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INTRODUCTION

The City of Columbiana, Alabama utilizes a tributary to
Waxahatchee Creek as a receiving stream for the treated effluent
from its municiral wastewater treatment facility. Approximately 1
mile downstream, the tributary empties into Waxahatchee Creek.
During the period from July 1987 to October 1989, the City of
Columbiasna underwent construction to upgrade the old disposal plant.
S5taff members of the Field Operations Division of the Alabama
Department of BEnvironmental Management {(ADEM), at the reguest of the
Municipal Branch of the Water Division of ADEM. conducted a water
guality demonstration study to assess the effects of the new
treatment facility on the tributary to- and Waxahatchee Creek.

EPA CONSTRUCTION GRANTS PROGRAM

Since 1872, approximately $534 million in EPA grant funds has
been expended on construction of municipal wastewater treatment
systems in Alabsama. FY-8Q0 marks the last year of the EPA
Construction Grants Program. One recipient of EPA funding was the
City of Columbiana, Alabama in Shelby County.

To encourage the advancement of wastewater technology, EPA
designated some projects as innovative/alternsative technology. This
means that, while it is recognized that their might be some risk
associated with using a new technology, it is worth the risk to give
new technology a try in the interest of advancing knowledge in the
field. To encourage municipalities participation in this program,
EPA offered 5% grants for projects that involved
innovative//alternative technology, instead of the usual 55% grants
for projects that involve proven technology.

The Bioclac system proposed for Columbiana was Jjudged to be
innovative technology and Columbiana recieved a 75% EPA Step 3
Construction Grant in September 1886 for construction of a 0.75 MGD
Bioclac treatment system. The total EPA eligible construction cost
for the treatment facility was approximately $1,056,474.00. Of this
total., the EPA grant was approximately $874,452.00.

The project engineer was Hobinson and Layton of Birmingham,
Alabama and the construction company was Lloyd Wood Construction of
Tuscaloosa, Alabama. Construction of the new WWITP began in January
18988 and operation commenced in December 1988. The new construction
included facilities for screening and grit removal, flow monitoring,
aeration/clarification using the Biolac process, post aeration via a
partial mix aeration pond, and cascade aeration.

The new Biolac svstem replaced a 6.6 acre single cell lagoon
which was discharging secondary treated wastewater to an unnamed
tributary of Waxahatchee Creek. The new Biolac syvstem is an
extended aeration system. The aeration cell is 12 to 14 feet deep
and is aerated by a system of floating chains. The aerators are
perforated tubes which are suspended below the floating chains. As
the air is forced through the thousands of tiny openings along the



length of these tubes, it aerates the water and moves the chains

from side to side in a snake-like fashion. This action provides
mixing of activated sludge and at the same time supplies oxygen to
the bacteria that break down the waste. In extended aeration

systems, more air 1is usually required to keep the solids in
suspension than is required to aerate the wastewater; therefore, the
mixing requirements control. In the Biolac system, this is reversed
and the aeration requirements control. Thus, if a sufficient voliume
of air is supplied to aerate the water, the water will maintain a
mixed state and the solids will stay in suspension. This reduces
the demand for blower capacity which results in energy savings.

Monthly NPDES permit limits for the 0.75 MGD Biolac system are
ag follows:

BOD5 12 mg/L
NH3-N 3 mg/L
53 30 mg/L
D.O. 6 mg/L

Average monthly performance by the treatment facility for the
twelve month period from July 1989 to June 1890 is as follws:

Flow 0.451 MGD
BOD 7.4 mg/L
NH3-N 0.8 mg/L
TSS 8.1 mg/L
D.0O. 8.6 mg/L

FIELD OPERATIONS

During the periods of July 1987 +to Ssptember 1987 and May 1988
to October 1988, staff members of the Field Operations Division
collected data to establish conditions and provide a comparative
base of information on Waxshatchee Creek and its” tributary prior to
construction and implementation of the new treatment plant. During
May to October 1989, data were collected to demonstrate +the
improvement, if any, of water gquality in the receiving stream
attributable to the new plant.

