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CONVERSION FACTORS

Multiply By To obtain
acre 43,560 square foot (ft?)
4,047 square meter
0.001562 square mile
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
gallon per day (gal/d) 3.785 liter per day
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
million gallons per day (Mgal/d) 1121 thousand acre-feet per year
0.001547 thousand cubic feet per second
0.6944 thousand gallons per minute
0.003785 million cubic meters per day
1.3815 million cubic meters per year
square mile (mi2) 2.590 square kilometer
thousand acre-feet per year 0.8921 million gallons per day
0.001380 thousand cubic feet per second
0.6195 thousand gallons per minute
0.003377 million cubic meters per day

Some other water relations in inch-pounds units are listed below:

1 galon = 8.34 pounds
1 million gallons = 3.07 acre-feet
1 cubic foot = 62.4 pounds
= 7.48 gallons
1 acre-foot (acre-ft) = 325,851 gallons
= 43,560 cubic feet

linch of rain

17.4 million gallons per square mile
27,200 gallons per acre

100 tons per acre

Temperatures can be converted to degrees Fahrenheit (°F) or degrees Celsius (°C) by using the following equations:

°F = 9/5(°C)+32
°C = 5/9(°F-32)

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Le¥el92&um o
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Water Quality of Rob Roy Reservoir and Lake Owen,
Albany County, and Granite Springs and Crystal Lake
Reservoirs, Laramie County, Wyoming, 1997-98

By Kathy Muller Ogle, David A. Peterson, Bud Spillman, and Rosie Padilla

ABSTRACT

The water quality of four reservoirswas
assessed during 1997 and 1998 as a cooperative
project between the Cheyenne Board of Public
Utilitiesand the U. S. Geological Survey. Thefour
reservoirs, Rob Roy, Lake Owen, Granite Springs,
and Crysta Lake, provide approximately 75 per-
cent of the public water supply for Cheyenne,
Wyoming. Samples of water and bottom sediment
were collected and analyzed for selected physical,
chemical, and biological characteristics to provide
data about the reservoirs. Water flows between the
reservoirs through a series of pipelines and stream
channels. Thereservoirsdiffer in physical charac-
teristics such as elevation, volume, and depth.

Profiles of temperature, dissolved oxygen,
specific conductance, and pH were examined.
Three of the four reservoirs exhibited stratification
during the summer. The profilesindicate that strat-
ification developsin al reservoirs except Lake
Owen. Stratification developed in Rob Roy, Gran-
ite Springs, and Crystal Lake Reservoirs by mid-
July in 1998 and continued until September, with
the thickness of the epilimnion increasing during
that time. Secchi disk readingsindicated Rob Roy
Reservoir had the clearest water of the four reser-
voirs studied.

The composition of the phytoplankton com-
munity was different in the upper two reservoirs
from that in the lower two reservoirs. Many of the
species found in Rob Roy Reservoir and Lake
Owen are associated with oligotrophic, nutrient-
poor conditions. In contrast, many of the species
found in Granite Springs and Crystal L ake Reser-
voirs are associated with mesotrophic or eutrophic
conditions. Thetotal number of taxaidentified also
increased downstream.

The chemical water type in the reservoirs
was similar, but dissolved-solids concentrations
weregreater inthedownstream reservoirs. Weater in
all four reservoirs was a cal cium-bicarbonate type.
Inthefall of 1997, Rob Roy Reservoir had the low-
est dissolved-solids concentration (19 milligrams
per liter), whereas Crysta Lake Reservoir had the
highest concentration (63 milligrams per liter).
Relatively little differencesin the concentrations of
major-ion species were noted between samples col-
lected near the surface and near the bottom of the
same reservoir. In contrast, iron and manganese
concentrations generaly were higher in samples
collected near the bottom of areservoir thanin near-
surface samples collected from the same reservoir.

Composite bottom-sediment samples from
all four reservoirs contained similar concentrations
of bulk constituents such as auminum, iron, phos-
phorusand titanium, but varied in concentrations of
trace elements. Trace-element concentrationsin
Rob Roy Reservoir and Lake Owen were similar to
the crustal average, whereasin Granite Springsand
Crystal Lake Reservoirs the concentrations were
similar to granitic rocks.

INTRODUCTION

Surface water contributes approximately 75 per-
cent of the City of Cheyenne’s public water supply. The
water is collected from the Douglas Creek and Crow
Creek drainage areas. Most of the water is stored in four
reservoirs located in southeastern Wyoming—Rob Roy,
Lake Owen, Granite Springs, and Crystal Lake (fig. 1).
Water flows through the reservoir system via a series of
pipelines and stream channels. At Crystal Lake Reser-
voir, the water is diverted into pipelines and routed to the
public water-treatment facilities. The entire water col-
lection, treatment, and distribution system is operated by
the Cheyenne Board of Public Utilities (BOPU).

ABSTRACT 1
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Although extensive water-quality data have been
collected for the treated water, relatively limited data
are available for the raw-water quality within the stor-
agereservoirs. Dataon the water quality in the reser-
voirs are needed to assist BOPU managers for future
planning of the Cheyenne water system. In order to
meet those needs, a study was conducted during 1997-
98 by the BOPU and the U.S. Geological Survey
(USGS). Dataon thereservoir water quality collected
during the study will assist the BOPU in evaluating res-
ervoir and watershed management options in conjunc-
tion with treatment options.

Purpose and Scope

This report provides baseline water-quality data
for four reservoirs—Rob Roy, Lake Owen, Granite

age annual yield from Middle Crow Creek drainage,
which includes Granite Springs and Crystal Lake, is
estimated to be about 1.23 billion gallons. The 1998
annual treated-water demand was approximately

4.5 hillion gallons. Of this total, about 1 billion gallons
of treated water is supplied by ground water and the
remainder is supplied by surface water. To meet the cur-
rent and future treated-water demands of the commu-
nity, yield from the Stage | and Stage Il projects is
required. This will include the average annual divert-
able flow from the Douglas Creek drainage of about
6.8 hillion gallons.

Description of Area

The study area (fig. 1) is the four reservoirs—Raob

Springs, and Crystal Lake. Specifically this report sumRoy, Lake Owen, Granite Springs, and Crystal Lake.
marizes phytoplankton and profile data collected at a The reservoir system begins with Rob Roy Reservoir
selected monitoring site in each reservoir over a sum-|ocated in the DouglaSreek drainage. Runoff is col-
mer season, selected physical, chemical and biologicabcted and stored in Rob Roy Reservoir (fig. 2A).
constituents for a single sample collected from the wategopy diverts stored water from Rob Roy by a pipeline

column during the summer of 1997, and selected chen@o Lake Owen (fig. 2B). From Lake Owen, water is
ical constituents in composite samples of bottom Sedi'transported again by pipeline to the Middle Crow
ment from each reservoir. The report is limited to the Creek drain’age (fig. 2C).

four reservoirs and to a general description of the water

guality of the reservoirs. Lake processes are not exam-

Within the Middle Crow Creek drainage, water is

ined. Due to unexpected opportunities, the project tearfitored in two reservoirs—Granite Springs and Crystal
was able to add winter, spring, and summer profiles foLake. Granite Springs provides 1.7 billion gallons of

Granite Springs and Crystal Lake Reservoirs.

Description of the Water System

storage and Crystal Lake provides 1.1 billion gallons.
Water within the Middle Crow Creek drainage is routed
from Granite Springs down Middle Crow Creek and
also by pipeline to Crystal Lake. From Crystal Lake,
water is transported by pipelines and Middle Crow

Surface water for the City of Cheyenne’s public- Creek to the water treatment facilities. Selected charac-

water system is collected in reservoirs, two of which—teristics of the four reservoirs are summarized in table 1.
Rob Roy and Lake Owen—are about 80 miles west of

Cheyenne (fig. 1). Most diversion facilities and a deliv-

ery pipeline were constructed in the 1960s. These faci
ities were designed and constructed to divert water from
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Table 1. Selected reservoir characteristics for Rob Roy
Reservoir and Lake Owen, Albany County, and Granite
Springs and Crystal Lake Reservoirs, Laramie County,
Wyoming

[Elevation and storage data provided by Cheyenne Board of Public
Utilities]

Approxi-  Approxi- Approxi-
mate mate mate Percent
elevation storage depth at of

(feetabove (billions of profiling site system

Reservoir sealevel) gallons) (feet) storage
Rob Roy 9,470 114 80 79
Lake Owen 8,955 2 10 1
Granite Springs 7,210 17 60 12
Crystal Lake 6,969 11 65 8

DATA COLLECTION

The sampling sites in each reservoir were located
at or near the deegpest point, to reflect integrated water
quality to the extent possible (fig. 2A, B, C, D). Three
types of sampling were completed at each reservoir:

(1) depth profiles of temperature, dissol ved oxygen, spe-
cific conductance, and pH, and sampling of phytoplank-
ton, (2) a one-time sampling for chemical quality, and
(3) acomposite bottom-sediment sample. Profile mea
surements and phytoplankton sampl es were collected
once in the late summer of 1997 and approximately
every two weeks in the summer of 1998 at all four reser-
VOirs.

Thereservoirswerevertically profiled from about
1 foot below the water surface to the bottom of the lake
in alocation estimated to have the greatest depth, based
on examination of maps and initial sounding of depths.
During late summer of 1997, all four reservoirswere pro-
filed. Granite Springsand Crysta Lake Reservoirs also
were profiled in February 1998. Rob Roy Reservoir and
Lake Owen were not profiled in the winter due to acces-
sibility problems and dangerousice conditions. Profile
data for Granite Springs and Crystal L ake Reservoirs
were collected from mid-May until mid-July of 1998.
Beginning in mid-July, profiles were completed at dl
four reservoirsuntil late summer of 1998. Thedatawere
measured with HydroLab Scout 11 and Y SI 6920 multi-
parameter probes. Data collected were temperature, dis-
solved oxygen, specific conductance, and pH. Individ-
ual probes were calibrated before profiling, and the two
multi parameter-probes were compared to each other in
the field at random times. Readings of the two instru-
ments were comparable with temperature differences
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between 0.1 and 0.15 degrees, dissolved-oxygen differ-
ences between 0.02 and 0.5 mg/L (milligrams per liter),
and pH differences from 0.06 to 0.2. Specific conduc-
tance had the largest differences between probesvarying
from 2.6 uS/cm (microsiemens per centimeter at 25°C)
to 22.5 uS/cm. The same profile pattern was obtained
with both instruments. No adjustmentswere madetothe
data. Secchi disk transparencieswere collected at each
reservoir.

At the same time as profiling, a sample was col -
lected at adepth of 1 foot below the water surface (here-
after referred to asthe surface sasmple) at each water
sampling site for identification and enumeration of phy-
toplankton. During the sampling for chemical quality in
thelate summer of 1997, a bottom sample of phytoplank-
ton also was collected at 3 ft (feet) above the reservoir
bottom (hereafter referred to as the bottom sample) at
Raob Roy, Granite Springs and Crystal L ake Reservaoirs.
Dueto its shallow depth, only a surface sample was col-
lected a Lake Owen. The same nomenclature for sur-
face and bottom samples is used throughout this report
for both phytoplankton and chemical-quality samples.

The four reservoirs were sampled once in the fall
of 1997 between August 28 and September 11 for chem-
ical analysis of organic and inorganic constituents. Res-
ervoirs were sampled at the same location where the
profiles were measured. At each sampling site, water-
quality samples were collected at two depths, using a
Kemmerer bottle. Asdescribed for phytoplankton sam-
pling, a surface sample was collected at a depth of 1 ft
below the water surface in the epilimnion. A bottom
sample was collected from about 3 ft above the reservoir
bottom. Likewise, at Lake Owen, dueto its shallow
depth and the lack of variahility in the profile data, asin-
gle surface sample was collected. A third ssmple was
collected at Crystal Lake at 30 ft below the reservoir sur-
face. This depth was estimated to correlate to the pipe-
line intake level for the water treatment plant. The
constituent list included phytopl ankton, nutrients, major
ions, trace elements, and microscopic particulate analy-
sis(MPA). Additional analyses for selected radio-
chemical and pesticide compounds were completed in
samples collected from Crystal Lake Reservoir because
it isthedirect source of the water to the treatment plant.
Nutrients, major ions, and trace elements were anayzed
at the USGS National Water Quality Laboratory in
Arvada, Colorado. The MPA sampleswere collected by
BOPU using the procedure recommended by the U.S.
Environmental Protection Agency (1996); the procedure
specifiesatotal collection time of 24 hours from filter



installation. The phytoplankton and MPA analyseswere
performed by CH Diagnostic in Loveand, Colorado.
Phytoplankton biomass was cal cul ated from phytopl ank-
ton biovolume, assuming adensity of onegram per cubic
centimeter. Chemical analyses and physical properties
of the water samples collected from the four reservoirs
arelisted in table 2.

Sampl es of the bottom sediment were collected at
five sitesin each reservair (fig. 2) using a Ponar grab
sampler. One of thefive sitesin each reservoir also was
the sampling site for profiles, phytoplankton, and chem-
ica quality. Each sample was subsampled to obtain
material that had not been in contact with the sides of the
sampler. Thefive samples then were composited into a
single sample for each reservoir. If needed, the sample
was sieved through a 63-um (micrometer) sieve in prep-
aration for trace-element analysis. Sediment samples
were analyzed for trace el ements and nutrients at the
USGS, Branch of Geochemistry Analytical Services
Group Laboratory, Denver, Colorado.

A second samplefor replicate phytoplankton anal-
ysiswas collected from Crystal Lake Reservoir on Sep-
tember 7, 1997. Comparison of the two samples
indicated the difference wasless than 30 percent for phy-
toplankton biomass, density, and number of taxaidenti-
fied. No adjustments were made to the phytoplankton
data based on the quality-control sample.

A duplicate sample for chemical analysiswas col-
lected when the surface sample was collected a Crystal
Lake. Magjor-ion concentrations agreed closely. Differ-
ences in theindividual ion concentration between the
two samples were lessthan 0.1 mg/L, except for alkain-
ity, which varied by 1 mg/L.

WATER QUALITY

Water in reservoirs often becomes stratified. This
zonation of lakesisareflection of the differencesin
water density with the warmer, less dense water at the
top; acold dense layer at the bottom; and a zone of rap-
idly changing density betweenthem. Thethreezonesare
the epilimnion (the upper, warmer water), the metalim-
nion (the middle zone where the rate of changein tem-
perature is the greatest—also sometimes called the
thermocline), and the hypolirfon (the lower, colder

Profiles of temperature were examined in all four
reservoirs for thermal stratification. As is commonly
found in temperate lakes (Horne and Goldman, 1994,
p. 53-65), three vertical zones were identified in Rob
Roy, Granite Springs, and Crystal Lake Reservoirs at
selected times during late summer. Lake Owen’s shal-
low depth precluded such stratification. Teargiures in
the reservoirs in this studye influenced by both natural
lake processes and pipeline inflow and outflow. That
stratification impacts the quality of the impounded water
(McGauhey, 1968, p. 92).

Surface-water quality in an impoundment is
highly variable on both short and long term cycles
(Moore, 1989, p. 30). Reservoirs are dynamic and have
a complex interaction of chastry and biology both sea-
sonally and overetades. Samples collected duttinig
study represent the quality of the water in the reservoirs
at that point in time.

Sediment can act as sites for ion exchange
between aquatic and solid phases. If elements or com-
pounds are in large concentrations in the water, the sedi-
ments mayemove them by adsation. Conversely, if
the concentrations are low, the elements or compounds
may move from the sediment into the water. Thus, a
dynamic equilibrium exists between the sediment and
the water. Bottom-sediment samples were collected at
all four reservoirs. The sediment-analysis results for
each reservoir are sumarized in table 3.

Sediment in reservoirs is strongly influenced by
the geology of the watershed of the lake. Concentrations
of selected constituents in sediment from the reservoirs
were compared toyblished values for diabase (diorite),
crustal averages, and granitic ro¢kkason, 1966) to
give a perspective on the concentration.

Rob Roy Reservoir

Rob Roy Reservoir is the largest, deepest, and
highest in the series of the reservoirs (fig. 2A; table 1). It
contains 79 percent of the storage capacity of the four-
reservoir system. At the profiling site, the reservoir was
about 80-ft deep. The spillway elevation is 9,470 ft
above sea level (table 1). Rob Roy is located in a moun-
tainous area surrounded by evergreen forest. The lake
and surrounding area are the focus of reieal activi-

water). Powell (1964, p. 19-20) states that the metalimties, such as boating, fishing ateimping. Rob Roy is
nion in natural lakes is often observed between 25 to the only reservoir of the four that receives runoff only

40 ft below the surface, but may vary from thgtttien
artificial impoundments.

from its watershed and receives no inflow from other res-
ervoirs.
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Table 1. Chemical analyses and physical properties of water-quality samples collected in 1997 from Rob Roy Reservoir and Lake Owen, Albany County, and
Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming

[QA, duplicate sample collected for quality assurance purposes; g not measured due to the occurrence of alightning storm; concentrations of copper, lead, boron, a uminum, arsenic, and selenium from
Rob Roy Reservoir and Lake Owen should be considered approximate. Theinitial samples were misplaced at laboratory login. Back-up samples that had been chilled were used for replacements.
uS/cm, microsiemen per centimeter at 25°C; °C, degrees Celsius, mg/L, milligram per liter; ug/L, microgram per liter]

Specific Water Color Chemical
conduct- tempera- (as Dissolved oxygen Calcium, Magnesium, Sodium,

Site Identification Date Time ance ture platinum- oxygen demand Hardness dissolved dissolved dissolved

(fig. 2) number sampled sampled (uS/cm) pH (°C) cobalt) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Rob Roy 411153106154401  9/2/97 10:40 25 6.9 154 20 6.0 11 10 31 0.6 14
Reservoir
(top)
Rob Roy 411153106154402  9/2/97 12:15 24 6.2 6.3 30 6.2 11 10 3.0 0.6 13
Reservoir
(bottom)
Lake Owen 410858106060901 9/2/97 15:40 30 7.2 15.6 16 6.7 11 13 39 0.7 14
(top)
Granite Springs  411031105132501 8/28/97  13:40 95 8.0 19.9 22 8.0 19 40 13 18 27
Reservoir
(top)
Granite Springs  411031105132502 8/28/97  15:30 101 6.7 16.0 22 6.7 13 43 14 19 28
Reservoir
(bottom)
Crystal Lake 410928105115201  9/4/97 9:50 108 84 185 12 6.3 15 46 15 23 3.0
Reservoir
(top)
Crystal Lake 410928105115201 9/4/97 9:55 108 84 185 13 6.3 16 46 15 23 3.0
Reservoir
(top-QA)
Crystal Lake 410928105115203 9/11/97  13:00 a a a 12 a 15 47 15 23 3.0
Reservoir
(middle)
Crystal Lake 410928105115202 9/4/97 12:00 114 6.7 16.3 13 <1 <10 48 15 23 3.0
Reservoir

(bottom)
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Table 2. Chemical analyses and physical properties of water-quality samples collected in 1997 from Rob Roy Reservoir and Lake Owen, Albany County, and
Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming--Continued

Dissolved
solids, Nitrogen
Alkalinity Silica sum of as Nitrogen,
Sodium  Potassium, as CaCOs,  Sulfate,  Chloride, Fluoride, asSiOy,  constitu- Residual ammonia, NO,,
Site Sodium adsorption dissolved dissolved dissolved dissolved dissolved dissolved ents solids dissolved dissolved
(fig. 2) (percent) ratio (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mglL) (mglL) (mglL) (mg/L)
Rob Roy 22 0.2 04 13 13 0.3 <0.1 4.0 19 39 <0.02 <0.01
Reservoir
(top)
Rob Roy 21 0.2 04 12 14 0.3 <0.1 6.9 22 45 <0.02 <0.01
Reservoir
(bottom)
Lake Owen 19 0.2 0.3 15 11 0.7 <0.1 25 20 42 <0.02 <0.01
(top)
Granite Springs 13 0.2 10 40 34 24 0.3 58 55 69 0.15 <0.01
Reservoir
(top)
Granite Springs 13 0.2 10 41 34 25 04 83 59 79 <0.02 <0.01
Reservoir
(bottom)
Crystal Lake 12 0.2 11 46 4.5 24 0.5 21 58 80 <0.02 <0.01
Reservoir
(top)
Crystal Lake 13 0.2 12 46 4.4 2.6 0.5 21 58 91 <0.02 <0.01
Reservoir
(top-QA)
Crystal Lake 12 0.2 13 45 4.3 27 0.5 39 60 87 0.09 <0.01
Reservoir
(middle)
Crystal Lake 12 0.2 12 44 4.4 34 0.5 6.4 63 90 0.14 <0.01
Reservoir
(bottom)
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Table 3. Chemical analyses and physical properties of water-quality samples collected in 1997 from Rob Roy Reservoir and Lake Owen, Albany County, and
Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming--Continued

Phosphorus
Nitrogen, Ortho
NO; + NOg, as P, Oil & grease  Arsenic, Boron, Copper, Iron, Lead, Manganese, Aluminum, Selenium,
Site dissolved dissolved (total) dissolved dissolved dissolved dissolved dissolved dissolved dissolved  dissolved
(fig. 2) (mg/L) (mg/L) (mglL) (Hg/L) (Hg/L) (Hg/L) (Hg/L) (Hg/L) (Hg/L) (Hg/L) (Hg/L)
Rob Roy <0.05 <0.01 <1 <1 16 4 51 <1 2 45 <1
Reservoir
(top)
Rob Roy 0.08 <0.01 2 <1 17 4 69 <1 69 123 <1
Reservoir
(bottom)
Lake Owen <0.05 <0.01 <1 <1 19 4 130 23 8 24 <1
(top)
Granite Springs <0.05 <0.01 <1 <1 14 4 7 <1 5 18 <1
Reservoir
(top)
Granite Springs <0.05 <0.01 <1 <1 8.4 4 21 41 76 <5 <1
Reservoir
(bottom)
Crystal Lake <0.05 <0.01 2 <1 12 2 10 <1 <1 6.4 <1
Reservoir
(top)
Crystal Lake <0.05 <0.01 <1 <1 <16 2 13 <1 <1 14.2 <1
Reservoir
(top-QA)
Crystal Lake <0.05 <0.01 <1 <1 18 2 28 <1 2 84 <1
Reservoir
(middle)
Crystal Lake <0.05 <0.01 <1 <1 12 7 24 <1 31 10 <1
Reservoir

