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1.0 INTRODUCTION

1.1 PURPOSE

This report presents the results of aquatic ecology investiga-
tions conducted at Rocky Mountain Arsenal (RMA) from fall 1985
through spring 1988. The studies were performed by Morrison-
Knudsen Engineers (MKE) and their subcontractors on behalf of
Shell 0il Company (Shell), through the law firm of Holme Roberts
& Owen. The major objectives of the investigations were to
characterize the aquatic resources of RMA, particularly the
South Lakes, and to compare the water quality and aquatic biota
of RMA lakes with an offsite lake.

Much of the information presented in this report has been
incorporated into the Biota Remedial Investigation (RI), pre-
pared for the U.S. Army by Hunter/ESE as part of the Remedial
Investigation/Feasibility Study (RI/FS) for Rocky Mountain
Arsenal (ESE 1989). The purpose of this report is to provide
greater detail on the Shell/MKE studies than was appropriate for
the Biota RI and to present some data not included in that
document.

Results of a literature review on aquatic resources at RMA were
provided in a previous report by MKE (1987). The most compre-~
hensive aquatic resource investigation at RMA prior to RI/FS
efforts was conducted by the U.S. Fish and Wildlife Service
(FWS) in 1984 by Rosenlund et al. (1986).

1.2 REGIONAL AQUATIC ECOLOGY

Rocky Mountain Arsenal covers approximately 27 square miles (70
km2) of gently rolling terrain in Adams County, Colorado. The
Arsenal is located about 16 km (10 miles) northeast of downtown
Denver, just north of Stapleton International Airport (Figure
1-1) and within the South Platte River drainage. Prior
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to settlement of the region, aquatic resources were limited to
the South Platte River and its tributaries and a small number of
natural ponds and lakes. Today, numerous impoundments are the
most prominent aquatic resources of the Front Range Urban
Corridor. These have been constructed for a variety of
purposes, including use f£~r livestock, domestic water supplies,
flood control, irrigation storage, and recreation. The
following subsections briefly describe the aquatic biota
characteristic of flowing or standing bodies of water in the
region surrounding RMA.

1.2.1 Rivers and Creeks

Streams with sufficient basin size and runoff for permanent flow
generally support an aquatic community. Most of the major
streams in the region originate in the mountains to the west
where heavier rainfall, extensive snowpack, steep terrain, and
rocky soils contribute to the volume and persistence of flow.
Many of the minor permanent streams have their headwaters in
prairie uplands.

Rivers and creeks originating in the mountains are usually cold,
swift, clear, and highly oxygenated when they emerge onto the
plains. They typically are also well shaded by riparian trees
and have rocky substrates. Primary production in these cold-
water and coolwater reaches is generally limited to periphyton
(attached algae). Macroinvertebrate communities are usually
dominated by crawling forms of insect larvae, such as
caddisflies, mayflies, and stoneflies. Densities and
diversities of these organisms are high, and they provide an
abundant preybase for fish. Cutthroat trout are native to these
waters, and three introduced trout--rainbow, brown, and
brook--are now widespread. Native nongame fish include the
longnose sucker, longnose dace, and johnny darter.

As the streams flow eastward onto the plains, they become slower
and wider, the amount of shading decreases, substrates become
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finer, and turbidity increases. Consequently, temperatures rise
and oxygen levels fall. Primary producers in these stretches
shift from periphyton to phytoplankton (suspended algae) and
macrophytes (aquatic plants). Macroinvertebrate communities
also shift, being dominated by burrowing forms (e.g., dipteran
larvae and oligochaete worms) and free-sw.mming aquatic insects
(e.g., water striders, water boatmen, and diving beetles).
Invertebrate diversities and densities are notably lower than in
the upper stream reaches. Fish in the lower reaches are
primarily warmwater species. Native fishes include the green
sunfish, plains topminnow, plains killifish, fathead minnow,
common shiner, and red shiner. Channel catfish are native in
larger rivers, especially farther east, and have been stocked
extensively.

1.2.2 Lakes and Ponds

Lakes and ponds the size of those at RMA generally support a
warmwater aquatic community. Primary production is mostly due
to phytoplankton and macrophytes. Zooplankton, particularly
copepods and cladocerans {(water fleas), are an important
component in areas of standing water. Macroinvertebrates
include many of the burrowing and free-swimming forms
characteristic of warmwater streams. Dragonflies, damselflies,
snails, and freshwater mussels are common.

Fishes native to ponds and lakes in the region include the black
bullhead, green sunfish, orange-spotted sunfish, and fathead
minnow. Many ponds and lakes have been stocked with gamefish
for recreational use, mainly panfish such as bluegill or
pumpkinseed sunfish and predators such as largemouth bass or
northern pike. Green sunfish, black bullhead, and channel
catfish are also commonly stocked. Larger ponds and lakes may
be stocked with walleye, yellow perch, and black crappie.
Rainbow trout and brown trout are frequently added for a put-
and-take fishery. Carp are ubiquitous.




Lakes and ponds may support populations of northern leopard
frogs and bullfrogs. Marshy areas along pond margins provide
breeding habitat for northern chorus frogs, Woodhouse’s toads,
and Great Plains toads. Another type of toad, the plains
spadefoot, is sometimes found near small, shallow ponds. Tiger
salamanders also breed in these waters. Aquatic turtles are a
minor group in the region; the western painted turtle is the
most common species.

For most lakes and ponds in the region--as well as streams--the
aquatic community is controlled to a significant extent by
management practices and water quality. The semi-arid climate,
irregqular distribution of runoff events, and use of water for
irrigation typically result in widely fluctuating water levels.
Salinity, alkalinity, hardness, turbidity, and dissolved oxygen
frequently limit the ability of a water body to support a viable
fishery.

