Journal of the Arkansas Academy of Science

Volume 38 Article 19

1984

Water Quality in the Gillham Lake-Cossatot River
System During Dry and Wet Periods

Stephen B. Smith
U.S. Fish and Wildlife Service

Thomas E. Moen
U.S. Fish and Wildlife Service

Follow this and additional works at: http://scholarworks.uark.edu/jaas
b Part of the Aquaculture and Fisheries Commons

Recommended Citation

Smith, Stephen B. and Moen, Thomas E. (1984) "Water Quality in the Gillham Lake-Cossatot River System During Dry and Wet
Periods," Journal of the Arkansas Academy of Science: Vol. 38, Article 19.
Available at: http://scholarworks.uark.edu/jaas/vol38/iss1/19

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0). Users are able to
read, download, copy, print, distribute, search, link to the full texts of these articles, or use them for any other lawful purpose, without asking prior
permission from the publisher or the author.

This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Journal of the Arkansas Academy
of Science by an authorized editor of ScholarWorks@UARK. For more information, please contact scholar@uark.edu, ccmiddle@uark.edu.


http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol38?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol38/iss1/19?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol38/iss1/19?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol38%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu,%20ccmiddle@uark.edu

Journal of the Arkansas Academy of Science, Vol. 38 [1984], Art. 19

WATER QUALITY IN THE
GILLHAM LAKE-COSSATOT RIVER SYSTEM
DURING DRY AND WET PERIODS*

STEPHEN B. SMITH** and THOMAS E. MOEN***
U.S. Fish and Wildlife Service
Multi-Outlet Reservoir Studies

Arkadelphia, AR 71923

ABSTRACT

Water samples were collected in the Cossatot River-Gillham Lake system during an extended dry period
and alter hieavy rains 1o determine the spatial variations in certain waler quality characteristics. Of par-
licular interest was the influence of the reservoir discharge on the water quality of the tailwater compared
with the effects of four tributaries entering the tailwater below the raservoir. The water guality of the Cossatot
River below Gillham Lake at low-flow (dry periots) and during the first 3 days after heavy rainfall (wet
periad) was influenced more by the tributaries entering the tailwater than by the reservoir water release.
We estimated, however, that the amount of particulate inorganic matter released to the tallwater from
the reservair after the initial 3-day wet penod would be greater than the amounts entering the tailwater

fram the tributaries

INTRODUCTION

Reservoirs can be regulated to benefit dow envir
quality, however, many requirements for downstream habitats and biota
are not totally understood or substantimted. Changes in various
physicochemical characteristics associated with reservoir water release
greatly influence the composition and abudnance of species in the
tailwater communities, Methods for determining the quality, quanti-
ty, and timing of reservoir waler release (o maintain the tailwater
ecosystem are inadequate. In 1979 the National Reservoir Research Pro-
gram (U.S. Fish and Wildlife Service) and the Waterways Experiment
Station (U.S. Army Corps of Engineers) began a cooperative study 1o
evaluate environmental criterin and operational methods applicable for
the maint ¢ of desirable tailwater aguatic habitat and associated
biota (Walberg et al., 1981; Walberg et al., 1983).

Water quality measurements during the 3 year study period were taken
in Gillham Lake, Arkansas, and in the Cossatol River downsiream from
the dam structure. Periodic collections of water samples were adequate
to understand some water guality relationships during the related time
periods; however, spatial variation of water quality characteristics could
not be determined, particularly with regard to tributary influence on
the tailwater system during extended dry periods and after heavy rain-
fall. We therelore began a short term study in 1981 1o investigate the
spatial variation of water guality in the Cossatot River-Gillham Lake
system during an extended dry period and afier heavy rains,

STUDY AREA

Gillham Lake (153 m above mean sea level) is a 554-ha multipur-
pose U.S. Army Corps of Engineers impoundment on the C River
in the Little River drainage of southwest Arkansas. The reservoir was
designed with multiple level water release outlets at 4.5 and 9.0 m below
conservation pool to maintain lowflow (1.5 to 4.2 m'/sec) into the
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tailwater, and at 19.7 m below conservation pool to discharge higher
flows (4.2 1o 85 m'/sec). The lake has a drainage area of 702 km* and
a storage ratio of 0.1. The average annual rainfall near Gillham Lake
is 137.2 em.