(bottom)
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Table 4. Chemical analyses of composite samples of bottom sediment collected in 1998 from Rob Roy Reservoir and Lake Owen, Albany County, and Granite
Springs and Crystal Lake Reservoirs, Laramie County, Wyoming

[Except for nitrogen, all results are for sediment passing through a 63 um sieve; pug/g, microgram per gram}

Nitrogen,
as total
NO, + NO3
Site Date (mg/kg Aluminum  Arsenic Barium Beryllium  Bismuth  Cadmium  Calcium Cerium  Chromium Cobalt
(fig. 2) sampled as N) (percent) (Hg/9) (Hg/9) (Hg/9) (Hg/9) (percent)  (percent) (Hg/9) (Hg/9) (Hg/9)
Rob Roy 7/23/98 9 6.9 <10 690 2 <10 <2 1.0 58 53 13
Reservoir
Lake Owen 7/23/98 8 6.9 <10 520 1 <10 <2 2.2 50 120 16
Granite Springs 2/5/98 <2 6.2 <10 830 2 <10 <2 .65 130 12 5
Reservoir
Crystal Lake 2/3/98 <2 6.8 <10 720 3 <10 <2 .90 200 21 7
Reservoir
Site Copper Europium  Gallium Gold Holmium Iron Lanthanum Lead Lithium Magnesium Manganese
(fig. 2) Date (Hg/9) (Hg/9) (Hg/9) (Hg/9) (Hg/g)  (percent) (Hg/g) (Ha/g) (Hg/9) (percent) (Hg/9)
Rob Roy 7/23/98 43 <2 14 <8 <4 31 35 19 36 .89 800
Reservoir
Lake Owen 7/23/98 58 <2 13 <8 <4 2.7 30 16 29 14 470
Granite Springs 2/5/98 e <2 17 <8 <4 2.2 82 28 15 .34 290
Reservoir
Crystal Lake 2/3/98 150 2 20 <8 <4 3.6 120 31 20 71 460
Reservoir
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Table 5. Chemical analysis of composite samples of bottom sediment collected in 1998 from Rob Roy Reservoir and Lake Owen, Albany County, and Granite
Springs and Crystal Lake Reservoirs, Laramie County, Wyoming--Continued

Site Mercury Molybdenum Neodymium  Nickel Niobium Phosphorus Potassium Scandium Selenium Silver Sodium
(fig. 2) Date (n9/g) (n9/g) (ng/9) (ng/9) (n9/9) (percent)  (percent) (n9/9) (n9/g) (g/g)  (percent)
Rob Roy 7/23/98 .05 <2 27 25 16 .080 1.8 10 0.4 <2 1.1
Reservoir
Lake Owen 7/23/98 .04 <2 26 52 13 .050 1.3 14 0.9 <2 .84
Granite Springs 2/5/98 .02 <2 63 8 22 .050 33 6 04 <2 17
Reservoir
Crydtal Lake 2/3/98 .03 <2 93 14 29 .080 2.7 10 0.6 <2 1.3
Reservoir
Site Strontium Sulfur Tantalum Thorium Tin Titanium Uranium  Vanadium Yttrium Ytterbium Zinc
(fig. 2) Date (ng/g) (ng/9) (n9/g) (n9/g) (ng/9) (percent) (n9/g) (n9/g) (ng/9) (n9/g) (ng/9)
Rob Roy 7/23/98 160 .05 <40 8 <5 .32 <100 87 17 1 96
Reservoir
Lake Owen 7/23/98 220 .24 <40 7 <5 .23 <100 110 16 1 71
Granite Springs 2/5/98 130 <.05 <40 21 <5 .19 <100 29 31 3 66
Reservoir
Crydtal Lake 2/3/98 120 .07 <40 31 <5 31 <100 46 49 5 99

Reservoir




Profiles

Profile measurements indicated that Rob Roy
was stratified from mid-July to late September 1998.
Stratification isshownin aprofile measured September
2, 1997 (fig. 3A). Thetemperature, dissolved oxygen,
specific conductance, and pH profiles were relatively
constant in the epilimnion, from about 1 ft below the
surface to about 11 ft. The temperature decreased at a
steady rate, from about 15°C (degrees Celsius) at 11 ft,
to about 6°C at about 65 ft below the surface. The pH
also gradually decreased, from 6.9 at about 8 ft t0 6.2 at
about 55 ft. The Secchi disk transparency was 9.8 ft,
which wasthe deepest transparency recorded during the
summer 1997 sampling trips. In many lakesthe Secchi
depth is approximately one-third the depth of the
euphotic zone (Horne and Goldman, 1994, p. 34); there-
fore, the euphotic zone was estimated to extend to about
29 ft below the surface, which is also where dissolved-
oxygen concentrations decrease about 1 mg/L.

Likewise, the July 23, 1998 profiles of Rob Roy
(fig. 3B) show stratification of the water column in the
reservoir. The temperature, dissolved oxygen, specific
conductance, and pH profiles were relatively constant
from the surface to about 13 ft. The temperature
decreased with depth at afairly steady rate, from about
17°C at 13 ft, to about 8.5°C at about 27 ft in the metal -
imnion. Within about that same interval, dissolved oxy-
gen increased and specific conductance decreased. The
Secchi disk transparency on July 21 was 12.5 ft (fig. 4),
yielding an estimated euphotic zone of about 38 ft.

The September 3, 1998 profiles of Rob Roy
(fig. 3C) weresimilar to the September 2, 1997 profiles;
however, the most noticeable change was the increased
thickness of the epilimnion and the decreased thickness
of themetalimnionin 1998. Thetemperature, dissolved
oxygen, and specific conductance were relatively con-
stant from the surface to about 24 ft in depth. The tem-
perature ranged from about 15°C to 14°C in the upper
24 ft, then sharply decreased to about 8.2°C at 29 ft.
Temperaturethen gradually decreased from about 8.2to
6.4°C at 67 ft. The pH increased from 6.9 at the surface
to 7.3 at 12 ft and then decreased t0 6.5 at 28 ft. ThepH
remained relatively constant from 28 ft to 67 ft.
Dissolved-oxygen concentrationsvaried from 7.4 mg/L
at the surfaceto 5.9 mg/L at 67 ft. A zone of dightly
lower dissolved oxygen was present from 24 to 29 ft.
The Secchi disk transparency was 11.6 ft, with the esti-
mated euphotic zone extending to about 35 ft. Addi-
tional profiles for 1998 are included in appendix A.

The profiles indicate that the depth of stratifica-
tion in Rob Roy changed over timein 1998. When the
seasonal variations of temperature in the summer and
fall of 1998 are examined (fig. 5), two characteristics of
Rob Roy are apparent. Thefirst isthat a strong stratifi-
cation developed by mid-July and continued until Sep-
tember; by early October, the reservoir was no longer
stratified. The second isthat the zone of warming inthe
reservoir extended deeper into the reservoir from mid-
July to late September 1998. The 10°C temperature
contour line dropped from about 20 ft in mid-July to
about 30 ft by late September. The zone continued to
deepen after surface cooling began in early September.

Phytoplankton

Bacillariophyta (diatoms) and Chlorophyta
(green algae) dominated the phytoplankton community
of Rob Roy. Thediatoms, interms of biomass (mass of
the phytoplankton cells), dominated the samples col-
lected during September 1997 and August 1998 (fig. 6).
The data shown in figure 6 are from samples collected
at adepth of 1 ft below the surface, at a site near the
deepest part of the reservoir (fig. 2A). An abrupt shift
in the phytoplankton community from diatomsto green
algae was evident in the September 1998 samples.
Other algaeidentified in the samplesincluded the Cryp-
tophyta (cryptomonads), the Pyrrophyta (dinoflagel-
lates), and the Chrysophyta (golden-brown algae).
Euglenophyta (euglenoids) and Cyanophyta (blue-
green algae), which are often associated with organic or
nutrient enrichment, were absent from the samples.
Phytoplankton taxa are listed in table 4. The complete
phytoplankton data set for all four reservoirs are listed
in Appendix B; datafor Rob Roy are listed intable B1
of Appendix B.

Twenty-nine taxa of algae wereidentified from
the samples (table 4). Two species of diatoms, Asteri-
onellaand Fragilaria, were responsiblefor the predom-
inance of diatoms in the September 1997 and August
1998 samples. The maximum biomass of Asterionella
was 3,500 pug/L (micrograms per liter), which consti-
tuted 98 percent of the total phytoplankton biomassin
the September 1997 sample. The corresponding density
of Asterionellain that sample was 2,590 cells per milli-
liter (cells'mL). Asterionella and Fragilaria were
codominant species during August 1998. The maxi-
mum concentration of Fragilaria was 1,700 pg/L bio-
mass (1,550 cellsYmL density) inthe August 11 sample.

WATER QUALITY 13
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Figure 3. Temperature, dissolved oxygen, specific conductance and pH profiles of Rob Roy
Reservoir, Albany County, Wyoming.
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Figure 4. Secchi disk transparency depths in 1998 for Rob Roy Reservoir and Lake Owen, Albany County, and

Sept. 22

Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming.

Eighteen taxa of green algae were identified.
The genus Cosmarium was the predominant algae in
samples collected on September 3, 17, and 22, 1998.
Staurastrum dominated the September 10, 1998, sam-
ple. Dictyosphaerium was a codominant speciesinthe
September 3, 1998, sample, and Spondylosium was a
subdominant species in the September 22, 1998, sam-
ple. The maximum biomass of green algae was
740 pg/L of Cosmarium in the September 17 sample.
The corresponding density of Cosmarium was
40 cells/mL, which isarelatively low density but is
reflective of the large size of the cells.

One or more species of cryptomonads were
present in most of the samples. The crytomonads typ-
ically were not dominant, with the exception of the
July 23 sample that was dominated by Campylomonas
rostratiformis. Other speciesthat occurred in Rob Roy
include Gymnodinium (dinoflagellates) and Mallomo-
nas (golden-brown algae).

A phytoplankton sample also was collected dur-
ing September 1997 about 3 ft above the bottom of the
reservoir. That sample contained only Asterionella, at
arelatively low concentration. The algae likely were

cellsthat had sunk from the euphotic zone. The depth
of the euphotic zone, where sufficient light isavailable
for photosynthesis, was estimated to be about 29 ft
based on a Secchi disk transparency of 9.8 ft.

The Secchi disk transparencies measured during
1998in Rob Roy ranged from 9.0to 12.5 ft; the average
transparency was 10.4 ft (fig. 4). Thegreatest transpar-
encieswerein mid-July and early September. Compar-
ison of transparenciesto the water profile dataindicate
the euphotic zone extended bel ow the metalimnion
when the reservoir was stratified.

Protozoa (animal kingdom) also were noted in
the samples from Rob Roy (Appendix B, table B1).
Unidentified flagellates, ciliates, and ameba were
present at densities on the order of tensto hundreds per
milliliter; the maximum biomass was 53 pg/L. The
distinction between protozoa and algae, especially the
flagellated forms, can be controversial (Smith, 1950,
p. 1-11; Reid and Wood, 1976, p. 320-330). For this
report, the algae were distinguished from the protozoa
by the presence of chlorophyll and other photosyn-
thetic pigmentsin the algae.
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Figure 5. Temporal variation of temperature with depth in Rob Roy
Reservoir, Albany County, Wyoming, in summer and fall, 1998.

In Rob Roy inthefall of 1997, MPA was domi-
nated by non-diatomaceous phytopl ankton and diatoms.
The MPA results are summarized in table 5.

Chemical Quality

Relatively little difference in water chemistry
existed between the top and bottom of Rob Roy Reser-
voir (table 2). The dissolved-solids concentration was
19 mg/L for the surface sample and 22 mg/L for the bot-
tom sample (fig. 7). Thewater was a calcium bicarbon-
atetype. The concentrations of selected major ions
shown on the pie diagramsin figure 8 indicate no differ-
encesinthe concentration of major ions between surface
and bottom water samples. Dissolved fluoride concen-
trations were less than the detection level of 0.1 mg/L.
Silica concentrations, as dissolved SiO,, increased
dightly with depth (table 2; fig. 9). Nutrient concentra-
tions generally were less than the detection level. An
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exception was dissolved nitrogen, as nitrite plus nitrate,
in the bottom sample, which was 0.08 mg/L (table 2).

Some differences were detected in selected trace-
element concentrations between the top and bottom
samples collected at Rob Roy. Dissolved iron (fig. 10)
and dissolved manganese concentrations (fig. 11) were
higher in the bottom sample.

Bottom Sediment

On July 23, 1998, bottom sediment samples were
collected from five sites (fig. 2A) in Rob Roy and com-
posited into asingle sample. The composite samplewas
analyzed for selected constituents (table 3). The nitro-
gen concentration, reported as total nitrite plus nitrate,
was 9 mg/kg, the highest concentration from all four res-
ervoirs (table 3). Of the congtituents analyzed, aumi-
num was present in the highest percentage (6.9 percent)
and iron was next highest (3.1 percent). Most of the
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Table 4. Phytoplankton taxa list for Rob Roy Reservoir and Lake Owen, Albany County, and Granite Springs and Crystal
Lake Reservoirs, Laramie County, Wyoming

[x indi cates taxa presence]

Reservoir
Phytoplankton taxa Rob Roy Lake Owen Granite Springs Crystal Lake
BACILLARIOPHYTA (Diatoms)
Centrales (Centric diatoms)
Centralessize 1 X X
Centrales size 2 X X
Centralessize 3 X X
Centralessize 4 X
Cyclotella X X
Melosira X
Melosirasize1 X
Melosira size 2 X
Melosirasize 3 X
Stephanodiscus X X
Pennales (Pennate diatoms)
Achnanthes X X
Asterionella X X X
Cymbella X
Fragilaria X X X X
Nitzschia X
Pennalessize 1 X
Pennales size 2 X X
Pennalessize 3 X X
Synedra X
Tabellaria X
CHLOROPHY TA (Green agae)
Actinastrum X
Ankistrodesmus X X X
Chlamydomonas size 1 X
Chlamydomonas size 2 X
Chlorella X X X X
Chlorophytesize 1 X
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Table 4. Phytoplankton taxa list for Rob Roy Reservoir and Lake Owen, Albany County, and Granite Springs and Crystal
Lake Reservoirs, Laramie County, Wyoming--Continued

Reservoir
Phytoplankton taxa Rob Roy Lake Owen Granite Springs Crystal Lake
Chlorophyte size 2 X X X X
Chlorophyte size 3 X X
Chlorophyte size 4 X X X X
Chlorophyte size 5 X
Chlorophyte size 6 X X
Chlorophyte size 7 X
Chlorococcales X
Closterium X
Coelastrum X
Cosmarium X X X
Crucigenia X
Dictyosphaerium X X
Didymocystis X
Elakatothrix X
Eudorina X
Micractinium X
Oocystis X
Oocystissize 1 X X X
Oocystis size 2 X
Pandorina X
Quadrigula X X X X
Scenedesmus X X
Schroederia X
Sphaerocystis X X X X
Spondylosium X X X
Staurastrum X X
Tetraspora X
Zygnematales X
CHRY SOPHY TA (Golden-brown algae)
Chrysophyte size 1 X
Dinobryon X X

WATER QUALITY
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Table 4. Phytoplankton taxa list for Rob Roy Reservoir and Lake Owen, Albany County, and Granite Springs and Crystal
Lake Reservoirs, Laramie County, Wyoming--Continued

Reservoir
Phytoplankton taxa Rob Roy Lake Owen Granite Springs Crystal Lake
Mallomonas X X
Uroglenopsis X
CRYPTOPHY TA (Cryptomonads)
Campylomonas reflexa X X X X
Campylomonas rostratiformis X X X X
Cryptomonas X X X
Cryptophytesize 1 X X X
Cryptophyte size 2 X X
Cryptophyte size 3 X X
Cryptophyte size 4 X
Katablepharis X X X X
Plagioselmis X X X X
CYANOPHY TA (Blue-green algae)
Anabaena X X
Aphanothece X X
Cyanophyte size 1 X
Gomphosphaeria X
Microcydtis X
Pseudanabaena X
EUGLENOPHY TA (Euglenoids)
Euglena X
Euglenophytesize 1 X
Euglenophyte size 2 X
Trachelomonas size 1 X X
Trachelomonas size 2 X X X
PYRROPHY TA (Dinoflagellates)
Ceratium X X
Gymnodinium X X X
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Table 5. Microscopic particulate analyses of water samples collected in the fall of 1997 at Rob Roy Reservoir and Lake Owen, Albany County, and
Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming

[ND, none detected; um, micrometer; L, liter].

Amorphous
clay, silt, and Nondiato-
detritus - maceous
aggregates phyto plankton Diatoms Rotifers
Reservoir Date (diameter, (million (million Plant (counts/
(fig. 2) sampled in um) counts/100L) counts/100L) Debris 100L) Nematodes Pollen Ameba
Rob Roy 9/2/97 1-75 1.00 0.40 ND ND ND ND ND
Lake Owen 9/2/97 1-100 0.40 0.03 ND 60 ND ND ND
Granite Springs 8/28/97 1-50 0.80 8.00 ND 1,000 ND ND ND
Crystal Lake 9/4/97 1-50 4.00 7.00 ND ND ND ND ND
Other Volume of lGiardia, 1Crypto-
arthropods Total water total sporidium
Reservoir Date Colorless (thousand (million filtered (number/  (number/
(fig. 2) sampled Ciliates  Flagellates Crustaceans counts/100L) Other counts/100L) (gallons) 100L) 100L)
Rob Roy 9/2/97 ND ND ND 1.00 ND 1.40 905 <11 11
Lake Owen 9/2/97 ND ND ND ND ND 0.43 791 3 <2
Granite Springs 8/28/97 ND ND ND 3.00 ND 8.80 1174 19 <19
Crystal Lake 9/4/97 ND ND ND ND ND 11.00 798 <14 <14

1Analyzed by method outlined by U.S. Environmental Protection Agency (1996b). All limitations stated in the method apply.
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Figure 7. Dissolved-solids concentrations in water samples collected in 1997 from Rob Roy Reservoir and
Lake Owen, Albany County, and Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming.

trace elements are present in concentrationsin the
microgram per gram range. Trace-element concentra-
tions of arsenic, bismuth, cadmium, europium, gold,
hol mium, molybdenum, silver, tantalum, tin, and ura-
nium were less than the detection limit. Cerium, chro-
mium, thorium, and vanadium concentrations fit best
with Group 1, thecrustal average, rather than diabase or
granitic rocks (fig. 12). The similarity is probably a
reflection of the surrounding geology which is com-
posed of sedimentary deposits (Tertiary age) and
metasedimentary and metavol canic rocks (Pre-Cam-
brian) (Love and Christiansen, 1985).

Lake Owen

Lake Owen is the shallowest and smallest in the
series of reservoirs (fig. 2B; table 1). Its maximum
depthisabout 10 ft and it contains only about 1 percent

of the storage capacity of the system. Although lower

22 WATER QUALITY OF FOUR RESERVOIRS

in elevation than Rob Roy Reservoir, Lake Owen is
located in a high mountainous area and has a spillway
elevation of 8,955 ft above sealevel. The vegetation
surrounding L ake Owen is composed of mixed ever-
green and aspen areas with some open meadow. Lake
Owenis used primarily for recreational activities such
as boating and fishing.

Profiles

Probably dueto its shallow depth, Lake Owen is
not stratified. The September 2, 1997 profiles of Lake
Owen (fig. 13) did not indicate stratification. The water
temperature was about 15°C, the dissolved oxygen was
about 6.5 mg/L, the specific conductance was about
30 uS/cm, and the pH was about 7.2. The Secchi disk
was still visible when resting on the reservoir bottom.
Profile data collected September 16, 1997 indicate a
sharp drop inwater temperature. Thewater temperature
was just over 11°C on September 16 (Appendix A).
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Figure 9. Dissolved-silica concentrations in water samples collected in 1997 from Rob Roy Reservoir and
Lake Owen, Albany County, and Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming.

Lake Owen also was not stratified in 1998. The Phytoplankton
July 23, 1998 profile showed a consistent water tem-

perature of 18.2°C, dissolved oxygen decreased from The golden-brown algae (chrysophyta) domi-

nated the phytoplankton community in Lake Owen.

7.310 7.2 mg/L, the specific conductance was about The biomass of the golden-brown algae ranged from
57 uS/em, and pH decreased from 7.9t0 7.8. By Sep- about 3,500 to 7,1000g/L in samples collected on

tember 3, 1998 the temperature decreased from 16.6 to August 11 and duringarly to mid-September 1998

14.6°xC, dissolved oxygen increased from 8.2 to (fig.15). The cause for the low concentration of phy-
9.0 mg/L, specific conductance remained around 42 taoplankton on August 19, between 2 weeks of higher
43 uS/cm, and pH increased from 8.4 to 8.9. concentrations, is unknown.r&en algae were present

in nearly all of the samples, whereas the dinoflagellates

The temperature c.hanges p_robably were facili- and euglenoids appeared only in the late summer sam-
tated by Lake Owen'’s high elevation, shallow depth, ples (fig.15).

large surface-areaposure, a.nd.the seasonal climatic Uroglenopsiswas the dominant species of chrys-
change. Temporal changes indicate that although Lak@phyte in the samples from Lake Owen. The maximum
Owen warms by mid-July, it cools quickly in the fall  phiomass ofUroglenopsis was 7,00Qug/L

(fig. 14). Water transparency, as measured by a Secc{B0,500 cells/mL) in the September 3, 1998 sample
disk, ranged from a minimum of 4.6 ft on August 10, (Appendix B, table B2). Other chrysophytes, such as
1998 to 7.3 ft on July 17, 1998 (fig. 4). Dinobryon andMallomonas, were present in smaller
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Figure 10. Dissolved-iron concentrations in water samples collected in 1997 from Rob Roy Reservoir and
Lake Owen, Albany County, and Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming.

guantities in some samples. Green algae were the most
diverse group of algae in Lake Owen; of the 37 taxa
identified, 14 taxawere green algae. Cosmariumwas
the most common green algae, particularly in the sam-
ples collected on July 23 and September 22 (fig. 15).
The green algae Quadrigula and Tetraspora were
present at biomasses less than 100 pug/L. Other species
of algae identified include the diatoms, Asterionella and
Fragilaria, the euglenoids Euglena and Trachelomo-
nas, and the dinoflagellate Gymnodinium.