1.3 AQUATIC RESOURCES OF RMA

Surface waters at RMA include four impoundments collectively
known as the South Lakes or Lower Lakes, a number of smaller
ponds, and one intermittent-to-perennial stream (Figures 2-1 and
2-2). Field investigations were mostly limited to three of the
South Lakes (Lower Derby Lake, Lake Ladora, and Lake Mary)
because they are the largest and most complex aquatic ecosystems
on the site and receive substantial recreational use as catch-
and-release fisheries. Two of th2se lakes--Lower Derby and
Ladora--were used as sources of process cooling water for
chemical production at RMA and have a history of contamination.
Lake Mary was not part of the process cooling system but
received water via overflow or seepage from Lower Derby Lake. A
fourth impoundment, Upper Derby Lake, was part of the process
cooling system, but it now is mostly dry except following runoff
events.
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The following subsections briefly describe the surface waters of
RMA. For convenience, Lower Derby Lake is sometimes referred to
in this report as "Derby Lake", especially on figures and
tables. This abbreviation conforms to the name shown on the
USGS 7.5 minute topographic quadrangle map.

1.3.1 South Lakes

The largest body of water at RMA is Lower Derby Lake, which has
a surface area of about 38 ha and an average depth of 2-3 m.
Lower Derby Lake receives inflow from the Irondale Gulch basin
(including Upper Derby Lake) and two ditches (Uvalda Interceptor
and Highline Lateral), as well as runoff from the South Plants
area. Lower Derby Lake existed prior to establishment of the
Arsenal, but it was enlarged by the Army for use as process
cooling water. The lake substrate is primarily silt with some
sand and detritus near the dam.

The second largest lake at RMA is Lake Ladora, which has a
surface area of about 25 ha. 1Its depth averages less than 2 m
because of extensive shallows, but the deepest areas exceed 5 m.
Lake Ladora is located immediately below (west of) Lower Derby
Lake. It also pre-dated the Arsenal but was enlarged by the
Army as part of the process cooling system. The shoreline of
Lake Ladora is irreqular except along the dam, which has been
stabilized with discarded concrete. The substrate is composed
primarily of silt and sand, with some clay and organic detritus.

Lake Mary is much smaller than Ladora or Lower Derby, with a
surface area of only 3.6 ha. Average depth is about 2.7 m, but
some areas exceed 4.6 m. The upper portion of Lake Mary is
crossed by earthen berms, creating a series of smaller,
interconnected ponds. Two small islands occur in the main body
of the lake. The substrate of Lake Mary is primarily clay, with
some sand, silt, and organic detritus. Lake Mary was
constructed by the Army in 1960 for recreational use and was not
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a source of process cooling water. However, the location of
Lake Mary immediately below the dam of Lake Ladora apparently
resulted in its receiving contaminated waters from the
impoundments upstream.

Upper Derby Lake, the uppermost (easternmost) of the South
Lakes, was built by the Army shortly after the Arsenal was
established to expand the process cooling water system. The
lake currently is used only for flood and overflow storage and
thus is dry for much of the year. If the lake were full, it
would have a surface area of about 34 ha and an average depth of
less than 2 m. The broad, shallow nature of Upper Derby Lake
and its intermittent nature make it ideal for breeding by
various amphibians, but it does not support fish.

1.3.2 Small Ponds

Three minor water bodies at RMA (North Bog Pond, Rod and Gun
Club Pond, and Toxic Storage Yard Pond) occur in areas that were
natural marshes before the Arsenal was built. North Bog Pond
covers approximately 0.8 ha along the northern boundary, just
west of First Creek. The natural seep that fed the marsh is now
greatly augmented by excess water from the North Boundary
Containment/Treatment System. The pond contained carp and
minnows as well as amphibians during field studies.

Rod and Gun Club Pond--actually two separate ponds that coalesce
during periods of high water--is located south of Lower Derby
Lake. It apparently was excavated in a natural depression
between 1965 and 1971. Although an overflow ditch can carry
water from Lower Derby Lake into Rod and Gun Club Pond, most of
the runoff comes from the surrounding terrain and whatever
little additional area is intercepted by the ditch. There is no
drainage outlet. The marshy depression covers an area of just
under 8 ha, but the main pond (which has not been dry since
field studies began in fall 1985) covers only 2 ha and is less




than 1 m deep. The pond did not support fish at the time of
field studies but was used for breeding by amphibians.

Toxic Storage Yard Pond was originally a series of three small
ponds formed by earthen dams constructed across First Creek.
The dams have been breached by high runoff, and only one small
pond covering less than 0.2 ha remains. A report by Rocky
Mountain Fisheries Consultants in 1977 (RMFC 1978) stated that
Toxic Sturage Yard Pond covered 1 ha and averaged 1 m in depth.
The pond apparently supported the same fish species as First
Creek, as well as amphibians, and was also stocked with
gamefish.

Havana Pond or South Gate Pond is a small impoundment that
receives runoff from residential, commercial, and industrial
areas south of RMA. Most of the water is carried into the pond
by the Havana Street Interceptor and Peoria Ditch. When full,
the pond covers less than 8 ha and has an average depth of less
than 1 m. Havana Pond supported breeding populations of
amphibians during field studies, but it did not contain fish.

1.3.3 First Creek

The only stream on the RMA is First Creek, which drains most of
the eastern half of the site (about 24 km?) and has a length
onsite of 9.4 km. First Creek has a maximum discharge capacity
of 250 cfs where it enters the southeastern corner of the
Arsenal, and 300 cfs where it exits at the northern perimeter
(U.S. Army 1983). 1Its average gradient across the site is 4.9
m/km (26 ft/mi). First Creek is a fairly persistent stream, but
in dry years it carries water only during spring and following
major storms. The persistence of flow has probably increased as
a result of continued residential and commercial development
south of RMA. Onsite contribution includes several canals and
ditches. First Creek also receives effluent from the sewage
treatment plant and overflow water from Upper Derby Lake. The
irregular flows and generally poor habitat of First Creek limit
its value as an aquatic resource.