SAMPLING LOCATIONS AND METHODOLOGY

Four sampling locations were selected and utilized for data

collection during the water guality demonstration study. The
station names and locations were as follows:

STATION LOCATION:

WX-1 Tributary to Waxahatchee Creck approximately 1/2 mile up~

(control) stream of treatment plant at State Highway 25 crossing.
T215,R1W,526,NW1 /4,881 /4,8E1/4
WX-2 Tributary to Waxahatchee Creek approximately 3/4 mile down-
stream of treatment plant at trail crossing. T213,R1W, 527,
SW1/4.5W1/4,5W1/4

WX-3 Waxahatchee Creek approximately 1/2 mile upstream of con-
(control) fluence of tributary. T218,R1W,S828,5W1,/4,NE1/4,NE1/4
WX—-4 Waxahatchee Creek approximately 3&1/4 miles downstream of

treatment plant at County Road 315 crossing. T22S,R1W, 311,
NWi/4,8W1/4,8W1/4
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The following parameters were collected at each sampling location:

Date
Time
Alr Temperature
Water Temperature
Conductivity
pH
Dissolved Oxygen (D.0O.)
Biochemical Oxygen Demand (BODs)
Total Suspended Sciids (TE3}
Nitrate (NOz-N}
Ammonia (NHz-N)
. Total Kjeldahl Nitrogen (TKN)
. Total Organic Nitrogen (TON;
.  Phosphate (POa-P}
15). G&Gtream Flow
183. Fecal Coliform
i73y. Aguatic Macroinvertebrates
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All sampling., sample handling technigues, and field parameter
analyses utilized in the acquisition of data for this water quality
demonstration study were as described in the Field Operations
{Field Operations Division, ADEM, December 198€6), as amended.
Chain- of-custody was maintained by locking the samples in a
Departmental vehicle when not 1in sight of a Field Orperations

employes. The samples requiring laboratory analysis were
transported to the ADEM Environmental Laboratory in Montgomery.
Alabama. Analysis methodology were as specified in the Federal

Register, 40 CFR Part 136, October 1884, as amended. Analyvsis of
the samples vielded the data which are reported in Tables 1 and 2.

BIOLOGICAL METHODOLOGY

Aquatic macroinvertebrates., defined as organisms which are
retained on a U.S. Standard No. 30 sieve (0.595 mm openings)
(Weber, 1573), were collected by two staff biologists utilizing
Hester—~Dendy multiple plate artificial substrate samplers. A total
of three samplers were deployed at each sampling location. Each
sampler was placed in such a manner as to be suspended at a depth of
12 to 18 inches in the water column. The samplers were deployed for
a periocd of apprroximately six weeks. At the end of the sampling
periocd, the samplers were collected in wide-mouth jars. returned to

the laboratorv. cleaned over a No. 30 sieve, and the materials
retained on the sieve preserved in 890% ethanocl. The macroinverte-—

brate crganisms were then sorted and identified to the lowest
rosaible taxonomic lsvel. The purpose of this sampling method is to
provide a gquanitstive representation of the aguatic
macroinvertebrate community at each station.

The macroinvertebrate data were analyvzed using the following
methods:

Relative Abundance- total number of organisms and total number of
taxa were enumerated and compared station to station.



b
R

33.

7).

3).

g).

EPT Index— total number of distinct taxa within the orders
Ephemeroptera, Plecoptera, and Trichoptera. This number, gene-
rally, increases with increasing water guality and summarizes taxa
richness within the insect orders which are considered to be
prollution sensitive (Plafkin, 1988).
Percent Contribution of Dominant Taxa- an indication of community
balance at the lowest positive taxonomic level. A  community
dominated by relatively few taxa would indicate environmental stress
{Plafkin, 1988).

Percent= # of Most Abundant Taxa/ Total # of Organisms

As environmental stress increases, percentage increases. 4.
Sorenson”s Community Similarity as modified by Mathews (1978)-
measures the degree of similarity in taxonomic composition between
two stations in terms of presence or absence. Station of interest
is compared to a reference station.

SC3= Zc¢/a+b
c= # of taxa common to both samples
a= total # of taxa at station 1.
b= total # of taxa at station 2.

Values range between 0 and 1. As value approaches 1.0, samples
are considered more similar.

