minor. A
similar situation exists with a number of the trace elements. In short, to evaluate overall
precision for a constituent, the range of concentrations included in the duplicate sample set
should represent the range of concentrations in the field data, which in turn must be compared to
the limits of detection for that constituent. In theory, the difference between the means of the
laboratory duplicates and the field duplicates would be the “real” sampling error. This value
represents the real difference one can expect when sampling a particular constituent in the field.
It can also be noted that sampling for “total” constituents is not generally as precise as that for
their “dissolved” counterparts. This supports the notion that suspended particulate matter is not
homogeneously distributed in the water column.

Analytical accuracy for each Water A and Water B constituent is summarized as the
percent recovery from the standards that were run with each batch of samples (Appendix A-2).
In most cases, the 95% confidence interval was within or very near the range of 90%-110%
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recovery, a range we consider to be satisfactory. The only noteworthy exceptions involved three
of the four nitrogen determinations. Both nitrate and nitrite nitrogen would appear to be
underestimated by as much as 15 to 20 percent in this study, while total nitrogen may be
overestimated by as much as 10 or 15 percent. No adjustments to the nitrogen data have been
made; they are reported as analyzed.

Contamination of samples during collection, handling and analysis appeared to be
minimal with respect to Water A and Water B analytes. Mean concentrations in both initial and
terminal field blanks were below or very near the detection limits of all constituents with the
exception of arsenic and zinc (Appendix A-2). The mean values shown for zinc were greatly
influenced by only one sampling trip in which values were above detection limits. As for
arsenic, both initial and terminal blanks appeared to be significantly contaminated on every
sampling trip. While we are uncertain where this contamination might have occurred, we
recommend that the arsenic data (for water) in this report be regarded with caution.

Tributary temperatures ranged from a January, 1999 low of 1.2 °C on upper Cobb Creek
to a high of 32.7 °C on upper Lake Creek in August, 1998 (Appendix B-1). The temperature
range among tributary stations on any given sampling date was greatest throughout the summer,
while monthly means followed a relatively smooth seasonal pattern (Figure 7). Temperatures
tended to increase slightly from the upstream to downstream stations at all times of the year in
Willow, Lake and Cobb Creeks. Because of the broad, shallow morphology of the tributaries, air
temperature and solar radiation are important factors influencing short-term spatial and temporal
water temperature variations.

Conductivity is a good indicator of the total concentration of dissolved inorganic
constituents in a water sample. Tributary values ranged from 267 micromhos/cm in upper
Willow Creek on 9/11/1999 to 842 micromhos/cm in lower Cobb Creek on 11/03/1997
(Appendix B-2). The low in Willow Creek occurred during a period of high flow and significant
surface runoff, following a localized rainfall event. It will be noted in later discussions that this
particular sample is somewhat of an outlier with respect to several other constituents. Overall,
there was a significant increase in conductivity, averaging 100 micromhos/cm, between the upper
and lower stations in Willow Creek (Figure 8), indicating an increase of ionic constituents to this
stream from either groundwater or a surface water source. No significant difference was found
between the upper and lower stations in Lake or Cobb Creeks (Figure 8). It should also be noted
for future reference, that Cobb Creek has markedly higher conductivities than any other tributary
in the Fort Cobb Reservoir watershed.

Chemical oxygen demand (COD) is used as a relative indicator of the total organic matter
content of a sample, and may include both dissolved and particulate fractions. Upper Willow,
lower Lake, Crooked and Camp Creeks all had COD values below the detection limit of 1 ppm
on one or more occasions, while a maximum COD of 40 ppm occurred in August, 1998 in upper
Lake Creek (Appendix B-3). There were no significant differences between upper and lower
stations in Willow, Lake or Cobb Creeks (Figure 8), due in part to the large variations in
concentrations in upper Willow and Lake Creeks. Crooked and Camp Creeks appear to be
consistently lowest in organic matter content, whereas Lake and Noname are highest.

Turbidity is often intuitively viewed as the opposite of clarity. Specifically, it is an
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expression of the optical property of water that causes light to be scattered and absorbed rather
than transmitted in a straight line. It is caused by suspended matter which may be inorganic or
organic, living or non-living. Turbidity values at tributary stations ranged across three orders of
magnitude, from a low of 2.1 NTU in Camp Creek on 4/20/1999 to a high of >2,000 NTU on
9/11/1999 in upper Willow Creek (Appendix B-4). The latter value was associated with the
rainfall induced, high water event mentioned previously. Although this value is somewhat
atypical in our data set, it is probably representative of conditions that occur more frequently
throughout the year in this watershed. Hard rains, followed by heavy surface runoff and
localized flooding are fairly common in this area, even though we did not encounter these
conditions but once during our tributary sampling. It should be noted that the high turbidity we
encountered at upper Willow Creek in September, 1999 prevented us from performing several of
our other routine analyses on this sample. If one considers the turbidities we encountered in
tributaries on a logrithmetic scale, the majority (55%) fall in the range 10-100 NTU. Thirty
seven percent range from 1-10 NTU and 8% were greater than 100 NTU. It is probably safe to
conclude that the values from this study are representative of turbidities in each of the tributaries
during low or base flow conditions.
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All green plants contain chlorophyll a, hence it’s extensive use as an indicator of
phytoplankton biomass in aquatic studies. In stream environments, chlorophyll measurements
include not only phytoplankton, but also dislodged periphyton and fragments of higher plants that
may be carried along by the current. Chlorophyll a ranged from less than 0.2 ppb in Noname
Creek on 12/13/1999 to 33 ppb in upper Lake Creek on 9/11/1999 (Appendix B-5). There was a
significant increase from upper to lower Willow Creek, while upper and lower Lake and Cobb
Creeks were not significantly different (Figure 8). The smaller, spring-fed tributaries (Crooked,
Camp and Noname Creeks) were consistently lowest (< 10 ppb) in chlorophyll concentrations.

Since pH is a logrithmetic expression, the “average” values shown in Figure 8 represent
in fact geometric means of the hydrogen ion concentration at the various tributary locations. pH
ranged between 7.0 in both Crooked and Noname Creeks to 8.7 in lower Lake Creek (Appendix
B-6). There was no significant difference in pH between the upper and lower stations on
Willow, Lake or Cobb Creeks. There appeared to be a tendency for all stations to exhibit either a
“high” or “low” pH, depending on the sampling date. Since pH can be influenced by the removal
or addition of carbon dioxide, it is consequently affected by the history of photosynthesis and/or
respiration in the system. For example, the series of low pH values observed on 12/13/1999, may
have followed a period of high respiration and low photosynthesis, whereas the measurements on
10/29/1998 may reflect the opposite conditions.

All tributaries exhibited the same relative composition with respect to the major cations,
calcium, magnesium, sodium and potassium (Figure 9). There was no significant difference
between the total and dissolved fractions of these four elements, therefore concentrations have
been combined and treated the same for all purposes. Based on concentrations expressed as
milliequivalents per liter (meg/L), calcium was the predominant cation at all stations, ranging
between 46% (Noname Creek) and 72% (Crooked Creek) of the total. Magnesium was second at
all stations (range 15% to 33%), followed by sodium (11% to 19%). Potassium was not
abundant, ranging from less than 1% at Crooked Creek to 2% of the total in Noname Creek.
There was a significant difference in calcium, magnesium and sodium concentrations between
upper and lower Willow Creek (Figure 10). This accounts for the increase in conductivity
between the two stations that was noted earlier. There was little difference between the upper
and lower stations on Lake and Cobb Creeks with respect to any of the major cations; however,
as seen in Figure 10, marked differences in cations did exist among various tributaries. Cobb
Creek was consistently highest in calcium (Appendix C-1), magnesium (Appendix C-2) and
sodium (Appendix C-3), a condition that was reflected in the conductivity measurements as
mentioned earlier. Potassium concentrations were about an order of magnitude lower than the
other three major cations, and appeared to be more randomly distributed among all the tributaries
(Appendix C-4).
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Of the three major anions, total alkalinity was predominant, ranging between 54% of the total in
Cobb Creek to 84% in Eakly Creek (Figure 11). Alkalinity in these waters reflects primarily the
sum of the carbonate and bicarbonate ions, and at the pH values that exist in these tributaries,
bicarbonate would be the most common ionic form. Sulfate was the second most abundant anion
at all locations, and its relative importance ranged from 10% in Eakly Creek to 42% in Cobb
Creek. Relative concentrations of chloride ranged from 2% in Crooked Creek to 16% in Noname
Creek. Concentrations (ppm) of all three major anions increased significantly between upper and
lower Willow Creek (Figure 12), whereas there was no significant difference between the upper
and lower stations in either Lake or Cobb Creeks. Eakly Creek was consistently highest in total
alkalinity, while the lowest measurement occurred during the 9/11/99 runoff event on upper
Willow Creek (Appendix B-7). The most marked differences among the tributaries with respect
to major anions were the consistently high sulfate concentrations in Cobb Creek (Appendix B-8)
and high chloride values in Noname Creek (Appendix B-9).

Nitrogen is a major component of all living organisms. In natural waters, the forms of
nitrogen of greatest interest are, in order of decreasing oxidation state, nitrate, nitrite, ammonia
and organic nitrogen. All of these forms, as well as nitrogen gas, are biologically (and sometimes
chemically) interconvertible, and together make up what is commonly referred to as the “nitrogen
cycle’. It should be remembered that the chemical concentration of each form is dynamic, that
individual molecules of each are constantly being transformed, and that an analysis of a water
sample is merely a “snapshot” of the concentrations for that moment in time. Nitrate, an
important plant nutrient, was the most abundant form of inorganic nitrogen in all tributaries
(Figure 13). Concentrations ranged from 200 ppb in lower Lake Creek on 8/3/98 to 3800 ppb in
Eakly Creek on 11/3/97 (Appendix B-10). Concentrations of nitrate-N were significantly higher
in upper vs lower Willow Creek, while no significant differences were noted between upper and
lower stations on Lake or Cobb Creeks (Figure 13). At pH values less than 9.0, most of the
ammonia in freshwater exists in the ionic form (ammonium), and as such is an important source
of nitrogen for plants. While ammonia was the second most abundant inorganic form of nitrogen
in the tributaries (Figure 13), it’s concentrations were markedly lower than that of nitrate, ranging
from less than 10 ppb at nearly all stations on one or more occasions to 340 ppb in upper Willow
Creek on 9/11/99 (Appendix B-11). There were no significant differences in ammonia
conicentrations between the upper and lower stations in any of the three major tributaries. Nitrite
is often the least abundant form of inorganic nitrogen in natural waters, and the tributaries to Fort
Cobb Reservoir were no exception (Figure 13). Concentrations ranged from 1 ppb in lower Lake
Creek to 103 ppb in Eakly Creek (Appendix B-12). No significant nitrite differences were found
between the upper and lower stations at Willow, Lake and Cobb Creeks. Whereas the three
aforementioned forms of inorganic nitrogen are assumed to be in the dissolved state, the
procedure for determining total nitrogen includes both dissolved and particulate material.
Therefore, if one were to subtract nitrate, ammonia and nitrite from the total nitrogen value, one
would be left with an estimate of total particulate and dissolved organic nitrogen. Total nitrogen
ranged from less than 100 ppb at three locations on 7/12/99 to 19,000 ppb in upper Willow Creek
on 9/11/99 (Appendix B-13). This maximum, which was associated with the rainfall/runoff
event previously noted, was atypical. Most values were (88%) were between 1000 and 5000 ppb.

24



Calcium

120
100 4
80
60 +
40
20 1

Calcium (ppm)

Sample sites

Magnesium

Magnesium (ppm)

uwc LWC ULC LLC ucc L.CC EC CRC CAC NNC OA oC
Sample sites

Potassium

Potassium (ppm)

UwceC LWC uLc LLC ucc LCC EC CRC CAC NNC OA oC
Sample sites

Sodium

Sodium (ppm}

Sample sites

Figure 10. Mean concentration of major cations at each tributary and outflow sampling station.

25



Willow Creek
[ 5%

‘l Chioride
= Alkalinity

' mSulfate |
=l |

Cobb Creek

4%

42% il Chloride
B Alkalinity
i_ISulfate

54%

4% Camp Creek

m Chloride
m Alkalinity
m Sulfate

14% 16% Noname

70% J

= Chloride
= Alkalinity
m Sulfate

6%

7%

Lake Creek

= Chloride
E Alkalinity
m Sulfate

10%

6%

84%

Eakly Creek

@ Chloride
m Alkalinity
= Sulfate

41%

2%

57%

Crooked Creek

= Chloride
= Alkalinity
I_lSquate

41%

7%

52%

Outflow

| m Chioride
ilAIkaIinity

@ Sulfate

Figure 11. Mean relative composition of major anions (Meq/L) in tributaries and outflow.

26




Alkalinity {(ppm)

Alkalinity

Sampling sites

Sulfate (ppm)

Sulfate

180
160
140
120
100

ucc LCC EC
Sampling sites

Chiloride (ppm)

Chloride

Sampling sites

Figure 12. Mean concentration of major anions at each tributary and outflow station.

27




Nitrate-N

i)
Q
=
)
|5
z
Uwc  Lwc uLC LLC ucc Lce EC CRC  CAC NNC OA ocC
Sample sites
Nitrite-N
=
[-3
=
[
£
=
z
uwe  Lwce uLC LLC uce Lee EC CRC CAC NNC OA ocC
Sample sites
Ammonia-N
Q)
[=3
=
]
‘c
[}
£
E
<
Sample sites
Total Nitrogen

Total Nitrogen (ppm}

Sample sites

-

Figure 13. Mean concentration of nitrate, ammonia, nitrite, and total nitrogen at each tributary
and outflow station.

28



There were no significant differences between upper and lower stations in Willow, Lake or Cobb
Creeks (Figure 13). Using station averages, inorganic nitrogen (nitrate+ammonia-+nitrite)
comprised between 39% of the total nitrogen at upper Willow Creek and 68% of the total in
Crooked Creek (Figure 14).

In comparison with the other major nutritional and structural elements found in living
organisms (C,H, O, N), phosphorus is the least abundant and the most commonly limiting to
biological productivity in freshwater ecosystems. Phosphorus occurs in a number of organic and
inorganic compounds in natural waters; however in practice, forms of phosphorus are usually
defined analytically (see Greenberg ef al. 1992). As the name implies, total phosphorus is meant
to include all forms of the element in a water sample - organic, inorganic, particulate and
dissolved. The actual determination of “total” phosphorus is dependent upon which of the
several commonly-used methods of digestion is chosen, and can range from the most drastic
perchloric acid digestion to the less rigorous persulfate oxidation method. The former will strip
even the most difficult forms of phosphorus from complex matrices such as soil or sediment,
while the latter removes the more easily oxidized forms in a sample. In short, values for total
phosphorus are defined by the digestion method employed. In this study, we used the persulfate
digestion method; therefore, our results are undoubtedly lower than those that would have been
obtained by one of the more rigorous methods. Total phosphorus ranged from 57 ppb in Noname
Creek on 12/13/99 to 1830 ppb during the runoff event in upper Willow Creek on 9/11/99
(Appendix B-14). There were no significant differences between upper and lower stations in
Willow, Lake or Cobb Creeks (Figure 15). Soluble reactive phosphorus (SRP) is believed to be
comprised largely of the orthophosphate ion, with traces of easily hydrolyzed condensed
phosphate, and as such represents phosphorus that is readily available to aquatic plants for
primary productivity. SRP ranged from <10 ppb in upper Willow Creek on 8/3/98 to 290 ppb in
lower Lake Creek on 5/2/98 (Table B-15). The upper and lower stations on Willow, Lake and
Cobb Creeks were not significantly different with respect to concentrations of SRP (Figure 15).
Using average values at each station, SRP comprised from 44 to 61 per cent of the total
phosphorus in the tributaries (Figure 16).

In this report, major and minor trace elements are arbitrarily defined as those whose
concentrations are expressed in parts per million and parts per billion, respectively. Among the
major trace elements, only two (aluminum and iron) differed significantly between their total and
dissolved concentrations. Soluble concentrations of aluminum were less than the detection limit
(0.05 ppm) in every sample, while concentrations of total aluminum ranged from less than 0.05
ppm at times in Noname, Camp and Crooked Creeks to 2.24 ppm on 1/15/98 in upper Lake
Creek (Appendix C-5). Average concentrations of total aluminum ranged from 0.09 ppm in
Crooked Creek to 0.77 ppm in upper Lake Creek (Figure 17). Dissolved iron concentrations
were less than the detection limit (0.02 ppm) at every station except Noname Creek, and total
iron ranged from 0.05 ppm in Crooked Creek on 7/21/98 to 2.0 ppm in Noname Creek on
10/19/99 (Appendix C-6).
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Total iron averaged between 0.09 ppm in Crooked Creek to 1.3 ppm in Noname Creek (Figure
17). Detectable concentrations were encountered in both the total and dissolved samples for the
remainder of the major trace elements, and no significance differences were found between the
two fractions in the tributaries. Manganese (Appendix C-7) was highly variable with respect to
both location and sampling date; and as with iron, the average concentration of manganese in
Noname Creek was markedly higher than at any other site (Figure 18). Barium (Appendix C-8)
and silica (Appendix C-9) were more uniformly distributed with respect to season and location.
Average concentrations of barium ranged from 0.08 ppm in Noname Creek to 0.20 ppm in Eakly
Creek, while averages for silica ranged between 9.8 ppm in Eakly Creek and 12 ppm in Camp
and Noname Creeks (Figure 18). The spatial distribution of strontium (Appendix C-10) was
somewhat different than that of the other major trace elements. First, there was a significant
increase between upper and lower Willow Creek and a significant decrease from upper to lower
Cobb Creek (Figure 18). There were no significant differences between the upper and lower
stations on Willow, Lake or Cobb Creeks for aluminum, iron, manganese, barium or silica.
Second, average concentrations of strontium in Cobb Creek were an order of magnitude higher
than at any other location (Figure 18). There are no water quality standards in Oklahoma for any
of the major trace elements except barium. Concentrations of barium in the tributaries were
roughly an order of magnitude less than the 1.00 ppm standard for public and private water
supplies.

The minor trace elements can be grouped into four general categories. First, is a group in
which none of the total or dissolved samples contained concentrations that were above the
detection limit of the methods used. All samples for total and dissolved mercury were below
0.005 ppb (Appendix C-11), while all those for cadmium contained less than 0.05 ppb (Appendix
C-12). For all practical purposes, all samples for molybdenum were less than 1.0 ppb; the two
exceptions appeared to be somewhat anomalous (Appendix C-13). There is no state water quality
standard for molybdenum, and concentrations of mercury and cadmium appear to be at least an
order of magnitude lower than the most conservative standards listed for these two elements. A
second group of elements is one in which detectable concentrations occurred only in the “total”
samples. All dissolved lead concentrations were essentially less than 0.05 ppb, while total
concentrations ranged from < 0.05 ppb in Noname and Camp Creeks to 3.0 ppb in Eakly Creek
(Appendix C-14). Dissolved silver was less than 0.05 ppb in every sample, whereas total
concentrations were between < 0.05 ppb at several sites and 0.43 ppb in lower Lake Creek
(Appendix C-15). Antimony was below or only slightly exceeded the detection limit of 0.05 ppb
in all dissolved samples, while samples for total ranged between < 0.05 and 0.62 ppb (Appendix
C-16). Chromium was somewhat problematic in that detectable concentrations appeared in the
dissolved phase on only one occasion, and in the total samples on just two occasions. All
detectable concentrations of chromium, in both the total and dissolved fractions, were very near
the detection limit of 1.0 ppb (Appendix C-17). Concentrations of silver and chromium were at
least an order of magnitude less than Oklahoma water quality standards, as were most of those
for lead. There is no standard for antimony. A third group of elements was comprised of those
in which detectable concentrations were found in both the dissolved and total fractions, and in
which the total concentrations were significantly greater than the dissolved.
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Concentrations of total and dissolved copper (Appendix C-18) averaged 0.92 and 0.69 ppb,
respectively. Zinc (Appendix C-19) averaged 4.1 ppb total, and 2.4 ppb dissolved, while
averages for total and dissolved cobalt (Appendix C-20) were 0.37 and 0.23 ppb, respectively.
There is no water quality standard for cobalt, and those for copper and zinc are an order of
magnitude greater than concentrations found in this study. The fourth and final group of
elements consists of those in which consistently detectable concentrations of both total and
dissolved fractions cannot readily be separated, either statistically or by virtue of their QA/QC
results. Boron (Appendix C-21), which ranged from <20 to 90 ppb, and vanadium (Appendix C-
22), which ranged between < 0.05 and 18.1 ppb, are not included in the state water quality
standards. Nickel (Appendix C-23), at <0.5 to 2.87 ppb, was two orders of magnitude lower
than the state standard, while selenium (range < 0.05 to 0.62 ppb) was one order of magnitude
lower than the most conservative standard (Appendix C-24). Arsenic ranged from 1.28 to 25.2
ppb (Appendix C-25). All values > 10 ppb occurred in each of the principle tributaries on one
sampling date (7/21/98). The most conservative standard for arsenic (40 ppb) is for waters
designated as public and private water supplies. As stated earlier, the arsenic data are somewhat
suspect due to the presence of apparent contamination shown in the field blanks.

2.Sediment/Soil

Laboratory precision for the sediment samples, as shown by the results of duplicate
analyses (Appendix A-3), was very good - except for boron, cadmium and molybdenum. The
RPD for these three elements ranged from 20 to 35 per cent, while RPD for the remaining
constituents was less than 10%. Elemental composition of sediment is related to various physical
properties of the material such as total organic carbon (TOC) and/or grain size (de Groot, 1995).
For this reason, the utility of field duplicates to evaluate sampling precision is somewhat limited,
since two samples taken from the same vicinity may contain different elemental concentrations
simply because of differences in TOC or clay content. Since the tributary sediment sampling was
designed to include samples from a wide range of grain sizes, followed by geochemical
normalization of the results, field duplicates were considered unnecessary in this study. Standard
reference materials were available for just over half of the elemental constituents analyzed in
sediment (Appendix A-3). Recoveries from sediment depend on the form (or matrix) in which a
particular element occurs, and the digestion procedure that is used to dislodge (or dissolve) the
element. If the digestion procedure is not sufficiently rigorous, not all of the element will be
removed from the sample matrix, and recovery will be incomplete. Recoveries were consistently
low for certain metals such as chromium, vanadium and beryllium. Recovery of the remaining
elements appeared to be satisfactory, ranging between about 80 and 100 per cent. Laboratory
blanks for each of the elements were below the detection limit in all cases, suggesting no
contamination of the samples during digestion or analysis.