-10-




Tiie extreme northeastern corner of RMA (about 1 km2) lies within
the Second Creek drainage, although the stream itself does not
cross Arsenal property. Basin size of Second Creek is about
half that of First Creek, and its flows are less persistent.
Second Creek is not currently connected to any onsite water
body, but it previously fed a network of irrigation canals on
RMA land. Second Creek was not sampled during field studies.

1.3.4 Ditches and Canals

Five canals and ditches enter the Arsenal from the south (Figure
2-2). These are the Highline Lateral and Uvalda Interceptor,
which feed into Lower Derby Lake; Havana Street Interceptor and
Peoria Ditch, which c¢uter near the South Gate and flow into
Havana Pond; and Sand Creek Lateral, which enters west of Havana
Pond and terminates north of the North Plants.

The ditches and canals on RMA were not sampled during field
studies because they represent extremely limited aquatic habitat
and have highly irregular flows. However, most contain a small
amount of water during much of the year, and they probably
contribute aquatic invertebrates as well as water and sediments
to the South Lakes. The Highline Lateral may be a route by
which fishes enter Arsenal waters during periods of peak flow.

-11-




2.0 METHODS

2.1 GENERAL APPROACH

Aquatic field studies were designed to provide qualitative and
quantitative information on the water quality and biotic
communities of the South Lakes (Lake Mary, Lake Ladora, and
Lower Derby Lake), and an offsite lake (McKay Lake) also located
in Adams County. Biotic components investigated included
phytoplankton, zooplankton, aquatic macrophytes, benthic
macroinvertebrates, fish eggs and larvae, adult and juvenile
fish, and amphibians. Sampling was conducted in the spring
(April-May), early summer (June), late summer (August), and fall
(November) of 1987. Additional samples were collected in April
1988 in conjunction with the collection of fish tissue for
contaminant analysis. Data for the additional samples are
provided in the Appendices but are not described in the text.

2.2 SAMPLING PROCEDURES

2.2.1 Water Quality

Water samples for laboratory analysis were taken from the upper
and lower areas of each lake during all sampling periods.
Analytical methods for the water quality parameters are listed
in Tancie 2-1. Each analytical sample was composed of three
subsamples, taken 1 m below the surface, at mid-depth, and 1 m
above the bottom. Where the water was less than 2 m deep, only
a mid-depth sample was collected. Subsamples were collected
using a horizontal Van Dorn-style water bottle, composited in a
polyethylene carboy, thoroughly mixed, and preserved to
stabilize the parameters of interest.

In addition, in-situ measurements of dissolved oxygen,
temperature, pH, conductivity, and transparency (Secchi

~-12-




TABLE 2-1

Methods and Holding Times for Water Quality Analyses

Method
Parameter of Analysis* Holding Time
Alkalinity EPA 310.1 14 days
Acidity EPA 305.1 14 days
Hardness EPA 130.2 6 months
Total Suspended Solids EPA 160.2 7 days
Total Dissolved Solids EPA 160.1 48 hours
Sulfate EPA 375.3 28 days
Chlorides EPA 325.3 28 days
True Color EPA 110.2 48 hours
Turbidity EPA 180.1 48 hours
Total Phosphate EPA 365.3 28 days
Dissolved Ortho Phosphate EPA 365.2 48 hours
Total Kjeldahl Nitrogen EPA 351.3 28 days
Nitrate+Nitrite Nitrogen EPA 353.3 28 days
Ammonia Nitrogen EPA 350.2 28 days
Sodium EPA 273.1 6 months
Potassium SM** 322 B 6 months
Magnesium SM 318 B 6 months

* EPA Guidelines Establishing Test Procedures for the
Analysis of Pollutants under the Clean Water Act. 40 CFR
Part 136. FR/Vol. 49, No. 209/Friday, October 26, 1984.

** SM = APHA et al. 1985. Standard Methods for the Examination
of Water and Wastewater. 16th ed. Washington. 1268p.

-13-
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visibility) were taken in the upper and lower areas of each
lake. In-situ transparency is inversely related to turbidity,
which was one of the lab analyses performed. Dissolved oxygen
and temperature were measured at depth intervals of 1 m or less
throughout the water column. Dissolved oxygen readings were
taken within 2 hours of sunset and sunrise to measure the
diurnal pulse. Measurements of pH and conductivity were made at
the depths where water quality subsamples were collected (i.e.,
near-surface, mid-depth, and near-bottom).

2.2.2 Phytoplankton

Phytoplankton samples were collected at the same locations and
using the same equipment as water gquality samples. Samples were
taken 1 m below the surface, or at mid-depth in areas less than
2 m deep. Two aliquots were preserved with buffered formalin
for analysis of species composition; a third was immediately
placed in an ice chest and maintained at 4°C. At the end of the
sampling period, each refrigerated aliquot was thoroughly mixed
and spiked with saturated magnesium carbonate solution. The
aliquots were then passed through glass fiber filters at a
vacuum of less than 27 inches of mercury (11 psi) to remove the
phytoplankton cells. The filters were folded, placed into glass
vials, frozen, and later analyzed for chlorophyll content.