Dominants in Common- provides a measure of replacement or
substitution, between the reference community and the downstream
station, utilizing the dominant five taxa. Four or more dominant

taxa in common indicates no impairment (Plafkin, 1989).
Indicator Assemblage Index- integrates the relative abundances of
the EPT taxonomic groups and the relative abundances of chironomids
and annelids (CA) upstream and downstream to evaluate impairment
(Plafkin, 1989).

IAI=0.5% [(%EPT @ test station ,/ %EPT @ control station) +(%CA
@ control station / %CA @ test station)]

As IAIl approaches 1.0, value indicates good community balance.

Shannon-Weaver Species Diversity Index (d)- a general represent-—
ation of taxa richness and water quality. Values between 3 and 4
generally indicate unimpaired waters, whereas, in impacted waters,
values are less than 1 (Weber, 18973).

d = [ (C/N)* ((N logio N)-(ni logio ni))l
C= 3.32828 (a constant)
N= total # of individuals
ni= total # of individuals in the ith species
Eguitability (e)= s° /s ~compares the number of taxa in a sample (s3)
with the number of taxa expected (s°) from a community that conforms
to the MacArthur s Broken Stick Model. Equitability has been found
to be very sensitive to even slight levels of degradation due to
oxygen demanding wastes. Generally, values greater than 0.Z
indicate little stress, whereas, values less than 0.5 indicate that
the communities are impacted (Weber, 1973).
Indicator organism analysis, using the Hilsenhoff Riotic Index
(Plafkin, 1889, and Weber s Tolerance Classification svstem
(Weber,1973) was used to evaluate the composition and environmental
reguirements of the taxa. The Hilsenhoff Biotic Index is a whole
number tolerance value ranging from O (least tolerant) to 10 (most
tolerant). Weber s Tolerance Classification system rates an
organism as T (tolerant), F (facultative)., I (intolerant) or



combinations of these bhased on the number of literary descriptions
of the referenced organism.

DISCUSSION AND RESULTS
PHYSICAL

The tributary to~ and Waxahatchee Creek are first and third
order streams, respectively. Both streams are typical pool-riffle

streams with varying bottom structure. The bottom primarily
consists of differing size rocks, gravel, and exposed bedrock.
During low flow conditons, flows on the tributary to- and
Waxahatchee Creek average less than two cubic feet per second (Table
1, Figure 1). At all locations, there is riparian vegetation and
available habitat for macroinvertebrate colonization. Beaver
activity has not been noted on Waxahatchee Creek, however, there is
a dam upstream of the WX-1 location. Though there is some

accumulation of organic silt, stream velocity and bottom structure
precludes major depcosition and retention. During both periods of
sampling, filamentous algse was noted as growing at sampling
locations downstream of the confiluence of the tributary and
Waxahatchee Creek. Lay Lake., on the Coosa River, receives the flow
from Waxahatchee Creek.

CHEMICAL
The Water Use Classification for the tributary to Waxahatchee

Creek (WX-1, WX-2) and Waxahatchee Creek from Camp Branch to the
Southern Railroad Crossing (WX-4) is classified as Agricultural and

Industrial Water Supply (A&I). Waxahatchee Creek from the Southern
Railroad Crossing to its source (WX-3) is classified as Fish and
Wildlife (F&W) . A&I designates the waters to be suitable for

agricultural irrigation, livestock watering, industrial cooling and
rrocess water supprlies, and any other usage except fishing. bathing,
recreational activities, incliuding water contact sports, or as a
source of water supply for drinking of food processing purposes.
F&W designates the waters to be suitable for fishing., propagation of
fish, aquatic 1ife, and wildlife, and any other usage except for
swimming and water contact sports or as a scurce of water supply for
drinking or food processing purposes.