We selected 10 sample collection sites that would best describe the
Cossatol River above and below the reservoir, the reservoir itself, and
the major tributaries that might influence the water quality within the
wilwater (Fig. 1).

METHODS

In situ measurements of water temperature, dissolved oxygen, pH,
and specific conductance were taken with a Hydrolab modcl 8000%***
at mid-depth at all riverine sample sites and at 1 m intervals at the two
reservoir i We collected water ples (500 mL) at about 3-m
depth intervals in the reservoir, and at mid-depth a1 the other sampl-
ing sites. The samples were acidified (pH less than 2) with H.SO, and
returned to the laboratory for analysis of total iron and manganese.
An additional 10-L sample of water from each location was filtered
through an 0,08-mm mesh net to retain coarse particulate matter, A
1-L subsample of the filtrate was vacuum pumped through a preweighed
glass-fiber filter paper to retain fine particulate matter. The filtrate (100
mL) from the fine particulate matter was used for analysis of total
dissolved solids.

Total iron and manganese were analyzed by atomic absorption spec-
trophotometry at the chemistry department of Ouachita Baptist Univer-
sity. The coarse particulate matter les were ined on a glass-
fiber filter paper for drying. The coarse and fine particulate matter filter
papers were then oven dried at 60°C for 24 hours, Inorganic portions
of coarse and fine particulate matter were determined by ashing the
samples at 550°C for 20 minutes (American Public Health Association
el al., 1976).

The dry period was characterized by conti low-flow discharge
(1.5 m'/sec) from the reservoir for 41 days prior to sampling on Oc-
taber 1, 1981. A single rainfall (2.3 em) occurred 17 days before sampling
however, it did not raise the lnke level.

A wet period (defined as occurring immediately after = 5.0 ¢m of
rain fell within a 48-hour period) did not develop in the Gillham Lake
watershed until January 20, 21, and 22, 1982, when 1.65, 1,73, and
2.4 cm of rainfall occurred, respectively. The lake level during that time
rose 7.2 m, During sampling on January 23, reservoir discharge was
increased from 1.5 m'/sec 1o 18.7 m'/sec one-half hour before we began
collecting water samples in the tailwater.
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Figure 1. Water quality sampling stations in Gillham Lake watershed;
bers following
(A) and below (B) the dam.

names show distance in kilometers above

Low-flow discharge into the tailwater during the dry period (1.5
m'/sec) was only from the upper low flow gate, 4.5 m below conserva-
tion pool level. Discharge during the wet period (18.7 m'/sec) was from
all three reservoir release levels (4.5, 9.0, and 19.7 m below conserva-
tion pool).

RESULTS

Reservoir

During dry conditions, temperature variation within the water col-
umn was small at sampling sites in the upper and lower reservoir
(Stations 2 and 3, respectively). However, an oxycline occurred a1 §
m in the upper reservoir and al 7 m in the lower reservoir. A stable
anoxic hypolimnion (dissolved oxygen, < 0.5 mg/L), in the lower reser-
voir led 1o chemically reduced conditions and higher amounts of total
iron and manganese and total dissolved solids than in the upper reser-
voir (Table 1),

s***Mention of trade names of manufacturers’ does not imply U.S.
Government endorsement of commercial producis.

Temperature and dissolved oxygen profiles at both reservoir stations
showed little variation during the wet period. However, a spate at Sta-
tion 2 in the upper reservoir contained allochthonous materials from
the Cossator River above the reservoir and from the tributaries enter-
ing the reservoir nbove the sampling site. Total particulate organic matter
(POM) was 3.5 times greater and total particulate inorganic matter (PIM)
40 times greater in the upper reservoir where samples were collected
within the spate, commpared to the lower reservoir. Total iron and total
dissolved solids were also greater in the freshet indicating leaching of
the soils during runoff (Table 1).