Lake Owenistheonly reservoir in this study to
have extensive macrophyte growth. Thismay beduein
part to the shallow depth of Lake Owen, which allows
sunlight to penetrate to the bottom and in turn, allows
photosynthesisby rooted plants. On someoccasions, the
Secchi disk was still visible as it rested on the lake bot-
tom.

Protozoa were present in some samples, mostly at
small concentrations. The exception was the
September 17 sample, which contained a biomass of
13,000 pg/L of ciliated protozoans. Biomasses of other
protozoansin the samples typically were less than

50 pg/L.

In Lake Owen in the fall of 1997, MPA was dom-
inated by non-diatomaceousphytopl anktonand diatoms.
A few rotifers were detected. This rotifers group are
suspension feeders that influence algae speciesthrough
selective feeding. The MPA results are summarized in
table 5.

Chemical Quality

Due to the shallow depth of Lake Owen and lack
of variability in the profile data, only a single surface
samplewas collected for water quality. Dissolved-solids
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Figure 11. Dissolved-manganese concentrations in water samples collected in 1997 from Rob Roy Reservoir and
Lake Owen, Albany County, and Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming.

concentration was 20 mg/L (fig. 7). The water was a
calcium bicarbonate type. The relative concentrations
of major ions are shown on the pie diagram (fig. 8).
Dissolved-fluoride concentration was less than the
detection level of 0.1 mg/L. Silica concentration, as
dissolved SiO,, was 2.5 mg/L (fig. 9). Nutrient con-
centrations were | ess than the detection limit.

Trace-element concentrations in samples were
variable (table 2). Dissolved-iron concentration at
130 pg/L wasthe highest in any sample collected from
the four reservoirs (fig. 10). A possible sourcefor this
iron might be a magnetite gabboro (L ake Owen mafic
complex, Precambrian) which outcropsat thereservair.
Houston and Orback (1976) found that unit to contain
more than 10 percent magnetite in the gabbro and
sparselayersof massivemagnetiteseveral inchesthick.
Dissol ved-manganese concentration was slightly
higher than surface samples collected from the other
reservoirs.
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Bottom Sediment

OnJuly 23, 1998, bottom sediment sampleswere
collected at five sites (fig. 2B) in Lake Owen and com-
posited into a single sample. The composite sample
was analyzed for selected constituents (table 3). The
nitrogen concentration, reported as total nitrite plus
nitrate, was8 mg/kg. Of the constituents analyzed, alu-
minum was present at the highest concentration at
6.9 percent, iron was 2.7 percent, and calcium was
2.2 percent. Trace-element concentrations of arsenic,
bismuth, cadmium, europium, gold, holmium, molyb-
denum, silver, tantalum, tin, and uranium were less
than the detection limit. When thorium, vanadium,
cerium and chromium concentrations are plotted
(fig.12), it is apparent that the sediment concentrations
are more like the crustal average than either diabase or
granitic rocks. The trace-element concentrations are
probably similar to crustal averages dueto the local
geology, which is composed of sedimentary deposits
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(Tertiary age) and metasedimentary and metavolcanic
rocks (Pre-Cambrian age). Near Lake Owen, alluvium,
gravel, colluvium, conglomerate sandstones, and shales
occur, along with medium to coarse grained gabbros,
and other mafic rocks.

Granite Springs Reservoir

Granite Springs Reservoir isthethird reservaoir in
the series (fig. 2C) and receives water through both
Stage | and Stage |1 pipelines from Lake Owen. The
reservoir contains about 12 percent of the system stor-
age and has a spillway elevation of 7,210 ft above sea
level (table 1). Granite Springsislocated in an area of
mixed forest and grassland. It isan active recreational
site with boating, fishing, and camping being the pri-
mary activities. Some housesare present inthe areasur-
rounding the reservaoir.

Profiles

Profile data were collected for Granite Springs
once during summer 1997, from mid-May through the

first part of October in 1998, and once during winter
1998. These profilesindicate that Granite Springs was
stratified by early to mid-July and wasunstratifiedinthe
winter.

The August 28, 1997 profiles (fig. 16A) indicate
gtratification in the reservoir. Changesin the tempera-
ture, dissolved oxygen, specific conductance, and pH
profilesindicate that the epilimnion extended from the
surface to about 19 ft deep. In the epilimnion, the tem-
perature decreased from 20 to 18°C, dissolved-oxygen
concentrationswere about 7 to 8 mg/L, specific conduc-
tance was about 94 to 95 uS/cm, and pH ranged from
8.310 8.5. Dissolved-oxygen concentrationsin the epil-
imnion were above saturation, probably due to photo-
synthetic activity by the phytoplankton. The euphotic
zone also extended to about 19 ft, as estimated from a
Secchi disk transparency of 6.2 ft. The metalimnion
appeared to range from about 19 to 26 ft below the res-
ervoir surface. Water temperature, dissolved oxygen,
and pH decreased relatively in the metalimnion, while
specific conductanceincreased slightly. Inthe hypolim-
nion, dissolved-oxygen concentrations continued to
decrease, and were less than the 5 mg/L level suggested
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Figure 13. Temperature, dissolved oxygen, specific conductance and pH profiles,
Lake Owen, Albany County, Wyoming.
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for protection of cold-water fish. The dissolved-oxy-
gen concentrations decreased from 73 percent of satu-
ration at 26 ft to 38 percent of saturation at 60 ft.

The February 5, 1998 profiles of Granite Springs
(fig. 16B) show alack of stratification in the water col-
umn, with only slight changesin the profiles, mostly
below about 50 ft. Water temperature was approxi-
mately 4°C. Dissolved-oxygen concentrations
decreased from about 11 to about 8 mg/L. Specific con-
ductance generally was less than 115 puS/cm to about
50 ft, below which conductance increased to almost
145 pS/cm. pH decreased from 7.7 to 6.9.

July 21, 1998 profiles again show stratification in
Granite Springs (fig.16C). The temperature in the epil-
imnion was about 22°C, dissolved-oxygen concentra-
tions were about 8.5 mg/L, the specific conductance
was about 128 uS/cm, and pH measured about 8.5.
Changes in temperature and pH occurred in the metal -
imnion. Below 30 ft, in the hypolimnion, the tempera-
ture decreased from about 15 to about 14°C. Dissolved-
oxygen concentrationsremained near 4.0 mg/L to about
38 ft, then decreased to less than 1 mg/L near the bot-
tom. Specific conductance was about 122 pS/cm from
about 32 ft to about 44 ft, then increased to 127 uS/cm.
The pH gradually decreased from 7.7 to 7.4.

The September 1, 1998 profiles (fig. 16D) con-
tinue to show strong stratification of dissolved oxygen
and pH; both were stable to about 25 ft. The metalim-
nion also was defined by changes in dissolved oxygen
and pH. Dissolved-oxygen concentrations dropped
from 7.1 to lessthan 1 mg/L at 45 ft. Over the same
interval, pH decreased from 8.1to 7.1. Temperature
decreased gradually from top to bottom in this profile.
In the metalimnion and hypolimnion, specific conduc-
tance gradually increased.

Examination of the 1998, Granite Springs tem-
perature profiles (fig. 17) shows a seasonal increase of

the water temperature in the reservoir. The reservoir
lacked stratification in early May and was afairly con-
sistent 9°C. By late May into mid June, anearly linear
gradation in temperature devel oped from about 14°C at
the surface to slightly greater than 10°C near the bot-
tom. During thistime period, no stratification was
present. By July, stratification began to develop in the
reservoir (Appendix A). Stratification continued to
developin early August, with the epilimnion expanding
down to about 25 ft, and the metalimnion ranged from
about 25t0 35 ft. Stratification becamelesspronounced
in mid-August, with the temperature decreasing gradu-
ally from about 20 to 14°C with depth. By mid-
September, thermostratification had ceased and the pro-
filesindicatelittle changein water temperaturefromthe
reservoir surface to the bottom. In late September and
early October, thereservoir cooled quickly compared to
itsrate of warming (fig. 17). Itisinteresting to notethe
persistence of stratification of dissolved oxygen and pH
well after temperatures had nearly equalized throughout
the water column.

Phytoplankton

Diatoms and blue-green algae dominated the
phytoplankton community of Granite Springs.
Although five other divisions of algae were present in
the samples, their biomasses were small relative to the
diatoms and blue-green agae (fig. 18).

Blue-green algae, principally Anabaena, domi-
nated the biomass of the algae in the August 28, 1997
and July, 16, 1998 samples. The biomass of Anabaena
was 59,000 pg/L (69,100 cellsmL density) in the July
14 sample (Appendix B, table B3). Blue green algae,
particularly Anabaena, are known for producing algal
blooms and creating taste and odor problemsin
temperate-zone lakes. The bloomstend to occur in late
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Figure 15. Phytoplankton biomass changes over time in Lake Owen, Albany County, Wyoming.
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summer, when water temperatures are warmest and
nutri ents have been removed from the epilimnion. Many
blue-green a gae are capable of fixing atmospheric nitro-
gen, and therefore have a competitive advantage over
other algae when nutrient supplies are limited. Some-
what in contrast to this general pattern for temperate-
zone lakes, the blue-green agae in Granite Springs
peaked in mid-July; diatoms dominated the phytopl ank-
ton later in the summer (fig. 18). Peak concentrations of
the diatoms were considerably smaller, however, than
the peak concentrations of the blue-green algae.

Both orders of diatoms, the Pennal es and the Cen-
trales, wererepresented inthe samples. The pennatedia-
tomstypically are e ongate; cigar or boat shaped
organisms, whereas the centric diatoms are round, pill-
box-shaped organisms (Prescott, 1978, p. 241). The
pennate diatom Fragilaria dominated the July 22 and
September 1, 1998 samples and was a subdominant spe-
ciesin some of the other samples from Granite Springs.
The peak concentration of Fragilaria was 4,200 pg/L
(fig. 18) (3,030 cells/mL) inthe July 22 sample. The
centric diatom Cyclotella was a subdominant in the
July 22 sample (1,700 pg/L) and the September 1 sam-
ple (1,100 pg/L). The centric diatom Sephanodiscus
dominated the August 4 sample and was a subdominant
in the September 9 sample, but was not identified in
other samples from Granite Springs. An unidentified
centric diatom dominated the samples from August 10
and 18, and September 15 and 21. Of the 41 taxaidenti-
fied from Granite Springs, 15 taxa were diatoms and
13 taxa were green algae.

A phytoplankton sample, collected on August 28,
1997, at 3 ft above the reservoir bottom at the same site
as the near-surface sample, contained mostly diatoms.
The biomass of the deep sample was 950 ug/L, consid-
erably less than the 4,400 ug/L of the near-surface sam-
ple. The cause for the predominance of the diatoms
Fragilaria and Melosira in the bottom sample may be
related to the resistance of their siliceous shells. Therel-
atively soft-bodied blue-green algae that predominated
in the near-surface sampl e on the same date may have
decomposed as they sank through the water column.

Secchi disk transparencies from Granite Springs
averaged 8.2ft. A maximum transparency of 12.5 ft was
recorded under ice cover in February; a minimum trans-
parency of 5.1 ft was recorded July 14 and August 4,
1998. Thelow transparencies on July 14 were coinci-
dent with the high phytoplankton concentration. Incon-
trast, the phytoplankton concentration on August 4 was
relatively low (fig. 18). Inorganic material suspendedin

the water may have contributed to the low reading on
August 4. The depth of the euphatic zone extended
below the thermocline when the reservoir was stratified,
indicating adeguate light for photosynthesis throughout
the epilimnion.

Protozoans were present in samples at concentra-
tions of afew hundred micrograms per liter or less, with
the exception of the July 14 sample. The concentration
of rotifersin the July 14 samplewas 5,000 pg/L biomass
(10 organisms/mL).

In Granite Springsin thefall of 1997, MPA was
dominated by non-diatomaceous phytoplankton and dia-
toms. A few rotiferswere detected. The M PA resultsare
summarized in table 5.

Chemical Quality

Two samples were collected at Granite Springs
(surface and bottom). The dissolved-solids concentra-
tions of 55 mg/L for the surface sample and 59 mg/L for
the bottom sample (table 2) indicated little differencein
thedissolved solids between thetwo samples. Thewater
was a calcium bicarbonate type. Therelative concentra-
tions of major ions shown in pie diagramsin figure 8
indicate no differences between surface and bottom
samples. Dissolved-fluoride concentrations were at
0.3 mg/L in the surface sample and 0.4 mg/L in the bot-
tomsample(table 2). Silicaconcentrations, asdissolved
SiO,, increased dightly with depth (table 2; fig. 9).
Nutrient concentrations were less than the detection
level inboth samples. An exception wasdissolved nitro-
gen as ammonia in the surface sample, which was
0.15mg/L.

The concentrations of metals indicated some dif-
ferences between the surface and bottom samples. Iron
concentrations increased from 7 pg/L (surface sample)
to 21 pg/L (bottom sample) (fig. 10). Theincreasein
manganese concentration from 5 pg/L (surface sample)
to 76 pg/L (bottom sample) was even greater (fig. 11).

Bottom Sediment

On February 5, 1998, bottom sediment samples
were collected at five sites (fig. 2C) in Granite Springs
and composited into asingle sample. The composite
samplewas analyzed for selected constituents (table 3).
Nitrogen concentration, reported as total nitrate plus
nitrite, wasless than the detection limit. Of the constitu-
ents analyzed, aluminum concentration was 6.2 percent,
iron was 2.2 percent, and potassium was 3.3 percent.
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Figure 17. Temporal variation of temperature with depth in Granite Springs Reservoir,

Laramie County, Wyoming, 1998.

M ost bottom-sediment concentrationswerein the
microgram-per-gramrange. Concentrationsof nitrogen,
arsenic, bismuth, cadmium, europium, gold, holmium,
molybdenum, silver, sulfur, tantalum, tin, and uranium
were |less than the detection limit (table 3). Concentra-
tions of thorium, vanadium, cerium, and chromium are
plotted in figure 12. The trace-element concentrations

fit best in Group 2—more like granitic rocks than either
diabase or the crustal average. The similarity is mos
likely due to the sediments having been derived from the

surrounding Sherman Granite (Precambrian).

Crystal Lake Reservoir

At 6,969 ft, Crystal Lake has the lowest spillway eleva-
tion of the four reservoirs. The reservoir contains about
8 percent of the system storage and is about 65 ft deep
(table 1). It is located in an open forest and grassland
area, and is popular for recreational activities such as
boating, fishing, and camping.

t Profiles

Profile data indicate that stratification occurs in
Crystal Lake during the warmer months. The Septem-
ber 4, 1997 profiles of Crystal Lake (fig. 19A) show
stratification of dissolved oxygen and pH in the reser-
voir. Water temperature, dissolved oxygen, specific
conductance, and pHese essentiallyanstant in the

Crystal Lake Reservoir is the last reservoir in theepilimnion. Temperature was constant to about 17 ft.
series (fig. 2D). During the period of this study, water The dissolved-oxygen concentration was 6.3 mg/L and

flowed via Middle Crow Creek and a pipeline from

86 percent of saturation at a depth of 1 ft. The

Granite Springs Reservoir into Crystal Lake Reservoir.dissolved-oxygen concentrationsdeased to less than
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5mg/L inthe metalimnion. A minimum dissolved-
oxygen concentration of 5 mg/L generally has been sug-
gested for the protection of cold-water fish. Water tem-
perature and pH also decreased in the metalimnion,
which extended from about 16 ft to about 26 ft below the
surface. The euphotic zone extended to about the bot-
tom of the metalimnion, based on a Secchi disk transpar-
ency of 7.7 ft. Inthe hypolimnion, dissolved-oxygen
concentrations continued to decrease (fig. 19A). The
dissolved-oxygen concentration was about 1.3 mg/L at
about 44 ft and was only 17 percent of saturation. This
concentration was less than the concentration generally
suggested for the protection of warm-water fish. Spe-
cific conductance increased with depth in the hypolim-
nion, from about 109 to 115 puS/cm.

The February 3, 1998 winter profiles (fig. 19B)
show ageneral lack of gtratification of the water in
Crystal Lake. On February 3, the reservoir was covered
with about 1 ft of very clear ice with virtually no snow
cover. Thecleariceapparently allowed enoughlight for
photosynthesis by the phytoplankton, as indicated by
the dissolved-oxygen concentration of 14.7 mg/L, or
134 percent of saturation, at a depth of 1 ft below the
ice. Thewater temperature at 1 ft beneath the water sur-
face was 1.0°C; below that depth the temperature,
ranged between 3 and 4°C. This temperature pattern,
typical of temperate |akes, was expected because water
at its maximum density is at about 4°C. From 2ftto
about 50 ft below the surface, the profiles show little
variation. Below 50ft, small changesin pH and specific
conductance were noted.

The July 21, 1998 profile data indicate weak
gratification (fig. 19C). The epilimnion extended to
about 10 ft, the metalimnion from about 10 to 24 ft, and
the hypolimnion from about 24 ft to the bottom. Tem-
peratures ranged from 22 to 20°C in the epilimnion,
decreased from 20 to 16°C through the metalimnion,
and ranged from 16 to 14°C in the hypolimnion.
Dissolved-oxygen concentrations were near 10 mg/L to
adepth of about 9 ft. Concentrations then decreased to
5.6 mg/L at about 24 ft. In the hypolimnion, dissolved-
oxygen concentrations were essentially stable to about
42 ft, then decreased to 1.9 mg/L near the bottom.

By September 1, 1998, profilesindicatethat strat-
ification had reached much deeper into the reservoir
with the epilimnion extending down to nearly 30 feet
(fig. 19D). Dissolved-oxygen concentrations and pH
showed sharp changes between about 26 ft and 31 ft.
Dissolved oxygen ranged from 7.3t0 6.4 mg/L fromthe
surface to 26 ft; concentrations then decreased to less
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than 1 mg/L by 31 ft and werelessthan 1 mg/L through-
out the hypolimnion. The pH wasfairly constant down
to about 26 ft, about 9.0. In the metalimnion, the pH
decreased from 8.9t0 7.3. The pH remained around 7.2
to 7.3 throughout the hypolimnion. From about 26 ft,
specific conductance increased in the metalimnion.
Specific conductance continued to gradually increase
with depth in the hypolimnion.

Temperature and dissolved oxygen in Crystal
L ake were measured between May and October, 1998.
In mid-May, the reservoir showed arelatively uniform
temperature profile, ranging between 5 and 10°C
(fig. 20). Throughout May and June, the reservoir
warmed and began to stratify. By mid-July, the reser-
voir was gtratified and the surface-water temperature
was dightly higher than 20°C. The water cooled
throughout thefall, and by early October 1998 the water
was relatively uniform in comparison to the summer
profiles. Dissolved-oxygen concentrations (fig. 21)
during May and June 1998 ranged from 5 to 10 mg/L.
However, in mid-July azone of dissolved oxygeninthe
upper 10 ft of the lake was higher than 10 mg/L.

From late-June until mid-September, adissolved
oxygen zone of lessthan 5 mg/L developed near the bot-
tom of thereservoir. By August, the zone had expanded
and concentrationswerelessthan 1 mg/L. The multipa-
rameter probesused in this study do not accurately mea-
sure oxygen concentrations below
1 mg/L. By mid-August, dissolved-oxygen concentra-
tions of 1 mg/L or less extended about 30 ft above the
bottom of the reservoir. As oxygen concentrations
approach zero, many trace €l ements become more solu-
ble and may move into the water column from the sedi-
ment. Anincrease in manganese concentration is
sometimes observed in the raw water at the water treat-
ment facilities. A possible explanation could be anoxic
conditions of the lower part of the reservoir, which
allows the manganese to become more soluble.

Phytoplankton

Blue-green algae and diatoms dominated the phy-
toplankton community of Crystal Lake. Other divi-
sions, such as the green algae and the cryptomonads,
were present in the samples, but each constituted less
than 25 percent of the total biomass (fig. 22).

Of the 42 dgal taxaidentified, only 5 taxawere
blue-green algae. Nonetheless, the blue-green algae
Anabaena dominated the phytoplankton community in
the July 14, July 21, and August 10, 1998 samples



10 |- .
- 20|~ _
w
w
w N
Z o
= 30 -
I
[
o
w
O 4} .
50 [~ —
60
< Sampling period
May June July August September October
EXPLANATION
——15—— Line of equal temperature in degrees Celsius.

Contours based upon profile data

Figure 20. Temporal variation of temperature with depth in Crystal Lake Reservoir, Laramie County, Wyoming, 1998.

(Appendix B, table B4; fig. 22). Anabaena reached a
maximum concentration of 18,000 pg/L biomass
(29,100 cellmL density) in the July 14 sample. Ana-
baena d so was the most common of the blue-green
algae present in the samples collected on September 9,
15, and 21, 1998. Diaoms, particularly Fragilaria,
were the dominant algae in the remainder of the samples
(fig. 22). The peak mass of Fragilaria was 6,500 pg/L
(4,490 cellg/mL) in the September 4, 1997 sample. The
diatoms Stephanodiscus and Cyclotella were subdomi-
nantsin some of the samples; Stephanodi scus predomi-
nated in the September 9 sample. A total of 17 taxa of
green algae were identified, but none was dominant.
Themost commontaxaof green algaewere Staurastrum
and Cosmarium.

Sampleswere collected 1 foot below the surface
and 3 ft above the lake bottom on September 4, 1997.
Thetota phytoplankton biomass of the deep samplewas
2,000 pg/L, compared to 9,000 in the near- surface sam-
ple. Thediatom Fragilariawasthe predominant algain

both samples. A phytoplankton samplewas collected at
a depth of about 30 ft, within the metalimnion, on Sep-

tember 11, 1997; thediatom Fragilaria predominated in
the sample. The total phytoplankton massin the sample
collected at 30 ft was 4,900 pg/L .

The concentration of Protozoain samples from
Crystal Laketypically waslessthan 100 pug/L. Some
samples had higher concentrations; for example, Sep-
tember 9 sample had a concentration of ciliates of
670 psL.