As previously stated, it was assumed a priori that the bulk concentration (ppm) of any
element in a sediment or soil sample would be strongly dependent on the granular composition or
the organic matter content of that sample - i.e. elements are attracted and adhere to organic matter
and the finest particles. However, in every study before normalization is carried out, this
assumption should be validated by examining the existing data (Hebert and Keenleyside, 1995).
In our study, we had an excellent range and distribution of particle sizes, from 2.5% sand in the

Willow Creek delta to 100% sand in the upper reaches of Willow, Cobb and Lake Creeks and the
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watershed soil. TOC ranged from less than 0.10% in upper Willow, Lake and Cobb Creeks to
nearly 2.0 % in both the Lake and Willow Creek deltas. As recommended by de Groot (1995),
we selected aluminum as a surrogate (or reference) for the fine-grained fraction of the
sediment/soil, and determined the correlations between the concentrations of each element vs
aluminum and TOC in samples from each of the three major watersheds. The results (Table 5)
verify conclusively that concentrations of elements in these tributaries are highly dependent upon
the concentration of TOC and fine grain size particles as represented by aluminum. In Willow
and Lake Creeks, every element was significantly correlated with aluminum at the p<0.01 level.
In Cobb Creek, concentrations of four elements (calcium, cadmium, sulfur and selenium) were
independently distributed with respect to aluminum. This suggests that in the Cobb Creek
watershed, some other factor(s) is responsible for regulating the concentration of these four
elements in the sediments. Once the relationship between the various elements and the
representative of the fine-grained fraction (aluminum) was verified, the data were geochemically
normalized with the following equation: (concentration of element in ppm/concentration of
aluminum in ppm) X 10,000.

Using the normalized soil and sediment data from the Willow Creek watershed (Table 6),
one can determine which elements are being enriched in the benthic sediments of Willow Creek
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and it’s delta. Concentrations of ten elements (Cd, Cr, Fe, K, N, P, Pb, Se, V and Zn) were
actually higher in the watershed soil than in the sediment, suggesting that somehow these
elements are depleted in the benthic environment, perhaps either by uptake or solution.
Concentrations of five elements (As, Co, Cu, Mn and Ni) were unchanged between soil and
sediment, indicating that once these elements are moved physically from the watershed into the
stream, they are neither

depleted nor enriched. Concentrations of only seven elements (B, Ba, Be, Ca, Mg, S and Sr)
appeared to be geochemically enriched in the sediment. Mean sediment:soil ratios of these
elements ranged from 1.1 to 2.8, with calcium and strontium being the highest.

Normalized concentrations (Table 6) were also used to compare sediments in the Willow,
Lake and Cobb Creek Basins. Concentrations of nine elements (As, B, Ba, Be, Cd, Co, N, S and

Se) were similar in all three waterways. In the case of one element (Cu), Lake Creek was lower
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than either Willow or Cobb Creeks. For the remaining twelve elements (Ca, Cr, Fe, K, Mg, Mn,
Ni, P, Pb, Sr, V and Zn), Cobb Creek was higher than Willow and Lake Creeks. In other words,
with the exception of copper, the sediments in Willow and Lake Creeks and their deltas were
similar, whereas sediment in the Cobb Creek system was significantly enriched with respect to
over half of the elements tested. Among the more prominent increases found in the Cobb Creek
sediments were calcium and strontium, two elements that were shown to be geochemically
enriched from watershed soils, and that were also noted to be markedly higher in the water
samples from Cobb Creek.

3.Bacteria

Results of the bacterial testing (Table 7) are not difficult to summarize. Hydrogen
sulfide-producing bacteria were present in every sample taken from the tributaries. A strong
positive reaction was observed in every case within the initial 24-hour incubation period,
suggesting that a substantial inoculum of viable organisms was consistently present at all
locations. Specifically, the PathoScreen medium used is selective for such organisms as
Salmonella, Citrobacter, Proteus, Edwardsiella and Klebsiella which have been shown to be
associated with fecal contamination and total coliform bacteria. A positive test does not confirm
the presence of human pathogens, but is merely an indicator that the potential does exist.
Salmonella, which is considered the most important zoonotic cause of food-borne infection
(Havelaar, 1986), may be excreted by humans and healthy wild and domestic animals. Three of
the four major environmental

sources of Salmonella listed by Havelaar (1986) are present in the Fort Cobb Reservoir
watershed: (1) wastewater from municipal sewage; (2) manure from domestic livestock; and (3)
fecal material from wild animals. While the actual nature and source of bacteria are unknown,
and may actually vary with season and locale, fecal contamination is pervasive throughout the
Fort Cobb Reservoir watershed.

B. Qutflows
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1. Water

Outflow temperatures varied from a January, 1999 low of 5.6 °C in Outflow C to a high
of 30.1 °C at the same location in August, 1998 (Appendix B-1). Except for early spring
(March-May), temperatures at the two outflows varied by less than a degree. The seasonal
temperature pattern in the outflows was very similar to that observed in the tributaries (Figure 7).

Outflow conductivity varied from 418 micromhos/cm in Outflow A on 8/3/98 to 536
micromhos/cm in Outflow C on 7/12/99 (Appendix B-2). There was no significant difference in
conductivity between the two outflows over the course of the study. Mean values for Outflows
A and C were 465 and 477 micromhos/cm, respectively. With the exception of Noname Creek,
outflow conductivities were markedly less than those in any of the tributaries (Figure 8). This
clearly indicates that there is another important source of water entering the reservoir between the
mouths of the principle tributaries and the outflows. Since no other surface water enters the
reservoir, the source has to be groundwater.

Chemical oxygen demand (COD) was consistently higher in the outflows than in the
tributaries (Figure 8), ranging from a low of 3 ppm in Outflows A and C on 10/29/98 to a high of
32 ppm in Outflow C on 8/3/98 (Appendix B-3). Mean concentrations of 12 and 14 ppm in
Outflows A and C respectively, were not significantly different. Increased CODs in the outflows,
relative to the tributaries, are no doubt a reflection of organic matter synthesis by phytoplankton
in the reservoir environment.

Turbidity in the outflows was highly variable, ranging across two orders of magnitude,
from a low of 2.2 NTU in Outflow C on 5/13/98 to 109 NTU in Outflow A on 3 /15/2000
(Appendix B-4). On the whole, turbidity values were somewhat lower in the outflows than in the
tributaries. Over half (52%) were in the range 1-10 NTU, as compared to 37% of the tributary
readings in the same range.

Chlorophyll a concentrations in the outflows, which ranged from a low of 0.79 ppb in
Outflow C on 5/13/98 to a high of 74 ppb in Outflow A on 8/3/98 (Appendix B-5) undoubtedly
reflect phytoplankton entrained in the discharge from the reservoir. Mean values of 29 and 23
ppb in Outflows A and C respectively, were not significantly different, and were 2 to 3 times
higher than those found in the tributaries (Figure 8).

pH ranged from 7.6 in Outflow C on 8/3/98 to 9.0 at the same site on 11/3/97 (Appendix
B-6). Both locations had an average pH of 8.1, which was higher than the mean at any of the
tributary stations (Figure 8).

Outflows A and C exhibited the same relative composition as the tributaries with respect
to concentrations of the major cations, calcium, magnesium, sodium and potassium (Figure 9).
There were no significant differences in the concentrations of these ions between the two outflow
sites, nor between the total and dissolved forms. As discussed earlier, in reference to
conductivity, there was an overall decrease in total ionic concentration from the tributaries to the
outflows. Specifically, calcium was the most notable reduction (Figure 10). Potassium actually

increased about two-fold, while magnesium and sodium decreased slightly. There is an
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interesting similarity between the mean conductivities at Noname Creek (454 micromhos/cm)
and the outflows (471 micromhos/cm) and the cationic composition at the two locations (Figures
9 and 10). This might suggest that both sites reflect the influence of localized groundwater.

As in the case of the tributaries, alkalinity was the predominant anionic constifuent in the
outflows (Figure 11); however, at the higher pH values in the latter, carbonate would play a more
important role than in the former. Concentrations of alkalinity in outflows A and C were not
significantly different, and their mean value (115 ppm) was notably lower than those in any of
the tributaries (Figure 12). Sulfate, the second most abundant anion, was not significantly
different in the two outflows, and averaged 88 ppm in the outflows. This was about midway
between the concentrations in the Cobb Creek watershed and those in Willow and Lake Creeks
(Figure 12). Chloride, which averaged 11 ppm in both outflows, was the least important of the
major anions (Figure 11).

There were no significant differences between outflow stations with respect to any of the
nitrogen forms analyzed. As in the tributaries, nitrate-N was the most abundant inorganic form
in the outflows, however mean concentrations were markedly less (Figure 13). In contrast,
Figure 13 shows that concentrations of ammonia-N were 2- to 3-fold higher in the outflows than
- in the tributaries. Nitrite-N was uniformly quite low in the outflows. There was a slight shift in
the ratio of organic to inorganic N from tributaries to the outflows (Figure 14). In the former,
organic N accounted for between 46 and 68 per cent of the total nitrogen, whereas in the latter,
organic N was reduced to 41%.

Total phosphorus in the outflows ranged from <10 ppb in Outflow A on 8/3/98 to 940
ppb at the same location on 3/15/00 (Appendix B-14), while that for soluble reactive phosphorus
was from <10 ppb on two occasions in Qutflow A to 362 ppb in Outflow C on 8/3/ 98 (Appendix
B-15). There was no significant difference in either form of phosphorus between the two
outflows. There appeared to be an overall reduction in both total phosphorus and SRP between
the principle tributaries and the outflows (Figure 15), although the magnitude was not great.
There was a slight increase in the proportion of organic to inorganic phosphorus from the
tributaries to the outflows (Figure 16). In the former, organic phosphorus ranged from 39 to 56
per cent, while in the latter it comprised and average of 65%.

Among the major trace elements in the outflows, three (aluminum, iron and manganese)
differed significantly between their total and dissolved concentrations. Soluble aluminum was
below the detection limit (0.05 ppm) in every outflow sample, while total aluminum ranged from
<0.05 to 0.135 ppm (Appendix C-5). Soluble iron was also at or below the detection limit (0.02
ppm) in every sample, whereas detectable concentrations of total iron, ranging from 0.05 to 0.238
ppm were encountered on every occasion (Appendix C-6). Soluble manganese ranged from
0.001 to 0.015 ppm while totals varied between 0.012 and 0.089 ppm (Appendix C-7). No
significant difference was found between the total and dissolved fractions of the other three
major trace elements (barium, silica and strontium). Concentrations of barium were relatively
constant throughout the four seasons, ranging from 0.092 to 0.124 ppm (Appendix C-8). Silica
was a little more variable with a range of 0.43 to 2.5 ppm (Appendix C-9). Strontium was also
quite consistent, ranging between 0.94 and 1.2 ppm (Appendix C-10). No significant differences
occurred between Outflows A and C for any of the major trace elements. Several marked
differences could be noted when mean concentrations of the major trace elements in the outflows
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were compared to those in the tributaries. Except for Crooked Creek, aluminum and iron were
generally reduced in the outflows (Figure 17). The most striking difference was the case of
silica, where outflow concentrations were roughly an order of magnitude less than those found in
any of the tributaries (Figure 18). Outflow concentrations of manganese and barium both
appeared to be slightly less than in the tributaries, while strontium was intermediate between the
highs noted earlier in Cobb Creek and the remaining tributaries (Figure 18).

Results of the minor trace element analyses can be grouped in the same manner as
previously used to discuss results of the tributary samples. First, is a group of elements in which
none of the samples analyzed for either the total or the dissolved fraction yielded meaningful
concentrations that were above the detection limits of the laboratory methods used. All samples
for total and dissolved mercury were below the 0.005 ppb detection limit (Appendix C-11), while
those for cadmium all contained less than 0.05 ppb (Appendix C-12). Both total and dissolved
molybdenum appeared near or below the detection limit of 1.0 ppb (Appendix C-13). For the
outflows, both chromium (Appendix C-17) and silver (Appendix C-15) can be added to this first
group. In the outflow, lead appeared to be the only element in the second group, i.e. the one in
which detectable concentrations occurred only in the “total” samples. With one exception,
dissolved lead concentrations were below 0.05 ppb while total concentrations ranged from 0.14
to 0.70 ppb (Appendix C-14). The third group of elements is comprised of those in which
detectable concentrations occurred in both the dissolved and total fractions, and in which the
latter was significantly higher than the former. Dissolved antimony ranged from < 0.05 to 0.27
ppb while totals were between 0.28 and 0.40 ppb (Appendix C-16). Dissolved copper was from
0.50 to 1.1 ppb and total from 0.70 to 1.5 ppb (Appendix C-18). Zinc samples from the outflows
appeared to be contaminated, probably from the metal used in the hydrants, and values for both
total and dissolved (Appendix C-19) should be disregarded. The final group of elements is made
up of those whose total and dissolved concentrations cannot be separated. Cobalt (Appendix C-
20) ranged from 0.08 to 0.20 ppb, boron (Appendix C-21) from 47 to 77 ppb, vanadium
(Appendix C-22) from 2.0 to 5.6 ppb and nickel (Appendix C-23) from < 0.50 to 1.8 ppb.
Selenium (Appendix C-24), which ranged from < 0.05 to 0.19 ppb, did not reach concentrations
as high as those found in many of the tributary samples. Likewise, the range for arsenic
(Appendix C-25) was somewhat reduced in the outflows, but concentrations should be viewed
with caution. Overall, it appears that a few changes in concentrations of minor trace elements
did occur between the inflow from the tributaries and the outflows. However, concentrations of
these elements remained well below the applicable state water quality standards.

2.Bacteria

Hydrogen sulfide-producing bacteria were present in every outflow sample taken (Table
7). A positive reaction with the PathoScreen® medium was observed within 24 hours in every
case. Although a positive test does not confirm the presence of human pathogens or fecal
contamination, it does indicate the presence of total coliform bacteria from some source (Grant
and Ziel, 1996). There are state water quality standards regarding total coliform and fecal
coliform bacteria in waters designated by the state as Public and Private Water Supplies and
Primary Body Contact Recreation. These standards are based on quantitative determinations of
the number of bacteria present per 100 ml of water and were beyond the scope of this
investigation. The fact that these organisms are present in outflows that are used as municipal
water supplies, and presumably in the reservoir itself, should be noted.
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C. Reservoir
1. Water

Reservoir surface temperatures ranged from 3.2 °C in January 1999 to 30.7 °C in July of
that same year (Appendix B-1). Temperatures increased from the headwaters to the dam between
late summer and mid-winter (August-December), then decreased in the same direction
(downstream) during the remainder of the year (January-July). The largest temperature
differences between the upper and lower ends of the reservoir ( > 3 °C) occurred during the
period of warming. The annual cycle (Figure 7) was similar to that found in the tributaries and
outflows.

Reservoir conductivity varied from 404 micromhos/cm in August 1998 to 642
micromhos/cm in February of that same year (Appendix B-2). In general, reservoir
conductivities were much less variable than those found in the tributaries, and were slightly more
variable than the outflows. There were no significant differences in conductivity between the
surface and bottom water samples, indicating that in general, no vertical stratification of water
masses was present in the reservoir. There was however, a significant decrease in conductivity
between the upper reservoir and the dam (Figure 19), a fact that supports the earlier suggestion
that water from another source (groundwater?) must contribute substantially to Fort Cobb
Reservoir’s overall water budget.

Chemical oxygen demand (COD) varied from < 1 ppm at several reservoir stations in
July of 1999 to 29 ppm in the Northwest Sector later in December of that same year (Appendix
B-3). Aside from a slightly higher average value in the Northwest Sector, conditions throughout
the reservoir did not vary greatly (Figure 19). No significant differences in COD were noted
between the surface and bottom samples. COD in the upper reservoir areas (including the Willow
Creek Arm) was consistently higher than the tributaries which fed directly into them only a short
distance away, suggesting a rapid synthesis of organic matter once water moved from the streams
into the reservoir.

Turbidity was less variable in the reservoir than in the tributaries, with only one value
greater than 100 NTU, and a majority of readings (71%) in the range of 10-100 NTU (Appendix
B-4). There was a significant decrease in turbidity between the upper reservoir stations,
including Willow Creek Arm, and the lower portion of the reservoir, including Kardokas,
Carnegie and Marina Coves. Part of this difference was due to the presence of wind-induced,
resuspended, bottom sediment in the shallower, more exposed, upper reaches of the reservoir,
and part was due to the presence of more phytoplankton in the headwaters areas. At the Upper
Reservoir station and the Willow Creek Arm, no significant difference in turbidity was found
between the surface and the bottom samples, indicating that suspended matter was vertically well
mixed. At the Middle and Lower Reservoir stations, there was significant differences between
the surface and bottom samples, suggesting that some vertical layering of suspended matter was
occurring in the deeper water.

Chlorophyll, as noted earlier, is an indicator of phytoplankton standing crop; and even more
quantitatively it is an indicator of the potential for primary productivity in a body of water.

43



umhos/cm

NW-$ UR-S UR-B WA-S WA-B MR-S MR-B K-S [O2S) M-S LR-S LR-B

Sampling sites

COD

ppm

Sampling sites

Chlorophyil a

ppb

NW-S UR-S UR-B WA-S WA-B MR-S MR-B K-S C-S M-S LR-8 LR-B

Sampling sites

pH

e e

NW-S UR-8 UR-B WA-S  WAB MR-S MR-B K-S CS M-S LR-S LR-B

B!

Sampling sites

Figure 19. Mean conductivity, pH, COD, and chlorophyll a concentrations at each reservoir
sampling station.

44



Therefore, the quantity and distribution of chlorophyll in the reservoir is important. First, one
should note that even though there was a broad range of concentrations in the reservoir during the
course of the study (3.1 to 136 ppb), there was a marked increase over concentrations found in
the tributaries during the same time period (Appendix B-5). Second, the highest concentrations
were found in the upper portions of the reservoir, and there was a year-round, significant
decrease from the upper to the lower portions of the reservoir (Figure 19). Third, except for the
Lower Reservoir station, there was no significant difference between the concentrations in the
surface and bottom samples. One may conclude from these data that: (a) nutrient-rich water,
relatively devoid of phytoplankton, enters the upper reservoir via the three main tributaries; (b)
following a rapid “bloom” of intense growth in the upper reservoir, phytoplankton standing crop
gradually declines as water moves downstream towards the dam; and, © in general, vertical
mixing keeps the phytoplankton homogeneously distributed throughout the water column, except
at the deepest locations.

Reservoir surface pH ranged from a low of 7.2 at the Middle Reservoir station on 3/9/00
to 8.8 at several stations on 7/23/99 (Appendix B-6). There were no significant differences with
respect to location on the reservoir, rather a tendency for all stations to show rather uniform
values that fluctuated with sampling date. As previously noted, pH can be influenced by net
changes in carbon dioxide concentrations resulting from phytoplankton respiration and
photosynthesis. Therefore, the series of “low” values encountered on 3/9/00 may have followed
an extended period of respiration, whereas a series of “high” readings such as occurred on
7/23/99 may reflect a short-term history of intense photosynthesis. Overall, pH was markedly
higher in the reservoir than in the tributaries (Figure 19), perhaps the result of a more active
photosynthetic community in the former, perhaps also because of fundamental changes in water
chemistry brought about by the infusion of groundwater into the system.

Except for an occasional elevated value in the Northwest Sector, concentrations of total
alkalinity were rather uniform throughout the reservoir on any given date (Appendix B-7). As in
the case of pH, there were periods marked with relatively “high” and “low” concentrations.
There were no significant differences, either horizontally or vertically, within the reservoir
(Figure 20), however, on every sampling date, there was a substantial decrease in total alkalinity
between the tributaries and the reservoir. Concentrations of sulfate ranged from 15 ppm at the
Lower Reservoir on 4/6/99 to 144 ppm in the Northwest Sector on 10/23/98 (Appendix B-8).
Average sulfate concentrations decreased significantly between the upper and lower portions of
the reservoir as well as between the surface and the bottom at the Lower Reservoir station
(Figure 20). Chloride concentrations varied little in Fort Cobb Reservoir, either spatially or
throughout the course of the study. The low was 8.0 ppm in the Northwest Sector on 2/23/98 and
the high was 12.75 ppm at three locations on 12/6/99 (Appendix B-9). Mean concentrations
throughout the reservoir were very comparable to those in the tributaries and the outflows (Figure
20). As would be expected, the mean relative composition of the major anions in the reservoir
was the same as that shown in Figure 11 for the outflows i.e. 52% total alkalinity, 41% sulfate
and 7% chloride. When compared to the tributaries, this composition most closely resembled
that found in Cobb Creek (Figure 11).

Nitrate-N in Fort Cobb Reservoir ranged from < 10 ppb at the Lower Reservoir station on

7/23/99 to 980 ppb at the Middle Reservoir on 5/13/98 (Appendix B-10).
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Figure 20. Mean concentration of major anions at each reservoir sampling station.
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There appeared to be a rather strong seasonal component to nitrate-N distribution, with lowest
concentrations occurring in late summer and highest concentrations in late spring/early summer.
There were no significant differences between the upper and lower portions of the reservoir or
between surface and bottom samples (Figure 21). Overall, nitrate-N concentrations in the
reservoir were greatly reduced in comparison to the tributaries. Concentrations of ammonia-N
increased significantly from the upper to the lower end of the reservoir (Figure 21). Seasonal
ammonia-N lows corresponded with the late summer lows in nitrate-N, while seasonal highs in
ammonia-N preceded those for nitrate-N by occurring in late winter/early spring (Appendix B-
11). There were no significant differences between means for surface and bottom samples at any
station, however, evidence of strong ammonia-N stratification during certain periods can be
noted from the data on specific dates (e.g. on 8/11/98). In general, ammonia-N concentrations in
the reservoir were markedly higher than those in the tributaries. Reservoir concentrations of
nitrite-N ranged from 1 ppb at various stations on several dates to over 350 ppb near the bottom
of the Lower Reservoir station on 8/11/98 (Appendix B-12). Although the spatial distribution
was somewhat sporadic on certain dates, there were no significant differences between mean
concentrations at any of the stations or between surface and bottom samples (Figure 21). Over
the course of the study, nitrite-N concentrations in the reservoir were comparable to those found
in the tributaries. Total-N ranged from 450 to 3600 ppb in the reservoir (Appendix B-13). Mean
values were comparable throughout the reservoir with no significant differences between the
upper and lower reaches or between surface and bottom samples (Figure 21). There appeared to
be a slight decrease in reservoir concentrations compared to the tributaries. One of the earlier
discussions, relating to chlorophyl! distribution in the reservoir, suggested that nutrients entering
the headwaters are rapidly incorporated into organic matter by phytoplankton, which in turn
gradually decrease in abundance as water moves downstream. Such a hypothesis would seem to
be supported by the reservoir nitrogen data as well. In the upper portions of the reservoir,
organic nitrogen increases from around 50% of the total (in the tributaries) to about 70% to 80%.
The percentage of organic nitrogen then gradually decreases downstream with a concurrent
increase in ammonia, which is the first degradation product of organic nitrogen. By the time the
water reaches the dam, the organic:inorganic nitrogen ratio is approximately the same as in the
tributary streams (Figure 22).