River

Dry Period:  Flows within the tributaries that empty into the tailwater
normally ranged from 0.08 to 0.42 m'/sec. During the dry period the
surface Mow within the tributaries appeared to be negligible. However,
hyporheic and subterranean flow from the tiibutaries apparently in-
fluenced some physicochemical characteristics in the tailwater, Dissolved
oxygen decreased and total iron increased ar Station 6, (Mize Cross-
ing, Fig. 1) in the tailwater below the outfall of Station S, (Carters
Creek). Water temperature downstream decreased slightly as a result
of the lower water temperatures in the three tributaries entering the
tailwater below Station 6. Conductivity and total dissolved solids in
the tailwater showed little spatial variation, even though values in the
tributaries were nearly two times greater (Table 2)0

Concentrations of coarse particulate organic and inorganic matter
below the dam (Station 4) were similar to those in the lower reservoir.
Allochthonous material in Carters Creek resulted in increased coarse
POM and coarse PIM at Siation 6 in the ailwater. Al Station 10 (Road
RO00G) the amounts of particulate matter decreased, with no apparent
influence from the other tributaries (Fig. 2).

Fine POM was higher in the tailwater below the dam than in the lower
reservoir. Higher values of fine POM and fine PIM were recorded at
Station 6 below the outfall from Cariers Creek. Both fine POM and
PIM continued to increase with increasing distance downstream. The
tributaries entering the tailwater (Carters, Sycamore, Almond, and Hur-
ricane Crecks) and erosional effects of flow within the tailwater increased
the amount of fine POM and PIM within the wilwater, even though
surface flow from the tributaries was not evident (Fig. 2).

Wet Period:  Flow in the Cossatot River above Gillham Lake (St-
tion 1) during the wet period was about 56 m'/sec, as a result of 5.8
em of rainfall. The initial runoff which contiined large amounts of
allochthonous material had | tion | when ples were col-
lected. However, total dissolved solids and total iron concentrations
in the upper reservoir (Station 2) were high as a result of the freshet
which did not move from the upper reservoir during the sampling period.
The reservoir water discharged into the railwater, therefore, was not
influenced by the spate, Carters Creek, which drains mainly agricultural
land, contributed to the higher concentrations of total iorn, total dis-
solved solids, and conductivity at Station 6 in the tailwater. Additional
iron from the other three tributaries (Stations 7, 8 and 9) below Sta-
tion 6 resulted in additional total iron and total dissolved solids at
Station 10 in the ailwater (Table 2).

Coarse POM was low at both reservoir sample sites, even though
fine POM was more than twice as great in the upper reservoir. In the
tailwater and tributaries course and fine POM were without a patiern
(Fig, 3).

Carters Creek contained high amounts of coarse PIM, which resulted
in high amounts at Station 6. However, measurements of course PIM
al Station 10 were lower than at Station 6, as a result of dilution by
Sycamore, Almond, and Hurricane Creeks. Fine PIM was very high
in the upper reservoir as a result of the surge of Mood water but was
low in the lower reservoir, which had not yet received the water from
the upstream freshet, Fine PIM in the tailwater increased progressive-
Iy with distance downstream. Increased reservoir discharge resulted in
higher Mow (18.7 m'/sec) at the tailwater dam site and at Station 6;
however, the increased flow had not reached Station 10 when samples
were collected. Therefore, the higher fine PIM downstream (Station
10) was contributed by Almond and Hurricane crecks (Fig. 3).
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Table 1. Profiles of certain water quality characteristics during dry (October 1981) and wet (January 1982) periods in Gillham Lake,

Arkansas.
Section of
rESETvoir Iron Nanyanese ___ Particulate matter my/L) Tos Conductance
W e B W TR W R
Upper
i el 0.l 0.1 .0 2.51 .09 1.46 al.29 44,4 57.2 b3 48
4 1 § U.b .l U £ .54 3.87 U.l5 46 .bt 7.8 4,7 2t 44
7 0.2 0.5 (155 | (VAT 139 4,65 2420 19.36 8.0 83.3 sSd L T4
1u u.e u.9 Uil .l r4-1) 5.41 193 125.53 - Bb .5 ba LT
13 0.7 1559 U.5 0.l 2.61 3.27 1.48 94.ul 4.6 bil.b 43 53
Lower
1 0.2 0.1 u.2 .0 2.61 0,62 1.)6 2.H3 3b.4 36.2 53 53
4 g oA u.l . 2.44 .83 u.ll 1.b3 2.4 6.4 53 53
) UL (V1) ULl 1.0 Z.hh 1.713 y.38 1u 3l.8 310 o2 53
10 0. u.o* u.3 . Z.16 l.1b 1.42 LU 3b.5 371.1 (L] 5d
14 2.5 .1 0.7 1.0 1.84 133 1.47 1.70 47,3 37.2 IE] 93
17 3.9 J.o* U8 .U 1.44 1.20 U5 1.41 93U - gy 54