In Crystal Lakeinthefall of 1997, MPA wasdom-
inated by non-diatomaceousphytopl anktonand diatoms.
MPA results are summarized in table 5.

Chemical Quality

Three samples were collected for chemical analy-
sisat Crystal Lake: asurface sample, a sample at 30-ft
below the lake surface, (hereafter referred to as the mid-
die sample), and a bottom sample. The depth for the
middle sample was selected based on the estimated pipe-
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Figure 21. Temporal variation of dissolved oxygen with depth in Crystal Lake Reservoir,

Laramie County, Wyoming, 1998.

lineintakelevel for the water treatment plants. Thedis-
solved-solids concentrations of 58 mg/L for the surface
sample, 60 mg/L for the middle sample, and 63 mg/L
for the bottom sample (table 2; fig. 7) indicate rela-
tively little difference between the three samples, with
apossible slight increase toward the reservoir bottom.
The water was a calcium-bicarbonate type. No differ-
ences were apparent in the percentages of major ions
between samples collected from the top, middle, and
bottom of the reservoir (fig. 8). Dissolved-fluoride
concentrations were 0.5 mg/L in all three samples.
Silica concentrations, as dissolved SiO,, increased
from 2.1 to 6.4 mg/L with depth (table 2; fig. 9). Nutri-
ent concentrations were less than the detection level in
all samples except two. Inthe sample at 30 ft, dis-
solved nitrogen asammoniawas 0.09 mg/L, and in the
bottom sample nitrogen as ammonia was 0.14 mg/L.
Dissolved-iron concentrations were slightly higher in
the middle and bottom sampl es than in the surface sam-
ple (fig. 10). Dissolved-manganese concentrations
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increased from <1 pug/L inthe surfaceto 31 ug/L inthe
bottom sample (fig. 11).

Because water is diverted from Crystal Lake to
the treatment plants, analyses also were completed for
4 radionuclides and 48 organic compounds. Two radi-
onuclides and two organic compounds were detected;
all others were less than the detection limit. Alpha
(Th-230 and beta (CS-137) emission were the radionu-
clides detected. Metolachlor and atrazine were
detected, but the low concentrations were estimated.
Metholachlor was detected only in the surface sample
at a concentration estimated to be slightly greater than
the detection limit. Results are summarized in table 6.

Bottom Sediment

On February 3, 1998, bottom-sediment samples
were collected at five sitesin Crystal Lake (fig. 2D).
The samples were composited into a single sample.
The concentrations of selected constituentsanalyzed in
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Table 6. Concentrations of selected radionuclide activities and organic compounds in water-quality
samples collected September 4, 1997, at Crystal Lake Reservoir, Laramie County, Wyoming

[Surface sample collected 1 foot below reservoir surface; bottom sample collected 3 feet above reservoir bottom; est., estimated;
pCi/L, picoCurries per liter; ug/L, microgram per liter; concentrations are dissolved unless otherwise noted]

Surface sample

Bottom sample

(ng/L (ng/L
except except
Parameter/compound as noted) as noted)

Gross beta, dissolved as Cs-137 <4.0 pCi/L <4.0 pCi/L
Propachlor, <.007 <.007
Butylate <.002 <.002
Simazine <.005 <.005
Prometon <.018 <.018
Des-ethylatrazine, <.002 <.002
Cyanazine <.004 <.004
Fonofox <.003 <.003
Alpha, dissolved as Th-230 <3.0pCi/L <3.0pCi/L
Phenols, total <1l <1l
AlphaBHC <.002 <.002
p.p’ DDE <.006 <.006
Chlorpyrifos <.004 <.004
Lindane <.004 <.004
Dieldrin <.001 <.001
Metolachlor .002 est. <.002
Malathion <.005 <.005
Parathion <.004 <.004
Diazinon <.002 <.002
Atrazine .0028 est. .0029 est.
Alachlor <.002 <.002
Acetochlor <.002 <.002
Alpha, pe Th-230 58Ci/L .41 pCilL
Beta, pe Cs-137 1.95Ci/L 1.97pCi/lL
Metribuzin <.004 <.004
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Table 6. Concentrations of selected radionuclide activities and organic compounds in water-quality
samples collected September 4, 1997, at Crystal Lake Reservoir, Laramie County, Wyoming--Continued

Surface sample Bottom sample
(ng/L (ng/L
except except
Parameter/compound as noted) as noted)

2,6-Diethylaniline <0.003 <0.003
Trifluralin <.002 <.002
Ethalfluralin <.004 <.004
Phorate <.002 <.002
Terbacil <.007 <.007
Linuron <.002 <.002
Methyl parathion <.006 <.006
EPTC <.002 <.002
Pebulate <.004 <.004
Tebuthiuron <.01 <.01

Molinate <.004 <.004
Ethoprop <.003 <.003
Benfluralin <.002 <.002
Carbofuran <.003 <.003
Terbufos <.013 <.013
Pronamide <.003 <.003
Disulfoton <.017 <.017
Tridlate <.001 <.001
Propanil <.004 <.004
Carbaryl <.003 <.003
Thiobencarb <.002 <.002
DCPA <.002 <.002
Pendimethalin <.004 <.004
Napropamide <.003 <.003
Propargite <04 <.013
Methyl azinphos <.001 <.001
cis-Permethrin <.005 <.005
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in that sample are listed intable 3. Of the congtituents
analyzed, aluminum concentration was highest at

6.8 percent, iron was 3.6 percent, and potassium was
2.7 percent.

Most of the trace-element concentrations arein
the microgram-per-gram range. Concentrations of
nitrogen, (nitrite plus nitrate), arsenic, bismuth, cad-
mium, gold, holmium, molybdenum, silver, tantalum,
tin, and uranium were less than the detection limit.
Concentrations of thorium, vanadium, cerium and
chromium are plotted in figure 12. The trace-element

ranged from 5 to 1 (fig. 5). By September 1998, the
temperature in the hypolimnion was about@ both
Granite Springs and Crystal Lake. In 1998, the temper-
ature in the epilimnion of Rob Roy reached a maximum
of 16.7C. During 1998 the maximum temperature in
the epilimnion was 26 in Granite Springs and
21.1°C in Crystal Lake. Rob Roy retained a stronger
stratification in mid-September, 1998, in comparison to
Granite Springs or Crystal Lake.

Granite Springs and Crystal Lake showed very
similar thermal changes over time (figs. 17 and 20).

concentrations fit best in Group 2—more like granitic Both reservoirs were unstratified in May, developed
rocks than either diabase or the crustal average. Thistrong thermal stratification by mid-July, and stratifica-
similarity is probably due to the extensive exposures ofion dissipated by early fall. It is most likely that the
Sherman Granite (Precambrian) within the drainage large volume of water that passes through Granite

area of the reservoir.

Comparison among Reservoirs

Springs and Crystal Lake reservoirs disrupts the more
classic stratification pattern associated with temperate
lakes. Whereas Rob Roy reservoir maintained temper-
atures below & in the hypolimnion throughout the
summer, much warmer temperatures (greater than

All reservoirs have some distinct characteristics, 10°C) were measured in the hypolimnion of Granite
but, in general, Rob Roy Reservoir and Lake Owen aresprings and Crystal Lake reservoirs.

unigue, whereas Granite Springs and Crystal Lake Res-

September 1998 profiles (fig. 3C, 16D, 19D)

ervoirs are similar. Rob Roy is the highest in elevationshow similar patterns of higher pH in the epilimnion,
the largest in storage capacity, and the deepest. In co@nd lower pH in the hypolimnion. The pH also was
trast, Lake Owen has minimal storage capacity and is thgreater in the two lower reservoirs than in the upper res-
shallowest of the four reservoirs. Both Rob Roy and ervoirs: 6.5 to 7.5 in Rob Roy; 7.0 to above 8.0 in Gran-
Lake Owen are located in the Medicine Bow Mountainsijte Springs; and 7.0 to 8.5 in Crystal Lake. Dissolved

Albany County; Granite Springs and Crystal Lake
located in the Laramie dluntains, laramie County,

oxygen during the same period was substantially differ-
ent in Rob Roy (fig. 3C) than in Granite Springs and

about 45 miles to the east. Granite Springs and Crystarystal Lake (figs. 16D and 19D). Dissolved-oxygen
Lake are close to@Q0 ft above sea level, about 2,000 ft concentrations in Rob Roy decreased from slightly

lower than Rob Roy and Lake Owen. Granite Springshigher than 7 mg/L to about 5 mg/L. In contrast, con-
and Crystal Lake have comparable storage capacitiescentrations in both Granite Springs and Crystal Lake
and similar depths. All four reservoirs are recreationalvere slightly higher than 7.5 mg/L near the surface to

areas.

Profiles

A general comparison can be made among the
profiles measured at Rob Roy, Granite Springs, and

about 26 ft and decreased to less thag/Lnn the
hypolimnion.

Phytoplankton

The phytoplankton community wadfdirent in

Crystal Lake. Lake Owen, due to its shallow depth, iseach reservoir. The average biomass and density of
not very comparable to the other three reservoirs and phytoplankton were lowest in Rob Roy, and the concen-

will not be discussed further in this section.

trations generally increased progressively from Lake

Rob Roy, Granite Springs, and Crystal Lake are Owen to Granite Springs and Crystal Lake (fig. 23A).

dimictic reservoirs because they mix or “turn over”
twice a year. In 1998, Rob Roy was always cooler,

The one exception to the pattern was that the average
density was larger in Granite Springs than in Crystal

probably due to the high elevation, than either GraniteLake. The average concentoatsare slghtly skewed
Springs or Crystal Lake Reservoirs. In 1998, temperaby a phytoplankton bloom in Granite Springs and to a

ture in the hypolimnion zone in Rob Roy generally
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lesser degree, blooms in Crystal Lake and Lake Owen
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Figure 23. Phytoplankton biomass and density in Rob Roy Reservoir and Lake Owen, Albany County,
and Granite Springs and Crystal Lake Reservoirs, Laramie County, Wyoming (A, average biomass
and average density; B, total biomass; and C, total density).
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(fig. 23B). The phytoplankton density followed the
seasonal pattern of the biomass, although large concen-
trations of relatively small-sized Chrysophytain Lake
Owen caused a spike in density relative to biomass, as
did large concentrations of relatively small-sized blue-
green algae in Crystal Lake (fig. 23C). The biomass
concentrations are considered amorereliable indicator
of primary productivity because the size of the algaeis
not accounted for in the density estimate.

The composition of the phytoplankton commu-
nity also was different between the upper and lower
reservoirs. Many of the species found in Rob Roy and
Lake Owen are associated with oligotrophic, nutrient-
poor conditions. |ncontrast, many of the speciesfound
in Granite Springsand Crystal L ake are associated with
mesotrophic (between poor and rich nutrient condi-
tions) or eutrophic (nutrient-rich) conditions. Asan
example, blue-green algae were absent from the higher
elevation reservoirs, but dominated some of the sam-
plesfrom the lower reservoirs. The species Anabaena,
which is often associated with algal blooms, was the
predominant species of blue-green algae in the lower
reservoirs. Green algae, diatoms, and chrysophytes
dominated the phytoplankton samples from the higher-
elevationreservoirs. An abundance of desmids (afam-
ily of green algae) relative to other algae in olig-
otrophic lakes has been noted by Prescott (1968,

p. 293). The desmids Cosmarium, Staurastrum, and
Spondylosium were dominant or subdominant in some
of the samples from Rob Roy, as described earlier in
thisreport. Desmids also were present in Lake Owen
and Crystal Lake, but at relatively smaller concentra-
tions. Desmidstypically are found sparingly in phy-
toplankton samples, with large numbers of species or
individuals usually found only where the pH ranges
from 5 to 6 (Smith, 1950, p. 310). The pH values at
Rob Roy were the lowest of the four reservoirs studied
and generally were less than 7.

Nutrient concentrations could be limiting phy-
toplankton growth in the reservoirs, based on samples
collected in late August and early September 1997
(table 2). All concentrations of dissolved ortho-phos-
phoruswerelessthan thereporting limit of 0.01 mg/L.
For comparison, the U.S. Environmental Protection
Agency (1986) recommends ortho-phosphate concen-
trations in lakes and reservoirs not exceed 0.025 mg/L
for protection against aguatic nuisance algal blooms
and to control accelerated or cultural eutrophication.
Concentrations of dissolved nitrogen species generally
were less than the reporting limits, particularly in the
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near-surface samples. Silicacan be alimiting nutrient
to diatoms, because they need silicato build their frus-
tules. Concentrations of silicafrom the one set of sur-
face samples collected in this study, however, werein
the range of 2.1 to 5.8 mg/L, indicating adequate sup-
pliesof silica. Limiting concentrationsof silicafor cer-
tain diatoms are 0.5-0.8 mg/L (Reid and Wood, 1976,
p. 244), and 0.5-1.0 mg/L (Prescott, 1968, p. 338).

The total number of taxaidentified also
increased downstream in the reservoirs. Rob Roy,
29 taxa; Lake Owen, 37 taxa; Granite Springs, 41 taxa;
and Crystal Lake, 42 taxa. The green algae werethe
most diverse division, with atotal of 34 taxaidentified
in this study. Some green algae, such as Chlorédlla,
Quadrigula, and Sphaerocystis were found in all four
reservoirs (table 4). Twenty taxa of green algae, how-
ever, were found in only one reservoir. Other taxa of
algae found in al four reservoirsinclude the diatom
Fragilaria, and the cryptomonads Campylomonas
reflexa, Campylomonas rogtr atiformis, Katablepharis,
and Plagioselmis. A total of 80 taxawereidentified in
the samples from this study.

The phytoplankton communities and water
chemistry of Rob Roy and L ake Owen appear to be
somewhat similar to those of Fremont and New Fork
Lakes, two oligotrophic lakes in western Wyoming.
The dissolved solids and nutrient concentrationsin all
four water bodieswere similar to each other, except for
silica, which was lower in Fremont Lake (median con-
centration 1.4 mg/L) (Peterson and others, 1987,

p. 36-43). The average phytoplankton density was
4,840 cells/mL in Fremont Lakeand 1,710 cell¥mL in
New Fork Lakes (Peterson and others, 1987, p. 26-29);
thisrange is similar in Rob Roy and Lake Owen. Dia
toms, green algae, golden-brown algae, and blue-green
algae were common components of the phytoplankton
community at Fremont and New Fork Lakes. In con-
trast, blue-green algae were not identified in Rob Roy
or Lake Owen.

During 1983-84 and 1989, atotal of 146 species
wereidentified in samplesfrom Fremont Lake (Averett
and others, 1993). The larger number of speciesiden-
tified in Fremont Lake, compared to Rob Roy and Lake
Owen, isdue, at least in part, to two factors: (1) the
wider scope of seasons, years, and depths sampled
from Fremont Lake, and (2) the species-level identifi-
cations, as opposed to the mostly genus-level identifi-
cations from this study. Many of the same genera of
algae were identified from all three-water bodies.



Secchi disk transparenciesindicate that Rob Roy
had the clearest water of the four reservoirs studied
(fig. 4). The average transparency in each reservoir
was:

Approximate

euphotic
Secchi disk zone
transparency thickness
Reservoir (feet) (feet)
Rob Roy 104 31
Lake Owen 6.6 20
Granite Springs 8.2 25
Crystal Lake 6.1 18

The euphotic zone is the upper layer of the lake
wheresufficient sunlight penetratesfor photosynthesis.
The depth of the euphotic zone typically extended
bel ow the metalimnion when the reservoirs were strat-
ified, indicating adequate light for photosynthesis
throughout the epilimnion. For comparison, Secchi
disk readings from Fremont and New Fork Lakes
ranged from 10.5 to 49 ft (Peterson and others, 1987,
p. 18-19).

The phytoplankton countsin the MPA are lower
in Rob Roy then in Granite Springs and Crystal Lake.
Rob Roy is at an elevation of 9,470 ft. The surface of
the reservoir is frozen and snow-covered for most of
the year, thereby, restricting sunlight and phytoplank-
ton growth. Water flows from Rob Roy to Lake Owen
wherethe MPA indicated less algae. Several factors at

Lake Owen could influence it's phytoplankton counts.

Lake Owen is shallow and vegetation is abundant.
Also, Lake Owen contains some fets that may be

consuming algae. Lake Owen may be acting as aw

land with the vegetation consuming the nutrients,

thereby limiting the algal cell growth. The elevation of
Crystal Lake Reservoir is 6,969 ft, allowing even more

favorable conditions for algal growth.

Higher phytoplankton counts in the MPA are

by snow,arepossible reasons for the higher phy-
toplankton counts. Investigation of the reasons for
these differences is pend the scope of this study.

Chemical Quality

Dissolved-solids (fig. 7) concentrations were
slightly greaterwith depth within Rob Roy, Granite
Springs, and Crystal Lake Reservoirs. The pattern was
consistent in all three reservoirs although the amount of
increase was small. Silica, as dissolveg,3Bowed a
consistent pattern of increasing with depth in Rob Roy,
Granite Springs, and Crystal Lake (fig. 9), as did iron
(fig. 10) and manganese (fig. 11).

Dissolved-solids concentrations in Granite
Springs and Crystal Lake were about double those of
the upper two reservoirs, Rob Roy and Lake Owen
(fig. 24). The concentrations of individual major ions
were larger in the lower two reservoirs, but the percent-
ages of major ions were similar (fig. 8). Thus,
although the concentrations of individual dissolved
constituents were larger in the two lower reservoirs, the
major-ion concentrations occurred in about the same
proportions.

Bottom Sediment

Composite sediment samplesne collected and
analyzed from all four reservoirs (table 3). The major
constituents analyzed were present in similar concen-
trations in all four reservoirs, except for nitrogen. Rob
Roy and Lake Owen were similar with 9 and 8 mg/kg
of nitrogen, reported as total nitrite plus nitrate. Gran-
ite Springs and Crystal Lake both had nitrogen concen-
trations less than the detection limit. In all four
reservoirs, aluminum was 6.2 to 6.9 percent of the sed-
iment. Iron concentrations in samples from all four res-
ervoirs ranged from 2.2 percent to 3.6qsant.

eIB'hosphorus and titaniumene present in similar con-
centrations in all four reservoirs.

Differences irbottom-sediment samples from
the reservoirs were most apparent in the concentrations
of trace elements. When thorium, vanadium, cerium
and chromium concentrations were plotted (fig. 12),

seen in both Granite Springs and Crystal Lake. Granitéhe samples fell into two groups. Sediment concentra-
Springs is dominated by diatoms, whereas Crystal Lak&ons from Rob Roy and Lake Owen (Group |) are more
had both non-diatomaceous phytoplankton and dia- like the crustal average than either diabase or granitic
toms in the MPA. The warmer climate associated withrocks. In contrast, the concentrations from Granite
the lower elevation of these two reservoirs, and the Springs and Crystal Lake Reservoirs (Group 2) are
wind, which often keeps the ice from being covered closer to concentrations present in granitic rocks.
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Rob Roy Reservoir
M Lake Owen |

————— Granite Springs Reservoir

CONCENTRATION, IN MILLIEQUIVALENTS PER LITER

—————— Crystal Lake Reservoir

| | | |
0.001
Magnesium Calcium Sodium+Potassium Chloride Sulfate Bicarbonate

MAJOR IONS

Figure 24. Comparison of the concentration of major ions in the surface samples collected in the fall of
1997 at Rob Roy Reservoir and Lake Owen, Albany County, and Granite Springs and Crystal Lake
Reservoirs, Laramie County, Wyoming.

SUMMARY between the top and bottom samples of Rob Roy. Iron
_ _ and manganese concentrations, however, were higher in
Surface water contributes approximately 75 per- the bottom sample. Concentrations of selected trace ele-

cent of the City of Cheyenne’s drinking-water supply. ments in bottom sediment from Rob Roy resemble the
Most of that surface water is provided by four reservoirs:crustal average rock more than either diabase or granitic
Rob Roy, Lake Owen, Granite Springs, and Crystal  rocks.

Lake. Although extensive water-quality data are col- Lake Owen is the shallowest and smallest of the
lected for the treated water, limited data were availableseries of reservoirs. It showed little stratification, prob-
on the raw-water quality within the storage reservoirs. aply due to its shallow depth and large surface area to
Rob Roy Reservoir is the largest, deepest, and volume ratio. Lake Owen warmed by mid-July in 1998
highest in the series of the reservoirs. Profile measureand cooled quickly in the fall. The golden-brown algae
ments indicate that in 1998 Rob Roy was strongly stratchrysophyte dominated the phytoplankton community;
ified from mid-July into late September and by early  Uroglenopsiswas the most common species in the sam-
October was no longer stratified. The zone of warmingples. Lake Owen is the only one of the four reservoirs in
in Rob Roy extended progressively deeper into the resthis study to have extensive macrophyte growths. Inthe
ervoir from mid-July into September. Bacillariophyta fall of 1997, MPA was dominated by non-diatomaceous
(diatoms) and Chlorophyta (green algae) dominated thphytoplankton and diatoms, with a few rotifers being
phytoplankton community of Rob Roy. Twenty-nine detected. Analysis of a single water sample, collected
taxa of algae were identified from the samples, includindl foot below the reservoir surface, indicated the water
eighteen taxa of green algae. In Rob Roy, the micro- quality was similar to that of Rob Roy, with a dissolved-
scopic particulate analysis (MPA) was dominated by solids concentration of 20 mg/L and of a calcium-
non-diatomaceous phytoplankton and diatoms. The bicarbonate type. Lake Owen had the largest concentra-
water was a calcium-bicarbonate type with the lowest tion of dissolved iron of the four reservoirs. Like Rob
dissolved solids of the four reservoirs. Dissolved-solidsRoy, bottom sediment from Lake Owen resembled
and major-ion concentrations indicated little difference crustal averages.
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Granite Springs Reservoir isthe third reservoir in
the series and receives water through both Stage | and
Stage |1 pipelinesfrom Lake Owen. Profilesindicate
that Granite Springs devel oped stratification by early-to-
mid July; the reservoir was unstratified in the winter.
The 1998 temperature profilesin Granite Springs indi-
cate aseasonal progression of the water temperature in
the reservoir from a uniform profile, to linear warming,
to stratification, to auniform profile. Diatoms and blue-
green algae dominated the phytoplankton community.
Blue-green algae, principally Anabaena, dominated the
biomass of the algae in the August 1997 and July 14,
1998 samples. The two samples collected for chemical
analysis indicated that the water was a calcium-bicar-
bonate type. Dissolved-solids concentration increased
dightly with depth. Likewise, dissolved-iron and
-manganese concentrations increased with depth. The
MPA was dominated by non-diatomaceous phytoplank-
ton and diatoms. A few rotifers were detected. Trace-
element concentrations in bottom sediment in Granite
Springsresemble concentrationsfoundin granitic rocks.