Az seen in Table 1 and Figure 2, data collected pricr to the
upgrade of the treatment plant indicated that the waters below the
discharge point were consistently meeting the dissolved oxyvgen
standard for the A&I classification (3.0 mg/L) The dissolved oxygen
values at station WX-Z ranged, during the summer of 1987 and 1888,
from s low of 3.4 mg/L. +to a high of 6.8 mg/Lk with an average 4.7
mg/L. At station WX-4, the dissolved oxygen values ranged from a
iow of 4.3 mgsL, to a high of 7.5 mg/L with an average of 5.9 mg/L.
The dissolved oxvegen values at reference gtation WX-1 wers
consistently above their Water Use Classification of 3.0 mg/L. The
dissolved oxygen values at reference station WX-3 were consistently
below their Classification of 5.0 mg/ L.

As seen in Table 2 and Figure 1. data collected after the
upgrade of the treatment plant show a definite improvement. The
dissolved oxygen values were frequently maintained above the 5.0
mg,/L F&W standard for all stations, during the summer of 18883.



Station WX-2 had D.0. wvalues averaging 9.4 mg/L. D.C. values at
WX-4 had values averaging 8.3 mg/L. Reference stations WX-1 and
WX-3 had D.0O. values averaging 8.5 mg/L and 7.8 mg/L., respectively.

In addition to improved dissolved oxygen content, other
improvements were evident. At all downstream stations., biochemical
oxygen demand was significantly reduced, as was the amount of
suspended solids below the discharge pcint. The pH values .,
generally., remained in the 7.0 standard unit to 8.0 standard unit
range. Conductance, however, showed a marked improvement. it
should be noted, as seen in Figure 1, that, due to high
precipitation events, stream flows during the “after”™ portion of
this study were increased. This makes a determination of improved
stream conditions difficult due to the rpotential for greater
dilution than what would normally be expected during low flow
conditions.

Phosphates also experienced a noticeable decrease. Before the
upgrade of the plant, ammonia, nitrates, and phosphates were present
in varying guantities, when downstream locations were compared Lo
reference stations (Table 1). It should be noted that at WX~1 the
presence of nitrates were greater than at WX-2Z. After the upgrade,
ammonia and phosphate were significantly reduced. Nitrates continue
to be present in gquantity.

BIOLOGICAL

Stations WX-1, and WX-3, upstream of the WWIP effluent, were
sampled for aquatic macroinvertebrates before and after upgrade to
use as a reference database (Table 3, Figures 3 & 5).

The macroinvertebrate sampling at the tributary to
Waxahatchee Creek in 1987, 1888, and 1989 revealed an aguatic
community that was not balanced and showed some indication of severe
stress from pollution. BSpecies diversity values at WX-1 in 1987,
1988, and 1989 indicated a stressed aquatic community, however,
equitability values at WX-1 indicated no impairment to the agquatic
community until the 1988 sampling pericd. The equitability values,
however, do not reflect the true condition of the stream, as the

sample contained less than 100 organisms. This value becomes
erratic with small collections.

In 1987, the number of organisms per meter sgquared was
calculated as 310. A total of B2 organisms were collected
representing 10 taxa. Of the ten taxa present, seven were
classified as tolerant organisms, two were moderately tolerant, and
one wag intolerant. The EPT Index wvalue was 0, indicating the

absence of pollution sensitive organisms. A member of the Odonate
order. Chromagrion, was the dominant taxa comprising 88% of the
sampled population.

In 1888, a total of 187 organisms representing 14 taxa were
collected at WX-1. 0Of the taxa present, ten were classified as
tolerant organisms, three were moderately tolerant, one was
intolerant. and one was undetermined. The EPT Index value was one,
representing a pollution tolerant taxa, Caenis. The most dominant
taxa was QOligochaeta which comprised 45% of the collectiocn. The
number of organisms per meter sgquared was calculated as BZ3.

In 1988, a total of 340 organisms representing 13 taxa were
collected. Of the taxa present, five were classified as tolerant
organisms. six were moderately tolerant, one was intolerant, and one



was undetermined. The EPT Index value was 0, indicating an absence
of pollution sensitive organisms. The most dominant taxa was
Oligochaeta which comprised 74% of the poprulation. The number of
organisms per meter squared was cealculated as 1133.