'TDS - Total dissolved solids
*Gate levels for reservoir water release

DISCUSSION

The changes in inorganic matter between the dry and wet periods
was due to differences in the amounts of allochthomus matter entering
the system during October and January. However, the changes in organic
matter between the dry and wet periods were not due to differences
in allochthonous matter (leaf litter) during October and January but
1o autochthonus differences in standing stocks of algae and zooplankton
and to dilution from increased water volumes during the wet period.
Other variables may have been influenced by the seasonal variation;
however, discussion of these variables is limited to comparisons within
the dry or wet periods.

As discharged reservoir water moves downstream, it is typically in-
fluenced by local conditions that tend to ch ize cach 1ail
(Pfitzer, 1954), During dry conditions and within about 3 days after
heavy rainfall, certain physicochemical conditions in the Gillham Lake
tailwater were influenced by its tributaries, and not by reservoir water
release.

During dry conditions, the tailwater tributaries (Carters, Sycamore,
Almond, and Hurricane creeks) became a series of disconnected pools,
Seepage between these pools by way of hyporhéic and subterranean flow
caused the changes in tailwater perature, dissolved and total
iron. However, increased conductivity that typically occurs downstream
at low-flow (Hynes, 1970; Smith, 1982) was not apparent in the wilwater.
During the wet period in January water temperature, conductivity, total
dissolved solids, and total iorn increased downstream. The tributaries,
especially Carters Creek, were responsible for these changes, even though

water was being released at a higher rate from the reservoir,

During dry conditions POM was 21% greater below Gillham Lake
than in the water entering the lake. Sedimentation within a reservoir
results in reduced passage of detritus into the tailwater; therefore, the
organic matter that is important in natural streams for energy transfor-
mation is usually not as available in a tailwater stream (Walburg et al.,
1981), However, autochthonous POM from within the reservoir (usually
plankton) will sometimes yield substantially higher amounts of organic
matter below an upper level release reservoir in comparison to a
hypolimnetic release reservoir (Maciolek and Tunzil, 1968; Lind, 1971;
Spence and Hynes, 1971). Plantlon collections were nol made durms
the present shori-term study; ho kton was
during the summer in 1979, 1980, and 1981 (Smith, 1983; U.S. Fish
and Wildlife Service unpublished data). These collections indicated that
during the periods corresonding 1o the dry period, zooplankion popula-
tions were usually concentrated in the epilimnion, at the same level as
the release gate. During wet conditions, POM was 9% higher below
Gillham Lake than above the lake. Vertical distributions of zooplankion
during periods that correspond to the wet conditions were uniform
throughout the unstratified water column and their densities were
therefore much lower.

Farther downstream in the tailwater (Station 10), POM increased
durms the dry penod as a result of a cumulative effect from tributary

n e and allocth input of some leaf litier. During the wel
period, tailwater POM was slightly higher a1 Station 6 due to the in-
itial surge of reservoir water that had reached the collection site. Col-
lections there (3.5 km below the dam) were made 1 hour after reservoir

Arkansas Academy of Science Proceedings, Vol. XXXVIil, 1984
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Table 2. Physiocochemical characteristics at sampling locations in Gillham Lake and in the Cossatot River and its tributaries, during dry (Octaber
1982) and wet (January 1982) periods.