Crydtal Lake Reservoir isthe last reservair in the
series. Water flows down Middle Crow Creek and
through a pipeline from Granite Springs into Crystal
Lake. Profile dataindicatethat stratification occurred
during the warmer months. Throughout the May and
June period of 1998 the reservoir warmed and stratifica-
tiondeveloped. By mid-July, thereservoir wasstratified
and surface water temperature was slightly greater than
20°C. Blue-green agae and diatom biomass dominated
the phytoplankton community. Of the 42 algal taxa
identified, only 5 taxawere blue-green algae. The MPA
was dominated by non-diatomaceous phytoplankton and
diatoms. Thethree samples collected for chemical anal-
ysisat Crystal Lake indicated the water was a calcium-
carbonate type with dissolved-solids concentrations
varying from 58 mg/L at the surfaceto 63 mg/L at the
bottom. Concentrations of dissolved iron and manga-
nese increased with depth in Crystal Lake. Selected
trace-element concentrations in bottom sediment were
morelike granitic rocksthan either diabase or the crustal
average.

A general comparison was made between the
1998 profiles measured at Rob Roy, Granite Springs,
and Crystal Lake Reservoirs. Rob Roy was always

tal Lake. The hypolimnion in Rob Roy remained
between 5to 1. By September 1998, the temperature
in the hypolimnion was greater than°C5in both Gran-

ite Springs and Crystal Lake. This difference may be a
result of the large inflow and outflow in Granite Springs
and Crystal Lake caused by water-supply withdrawals.
Granite Springs and Crystal Lake showed similar ther-
mal changes over time. Both were unstratified in May,
developed strong stratification by mid-July, and the
stratification dissipated by early fall.

The phytoplankton community changed progres-
sively downstream in the four reservoirs. The average
biomass and density of phytoplankton were smallest in
Rob Roy, and the concentrations generally were progres-
sively larger in Lake Owen, Granite Springs, and Crystal
Lake. The composition of the phytoplankton commu-
nity also changed downstream. Many of the species
found in Rob Roy and Lake Owen are associated with
oligotrophic, nutrient-poor conditions. In contrast,
many of the species found in Granite Springs and Crystal
Lake are associated with mesotrophic or eutrophic con-
ditions. The total number of taxa identified also changed
progressively downstream: Rob Roy, 29 taxa; Lake
Owen, 37 taxa; Granite Springs, 41 taxa; and Crystal
Lake, 42 taxa.

The reservoirs showed increases in concentrations
of dissolved solids in the direction of water flow
between the reservoirs. Dissolved-solids concentrations
in the two lower reservoirs, Granite Springs and Crystal
Lake, were more than twice the dissolved-solids concen-
trations in the upper two reservoirs, Rob Roy and Lake
Owen. The water type in all four reservoirs was calcium
bicarbonate. Silica, as dissolved Si@creased with
depth in all four reservoirs. Major-ion concentrations
were present in about the same prdiparin all four res-
ervoirs. Concentrations of dissolved iron and manga-
nese were elevated in the bottom samples as compared to
the surface samples in all three reservoirs (figs. 10 and
11).

Bottom sediment was examined because sediment
particles can act as sites for ion exchange between
aguatic and solid phases. Differences in the reservoir
sediment samples were most apparent when concentra-
tions of trace elements were examined. Concentrations
of selected trace elements from Rob Roy and Lake Owen

cooler, probably due to it's higher elevation. In Rob Roy,are more like the crustal average than concentrations in
the temperature in the epilimnion reached a maximum oéither diabase or granitic rocks. In contrast, the concen-
16.7C. In Granite Springs and Crystal Lake, the maxitrations from Granite Springs and Crystal Lake more

mum temperature in the epilimnion was severateesg
warmer—26.6C in Granite Springs and 22 in Crys-

closely resemble concentrations present in granitic
rocks.
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APPENDIX A—PROFILE DATA

Explanation of figure numbers. Letter indicates reservoir.

R  Rob Roy Reservoir

L LakeOwen

G Granite Springs Reservoir
C Crystal Lake Reservoir

Numerals respresent date of profile. Example:

R9-2-97 Profile measured in Rob Roy Reservoir on September 2, 1997







08

‘BuiwoApn ‘Aluno) Aueqpy ‘Jionlesey Aoy qoy
‘1661 ‘g leaqwierdeg uo sayoid Hd pue souelonpuod olloads ‘usbAxo panjossip ‘einieledwsa] "26-2-6H ainbi4

H313NILN3O
d3d SNINIISOHIIN NI 3117 43d SINVHOTTIN NI SNIST13D S334O3A NI
SLINN Hd NI ‘Hd ‘JONVLONANOD O14103dS ‘NIDAXO d3IN10ssIa ‘JUNLvH3dINTL
SL 0L g9 09 0¢€ 6¢ 82 L¢c 92 G¢ v¢ € ¢c l¢ 0O 8 L 9 ¢ vy € 2 L0 9L GL ¥l € ¢ L O 6 8 L 9

T T \ T T T T Tt T T 1 T T T T T 1 T T T T T T 1T T 1%

1334 NI 'IOV4HNS HIOAHISIH MOT13d H1d3d

1

APPENDIX A



08

S1INN Hd NI ‘Hd

S/

0L

g9

09

‘BuioApn “Aiunon Aueqly “ionlesay Aoy qoy
‘8661 ‘2L AInp uo sajoid Hd pue soueoNpPUOD oloads ‘UsBAXo paajossip ‘elnjelodwal "86-21-2Y 9inbi4

H313NILINIO
d3d SNINIISOHOIIN NI H3117 43d SWVHOTIIA NI SNIST3D S334O3A NI
‘FONVLONANOD J14103dS ‘NIDAXO d3IN10SSIa ‘IHNLVHIdNIL

Gc ¥¢ € ¢ lec 0c 6L 8L LL 9L 61 6 8 L 9 § vy € ¢ b 8LZLOLGLVLELCHLLOL 6 8 L 9 G
T 1T T 1T T T T 1 1T 1T T T 1 [ T O O B O B

08

1334 NI ‘IOV44NS HIOAY3IS3IH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

2



g8

‘BuiwoApn ‘Aiunon Aueqly Uionesay Aoy qoy
‘8661 ‘cg AIne uo sajyoid Hd pue aoueoNpPuod ovads ‘UsbAxo panjossip ‘einjeledwal *86-£2-2Y 9inbi4

d313WIIN3O
d3d SNIW3ISOHIIN NI d3117 43d SWVHOTTIA NI SNIST3D S334D3A NI
SLINN HA NI ‘Hd ‘FONVLONANOD QI4103dS ‘NIDAXO A3IA10SSIa ‘IHNLVHIdINIL

08 gL 0L 9 0¢€ 62 82 L¢c 92 G¢ v¢ €c ¢c le 0c 6 8 L 9 S ¥ € ¢ b 6L8LLLOLSLYVLELCHLLOL 6 8 L 9
[

08

1334 NI 'IOV44NS HIOAH3ISIH MOT13d H1d3a

3

APPENDIX A



08

‘BuioApn ‘“Aiunon Aueqy ‘Uionlesay Aoy qoy
‘8661 ‘G 1snBny uo sajyoid Hd pue sourNpPUOd oloads ‘UabAxo panjossip ‘einjeladwa) '86-G-8Y 9inbi4

H313NILNID
d3d SNINIISOHOIN NI d3117 43d SIWVHOTIIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘FONVLONANOD QI4103dS ‘NIDAXO d3IAN10SSIa ‘IUNLVHIdINTL
gL 0L g9 09 0€ 6¢ 82 Lc 9¢ G¢ Vv¢ € ¢c lc 0¢c L O 6 8 L 9 G v € 6L8LLL9LSGIVIEICLLILOLE 8 L 9
I I I T 1T 1T 17T T T T"7 I I I I I I I T T 1T 1T 1T 1T 1T 17T 1T 17
A I S S I ) A

08

0.

09

0S

o

0g

(4

o]

1334 NI ‘IOV44NS HIOAY3IS3IH MO39 H1d3a

WATER QUALITY OF FOUR RESERVOIRS

4



08

‘BuiwoApn ‘Aluno) Aueqpy ‘Jionlesey Aoy qoy
‘8661 ‘I | 1snBny uo sajyoid Hd pue aoueONpPUOD dl0ads ‘UsbAxo panjossip ‘einjelodwa] *86-1 L-8H ainbi4

d313NILN3D
d3d SNINIISOHIIN NI 3117 43d SINVHOTTIN NI SNIST13D S334O3A NI
SLINN Hd NI ‘Hd ‘JONVLONANOD O14103dS ‘NIDAXO d3IN10SSIa ‘JHNLYHIdNTL

S/ 0L g9 09 0€ 6c 82 L¢c 9¢ GS¢ v¢c € ¢¢c le ¢ 6 8 L 9 § ¥ € 2 b 6L8LLZLOLGLVIELCHLILOL 6 8 L 9
[

08

0L

09

0S

oy

0g

(V4

ok

1334 NI 'JOV4HNS HIOAHISIH MOT13d H1d3d

5

APPENDIX A



gL

0L g9 09

S1INN HA NI ‘Hd

H313NILNID
d3d SNINIISOHDIN NI
‘IONVLONANOD 2I4103dS

GG 0¢€ 6¢ 8¢ Lc 9¢ G¢ V¢ €¢ ¢c lc

‘BuioApp ‘Alunon Aueq)y “lonlesey Aoy qoy
‘8661 ‘61 1snBny uo sa|joid Hd pue soueloNPUOD ol0ads ‘UsbBAxXo panjossip ‘einjesadws] "86-6L-8H 2inbi4

d3117 43d SIWVHOTIIN NI
‘NIDAXO @3aA10ssIa

oc 8 L 9 ¢ v € ¢ |

SNIST3D S334O3A NI
‘IHNLVHIdINIL

0 61L8LLLOLGLVILEELCLLLOL 6

8 L 9
[ O B I

08

0.

09

0s

or

0e

02

o}

1334 NI ‘30V4HNS HIOAH3IS3IH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

6



08

S1INN Hd NI ‘Hd

A

0L

g9

‘BuioApn ‘“Aiunon Aueqy ‘uionlesay Aoy qoy

‘866 | ‘€ Jaquieldeg uo sejoid Hd pue soueoNpUOd NI0ads ‘UsBAXo paajossip ‘einjeledws] 86--6H 94nBi4

09 o€

H313NILN3O
d3d SNIWIISOHOIN NI
‘JONVLONANOD 214103dS

6c 8¢ /¢ 9¢ G¢ Vv €¢ c¢c

L

oc 8 £

H3117 43d SIWVHOTIIA NI
‘NIDAXO d3IN10ssIa

c 3 0

9

S

14

€

SNIST130 S334O3A NI
‘JHNLVHIdNTL

8LLLOLGLVLELCLLLOL 6 8 L 9
T

08

1334 NI 'IOV4HNS HIOAH3ISIH MOT13d H1d3d

7

APPENDIX A



‘BuioApn ‘Alunon Aueq)y “lonlesey Aoy qoy
‘8661 ‘0 Joquwiairdes uo sajioid Hd pue souelonpuod oloads ‘usbAxo panjossip ‘einjesadwal 86-01-6H 24nbi4

H313NILNIO
H3d SNINFISOHIIN NI H3117 Y3d SWVYHODTTIN NI SNIST3O S334HD3IA NI
SLINN HA NI ‘Hd ‘JONVLONANOD O14103dS ‘NIDAXO @3an1ossia ‘FYNLvHIdNTL

08 SL 0L 59 09 S vE €8 e Ie 05 62 82 /2926 6 8 L 9 S v & & L 6L8LLIOLGHYIEITLILONG 8L 9

T T T T T T T T T T 1 T T T T T 1 T T T T T T T T T 11
- 4 - -=H — oL
- 4 F - - =4 — 09
- 4 F - - =4 — 08
- 4 4 F =1 F — ov
- 4 - -=H — og
- 4 - -=H — 02
- 4 F - - =4 —ot
L1 L1 L1 L1,

1334 NI ‘30V4HNS HIOAH3IS3H MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

8



08

S1INN Hd NI ‘Hd

S/

0L

S9

‘BuiwoApn “Aiuno) Aueq)y ‘Jioniesay Aoy qoy
‘8661 ‘2| Jaqueldeg uo sajjoid Hd pue aoueoNpuUod ol0ads ‘UsbAxo paajossip ‘einjeledws] “86-Z1L-6Y @inbi4

H313NIIN3O
d3d SNINIISOHOIN NI H3117 43d SWVHOTIIN NI SNIST3O S334HD3A NI
‘FONVLONANOD OI4103dS ‘NIDAXO @3aniossia ‘IHNLVHIdINTL

09 G& v€ €6 ¢€ 1€ 0€ 6 8 Lc 9¢ S¢ 6 8 L 9 G vy € ¢ L 6L8LLZLOLGLVLELCLELOL 6 8 L 9
[

08

1334 NI ‘IOV4HNS HIOAHIS3IH MO139 H1d3a

9

APPENDIX A



‘BuioApn ‘Alunon Aueq)y “lonlesey Aoy qoy
‘8661 ‘22 Jaquiaides uo sa|ioid Hd pue souelonpuod oloads ‘UsBAxo panjossip ‘einjesadwa] "86-22-64 24nbi4

H313WILNID
d3d SNINIISOHDIN NI H3117 43d SIWVYHOTIIA NI SNIST3O S334HD3A NI
SLINN Hd NI ‘Hd ‘IONVLONANOD 2I4103dS ‘NIDAXO @3aA1ossia ‘IHNLVHIdINTL

08 S2 02 59 09 08 62 8 /g 9 ST ¥ €2 T I 02 8 L 9 S v € & L O 618L2191SLYLELTLILOIG 8 L O

, , , T T T T T T T 1 T T T T T 1 I B B B B R
- 4 F 4 F 4 F oz
- 4+ 4 + 4 F 09
- 4+ 4 + 4 F — og
- 4 F 4 F 4 F —{or
- 4 F 4 F 4 F —og
- 4 F 4 F 4 F —{ oz
- 4+ 4 + 4 F —ot
L L 4 L0 1 ,m L1111,

1334 NI ‘30V4HNS HIOAH3IS3H MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

10



‘BuioApn “Aiunon Aueq)y “ionlessy Aoy qoy
‘8661 ‘g 1800100 Uo sa|ijoid Hd pue aouejoNpPuUO? ol0ads ‘UabAxo panjossip ‘einjesadwa]l *86-8-01LY @4nbi4

H313NILN3D
d3d SNINIISOHIIN NI H31IT 43ad SINWVHOTTIIN NI SNIST30 S334D3A NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO A3A10SSsIa ‘IYNLvHIdINTL
08 S 0L 59 09 6 ¥e EC T8 I 05 62 82 L2 9 S 8 L 9 S v € T L O 6L8L/IOlSLylelcillone 8 L9
, , , T T T T T T T 1 T T T T T ] I s s B B B
- 4 =1 F =1 F — oL
- 4 F =4 F =4 F — 09

11

APPENDIX A

1334 NI 'JOV4HNS HIOAHISIH MOT13d H1d3d



S1INN Hd NI ‘Hd

08 SL 0L

H313WILNIO
d3d SNINWIISOHOIN NI
‘JONV.LONANOD 214103dS

¥€ €€ ¢€ € 0€ 62 82 Lc 9¢

43117 43d SIWVHOTTIN NI

‘NIDAXO d3IN10SSIa
s’ 8 L 9 S v € ¢

‘BuiwoApp ‘Aluno) Aueqy ‘uemQ e
‘7661 ‘g Joqueldas uo sajiyoid Hd pue ‘@oueonpuod oyads ‘usbAxo panjossip ‘einfesadwal *26-g-61 @4nbi4

SNIST3D S334O3A NI

‘JHNLYHIdNIL

6L 8L ZIL 9L SI ¥I €1 ¢t

1334 NI ‘IOV44NS HIOAY3IS3IH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

12



‘BuiwoApp ‘Alunon Aueq)y ‘uemQ axeT
‘1661 ‘9l Jaqueldeg uo sa|ijoid Hd pue ‘@oueonpuod oloads ‘UusbAxo panjossip ‘einjesedwsa] *26-91-67 ainbi4

13

S1INN Hd NI ‘Hd

08 S/ 0L

H313NILN3IO
d3d SNINIISOHIIN NI
‘FONVLONANOD OI4103dS

¥e €€ ¢€ 1€ 0€ 6¢ 8¢ ¢ 9¢

H3117 43d SWVYHOTIIN NI

‘NIDAXO d3IN10ssIa
9 ¢ vy € ¢

SNIST130 S334O3A NI

‘JHNLVHIdNTL

6L 8L LI 9L SI vI €L ¢l

1334 NI 'FOV4HNS HIOAHISIH MO39 H1d3d

APPENDIX A



S1INN Hd NI ‘Hd

08 G'L 0L

d313NILNIO
d3d SNINIISOHOIN NI
‘JONVLONANOD QI4103dS

69 89 /9 99 99 ¥9 €9 29 19

d3117 43d SINVHOTIIA NI

‘NIDAXO d3IN10SSIa
09 6 8 L 9 S v ¢

‘BuiwoApp ‘Alunon Aueqpy ‘usmQ axeT
‘8661 ‘21 AInp uo sajyoid Hd pue ‘@oueionpuod opoads ‘usbAxo panjossip ‘einjeladws] ‘86-LL-21 @4nbi4

SNIST3D S334O3A NI

‘IYNLVHIdINTL

6L 8L LI 9L SI vI €L ¢l

ok

1334 NI ‘IOV44NS HIOAY3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

14



'8

S1INN Hd NI ‘Hd

08 G'L 0L

65 85 /S 95 GG VS €5 ¢S IS

H313WILNID
d3d SNIN3IISOHOIIN NI
‘IONV.LONANOD 214103dS

‘BuioApy ‘Aiunon Aueqly ‘uemQ axe

H3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

s 8 L 9 ¢ vy € ¢ 3 0 Oc

6L 8L LI 9L SI vI €1 ¢l

‘IHNLYHIdNIL

SNIST13D S334O3A NI

‘8661 ‘ez AInr uo sejyoid Hd pue ‘eoue1ENPUOD J10ads ‘UsBAX0 paAjossIp ‘alnjeiadws] ‘g6-g2-27 8anbi4

L 0L

ol

1334 NI 'JOV44HNS HIOAH3ISIH MO39 H1d3d

15

APPENDIX A



‘BuiwoApp ‘Alunon Aueq)y ‘uemQ axeT
‘8661 ‘G 1snbBny uo sajyoid Hd pue ‘@ouelonpuod oyoads ‘uabAxo panjossip ‘einjeiadwa)] "g86-G-81 a.nbi4

"313NILN3D
d3d SNINIISOHIIN NI H3117 °43d SWVYHOTIIN NI SNIST30 S334D3A NI
SLINN Hd NI ‘Hd ‘JONVLONANOD O14103dS ‘NIDAXO d3IN10ssIa ‘JUNLVH3dINTL

—T ) 7 T [T

- 4 + 4 + -6

- 1 - 4 F -8

- 1 = 4 F -2

- 1 4 F Sk

- 1 4 F s

- 1 4 F v

- 1 4 F e

- 4 F 4 F -z

- 1 - 4 F -t

I T T N B B [ O O Y R I B

1334 NI 'FOV44HNS HIOAHISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

16



08

G/ 0. g9

S1INN HA NI ‘Hd

‘BuiwoAp ‘Alunon Aueqpy ‘uemQ axeT
‘8661 ‘LI 1snbny uo sajyoid Hd pue ‘e@ouelonpuod oyoads ‘uabAxo panjossip ‘einjesadwal g6~ L-81 94nbi4

H313NILN3O
d3d SNIW3ISOHIIN NI 43117 43d SIWVHOTTIN NI SNIST13D S334O3A NI
‘FONVLONANOD QI4103dS ‘NIDAXO d3IA10SSIa ‘JHNLYHIdNTL

09 G5 €5 IS 6V v G € ¥ 6€ L& G€ S vI €F ¢ L Ob 6 8 L 0C 6L 8L ZL 9L SGL ¥I €L 2L LI O}

ol

1334 NI 'IOV44NS HIOAH3IS3IH MOT13d H1d3d

17

APPENDIX A



S1INN HA NI ‘Hd

08 gL 0L

H313NIIN3O
d3d SNINIISOHOIN NI
‘FONVLONANOD O14103dS

¥G €5 ¢S 1S 0S 6V 87 ¥ 9F

H3117 Y3d SWVHOTIIN NI
‘NIDAXO @3aA1ossia

S 6 8 L 9 S v €

‘BuioApy ‘Aiuno) Aueqly ‘uemQ axe

‘8661 ‘61 1snbny uo sajyoid Hd pue ‘@ouelonpuod oioads ‘uabAxo panjossip ‘einieladwal *86-61-87 @4nbi4

SNIST30 S334O3A NI
‘IHNLVHIdINTL

L 0c 6L 8L ZL 9L SGL vI €L 2k L O}

ol

1334 NI 'IOV4HNS HIOAHIS3IH MO139 HLd3a

WATER QUALITY OF FOUR RESERVOIRS

18



‘BuioApy ‘Aiuno) Aueqly ‘uemQ axe
‘8661 ‘€ Jaqueldas uo sajyoid Hd pue ‘@oueionpuod ooads ‘uabAxo panjossip ‘einjesadwal "86-€-61 24nbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
06 g'8 08 S/ 0L Sv v €v 2 ¥ OF 6€ 8¢ L& 9€ ¢€ O 6 8 L 9 G ¥ € ¢ 02 6F 8L ZL 9L SIL vI € 2t LI O}