Total phosphorus in Fort Cobb Reservoir was consistently less than that found in the
primary tributaries, with a maximum of 752 ppb in the Willow Creek Arm (bottom) on 9/21/99
(Appendix B-14). Mean concentrations of total-P ranged from 105 ppb at the Middle Reservoir
surface to 204 ppb at the Northwest Sector (Figure 23). There were no significant differences
found between surface and bottom samples nor between the upper and lower reservoir stations.
In comparison to the tributaries, SRP was also substantially reduced at all of the reservoir
stations. Concentrations below the detection limit (10 ppb) occurred during all seasons, with
maxima occurring during July, 1999 (Appendix B-15). Mean concentrations of SRP did not vary
significantly throughout the reservoir either vertically or horizontally (Figure 23). However, on
specific occasions, notable differences could be detected between surface and bottom samples
(e.g. 7/23/99) or between the headwaters and the dam (e.g. 4/6/99). Overall, there are some
similarities between the ratios of organic and inorganic phosphorus in the reservoir (Figure 24)
and those previously discussed for nitrogen. First, the proportion of organic phosphorus
suddenly increases from around 40 to 50 percent in the tributaries to over 70 percent in the upper
portions of the ~eservoir, presumably due to the rapid synthesis of organic matter by
phytoplankton.
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Second, as water moves downstream, there is a reduction of total phosphorus, particularly in the
surface water (presumably due to the sinking and deposition of organic matter), and the

proportion of organic phosphorus is somewhat reduced.
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2. Sediment

QA/QC data for reservoir sediment samples are included with data from the tributaries in
Appendix A-3 and are therefore subject to the discussion on QA/QC presented in Section IV.A.2.
The physical properties of the reservoir sediment samples were more variable than expected.
Sand ranged from 4.7% in a sample from the Willow Creek Arm to 97.6% in one from the
Marina Cove. TOC varied from 0.3% in the aforementioned Marina Cove sample to 2.9% in a
sample from the Lower Reservoir station. This range in texture and organic matter content
allowed for the same type of comparison between bulk elemental concentrations (ppm) and TOC
and aluminum, that was carried out with the tributary samples. As shown in Table 5, the
correlations were quite good. All elements except arsenic were significantly correlated with
aluminum at p<0.01, and even arsenic was significant at p<0.05. Therefore, elemental
concentrations in reservoir sediment were geochemically normalized to aluminum as described in
Section IV.A.2. Although a statistical comparison between normalized reservoir and tributary
concentrations was not carried out, it is apparent from Table 6 that reservoir values were very
similar to those in the various tributaries. In short, reservoir sediments appear to reflect the same
geochemical nature as their source, without notable enrichment or dilution.

There are presently no official standards or criteria in the United States for elements in
aquatic sediment. Ontario recently implemented chemical standards for the management and
protection of sediments in that province (Persaud et al. 1993), while Long and Morgan (1990)
have published guidelines for the “unofficial” evaluation of chemical constituents in sediment
samples that are collected by the National Oceanic and Atmospheric Administration’s National
Status and Trends Program. Both systems are based on extensive reviews of the literature, but
use somewhat different approaches for interpretation, and hence are not always in strict
agreement. In Table 8, average and maximum bulk concentrations (ppm dry weight) of elements
found in sediments from Fort Cobb Reservoir are compared to the criteria listed (or suggested) in
these two references. Four elements (cadmium, mercury, lead and zinc) appeared well below the
concentrations at which even the slightest risk to aquatic life was predicted. Maximum
concentrations of these elements in the reservoir were below the lowest-effect values given in
both systems. Three elements (chromium, copper, and nickel) would appear to pose minimal risk
to benthic animals, since their average concentrations were only slightly higher that the lowest-
effect level of Persaud et al. (1993), while their maximum concentrations were well below the
moderate- or severe-effect levels of either system. The two elements (iron and manganese) that
are listed only by Persaud et al. (1993), would appear to pose a somewhat higher risk than those
mentioned thus far because of the fact that their mean concentrations exceed the lowest-effect
level and their maximum concentrations are near the severe-effect level. The remaining element
for which there are guidelines (arsenic) may pose the highest risk of any listed. The mean
reservoir concentration is higher than Ontario’s lowest-effect level, while the maximum
concentration exceeds both Long and Morgan’s (1990) ER-L and Persaud et al. (1993) severe-
effect standard. Substantial disagreement between the two methods with respect to arsenic
makes interpretation difficult. In summary, on the basis of these two guidelines, it appears that
sediments in Fort Cobb Reservoir are not particularly hazardous to benthic aquatic life in general,
but may pose a slight threat to the most sensitive species.
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3. Fish

Several elements are essential for various biochemical reactions in fish, and are thus
always present in trace amounts. Others are non-essential, but may also be present at detectable
concentrations. Different species of fish, taken from the same location, often contain different
concentrations of a particular element due to differences in (1) physiology, (2) foraging
strategies, or (3) exposure conditions (Wiener and Giesy, 1979; Lowe et al. 1985; Campbell,
1994). In Fort Cobb Reservoir, channel catfish were significantly higher in aluminum, boron,
iron and manganese than either common carp or walleye (Table 9). Common carp were higher in
chromium and zinc than either channel catfish or walleye; and channel catfish and common carp
were both higher than walleye in copper, nickel, strontium and vanadium. Despite these
interspecific variations, the three species exhibited similar concentrations with respect to over
half of the elements analyzed.

There are no standardized guidelines or criteria for elemental concentrations in fish. In
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general, an evaluation of conditions in Fort Cobb Reservoir can only be determined by comparing
the data from this study with other datasets (e.g. Schmitt and Brumbaugh, 1990) and
recommendations for specific elements from the literature. Arsenic does not normally biomagnify
in fish (Winger et al. 1990), and it has been observed that accumulations of this element are
generally higher in planktivorous fishes than in predators and omnivores (Hunter ef al. 1981).

The concentration of arsenic in every fish sample from Fort Cobb Reservoir was less than the
detection limit (0.50 ppm), which is less than the mean of 0.56 ppm for the National Contaminant
Biomonitoring Program (NCBP), and well below the NCBP 85th percentile concentration of 1.1
ppm (Table 9). Arsenic is not considered to be a contaminant problem in Fort Cobb Reservoir.

Cadmium is highly toxic to fish, and may be present in a variety of industrial and
municipal wastes. Except for one common carp, concentrations of cadmium were below the
detection limit (0.20 ppm) in every fish sample. Schmitt and Brumbaugh (1990) noted that carp
were higher in cadmium than other species in the NCBP data set. Eisler (1985) suggested 0.40
ppm as a dietary threshold concentration for cadmium in food-chain organisms. Since cadmium
concentrations in this study were consistently below the NCBP 85th percentile value of 0.20 ppm,
cadmium would not appear to be a problem in these waters.

54



Copper contamination in aquatic environments may result from urban runoff, sewage
treatment plants, leachates from municipal landfills and a variety of industrial discharges. The
mean concentration of copper in channel catfish and common carp from Fort Cobb Reservoir was
greater than the NCBP mean (2.6 ppm) but less than the 85th percentile (Table 9). The National
Research Council (1980) recommends 1,200 ppm copper as the dietary threshold concentration
for food-chain organisms. Therefore, copper is not considered a problem.

Although mercury is released into the environment through the weathering of natural
geologic sources, anthropogenic enrichment has been estimated to be about 10 times the natural
rate during the past 100 years (Moore and Ramamoorthy, 1984). Mining operations, the use of
mercurials in seed dressings, fungicides, paints and slimicides as well as fossil-fuel combustion
are just a few of the sources of mercury to aquatic ecosystems. Mercury concentrations in fish
from Fort Cobb Reservoir ranged from 0.11 ppm in one channel catfish to 0.82 ppm in one
walleye (Appendix D-1). Although predators normally accumulate the highest amounts of
mercury in aquatic food-chains, there were no significant differences in mean concentrations
among the three species in this study (Table 9). Since mean concentrations shown in Table 9 are
near the NCBP mean of 0.40 ppm and below the 85th percentile value, mercury does not appear to
be a contaminant threat in Fort Cobb Reservoir.

Lead is used extensively in today’s society and may occur at elevated concentrations in
aquatic environments from a variety of sources. Campbell (1994) reported lead concentrations of
about 50 ppm in largemouth bass from “contaminated” stormwater ponds, while the same species
from “control” ponds contained about 25 ppm. Redear sunfish from the same sites contained 63
and 28 ppm lead, respectively. The National Research Council (1980) recommended 200 ppm
lead as the dietary threshold concentration for food chain organisms. Lead ranged from < 0.50 to
1.4 ppm in fish from Fort Cobb Reservoir (Appendix D-1), with only one channel catfish
exceeding the NCBP 85th percentile concentration of 0.88 ppm. These data indicate that lead
contamination is not a problem.

Selenium has received much attention in recent years as a contaminant in aquatic systems
due to its propensity for bioaccumulation and resultant reproductive failure in higher members of
the aquatic food chain. The amount of research that has been conducted on the ecological fate and
effect of this element has led to consensus guidelines for threshold concentrations in biotic and
abiotic components of aquatic ecosystems. Lemly (1993) suggested that 3 ppm be considered the
toxic effects threshold for food-chain organisms, and that whole-body concentrations of 4 ppm be
considered threshold for mortality of juveniles and reproductive failure in fish. Mean
concentrations of selenium in fish from Fort Cobb Reservoir were well below these threshold
values, and the NCBP 85th percentile concentration as well (Table 9).

Zinc is a fairly common element that is often found as a contaminant in urban runoff,
industrial effluents, landfill leachates and sewage sludge. As seen in Table 9, common carp have
a propensity to concentrate unusually high concentrations of zinc, a fact that has been noted
previously by other authors (e.g. Lowe et al. 1985). Eisler (1993) suggested 180 ppm as the
dietary threshold for zinc in food-chain organisms, a concentration well above that which was
observed in channel catfish and walleye from Fort Cobb Reservoir. Zinc in largemouth bass from
contaminated stormwater runoff ponds averaged 120 ppm (Campbell, 1994). A comparison of
zine concentrations in common carp from Fort Cobb Reservoir with those reported for the same
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species in the NCBP by Schmitt and Brumbaugh (1990), revealed a very similar range in values
and a very comparable mean (243 ppm).

Nickel is a contaminant often associated with municipal landfills, coal-fired power plants,
metal plating industries and sewage sludge. Jenkins (1980) reported that freshwater fish from
uncontaminated areas usually contain between < 0.80 and 8.0 ppm. Campbell (1994) found an
average of 4.8 ppm in largemouth bass from control areas in his study. Gar from the Savannah
River ranged from 9.4 to 27 ppm (Winger et al., 1990) and largemouth bass from stormwater
runoff ponds in Florida averaged 10 ppm (Campbell, 1994). There was substantial inter- and
intraspecific variation with respect to nickel concentrations in fish from Fort Cobb Reservoir
(Appendix D-1). At least one channel catfish and two common carp exceeded 10 ppm. Mean
values however (Table 9), were within the range of background concentrations reported by other
authors.

Chromium contamination in aquatic environments is often associated with the
electroplating industry or with cooling water from electric power generation. Apparently, this
clement is readily absorbed and rapidly eliminated by fish. Eisler (1986) reported that the
significance of chromium residues is unclear, but available evidence suggests that concentrations
in excess of 4.0 ppm should be viewed as presumptive evidence of chromium contamination.
Only one common carp from Fort Cobb Reservoir exceeded this concentration (Appendix D-1),
and Table 9 indicates that mean values for all three species was well below this level.

The ecological significance of the remaining elements shown in Table 9 is unclear. Some,
like iron and magnesium are known to be essential, while others like beryllium and vanadium are
not well understood. Overall, the whole-body fish data from this study yielded no clear evidence
of elemental contaminant problems in Fort Cobb Reservoir. For the most part, concentrations of
individual elements ranged in the vicinity of values shown by other authors to be normal or below
suggested dietary threshold concentrations for food-chain organisms. These data are consistent
with the earlier evaluation of no serious elemental contamination based on concentrations in
reservoir sediment.

4. Limnology

The purpose of the limnological profiling was to characterize the vertical and/or
horizontal gradients of important physical, chemical and biological properties within Fort Cobb
Reservoir. In moderately deep bodies of water in the Temperate Zone, thermally induced density
stratification often commences in the spring and persists throughout the summer. These stratified
conditions are normally preceded and followed by periods of vertical mixing, often referred to as
spring and/or fall “turnover”. Wind-induced turbulence and water depth play very important roles
in determining how this generalized scenario plays out at specific locations, both within a water
body and for the reservoir as a whole.

The most pronounced instance of thermal stratification encountered during this study was on July
13, 1998 (Figure 25). On this date, the surface to bottom temperature gradient was greatest at all
eight stations on the reservoir, and ranged from 1.6 °C in Marina Cove to 4.6 °C at the Middle
Reservoir station. The surface to bottom temperature gradient during the remaining eleven months
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averaged less than 1.0 °C, and except for the Lower Reservoir station, never exceeded 1.5 °C
(Table 10). Periods of vertical temperature homogeneity occurred on one or more occasions at
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Figure 25. Temperature (C) profiles at eight locations on Fort Cobb Reservoir on 13 July 1998.
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every station. Interestingly however, the dates for complete thermal mixing did not coincide at all
stations. Wind and depth are undoubtedly important factors regulating the degree of thermal
stratification in Fort Cobb Reservoir at all times of the year. In general, our data suggest that: (1)
periods of weak thermal stratification occur during summer in deeper portions of the reservoir,
probably following prolonged periods of calm; and, (2) wind-induced turbulence results in the

formation of only slight thermal gradients, or nearly complete thermal homogeneity, in the more
shallow areas year-around.

The effects of even a weakly defined thermal gradient on the chemical environment of Fort
Cobb Reservoir can be illustrated by considering the conductivity and dissolved oxygen (DO)
profiles that were taken concurrently with temperature. Conductivity increased with depth at all
eight stations on July 13, 1998 (Figure 26), indicating that some degree of chemical stratification
accompanied the thermal layering previously noted. Of particular significance is the marked
increase in conductivity that occurred below nine meters at the Lower Reservoir station. This
profile clearly shows that the ionic strength of the water below this depth in the reservoir had been
altered (i.e. increased) markedly. An examination of the DO profiles taken on this same date
(Figure 27) reveals a corresponding pattern. D.O. decreased markedly with depth at all eight
stations with essentially anoxic conditions prevailing in the reservoir below eight meters (see
Lower Reservoir station). Taken together, these profiles show that prior to July 13, 1998,
respiration in Fort Cobb
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Figure 27. Dissolved Oxygen(mg/L) profiles at eight locations on Fort Cobb Reservoir on 13



reservoir and it’s sediments had removed oxygen from the deep water layers faster than it could be
replenished by mixing from the surface layers. This process continued, until by the time of the
July 13 profiles, DO had been completely removed up to a depth of about eight to nine meters. In
this highly reduced, anoxic condition, various ions were released from the sediments into the
overlying water, resulting in greatly increased conductivities in the anoxic zone. It is not known
how long this process continued after the July 13 profiles were taken, but the effects of the summer
stagnation were still apparent at the next quarterly sampling on October 21, 1998. On this date, the
density layer had risen to the four meter depth, and had spread throughout the lower half of the
reservoir (Figure 28). When the July and October, 1998 profiles are excluded, Table 10 shows that
very little chemical stratification was found at any of the reservoir stations on any of the remaining
sampling dates. Mean conductivity gradients were less than ten micromhos/cm at all stations
except the Northwest Sector and the Lower Reservoir stations. One other instance of complete
oxygen depletion in the deeper layers of Fort Cobb Reservoir was encountered on August 16, 1999.
On this date, DO was absent below the eleven meter depth at the Lower Reservoir station. Except
for the July 1998 sampling date, the mean DO gradient averaged about one to two ppm throughout
the reservoir (Table 10). In regard to chemical stratification in Fort Cobb Reservoir, these data
suggest that: (1) Complete oxygen depletion probably occurs at lower depths in the water column
every summer during periods of calm; (2) when the water overlying the sediments goes anaerobic,
various ions (including nutrients) are released into the water column; and (3) following these
periods of summer stagnation, water from the anoxic zone is mixed into the upper layers, resulting
in a fresh supply of nutrients to the surface layers and the replenishment of oxygen to the deeper
layers.

Solar radiation is vital to the metabolism of all freshwater ecosystems. Solar energy is
converted into organic matter via photosynthesis in the upper layers of Fort Cobb Reservoir and is
subsequently transported throughout the system in various forms. All light impinging on the
surface of the reservoir however, does not penetrate. A significant portion is reflected and
backscattered. Light that does penetrate the water is rapidly attenuated with depth by both
absorption and scattering. Absorption and scattering are influenced by the molecular structure of
the water and various dissolved constituents, as well as by particulate matter. In this study, we
determined an extinction coefficient for solar radiation that includes both the light reflected at the
surface and that which is attenuated in the water. In essence, ours is a measurement of the total
visible light that is available to photosynthetic organisms inhabiting the water column.

By definition, the euphotic zone of a water body is the layer of surface water where light is
of sufficient intensity to support photosynthesis. By convention, the lower limit of the euphotic
zone is often estimated to be that depth where incident light at the surface is reduced to one per
cent. As expected, the penetration of light into Fort Cobb Reservoir gradually increased from the
headwaters to the dam (Figure 29). The 95% Confidence Interval for the 1% light depth ranged
between 0.81 and 1.18 meters at the Northwest Sector and from 2.42 to 2.74 meters at the Lower
Reservoir. In other words, there was nearly a three-fold increase in light penetration (and the
average depth of the euphotic zone) between the upper and lower ends of the reservoir. This is
important when one considers that the phytoplankton in Fort Cobb Reservoir are almost
continually being mixed vertically, from the surface to the bottom as shown by the Water A
chlorophyll data (Appendix B-5) and the temperature profiles. Further significance of light
penetration and its effect on phytoplankton productivity will be discussed in the following
paragraphs.
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Since there are very few aquatic macrophytes and negligible quantities of periphyton
present in Fort Cobb Reservoir, phytoplankton is the foundation of primary productivity for this
entire system. Due to the time consuming nature of phytoplankton productivity measurements
using the light and dark bottle technique, only four of the eight limnological stations (Upper
Reservoir, Willow Creek Arm, Middle Reservoir and Lower Reservoir) could be included on each
sampling trip. These four stations were however, sufficient to provide a clear picture of the
vertical and horizontal characteristics of primary production in the reservoir.

As was seen in the results of the Water A sampling, chlorophyll concentrations for the
limnological cruises were consistently highest in the upper reaches of the reservoir, and decreased
significantly downstream (Table 11). Seasonal variation was quite high, with concentrations
spanning an order of magnitude at each station during the course of the study. Concentrations <10
ppb occurred at every station during one or more of the winter months, while highs ranging
between 78 ppb at the Lower Reservoir and 110 ppb in the Upper Reservoir were found during mid
to late summer.

|

One of the important metabolic parameters that is determined with each light/dark bottle
profile is the maximum daily rate of gross photosynthesis (MGP) in the water column. This
variable, whose units are in g O,/m*/day is also referred to as the photosynthetic rate at light
saturation, and usually occurs at depth, since near the surface, photosynthesis is often inhibited by
excessive sunlight. MGP was slightly more variable than chlorophyll at each station, and like
chlorophyll decreased significantly from the upper to lower reservoir stations (Table 11).
Wintertime lows were in the vicinity of 0.20-0.40 g O,/m*/day, while mid to late summertime
highs ranged from 10.06 to 13.58 g O,/m*/day at the Lower Reservoir and Upper Reservoir
stations, respectively.

Another important variable that is measured during the light/dark bottle incubations is the
daily rate of community respiration (R). This parameter has the same units of measurement as
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MGP except that MGP refers to oxygen produced by the phytoplankton community while R
represents oxygen consumed. Like chlorophyll and MGP, R also decreased progressively from the
upstream to downstream portions of the reservoir (Table 11) and was about as variable at each
station. Minimum R values ranged from about 0.10 to 0.20 g O,/m*/day in winter while mid/late
summer maxima ranged from 0.86 to 1.34 g O,/m*/day at the Lower Reservoir and Willow Creek
Arm stations, respectively.

One might presume that chlorophyll (Chl) concentrations would be quantitatively related to
phytoplankton metabolism, and could thus be used to predict such variables as MGP and R. To
test this assumption, correlations between Chl vs MGP and Chl vs R were determined by
combining data from all the light/dark bottle experiments (n=45). Significant (p<0.01) correlation
coefficients of 0.89 and 0.88 were determined for MGP and R, respectively. In other words,
between 75 and 80 per cent of the variation in either MGP or R at any location on Fort Cobb
Reservoir, on any date, could be accounted for by the concentration of chlorophyll in the surface
water. Again using the entire data set, it can be further shown that 1 mg/m’ chlorophyll will
produce an average of 115 mg O,/m*/day (95% C.L = 94-135) MGP while consuming an average of
21 mg O,/m*/day (95% C.I. = 18-23) R. When the ratios MGP/Chl and R/Chl are considered,
much of the seasonal variation is reduced at each station, and there is no significant difference
from the upper to the lower portions of the reservoir (Table 11).

Thus far, we have seen how the different variables describing phytoplankton standing crop
and community metabolism on a volumetric basis vary significantly from the upper to the lower
end of Fort Cobb Reservoir. In short, the upper end supports a higher standing crop of
phytoplankton with resultant higher community metabolic rates on a volumetric basis. The final
variable to be considered is the depth of the euphotic zone, as measured by the light/dark bottle
profiles, and how light penetration affects overall primary productivity within the reservoir. As
predicted by measurements of visible light penetration (Figure 27), actual compensation depth
increased from an average of 1.4 meters in the upper part of the reservoir to 2.3 meters in the lower
portion (Table 11). Compensation depths at each station were more constant throughout the study,
with Coefficients of Variation ranging from only 18 to 30 per cent. Thus, in the upper part of the
reservoir, large standing crops of phytoplankton are circulated into (and out of) a relatively narrow
band of light near the surface, while in the lower portions, smaller standing crops of phytoplankton
spend more time photosynthesizing due to greater light penetration. The net outcome of these
variables, working in combination, can be determined from the light/dark bottle profiles. Table 11
shows that on an average, net primary productivity on an areal basis (i.e. mgO,/m?/day), was nearly
the same throughout the reservoir. Although seasonal variation was still apparent at all stations
(with lows in winter and highs in mid to late summer), the 95% Confidence Intervals were similar
and statistically there were no significant differences.