Total
dissolved Total Total
pH Conductance solids manganese iron
Station (umhos/cm) (mg/L) (mg/L) {mg/L)
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
No. Description
1 Above reservoir 6.6 5.8 36 41 54 33 0.0 0.1 0.0 0.01
2 Upper reservoir 5.8 5.8 65 51 33 60 0.2 0.04 0.26 0.9
(profile mean)
3 Lower reservoir 5.9 6.0 53 53 32 37 D.1 0.0 0.0 0.03
(mean at release
gate levels)Ll/
4 Below dam* 6.2 5.9 54 54 31 34 0.1 2.0 0.1 0.0
5 Carters Creek 6.4 6.0 159 70 136 16 0.1 0.0 0.4 0.7
6 Mize Crossing™ 6.4 5.8 54 59 39 52 0.1 0.1 0.2 0.6
1 Sycamore Creek 6.2 6.0 80 55 40 51 0.1 0.1 0.1 0.5
4 Almond Creek 6.0 5.2 66 66 56 57 (A | 0.0 0.3 0.5
9 Hurricane Creek 5.1 5.4 598 58 15 66 0.2 2.0 0.6 0.5
10 Road BOOOO* 6.4 5.8 58 61 3z 60 0.1 0.1 .1 0.8

*Tailwater

'Water release was at 4.5 m below conservation pool during dry period and 4.5

. 9.0, and 19.7 m below conservation pool during wet period.
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Figure 2. Fine and coarse particulate organic matter (left panel) and inorganic matier (right panel) during the dry period, October 1, 1981, in the
Gillham Lake watershed. Fine particulate matter shown by the open portions of bars, and coarse particulate matter by shaded portions (TW -
indicates tailwater sampling station).
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Figure 3. Fine and coarse particulate organic matter (left panel) and inorgamc matter (right panel) during the wet period, January 237 1982, in
the Gillham Lake watershed, Fine particulate matter shown by the open portions of bars, and coarse particulite matter by shaded portions (TW

- indicates tailwater sampling station).

discharge had been increased 1o 18.7 m'/sec. Matter et al. (1983) found
more POM during the initial surge of water from generation than
during to pregeneration or during high Now. At Station 10, the surge
of water from reservoir release had not reached the sampling station
when samples were collected, resulting in lower POM there than at the
upstream stations.

During dry conditions, PIM from the upper reservoir precipitated
as the water moved through the reservoir, This precipitation resulted
in values of PIM near the release gate in the lower reservoir of about
half of the amount found in either the water entering the lake or in
the upper reservoir. The PIM below the dam was higher than wighin
the reservoir at the release gate level, due to resuspension of inorganic
riverbed materials from the turbulence created by the reservoir water
release. However, tributaries (especially Carters Creek) were the ma-
jor contributors of PIM to the tailwater, The PIM in the tailwater in-
creased as distance downstream increased, Additional input for the other
tributaries and the suspension of inorganic material from the riverbed
had a cumulative effect on the amount of PIM at the Station 10,

When samples were collected in Gillham Lake during wet conditions,
the surge of flood water with high PIM in the upper reservoir had not
reached the lower reservoir sampling stations. Therefore, we calculated
the amount of PIM that might have been available for reservoir water
discharge into the , using formulas for turbidity decrease within
u reservoir (Jones and Rogers, 1952; Soltero et al., 1973). Particulate
inorganic matter and turbidity were closely relaied and showed similar
trends (correlation coefficient r=0.95) within Gillham Lake water-
shed during wet conditions (LS. Fish and Wildlife Service unpub-
lished data). Turbidity usually decreases sharply as the water moves
downstream within a reservoir, due to sedimentation of inorganic matter
within a basin (Symons et al., 1964). However, increased lake volume
from runoff into Gillham Lake would result in a smaller storage ratio
(normally 0.1) and therefore, less sedimentation. Consequenily, the
amount of PIM that may have been discharged into the taitwater from
Gillham Lake as a result of the spate in the upper reservoir was pro-
bably higher than the amount measured during the initial 3 day period.

In summary, the tributaries (particularly Carters Creek) had a greater
effect on water quality in the tailwater during dry conditions and
during the initial 3 days after heavy rains, then did the water released
from the reservoir. However, estimates of PIM that may have been in-
cluded in the reservoir water discharge following the initinl wet period
indicated that higher amounts of PIM may have entered the tailwater

72 Arkansas Academy of Science Proceedings, Vol.
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from water released from the reservoir than from the tributaries enter-
ing the tailwater,
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