At the upstream station on Waxahatchee Creek in 1887, 1888, and
1889, data indicated that the stream was not suffering an adverse
impact. In 1987, a total of 128 organisms were collected at WX-3,
representing 20 taxa. Of the taxa present, nine were classified as
tolerant organisms, seven were moderately tolerant, and five were
intolerant. The EPT Index value was 4, indicating the presence of

vollution sensitive organisms at WX-3. However., the EPT Index
organisms were classified as tolerant to moderately tolerant. The
dominant taxa, Helisoma, a generally pollution tolerant group, made
up only 27% of the total population. opecies diversity and

eguitability indicated no impairment +to the aquatic community. The
number of organisms per meber squared was calculated as 830.

In 1988, a total of 123 organisms representing 19 taxa were
collected at WX-3. Of the taxa present, nine were classified as
tolerant organisms. four were moderately tolerant, five were
intolerant., and one was undetermined. The EPT Index value was B,
indicating the presence of pollution sensitive organisms. Most
notably, pollution intolerant organisms, such as EBrhemerella.
& . es, and FParsleptovhlebia, were found. The dominant taxa,
S acron. a moderately tolerant group. made up 24% of the sample.
Species diversity and equitability indicated no impairment +to the
aquatic community. The number of organisms per meter sguared was
calculated ag 410.

In 1988, a teotal of 147 organisms representing 18 taxa were
collected at WX-3. Of the taxa present, three were classified as

tolerant organisms, ten were moderately tolerant, three were
intolerant, and two were undetermined. The EPT Index value was 5,
indicating the presence of pollution sensitive organisms. Mos=t
notably, pollution intolerant organisms, such as Attenella, and
Paraleptophiebia, were found. The dominant taxa, Stenacron. a
moderately tolerant group, made up 44% of the sample. Sprecies
diversity and equitability indicated slight impairment +to the
aguatic community. The number of organisms per meter squared was

calculated as 490.
Before upgrade, data collected from the +tributary to
Waxahatchee Creek at WX-2 showed severe impairment to the aguatic

macroinvertebrate community. (Table 3, Figure 4). 1In 1887, a total
of 834 organisms were collected representing 8 taxa. Of the taxa
rresent, five were classified as tolerant organisms, two were
moderately tolerant, and one was undetermined. The EPT Index was
calculated to be 0, indicating an absence of pollution sensitive
organisms. The dominant taxa, Chironomus, & pollution tolerant
Dipteran, made up 81% of the total population. Species diversity

and egquitability values showed serious impairment evident in the
stream. Sorenson’s Community Similarity indicated that. as compared
to WX-1, there was little similarity between the two stations. In
sddition.there were no dominant organisms common to either station.
The Indicator Assemblage Index indicated that, as compared to WX-1,
WX-2 possessed very poor community balance. The number of organisms
per meter sguared was calculated at 4170.

In 1988, a total of 4371 organisms were collected at WY-2
representing 11 taxa. Of the taxa present, nine were classifisd as




tolerant organisms, one was moderately tolerant, and one was
undetermined. The EPT Index showed a value of 0, indicating an
absence of pollution sensitive organisms. The dominant taxa,
Goeldichironomus, a moderately tolerant Dipteran, made up 55% of the
total population. Species diversity and equitability values showed
serious impairment evident in the stream. Sorenson’s Community
Similarity indicated that, as compared to WX-1, there was little
similarity between the two stations. In addition,there were three
dominant organisms common to both stations, Chironomus, Physella,
and Oligochaeta, all pollution tolerant organisms. The Indicator
Assemblage Index indicated that, as compared to WX~-1, WX-2 possessed
pooy community bkalance. The number of organisms per meter squared
was calculated at 14,570.

In 1882, after the upgrade of the plant, data indicated that
the tributary to Waxahatchee Creek had experienced some improvement.
A total of 129 organisms were collected at WX-2 representing 11
taxa. 0f the taxa present. six were classified as tolerant
organisms, four were moderately tolerant, one was intolerant, and
one was undetermined. The EPT Index showed a value of 1, indicating
the presence of a moderately tolerant organism, Hydropsvche. The
dominant taxa, the Thienemsnnimyvia group, a moderately tolerant
Dipteran group., made up 57% of the total porulation. Species
diversity and egquitability wvalues still showed slight impairment
evident in the stream. Sorenson’s Community Similarity indicated
that, as compared to WX-1, there was little similarity between the
two stations. In addition,there were two dominant organisms common
to both stations, Thienemannimvia group, and Physella, all pollution
tolerant to moderately tolerant organisms. The Indicator Assemblage
Index indicated that, as compared to WX-1, WX-2 possessed better
community balance than it had in 1987, and 1988. The number of
organisms per meter sguared was calculated at 430.