I I I I L L L I I I I I I I I I L T L I ot

19

APPENDIX A

1334 NI ‘'IOV44NS HIOAH3IS3IH MOT13d H1d3d



06

S1INN Hd NI ‘Hd
g8 08 WA

‘BuioApp ‘Alunon Aueqpy ‘usmQ axe

‘8661 ‘0 Jaqueldag uo sa|joid Hd pue ‘@oueonpuod oioads ‘usbAxo panjossip ‘einjesadwal *86-01-61 a4nbid

0L 8¢

d313WILIN3O
d3d SNINIISOHIIN NI
‘FONVLONANOD QI4103dS

/& 9€ S€ ¥E€ €€ <¢€ g 0€ 6¢

d3117 43d SIWVHOTIIN NI

8

‘NIDAXO d3IN10SSIa
L 9 S 14 €

4

02

SNIST30 S334O3A NI

‘IUNLVHIdINTL
61 8L ZL 9L Sk ¥l €F

cl

LL Ol

ol

1334 NI ‘IOV44NS HIOAYISIH MO39 H1d3a

WATER QUALITY OF FOUR RESERVOIRS

20



'8

08 G'L 0L

S1INN Hd NI ‘Hd

‘BuioApy ‘Aiunon Aueqly ‘uemQ axe
‘8661 ‘/| Jaqueldag uo sajyoid Hd pue ‘@oueionpuod ooads ‘uabAxo pajossip ‘einjeledwal "86-L1-61 2inbi4

H313WILNID
d3d SNIN3IISOHOIIN NI H3117 43d SIWVHOTTIA NI SNIST13D S334O3A NI
‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘IHNLYHIdNIL

S9 SV v €y 2V ¥ OV 6€ 8¢ L& 9€ ¢¢ O 6 8 L 9 § ¢ € ¢ 02 6L 8L ZL 9L SIL #I €L ¢k L O}

T T T T T T T ] T T T T T ] T T 1T T T T 1 T ]9

1334 NI ‘'3OV44NS HIOAH3IS3IH MOT13d H1d3d

21

APPENDIX A



S8

08 S/ 0L

S1INN Hd NI ‘Hd

§9 &b

vy €V ¢v

H313WILN3O
d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

v OF 6€ 8¢ LE 9€

‘BuiwoApy ‘Aiunon Aueqly ‘uemQ axe
‘8661 ‘gg Jaquiaidag uo sajioid Hd pue ‘@oueonpuod oloads ‘usbAxo panjossip ‘einjeladwsl "86-g2-61 24nbi4

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

g€ 8 L 9 ¢ vy € ¢ 3 0 0Oc

61l 8L ZL 9L SI vI €1 ¢t

‘FHNLVHIdNTL

SNIST3O S334O3A NI

kL Ol

ol

1334 NI 'FOV4HNS HIOAHISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

22



‘BuioApp ‘Alunon Aueqly ‘uemQ axe
‘866 ‘g 1800100 UO sa|ijoid Hd pue ‘eouelonpuod oivads ‘UsbAxo panjossip ‘einjesadwsl 86-8-017 94nbi4

H313WIINIO
d3d SNINIISOHOIN NI d31117 43d SAWVYHOTIIA NI SNIST3D S334O3A NI
SLINN Hd NI ‘Hd ‘FONVLONANOD OI4103dS ‘NIDAXO A3IA10SSIa ‘IHNLVHIdINIL

g8 08 GL 0L S9 S ¥¥ €y 2 ¥ OV 6€ 8¢ LE 9€ g€ LI OF 6 8 L 9 ¢ ¥ € 0 6 8 L 9 6 ¥ € 2 | 0
I I I I L T T T I I I I I I I I I T T T (L

23

APPENDIX A

1334 NI 'IOV4HNS HIOAHISIH MOT13d H1d3d



S1INN Hd NI ‘Hd

0L

H313WILN3O
d3d SNIW3ISOHIIN NI
‘IONVLONANOD O14I03dS

G'9 €0LcOk 0L 00l 66 86 L6 96 S6 6

d3117 43d SIWVHOTTIA NI
‘NIDAXO A3IA10SSIa

SNIST13D S334O3A NI
‘JHNLYHIdNTL

¥¢ €2 ¢¢ e 0c 61 8L LI 91 GI

‘Buiwohpp “Aluno) siwele dionlesay sbuudg slueln
‘1661 ‘82 1snbny uo so|iyoid Hd pue aoueNpUOd JiIvads ‘uabAxo panjossip ‘@injesadwa] *26-82-89 ainbi4

-/

!

09

0S8

o

0g

0c

ol

1334 NI ‘IOV44NS HIOAY3IS3IH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

24



‘Buiwohpp “Aluno) siwese Yioniasay sbuudg ajueln
‘8661 ‘G Ateniga4 uo sa|iyoid Hd pue aoueonpuod olvads ‘UsbAxo panjossip ‘einjeiadws] “86-G-gH ainbi4

H313WILINIO
d3d SNINW3ISOHOIN NI
‘IONV.LONANOD 214103dS

141 Sel Scl Shl

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

goL GL ¥L € 2 L oL 6 8 L Ol

SNIST3D S334O3A NI
‘JHNLYHIdNIL

6 8 L 9 ¢ ¥ € ¢ | 0

S1INN Hd NI ‘Hd

'8 08 S'L 0L §9 &SI

25

APPENDIX A

09

0s

o

0g

0¢

ok

1334 NI ‘'IOV44NS HIOAHISIH MOT13d H1d3d



S8

‘Buiwoipn “Aluno) siwele dlonlesay sbuudg ejueln)
‘8661 ‘¢l Ae\ uo sajijoid Hd pue aouejonpuod oiy0ads ‘uabAxo panjossip ‘einjeladwsa] *86-gL-SH anbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa ‘FHNLVHIdNTL
08 A 0L S9 O0LL60} 80} 2090} GOk YO} €OLCOLLOLOOL O 6 8 L 9 S ¥ € ¢ GF vL €L 2k kL OL 6 8 L 9 §

09

0§

4

0g

(V4

ok

1334 NI 'IOV4HNS HIOAH3ISIH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

26



‘Buiwohpp “Aluno) siwese Yioniasay sbuudg ajueln
‘8661 ‘22 Aey uo sajyoid Hd pue aoueonpuod oioads ‘uabAxo panjossip ‘einjeledwsa] *86-2g-GH ainbi4

H313WILINIO
d3d SNINW3ISOHOIN NI
‘IONV.LONANOD 214103dS

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

SNIST3D S334O3A NI

S1INN Hd NI ‘Hd ‘JYN.LVHIdNTL

27

APPENDIX A

'8

08

gL

0L

S9 LLLQLLGLLYLLELLCLLLLLOLLBOL8OL LOL

ol

6

8

A

9

S

14

€

4

Sk vL €L 2L LLOL6 8 L 9 ¢

09

0s

o

0g

0¢

ok

1334 NI ‘'IOV44NS HIOAHISIH MOT13d H1d3d



‘Buiwohpn “Aluno) siwele dionlesay sbuudg slueln
‘8661 ‘g aunp uo so|iyoid Hd pue aoueONPUOd JI1vads ‘UabAxo panjossip ‘@injeladwa] "86-g-9%v) ainbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa ‘FHNLVHIdNTL
S8 08 A 0L S9 0LL60}80}20F90LGOk YO} EOLCOLIOLOOL 6 8 L 9 S v+ € ¢ b SGE VL €L ek LLOL 6 8 L 9 §

09

0§

o

0g

(V4

ok

1334 NI 'IOV44NS HIOAY3ISIH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

28



‘Buiwohpp “Aluno) siwele dioniasay sbuudg sjueln
‘8661 ‘91 aunr uo sajjoid Hd pue 8oueloNpPuUod oNvads ‘UsbAxo paajossip ‘einjeladwal 86-91-9Y) ainbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
'8 08 S'L 0L S9 vcleclccllich 0cL6LE8LLLLLOLLSGHIVEL 6 8 L 9 § v € ¢ b SE vlL €L 2k LLOL 6 8 L 9 §

29

APPENDIX A

1334 NI ‘3OV44NS HIOAY3IS3IH MO39 H1d3d



‘Buiwohpn “Aluno) siwele dionlesay sbuudg slueln
‘8661 ‘v AInr uo sajjoid Hd pue 8oueNpuod oivads ‘usbAxo panjossip ‘einjesadwal 86~ 1-29 ainbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI SNIST3O S334O3A NI
‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa ‘FHNLVHIdNTL

S9 Gelveleclteechich 02k6LL8LLLLLOLLSEHE 6 8 L 9 S v € ¢ L le 0C 61 8L LI 91 SI ¥I €L 2SI LI

S1INN Hd NI ‘Hd
g8 08 gL 0L

uonouNjew 2qoid

09

0§

o

0g

(V4

ok

1334 NI 'IOV44NS HIOAY3ISIH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

30



‘BuioApp “Aluno) siwere “ionlesay sbuudg slueln
‘8661 ‘L¢ AIne uo sajoid Hd pue aoueoNpPUOd ooads ‘UsbAxo panjossip ‘einjeledws] "86-12-2D ainbi4

H313WILINIO
d3d SNINW3ISOHOIN NI
‘IONV.LONANOD 214103dS

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

SNIST3D S334O3A NI
‘JHNLYHIdNIL

S1INN Hd NI ‘Hd

31

APPENDIX A

'8

08

gL

0L

LEL0EL 62k 82t Lcl 9¢lt Sel vel €2l ¢l et

8

A

9

S

14

€

4

le 0c 6F 8F LI 91 SI vI €L 2l

09

0s

o

0g

(V4

ok

1334 NI ‘3OV44NS HIOAY3IS3IH MO39 H1d3d



S8

HILIWILNID
H3d SNIWIISOHDIN NI
S1INN Hd NI ‘Hd ‘JONVLONANOD D14103dS

08 A 0L S9 GEILVYEL EELCEL LELOEL6C) 82 L2k 92t SCk 8

L

S

14

€

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

9 4

SNIST3O S334O3A NI
‘FHNLVHIdNTL

€2 ¢¢ e 0c 61 8L LI 9l S vI

‘Buiwohpn “Aluno) siwele dionlesay sbuudg slueln
‘8661 ‘¥ 1snbny uo sajjoud Hd pue 8ouePNPUOod dNvads ‘uabAxo panjossip ‘einjeladwal *86-H-89 ainbi4

09

0s

ov

0g

(V4

ol

1334 NI ‘'FOV4HNS HIOAHISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

32



‘Buiwohpp “Aluno) siwele dioniasay sbuudg sjueln
‘8661 ‘01 1snbny uo sajiyoid Hd pue aoueONpuod JIvads ‘uabAxo panjossip ‘einjeladwa] 86-01-85 a4nbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
'8 08 S'L 0L S9 Ovi8el 9Elvel cel0elL 82l 9glveleeclock 8 L 9 G ¥ € 2 b0 0c 6L 8L ZL 9L SI ¥I €L 2k LI O}

33

APPENDIX A

09

0§

o

0g

(V4

ok

1334 NI ‘3OV44NS HIOAY3IS3IH MO39 H1d3d



HILIWILNID
H3d SNIWIISOHDIN NI
S1INN Hd NI ‘Hd ‘JONVLONANOD D14103dS
08 gL 0L 69 9¢cl Gelvel ecLeel el 0gl 62l 82t L2k 9gL

‘Buiwohpn “Aluno) siwele dionlesay sbuudg slueln
‘8661 ‘81 1snbny uo so|iyoid Hd pue aoueONpuUod JIvads ‘uabAxo panjossip ‘@injesadwa] *86-81-8o ainbi4

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

SNIST3O S334O3A NI
‘FHNLVHIdNTL

6L 8L ZL 9L SI vI €1 ¢t

09

0§

o

0g

(V4

ok

1334 NI 'IOV44NS HIOAY3ISIH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

34



'8

S1INN Hd NI ‘Hd

08

G/

0L

H313WILNID

d3d SNIN3IISOHOIIN NI
‘IONV.LONANOD 214103dS

S'9 cvlLOovl 8EL9EL YELCELOEL 821 92l vel 2gl

8

H3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

A

9

S

‘Buiwohpp “Aluno) siwele dioniasay sbuudg sjueln
‘8661 ‘| Joqualdas uo sa|iyoid Hd pue aoueNpuod dlvads ‘UsbAxo paajossip ‘@injeiadwal "86-L-69 ainbi4

14

€

4

(V4

SNIST13D S334O3A NI
‘IHNLYHIdNIL

6L 8L ZL 91 SL ¥I €1 ¢l

L 0L

09

0s

o

0g

0¢

oL

1334 NI '3OV44NS HIOAY3IS3IH MO39 H1d3d

35

APPENDIX A



‘Buiwohpp “Aluno) siwele dioniasay sbuudg snueln
‘8661 ‘6 Joqualdas uo sa|iyoid Hd pue aoueNpuUOod dlvads ‘UsbAxo paajossip ‘einjeiadwal *86-6-69 ainbi4

H313WILNID
d3d SNINIISOHOIN NI
‘IONV.LONANOD 214103dS

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

SNIST3D S334O3A NI

S1INN Hd NI ‘Hd ‘JUNLVHIdNTL

'8

08

G/

0L

S9 SLLYLLELLSLLLLLOLLGOL 80L 0L 90L SOt

6

8

A

9

S

14

€

4

¥e €2 <2

le 0c 61 81 LI 9 GI

09

0s

o

0g

(V4

ol

1334 NI ‘IOV44NS HIOAY3IS3IH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

36



‘Buiwohpn “Aluno) siwele dioniasay sbuudg snueln
‘8661 ‘Gl Jeqweidesg uo sa|joid Hd pue aoueonpuod oiads ‘uabAxo panjossip ‘@lnjeladwal ‘86-GL-69 a4nbi4

H313NILNIO
d3d SNINIISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
08 S'L 0L S9 GLLvLLELLCHE L OLL60L8O0L LOF90LSOL 6 8 L 9 § ¥y € 2 Ll g2 v¢ € cc l¢c 0c 61 8L LI 9 GI

37

APPENDIX A

09

0s

(4

0g

(V4

ok

1334 NI ‘3OV44NS HIOAH3IS3IH MO39 H1d3d



‘Buiwoipn “Aluno) siwele dionlesay sbuldg sluelr)
‘8661 ‘1 Joqueldeg uo sajijoid Hd pue aouelonpuod ovads ‘usbAxo panjossip ‘einjeladwal *86-12-65 ainbi4

H313WILN3O
d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

3117 43d SIWVHOTTIN NI
‘NIDAXO d3IA10SSIa

SNIST3O S334O3A NI

S1INN Hd NI ‘Hd ‘JHNLVYHIdNTL

S8

08

S/

0L

S9 GELYEL EELCEL LEL OEL 621 82 L2k 921 Set

A

9

S

14

€

4

4

¥e € ¢¢ ¢ 0c 61 8L LI 91 Gl

09

0§

o

0g

(V4

ok

1334 NI 'IOV44NS HIOAY3IS3IH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

38



'8

S1INN Hd NI ‘Hd
0’8 WA 0L

‘Buiwohpp “Aluno) siwele dioniasay sbuudg sjueln

‘8661 ‘/ 1990100 uo saiyoid Hd pue aoueonpuod oyoads ‘UsbAxo panjossip ‘elnjeiadwal "86-2-01H ainbi4

S§'9 0¢€l6cl 82l L2l 9cl Selvel €l gglh el 0gh

H313WILINIO
d3d SNINW3ISOHOIN NI
‘IONV.LONANOD 214103dS

6

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

S ¥ € 2 3

8

A

9

SNIST3D S334O3A NI
‘JHNLYHIdNIL

Sk vL €L 2L LLOL6 8 L 9 ¢

09

0s

o

0g

(V4

ok

1334 NI ‘3OV44NS HIOAY3IS3IH MO39 H1d3d

39

APPENDIX A



‘BuioApp ‘Alunon siwese gioniesay axeT [eisAin
‘1661 ‘v Jaquwiardag uo sajyoid Hd pue aoueonpuod oyoads ‘uabAxo panjossip ‘einjesadwa)l *L6-t-60 9inbi4

H313NILN3D
d3d SNINIISOHOIN NI H3117 43d SIWVHOTTIN NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘FONVLONANOD OI4I03dS ‘NIDAXO d3IA10SSIa ‘JdNLvYHIdNTL
08 52 02 SO GhLvhLELLZHLLLLOMLBOLBOLZOLO0KSOL 8 2 9 S v € g L O G2 vZ €8 g bZ 02 6k 8k Lk 9b Si

, , , T T T T T T T 1 T T T T T 1 N s B s s
4 F 4 F 4 + — os
4 F 4 F 4 + oy
4 F 4 F 4 + —oe
4 F N 4 F 4 + — oz
4 F 4 F 4 + ot
[ T O L | L Lty

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

40



'8

‘BuioApp ‘Alunon eiwese Yloniesay axeT [eisAin
‘8661 ‘e Arenuge4 uo sajyoid Hd pue 8oueoNpuod oyoads ‘usabAxo panjossip ‘einjeladwsa)] “86-g-gD 9inbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
08 S'L 0L S9 velLeclechlchoch 6LL8LLLZLLEQLEGELYEE G ¥1 €L 2 kL O 6 8 L O 6 8 L 9 § ¥ € ¢ L 0

T T T T T T T T T T ] T T T T T T T T T T T T T 1%

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d

41

APPENDIX A



S8

S1INN Hd NI ‘Hd
08 gL 0L

G'9 2CLICLOCHBLLBLLLLLOLEGLLYLLELLELHL

H313WILN3O
d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

ok

‘BuiwoApp ‘Alunon siwese gioniesay axeT [eishin
‘8661 ‘2l Aey uo sajyoid Hd pue ‘eouelonpuod oyoads ‘uabAxo panjossip ‘einjeiadwsal *86-2L-SD ainbi4

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

6 8 L 9 § 4

€

c

SNIST3O S334O3A NI
‘FHNLVHIdNTL

lLOL 6 8 L 9 ¢ ¥ € ¢ |

T 1T 1T T T T 1
uonounjew aqoid

09

0S

ov

0g

(V4

ok

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

42



‘BuioApp ‘Alunon eiwese Yloniesay axeT [eishin
‘8661 ‘22 Ae uo sapyoid Hd pue souelonpuod oyoads ‘uabAxo panjossip ‘einjelsadwa] 86-22-GD ainbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST3D S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘JHNLYHIdNIL

g8 08 G.Z 0L 99 09 99 0S ocleécl8cllgcloct selvelegtecticloel O 6 8 L 9 & v € ¢ GL vL € gk L O 6 8 L 9 §
09
I I I I I I T 1T T T T T T I I I I I I I T 1T 1T T T T T T

43

APPENDIX A

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d



‘BuiwoApp ‘Alunon siwese gioniesay axeT [eishin
‘8661 ‘g aunp uo sa|iyoid Hd pue ‘@ouejonpuod oioads ‘uabAxo panjossip ‘ainjesadwal 86-g-99 ainbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa ‘FHNLVHIdNTL
S8 08 A 0L S9 01160+80} 20} 90} GOk ¥OL €O 2Ok LOLOOL OL 6 8 L 9 § vy € ¢ 9L G vl el gk LLOoL 6 8 L 9

I I I T 1T T T T T T I I I I I I I T 1T 1T T T T T T 09

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

44



‘Buiwolpp “Aluno) siwese Ydioniasay sbuudg sjuelsn
‘8661 ‘0l aunr uo sajoid Hd pue 8oueloNpPuo? oNoads ‘UsbAxo paajossip ‘einjeradwal *86-01-99 ainbi4

45

H313WILINIO

H3d SNIWIISOHDIN NI
S1INN Hd NI ‘Hd ‘JONVLONANOD 214103dS

08 S'L 0L S9 O0CL6HEBLLZLEOQLLGEEVELELLCEE LLLOLL

d3117 43d SIWVHOTTIA NI
‘NIDAXO d3IN10SSIa

SNIST3D S334O3A NI
‘JHNLYHIdNIL

Sk vL €L 2L LLOL6 8 L 9 ¢

09

0§

o

0g

(V4

ol

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d

APPENDIX A



S8

‘BuioApp ‘Alunon siwese gioniesay axeT [eisAin
‘8661 ‘91 aunp uo sajyoid Hd pue 8oueNPUOd o0ads ‘UsbAxo panjossip ‘einjeladws] "86-91-9) aiInbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa

08 A 0L G9 Gelvelecleeh ke 0ck6LL8LLELLLEQLLGLE OF 6 8 L 9  § vy € ¢

SNIST3O S334O3A NI
‘FHNLVHIdNTL

Gk vL €L ¢t LLOL 6 8 L 9 ¢

09

0S

ov

0g

(V4

ok

1334 NI 'JOV44NS HIOAHIS3IH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

46



'8

‘BuioApp ‘Aluno) eiwese Ylonlesay axeT [eisAin
‘8661 ‘cg aunp uo sajyoid Hd pue aoueNPUOD o0ads ‘UsbAxo panjossip ‘einjeladws] "86-£2-90 aInbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa

08 S'L 0L S9 Gelveleglech Ichock 6L 8LLLLLOLLGLE O 6 8 L 9 & ¥ € ¢ 0¢

SNIST3D S334O3A NI
‘JHNLYHIdNIL

6L 8L ZIL 9 SI ¥I €L gl

kL Ol

09

0§

o

0g

(V4

ol

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d

47

APPENDIX A



‘BuioApp ‘Alunon siwese gioniesay axeT [eisAin
‘8661 ‘v AIne uo sajyoid Hd pue aoueONPUOD Jlvads ‘UabAxo paajossip ‘einjesadwal *86-f1-2D @inbi4

H313WILN3O

d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

0L 0c€t6Cl 82k L2l 9zl Sel el echect tel 02k

S1INN Hd NI ‘Hd

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

¥ € 2 3

SNIST3O S334O3A NI
‘FHNLVHIdNTL

lc 0c 61 8L ZIL 91 GIL vI €L ¢l

uonpuUNj[eWw 2qoid

09

0S

ov

0g

(V4

ok

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

48



‘BuioApp ‘Aluno) eiwese Ylonlesay axeT [eisAin
‘8661 ‘I AIne uo sajyoid Hd pue aoueoNpPuUOd oloads ‘UabAxo panjossip ‘einjesadwal "86-1g-LD @4nbi4

