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EXECUTIVE SUMMARY

In accordance with the Clean Water Act (CWA) (Federal Water Pollution Control Act of 1972) as
amended, the Washington Aqueduct Division of the Baltimore District COE is currently under permit to
discharge into the Potomac River water and sediment from two basins at Dalecarlia Reservoir and two
basins at Georgetown Reservoir. Discharge to the river occurs at three outfalls (Figure E-1): Outfall 002
(Dalecarlia), Outfall 003 (Georgetown), and Qutfall 004 (Georgetown). The discharge must comply with
effluent limitations, monitoring requirements, and special conditions mandated in the U.S. Environmental
Protection Agency's (U.S. EPA's) National Pollutant Discharge Elimination System (NPDES), Parts I-III.
The Dalecarlia WTP discharges are authorized by NPDES Permit No. DC0000019, which was issued on
3 May 1989 and expires on 2 May 1994.

This study was undertaken to comply with Part III (Special Conditions) of the NPDES permit, which
requires that the Washington Aqueduct implement a study to determine the impacts of discharges from
the sedimentation basins on the Potomac River. The special conditions requirement was added to the
NPDES permit to ensure compliance with the CWA. EPA will use the results of this study to determine
whether effluent limitations in the current permit need to be modified. '

The impact study had the following objectives:
® (Characterize the aquatic habitat conditions within the study area.

® Determine the composition, abundance, richness, and diversity of macroinvertebrates of the receiving
river in the study area prior to and following discharge.

® Characterize the physical and chemical characteristics of the receiving water in the study area prior
to and following discharge.

¢ Determine the concentrations of iron and aluminum in the river bottom sediments and in the discharge
from the sedimentation basins into the receiving waters.

® Determine, by bioassay, the toxicity of the discharges on fathead minnow larvae.

Field sampling occurred during baseline and post-discharge events conducted betweer October, 1991 and
March, 1992. Data collection included in situ water quality measurements, water quality sampling in the
river, sediment sampling in the river and sedimentation basins, benthic invertebrate sampling in the river,
and sludge and effluent toxicity testing at each of the basins. Sampling in the river was conducted along
a series of 6 transects that were located in the area from immediately above Little Falls Dam to just below
Key Bridge.
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W Outfalls (¥)
Dalecarila Filtration Piant
Chaln Bridge

Figure E-1. Location of the reservoirs and discharge points (Outfall 002, Outtaill 003, and Outfall
004).

Water quality, sediment chemistry, benthic invertebrate, and laboratory toxicity test results were evaluated
to identify effects of effluent and sludge discharges on the Potomac River. The data indicate that the
study area is extremely heterogeneous, both spatially and temporally. It appears that the river bottom in
this area is subject to constant disturbance by high flows and resulting scour. Water quality sampling data
(i.e., dissolved oxygen concentration, water temperature, pH, and conductivity) from the river appeared
to be driven primarily by rainfall events. Benthic communities were characteristic of disturbed, poor-
quality systems. Sediment chemistry in the sedimentation basins, as reflected in aluminum and iron
concentrations, was generally similar to that of the river under baseline conditions; aluminum was in the
same concentration range, while iron concentrations in the basins were one-half to one-third those in the
river. There was no evidence of toxicity from either the effluent or the sludge on fathead minnow larvae.
In summary, there were no observed impacts from the sedimentation basin discharges on the water
quality, sediment chemistry, benthic biota, or representative fishes of the Potomac River.
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1.1

SECTION 1. INTRODUCTION

BACKGROUND

The Dalecarlia Water Treatment Plant (WTP), operated by the Washington Aqueduct Division of the
Baltimore District Corps of Engineers (COE), is located in the Georgetown area of Washington, DC.
The WTP has two reservoirs, Dalecarlia Reservoir and Georgetown Reservoir, located approximately 2
miles apart. Each reservoir has two operational sedimentation basins. The phases of the water treatment
process are described as follows (Degugmen, 1992, personal communication):

Water is collected from the Potomac River through an intake located at Little Falls Dam.