Before upgrade, data collected from Waxahatchee Creek at WX-4
showead moderate impairment to the aguatic macroinvertebrate
community (Table 3, Figure 6). In 1887, a total of 138 organisms
were collected representing 21 taxa. Of the taxa present, ten were
classified as tolerant organisms, four were moderately tolerant,
five were intolerant, and two were undetermined. The EPT Index
showed a value of 3, indicating the presence of pollution sensitive
organisms. The EPT Index organisms were classified as moderately
tolerant, however. The dominant taxa, Helisoma, &a pollution
tolerant snaill, made up 29% of the total population. Species
diversity and equitability values showed no impairment evident in
the stream. Sorenson’s Community Similarity indicated that, as
compared to WX-3, there was little similarity between the two
stations. In addition,there were two dominant organisms common to
both stations, Helisoma and Phaenosectra. The Indicator Assemblage
Iindex indicated that, as compared to WX-3, WX-4 possessed poor
community balance. The number of organisms per meter =squared was
calculated at 880.

In 1988, a total of 199 organisms were collected at WX-4
representing 26 taxa. Of the taxa present, twelve were classified
as telerant organisms, twelve were moderately tolerant, one was
intolerant and one was undetermined. The EPT Index showed a value
of 8, indicating the presence of pollution sensitive organisms. The
EPT Index organisms were classified as tolerant to moderately
tolerant, however. The dominant taxa, Physella, a pollution



tolerant snail, made up 24% of the total population. Species
diversity and equitability values showed no impairment evident in
the stream. Sorenson’s Community Similarity indicated that, as
compared to WX-3, there was little similarity between the two
stations. In addition.,there were no dominant crganisms common to
both stations. The Indicator Assemblage Index indicated that, as
compared to WX-3, WX-4 was overbalanced in favor of the EPT group.
The number of organisms per meter squared was calculated at 863.

Iin 1989, after the uvpgrade of the plant., data indicated that
Waxahatchee Creek had experienced some improvement. A total of 173
organisms were collected at WX-4 representing 24 taxa. Of the taxza
present, seven were classified as tolerant organisms, twelve were
moderately tolerant, five were intolerant., and one was undetermined.
The EPT Index showed a value of 4, indicating the presence of three
moderately tolerant and one intolerant organism. Attenells. The
dominant taxa, Hydroptila, an intolerant Trichopteran, made up 34%
of the total population. Species diversity and equitability values
showed no impairment evident in the stream. borenson’ s Community
Similarity indicated +that, as compared to WX-3, there was little
similarity between the two stations. In addition, there was one
dominant organism common to both stations, Chromagrion., a pollution
tolerant Odonate. The Indicator Assemblage Index indicated that, as
compared to WAE-3, WX-4 rossessed better community balance than it
had in 1887, and 1988. The number of organisms per meter sguared
was calculated at 577.

CONCLUSIONS

Physical, chemical, and biological data collected before and
after the upgrade of the Columbiana wastewater treatment plant

indicate that the tributary to- and Waxahatchee Creek have
experienced an improvement in overall water guality. The tributary
to~ and Waxahatchee Creek appear to be meeting their Water Use

Clasgifications of Agricultural and Industrial Water Supply.



FIGURE 1
WAXAHATCHEE CREEK

COLUMBIANA, ALABAMA

DISSOLVED OXYGEN DATA

STREAM FLOW DATA

FLOW (cfs)

H H
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WX-2
STATION NUMBERS

Ml BEFORE UPGRADE

WX-1

STATION NUMBERS

BEZ AFTER UPGRADE

I REFORE UPGRADE

BEZ2 AFTER UPGRADE

THE ABOVE NUMBERS ARE AVERAGES REPRESENTING MULTIPLE

SAMPLING EVENTS.
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