H313INILINIO
d3d SNIWIISOHIIN NI 43117 H3d SWVYHOTTIN NI SNIST30 S33HOIA NI
SLINN Hd NI ‘Hd ‘JONVLONANOD OI4103dS ‘NIDAXO d3IN10SSIa ‘IHNLYHIdNAL
06 S8 08 GL 0L SELYELEELZELIELOEL6ZL82LLZL92ZLGEL Lk O 6 8 L 9 S v € T €2 22 k2 02 6L 8k Lk 91 Sk vl €L
, , , , T T T T T T T 1 T T T T T 11 N R B B B B B
=4 4 4 - 08
=4 F +4 =4 —ov
4 F 4 F 4 F —oe
4 F 4 F 4 F — oz
4 F 4 F 4 F —ot
[ [ I [ I S N N A N

49

APPENDIX A

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d



‘BuioApp ‘Alunon siwese gioniesay axeT [eisAin
‘8661 ‘v 1snBny uo sajjoid Hd pue 8oueONPUOD JIDads ‘UabAxo panjossip ‘einjeladwal *86-t-80 @4nbi4

H313WILN3O
d3d SNIW3ISOHIIN NI 3117 43d SIWVHOTTIA NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘JONV.LONANOD 214103dS ‘NIDAXO d3IA10SSIa ‘FHNLVHIdNTL
g8 08 SL 0L 0S8Vl 9vL vyl eyl OV 8EL 9EL VELCEL 0EL 8 L 9 S 4 € c 3 0 O0c 6} 8F ZIL 9L SI ¥#L €L CI L OF

I I I T 1T T T T T T I I I I I I I T 1T 1T T T T T T 09

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

50



‘BuioApp ‘Aluno) eiwese Ylonlesay axeT [eisAin
‘8661 ‘0l 1snbny uo ssjyoid Hd pue asueonpuod oyoads ‘uabAxo panjossip ‘einjeladwsal "86-01-8D 3inbi4

H313NILN3D
d3d SNIINIISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL

06 S8 08 GL 0L 8ELIELOELSELVELEELEEL LELOELGELBZL 6 8 L 9 S v € g L O G2 vZ € 2 bZ 02 6} 8L Lk 9} Si
, , , , T T T T T T T 1 T T T T T T 1 T T T T T T T T 1%
4 F 4 F 1+ 0s
4 F 4 F - —or
4 F 4 F - — oe
4 F 4 F - — oz
4 F 4 F - ot

I I S I N I I I Y B [ 0

51

APPENDIX A

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d



06

H313WILN3O

d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

0L 8EL/EL9ELSEL YELEELCEL LELOEL 62 82)

S1INN Hd NI ‘Hd
g8 08 Sl

A

9

14

€

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

S 4

SNIST3O S334O3A NI
‘FHNLVHIdNTL

¥e € ¢¢ e 0c 61 8L LI 91 Gl

‘BuiwoApn “Aluno) siwele] Uloniesay axe [eishiD
‘8661 ‘81 1snbny uo sojiyoid Hd pue aoueONpUOd dI1vads ‘UabAxo panjossip ‘ainjesadwa] '86-81-80 9inbi4

09

0S

ov

0g

(V4

ok

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

52



‘BuioApn ‘Aiunon siwere Yionlesay axe [eishin
‘8661 ‘| Jaqwaidag uo saiyoid Hd pue aouelonpuod oyoads ‘usbAxo panjossip ‘ainieiadwsal 86-1-60 ainbi4

53

H313WILNIO

d3d SNIN3ISOYOIN NI
‘IONVLONANOD 214103dS

0L ovieel 8ElLEL 9EL SEL VEL €ELCEL LEL 0L

S1INN Hd NI ‘Hd
G'6 06 g8 0’8 WA

8

A

9

S

€

H3117 43d SIWVHOTTIA NI
‘NIDAXO @3an1ossia

14 4

I

SNIST3D S334O3A NI
‘IHNLVHIdINIL

6L 8L ZIL 9L SI ¥L €L 2F LI O}

09

0S8

ov

0g

0c

ol

1334 NI '30V44NS HIOAHIS3IH MO39 H1d3d

APPENDIX A



‘BuioApp ‘Alunon siwese dioniesay axeT [eishin
‘866 ‘6 Joquaidag uo sa|iyoid Hd pue aouelonNpuod oads ‘UabAxo panjossip ‘einjeiadwal 86-6-60 3inbid

H313NILN3D
d3d SNINIISOHOIN NI H3117 43d SWVHOTIIN NI SNIST3O S334O3A NI
SLINN Hd NI ‘Hd ‘IONVLONANOD OI4I03dS ‘NIDAXO Ad3IA10SSIa ‘FYNLVHIdNTL
00L S6 06 S8 08 SZ 0L 0Zk8hLOLLPLLZLLOLLBOL90LYOLEOL00L OF 6 8 L 9 S v € g + 0 02 6+ 8k ZL 9k Sk vk €k 2k b OF

, , , , , T T T T T T T 1 T T T T T T T 1 N s s R e

- 4 F 4 F 4+ — os
- 4 F 4 F 4+ oy
- 4 F 4 F 4+ — oe
- 4 F 4 F 4+ — oz
- 4 F 4 F 4+ ot
Loty Ly

1334 NI 'JOV4HNS HIOAHISIH MOT13d H1d3d

WATER QUALITY OF FOUR RESERVOIRS

54



‘BuioApn ‘Alunod eiwese Yloniesay axeT [eisAiD
‘8661 ‘G| Jaqueldag uo sajijoid Hd pue aoueoNpuod olvads ‘UuabAxo panjossip ‘einjeladwsl "86-S1L-6D @Inbi4

H3LIWILNIO
d3d SNIWIISOHIIN NI H3117T 43d SWVHOTTIN NI SNIST3D S334O3A NI
SLINN Hd NI ‘Hd ‘JONVLONANOD JI4103dS ‘NIDAXO d3aAT10SSIa ‘IHNLVHIdINIL
00 96 06 S8 08 GL 0L 0Zk8LLOLLPLLZHLOLLBOLO0LPOLZOLO0L OF 6 8 2 9 S v € 2 L 0 02 6k 8 2k 9L Gk vk €k gk |l OF
I R S T T T T T T T 1 I I B E S B N R B B B B B
= =4 4 4 - 05

55

APPENDIX A

1334 NI '30V44NS HIOAHIS3IH MO39 H1d3d



S1INN Hd NI ‘Hd

A 0L

H313WILN3O
d3d SNIW3ISOHIIN NI
‘JONV.LONANOD 214103dS

S'9 OvL6EL8EL LELIEL GELVEL EEL CEL LEL OEL

‘BuiwoApn ‘Aiunon siwere Yionlesay axe [eishin
‘8661 ‘¢ Jaqualdag uo sajijoid Hd pue aoueoNpuod olvads ‘uabAxo panjossip ‘einjesadwal "86-12g-69 aInbi4

3117 43d SIWVHOTTIA NI
‘NIDAXO d3IA10SSIa

L 9 S v € 4

SNIST3O S334O3A NI
‘FHNLVHIdNTL

6L 8L LI 91 SI ¥1 €L ¢ LI Ol

09

0S

ov

0g

(V4

ok

1334 NI 'JOV4HNS HIOAH3ISIH MO39 H1d3d

WATER QUALITY OF FOUR RESERVOIRS

56



‘BuioApp ‘Aluno) eiwese Ylonlesay axeT [eisAin
‘8661 ‘/ 1890100 Uo sajioid Hd pue aouelonpuod oioads ‘UabAxo panjossip ‘einjesadwal "86-2-01D @4nbi4

H313WILINIO
d3d SNINW3ISOHOIN NI d3117 43d SIWVHOTTIA NI SNIST30 S334O3A NI
SLINN Hd NI ‘Hd ‘IONV.LONANOD 214103dS ‘NIDAXO d3IN10SSIa ‘F4NLvHIdNTL
08 gL 0L S'9 Ovlecl 8el el octselvEL eeleel leloel 8 L 9 G ¥ € ¢ 3 0 02 6L 8L ZI 9L GI ¥I €L 2L LI O}

I I I T 1T 1T 1T T T 1T I I I I I I I T 1T 1T T T T T T 09

57

APPENDIX A

1334 NI ‘'30V44NS HIOAH3IS3IH MOT13d H1d3d



APPENDIX B—PHYTOPLANKTON DATA

Tables of phytoplankton density and biomass.

B1 Rob Roy Reservoir

B2 LakeOwen

B3 Granite Springs Reservoir
B4 Crystal Lake Reservoir







g XIAN3IddVv

T

Table B1. Phytoplankton density and biomass, Rob Roy Reservoir

[Density in cells per liter, biomass in micrograms per liter]

Date
9-2-97 9-2-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
3’ above
bottom 1’ below surface
Chlorophyta
Ankistrodesmus density 0 20,000 0 0 10,000 0 0 0 0 0 0
Ankistrodesmus biomass 0 5.0 0 0 25 0 0 0 0 0 0
Chlamydomonas size 1 density 0 0 0 0 10,000 0 0 0 0 0 0
Chlamydomonas size 1 biomass 0 0 0 0 11 0 0 0 0 0 0
Chlamydomonas size 2 density 0 0 0 0 0 0 0 0 0 0 10,000
Chlamydomonas size 2 biomass 0 0 0 0 0 0 0 0 0 0 8.9
Chlorella density 0 0 10,000 0 0 0 0 0 0 0 0
Chlorella biomass 0 0 2.7 0 0 0 0 0 0 0 0
Chlorophyte size 2 density 0 0 0 0 0 0 20,000 0 20,000 0 0
Chlorophyte size 2 biomass 0 0 0 0 0 0 16 0 16 0 0
Chlorophyte size 3 density 0 10,000 0 0 0 10,000 20,000 0 0 0 0
Chlorophyte size 3 biomass 0 26 0 0 0 26 51 0 0 0 0
Chlorophyte size 4 density 0 10,000 0 10,000 0 0 0 20,000 0 0 0
Chlorophyte size 4 biomass 0 21 0 2.1 0 0 0 41 0 0 0
Chlorophyte size 5 density 0 60,000 0 0 0 0 0 0 0 0 0
Chlorophyte size 5 biomass 0 0.9 0 0 0 0 0 0 0 0 0
Chlorophyte size 7 density 0 0 0 0 0 0 0 0 0 0 10,000
Chlorophyte size 7 biomass 0 0 0 0 0 0 0 0 0 0 56
Cosmarium density 0 0 0 0 0 0 0 10,000 0 40,000 30,000
Cosmarium biomass 0 0 0 0 0 0 0 190 0 740 560
Dictyosphaerium density 0 0 0 0 0 0 0 1,250,000 0 0 840,000
Dictyosphaerium biomass 0 0 0 0 0 0 0 140 0 0 95
Elakatothrix density 0 0 0 0 0 0 0 100,000 0 80,000 0
Elakatothrix biomass 0 0 0 0 0 0 0 15 0 12 0
Oocystis size 1 density 0 0 0 0 0 0 0 120,000 30,000 0 0
Oocystis size 1 biomass 0 0 0 0 0 0 0 17 4.3 0 0
Quadrigula density 0 0 0 0 0 0 0 0 160,000 0 0
Quadrigula biomass 0 0 0 0 0 0 0 69 0 0
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Table B1. Phytoplankton density and biomass, Rob Roy Reservoir--Continued

Date
9-2-97 9-2-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
3 above
bottom 1’ below surface
Schroederia density 0 0 0 0 0 0 0 0 0 10,000 0
Schroederia biomass 0 0 0 0 0 0 0 0 0 0.8 0
Fhaerocystis density 0 0 0 0 0 160,000 40,000 160,000 0 0 140,000
Fhaerocystis biomass 0 0 0 0 0 47 12 47 0 0 11
Foondylosium density 0 0 0 0 0 0 0 0 0 0 130,000
Fpondylosium biomass 0 0 0 0 0 0 0 0 0 0 167.12
Saurastrum density 0 0 0 0 0 0 0 0 50,000 0 0
Staurastrum biomass 0 0 0 0 0 0 0 0 630 0 0
Chrysophyta
Mallomonas density 0 0 0 0 0 0 0 10,000 0
Mallomonas biomass 0 0 0 0 0 13
Cryptophyta
Campylomonas reflexa density 0 0 0 10,000 0 10,000 0 10,000 60,000 0 20,000
Campylomonas reflexa biomass 0 0 0 14 0 14 0 14 85 0 28
Campylomonas rostratiformis density 0 0 0 10,000 0 0 0 20,000 0 30,000 0
Campylomonas rostratiformis biomass 0 0 0 32 0 0 0 64 0 96 0
Cryptophyte size 2 density 0 20,000 0 0 0 0 0 0 0 0 0
Cryptophyte size 2 biomass 0 21 0 0 0 0 0 0 0 0 0
Cryptomonas density 0 0 0 0 0 0 10,000 10,000 0 0 0
Cryptomonas biomass 0 0 0 0 0 0 23 23 0 0 0
Katablepharis density 0 0 0 80,000 60,000 20,000 80,000 20,000 10,000 40,000 20,000
Katablepharis biomass 0 0 0 14 11 3.6 14 36 18 7.1 3.6
Plagioselmis density 0 0 0 0 10,000 10,000 10,000 0 0 0 10,000
Plagioselmis biomass 0 0 0 0 15 15 15 0 0 0 15
Bacillariophyta
Asterionella density 140,000 2,590,000 0 0 270,000 1,090,000 590,000 40,000 10,000 130,000 0
Asterionella biomass 190 3,500 0 0 360 1,500 790 53 13 170 0
Fragilaria density 0 0 0 0 610,000 1,550,000 390,000 0 0 0 0
Fragilaria biomass 0 0 0 0 670 1,700 430 0 0 0 0
Nitzschia density 0 0 0 0 0 10,000 0 0 0 0 0
Nitzschia biomass 0 0 0 0 0 10 0 0 0 0 0
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Table B1. Phytoplankton density and biomass, Rob Roy Reservoir--Continued

Date
9-2-97 9-2-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
3 above
bottom 1’ below surface
Pyrrophyta
Gymnodinium density 0 0 0 10,000
Gymnodinium biomass 0 0 0 0 0 0 0 0 0 0 80
Colorless Flagellates
Flagellate size 3 density 0 370,000 0 20,000 0 0 0 10,000 0 30,000 0
Flagellate size 3 biomass 0 53 0 29 0 0 0 14 0 4.3 0
Flagellate size 5 density 0 0 10,000 0 0 0 0 0 0 0 0
Flagellate size 5 biomass 0 0 7.0 0 0 0 0 0 0 0 0
Ciliate size 2 density 0 0 0 0 0 0 0 0 30,000 0 0
Ciliate size 2 biomass 0 0 0 0 0 0 0 0 25 0 0
Ameba
Ameba density 0 0 10,000 0 0 0 0 0 0
Ameba biomass 0 0 0 26 0 0 0 0 0 0 0




14

Table B2. Phytoplankton density and biomass, Lake Owen Reservoir

[Density in cells per liter, biomass in micrograms per liter]

SHIOAYASTH INO4 40 ALITVYNO HI1LVM

Date
9-2-97 9-16-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
Chlorophyta

Actinastrum density 0 0 5,000 0 0 0 0 0 0 0 0
Actinastrum biomass 0 0 11 0 0 0 0 0 0 0 0
Ankistrodesmus density 0 0 0 0 10,000 0 0 0 0 0 0
Ankistrodesmus biomass 0 0 0 0 2.8 0 0 0 0 0 0
Chlorella density 0 2,314,000 0 10,000 0 0 0 0 0 0 0
Chlorella biomass 0 78 0 0.3 0 0 0 0 0 0 0
Chlorophyte size 2 density 70,000 0 0 10,000 0 0 0 0 0 0 0
Chlorophyte size 2 biomass 42 0 0 6.1 0 0 0 0 0 0 0
Chlorophyte size 4 density 0 0 0 0 10,000 10,000 50,000 0 0 0 40,000
Chlorophyte size 4 biomass 0 0 0 0 16 16 8.1 0 0 0 6.4
Cosmarium density 0 0 0 10,000 0 0 0 0 0 0 10,000
Cosmarium biomass 0 0 0 200 0 0 0 0 0 0 200
Crucigenia density 0 0 0 0 0 0 0 0 0 10,000 0
Crucigenia biomass 0 0 0 0 0 0 0 0 0 6.9 0
Oocystis density 0 0 0 10,000 0 0 0 0 0 0 40,000
Oocystis biomass 0 0 0 1.0 0 0 0 0 0 0 4.0
Quadrigula density 0 90,000 0 0 0 0 0 0 20,000 0 0
Quadrigula biomass 0 53 0 0 0 0 0 0 12 0 0
Scenedesmus density 0 0 0 0 0 0 80,000 0 0 0 40,000
Scenedesmus biomass 0 0 0 0 0 0 41 0 0 0 21
Sphaerocystis density 0 0 0 0 0 80,000 0 0 0 0 0
Sphaerocystis biomass 0 0 0 0 0 9.0 0 0 0 0 0
Spondylosium density 0 0 0 0 0 0 0 0 0 10,000 0
Spondylosium biomass 0 0 0 0 0 0 0 0 0 7.2 0
Tetraspora density 0 170,000 0 0 0 0 0 0 0 0 0
Tetraspora biomass 0 89 0 0 0 0 0 0 0 0 0
Zygnematales density 0 0 0 0 0 0 0 0 0 0 10,000
Zygnematal es biomass 0 0 0 0 0 0 0 0 0 39
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Table B2. Phytoplankton density and biomass, Lake Owen Reservoir--Continued

Date
9-2-97 9-16-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
Chrysophyta
Chrysophyte size 1 density 0 0 0 0 0 0 0 0 0 10,000 40,000
Chrysophyte size 1 biomass 0 0 0 0 0 0 0 0 0 13 51
Dinobryon density 0 0 0 0 0 50,000 0 0 0 0 0
Dinobryon biomass 0 0 0 0 0 54 0 0 0 0 0
Mallomonas density 0 0 0 0 0 0 0 40,000 50,000 0 0
Mallomonas biomass 0 0 0 0 0 0 0 23 29 0 0
Uroglenopsis density 0 0 0 0 0 26,236,000 0 30,503,000 19,175,000 15,170,000 2,104,000
Uroglenopsis biomass 0 0 0 0 0 6,100 0 7,000 4,400 3,500 490
Cryptophyta
Campylomonas reflexa density 0 0 0 0 20,000 0 0 0 0 0 0
Campylomonas reflexa biomass 0 0 0 0 16 0 0 0 0 0 0
Campylomonas rostratiformis density 0 0 0 0 0 0 0 0 10,000 10,000 30,000
Campylomonas rostratiformis biomass 0 0 0 0 0 0 0 0 51 51 150
Cryptophyte size 1 density 0 10,000 0 0 0 0 0 0 0 0 0
Cryptophyte size 1 biomass 0 5.0 0 0 0 0 0 0 0 0 0
Cryptophyte size 2 density 0 0 0 0 0 0 0 0 0 10,000 10,000
Cryptophyte size 2 biomass 0 0 0 0 0 0 0 0 0 19 19
Cryptophyte size 3 density 0 10,000 0 0 0 0 0 0 0 0 0
Cryptophyte size 3 biomass 0 2.3 0 0 0 0 0 0 0 0 0
Cryptomonas density 0 0 0 0 0 0 0 0 20,000 10,000 0
Cryptomonas biomass 0 0 0 0 0 0 0 0 11 21 0
Katablepharis density 0 0 0 40,000 330,000 40,000 140,000 20,000 60,000 40,000 40,000
Katablepharis biomass 0 0 0 7.3 60 7.3 26 37 11 7.3 7.3
Plagioselmis density 0 0 0 30,000 0 0 0 0 10,000
Plagioselmis biomass 0 0 0 35 0 0 0 0 0 12
Bacillariophyta
Achnanthes density 0 0 0 0 0 0 0 0 0 10,000 0
Achnanthes biomass 0 0 0 0 0 0 0 0 0 15 0
Asterionella density 0 0 0 0 0 0 0 0 30,000 20,000 0
Asterionella biomass 0 0 0 0 0 0 0 0 34 23 0
Fragilaria density 0 0 0 0 0 0 0 0 0 0 60,000
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Table B2. Phytoplankton density and biomass, Lake Owen Reservoir--Continued

Date
9-2-97 9-16-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
Fragilaria biomass 0 0 0 0 0 0 0 0 0 0 117
Penndes size 2 density 0 0 0 0 0 0 0 0 0 0 10,000
Pennales size 2 biomass 0 0 0 0 0 0 0 0 0 0 99.73
Penndes size 3 density 0 0 0 0 0 0 0 10,000 0 0 0
Pennales size 3 biomass 0 0 0 0 0 0 0 14 0 0 0
Synedra density 0 0 0 0 10,000 0 0 0 0 0 0
Synedra biomass 0 0 0 0 25 0 0 0 0 0
Pyrrophyta
Gymnodinium density 0 0 0 0 0 0 0 30,000 10,000
Gymnodinium biomass 0 0 0 0 0 0 0 0 0 61 20
Euglenophyta
Euglena density 0 0 0 0 0 0 0 0 0 0 10,000
Euglena biomass 0 0 0 0 0 0 0 0 0 0 180
Euglenophyte size 1 density 0 0 0 0 0 0 0 0 0 10,000 0
Euglenophyte size 1 biomass 0 0 0 0 0 0 0 0 0 26 0
Euglenophyte size 2 density 0 0 0 0 0 0 0 0 0 10,000 0
Euglenophyte size 2 biomass 0 0 0 0 0 0 0 0 0 115 0
Trachelomonas size 2 density 0 0 0 0 0 0 10,000 0 10,000 0 0
Trachelomonas size 2 biomass 0 0 0 0 0 0 58 0 58 0 0
Colorless Flagellates
Flagellate size 3 density 0 0 5,000 40,000 0 0 80,000 30,000 0 0 0
Flagellate size 3 biomass 0 0 0.7 5.8 0 0 12 4.3 0 0 0
Sal pingoeca density 0 0 0 0 0 0 0 0 60,000 0 0
Sal pingoeca biomass 0 0 0 0 0 0 0 0 180 0 0
Ciliates
Ciliate size 1 density 0 0 0 0 0 0 0 0 10,000 0 0
Ciliate size 1 biomass 0 0 0 0 0 0 0 0 14 0 0
Ciliate size 2 density 0 0 0 0 0 0 10,000 0 0 0 10,000
Ciliate size 2 biomass 0 0 0 0 0 0 42 0 0 0 42
Ciliate size 3 density 0 0 0 0 0 0 0 0 0 20,000 0
Ciliate size 3 biomass 0 0 0 0 0 0 0 0 110
Ciliate size 5 density 0 0 0 0 0 0 0 0 0 10,000 0
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Table B2. Phytoplankton density and biomass, Lake Owen Reservoir--Continued