Identification and enumeration of phytoplankton were made using
both the Palmer-Maloney method and proportional counting. The
Palmer-Maloney method involved settling the phytoplankton in a
mild detergent solution for 24 to 48 hours. Excess water was
then removed and each sample centrifuged at 2000 rpm for 15
minutes to concentrate the organisms into a small pellet. All
but 5 ml of the centrifuged sample was then drawn off, the
pellet resuspended, and the contents preserved in buffered
formalin. 1Identification and enumeration were performed by
placing 0.1 ml of the sample in a Palmer-Maloney counting
chamber, allowing 10 minutes for the organisms to settle, and
then scanning at a magnification of 400X. A maximum of twenty
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fields were examined for each analysis. Identifications were to
the lowest taxonomic level practicable.

Proportional counting involved the addition of hydrogen peroxide
and potassium dichromate to clear the phytoplankton of organic
matter, thereby exposing the diagnostic siliceous valves.
Permanent microscope slides were then made using a Hyrax
mounting medium. Proportional counts were made by scanning each
slide at 1000X and determining the proportion of each taxon
within a count of 200 valves.

2.2.3 Zooplankton

The zooplankton communities of the South Lakes included both
microzooplankton (rotifers) and macrozooplankton. Samples of
microzooplankton were collected in the same manner as for
phytoplankton. 1In areas less than 2 m deep, samples were taken
only at mid-depth. 1In areas greater than 2 m deep, subsamples
were taken 1 m below the surface, at mid-depth, and 1 m above
bottom.

Macrozooplankton samples were collected using a 0.5-m diameter
plankton net with a mesh size of 118 microns (u). The volume of
water filtered was measured using two General Oceanic Model 2030
flowmeters mounted on the net. Because of dense growths of
submergent aquatic plants, tows were mostly limited to the
surface strata. Samples of both macrozooplankton and
microzooplankton were preserved with buffered formalin
immediately after collection.

Microzooplankton samples were analyzed using a Sedgwick-Rafter
Chamber after being washed with tap water in a 64-u sieve to
remove the formalin. Samples were thoroughly mixed before
portions were placed into the counting chamber. A minimum of
200 organisms (or the number of organisms encountered in five
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strips) were identified to the lowest practicable level using
100X magnification.

Macrozooplankton samples were identified at 40X magnification
using a Ward Counting Wheel. A minimum of 200 organisms were

identified to the lowest practicable level.

2.2.4 Benthic Macroinvertebrates

Benthic samples were collected in the upper and lower portions
of each lake using a Ponar dredge. A dipnet was used to collect
bottom samples where dredge-sampling was not feasible. Samples
were washed using a 590-u mesh screen, composited, and preserved
with buffered formalin.

Both dredge and dipnet samples were stained in the lab using
rose bengal solution. After 24 to 48 hours, the samples were
washed through a 590-u screen, and the brightly colored
organisms were picked from the detritus and identified to the
lowest practicable level.

2.2.5 Fish

Adult and juvenile fish were sampled using a beach seine and
boat-mounted electrofishing unit. Fish eggs and larvae were
sampled using a towed plankton net and a fry seine. All
collections included subsamples from the upper and lower ends of
each lake, which were then composited into a single sample.

Beach seines were 7.6 m x 1.8 m and constructed of 3.2-mm
netting. Most sampling was done by wading to a depth of about 1
m and hauling the seine to shore. At Lake Mary, a boat was used
because of the steep shoreline.

Electrofishing samples were collected using a small boat
equipped with a 240-volt, 4000-watt generator coupled to a

Coffelt model VVP-15 electrofishing control unit. Two
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electrodes were positioned about 3 m forward of the boat and two
just aft of the working platform. Sampling periods consisted of
30-minute electrofishing runs, usually with two individuals
netting fish and one operating the boat.

Fish collected by beach seine or by electrofishing were
identified, measured (total length), and weighed. Large catches
were randomly subsampled, taking only 25 individuals of each
species. Large fish were returned live to the water. Small
fish were preserved in buffered formalin. Fry seine samples
were taken at the same times and locations as beach seine
samples. The fry seine was 3.0 m x 1.8 m and fabricated of
335-u netting. The distance of each haul was 15 m unless
precluded by macrophyte beds. All samples were preserved in
buffered formalin.

Fish eggs and larvae were sampled using a 5-m plankton net ith
a 0.5-m diameter circular mouth and a 335-u mesh size. The
distal end of the net was equipped with a quick-couple plankton
bucket screened with a 363-u netting. In the lab, the samples
were stained with rose bengal solution and washed with tap water
across a 120-u sieve. Eggs and larvae were then identified to
the lowest practicable level.

Bluegill and largemouth bass were evaluated for "condition" (a
measurement that combines weight and length) using Fulton’s
condition factor K (see Ricker 1971, 1975; Carlander 1977).
Fulton’s K factor was calculated using the formula:

W x 10°

L3

where W = weight in grams, and
L = length in millimeters.
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Condition indices were calculated for fish that were in the same
period of growth, or "stanza" (following the recommendation of
Carlander 1969, 1977; Ricker 1975). Most fish species have two
distinct stanzas: rapid early growth, mainly during the first
two years; and subsequent growth, which is slower and tends to
decrease with age. These two growth stanzas were treated
separately by dividing samples into groups that were <100 mm or
> 100 mm total length. It was assumed that the smaller size
class consisted primarily of the first growth stanza.

2.2.6 Amphibians

Observations of amphibians were incidental to the collection of
other aquatic samples. Information recorded included
opportunistic sightlings of egg masses, larvae, or adults, and
courtship vocalizations ("chorusing") in spring.

2.2.7 Aquatic Plants

Qualitative surveys of aquatic plants were performed during
August 1987 to estimate the coverage and community composition
of submergent and emergent species. Areal distribution of
macrophyte beds was estimated by traversing the lakes in a boat
and sketching the extent of the beds on large-scale aerial
photographs.