At least 72 individual phytoplankton taxa were identified from the samples taken during the
light/dark bottle experiments (Table 12). Several of these taxa could not be identified to species,
but were nonetheless morphologically distinct enough to be recognized separately. One-quarter
(18) of the total taxa occurred year-round. These ubiquitous taxa included six blue-green algae
(Cyanophyta), six green algae (Chlorophyta), two diatoms (Bacillariophyta), one euglenoid
(Euglenophyta) and three cryptomonads (Pyrrophyta). In contrast, one-third (24) of the taxa were
very limited in their occurrence, being confined to only one of the four seasons. Winter was the
period of lowest taxonomic abundance. In addition to the year-round residents, only seven other
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taxa were encountered in samples taken during December, January and February. Spring and
summer were the periods of maximum numbers of taxa, with 49 and 50, respectively. During
March, April and May, green algae attained their highest number of taxa, while the number of
blue-green taxa peaked during June, July and August. Fall was a transition period between the
summer maximum and winter minimum.
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It is practically impossible to find a meaningful and/or unbiased method of measuring and
expressing phytoplankton standing crop on an individual taxonomic basis. Perhaps the most
common is to estimate the volume of each taxon present in a sample by measuring the dimensions
of each structural unit (e.g. cell, colony or trichome) and multiplying these measurements by
various geometric formulae. In addition to being extremely tedious and time-consuming, the
resulting estimates of cell volume (or in some cases surface area) are often not quantitatively
related to other estimates of standing crop, such as chlorophyll or total organic matter. In Fort
Cobb Reservoir, it was readily apparent which group of taxa were most prominent in terms of
standing crop or biomass. Blue-green algae were numerically more abundant than all other taxa
throughout most of the year, and because they are much larger in comparison with other taxa, their
dominance in terms of standing crop was overwhelming. Within the blue-green community, the
filamentous forms were most prominent. Colonies of filamentous blue-greens often became
visible to the naked eye in the surface waters, and during periods of calm, formed a greenish scum
on the surface of the reservoir. Oscillatoria subbrevis and Anabaena circinalis were the most
common members of these large “blooms” which began in early summer and lasted well into
autumn. Raphidiopsis mediterranea, Aphanizomenon flos-aquae and Lyngbya contorta were also
important. Among the free-floating colonies of unicellular blue-greens, Merismopedia tenuissima,
Anacystis sp. and Microsystis sp. were common. One reason for the success of blue-green algae in
Fort Cobb Reservoir, may be their ability to use low light intensities effectively. They can also
control their buoyancy, and hence their position in the water column, via gas vacuoles. These
factors may allow them to utilize the shallow euphotic zone depths in Fort Cobb Reservoir more
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effectively than other groups of phytoplankton. Some planktonic blue-greens also have the ability
to satisfy their nitrogen requirements by fixing atmospheric nitrogen. Thus, when nitrate and
ammonium levels are low, but where phosphate is present, these blue-greens will thrive.

Massive blooms of blue-green algae in highly eutrophic drinking water reservoirs may
become a nuisance since they can add an objectionable taste and odor to the water. More
importantly however, is the fact that certain strains of such common species as Aphanizomenon
flos-aquae, Anabaena flos-aquae and Microcystis aeruginosa produce potent toxins. If wild or
domestic animals, not to mention humans, drink water containing a toxic bloom, they develop
difficulties in breathing, severe diarrhoea, and may die. Anabaena flos-aquae and Aphanizomenon
flos-aquae produce the potent neuromuscular poisons anatoxin and saxitoxin, respectively.
Microcystis aeruginosa produces a cyclic polypeptide that causes necrosis and hemorrhage of the
liver.

Significant pulses of diatoms were produced within the phytoplankton community during
early spring and late fall. These preceded and followed the blue-green “blooms” but never began
to approach the latter in terms of biomass development. Two centrate forms, Aulacoseira
granulata and Stephanodiscus sp. completely dominated the diatom flora. Diatoms are known to
flourish in temperate waters during periods of optimum nutrient availability, and the two dominant
taxa in this study are typical of nutrient-rich conditions.

Standing crops of all the green algae, if combined, would not begin to approach that of even
one of the most common blue-green taxa, and would be considerably less than that of the more
common diatoms. The same holds true for the euglenoids and cryptomonads as well. However,
one must be careful not to use standing crop and importance synonymously. After all, standing
crop is the net result of production minus predation. It is possible, even probable that the smaller
greens, euglenoids and cryptomonads are heavily grazed by zooplankton and that their rates of
primary productivity per unit cell volume may be many times that of the larger blue-greens.
Importance in terms of the overall reservoir ecosystem varies with each taxon, and for specific
purposes within the ecosystem will not necessarily be proportional to that taxon’s rank in terms of
standing crop.

3. Bioassays

The bioassays in this study were designed to identify the potential limiting effect of one
physical variable (light) and two nutrients (nitrogen and phosphorus), either singly or in
combination, on phytoplankton productivity in Fort Cobb Reservoir. These bioassays are based on
the simple premise that if one of these factors is limiting growth in the phytoplankton community
at a given point in time, then any enhancement or enrichment of that constituent in the community
will stimulate growth up to the point where another factor becomes limiting. For example, if a
nutrient such as phosphorus is limiting, then the addition of phosphorus will stimulate growth until
some other nutrient, say nitrogen, is exhausted. Numerous authors (e.g. Hansen et al, 1997; Phlips
et al, 1997: Vanni and Temte, 1990) have noted that light and nutrient limitation are seasonal in
nature and usually shift in importance during the course of a year. Therefore, the results of
experiments in this study were grouped according to season.

68



Phytoplankton standing crops, and attendant nutrient concentrations, in the surface water
varied at the beginning of each bioassay (Table 13). Chlorophyll ranged from 5.8 ppb in June,
1998 to 58 ppb in October, 1999. Total dissolved nitrogen, which includes ammonia-N, nitrite-N
and nitrate-N, and is thus available for phytoplankton growth, ranged from 262 to 1902 ppb. SRP,
which is the phosphorus fraction available to phytoplankton, ranged between < 10 and 102 ppb. A
comparison of these values with results from the Water A sampling (Appendix B) shows that
bioassay conditions were representative of seasonal conditions in the lower portion of Fort Cobb
Reservoir.

One method of evaluating the response of the phytoplankton community to both light and
nutrients was to calculate the growth rate (#) of the phytoplankton in each treatment based on
changes in chlorophyll concentration that occurred over the four-day incubation period using the
expression InChl, - InChl, = 4r, where Chl, and Chkl, are chlorophyll concentrations on day 4 and
day O, respectively. Table 14 shows that positive growth rates occurred in the controls in over half
of the experiments and at least once during every season of the year. One can only conclude that
on these specific occasions, the community was not nutrient limited, since growth was enhanced by
simply incubating the phytoplankton in a more favorable light environment. A clear

case of nitrogen limitation is illustrated by the chlorophyll data in July, 1999. On this date, there
was no growth in the controls, minimal growth in the phosphorus treatment, and substantial growth
in the nitrogen and nitrogen plus phosphorus treatments. These results occurred on the same date
that total dissolved nitrogen was at its lowest concentration (Table 13). One could speculate that
on this date, the dissolved nitrogen was primarily organic, and hence unavailable to phytoplankton.
The same general pattern of nitrogen limitation in the bioassays combined with low available

nitrogen in the environment was also suggested in the October, 1999 experiment, however the
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effects of nitrogen enrichment were not nearly as pronounced. Phosphorus was never clearly
shown to be a single limiting factor in any of the experiments, even though growth was enhanced
somewhat in the phosphorus treatment in August, 2000. Table 13 shows that there was very little
phosphorus available for phytoplankton growth on this date, and yet there was some growth in the
nitrogen treatment alone.

Beyond the stage of looking for one limiting factor in the results of the bioassays, lies the
next step of looking for the possible combined effects of light and nutrients. For example, if one
considers the June, 1998 experiment, it is apparent that light was an important factor limiting the
productivity of the phytoplankton community. However, the results further show that when light is
held constant (i.e. when all samples are incubated at optimal light conditions), the addition of
phosphorus markedly enhances the growth of primary producers. A similar situation can be seen to
a lesser degree in April, 2000. In September, 1998 and March, 1999, nitrogen additions combined
with enhanced light conditions led to an increase in phytoplankton growth.

A second method of evaluating the response of the phytoplankton community to nutrient
additions alone was to measure the rate of gross photosynthesis in each of the treatments on day-4
of the experiment and express the results as treatment/control ratios (Table 14). In about half of
the cases, there was good agreement between this method and the chlorophyll growth rates. In
particular, both methods showed little evidence for nutrient limitation in the wintertime
experiments; and both indicated that when the effects of light were removed, phosphorus was the
limiting nutrient in June, 1998 and April, 2000. In the remaining experiments, the two methods
showed mixed (sometimes contradictory) results due to errors in estimates of gross photosynthetic
rates. These errors resulted from supersaturation of photosynthetic oxygen, and the subsequent
formation of O, bubbles, in the light bottles during the 24-hour incubation period. Since the
Winkler technique, used in the light/dark bottle method, measures only dissolved oxygen, gross
photosynthetic rates are underestimated any time O, bubbles are formed. For this reason, the
chlorophyll measurements are considered to be the more reliable method of evaluating results in
these bioassay experiments.

Changes in nitrogen and phosphorus concentrations, combined with changes in chlorophyll, allow
for estimates of nutrient uptake per unit of chlorophyll synthesized during the four-day bioassay
incubations. Before extrapolating the results of these calculations to the “real world” however, one
must consider some of the other variables operating during these experiments. At least two factors
directly affect the chlorophyll concentrations. First, the phytoplankton cultures were not allowed
to circulate vertically in the water column, but were incubated continuously at near-optimum light
conditions. Second, zooplankton were not removed from the cultures prior to incubation. With
regard to nutrient concentrations, it should be noted that nutrient regeneration always occurs
simultaneously with uptake in each of the cultures. In fact, dissolved nitrogen concentrations
increased in just over one-fourth of the treatments during incubation, resulting in “negative” uptake
estimates. This phenomenon can be ascribed to zooplankton grazing and/or bacterial
decomposition of organic matter. With some of these precautionary notes in mind, one can
estimate from these experiments, that on average, about three milligrams of phosphorus were taken
up for every milligram of increase in chlorophyll; and similarly, about 30 milligrams of nitrogen
were assimilated for each milligram of chlorophyll produced. These estimates (actually 2.7:1-P
and 28:1-N) result in a predicted N:P uptake ratio of 10:1. This is very similar to the 11:1 N:P

ratio recommended by Miller ef a/ (1978) as optimum for Selenastrum capricornutum in their
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laboratory assays. In fact, these authors go so far as to state that natural waters containing N:P
ratios greater than 11:1 may be considered phosphorus limited, while those containing N:P ratios
less than 11:1 can be considered nitrogen limited for algal growth. It appears that the 10:1 N:P
ratio may be a useful guideline for estimating the response of Fort Cobb Reservoir phytoplankton
to nutrient enrichment.

V. SUMMARY AND CONCLUSIONS

The first objective of this study was to provide a baseline for surface water quality in
tributaries to Fort Cobb Reservoir. Six stations on the three primary streams entering the reservoir
(Cobb, Willow and Lake Creeks), and four additional sites on relatively minor streams (Eakly,
Crooked, Camp and Noname Creeks), were sampled over a period of about 2 years at base flow
conditions. Water quality constituents were divided into two groups, each having its own sampling
schedule. Samples for the general constituents (temperature, pH, conductivity, turbidity,
chlorophyll, chemical oxygen demand, total alkalinity, chloride, sulfate, total phosphorus, soluble
reactive phosphorus, total nitrogen, nitrate-nitrogen, ammonia-nitrogen, and nitrite-nitrogen) were
taken on 12 dates, ostensively at quarterly intervals, but on a schedule that included every month of
the calendar year during the study period. Samples for major cations and trace elements were taken
on 4 dates, at intervals designed to include all four seasons of the year.

Water temperatures during the course of this study followed a typical annual cycle with
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lows near 1°C in January and highs exceeding 30°C in August. Short-term, spatial and temporal
water temperature variations are greatly influenced by air temperature and solar radiation, due to
the broad, shallow morphometry of the tributary streams. Overall, tributary pH ranged from 7.0 to
8.7, with station means ranging from 7.7 to 8.0 (except for Noname Creek which averaged 7.3).
Depending on the date, there seemed to be a tendency for all stations to exhibit either “high” or
“low” pH. Turbidity values ranged across three orders of magnitude during the study, from 2.1 to
>2000 NTU. Values greater than 100 NTU were uncommon (occurring in less than 10%of the
samples), and are probably always indicative of surface runoff. Water clarity was quite good (<10
NTU) in just over one-third of the samples taken. Throughout the course of the study, values for
chemical oxygen demand (COD) were somewhat randomly distributed in the tributaries, ranging
from <1 ppm at several of the sampling stations to a high of 40 ppm on one occasion in upper Lake
Creek. The two small, spring-fed, perennial streams, Crooked and Camp Creeks, appeared to be
consistently the lowest in organic matter content (COD). Chlorophyll a was relatively low in all of
the tributaries, averaging less than 10 ppb at all of the stations except Lake Creek. Lake Creek,
which is much more sluggish than the other tributaries, is probably more conducive to year-round
phytoplankton growth. Conductivity, which is a good indicator of the total dissolved inorganic
constituents in a water sample, ranged from 267 to 842 micromhos/cm in all samples. There was
very little seasonal variation in conductivity at any of the stations, with Coefficients of Variation
ranging from just 3 to 15 per cent. This indicates that each tributary is relatively stable year-round
with respect to it’s major ionic composition. Cobb Creek had a markedly higher average
conductivity than either Willow or Lake Creeks, indicating a higher concentration of total
dissolved ions.

All tributaries exhibited the same basic composition with respect to the major cations, i.e.
calcium™> magnesium> sodium>potassium. Based on milliequivalents per liter (meq/L), calctum
comprised from 46% to 72% of the total cations, magnesium 15% to 33%, sodium 11% to 19%
and potassium <1% to 2%. Cobb Creek was consistently highest in calcium, magnesium and
sodium, a condition that was reflected in the conductivity measurements previously mentioned. In
any water, the sum of the cations must equal the sum of the anions (in meq/L). Total alkalinity was
the predominant anion in each of the Fort Cobb tributaries, comprising from 54% to 84% of the
total. Total alkalinity in these waters is primarily the sum of carbonate and bicarbonate ions, and at
the pH values that exist in these tributaries, bicarbonate would be the most common ionic form.
Sulfate was the second most abundant anion at all locations, ranging between 10% and 42% of the
total, while relative concentrations of chloride ranged between 2% and 16%. The most marked
differences among the tributaries with respect to major anions, were the consistently high sulfate
concentrations in Cobb Creek and unusually high chloride values for Noname Creek.

Since the availability of nitrogen and phosphorus has the potential to regulate or limit the
productivity of organisms in any freshwater ecosystem, the concentrations and proportions of these
clements in the tributaries to Fort Cobb Reservoir are of special interest. Nitrate-N, an important
plant nutrient, was the most abundant form of inorganic nitrogen at all locations, ranging from 200
to 3800 ppb. Of the three principle tributaries, Cobb Creek had the highest nitrate concentrations,
followed by Lake and Willow Creeks. Ammonia-N, which is also readily available for plant
growth, was the second most abundant form of inorganic nitrogen, and ranged from <10 to 340
ppb. Lake Creek had the highest concentrations of ammonia, followed by Willow and Cobb

Creeks. Nitrite, which is often the least abundant form of inorganic nitrogen in natural waters,
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ranged from <1 to 103 ppb and was about evenly distributed among the three primary tributaries.
On average, inorganic nitrogen (nitrate+ammonia+nitrite) comprised between 39 and 68 per cent of
the total nitrogen at each tributary station. Soluble reactive phosphorus (SRP), which is comprised
largely of the orthophosphate ion, and is hence available for plant uptake, ranged from <10 to 290
ppb. Cobb Creek had the highest concentrations of SRP, followed closely by Lake, then Willow
Creeks. Using average values from each station, SRP made up 44 to 61 per cent of the total
phosphorus in the tributaries. In short, ample supplies of both nitrogen and phosphorus are
available for plant growth in Fort Cobb tributaries on an annual basis. The average ratios of
inorganic nitrogen to SRP (N:P) in the three primary tributaries to Fort Cobb Reservoir were 8:1,
7:1 and 6:1 for Cobb, Willow and Lake Creeks, respectively. Based on the optimal N:P ratio of
11:1, reported for algal growth by Miller et al., 1978, water flowing into Fort Cobb Reservoir from
all three of its tributaries would appear to have an excess of phosphorus, and therefore be nitrogen
limited for phytoplankton growth.

Baseline conditions for about 20 trace elements were determined not only in water, but in
tributary sediment and watershed soil as well. In the water samples, no significant difference
between concentrations of total and dissolved As, B, Ba, Cr, Mn, Ni, Se, Si, Sr and V could be
demonstrated, while significant differences were shown for Ag, Al, Co, Cu, Fe, Pb, Sb and Zn. All
samples for total and dissolved Cd, Hg and Mo were below the detection limits of the methods
used. While not all of the trace elements analyzed in this study are included in the Oklahoma
Water Quality Standards, concentrations of Ag, As, Ba, Cd, Cr, Cu, Hg, Ni, Pb, Se and Zn in the
tributaries to Fort Cobb Reservoir appear to be well below the most conservative criteria listed in
the standards. The first step in analyzing the sediment trace element data was to establish the
relationship between bulk concentration (i.e. ppm dry weight) and the texture and/or organic matter
content of the sample. In the Willow and Lake Creek drainages, significant correlations (p<0.01)
were obtained between every element and the surrogate for fine-grained particles (aluminum). In
the Cobb Creek drainage, every element except calcium, cadmium, sulfur and selenium was
significantly correlated with aluminum. Once the relationship between the various elements and
the fine-grained fraction of the sediment is verified, the second step in analyzing the data is to
geochemically normalize the elemental concentrations using concentrations of aluminum (de
Groot, 1995). Normalized soil and sediment data indicated that 10 elements (Cd, Cr, Fe, K, N, P,
Pb, Se, V and Zn) were more concentrated in the soil than in sediment, suggesting that somehow
these elements are depleted in the benthic environment, perhaps either by uptake or solution.
Concentrations of five elements (As, Co, Cu, Mn and Ni) were unchanged between soil and
sediment, indicating that once these elements are moved physically from the watershed into the
stream, they are neither depleted nor enriched. Concentrations of only seven elements (B, Ba, Be,
Ca, Mg, S and Sr) appeared to be geochemically enriched in the sediment. Normalized
concentrations also indicated that with the exception of Cu, sediments in Willow and Lake Creeks
and their deltas were similar, whereas concentrations in the Cobb Creek system were signigicantly
higher than the other two tributaries with respect to over half of the elements analyzed (Ca, Cr, Fe,
K, Mg, Mn, Ni, P, Pb, Sr, V and Zn).

A simple test for hydrogen sulfide-producing bacteria, performed on tributary water
samples, indicated the presence of these organisms at every station on every sampling date.
Hydrogen sulfide bacteria have been shown to be associated with fecal contamination and total
coliform bacteria. Potential sources of these organisms in the Fort Cobb watershed include
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municipal sewage wastewater, manure from domestic livestock, and fecal material from wild
animals. Although the actual taxonomic nature and source of bacteria are unknown, and may vary
with season and locale, the best advice would be don 't drink the water.

The second objective of this study was to evaluate the present status of water quality in Fort
Cobb Reservoir and examine potential changes that may occur as a result of future development
within the watershed. To this end, eight sampling stations were established on the reservoir, four
along the main longitudinal axis from the headwaters to the dam, and four in the largest
embayments. General chemical constituents (see para.l, this section) were analyzed from samples
taken at surface and bottom depths on approximately the same schedule as the tributary sampling.
Twelve synoptic, limnological surveys, consisting of vertical profiles of temperature, conductivity,
dissolved oxygen, ambient light penetration, phytoplankton standing crop and primary productivity
were conducted at quarterly intervals. Sediment was taken once at each station and analyzed for
the same constituents previously described for tributaries. Nutrient enrichment bioassays were
conducted on nine occasions in the lower reservoir, and three species of fish were collected on one
occasion from all parts of the reservoir and analyzed for trace elements.

Temperature data indicate that: (1) periods of weak thermal stratification occur in deeper
portions of the reservoir during summer, probably following periods of calm winds; and (2) wind-
induced turbulence results in the formation of only slight thermal gradients, or nearly complete
vertical, thermal homogeneity, in the more shallow areas year-round. Dissolved oxygen data show
that: (1) surface waters are near saturation nearly all of the time due to wind mixing and high rates
of photosynthesis; and (2) during mid-summer periods of thermal stagnation, dissolved oxygen is
completely depleted at lower depths in the deeper portions of the reservoir and anaerobic
conditions result.

Conductivity is a good indicator of the major ionic strength in a water sample, and hence is
a reliable means of identifying the movement and distribution of various water masses within a
system. Overall, conductivity in Fort Cobb Reservoir was consistently less than that in the
tributary streams at base flow conditions, and decreased significantly between the upper reservoir
and the dam. This leads to the conclusion that either groundwater and/or stormwater runoff is an
important component of reservoir water, since it is apparent that normal tributary flows are being
diluted. Based on conductivity profiles, there is evidence of some vertical stratification of water
masses in the reservoir, specifically during the periods of mid-summer calm weather and thermal
stagnation. During these periods, when water overlying the sediment goes anaerobic, various ions
(including nutrients) are released from the sediment into the water column. Following these
periods of summer stagnation, water from the anoxic zone is mixed into the upper layers, resulting
in a fresh supply of nutrients to the surface layers and the replenishment of oxygen to the deeper
layers.

The penetration of visible light into the surface layer of the reservoir increased nearly three-
fold from the headwaters to the dam. The depth at which ambient light was reduced to 1% varied
from means of 0.96 m at the former to 2.57 m at the latter. Turbidity, which was less variable in
the reservoir than in the tributaries, also decreased significantly between the upper reservoir
stations and the lower portion of the reservoir. Part of the difference in water clarity was due to the
presence of wind-induced, resuspended, bottom sediment in the shallower, more exposed, upper
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reaches of the reservoir, and part was due to the presence of more phytoplankton in the headwaters
area.

Chlorophyll is an indicator of phytoplankton standing crop in a body of water. Chlorophyll
concentrations increased markedly once water entered the reservoir from the tributaries, then
decreased gradually downstream towards the dam. Except for the Lower Reservoir station, there
was no significant difference between chlorophyll concentrations in the surface and bottom
samples. Looking at the distribution of chlorophyll in the reservoir, one would conclude: (a)
nutrient-rich water, relatively devoid of phytoplankton, enters the upper reservoir via the three
main tributaries; (b) following a rapid “bloom” of intense growth in the upper reservoir,
phytoplankton standing crop declines gradually as water moves towards the dam; and, (¢) in
general, vertical mixing keeps the phytoplankton homogeneously distributed throughout the water
column, except at the deepest locations. Concentrations of nitrogen and phosphorus seem to
support this generalized picture. In the upper portions of the reservoir, organic nitrogen increases
from around 50% of the total in the tributaries, to about 70% to 80%, then gradually decreases
downstream with a concurrent increase in ammonia-N which is the first degradation product of
organic nitrogen. By the time the water reaches the dam, the organic:inorganic nitrogen ratio is
approximately the same as in the tributary streams. Nitrate-N concentrations in the reservoir are
also greatly reduced in comparison to the tributaries. Phosphorus follows a similar pattern.
Organic phosphorus increases from about 40% to 50% in the tributaries to over 70% in the upper
portions of the reservoir, with a gradual decline downstream.