Date

9-2-97 9-16-97 7-17-98 7-23-98 8-5-98 8-11-98 8-19-98 9-3-98 9-10-98 9-17-98 9-22-98
Ciliate size 5 biomass 0 0 0 0 0 0 0 0 0 13,000 0
Ciliate size 6 density 0 0 0 20,000 0 0 0 0 0 0 0
Ciliate size 6 biomass 0 0 0 9.4 0 0 0 0 0 0 0
Rotifers 0 0 0 0 0 0 0 0 0 0 0
Ameba density 0 0 0 0 0 0 0 0 0 0 10,000
Ameba biomass 0 0 0 0 0 0 0 0 0 0 14
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Table B3. Phytoplankton density and biomass, Granite Springs Reservoir

[Density in cells per liter, biomass in micrograms per liter]

Date

8-28-97 8-28-97 7-14-98 7-22-98 8-4-98 8-10-98  8-18-98  9-1-98 9-9-98 9-15-98  9-21-98

3’ above

bottom 1’ below surface

Chlorophyta

Ankistrodesmus density 0 30,000 0 0 0 0 0 0 0 0 0
Ankistrodesmus biomass 0 5.0 0 0 0 0 0 0 0 0 0
Chlorella density 0 0 0 10,000 0 0 0 0 0 0 0
Chlorella biomass 0 0 0 2.7 0 0 0 0 0 0 0
Chlorophyte size 1 density 0 20,000 0 0 0 0 0 0 0 0 0
Chlorophyte size 1 biomass 0 71 0 0 0 0 0 0 0 0 0
Chlorophyte size 2 density 20,000 0 10,000 0 10,000 0 0 500,000 0 0 10,000
Chlorophyte size 2 biomass 18 0 9.0 0 9.0 0 0 450 0 0 9.0
Chlorophyte size 4 density 0 0 0 0 0 0 0 140,000 50,000 0 0
Chlorophyte size 4 biomass 0 0 0 0 0 0 0 25 9.0 0 0
Chlorophyte size 6 density 0 0 0 0 20,000 0 0 0 0 0 0
Chlorophyte size 6 biomass 0 0 0 0 3.0 0 0 0 0 0 0
Didymocystis density 0 0 0 0 0 0 0 0 0 0 10,000
Didymocystis biomass 0 0 0 0 0 0 0 0 0 0 2.3
Eudorina density 0 0 0 0 0 240,000 0 0 0 0 0
Eudorina biomass 0 0 0 0 0 170 0 0 0 0 0
Micractinium density 0 0 0 0 0 0 0 0 0 0 120,000
Micractinium biomass 0 0 0 0 0 0 0 0 0 0 17
Oocystis size 1 density 0 0 0 130,000 0 0 0 0 0 0 0
Oocystis size 1 biomass 0 0 0 20 0 0 0 0 0 0 0
Quadrigula density 0 0 0 20,000 0 0 0 0 0 0 0
Quadrigula biomass 0 0 0 15 0 0 0 0 0 0 0
Scenedesmus density 0 0 40,000 0 0 0 0 0 40,000 0 0
Scenedesmus biomass 0 0 12 0 0 0 0 0 12 0 0
Sphaerocystis density 0 0 110,000 59,000 0 0 0 0 0 0
Sphaerocystis biomass 0 0 16 85 0 0 0 0 0 0
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Table B3. Phytoplankton density and biomass, Granite Springs Reservoir--Continued

Date
8-28-97 8-28-97 7-14-98 7-22-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3 above
bottom 1’ below surface
Chrysophyta
Dinobryon density 0 0 0 0 0 0 0 0 10,000 0
Dinobryon biomass 0 0 0 0 9.16 0
Cryptophyta
Campylomonas reflexa density 0 0 30,000 30,000 20,000 10,000 0 0 0 40,000 20,000
Campylomonas reflexa biomass 0 0 24 24 16 8.0 0 0 0 32 16
Campylomonas rostratiformis density 0 0 0 10,000 0 0 0 0 0 20,000 10,000
Campylomonasrostratiformis biomass 0 0 0 36 0 0 0 0 0 72 36
Cryptophyte size 1 density 0 0 0 0 0 0 0 10,000 0 0 0
Cryptophyte size 1 biomass 0 0 0 0 0 0 0 1 0 0 0
Katablepharis density 0 0 0 0 60,000 130,000 480,000 10,000 0 270,000 160,000
Katablepharis biomass 0 0 0 0 9 20 72 15 0 11 24
Plagioselmis density 0 0 0 280,000 120,000 60,000 0 30,000 0 30,000 10,000
Plagioselmis biomass 0 0 0 11 17 8.7 0 44 0 44 15
Cyanophyta
Anabaena density 0 3,830,000 69,127,000 0 0 0 0 40,000 0 120,000 210,000
Anabaena biomass 0 3,300 59,000 0 0 0 0 34 0 100 180
Aphanothece density 0 4,750,000 0 0 0 0 0 0 1,140,000 0 8,000,000
Aphanothece biomass 0 8.1 0 0 0 0 0 0 19 0 14
Pseudanabaena density 0 0 0 0 0 0 0 0 0 0 140,000
Pseudanabaena biomass 0 0 0 0 0 0 0 0 0 0 5.9
Bacillariophyta
Asterionella density 0 0 0 0 0 40,000 0 0 0 0 0
Asterionella biomass 0 0 0 0 0 19 0 0 0 0 0
Centrales size 1 density 0 70,000 150,000 0 0 1,270,000 700,000 0 0 410,000 0
Centrales size 1 biomass 0 67 140 0 0 1,200 670 0 0 400 0
Centrales size 2 density 0 0 0 0 0 0 0 0 0 100,000 0
Centrales size 2 biomass 0 0 0 0 0 0 0 0 0 210 0
Centrales size 3 density 0 0 0 30,000 0 0 0 0 0 0 0
Centrales size 3 biomass 0 0 0 410 0 0 0 0 0 0 0
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Table B3. Phytoplankton density and biomass, Granite Springs Reservoir--Continued

Date

8-28-97 8-28-97 7-14-98 7-22-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98

3’ above

bottom 1’ below surface
Centrales size 4 density 0 0 0 0 10,000 0 0 0 0 0 450,000
Centrales size 4 biomass 0 0 0 0 60 0 0 0 0 0 2,700
Cyclotella density 0 0 0 1,170,000 0 0 0 790,000 0 0 0
Cyclotella biomass 0 0 0 1,700 0 0 0 1,100 0 0 0
Cymbela density 0 0 0 10,000 0 0 0 0 0 0 0
Cymbella biomass 0 0 0 4.2 0 0 0 0 0 0 0
Fragilaria density 140,000 660,000 630,000 3,030,000 580,000 500,000 80,000 1,230,000 720,000 0 110,000
Fragilaria biomass 200 930 880 4,200 810 700 110 1,700 1,000 0 150
Meosira size 1 density 560,000 50,000 0 0 240,000 120,000 0 0 0 0 260,000
Melosira size 1 biomass 600 53 0 0 260 130 0 0 0 0 280
Meosira size 2 density 0 0 0 0 0 0 0 0 0 50,000 0
Méeosira size 2 biomass 0 0 0 0 0 0 0 0 0 2.8 0
Mée osira size 3 density 0 0 0 0 0 0 0 0 90,000 0 0
Mée osira size 3 biomass 0 0 0 0 0 0 0 0 1,600 0 0
Penndes size 1 density 10,000 0 0 0 0 0 0 0 0 0 0
Pennaes size 1 biomass 28 0 0 0 0 0 0 0 0 0 0
Pennd es size 2 density 110,000 0 0 0 0 0 0 0 0 0 0
Pennales size 2 biomass 140 0 0 0 0 0 0 0 0 0 0
Stephanodiscus density 0 0 0 0 1,360,000 0 0 0 960,000 0 0
Stephanodiscus biomass 0 0 0 0 1,100 0 0 0 800 0 0
Tabellaria density 0 0 0 0 50,000 0 0 0 0 40,000 60,000
Tabellaria biomass 0 0 0 0 140 0 0 0 0 110 170

Pyrrophyta

Ceratium density 0 10,000 0 0 0 0 0 0 0 0 0
Ceratium biomass 0 0.4 0 0 0 0 0 0 0 0 0
Trachelomonas size density 0 0 0 10,000 0 0 10,000 0 0 20,000 0
Trachelomonas size 1 biomass 0 0 0 31 0 0 31 0 0 61 0
Trachelomonas size 2 density 0 0 0 0 30,000 0 10,000 10,000 10,000
Trachelomonas size 2 biomass 0 0 0 0 110 0 36 36 36
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Table B3. Phytoplankton density and biomass, Granite Springs Reservoir--Continued

Date
8-28-97 8-28-97 7-14-98 7-22-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
bottom 1" below surface
Colorless Flagellates
Flagellate size 2 density 0 170,000 0 0 0 0 0 0 0 0 0
Flagellate size 2 biomass 0 38 0 0 0 0 0 0 0 0 0
Flagellate size 3 density 0 0 0 50,000 0 0 0 0 60,000 0 0
Flagellate size 3 biomass 0 0 0 5.7 0 0 0 0 6.8 0 0
Flagellate size 5 density 0 0 0 0 0 0 0 0 0 10,000
Flagellate size 5 biomass 0 0 0 0 0 0 0 0 0 0 7.0
Ciliates
Ciliate size 1 density 0 0 0 0 0 0 0 0 0 0 10,000
Ciliate size 1 biomass 0 0 0 0 0 0 0 0 0 0 7.0
Ciliate size 3 density 0 0 0 0 0 10,000 0 0 0 0 0
Ciliate size 3 biomass 0 0 0 0 0 82 0 0 0 0 0
Ciliate size 4 density 0 0 0 0 20,000 0 10,000 0 10,000 10,000
Ciliate size 4 biomass 0 0 0 0 560 0 280 0 280 280
Rotifers
Rotifer size 2 density 0 0 10,000 0 0 0
Rotifer size 2 biomass 0 0 5,000 0 0 0 0
Ameba
Amebasize 1 density 0 0 0 0 0 0 40,000 10,000 0 0 10,000
Amebasize 1 biomass 0 0 0 0 0 0 28 7.0 0 0 7.0
Ameba size 2 density 0 0 0 0 0 0 0 0 10,000 0
Amebasize 2 biomass 0 0 0 0 0 0 0 0 0 190 0
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Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir

[Density in cells per liter, biomass in micrograms per liter]

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface
Chlorophyta

Chlorella density 330,000 375,000 0 1,322,000 0 0 0 0 0 0 0 0 0
Chlorella biomass 4.7 5.3 0 19 0 0 0 0 0 0 0 0 0
Chlorophytesize 2 0 0 0 20,000 0 0 30,000 0 0 0 0 0 0
density
Chlorophytesize 2 0 0 0 20 0 0 31 0 0 0 0 0 0
biomass
Chlorophytesize 3 0 40,000 0 0 0 0 0 10,000 10,000 0 40,000 0 0
density
Chlorophytesize 3 0 100 0 0 0 0 0 26 26 0 100 0 0
biomass
Chlorophytesize4 350,000 300,000 0 310,000 0 0 0 0 0 0 0 0 0
density
Chlorophytesize 4 120 100 0 110 0 0 0 0 0 0 0 0 0
biomass
Chlorophytesize 6 0 0 0 0 0 0 0 0 0 0 130,000 0 0
density
Chlorophytesize 6 0 0 0 0 0 0 0 0 0 0 20 0 0
biomass
Chlorococcales 0 0 0 0 0 0 0 0 0 0 0 110,000 0
density
Chlorococcales 0 0 0 0 0 0 0 0 0 0 0 29 0
biomass
Closterium density 0 0 0 0 0 0 0 0 0 0 0 10,000 0
Closterium 0 0 0 0 0 0 0 0 0 0 0 60 0
biomass
Coelastrum 0 0 0 0 0 0 0 0 0 0 70,000 0 0
density
Coelastrum 0 0 0 0 0 0 0 0 0 0 4.6 0 0
biomass
Cosmarium 0 10,000 0 0 0 0 0 0 20,000 0 0 0 0
density
Cosmarium 0 150 0 0 0 0 0 0 290 0 0 0 0
biomass
Dictyosphaerium 0 0 0 0 0 0 0 0 0 0 70,000 0 0
density
Dictyopshaerium 0 0 0 0 0 0 0 0 0 0 19 0 0

biomass
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Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir--Continued

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface

Oocystissize 1 40,000 0 0 0 90,000 0 0 0 80,000 0 0 0 0
density
Oocystissize 1 4.6 0 0 0 10 0 0 0 9.1 0 0 0 0
biomass
Oocystis size 2 0 0 0 0 20,000 0 0 0 0 0 0 0 40,000
density
Oocystis size 2 0 0 0 0 40 0 0 0 0 0 0 0 80
biomass
Pandorina density 0 0 0 0 0 120,000 0 0 0 0 0 0 0
Pandorina 0 0 0 0 0 14 0 0 0 0 0 0 0
biomass
Quadrigula 0 0 0 0 0 0 0 0 0 0 50,000 0 0
density
Quadrigula 0 0 0 0 0 0 0 0 0 0 34 0 0
biomass
Shaerocystis 0 0 0 0 0 0 80,000 0 80,000 0 0 0 0
density
Shaerocystis 0 0 0 0 0 0 5.2 0 5.2 0 0 0 0
biomass
Soondylosium 80,000 0 0 0 0 0 0 0 0 0 0 0 0
density
Soondylosium 170 0 0 0 0 0 0 0 0 0 0 0 0
biomass
Saurastrum 0 0 0 0 0 0 0 0 0 10,000 0 10,000 0
density
Saurastrum 0 0 0 0 0 0 0 0 0 390 0 390 0
biomass

Cryptophyta 0 0 0 0 0 0 0 0 0 0 0 0 0
Campylomonas 0 0 0 0 0 20,000 20,000 50,000 0 10,000 20,000 10,000 0
reflexa density
Campylomonas 0 0 0 0 0 19 19 48 0 9.5 19 9.5 0
reflexa biomass
Campylomonas 0 0 0 0 0 0 0 0 0 0 0 40,000 0
rostratiformis
density
Campylomonas 0 0 0 0 0 0 0 0 0 0 0 76 0
rostratiformis
biomass
Cryptophytesize 1 20,000 0 0 0 0 0 0 0 0 0 0 0 0
density
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Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir--Continued

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface
Cryptophytesize 1 13 0 0 0 0 0 0 0 0 0 0 0 0
biomass
Cryptophytesize 3 0 0 0 0 0 0 0 0 0 0 0 0 10,000
density
Cryptophytesize 3 0 0 0 0 0 0 0 0 0 0 0 0 21
biomass
Cryptophytesize 4 0 0 0 10,000 0 0 0 0 0 0 0 0 0
density
Cryptophytesize 4 0 0 0 27 0 0 0 0 0 0 0 0 0
biomass
Cryptomonas 0 0 0 0 0 0 0 0 0 30,000 0 0 10,000
density
Cryptomonas 0 0 0 0 0 0 0 0 0 50 0 0 17
biomass
Katablepharis 0 0 0 0 0 50,000 50,000 220,000 40,000 20,000 60,000 90,000 10,000
density
Katablepharis 0 0 0 0 0 8.6 8.6 38 6.9 34 10 15 17
biomass
Plagioselmis 0 0 0 0 0 180,000 60,000 20,000 0 10,000 10,000 40,000 20,000
density
Plagioselmis 0 0 0 0 0 28 9.4 31 0 1.6 16 6.3 31
biomass
Cyanophyta

Anabaena density 0 0 0 0 29,127,000 16,706,000 550,000 6,300,000 0 12,000 620,000 480,000 630,000
Anabaena biomass 0 0 0 0 18,000 10,000 330 3,800 0 7.3 380 290 380
Aphanothece 0 0 0 0 0 0 0 0 0 3,780,000 480,000 3,250,000 500,000
density
Aphanothece 0 0 0 0 0 0 0 0 0 5.9 0.8 51 0.8
biomass
Cyanophyte size 1 0 0 0 0 0 0 0 0 0 0 4,500,000 0 0
density
Cyanophyte size 1 0 0 0 0 0 0 0 0 0 0 8.0 0 0
biomass
Gomphosphaeria 0 0 0 0 0 0 1,500,000 0 0 15,020,000 9,800,000 2,500,000 8,000,000
density
Gomphosphaeria 0 0 0 0 0 0 21 0 0 210 140 35 110
biomass
Microcystis 0 0 0 0 0 0 0 0 3,313,000 0 0 0 0

density



49 XIAN3ddV

Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir--Continued

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface
Microcystis 0 0 0 0 0 0 0 0 47 0 0 0 0
biomass
Becillariophyta
Achnanthes 160,000 0 0 0 0 0 0 0 0 0 0 0 0
density
Achnanthes 64 0 0 0 0 0 0 0 0 0 0 0 0
biomass
Centraessize 1 0 0 0 0 0 0 0 80,000 0 0 0 400,000 0
density
Centraessize 1 0 0 0 0 0 0 0 92 0 0 0 460 0
biomass
Centralessize 2 1,060,000 650,000 80,000 600,000 0 0 0 0 0 0 0 0 0
density
Centralessize 2 2,100 1,300 160 1,200 0 0 0 0 0 0 0 0 0
biomass
Centraessize 3 0 0 10,000 0 0 0 0 0 0 0 0 0 0
density
Centraessize 3 0 0 170 0 0 0 0 0 0 0 0 0 0
biomass
Cyclotella density 0 0 0 0 230,000 0 0 0 120,000 550,000 0 0 270,000
Cyclotella biomass 0 0 0 0 270 0 0 0 140 650 0 0 320
Fragilaria density 4,490,000 3,630,000 1,130,000 2,490,000 810,000 710,000 830,000 590,000 1,030,000 690,000 1,230,000 550,000 150,000
Fragilaria 6,500 5,300 1,600 3,600 1,200 1,000 1,200 860 1,500 1,000 1,800 800 220
biomass
Melosira density 0 0 0 0 40,000 0 110,000 0 0 0 0 0 0
Melosira biomass 0 0 0 0 33 0 0 0 0 0 0 0 0
Pennales size 3 0 0 10,000 0 0 0 0 0 0 0 0 0 0
density
Pennales size 3 0 0 9.8 0 0 0 0 0 0 0 0 0 0
biomass
Sephanodiscus 0 0 0 0 0 240,000 80,000 20,000 0 0 1,120,000 0 0
density
Sephanodiscus 0 0 0 0 0 790 260 66 0 0 3,700 0 0
biomass
Pyrrophyta

Ceratium density 0 0 0 0 0 0 0 20,000 0 0 0 0 10,000
Ceratium biomass 0 0 0 0 0 0 0 0.8 0 0 0 0 0.4

Euglenophyta
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Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir--Continued

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface
Trache omonas 0 0 0 0 0 0 0 0 0 0 0 0 20,000
size 1 density
Trache omonas 0 0 0 0 0 0 0 0 0 0 0 0 51
size 1 biomass
Trachelomonas 0 0 0 0 0 0 0 0 0 20,000 0 0 0
size 2 density
Trache omonas 0 0 0 0 0 0 0 0 0 83 0 0 0
size 2 biomass
Colorless Flagellates
Flagellate size 1 0 0 0 0 0 60,000 0 0 0 0 0 0 0
density
Flagellate size 1 0 0 0 0 0 9.0 0 0 0 0 0 0 0
biomass
Flagellate size 2 0 0 0 0 0 10,000 20,000 0 0 0 0 0 0
density
Flagellate size 2 0 0 0 0 0 4.2 8.4 0 0 0 0 0 0
biomass
Flagellate size 3 0 0 0 0 10,000 0 0 0 1,270,000 0 0 20,000 20,000
density
Flagellate size 3 0 0 0 0 11 0 0 0 140 0 0 2.3 2.3
biomass
Flagellate size 4 0 0 0 0 0 0 0 0 0 0 0 30,000 0
density
Flagellate size 4 0 0 0 0 0 0 0 0 0 0 0 003 0
biomass
Flagellate size 5 0 0 0 0 0 0 0 0 0 0 0 0 40,000
density
Flagellate size 5 0 0 0 0 0 0 0 0 0 0 0 0 28
biomass
Ciliates

Ciliste size 2 0 0 0 0 0 0 0 10,000 0 0 10,000 0 0
density
Cilistesize 2 0 0 0 0 0 0 0 2 0 0 42 0 0
biomass
Cilitesize 4 0 0 0 0 0 0 0 0 0 10,000 30,000 0 0
density
Cilitesize 4 0 0 0 0 0 0 0 0 0 210 630 0 0
biomass
Cilistesize 7 0 0 0 0 0 0 0 0 0 0 0 0 20,000

density
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Table B4. Phytoplankton density and biomass, Crystal Lake Reservoir--Continued

Date
9-4-97 9-4-97 9-4-97 9-11-97 7-14-98 7-21-98 8-4-98 8-10-98 8-18-98 9-1-98 9-9-98 9-15-98 9-21-98
3’ above
1’ below surface bottom At 30’ 1' below surface
Cilistesize 7 0 0 0 0 0 0 0 0 0 0 0 0 450
biomass
Rotifers
rotifer size 1 0 0 0 0 10,000 0 0 0 0 0 0 0 0
density
rotifer size 1 0 0 0 0 230 0 0 0 0 0 0 0 0
biomass
Ameba
Ameba density 0 0 0 0 0 10,000 10,000 0 0 0 0 0 0
Ameba biomass 0 0 0 0 0 3.8 3.8 0 0 0 0 0 0
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