2.3 Tissue Analyses

Samples of macrophytes, plankton, macroinvertehrates, and fish
were collected by MKE for analysis of tissue contamination.
Chemical analyses were performed by Hunter/ESE. Results of
those analyses are presented and discussed in detail in the
Biota RI (ESE 1989) and are not included in this report.
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3.0 CHARACTERIZATION OF SOUTH LAKES
AQUATIC ENVIRONMENTS

3.1 WATER QUALITY

Lower Derby Lake, Lake Ladora, and Lake Mary are man-made
reservoirs which have been subjected to a variety of physical
and chemical disturbances. These have included draining,
sediment removal, lining, and manipulation of water levels, as
well as chemical contamination (MKE 1987, ESE 1989). Thus, one
would not expect the same degree of equilibrium between water
quality and watershed characteristics as is typical of
undisturbed lake systems. However, disturbances have been
minimal in recent years, and recovery of the South Lakes is
evident, both in terms of water quality and aquatic biota.

3.1.1 In-Situ Measurements

In-situ measurements of temperature, dissolved oxygen (DO), PpH,
conductivity, and transparency (Secchi depth) were taken to
provide information useful in comparing conditions among lakes
and interpreting conditions within a lake. Data for the three
South Lakes are provided in Tables 3-1 through 3-3.

Water temperature in the South Lakes followed a typical seasonal
pattern in 1987, with maximum values in August and minimum
values in November. Maximum surface water temperatures in
August ranged from 21°C to 26°C on the three lakes; minimum
values in November were approximately 11°C-12°C. As expected, a
pronounced vertical thermal gradient was present in deeper areas
during warmer months, but not during cooler months.

Dissolved oxygen levels in surface waters were good (above 80%)
through all seasonal samplings, with the majority of DO readings
reflecting saturation, and frequently supersaturation. During
the warmer months, some pronounced vertical gradients in DO
concentration were evident, with very low values in near-bottom
samples. Examples of this can be seen in the August data
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Table 3-1

in-Situ Water Quality Measurements at Lower Derby Lake, 1987

Water Sample Conduct. Secchi
Depth Depth Temp. DO DO pH (uahos/cm Depth
Date (M) (M) (°C) (mg/1 (* sat. (S.U.) €25°C) (M)
Lower End
30 Apr 3.5 1.0 16.0 -— -— 8.3 617 0.4
1.5 14.5 - - 7.7 627
2.5 15.5 - - 8.2 622
13 May 3.0 1.0 19.5 9.6 105 8.2 615 0.6
1.5 - - -- 8.2 620
2.0 18.0 5.5 58 -—- -
3.0 16.5 2.2 23 7.0 596
9 Jun 3.5 0.5 - - - 8.1 - 0.5
1.0 20.1 8.4 93 - 550
2.0 20.1 5.3 58 7.9 550
3.0 19.7 0.9 10 7.0 575
3.3 18.9 0.2 2 - --
11 Aug 3.5 0.5 - - -- 9.0 425 0.6
1.0 26.0 11.3 139 - -
2.0 24.0 6.5 77 8.8 425
3.0 23.0 4.0 47 8.7 450
3.3 23.0 3.0 35 -—- --
3 Nov 3.5 0.5 12.5 - -— - 510 0.6
1.0 12.5 12.1 114 8.5 --
2.0 12.2 11.4 106 8.4 485
3.0 12.0 10.8 100 - -
3.3 11.9 9.7 90 8.4 495
5 Nov 3.5 1.0 11.5 11.3 104 8.3 480 0.6
2.0 11.2 10.8 99 8.3 475
3.0 11.1 11.2 102 8.2 480
3.3 11.0 11.3 102 - -
Upper End
30 Apr 1.3 0.5 16.0 - - 8.1 610 0.3
13 May 2.0 0.5 19.5 9.1 99 - - 0.6
1.0 19.0 8.4 91 8.0 634
1.5 18.5 6.3 67 - -
1.8 18.0 4.8 51 - -
9 Jun 1.5 0.7 21.0 9.9 111 8.4 550
11 Aug 2.1 0.5 - -- - 8.7 -- 0.5
1.0 24.0 11.6 138 8.9 425
2.0 23.5 7.4 87 - 450
3 Nov 1.5 0.5 12.2 11.6 108 8.6 512 0.6
1.3 12.0 11.5 107 - -
5 Nov 1.9 1.0 10.8 11.0 99 8.3 487 0.6
1.7 10.3 10.7 95 - -
-20-
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In-Situ Water Quality Measurements at Lake Ladora, 1387

Table 3-2

(M)
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(M)

Apr

May

Jun

Jun

Aug

Aug

Nov

5.

1

SBWNFHFOLABDLWNNFLELWNHFOALBWNHOBABWNHOLOLBWNERFLANREFO
L] . . [ . L] . L] . . . . (] L] . L] . . . L] ] . L] . » L] L] . . L] L] . - . . .
HFOOOUMIDOOUIOOMOOCOUIMOOOOUINODOOOWOOODOUBTULTHNno 0