Several systems of classifying the trophic status of lakes and reservoirs are in use today.
The Oklahoma Water Resources Board (OWRB) uses the method described by Carlson (1977) to
classify 201 lentic waterbodies in the state, including Fort Cobb Reservoir (Oklahoma Department
of Environmental Quality, 1998). Carlson’s Trophic State Indices (TSI) can be calculated using
either chlorophyll or total phosphorus data. Using the average chlorophyll and total phosphorus
concentrations for Fort Cobb Reservoir, the calculated TSIs are 65 and 75, respectively. OWRB
uses the following scale to assign trophic state classifications:

Oligotrophic TSI <40
Mesotrophic TSI 41-50
Eutrophic TSI 51-60
Hypereutrophic TSI >60

The Tulsa District, U.S. Army Corps of Engineers (USACE) uses Reckhow and Chapra (1983) to
classify reservoirs in Oklahoma according to their chlorophyll concentrations (USACE, 1993):

Oligotrophic <4 ppb
Mesotrophic 4-10 ppb
Eutrophic 10-25 ppb
Hypereutrophic >25 ppb

The average chlorophyll concentration in Fort Cobb Reservoir was 35 ppb. Wetzel (1975)
proposed the following general relationship of lake productivity to average total phosphorus
concentration:

Ultra-oligotrophic <5 ppb

Oligo-mesotrophic 5-10 ppb

Meso-eutrophic 10-30 ppb

Eutrophic 30-100 ppb
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Hypereutrophic >100 ppb
The average total phosphorus concentration in Fort Cobb Reservoir was 139 ppb. Regardless of
which classification scheme one chooses, the outcome is the same. Fort Cobb Reservoir is clearly
a hypereutrophic water body.

Although a total of 72 individual phytoplankton taxa were identified from the reservoir,
blue-green algae dominated in terms of numbers and biomass. Within the blue-green community,
the filamentous forms were most prominent. Colonies of filamentous blue-greens often became
visible to the naked eye in the surface waters, and during periods of calm, formed a greenish scum
on the surface of the reservoir. One reason for the success of blue-green algae may be their ability
to utilize low light intensities effectively. Also, they can control their buoyancy, and hence their
position in the water column, via gas vacuoles. These factors may allow them to utilize the
shallow photosynthetic zone in Fort Cobb Reservoir more effectively than other groups of
phytoplankton. Chlorophyll data show that phytoplankton are circulated vertically from top to
bottom in the water column via wind-induced turbulence, while the light/dark bottle experiments
showed that net photosynthesis was restricted to the upper 1 to 2 meters. Some planktonic blue-
greens also have the ability to satisy their nitrogen requirements by fixing atmospheric nitrogen. It
has been suggested previously that the N:P ratios in the tributary waters may indicate a nitrogen-
limited chemical environment for algal growth. Thus, it appears that the basic chemical/physical
environment in Fort Cobb Reservoir is favorable to the development of blue-green algal “blooms”,
and these conditions can only persist or become more pronounced with time.

The bioassay experiments conducted in this study were designed to identify the potential
limiting effect of one physical variable (light) and two nutrients (nitrogen and phosphorus) on
phytoplankton productivity. Using the rate of chlorophyll synthesis as a means of evaluating the
response of the community to both light enhancement and nutrient enrichment, it was discovered
that in over half of the experiments, light was the limiting factor. Nitrogen appeared to be limiting
in some of the other experiments, whereas phosphorus limitation alone was never clearly shown.
Estimates of nutrient uptake per unit of chlorophyll synthesized in these experiments indicated that
about 3 mg of phosphorus and 30 mg of nitrogen were assimilated for each milligram of
chlorophyll produced. This N:P ratio of about 10:1 is very similar to the 11:1 ratio suggested by
Miller et a/ (1978) as optimum for algal growth, and supports the notion that N:P ratios in the Fort
Cobb tributaries favor the nitrogen-fixing blue-green algae.

When elemental concentrations in reservoir sediment were geochemically normalized, they
were found to be very similar to those from the tributary samples. A comparison of bulk elemental
concentrations, with suggested standards for the protection of benthic aquatic organisms found in
the literature, suggested that sediments in Fort Cobb Reservoir are not particularly hazardous to
benthic aquatic life in general, but may pose a slight threat to the most sensitive species.

Sediments are however, a major source for recirculation of nitrogen and phosphorus back into the
water column during certain times of the year. Overall, the whole-body fish data from this study
yvielded no evidence of elemental contaminant problems in Fort Cobb Reservoir. Concentrations of
individual elements ranged in the vicinity of values shown by other authors to be normal or below
suggested dietary threshold concentrations for food-chain organisms.

Under present conditions, Fort Cobb Reservoir exhibits several of the undesirable
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characteristics of hypereuptophic reservoirs: high rates of primary productivity, massive “blooms”
of blue-green algae, and oxygen deficits in the lower depths. Under current or increased levels of
nutrient loading, the situation may become progressively worse, until eventually, a plateau in the
annual production rate is reached. At this point, annual total productivity is completely light
limited. There is some evidence from this study that this condition already exists since light was
shown to be the primary limiting factor in over half of the bioassay experiments. For this reason,
any measures to control nutrient input at the present time may have limited success and must be
weighed before expensive options for protection and/or restoration are implemented.
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Appendix A - 1.
Water Analysis of

duplicate samples.

» Laboratory Duplicates : . |Field Duplicates
Constituent N | Mean Difference® | Mean RPDs| N. | Mean Differencea | Mean RPDs» Range
Aggregate Properties = ] CoNERiG] 2
Temperature (C) b * * 15 0.1 1 1.2-32.6
Conductivity (micfomhos) 24 1 <1 34 ALD, <1 379 - 839
Turbidity (NTU) 23 0.72 3 34 1.4 7 4.9 -84
pH & F b 34 0.06 * 7.2-82"
Chlorophyll (ppb) 10 2 6 33 1.6 10 2.2-114
Chemical Oxygen Demand 21 1 20 34 1 10 <1-29
(ppm) .

Major Cations & Anions

ppm) ,

Calcium 13 1.3 2 T=7/ T=2/8=2 T=2/S=2 T=41-120/
S=7 S=41-116
Magnesium 13 0.34 1 T=7/ T=0.4/8=0 T=2/S=0 |’ T=10-26/
) ] o= S=10-25
Sodium 13 1 2 T=7/ T 17-8=( T=4/S=3 T=19-27/
S=7 S= 18-27
Potassium 13 26" 2 T=7/ T=0.1/8=0.1 T=4/S=4 T=1.7-52/
) S=7 - S=17-51
Alkalinity (as CaCO,) 24 2 2 34 4.1 3 86 - 282
Sulfate 21 5.2 5 :32 7.4 11 18- 184
Chioride 20 0.3 3 34 0.45 5 5.75 - 29.75
Nutrients (ppb)
Total Nitrogen 24 260 SIS 33 330.. 18 700 - 3,200
Ammonia Nitrogen 24 11 19 34 16 22 <10 - 820
Nitrite Nitrogen 23 <1 5 32 8 31 1-64"
Nitrate Nitrogen
Low Range 12 16 11 18 38 1z . 20580
High Range 12 92 7 16 94 9 200 - 2,600
Total Phosphorus 16 - 44 46 23 34 32 <10- 361
Soluble Reactive Phosphorus | 21 22 22 29 37 25 <10 - 382
Major Trace Elements
pm) »
Iron 13 0.01 17 T=7/{ T=0.14/S=<0.01 | T=25/S=14 T <0.02-1.6/
S=7 : ! . S <0.02
Manganese 14 <0.01 2 T=7/f T=0.04/S8S=<0.01 | T=18/S=7 T<0.001 -
S=7 0.282/ S
<0.001 - 0.222
Aluminum 14 0.01 3 T=7/ T=0.18/S=0 T=32/S=7 |T <0.05-1.90/
S= . R S <0.05
Barium 18 <0.01 2 T=7/] T=<0.01/5=<0.01|] T=8/S=3 T=0.117 -
S=7 0.296/S =
0.112 - 0.294
Strontium 14 0.01 1 T=7/| T=0.02/S=0.03 | T=2/8=2 |T=0.24-32/
S=7 = : S=0.24-3.2
Sulfur 13 0.24 1 T=7/ T=0.8/S=0.3 T=2/S=1 T=13-71/
S=7 S=13-71
Silica 9 0:08 1 T=5/ T=04/8=02 T=4/8=2" | T=1.2-14/

: § S=5 ! : . ) S=1.1-12
Minor Trace Elements (ppb) = NI , \ , i
Arsenic 13 0.3 13 T=7/| T=0.68/S=0.87 |T=15/S=31]T=0.60-13/

8=T S5=1.2-13
Copper 14 0.52 4 T=7/) T=0.15/5=0.18 | T=12/S=23 | T=0:32- 16/
S=7 $=032-1.0
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Appendix A - 1.

(Cont.)
Zinc 14 0.8 9 T=7/| T=21/S=11 |T=26/8=39| T=1.0-30/
S=7 $<0.20-4.0
Selenium 13 0.04 8 T=7/| T=0.11/S=0.06 | T=25/S=10 |T=0.12-2.5/
S=7 $=0.10-2.8
Nickel 14 0.31 6 T=7/| T=0.32/ S=0.27 | T=21/S=23 |T<0.50-2.6/
S=7 S<0.50 - 1.3
Lead 14 0.01 8 T=7/| T=021/S=0 .| T=46/S=0 |T=0.14-1.1/
S=7 : s S<0:05
Chromium 14 0.04 2 T=7/| T=0.21/8=0.04 | T=21/S=2 | T<1.0-1.6/
S=7 S<1.0-2.0
Boron 14 45 B T=7/ T=3/8=3. T=5/S=7 | T=24-84/
: : S=7 =3 - | S=20-76
Vanadium 14 0.19 2 T=7/| T=0.3/S=0.1 T=6/S=2 |T=24-97/
S=7 $=2.0-87
Cadmium 14 <0.01° 3 T=7/| T<001/S=0 | T=14/S=0 | T<0.05/
S=7 S<0.05
Molybdemum 14 0.07 9 T=7/| T=0.05/8=0.01 | T=3/S=1 |T<1.0-26/
S=7 S<1.0
Mercury 13 0.006 2 T=7/| T=0.002/8=0: | T=16/S=0 | T<0.005-
: ~ S=7 ' : : 0.01/8<
: 0.005
Cobalt 10 0.06 g T=6/| T=0.16/S=0 T=22/S=0 |T=0.07-0.93
S=6 /S=0.06 -
0.40
Silver 8 <0.01 5 T=3/| T=004/S=0 | T=61/8=0| T<0.05/
S=3 , : S<0.05
Antimony 8 0.03 14 T=3/| T=007/S=0 T=23/S=0 |[T=0.11-0.30
S=3 /8<0.05-
0.25

pairs

*Mean difference between sample

mean

®Mean difference between sample pairs expressed as percent of pair

S=Soluble

°T=Total Recoverable;
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Appendix A - 2. Water. Analysis of field blanks and

standards

Field Blanks. . Standards

Mean Concentration . Percent Recovery S
Constituent Detection Limit| Initial Terminal N Mean 95% C.l. | Certified Values
Aggregate Properties ‘ s : ) : ¥
Temperature (C) 0.1 * * - * * *
Conductivity (micromhos) ol 6 6 48 101 100 - 102 445 -720
Turbidity (NTU) 0.1 0.14 0.14 120 100 98 - 102 5.3 -422
pH i : A 72 101 100-102 4.0-10.0
Chlorophyll (ppb) 0.2 <0.20 0.2 * * * *
Chemical Oxygen Demand 1 135 NNy 36 95 89.- 101 10-30. -
(ppm) S :
Major Cations & Anions (ppm) . ! ) :
Calcium 0.50 <0.50 <0.50 11 101 98 - 104 6.0 - 31
Magnesium 0.10 <0.10 <0,10 11 98 g6~ 100 1.6 -8.0
Sodium 2 <2 <2 11 105 96 - 114 2.3-29
Potassium 0.10 <0.10 <0.10 11 10‘1 100 - 102 0.70-2.4
Alkalinity (as CaCQO,) 2.5 5 4 y ¥ E 5
Sulfate 1 <10 | . <10 63 94 84 - 104 25 - 200
Chloride 0.25 - 07 0.65 57 106 105 - 107 6.0 - 50
Nutrients (ppb) ) )
Total Nitrogen 100. 200 200 43 110 100 - 120 1.0-10
Ammonia Nitrogen 10 10 10 40 102 98 - 106 25 - 50
Nitrite Nitrogen 1 ] <1 22 85 82 -88 - 50 -
Nitrate Nitrogen ‘ 24 83 78 - 88 500 - 1000

Low Range 10 <10 <10 - jrs
High Range 100 <100 <100 )

Total Phosphorus 10 13 14 29 100 96-104 |- :250:- 1000
Soluble Reactive Phosphorus 10 <10 <10 44 105 101 - 109 62 - 1000
Major Trace Elements (ppm)
Iron 0.02 <0.02 <0.02 11 100 92-.108 0.03-0.10
Manganese 0.001 <0.001 <0.001 18 100 96 - 104 0.003-0.12
Aluminum 0.05 <0.05 <0,05 16 101 99-103 0.03-0.13
Barium 0.002 <0.002 <0.002 16 104 101 -107 0.01-0.51
Strontium 0.002 <0.002 <0.002 13 100 97 - 103 0.03-.0.29
Sulfur 1 ‘ <1.0 <1.0 * * * *
Silica 0.1 <010 <0.10 3 107 105- 109 4.7
Minor Trace Elements (ppb) : » : {
Arsenic 0.05 0.24 0.58 13 97 93 - 101 0.72 - 56
Copper 0.2 <0.20 <0.20 18 105 102- 108 1,2-85
Zinc 0.2 0.65 0.3 18 106 102 - 110 0.93-72
Selenium 0.05 <0.05 0.08 11 104 95-113 11-22
Nickel 0.5 <0.50 <0.50 18 100 98 - 102 0.67 - 58
Lead 0.05 <0.05 <0.05 18 104 100.- 108 -0.07 - 28
Chromium T <1.0 <1.0 18 99 97 - 101 0.30 - 39
Boron 209 - <20 <20 9 105 103 -107 145 - 301
Vanadium 0.5 <0.50 <0.50 10 100 95 - 105 0.30-35
Cadmium . 0:05 <0.05 <0.05 18 102 100-104 0.01-23:
Molybdemum 1 <1.0 <1.0 18 103 101 - 105 0.19- 1183
Mercury 0.005. <0.005 | . <0.005 2 100 - T 0.002
Cobalt 0.05 <0.05 <0.05 13 101 99 - 103 .03-20
Silver 0.05 <0.05 | © <0:05 7 100 96 - 104 1.3-76
Antimony 0.05 <0.05 <0.05 10 107 103 - 111 0.23 - 54
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Appendix A-3. Sediment Analysis of laboratory
duplicates and standards

Constituent (ppm) Laboratory Duplicates (N=5) Standards (n=5) -
Detection Mean Range Mean™ | 95%Cil. .| - Certified Values

Limit RPD? 5 ; J
Aluminum ! ,0.50" 2 2190.- 7200 =7 ¥ 7 Thr
Arsenic 0.40 2 .74 -10.3 89 76 - 103 21
Boron : -0.40 - 20 .51-85 2 £ 2
Barium 0.20 4 10.3 - 287 * * ks
Beryllium -~ 0.10 6 A1-20 -] 41 | 37-45 = 2.3
Calcium 4.0 5 256 - 33800 * 5 *
Cadmium ; 0:01 .- 21 05-25 102 87-1168 | - 0.24.
Cobalt 0.40 4 .70 - 8.6 90 88 - 93 14
Chromium R 0.30 1 3.9-34 | 31 26-35 : 106
Copper 0.50 3 1.4-21 93 89 - 97 39
Iron ‘ 2.0- 1 3140 --31400 4 e i RENCE
Potassium 5.0 2 442 - 4740 * * *
Mercury 0.01 1 <.01 - .01 94 84--105 0.09 .
Magnesium 2.0 1 444 - 7570 i = S
Manganese . 0.50 2 38 - 1160 87 ' 83-91- A=atE5
Molybdenum 0.20 35 .25 - .39 82 77 - 86 2.8
Nitrogen 50 4 135 - 3660 91 89-92 22500 - 27600
Sodium 50 7 <50 - 238 * * *
Nickel 0.30 2 21-26" - 86 78 - 94 49
Phosphorus 10 2 55 - 823 * * *
Lead 0.50 1 1.7-20 .81 76-86 .| - )
Sulphur 20 4 24 - 4690 * i ¥
Selenium 0.001 4. .02:- .06 91 88.- 94 2 0.72
Strontium 0.02 1 1.6 - 320 51 48 - 54 125
Titanium - 0.50 4 68 - 165: - e N
Vanadium 0.20 4 5.3 - 59 28 24 - 32 252
Zinc e L) 7 . 6.4-74 82 . 78 - 86 . = 172
TOC (%) 0.01 13 .10-2.9 102" 101.- 104 L 9-17%
Clay (%) 0.02 0 < .02 g ¥ i
Silt (%) =~ ~-.0.02 4 8.4-93 z = Sy i
Sand (%) 4 6.8 - 100 = * *

“Mean difference between sample pairs expressed as percent of pair mean
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Appendix A-4. Fish. Analysis of laboratory duplicates and

standards.
Constituent (ppm) " Laboratory Duplicates (N=5) Standards (n=5)
Detection | Mean RPD? Range Mean - Certified Values

! Limit ' ReE : : B,

Aluminum 0.5 5 _-16-22 102 11

Arsenic 0.5 - 79 18

Boron 0.5 -

Barium 0.2 S 0.55-3.7 -

Beryllium 0.1 - -

Cadmium 0.2 105 0.04

Cobalt 0.5 0.18 270

Chromium 0.3 o 35 79

Copper 0.5 4 2-3 2.3 105

Iron - 3.0 3.8 37-144 140 95

Mercury 0:1 11 ©0.15-0.43 4.6 98

Magnesium 2.0 3 750 - 1100 - -

Manganese 0.5 3.6 1-53 3.7. 95

Molybdenum 0.3 . - E

Nickel 0.3 12 0.56 19 80.

Phosphorus 10.0 3.6 0.75 -

lead 0.2 70 7400 - 11000 0.07 180

Sulfur 20.0 0.46 7100 - 8000 -

Selenium 1.0 1.9 0.3-1.3 1.4 89

Strontium 0.02 9.6 17 - 69 -

Titanium .05 84 0.7.- 0.96° -

Vanadium 0.3 - -

Zinc 1.0 1.5 19 -230 .. 26 83

“Mean difference between sample pairs expressed as percent of pair mean

87




88

g-d

592 Lyl gelL e 682 £GlL ze 26l 82 ¥°02 98 ! S-HT
S92 6'cl 6Ct 9'ce £62 GGl L' 681 182 L2 Z8 LLL S-OW
192 vyl 9¢k y'ee £'6¢ 191 8 L8l 8'/2 ¥'02 98 6°0L S-00
292 eyl 921 £ee L'0g L'9L 9t .8l £'82 8l .8 601 S-S
. . . . . . . . . . . . g-HIN
992 Syl 6Ch ve 9'62 L9l G 88l 182 vie L6 80l S-HN
. . . « . . . . . . . . g-VOM
v'92 £Gl 611 v'e2 10€ At 9¢ Z'8l G'82 vie 0l ol S-VOM
. . . . . . « . . . . . g-dn
9'92 2'S1 6L 2'ee 10€ A ey '8l 8¢ €2 0l L6 S-4N
292 £GL 66 622 v'0€ 9/l LS GGl 8'92 L'€g 601 v'6 S-SMN
0002/G1/9 0002/6/S 6661/9/21 6661/1.2/6 666 1/€2/L 6661/9/ 6661/L1/L8661/S2/0) 866L/LL/8 866L/EL/S 8661/€2/C 2661/SH/LLINOILVIO1
9'Ge Lyl . v'/e cl2 8/ 9g 261 L'0E 181 '8 R4 20
1'Ge L€l 611 /2 v'/2 L9l 8'G L6 z62 G'6l 18 Lyl VYO
0002/22/90002/51/£666 1/€1/216661/11/6 6661/Z /. 6661/02/v 6661/V/1 8661/62/01 866L/S/8 8661/SL/S 8661/S2/C 2661/S/LL NOILYDO1
2'se . L6 A 8’1z v'ze 8t g g '8l G'8 2l ONN
Zve L/ V6 22 81z 61 Al 89l 9'ce 29l 9'8 8'8 Je)
8'ce Al 101 9'¢e (A v'8l 8¢ L1 v'Ge FLL £6 8'6 D10
6'vc £91 8'8 8'2e 9'ce £61 6t fg g 88l €8 8'8 03
Ve L/ £6 L'ee €2 102 el AVA) /2 Z8l 6 6 2071
9'eg £91 8'8 5ze €2 G/1 Al L) 6.2 691 98 68 20N
562 8L L8 L'ye Lye v'2e 2 /1 9'82 L6l £8 €8 o7
612 Ll 18 €2 L'ee 6L1L gt G9l YA G/t A L9 27N
8'/2 8/ v'6 §ee 9¢eg G522 v 61 9'82 0g 26 oL DM
v'ee £'8l 0l 612 L02 8l . s L'lZ GGl £8 L8 OMN

000¢/22/9000¢/S1/£666L/€L/CL666L/L1/6 6661/CL/L 6661/0¢/y 666L/V/L 8661/62/01 8661/€/8 8661/2/S 866L/0L/C Z661/€/LL NOILVDO1

(o) aamesadwa] :|-g xipuaddy




68

14 Gy G9p 8ty £6¥ 805 £SY zey 44 26v z6¥ ¥SP g-41
212 z8y G9p 8ty 98y 806G £GY gLy A% 98y 68Y 14 S-H1
29 28y Y9 8y 08Y 0LS £GY Giy gey G8Y VY £GY S-OW
1214 /8% 697 9ty €8y v1S 09t GLy gLy £8y L6t £GP S-0D
£9¥ ¥8Y 69Y Ly |8y ¥1S aGy a7 60¥ 98t 88y /GY S-S
£oY 687 S/Y 9y S6Y L1\G £oy (0514 CLy 06¥ €25 8Gy g-4in
Gop /8Y aLy oty 98y L1S L9Y 6LY €Ly L6Y 86¥ 8GY S-HIN
Gov L6y GSY Ly LY 4SS VA7 8Ly 2014 £6¥ 805 69y 8-vOM
99% 86¢ 9GY Ly 197 2es S/Y BLY 2014 14514 G1§ 899 S-VOM
L9% 505 Slp FASTY 68¥% 9yG WA 82y oLy L6V 6€S 88y g-dn
89t 906 VA% A2 68Y 9¥s LY 62y 60v £6v 9£S 08y S-dn
G0S 02§ 8ey 8yt 661 209 G0G 96¥ S TAZ 10S 2r9 00§ S-SMN