L] -
[SSVERE RV ] NOYUOUVNOMNDUNTUNO OO ~SoNdu,m oo oVITUNTNOoOOoOUN® [o -3

Conduct. Secchi
DO DO pH (umhos/cm Depth
(mg/1 (% sat. (S.U.) €25°C) (M)
- - 8.3 617 2.8
9.1 94 - -
-— - 7.7 627
8.7 90 8.2 622
7.1 68 - -
10.1 111 -— 740 3.0
10.1 111 - -
9.2 96 8.0 680
8.8 88 -- -
7.8 17 7.8 699
11.3 127 8.2 640 2.5
11.1 125 8.3 653
10.6 118 - -
7.2 79 8.0 671
4.2 45 - -
-— - 8.3 550 3.6
9.8 113 - -
10.3 116 8.6 550
9.3 103 7.9 575
7.0 77 -- --
0.8 9 - -—
- - - 8.9 600 2.6
8.2 96 - --
8.2 96 -- --
5.4 63 8.9 550
1.2 14 - -
0.3 3 8.9 600
6.7 717 8.6 700 2.6
7.4 85 - -
- - - 700
7.1 81 - -
4.0 46 8.2 700
1.7 19 - --
- -— 8.1 700 3.8
11.2 104 - -
10.9 100 8.4 750
11.0 100 8.5 725
10.5 96 - -
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Table 3-2
(continued)

In-Situ Water Quality Measurements at Lake Ladora, 1987

Water Sample Conduct. Secchi
Depth Depth Temp. DO DO pH (umhos/cm Depth
Date (M) (M) (°C) (mg/1 (% Sat. (5.U.) @259C) (M)
Upper End
29 Apr 1.3 0.5 16.8 9.2 95 8.1 610 1.0
1.1 16.8 9.2 95 - --
13 May 1.0 0.5 20.5 10.5 117 8.1 720 0.8
8 Jun 1.3 0.6 21.5 10.7 121 8.0 658 1.0
1.1 21.0 9.2 103 - --
10 Jun 1.3 0.5 21.0 13.3 150 8.0 550 1.2
1.1 20.2 >15.0 -- - -
10 Aug 1.9 0.5 22.5 9.3 107 7.8 800 1.9
13 Aug 1.0 0.5 21.2 10.6 119 7.8 800 0.8
0.8 21.0 12.7 143 - --
2 Nov 1.2 0.5 12.0 10.9 101 7.6 765 1.2
1.0 12.0 11.7 108 - -
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Depth Depth Temp. DO DO pH (umhos/cm Depth
Date (M) (M) (°c) (mg/1 (3 Ssat. (s.U.) €25°c¢) (M)

Table 3-3
In-Situ Water Quality Measurements at Lake Mary, 1987
Water Sample Conduct. Secchi
Lower End

30 Apr 3.5 0.5 - - - 8.3 673 2.6
1.0 17.5 10.6 111 - -
2.0 17.0 10.7 112 8.3 680
l 3.0 16.5 10.2 104 8.2 669
3.3 16.5 10.3 105 - -
14 May 3.0 1.0 22.0 12.9 148 8.8 696 2.5
1.8 - - - 8.7 685
. 2.0 19.0 12.5 135 8.8 -
2.8 19.0 12.8 138 - -
10 Jun 3.0 0.5 - - - 9.5 625 2.2
l 1.0 21.0 13.9 156 - -
2.0 21.0 12.7 142 9.3 600
2.8 20.9 14.3 160 9.0 605
11 Aug 3.5 0.5 - - - 9.2 550 2.5
l 1.0 23.6 8.4 99 9.2 -
2.0 23.2 4.5 53 - 550
3.0 22.5 1.2 14 - -
. 3.3 22.0 1.2 14 8.9 550
3 Nov 3.5 0.5 11.9 10.3 95 9.0 700 2.8
1.5 11.8 10.5 97 8.9 700
. 2.8 11.4 9.1 83 8.8 710
Upper End
I' 30 Mar 1.5 0.5 - - - 8.5 653 1.2
1.0 17.5 11.6 121 - -
14 May 2.5 1.0 20.0 14.2 156 8.9 671 2.1
1.8 - - - 9.0 680
l 2.0 20.0 >15.0 - 8.9 675
2.3 19.0 >15.0 - - -
10 Jun 1.5 0.5 - - - 9.3 625 1.5
l 1.0 21.0 14.9 167 - -
| 1.3 20.9 9.6 107 - -
11 Aug 2.5 0.5 - - - 9.6 600 1.9
1.0 24.8 9.9 119 - -
. 1.5 23.5 - - 9.6 600
2.0 22.5 1.5 17 - -
2.3 - - - 9.5 600
l, 3 Nov 1.5 0.5 - - - 9.1 750 1.5
1.0 12.1 10.3 96 - -
1.3 11.5 9.5 87 - -
' -23-
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from the deeper portions of the three South Lakes (Tables 3-1
through 3-3). Low DO concentrations in deeper water during the
warmer months are typical of naturally productive lakes.

Development of a strong vertical gradient in DO reflects a
situation in which oxygen depletion in the lower part of the
water column (due to a high oxygen demand associated with
biodegradation of detritus) exceeds oxygenation near the surface
(due to photosynthesis or atmospheric re-aeration). The
magnitude of the gradient observed in the South Lakes suggested
considerable loading of organic matter, mostly attributable to
primary production of phytoplankton and aquatic macrophytes.

The condition of DO supersaturation frequently encountered in
the South Lakes (i.e., from photosynthesis) and the extensive
development of aquatic macrophytes along the margins of the
lakes reinforce this conclusion. The daily variation in DO
concentrations (lowest in early morning and highest in
afternoon) indicates active and substantial community metabolism
(Appendix A, tables A-1 through A-3).

Values of pH recorded during the seasonal samplings were
generally between 8.0 and 9.0; the range for all readings was
7.0 to 9.6. At the higher end of the range (i.e., greater than
9.0), pH approached the limits of suitability for aquatic biota.
In productive lakes, pH frequently becomes elevated as
phytoplankton and aquatic plants extract carbon dioxide for
photosynthesis.

Conductivity measurements indicated a substantial dissolved
mineral content in ail three South Lakes. The ranges of
recorded values (in micromhos per centimeter) were as follows:
Lower Derby, 425-634; Ladora, 550-800; and Mary, 550-750.