0002/G1/9 0002/6/€ 6661/9/Z1 6661/12/6 666L/€2/. 6661/9/F 6661/LL/L 8661/S2/0L8661L/LL/8 8661L/EL/S 8661/€2/C Z66L/EL/LL NOILYVDO1
0S¥ v6Y . £GP 9gs L0S 09Y ey 16V 961 06% ISt 20
€Sy S6¥ 85y VA2 96% 05 6GY £gy 8Ly S8y 68Y LSt YO

0002/22/90002/51/€666 L/S1/CL 666L/L1/6 666L/2L/. 6661/02/t 666L/V/1 8661/62/01 8661/€/8 8661L/EL/S 8661/€¢/c 2Z66L/S/LL NOILYDO
£CP . L1y A LY 98y G¥G hq Aa 06€ 6.€ T4 ONN
829 899 909 289 8GS 219 669 LL2 269 G89 2v9 089 oe)
829 8E9 119 Lv9 909 8£9 0.9 959 909 89 8€9 WA D10
989 6£9 VA% L6y yARe) 819 869 ITe| Ag 09 219 v.9 o
8e/ 68/ 80/ GG/ 192 G6/ 828 818 ¥9/ or8 818 Zy8 201
¥4 88/ 20L A 0L 66/ 9e8 GEs 9/ o8 £28 vE8 20N
996 909 20y 28y 8.5 85 229 28P 88y €29 209 z19 o7
065 16S G6E 8/Y 98G 8/G G29 905 Ges v19 665 165 ON
0vs /85 805 oY L9G ¥/S 0.6 €15 A% 695 6%S £G5S OMT
8EY vGy €Sy 192 09y LY /9% Ly 6EE 14 Y9y 65y DMN

000¢/¢¢/90002/SL/E666L/EL/CL 6661/L1/6 666L/CL/L 6661/02/v 6661/F/L 8661/6C/0L 8661/£/8 8661/2/S 866L/0L/C¢ Z66L/€/LL NOILYDOT

~ (woysoywosoiw) Ayanonpuo? :z-g xipuaddy




06

6 0l m 91 L > 6 L m vl L 6 LE g-47
o] 6 2L 91 14 8 L L vl oL 6 Gl S-41
2 LL 2k 81 e 8 b zl al L o] (o] S-OW
8 oL €l 81 € 8 e 4 Al 01 0k Ll $-00
8 gl b L) S 8 L 4! 81 6 o] LE S-S
8 L el 81 Z 8 oL Al 0z 6 ol 4! g-4in
o] o] el 81 S 0k 4! gl LL o] ]! e S-HW
i 2l Gl 8l L > 6 o] L 8l 6 6 L g-VOM
ot o] Gl 81 z o] o] L 8l 6 6 L S-VOM
4! Ll Gl 81 L > 6 4t 0l 6l o) 6 L g-4n
L 0l Gi 61 L > L bl oL 61 0l 6 L S-4N
it €1 62 02 el LE 6 o] 9z 01 6 L S-SMN

0002/SL/9 0002/6/€ 6661/9/2L 6661/12/6 6661/E€2/. 6661/9/V 6661/11/1 8661/S2/0L 8661/11/88661/S1/G 8661/S2/2 266 1/SL/LEINOILVIO1
6 2l . L1 Zl 61 L) € 2e m 0l . 20
0l £z Gl 81 Vi LE gl £ Gl oL 6 . VO

0002/22/9 0002/S1/E6661L/EL/2L 6661L/11/6 666 L/C1/L 6661/02/V 6661L/v/L 8661/62/01 8661/S/8 866 L/EL/S 8661/S2/C 2661/S/LL NOILYDO
Lt . gl g m gl 8 Ag Ag 8 9 . ONN
S 14 9 0z £ 4 1> p > 14 14 € . oe)
9 € S G G L > > L > € b L . D10
8 A 9 Se A 9 € I8Tq| g 9 L « 03
Al 9 LE o] vl 14 4 14 G . 9 . 207
L L 4 Ll 1 % € % L 9 9 . 20N
€l 8 L) g oL 8 G L > 6 6 / . o1
4 L vl Gl 9 G Z v ov 9 9 . 27N
6 9 6 22 14 12 € 4 G L 9 . DM
£ v 4 . Ll | > L > 4 £ 4 £ . oMN

000¢/22/9 0002/S1/E6661L/EL/C1 6661L/LL/6 666L/CL/L6661/02/ 6661L/v/1 8661/62/0L 8661/€/8 866L/2/S 866L/0L/C L66L/E/LL NOILYDO]

(wdd) puewaq uabAxQ |eo1wsyy :g-g xipuaddy




16

Ge Ll Gl e £/ HE L6 ge Gi Ll ¢l G'6 g-41

b 28 £l 22 A 8'9 98 91 z6 GG 99 1’9 S-H1
66 o] L k4 L6 L/ 66 9l 26 s v'e 8 S-OW
Gl oL 4l G2 bE 1’9 ot gl o]l A e G S-00
i £'8 4! ze €l 29 66 L1 22 GG N% LS S-S
02 i Ll G2 G2 G/ 96 9g €2 4! el £/ g-HIN
02 2L i lZ cl v/ 6 0g 22 2S LS €L S-HIN
/2 €2 6V Gg e 61 L6 82 LE 4! ol .'8 g-YOM
Le 22 81 L 4 61 8/ /2 0g A Lb ¥'8 S-YOM
ve €2 0¢ 8e 29 9} 4! Ve 43 el 2l LE g-4n
K% 22 o€ Ge 8¢ vl A Ge vz €1 el L S-dN
¥9 ot el A4 8 Ge 91 GG 06 92 82 48 S-SMN
0002/S51L/9 0002/6/€ 6661/9/C) 6661/12/6 6661/€2/. 666L/9/V 6661/11/1 866L/S2/0} 8661/11/8 866 L/E1/S 866 1/€2/ Z66H/SI/LENOILYIO1
0k L6 . G'g L 8/ L L G/ 22 RS z. 20
Gl 601 A Gy zl Lt A Sl €1 ot L'y VL VYO
000Z/22/9 0002/SL/€ 6661/€L/2L6661/L1/6 6661/C1/L6661/02/F 666L/7/1 8661/62/0 8661/€/8 866 L/E1L/S 866L/€2/C L661/S/LE NOILYDO1
98 . 8t g Ge 89 %% g g v/ L'8 L2 DONN
62 L'e L9 oY 0L (A v’z L'g 9v 8'G el 89 01:50)
! S 9g L 82 L€ 'S 22 A v'9 vl g/ DI
A 8'g 8'8 GGl ve LS £y A ISTel el L 8 03
G9 02 /G 8z 9Ll A 1 gl vl LE 0z 26 201
/G ¥4 0S ey 6 8'8 A il 4 62 22 L 20N
€22 4t S62 8 02 \e 6'S 8'6 2l Ve 62 vl O
vee 81 8LE zel €2 Lt o] el £e ze G2 Ie 27N
8¢ 1 oy BS e S'6 Gl vl Ll G2 A 4 OMT
91 v'6 8l 0002< L1 19 8¢ 28 6'G el b 9 IDMN

000¢/22/9 0002/S1/E 666L/EL/CL666L/11/6 6661/C1/L666L/02/v 666L/b/L 8661/62/0L 866L/€/8 8661/2/S 8661/01/2 Z66L/S/LL NOILYDO1

(NLN) Aupiaing p-g xipuaddy




%6

£8 9l 6¢ 0S £'8 L 0¢ 44 8¢ St LE Ot g-dl

¥e 2L 2e Ly LE oL ve 6V Gy L'E 96 Ll S-41
82 it 82 0§ 0g it 0z 26 S 9'6 L' Ll S-ONW
22 Gl 8¢ ¥S VA 6 ¥4 19 9/ 6'¢ 68 oL S-00
0¢ €l 9e 85 8e el ce 99 €8 6'G €l L S-SH
LG 9l 5% /S 9l Ly ¥4 €S I8 (S L/ o] g-4N
VA% vl 8¢ GG ov 8'6 02 09 98 2% 9l o] S-HIN
bL ve 1S /S Gt L 9l 6. o8 L'y £8 e g-YOM
gl ce 6t 09 65 el 81 G/ 06 2 12 cl S-YOM
81 L€ ol 99 Z9 el 61 4 €04 2t 22 i g-4un
ocl 8¢ LS G9 0L Gl 61 €/ 86 0¢ 92 Gl S-4N
2L L9 87 9 2Ll 4% L 0/ LGl 29 6/ ! S-SMN
0002/S1/9 0002/6/S 6661/9/2L 6661/12/6 6661/52/. 6661/9/v 6661/L1/1 8661/€2/0L 8661/L1/8 8661/EL/S 8661/€2/C 2661/SL/LENOILYIO ]
/L Gl . a4 LS 69 61 A4 9'6 6470 GG 91 D0
gL . oY ag oL zy 61 8¢ 2 8¢ 17 S) YO
000¢/22/9 0002/S1/£666L/EL/CL 6661L/11/6 6661/C1/L6661/02/y 666L/V/1 8661/62/01L 8661/E/8 8661L/EL/S 8661L/€2/C Z66L/E/LL NOILYDO1
650 . oc > ISTe] 80 Ve 9z ISTq] g ee S¢ Z'h ONN
g 6L 6.0 v'6 S'Gg €8 8t v’z L'e LS €5 9L 01:70)
6€ 8¢ 9L S L8 66 9 L'g €/ Ly 2 v'e D10
vz Gl 650 ve LS S¢ 9¢ fg A b L'g 6£°0 03
62/ v'6 6'S L 02 el L€ £ A el 18 Ve 201
6 Ll 6°G 6 0c v'6 (e €6 A 4! 68 Ge 20N
€8 it £9 Gl Ll 4 §'9 69 S8 €l 81 Se oM
6'G 81 6/ £e gl 0c 6°¢ '8 9z L) o] LY 27N
A L 8¢ . £z 6 6% L 7l g9 G'§ z DM
82 GG 1L . 6L GG v’z 6°¢ G/ (S 9Z 62°0 OMN

0002/22/9 000¢/SL/E666L/EL/CL 6661/LL/6 666L/CL/L6661/0C/V 666L/v/L 8661/62/0L 866L/€/8 8661/¢/S 8661/0L/C L66L/S/LL NOILVOO1

(qdd) jjAudoioy) :g-g xipuaddy




* * * * * * * * ¥ * * * m:mlg

18 8L ¥'8 v'8 '8 18 v'8 8/ £'8 18 9'8 9'g S-41
Z'8 g/ v'8 9'8 8'8 Z'8 ¥'8 6/ Z'8 '8 9'g 9'8 S-OW
18 6/ '8 /'8 8'8 Z'8 €8 8/ G'8 18 G'8 98 S-00
18 e/ £8 .8 8'8 £'8 €8 8 .8 18 98 9'8 S-S
. . . . . . . . . . . . g-4
'8 A '8 .'8 8'8 18 €8 8L G'8 L'8 9’8 9’8 S-HIN
. . . . . . . . . . . . g-YOM
8 v2 v'8 .8 9'8 18 ¥'8 8 '8 8 G'8 '8 S-VOM
. . . . . . . . . « . . g-dn
9/ S/ '8 8'8 8'8 28 v'8 8/ G'8 L'8 G'8 L8 S-4n
18 9'g 8/ .8 '8 £'8 a 6L L8 6L 9'8 9'8 S-SMN
0002/S1/9 0002/6/S 6661/9/2L 6661/12/6 666L/S¢/. 6661/9/v 6661/LL/L 8661/E2/0) 8661L/L1/8 8661/E1/S 866 1/€2/C L66L/SL/LINOILVDO1
'8 €8 . 18 6L '8 8 88 9/ Z'8 68 6 20
8/ 28 6L 6L G'8 Z'8 Ll G'8 28 €8 '8 8'8 vO
0002/22/9 0002/S /€ 6661L/EL/CL 6661/L1/6 6661/C1/L6661/02/ 666L/F/L 8661L/62/0L 8661/S/8 866 L/EL/S 8661/€2/C L66L/E/LL NOILYDOT
G/ . L A S/ gL L ISTe! g Ll 9/ L'l ONN
6/ ) A 9L 6L L'l gL 28 6L 8 6/ 1'8 9]:20)
6L £8 L Ll 8L 8/ G/ Z8 8/ 8 6/ 1'8 D10
6L 8/ L2 6L 9L 8L £/ g g 8 6L '8 03
8 €8 L. 1'8 6/ '8 8/ .8 €8 9'8 S8 9'8 007
'8 Z8 £/ Ll 6L 6L VL '8 6L '8 8 Z'8 20N
8/ v'8 vL 6L 8 8 9/ €8 8 28 28 v'8 O
8 8/ gL 6L 28 18 ' £8 2’8 28 8 £'8 27N
8L v'8 gL Ll 28 6L Ll '8 8/ 28 Z'8 £'8 DM
Ll Yy 9L v/ '8 '8 G/ €8 £8 Z'8 8/ 28 OMN

000¢/22/9 0002/SL/E666L/EL/ZL 666L/LL/6 666L/CL/L6661/0C/y 666L/F/L 8661/62/0L 866L/€/8 866L/C/S 866L/0L/C L66L/E/LL NOILYDO
Hd :9-g xipuaddy




b6

Gcl GlLl OL1 S6 Gel Gl S0l 00l SOl Gel ovlL GLL g-4d71

G2l GLi S01 001 0gl Gl G0} G8 06 0gt ovi 0zt S-H1
o€l ocl (o]8! 00t Gel G2l GO} 88 G6 oglk Gel 021 S-OW
0glL Gzl GlL1 06 ovL 02l 001 G8 06 0gl orl 0z1 S-00
82zl och oLt G6 ocl Tl 001 G8 08 A oL 0zt S-S
0cl 0z} Gl 26 G2t G2l GOk G8 G8 0ct GGl 0Z1 g-4in
G2l GEl OLL G6 0Zl1 G2l Ol G8 G8 och orL G2l S-HIN
Gzl GEL SO1 G6 0zt Gel GlL1 68 08 0ct Gyl 0gl g-YOM
0ElL Gel gLl G6 GlLL Gel GlL1 G8 08 Gel GGl oct S-VOM
0cl oEl 00t 86 Al ovl oLl S8 08 Gel 0S1 GEL g-4n
2zl o€l AR S6 oglk oSt GLL g8 08 och GGl Gel S-"N
G2l Sel gLl GOk ovL 0L} ogt S0L 08 Gzl 002 ort S-SMN

0002/51/9 0002/6/C 6661/9/C1 6661/1¢/6 6661/S2/L 6661/9/t 6661/LL/1L 8661/S2/0L 8661/L1/8 8661/EL/S 866L/€2/C L66L/SL/LENOILVIOT
Gl Git . 001 oElk G2l 001 06 0ElL oclh ovl 0zt 20
G2zl Gl OLL 06 0zh 0zl G6 06 G8 octk SEl 0ch vO

0002/22/9 0002/S1/E666L/EL/CL666L/LL/6 6661/21/L 6661/02/V 6661/v/l 8661/62/0L 8661/E/8 8661L/S1/S 8661L/€2/C L661L/S/LL NOILYDO1
002 . 08} g S/1 081 ovlL Ag Aq 0G} GEl GGl ONN
Gze oL2 661 002 0L} 502 Glg Gzg AT 0eg 022 Gze 01:0)
002 S8l 061 G61 GGl GeZ GLL 661 G/1 G61 661 002 21D
Gze 082 662 081 G/2 682 G62 g A G/2 062 Gle 03
cee ove . 012 szl 622 622 Slg G502 Gee Stre 062 007
0ze GeZ 01e 002 GG o 022 512 002 0€g Sve She 20N
PAST 092 G/1 GLL 0ee 052 092 G61 GLL S/2 08¢ 082 o711
592 052 0L 0LL ove Sve GGe 812 0LL 0.2 5/2 G/2 27N
222 gee 502 091 SLL Gee 0Le 081 091 0e2 Gee Gee DM
261 01 GB1L gLl G61 08l 081 081 G/t 502 002 502 OMN

000¢/22/9 0002/SL/E6661L/ELIZL 666L/1LL/6 6661/CL/L6661/0C/v 666L/v/L 8661/6C/0L B66L/E/8 8661/2/S 8661/0L/C L66L/E/LL NOILVDO1

(e1eU0qIED WNIDJRD se wdd) Ayuieyy :Z-g xipuaddy




S6

16 66 Ll 9 £9 ve cL £8 G8 GS 601 Git a-471

20} /6 yOL 0L 98 Gl 9/ 2! G8 8G FEL LLL S-HT

88 /6 L0} £/ 28 92 v/ 2o} 06 ¥9 801 Gl S-OW

/8 €6 LOL a8 18 g2 28 86 16 /9 GlL1L 6LL S-00

/8 96 .01 L 0L S2 9/ /8 ¥6 69 oLl oLl S-SM

/8 2ot €0l Ll 28 G2 9/ LiL 96 0L 611 AR g-4

¥6 96 0] 9/ 28 % 9/ GlL1 66 9/ AR GLL S-HW

GOt vOl 96 88 G/ e 6L 811 86 9/ bLL AR g-YOM

€6 €6 9L} /8 18 02 08 GLI 86 ¥8 911 61 S-VvOM

v6 00} L6 SOk L8 /2 G8 A4 L0} £8 L1 9z g-4n

06 001 YOl 9/ 9/ 0S v8 Al GOl 8/ kAl ozh S-HN

86 S0l vOlL 26 ¥6 LE v6 24! LLL 98 6EL zel S-SMN
0002/SL/9 000Z/6/€ 6661/9/¢k 6661/12/6 6661/S2/L 666+/9/v 6661/L1/1 866L/E2/0L 8661/LL/8 866L/E1L/S 866 L/€2/2266L/E1/LINOILYOOT

SOt 96 . 9 £6 vOL gL 0S /6 vy S0k pLL 20 |

28 06 9/ vl 66 v6 vOL ¥G LOk %% ¥0lL 6L vO
0002/22/9 0002/SL/S6661/EL/CL 6661/11/6 6661/2L/L 6661102/ 6661/F/1 8661/62/01 8661/E/8 8661/E1/S 8661/E€¢/C 2661/E/LL NOILVDO

Ol . /2 g 2e 8¢ v8 AQ Aa gl 61 gL ONN

9l A4 9/ 0zt 0L . LBl ISt 0zt oviL L2} LEL GGl JeD

6EL 8el 9. 81 9g1t 8elL ovi oglh A4 8el 6v1 891 9%0)

2€ 82 7 4% . 9¢ A g I8Te! 2z €e ze 03

6G 1 6G 1L /G 9G 1 9/1 WA 061} 961 GLL 081 81 061 2071

GGl 861 201 LEL 061 891 891 961 ¥9l 8/ 8/1 061 20N

85 S 44 . S 09 29 8v ¥S ev 6t Ly o1

¥S 2s 6E 25 LS 8G ele 4% 2L oy A% Ge 2N

29 /9 09 09 89 G v8 /9 1% 2s 95 G IM1

6€ %% 9e . ov 0S a4 A% ve 9e A% Le OMN

0002/22/9 0002/S1/E6661/E1/2L 6661/11/6 6661/21/26661/02/v 666L/7/L 8661/6¢/01 8661/S/8 8661/2/S 8661/01/C 266L/E/LL NOILVDO1
_ (wdd) aeyins :g-g xipuaddy



96

GOk LE Zh LE G0l G/ 0L G/ 0L G0l S0l 6 G0l G20l ga-41
G201 L GL2l Ll G20} G/ 01 L S0l G0l G/'6 ot GL'6 S-41
G/'0L G'6 G2elL STAI]! GZ 0L GLL b LE GZ 0l o] G'6 G20k S-OW
b1 G201 4} i o] L1 G20l TN G/'6 6 G.'8 G0l $-00
oL Gl Gl G211 b GZ L1 Ll LE G/ 0l GL'6 GZ0L 0l S-SM
Ll ] GLLL GZ L1 LE G0l G/°01 Gzzl GO0l GZ'6 GOl ol g-HN
S0} GL) GL 2L GLL GZ oL G20l GZLL A G20} GL'6 S0l ]! S-HIA
G0t GLLL Gl G/ 0} G/ 0L GOk G/ 0L S/LL S0l G20l STA]! S0l g-vOM
ol GLLL GZ'L1 GL0L GZ'LL o] STAN N S/ L1 o] G'6 G/0L o] S-VOM
GOk SLLL GhHL GLL L1 GOl G0} GL L STA] GZ'6 GLOlL GOk g-4n
G0} GLLL SLLL GLl G'6 LE Ll G/ )L G0l S'6 G0l 0l S-HN
STA)! Gegl GL2L G/ 0l GLL STl GLL G GZLL STAL] 8 S0} S-SMN
0002/S51/9 0002/6/€ 6661/9/C1 6661/12/6 6661/€2/. 6661/9/y 666L/LL/} 8661/S2/0L 8661/11/8 866L/EL/S 8661/€2/2 Z66L/EL/LINOILVIOT
G/ 0L Zh . GZ LI G211 G/0L GZ'hL b G/'8 GZ'6 L ok 20
GOl 4} zl GZzl G0k GZ'L) GZLL 4! G20l 66 G/'6 G'6 vO
0002/22/9 0002/S51/€6661/€1/C16661/11/6 6661/CL/L 6661/02/y 666L/V/l 8661/62/0L 8661/€/8 866L/EL/S 8661/€2/2 2661/S/LE NOILYDO1
G'le . G'0¢ g ve Se G/ \E Ag g Ge'8l gee Sve ONN
G'g 628 b G'6 L GL'L 8 G'8 G'8 G'8 G0l 6 8]:00)
A GL'S 6’9 GG St 9 g STALS ST STAL) L GG D10
GL'Gl GZ'6 G291 GV GZel 91 G'02 g g GLEL G/ Gl G/l OE
STAL] Gt ] G2t 6.6 Gt STAI] STt ST S/ 01 G2t GL1L 201
G6 L G0l o] G/'6 G. 0l 8 Gl Lt G/ 01 G2l GL L 20N
STArA GZEL 6 STAVA Gzt GL2) SYArA €1 81 A S/°€L €1 o
L gL G.'8 STAVA Al Syl GZEl S/ vL ST GEl vl €l 21N
T ANt ' SLt G/t GL0M STAINY A €t o SLLL €l Sl DM
GL'G 9 GL/ GZv GG G 9 G'9 G/L9 GZ'L G/'9 GZ'9 OMN

0002/¢2/9 0002/51/£6661/€1/216661/11/6 6661/CL/L 6661/0C/y 6661L/V/L 8661/62/0L 8661/€/8 8661/2/S 8661L/0L/C L661/E/LL NOILYOO1

(wdd) apuojy) :6-g xipuaddy



L6

A0 ALY L0 c00 920 0 0 9¢'0 * 90 920 A g-d7 4

92'0 20 ¥1L°0 200 0 AdY 2y o 120 L0 880 €0 €20 S-41
12’0 220 ¥1°0 £0°0 100 L0 A 120 220 G/°0 L£°0 910 S-OW
8€°0 €20 G1°0 800 200 2ro v'0 v'0 €00 260 €0 910 S-00
2e0 20 €10 £0°0 £0°0 L0 170 ve0 100 80 Y0 GL°0 S-S
€0 20 €10 £0°0 120 A 6€°0 ¥€°0 200 860 Ly°0 A, g-HW
LE0 /10 2Lo 200 GO0 vr°0 860 GE0 200 68°0 80 910 S-HIN
9%°0 220 810 €00 ¥0°0 £¥°0 LE0 JAN) 100 160 2ro GL°0 g-YOM
80 810 ¥1°0 100 €00 2ro ¥°0 20 ¥0°0 £6°0 S0 GL'0 S-VOM
6v°0 20 v1°0 200 S0°0 ev0 L0 220 200 90 6¥°0 810 g-4n
GE0 JAR) 170 100 500 v¥°0 L0 220 200 ¥5°0 ¥S°0 yANs! S-4N
LE0 82°0 62°0 100 SO0 ¥0 er°0 €20 G0°0 0 . 610 S-SMN
0002/S1/9 0002/6/S 6661/9/21 6661/1.2/6 6661/S2/. 6661/9/¥ 6661/11/18661/€2/0} 866L/LL/8 866L/EL/S 8661/S2/C 2661/SL/LLNOILVIO1
.0 €0 . 20 €0 G0 €0 S0 /0 £¥°0 62°0 €0 20
80 0 €0 A £0 90 €0 G0 10> G590 €0 £0 vO
000Z/22/9 000Z/S /S 666 L/EL/CI666 L/1 /6 666 L/ /L 6661/02/v 666 L/v/L 8661/62/01 866L/S/8 8661L/EL/S 8661/S2/C 2661/S/LE NOILVDO1

80 . 60 A 80 0 ! TS Mg L) el 80 ONN
LL Al Lt €t e it L'} vl 6L 22 91 6L 0):10)
9L T gL Tt Gl gl 6L 91 4 4 €2 Ge D10
v'e L) 12 €2 L'} 20 Ve g STe 22 £z 8¢ 03

L L 60 b L0 L el Ll LL 9l ot Gt D07

b L 60 Ll S0 6°0 Z'l Ll alt Gy el ! 20N
vL G0 80 £0 20 L0 20 €0 20 Al 60 Ll oM
Al 20 6°0 90 L0 60 gl 80 €0 Ll L e 21N
80 S0 60 G0 90 0 80 G0 €0 by 80 60 DM
b1 L el a 60 b i Lt L0 9t L 6} OMN

0002/¢2/9 0002/SL/E 6661/E1/216661/1L1/6 6661/C1/L6661/0¢/V 6661//1 8661/62/0L 8661/€/8 8661/2/S 8661/0L/C L66L/€/LL NOILYDO1

(wdd) N - e1e21IN :01-g xtpuaddy




86

LE0 £G°0 I44Y 00> €00 €40 €c0 L€0 080 < 80 850 900 d-H

80°0 S0 6v°0 100 > 100 990 G20 £v0 60°0 8€°0 Y0 GO0 S-41
€00 960 160 100 > €00 65°0 G20 ££°0 200 62°0 SP0 900 S-ON
€10 90 €0 100 > $0°0 €50 S2°0 610 100 > v°0 9%'0 100 S-00
LEO L¥0 62°0 100 > ¥0°0 86°0 120 80°0 100> 1€ vy 0 600 S-S
810 ay°0 920 100> 100> 650 920 GL'0 100 Sy'0 6v°0 500 g-4IN
AN, G0 62°0 100 £0°0 $S°0 /20 GLO 200 980 2ro 2070 S-HIN
120 STALY) 1070 100 SO0 Ly0 20 100 100 890 %0 200 g-VOM
610 €20 L0 100 > S0°0 670 610 100 > 100 9e°0 £v'0 2070 S-YOM
20 €20 100 100> G0°0 Y0 120 100 > 200 2€0 €0 .00 g-4n
GL°0 20 o) LO0 > ¥0°0 R0 20 100> 100> €10 LE0 500 S-4N
AN LL'O L'0 1070 > ¥0°0 ¥1°0 910 100 > 100 900 L0 900 S-SMN
0002/51/9 0002/6/€ 6661/9/¢} 6661/12/6 6661/S2/L 6661/9/V 6661/11/1 8661/S2/01 8661L/L1/8866L/CL/S 866L/€2/ 1661/CL/LL NOILVDO1
100 > /€0 . €10 080 < Se'0 €20 810 080< €90 8¥°0 100 > 20
100 > GE0 ¥¥°0 80°0 500 610 €20 920 €00 Y0 ¥0 €00 vO
000¢/22/9 0002/S}/E666 H/EL/Z) 6661/11/6 6661/C1/L 666 L/02/V 666 L//1 8661/62/0L 8661/S/8 866L/SL/S 8661/€2/2 Z661/S/IE NOILVOO1
v0°0 . 200 ISTe 200 600 ¥0°0 g A S0°0 G0°0 100 ONN
LLO £0°0 80°0 80°0 G110 £0°0 L0 100 > £0°0 €10 GO0 100 9):10)
¥0°0 100 +0°0 100 > LEO 100> 200 100 > 200 90°0 ¥0°0 100 D10
200 800 100 £0°0 20 GO0 500 I8Te] I8Tq 800 200 100 03
200 900 100 G600 GO0 200 800 100 > £0°0 200 200 £0°0 2071
200 900 500 100> €00 GO0 500 100 €00 100 900 €00 20N
LE0 900 €10 200 900 FAN0) 200 100 200 SL0 [0) €00 oM
20 v0°0 L0 600 900 80°0 100 100 > ¥0°0 810 2070 200 21N
£0°0 /00 60°0 200 S0°0 GO0 0] 100 > GO0 G0 600 100 > DM
€00 GO0 500 ve0 100 200 900 100 > €00 0] £0°0 200 OMN

0002/22/9 0002/S L/S666 HE LTk 666 H/F1/6 666 /2 L/L 666 1/02/b 6661/b/L 8661/62/0L 8661/5/8 8661/2/S 8661L/01/C  L661/E/LL NOLLYOOT
(wdd) N - BlucwWWY :1|-g xipuaddy




66

9200 L0°0 Lc00 1000 1000 £10°0 x 8¥0°0 GE0 < Gec0'0 ¥00°0 900°0 g-41

2e00 6000 80070 L00'0 1000 €100 . 8100 /1200  ¥¥LO 9000 800°0 S-41
¥20°0 Gl00 8000 1000 L1000  2L00 . S0°0 9600  ZLLO £20°0 S00°0 S-ON
GEO'0 /200 200 LEO'0 1000 €100 . 6£0°0 1000 LOL0 600°0 G000 S-0D
¥0°0 8000 60070 1000 0 £10°0 . G600 2000 1210 12070 G000 S-SH
1200 LLO0 LLOO 1000 2000  €L00 . 1S0°0 L0O0 v1°0 6200 800°0 g-4
LE0°0 600°0 LLO0 100°0 L1000 €100 . G000 2000  /EL0 6100 900°0 S-HW
6£0°0 /Y00 €E0°0 LOO'0 ¥000  8L0°0 . £v0°0 1000 2/00 €100 /0070 g-YOM
/£0°0 IE00 €100 100°0 L00'0 9100 . 2500 2000 €010 ¥20°0 9000 S-VOM
1400 G200 €100 2000 2000 9100 . 9600 2000  2/00 61070 20070 g-4n
6£0°0 Y100 2100 2000 €000 9100 . 2500 2000 /240 ££0°0 800°0 S-4n
££0°0 2500 S200 2000 G000 120°0 « ¥20°0 000  SL00 620°0 600°0 S-SMN

0002/S1/9 000Z/6/€ 6661/9/2) 666L/12/6 666 L/S2/. 6661/9/V 6661/LL/L8661/E2/0L 8661/L1/8 8661/EL/S 8661/€2/C L66L/EL/LL NOILVIOT
€000 GL00 . 600°0 6000 1200  ¥00°0 1£0°0 6100  /£00 /000 /000 DO
#00°0 2200 100 GEO'0 €000 2800  ¥000 8200 L00"> €200 200°0 600°0 VYO

0002/22/9 0002/S1/E6661L/EL/CL 666L/11/6 666L/C /L 666L/02/V 6661/v/1 8661/62/0L 8661/€/8 8661L/EL/S 8661L/€2/c 2661/E/LL NOILYDOT
¥10°0 . LLO'O Ag 8600 GL°0 9100 Aa A 120°0 G100 100 ONN
8¥0°0 620°0 €00 600 8€0°0 €00 €100 200 €200  SS0°0 200 ¥20°0 el:%e}
LE0'0 6200 2200 920°0 ¥¥0'0 €200 8000 2100 8000  6¥00 2100 8100 DID
2ro0 6G0°0  8€00 €01L°0 £€90°0 2500  LE0O Mg g 600 8200 €£0°0 03
¥20°0 €600 8100 LE00 Y900 €200  ¥L00 ZL00 /200  €¥0°0 9200 2200 201
2200 Ye0'0 L1070 LE0°0 $10°0 LE0'0 1100 €100 1200 €¥00 ¥20°0 200 20N
8200 9200 9200 8000 8600  6¥00 €100 zLoo 1000 800 9200 8100 oM
2500 200 6200 8v0°0 200 /900 8100 €00 2100 1800 £20°0 1200 27N
920°0 G200 9100 200 1200 2£00 6000 ZLl00 €000  6%0°0 6100 21070 DM

Gc00 6¢0°0 8100 ¥60°0 ¥¢0°0 LG0°0 6000 €00 800°0 ¥0°0 £10°0 ce00 oMnN

000¢/22/9 0002/S1/€6661/EL/C) 666L/11/6 666L/CL/L6661/0C/V 6661/V/1 8661/6¢/0L BE661/E/8 8661/C/S 866L/01L/2 L66L/S/LL NOILVDOOT

(wdd) N - a11IN :21-g x1puaddy




001

) 9¢ vl A 90 L} 9l 2 23 91 G9°0 G0 a-41
L0 6t el bl 80 9l 6L b2 L) bl 80 290 S-41
L0 8L L'e T S0 Ll yant A Gl Gl S0 GL0 S-ON
. 9L £¢ Al 80 At 9¢ £e L1 L1 S0 60 S-00
80 8L Al 6L G.°0 8l 9l Lt Al 8L 520 £6°0 S-SH
L Ll ot Tt Ll gl Gl 8L vl 9l S6°0 €80 g-din
. ya A £l L0 Gl L2 4 an 9l GG0 £8°0 S-HW
9¢ € el Al 80 LL ve 4 8l ! GL0 2.0 g-YOM
. 9L 2 Ll 80 9l Ve 6L L'l Al 8'0 190 S-YOM
. 8t Z'L 81 A Ly 81 Ge 91 gl . €0 g-4n
A 91 Ll 9L 60 Gl ! £z 9L L) 80 280 S-HN
6L L 2e Al 8l 9L 81 22 L2 b Ll 820 S-SMN
0002/51/9 0002/6/€ 6661/9/C1 6661/12/6 6661/5¢/L 6661/9/V 6661/LL/1 8661/€2/0L8661/11/88661/S1/S8661/2/C Z661/SL/LL NOILVDO1
A Ve . el £¢ gl GL0 Sl 8'9 vl ) L0 20
Al 8¢ 61 gL 0oL > 2e 60 1L 90 9l G9°0 GL0 VO
0002/¢2/9 0002/S1/€ 666 L/EL/CL 666L/L1/6 666L/C1/L6661/02/v 666L/V/L 8661/62/01 8661/S/8 866 1/€1/S866 L/S2/C 266L/S/LL NOILVOO1
! . 6t g 00} > gl 2 g A 6t 2e Gl ONN
6°€ 23e . € 9t 8l 4 A 2 66 AL oA oed
G2 £ Ly Ve 9L 4 €2 6L v'g g 9¢ 62 D10
vy e 9y L9 8¢ Tl ze A Ag 9¢ 1% ey 03
12 £e Se Ve el 4 Sl T £¢ £ 9¢ 6L 2071
vZ 82 €2 G2 590 4 LL 4 €2 S¢ v'e L'e 20N
ge [ 8'€ L't 00L" > an L0 20 590 £ Ve 8l o1
8¢ L2 LY L2 GzZ0 L2 A g1 (A 9¢ L'e 91 27N
L'} Ll A ve 001" > A Gl S0 S0 £ 9l £l oM
(A 4 Ge 6L 90 gL Ll ze L z€ L2 22 OMN
000¢/22/9 0002/SL/E 6661/EL/2L 6661/11/6 666L/2L/L6661/02/V 6661/V/L 866L/62/01 8661/S/8 8661/2/S 866L/0L/C Z66L/S/LE NOILYDO1

~ (wdd) N [ero1 :g1-g xipuaddy




101

LE} 80¢ GL Ll 91¢ GLl 8/ 98 681 6L1 26 65 g-471
18 ¥91 96 oLe 962 6/ 82¢ 85 2s ¥S 9/ 6v S-d7
L 08l 06 0Le 291 £6 VA4t 98 oL v/ ¥S 6Y S-ON
26 9/1 z6 vee G/1 9/ 0zt 0. oL> LLL ¥6 9y S-00
26 961 /8 8cl £0¢ vOL G61 2Ll oL> v6 06 zs S-S
LLL 9le 001 G8 Ge 951 ol 9/1 01> 6. 96 4] g-HIN
6 961 oLl 202 801 oLt Ad! 95 01> 88 88 zs S-dIN
YOl 08¢ 0S5t 2s/ Lie cel 091 90t Gy ¥6 901 9¥ g9-YOM
801 ¥92 Gl 0/2 £62 8/1 0gl vig (o}% 901 801 cs S-VOM
20l 262 ogl £0e VAL 0cl Lyl 0§ L 6 zel 65 g-4n
691 2LE ZAN LZL 892 801 091 Lig 2l 88¢ 801 GG S-4dn
08t Zly 192 YA Zre v61 /Gl 202 8/1 921 291 29 S-SMN

0002/S1/9 0002/6/S 6661/9/C1 6661/12/6 6661/€2/. 6661/9/F 666L/LL/L 866L/€2/0L 8661L/L1/8 8661/EL/S 866L/€2/C /661/SL/LLNOILYIOT|
€8 802 . 2l 622 9y 19 66 8€S eel £8 Sve 20
804 o6 801 £e 8le WA v/ 0Ll oL> G9 LS oz vO

0002/22/9 0002/S1/E6661/€1/216661/11/6 6661/21/L 6661/0Z/v 666L/v/1 8661/62/0L 8661/S/8 8661/CL/S8661/€2/2 L661/S/LE NOILYOO1
0S1 . LG ISTa 162 G/1 88 g g vie 06 vl ONN
G2 002 161 GLE Y02 861 901 6Ly WA 98¢ £S5t Y 9)::0)
vel 801 Gl 98¢ 651 YA} 98 £0¢ 96 £l 0L 8Ll D10
901 zee 96 Ggl 20e /S G8 g Mg 861 bLL 8yl 03
652 01747 891 8¢¢ 08y WA G8 982 Ll ¥8e 6L vel 201
gee 0i4% €/1L 9¢ez €01 Gpe 602 802 cid! 29¢ 921 61 20N
9G¢ 00¢€ 9/2 882 0] 99z 98 v62 ZLL 80¢ 8G1 9/1 O
88¢ 0ze 6€¢ cLe 0L¥ 80¢ Ll 8G¢ G6 9z¢ A4 6L 27N
€81 0z¢ zel /S¢ 44! 9l¢g 901 c0¢ oct 8ve zel 28t DM
eel 8ve 88 0£81 LEL Gee AN 02e 65 902 €L zot IMN

0002/¢¢/9 0002/SL/E€ 666L/EL/CL666L/LL/6 6661/2L/L6661/02/v 666L/V/L 8661/62/01 866L/€/8 8661/¢/S 8661/0L/C L661/E/LL NOLLYOOT|

(qdd) 4 1e101 :p1-g xipuaddy



701

€9 99 Gg 14 61 €g oy /2 ovl 89 6V ee g-41
A 8G Ve ce 89 vS 98 % oL > A> A9 ¥ S-47
e 8S £¢ ey G8 88 €9 ze oL > 62 €2 e S-OW
9¢ 29 GZ oY LE1 89 0/ 19 0l > Ge X% 0c 3-00
6¢ 05 22 vl 2/ 8 0zl oL > oL > 0¢ 9¢ €e S-S
25 0§ /) oL > LLL 8 G8 8¢ oL > ov €9 22 g-HIA
€e 09 02 /9 €0l 89 G6 L2 0k > 6¢ G¢ 02 S-HIN
6¢ ze oL > ol > GGt lo]! 09 bl oL > ze GS 91 g-YOM
8¢ %5 oL > 2¢ Gy /9 66 oL > £l FA% LY 81 S-YOM
9¢ 8¢ oL > Gg Sel LLL 69 G2 oL > 9z 9 61 g-4n
LE 9g oL > el SLt 68 16 K7 oL > oL > 2% 81 S-HN
ov € 6¢ v/ 081 891 £8 S ey 91 0S 9z S-SMN

0002/S1/9 0002/6/€ 6661/9/CL 6661/12/6 6661/€2/. 6661/9/V 6661/L1/1L8661/2/0L 8661L/LL/8 8661/SL/S 8661/€2/2.66L/SL/LLNOILYIOT
GY ¥9 . €9 9z 9¢ Ly £9 29¢ 68 6¢ e 20
GS 98 Ge oL > €S 02 S9 4% oL > 8y 8y 4! vO

0002/22/9 0002/SL/E 6661L/SL/CL 6661/L1/6 6661/2L/L 6661/02/V 666L/Y/1 8661/62/0L 8661L/S/8 8661L/SL/S 8661/€2/C L66L/E/LL NOILYDOT
8y . /2 ISTe! 681 G9 €9 Te Ag 9zl /8 85 ONN
9/1 98 96 62¢ G2l A /9 LLL orlL 8G1 A4 8Ll oed
/8 8¢ 2% 25 6. 0clL 65 £8 014 eel 88 69 01D
A% 9G es 0. yAN! k4! v/ INTq g Ll 98 20l D3
GZ1 gee 29 91 802 681 9/ /91 v6 Lv2 66 99 0071
001 02 /S 861 orl Lyl G9 /91 88 v8¢e 0zl LOL 20N
£l 9L 19 (724 0L v81 6/ 0ee 66 06¢ €61 08 271
Ll oLt 19 Ad! 4} KA G9 9/ 98 061 LeL Ll DTN
98 zzl LS G2 .9 19} v6 6LL 8G XA (A ¥6 oM
06 ozt A% zee 88 kA .9 9zl 0L > ¥9l €01 6 OMN

000¢2/¢¢/9 000¢/SL/E 666L/E€L/CL 666L/LL/6 666L/CL/L 6661L/0C/k 666L/P/L 8661/6C/0L 866L/€/8 866L/¢/S 8661L/0L/2 L661L/€/LL NOILYDOT
(gdd) snuoydsoyd eanoeay ajgnjos :51-g xipuaddy




Appendix C-1: Calcium (ppm)

1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc 74 74 34 34 73 71 69 69
LWC 81 81 49 51 82 86 74 74
ULC 84 82 27 27 74 72 74 74
LLC 82 84 38 37 73 74 66 66
ucc 127 127 117 115 117 113 107 107
LCC 133 131 110 110 123 117 106 105
EC 84 90 Dry Dry 80 76 Dry Dry
CrC 110 114 97 96 100 102 98 94
CaC 101 104 104 104 104 108 95 95
NNC 37 38 Dry Dry 47 48 39 37
ouTaAa 54 55 44 46 56 54 40 41
ouTB 53 54 * * * * 42 43
ouTC 53 56 41 42 55 55 41 41
Appendix C-2: Magnesium (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 10 10 6.4 6.5 9.9 9.9 9.3 9.2
LwC 16 16 12 12 15 16 13 13
ULC 22 21 14 14 19 19 18 18
LLC 22 23 17 17 21 21 19 19
ucc 25 25 23 23 24 24 25 26
LCC 25 26 22 22 24 24 26 25
EC 23 23 Dry Dry 23 22 Dry Dry
CrC 13 14 12 12 13 13 14 14
CaC 20 20 18 18 19 19 20 20
NNC 15 16 Dry Dry 18 21 15 15
OUTA 16 17 16 16 18 18 19 19
ouTB 16 16 * * * * 19 19
OouTC 16 17 16 16 18 18 19 19
Appendix C-3: Sodium (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 16.2 16.3 15.2 15.2 15.5 15.9 15.3 14.9 |
LwWC 19.6 19.9 18.8 17.8 20 20.7 18.3 18.1
ULC 27 27.5 28.7 27.4 25.8 26.1 23.7 24 1
LLC 26.5 27.7 28.4 26.9 25.7 26.8 24.6 25
uUccC 27.4 27.7 29.9 26.6 25.6 26.2 25.4 253
LCC 26.4 27.2 28.7 25.3 21.4 25.9 25.2 24.1
EC 252 25.9 Dry Dry 28.3 27.5 Dry Dry
CrC 20.3 20.6 20.9 19.8 19.8 19.7 20 20
CaC 19.8 20.3 18.5 17.8 17.8 16.7 17.9 18.3
NNC 16.3 17.3 Dry Dry 19 21.8 17.5 17
ouTA 18.1 18.3 18.5 17.5 18.3 20.5 20.1 20.6
ouTB 18 18.4 * * * * 19.9 22.3

ouTc 18.1 18.6 19.1 18 20.2 19.6 20.8 20.3
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Appendix C-4: Potassium (ppm)