Water transparency in the three lakes, as indicated by Secchi
depth measurements, was least in Lower Derby and greatest in
Ladora. Maximum Secchi visibility was recorded in November for
both Lake Ladora (3.8 m) and Lake Mary (2.8 m). The minimum
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Secchi depth for Lake Ladora (0.8 m) was recorded in the shallow
upper part of the lake during both May and August, while the
minimum visibility for Lake Mary (1.2 m) was recorded in the
shallow eastern area during April. Secchi depth values recorded
for Lower Derby Lake were fairly uniform across the sampling
periods, ranging from 0.3 to 0.6 m. These results indicate a
higher burden of suspended particulate matter {(i.e., greater
turbidity) in Lower Derby Lake than in either Lake Ladora or
Lake Mary.

3.1.2 Laboratory Analyses

3.1.2.1 General Water Quality Indicators (Table 3-4)

Alkalinity

Measurements of alkalinity ranged from 99 mg/l for the November
sample from Lake Mary to 181 mg/l for the April sample from Lake
Mary. These values represent moderate alkalinity and reflect a
substantial buffering capacity within the lakes. With the
exception that maximum values for all three lakes were recorded
in April, there were no consistent spatial or temporal patterns
in alkalinity.

Acidity

Acidity was not detected in any samples.

Hardness

Hardness measurements ranged from 98 mg/1 to 184 mg/1,
indicating relatively hard water. Concentrations were
consistently highest for Lake Ladora (mean = 179) and lowest for

Lake Mary (mean = 116). Like alkalinity, hardness was highest
in April for each lake.
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TABLE 3-4

General Water Quality Indicators of the South Lakes, 19871

Lake Lake Lake
Parameter Sample Derby Ladora Mary
Total Alkalinity Apr 124 147 181
(mg/1 as CaCoOj3) Jun 104 136 108
Aug 100 126 114
Nov 109 106 99
Acidity Apr 0 0 0
(mg/1 as CaCO3) Jun 0 0 0
Aug 0 0 0
Nov 0 0 0
Hardness Apr 160 184 154
(mg/1 as CaCO3) Jun 148 184 98
Aug 132 168 108
Nov 125 180 105
Total Suspended Solids Apr 24 4 7
(mg/1) Jun 20 3 2
Aug 18 3 14
Nov 15 3 6
Total Dissolved Solids Apr 378 423 413
(mg/1) Jun 400 434 360
Aug 365 440 445
Nov 290 430 410
True Color Apr - - -—
(Pt-Co Units) Jun 48 28 24
Aug 15 15 22
Nov 25 25 25
Turbidity Apr 11 3.3 1.6
(NTU) Jun 12 2.2 1.2
Aug 11 0.6 4.9
Nov 6.9 1.7 2.2

1

All data for samples from 1 m or the nearest depth interval
(0.5-1.3 m).

-26-




iR N OGSy IR W N G AaE e

| e A

|

Total Dissolved Solids (TDS)

Concentrations of dissolved solids were similar for all three
lakes, although Lower Derby Lake averaged slightly lower, with
values fairly uniform across the four sampling periods. The TDS
values, which ranged from 290 mg/l1 for Lower Derby in November
to 445 mg/1 for Lake Mary in August, indicated a substantial
content of dissolved minerals. This finding is consistent with
conductivity values measured in-situ (see above).

Total Suspended Solids (TSS)

Lake Ladora and Lake Mary both had a very low load of suspended
solids, with mean values of 3.2 and 7.2 mg/l, respectively.
Lower Derby Lake had a higher TSS, which declined steadily over
the four seasons from 24 mg/1 in April to 15 mg/l in November.
This probably reflects that most runoff into the South Lakes
system enters at Lower Derby Lake, and that runoff is greatest
during the spring. The extensive mudflat shoreline of Lower
Derby undoubtedly contributes to sediment loading when the lake
is filled during spring.

Turbidity

Turbidity was consistently low in lakes Ladora and Mary and
slightly higher in Lower Derby during the four sampling periods.
Values ranged from 0.6 to 3.3 NTU in Ladora, from 1.2 to 4.9 in
Mary, and from 6.9 to 12.0 in Lower Derby. Turbidity values
were generally consistent with TSS and Secchi depth measurements
of total suspended solids and transparency, as would be
expected.

True Color

Color measurements revealed a low amount of color in the waters
of the three lakes. No spatial or temporal patterns in the
recorded values could be discerned.
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3.1.2.2 Nutrients (Table 3-5)

Nitrogen (N)

Results of combined nitrogen analyses revealed greater
concentrations of the reduced forms of organic-N and ammonia-N
than the oxidized forms of nitrate-N and nitrite-N. This
suggests that available nitrogen tended to be held in algal and
macrophytic biomass and was rapidly recycled following
decomposition of organic matter. Concentrations of total
combined nitrogen were in the low-to-moderate range and were
capable of supporting a healthy community of primary producers.

Nitrate~N plus nitrite-N values were at or below 0.2 mg/l,
except for a 2.6 mg/l value from Lake Mary in November. It is
unknown whether this high concentration reflected analytical
variability or a real increase. No spatial or temporal patterns
in nitrite and nitrate concentrations were detected.

Ammonia-N concentrations in the South Lakes were in the low-to-
moderate range. Organic-N concentrations (computed by
subtracting ammonia-N from total Kjeldahl-N) reflected the large
amount of organic matter (algal and macrophytic biomass) within
the lakes. No notable patterns were evident in concentration
among the lakes, or over time within the lakes, except for the
regular increase over the four sampling periods for Lake Mary.