1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc 1.53 1.44 1.39 1.29 1.44 1.66 1.53 1.51
LWC 2 1.88 1.66 1.76 1.36 1.31 1.86 1.87
|  ULC 2.47 2.1 2.15 2.12 2.12 2.03 2.45 2.45
| LLC 2.42 2.25 2.41 2.28 1.93 1.81 2.85 2.87
ucc 2.41 2.28 2.01 1.98 2.24 217 2.63 2.67
LCC 2.5 2.37 2.05 1.98 2.22 1.91 2.67 2.62
EC 1.78 1.85 Dry Dry 1.17 1.18 Dry Dry
CrC 1.11 1.15 1.34 1.31 1.3 1.28 1.56 1.58
CaC 3.86 3.91 1.8 1.8 1.11 1.09 3.06 3.19
NNC 2.74 2.84 Dry Dry 2.34 2.34 3.63 2.82
OouTA 4.69 475 5.06 4.89 4.79 4.86 5.09 5.11
ouTB 4.57 4.62 * * * * 5 5.03
ouTC 4.67 5.07 5.04 5 4.77 4.69 5.19 5.1
I;&ppendix C-5: Aluminum (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 0.488 < .05 0.147 < .05 0.085 < .05 0.255 < .05
LWC 0.506 < .05 0.38 < .05 0.183 < .05 0.267 < .05
ULC 2.24 < .05 0.061 < .05 0.426 < .05 0.347 < .05
LLC 1.47 < .05 0.077 < .05 0.509 < .05 0.15 < .05
Ucc 0.307 < .05 0.086 < .05 0.21 < .05 0.102 < .05
LCC 0.592 < .05 0.169 < .05 0.727 < .05 0.132 < .05
EC 0.214 < .05 Dry Dry 0.137 < .05 Dry Dry
CrC 0.197 < .05 < .05 < .05 0.084 < .05 0.051 < .05
CaC 0.828 < .05 < .05 < .05 < .05 < .05 0.06 < .05
NNC 0.246 < .05 Dry Dry < .05 < .05 0.446 < .05
ouTA 0.073 < .05 < .05 < .05 0.28 < .05 0.096 < .05
ouTB 0.187 < .05 * * * * 0.085 < .05
ouTC 0.097 < .05 0.074 < .05 0.135 < .05 0.099 < .05
Appendix C-6: Iron (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 0.484 < .02 0.132 <. 02 0.24 < .02 0.24% < .02
LWC 0.411 < .02 0.358 < .02 0.429 < .02 0.322 < .02
ULC 1.83 < .02 0.082 < .02 0.577 < .02 0.393 < .02
LLC 1.39 0.04 0.088 < .02 0.695 < .02 0.203 < .02
uUccC 0.402 < .02 0.106 < .02 0.281 < .02 0.122 < .02
LCC 0.506 < .02 0.155 < .02 0.841 < .02 0.147 < .02
EC 0.363 < .02 Dry Dry 0.224 < .02 Dry Dry
CrC 0.155 < .02 0.053 < .02 0.09 < .02 0.06 < .02
CaC 0.572 < .02 0.058 < .02 0.09 < .02 0.119 0.02
NNC 0.862 0.111 Dry Dry 0.977 0.114 2 0.05
OUTA 0.06 < .02 0.05 < .02 0.238 < .02 0.107 < .02
ouTB 0.128 < .02 * * * * 0.09 < .02

ouTC 01 002 0.06 <.02  0.104 <.02 0.1 <.02
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|Appendix C-7: Manganese (ppm)

1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 0.197 0.18 0.038 0.012 0.115 0.11 0.099 0.084
LWC 0.187 0.498 0.076 0.021 0.226 0.193 0.101 0.08
ULC 0.309 0.235 0.059 0.023 0.181 0.117 0.089 0.05
LLC 0.362 0.331 0.054 0.009 0.303 0.183 0.052 0.038
ucc 0.141 0.118 0.081 0.043 0.115 0.069 0.05 0.04
LCC 0.172 0.157 0.073 0.037 0.312 0.084 0.052 0.041
EC 0.559 0.634 Dry Dry 0.196 0.186 Dry Dry
CrC 0.088 0.086 0.067 0.056 0.049 0.043 0.068 0.083
CaC 0.166 0.17 0.065 0.051 0.074 0.07 0.126 0.12
NNC 0.638 0.656 Dry Dry 0.968 1.19 1.69 0.968
OUTA 0.021 0.004 0.082 0.007 0.089 0.015 0.066 0.004
OuUTB 0.025 0.002 * * * * 0.089 0.011
ouTC 0.012 0.004 0.045 0.003 0.022 0.002 0.069 0.001
Appendix C-8: Barium (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
\LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc 0.231 0.232 0.108 0.097 0.203 0.192 0.207 0.209
LWC 0.184 0.188 0.136 0.134 0.173 0.169 0.192 0.19
ULC 0.198 0.176 0.082 0.08 0.162 0.15 0.16 0.156
LLC 0.193 0.176 0.123 0.11 0.156 0.14 0.153 0.151
ucc 0.173 0.169 0.143 0.138 0.154 0.146 0.153 0.154
LCC 0.167 0.167 0.14 0.126 0.171 0.137 0.156 0.156
EC 0.215 0.211 Dry Dry 0.185 0.176 Dry Dry
CrC 0.185 0.162 0.149 0.145 0.124 0.124 0.158 0.162
CaC 0.163 0.152 0.14 0.139 0.11 0.105 0.157 0.158
NNC 0.068 0.075 Dry Dry 0.079 0.074 0.112 0.086
OUTA 0.118 0.124 0.096 0.097 0.12 0.113 0.115 0.114
OouUTB 0.12 0.122 * * * * 0.117 0.113
ouTC 0.117 0.122 0.093 0.092 0.112 0.112 0.116 0.113
Appendix C-9: Silica (ppm)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 9.9 9.6 11.4 11.3 - * 111 10.7
LWC 11.5 10.9 11.9 11.1 * * 11.9 11.8
ULC 14.9 10.7 10 9.6 * * 11.2 10.6
LLC 13.6 11 9.1 10.5 ” * 10.1 9.7
UccC 9.8 9.2 12 11.6 * * 11.6 115
LCC 10.6 9.8 12.5 11.8 * * 12 11.5
EC 9.8 9.8 Dry Dry * * Dry Dry
CrC 10 9.8 115 11.4 * * 10.8 10.7
CaC 11.2 9.9 12.2 12.2 * * 12 12.2
NNC 8.8 8.9 Dry Dry * * 15.1 14.2
OUTA 1.4 1.3 25 2.1 * * 1.2 11
ouTB 1.4 1.1 * * * * 1.5 1.5
ouTC 1.3 1.2 0.72 0.43 * * 1.2 it
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jAppendix C-10:Strontium (ppm)

|
|

1/15/1998
LOCATION Total Dissolved
uwc 0.19 0.19
LwC 0.32 0.32
ULC 0.41 0.41
LLC 0.41 0.42
UccC 2.9 2.8
LCC 2.6 2.6

EC 0.45 0.47
CrC 0.21 0.22
CaC 1.1 1.1
NNC 0.17 0.18
OUTA 1 1.1
OUTB 1 1
ouTC 1 1.1
Appendix C-11: Mercury (ppb)
1/15/1998
LOCATION Total Dissolved
uUwcC < .005 < .005
LwC < .005 < .005
ULC <.005 < .005
LLC < .005 < .005
ucceC <.005 < .005
LCC < .005 < .005
EC < .005 < .005
CrC < .005 < .005
CaC < .005 <.005
NNC < .005 < .005
OouTA < .005 <.005
OuUTB < .005 < .005
ouTC < .005 < .005
Appendix C-12: Cadmium (ppb)
1/15/1998
\LOCATION Total Dissolved
uwcC < .05 < .05
LWC < .05 < .05
ULC < .05 < .05
LLC < .05 < .05
ucc < .05 < .05
LCC < .05 < .05
EC <.05 < .05
CrC < .05 < .05
CaC < .05 < .05
NNC <.05 < .05
OUTA < .05 < .05
ouTB < .05 < .05
___OUTC < .05 < .05

7/21/1998
Total
0.12
0.26
0.22
0.28
3.1
2.5
Dry
0.2
0.74
Dry
0.94

0.94

7/21/1998
Total
< .005
< .005
< .005
< .005
< .005
< .005

Dry
< .005
< .005

Dry
< .005

< .005

7/21/1998

Total

< .05
< .05
< .05
< .05
< .05
<.05
Dry
< .05
< .05
Dry
< .05

< .05

Dissolved
0.12
0.27
0.22
0.27
3.1
2.5
Dry
0.2
0.74
Dry
0.97

0.95

Dissolved
< .005
< .005
< .005
< .005
< .005
< .005

Dry
< .005
< .005

Dry
< .005

< .005

Dissolved

< .05

< .05

< .05
< .05
< .05
< .05
Dry
< .05
< .05
Dry
< .05

< .05
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4/20/1999
Total
0.21
0.38
0.41
0.42
3.6
3.1
0.56
0.23
0.82
0.26
1.2

*

1.2

4/20/1999
Total
< .005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005

AN ANANNAANA

< .005

4/20/1999
Total
< .05
.05
.05
.05
.05
.05
.05
.05
.05
.05
.05

ANNNNANANNNANNANA

< .05

Dissolved
0.21
0.4
0.4
0.42
3.7
3.2
0.57
0.23
0.84
0.26
1.2

1.2

Dissolved
< .005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005

AN A ANNNANANNANA

A

.005

Dissolved
< .05
< .05
< .05
< .05
< .05
< .05
< .05
< .05
.05
.05
.05

*

< .05

AN AA

10/19/1999
Total
0.18
0.3
0.35
0.36
3.6
3.1
Dry
0.22
0.79
0.19
1
0.99
1

10/19/1999
Total
< .005
< .005
< .005
<.005
< .005
< .005

Dry
< .005
< .005
< .005
< .005
< .005
< .005

10/19/1999
Total
< .05
.05
.05
.05
.05
.05
Dry
.05
.05
.05
.05
.05
.05

AA A AA

AN AN A A

Dissolved
0.18
0.3
0.35
0.36
3.7
3.2
Dry
0.23
0.8
0.17
1
0.99
1

Dissolved
< .005
<.005
< .005
< .005
< .005
< .005

Dry
< .005
< .005
< .005
< .005
< .005
< .005

Dissolved
< .05
.05
.05
.05
.05
.05
Dry
< .05
< .05
< .05
< .05
< .05
< .05

AN AN A A




|Appendix C-13: Molybdenum (ppb)

1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION  Total Dissolved Total Dissolve Total Dissolved Total Dissolved!
d
uwcC <1 <1 <1 <1 1 <1 <1 <1
LwWC 1.63 <1 <1 <1 <1 <1 <1 <1
UuLcC <1 <1 <1 <1 <1 <1 <1 <1
LLC < 1 <1 <1 <1 1 <1 <1 <1
UCC <1 <1 <1 <1 <1 <1 <1 <1
LCC <1 <1 < 1 3.15 <1 <1 1 <1
EC <1 <1 Dry Dry 1 <1 Dry Dry
CrC <1 <1 <1 <1 <1 <1 <1 <1
CaC <1 < 1 <1 <1 <1 <1 <1 <1
NNC <1 <1 Dry Dry <1 <1 <1 <1
OUTA 1.7 1.38 <1 <1 1 1 1 1
ouTB 1.1 <1 * * * * 1 1
ouUTC 1.22 <1 <1 3.12 1 <1 1 1
Appendix C-14: Lead (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolve Total Dissolved Total Dissolved
d
uwc 0.4 < .05 0.3 < .05 0.33 < .05 0.34 < .05
LwC 0.25 0.07 0.53 < .05 0.26 < .05 0.31 < .05 |
ULC 1.2 < .05 0.16 < .05 0.44 < .05 0.39 < .05
LLC 0.89 < .05 0.32 < .05 0.73 < .05 0.25 <.05 |
ucc 0.36 < .05 0.2 <.05 0.37 < .05 0.15 <.05 |
LCC 0.44 < .05 0.23 < .05 1.49 < .05 0.2 < .05 |
EC 0.21 <.05 Dry Dry 3.01 < .05 Dry Dry |
CcrC 0.17 < .05 0.09 <.05 0.1 < .05 0.06 0.21
CaC 0.4 < .05 0.06 < .05 < .05 < .05 0.09 < .05
NNC 0.23 < .05 Dry Dry < .05 < .05 0.72 < .05
OUTA 0.14 < .05 0.17 < .05 0.55 < .05 0.26 <.05
ouTB 0.16 < .05 * * * * 0.19 < .05
OouTC 0.7 < .05 0.56 0.16 0.55 0.05 0.39 < .05
Appendix C-15: Silver (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolve Total Dissolved Total Dissolved
d
uwce 0.134 < .05 * * 0.17 < .05 * *
LWC 0.126 < .05 * * 0.05 < .05 * *
ULC 0.133 < .05 * * <.05 < .05 * *
LLC 0.089 < .05 * * 0.43 < .05 * *
ucc 0.067 < .05 * * < .05 < .05 * *
LCC 0.053 < .05 * * < .05 < .05 * *
EC < .05 < .05 * * < .05 < .05 * * ‘
CrC < .05 < .05 * * < .05 < .05 * *
CaC < .05 < .05 * * < .05 < .05 * *
NNC < .05 < .05 * * 0.11 < .05 * * |
OUTA < .05 < .05 * * < .05 < .05 * *
ouTB < .05 < .05 * * * * * *
ouTC < .05 .05 x d < .05 < .05 * *
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'Appendix C-16: Antimony (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc 0.447 < .05 * * * * 0.05 < .05

LWC 0.62 0.08 * * . * 0.07 0.06
uLC 0.395 < .05 * * * * 0.08 0.06
LLC 0.32 < .05 * * * * 0.1 0.08
ucc 0.286 < .05 * * * * 0.11 0.06
LCC 0.274 <.05 * * * * 0.1 0.06 |
EC 0.21 <.05 * * * * Dry Dry
CrC 0.197 < .05 * * * * < .05 <.05 |
CaC 0.199 < .05 * * * * 0.05 < .05
NNC 0.227 < .05 * * * * 0.07 < .05
OUTA 0.398 0.087 * * * * 0.28 0.27
ouTB 0.4083 0.068 * * * * 0.25 0.24
OUTC 0.375 < .05 * * * * 0.28 0.25
{Appendix C-17: Chromium (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved|
uwcC 1.07 <1 <1 <1 <1 <1 1.8 1.9 |
LWC <1 <1 <1 <1 <1 <1 1.5 1.3
uLC 1.97 <1 <1 <1 <1 <1 2 1.8
LI.C 1.37 < 1 <1 <1 <1 <1 1.6 1.4
ucc <1 <1 <1 <1 <1 <1 1.4 2
LCC < 1 < 1 <1 <1 1.1 <1 1.3 2.1
EC <1 <1 Dry Dry <1 <1 Dry Dry
CrC 1.27 <1 <1 < 1 <1 <1 1.9 2
CaC 2.26 1.51 <1 <1 <1 <1 1.4 1.7
NNC <1 <1 Dry Dry <1 <1 1.3 1.1
OUTA 2.1 <1 <1 <1 <1 <1 <1 <1
ouTB <1 <1 * * * * <1 <1
QUTC <1 <1 <1 <1 <1 <1 <1 <1
|Appendix C-18: Copper (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
[LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc 0.92 0.5 0.78 0.58 0.6 0.4 0.8 0.4
LwC 0.8 0.68 1.03 0.6 0.8 0.6 0.7 0.4
ULC 1.77 0.67 1.01 0.92 0.9 3 1 0.7
LLC 1.4 0.69 0.95 0.8 1.1 0.5 0.6 0.4
ucc 1.02 0.81 0.99 0.95 0.9 0.7 0.8 0.6
LCC 1.16 0.8 1.03 1 1.5 0.7 0.8 0.6
EC 0.81 0.75 Dry Dry 0.6 0.5 Dry Dry
CrC 0.72 0.6 0.68 0.69 0.7 0.6 0.6 0.7
CaC 1.1 0.75 0.64 0.59 0.5 0.5 0.6 0.4
NNC 0.74 <0.2 Dry Dry 0.4 0.4 0.9 < 0.2
OUTA 1.51 1.08 0.81 0.76 1.4 1.1 0.7 0.5
ouTB 0.98 0.35 * * - * 0.5 0.4

OUTC  1.08 0.65 1.3 0.88 14 11 1.2 0.8
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|Appendix C-19: Zinc (ppb)

| 1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwcC 1.86 0.63 <.2 <.2 0.8 <.2 0.8 0.3
LWC 1.63 0.97 1.01 <.2 0.9 0.3 1 0.2
UuLcC 5.1 0.93 0.62 0.31 1.3 0.2 1 0.2
LLC 3.63 0.89 <.2 <.2 1.9 0.3 0.7 0.3
uccC 2.12 1.19 1.07 1.6 1.1 0.5 0.9 0.5
LCC 2.58 1.18 0.72 0.89 4.2 0.6 1 1
EC 1.65 1.04 Dry Dry 0.6 0.2 Dry Dry
CrC 1.56 0.88 0.21 0.55 0.6 0.4 0.8 1.2
CaC 2.44 1.02 0.23 0.25 0.5 0.4 0.9 0.7
NNC 1.2 0.62 Dry Dry 0.5 0.3 3.2 1.6
OUTA 8.23 5.78 36.4 25.4 35.7 24.4 15.3 8.9
OUTB 1.26 0.62 * * * * 0.9 0.4
ouTC 18.2 12.7 6.9 3.94 9.7 52 7.8 4.7
Appendix C-20: Cobalt (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
[LOCATION Total Dissolved Total Dissolved Total Dissolved Total Dissolved
uwc * * 0.36 0.18 0.33 0.26 0.32 0.15
LwC * * 0.4 0.18 0.36 0.27 0.27 0.18
ULC * * 0.38 0.3 0.46 0.27 0.35 0.22
LLC * * 0.36 0.27 0.62 0.32 0.27 0.18
uccC * * 0.4 0.17 0.38 0.23 0.25 0.19
I.CC * * 0.33 0.19 1.37 0.23 0.27 0.4
EC * * Dry Dry 0.47 0.4 Dry Dry
CrC * * 0.23 0.16 0.23 0.19 0.21 0.18
CaC * * 0.2 0.16 0.2 0.16 0.24 0.19
NNC * * Dry Dry 0.79 0.86 1.71 0.78
OUTA * * 0.1 0.08 0.2 0.12 0.12 0.08
OouUTB * * * * * * 0.13 0.09
ouTC * * 0.12 0.08 0.16 0.12 0.14 0.08
|Appendix C-21: Boron (ppb)
1/15/1998 7/21/1998 4/20/1999 10/19/1999
LOCATION  Total Dissolved Total Dissolved Total Dissolved Total Dissolved
UwcC 27 24 47 41 47 36 29 25
LWC 32 30 58 51 59 51 35 30
ULC 36 38 78 70 61 52 45 42
LLC 33 47 78 68 65 53 49 44
UcCcC 84 75 90 83 88 79 75 68
LCC 74 67 87 78 82 73 73 70
EC 26 26 Dry Dry 59 53 Dry Dry
CrC 31 28 50 44 54 47 39 34
CaC 53 51 76 69 78 70 64 59
NNC 22 <20 Dry Dry 40 36 25 <20
OUTA 47 77 60 54 73 65 56 50
OUTB 44 42 * * * * 56 50

. _OuUTC 54 59 61 52 70 64 56 51

109



/Appendix C-22: Vanadium (ppb)

=

1/15/1998

LOCATION Total

uwcC
LWC
| uLC
LLC
| uUccC
LCC
EC
CrC
CaC
NNC
OouUTA
ouTB
ouTC

*

Dissolved

*

Appendix C-23: Nickel (ppb)

LOCATION Total

uwcC
LwWC
ULC
LLC
ucc
LCC
EC
CrC
CaC
NNC
OUTA
| OUTB
OouTC

Appendix C-24: Selenium (ppb)

LOCATION Total

uwcC
LWC
ULC
LLC
ucc
LCC
EC
CrC
CaC
NNC
OouTA
ouTB
ouTC

1/15/1998
Dissolved
1.57 1.2
1.33 1.49
2.87 1.44
2.33 1.56
1.7 1.67
1.89 1.69
1.62 1.75
1.09 1.15
1.49 1.2
0.79 0.63
1.8 1.03
1.05 0.86
0.99 0.96
1/15/1998
Dissolved
0.62 0.6
0.19 0.28
0.27 0.21
0.21 0.17
0.61 0.46
0.52 0.48
0.21 0.2
0.33 0.32
0.5 0.43
0.08 0.09
.14 0.15
0.18 0.12
0.19 0.1

7/21/1998

Total
18.1
9.8
12.8
8.7
8.1
8.8
Dry
7.4
6
Dry
4.8

*

5.6

7/21/1998

Total
< .5
1.81
1.94
0.6
2.64
2.01
Dry
1.48
1.72
Dry
1.61

<.5

7/21/1998

Total
0.37
0.23
0.14
0.17
0.46

0.3

Dry
0.13
0.19
Dry
0.16

0.15

4/20/1999
Dissolved Total
17.3 7.5
8.8 4.6
12.4 5
8.2 5.5
7.6 5.1
8.2 6.8
Dry 2.7
7.1 5.6
5.7 3.8
Dry 0.6
4.6 2.7
5.2 2.5
4/20/1999
Dissolved Total
0.62 0.6
0.72 0.9
1.71 1.3
<.5 1.5
2.45 1.1
1.92 2.1
Dry 1.5
1.37 0.6
1.51 <.5
Dry 1.2
1.81 1.5
<.b 0.9
4/20/1999
Dissolved Total
0.4 0.49
0.33 0.21
0.24 < .05
0.21 0.12
0.54 0.58
0.38 < .05
Dry 0.16
0.23 0.29
1 0.26 0.25
Dry 0.14
0.16 0.12
0.18 0.05

Dissolved
6.3
3.6
3.8
3.6
4.5
4.5
2.2
5.2
3.6
<.5

2

*

22

Dissolved
<.5
0.5
0.7

Dissolved
0.49
0.18
0.16
0.09
0.52
0.35

0.1
0.23
0.25
0.12

0.1

0.1

10/19/1999

Total
8.1
52
4.9
4.2
4.5
4.4
Dry
5.2
3.6
1.1
2.5
2.3
2.3

10/19/1999

Total
<.5
0.6
0.7
0.7
<.5
<5
Dry
<.5
<.5
1.3
0.7
0.7
0.7

10/19/1999

Total
0.35
0.21
0.15
0.15
0.45
0.42

Dry
0.19
0.25
0.16
0.14
0.14
0.14

Dissolved|
7.7
4.8
4.4
4.1
4.7
4.8
Dry
5.6
3.9
<.5
2.3
2.3
2.2

Dissolved(
<.b
<.5
<.5
0.5
<5
<.5

Dissolved
0.39
0.26
0.19
0.16
0.47
0.42

Dry
0.2
0.24
0.14
0.14
0.16
0.15
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7—\p_pendix C-25; Arsenic (ppb)

1/15/1998

LOCATION Total
uwc 3.53
LWC 2.94
ULC 5.5
LLC 56
ucc 2.85
LCC 2.8
EC 5.26
CrC 1.71
CaC 1.9
NNC 3.19
OuUTA 2.76
ouTB 2.55
OQUTC 256

Dissolved
3.34
3.08
3.96
4.62
2.82
2.48

4.7
1.37
1.55
2
2.54
2.18
2.31

7/21/1998
Total
12.8
13.5
25.2
18.6
10.6
7.34
Dry
2.86
6.36
Dry
8.65

8.1

Dissolved

12.9
13.3
3.48
21.9
1.38
17.1
Dry
3.01

11

4/20/1999
Total
4.37
6.7
6.73
7.59
3.72
4.48
7.18
1.91
1.87
2.31
1.41

1.07

Dissolved
3.39
5.21

5.3
5.36
3.32
3.35
6.08
1.76
1.82
1.78
1.08

0.51

10/19/1999
Total
52
3.99
2.65
4.24
2.76
2.6
Dry
1.67
2.21
3.11
1.72
2.2
2.15

Dissolved
4.71
3.58
472
3.87
3.01
2.53

Dry
1.69
1.84
1.28
1.52
1.51
19
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