Phosphorus (P)

Concentrations of both total P and dissolved reactive P were
low, mostly at or below detection limits. No spatial or
temporal patterns in concentration were evident. At the low
concentrations recorded, phosphorus might be a limiting factor
for phytoplankton within the South Lakes.
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TABLE 3-5

Concentrations of Primary Nutrients (N & P) in the South Lakes!

Lake Lake Lake
Parameter Sample Derby Ladora Mary
Nitrate+Nitrite N Apr 0.04 0.06 0.06
(mg/1) Jun 0.10 0.07 0.07
Aug 0.20 0.15 0.16
Nov 0.09 0.11 2.60
Ammonia N Apr 0.35 0.10 0.07
(mg/1) Jun 0.45 0.22 0.19
Aug 0.07 0.25 0.18
Nov 0.11 0.34 0.50
Total Kjeldahl N Apr 1.55 0.85 0.40
(mg/1) Jun 3.65 1.08 0.67
Aug 1.20 0.81 1.72
Nov 0.93 1.96 2.60
Organic N Apr 1.20 0.75 0.33
(mg/1) Jun 3.20 0.86 0.48
Aug 1.13 0.56 1,54
Nov 0.82 1.62 2.10
Total Combined N Apr 1.59 0.91 0.46
(mg/1) Jun 3.75 1.15 0.74
Aug 1.40 0.96 1.88
Nov 1.02 2.07 5.20
Dissolved Reactive P Apr <.07 <.07 <.07
(mg/1) Jun <.01 <.01 <.01
Aug 0.01 <.01 0.03
Nov <.01 0.08 <.01
Total P Apr 0.07 <.07 <.07
(mg/1) Jun 0.11 <.07 <.07
Aug 0.10 <.07 0.14
Nov 0.12 <.07 <.07

1

All data for samples from 1 m or the nearest depth interval
(0.5-1.3 m).
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3.1.2.3 Principal Anions and Cations (Table 3-6)

Anions

Information on principal anions and cations in the waters of the
South Lakes was developed through direct analyses for chloride
and sulfate, and computations of carbonate and bicarbonate based
on alkalinity data (APHA 1985). A review of this information
indicates a relatively even distribution of anions among
bicarbonate, chloride, and sulfate, although bicarbonate was
present in slightly greater concentrations. The highest
concentrations for these three anions were recorded during April
from all three lakes. Also, chloride steadily declined over the
four sampling periods (Fiqure 3-1). This might be related to
dilution by precipitation and inflow from spring through early
fall.

Carbonate was only occasionally detected in samples from Lower
Derby and Ladora, and only at very low concentrations. 1In
contrast, Lake Mary samples consistently had low-to-moderate
concentrations of carbonate. The presence of carbonate in Lake
Mary was responsible for its slightly higher pH.

The relative concentrations of the principal anions within each
of the RMA lakes, based on four seasonal samples, may be

characterized as follows:

Lower Derby: bicarbonate > sulfate > chloride > carbonate

Ladora: bicarbonate > sulfate > chloride > carbonate
Mary: bicarbonate > chloride > sulfate > carbonate

A preliminary analysis of anion-cation balance suggests the
presence of other, unmeasured anions in the lakes, some of which
might be present in greater concentrations than carbonates.

-30-




TABLE 3-6

Concentrations of Selected Anions and Cations

in the South Lakes, 19871

Lake Lake Lake
Parameter Sample Derby Ladora Mary
Bicarbonate Apr 124 147 167
(mg/1) Jun 104 136 100
Aug 94 122 74
Nov 105 106 81
Carbonate Apr 0 0 14
(mg/1) Jun 0 0 8
Aug 6 4 40
Nov 4 0 18
Chloride Apr 85 85 113
(mg/1) Jun 60 71 96
Aug 42 67 94
Nov 25 64 89
Sulfate Apr 106 126 56
(mg/1) Jun 66 81 37
Aug 58 81 51
Nov 59 95 64
Sodium Apr 79 89 103
(mg/1) Jun 80 88 114
Aug 59 87 96
Nov 68 80 88
Potassium Apr 11.0 4.3 5.0
(mg/1) Jun 5.2 3.2 3.6
Aug 5.5 3.7 4.9
Nov 4.0 3.9 3.4
Magnesium Apr 5.4 6.4 5.3
(mg/1) Jun 4.4 4.8 4.5
Aug 13.7 13.1 13.3
Nov 11.9 17.6 13.1

1

(0.5-1.3 m).
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Cations

Principal cations in the three Arsenal lakes, in decreasing
order, were sodium, calcium, magnesium, and potassium. Sodium
concentrations were generally lowest in Lower Derby and highest
in Mary, while levels of potassium and magnesium were similar
among all lakes. Calcium concentrations were calculated from
magnesium and hardness values, and therefore little can be said
regarding patterns. However, comparison of the magnesium and
hardness data suggests that calcium was generally highest in
Lake Ladora and lowest in Lake Mary.

3.2 PHYTOPLANKTON

3.2.1 Abundance

Densities of phytoplankton in the South Lakes ranged from very
low in April for lakes Ladora and Mary (162 and 129 units/ml,
respectively) to very high (24,893 units/ml) in August for Lower
Derby Lake (Table 3-7; Figure 3-2). Phytoplankton numbers in
Lower Derby were consistently and substantially higher than in
Ladora and Mary. This was at least partly responsible for the
reduced transparency of Lower Derby.

3.2.2 Community Composition

Although green algae (chlorophytes) were generally prevalent in
the phytoplankton of the South Lakes, relative abundance data
revealed a considerable flux in community composition over the
four sampling periods (Table 3-7). The following discussion
treats community composition at the phylum and genus levels;
species-level information is provided in Appendix B, tables B-1
through B-3.
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