The water is routed to either the Dalecarlia or Georgetown Reservoir where it is allowed to settle
for a period of approximately 24 to 48 hours.

Water is routed to the sedimentation basins after being treated with aluminum sulfate (alum),
which removes nutrients, silt, organic matter, and turbidity from the water. Aluminum sulfate
added to water with carbonate alkalinity creates aluminum hydroxide in the form of a visible floc
that settles to the bottom of the basins. Nutrients, silt, and organic matter sorb to the aluminum
hydroxide, and hydrogen ions are produced. This process tends to lower the pH of the water.
The degree to which pH moves toward the acid range is dependent upon the alkalinity of the
water. If the pH falls below 6.0, toxic forms of aluminum will be more abundant; however, if
the pH remains in the range of 6-8, the nontoxic forms of aluminum will remain (Cooke and
Carlson, 1989).

Water is directed from the sedimentation basins through a filter consisting of charcoal, sand, and
gravel.

The pH of the water is measured and subsequently adjusted to approximately 7.9-8.2 by the
addition of lime (calcium oxide).

The water is treated with chlorine at a concentration of 2.1-2.5 mg/L resulting in residual chlorine
concentration of 0.5-0.6 mg/L.. At this point, the water is also treated with fluoride
(hydrosluosilic acid) at a concentration of 1.0 mg/L + 20%.

The water is distributed for potable use.

In accordance with the Clean Water Act (CWA) (Federal Water Pollution Control Act of 1972) as
amended, the Washington Aqueduct Division of the Baltimore District COE is currently under permit to
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discharge water and sediment into the Potomac River from two basins at Dalecarlia Reservoir and two
basins at Georgetown Reservoir. Discharge to the river occurs at three outfalls (Figure 1-1): Outfall 002
(Dalecarlia), Outfall 003 (Georgetown), and Outfall 004 (Georgetown). The discharge must comply with
effluent limitations, monitoring requirements, and special conditions mandated in the U.S. Environmental
Protection Agency's (U.S. EPA) National Pollutant Discharge Elimination System (NPDES), Parts I-Iil.
The Dalecarlia WTP discharges are authorized by NPDES permit No. DC0000019, which was issued on
3 May 1989 and expires on 2 May 1994. The limitations set forth in this permit are summarized in Table
1-1. These limitations define the environmental conditions required for discharges to occur.

1.2 PURPOSE Table 1-1. Conditions required for discharges
in accordance with the terms of the
Dalecarlia WTP NPDES permit.

This study was undertaken to comply with Part Il  uemses——————————————

(Special Conditions) of the NPDES permit, which
requires that the Washington Aqueduct implement
a study to determine the impacts of discharges
from the sedimentation basins on the Potomac ?:;LT;‘Q’&?D) 31%%0

River. The special conditions requirement was '

added to the NPDES permit to ensure compliance i "
with the CWA. EPA will use the results of this

study to determine whether effluent limitations in the current permit need to be modified.

Parameter Critical Lower Value

The impact study had the following objectives:
® Characterize the aquatic habitat conditions within the study area.

® Determine the composition, abundance, richness, and diversity of macroinvertebrates of the
receiving river in the study area prior to and following discharge.

® Characterize the physical and chemical characteristics of the receiving water in the study area
prior to and following discharge.

® Determine the concentrations of iron and aluminum in the river bottom sediments and in the
discharge from the sedimentation basins into the receiving waters.

® Determine, by bioassay, the toxicity of the discharges on fathead minnow larvae.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
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Figure 1-1. Location of the reservoirs and discharge points (Outfall 002, Outfall 003, and Outfall 004).
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SECTION 2. METHODS

The methods utilized for the collection of water, sediment, and benthic macroinvertebrate samples are
described in this section. In addition, the techniques employed in the toxicity bioassay are described.

2.1 SAMPLING DESIGN

Prior to sampling, the original study plan was reviewed by Dynamac personnel and the COE.
Modifications were made to the sampling methodology based on knowledge of conditions of the Potomac
River in the study area. These modifications were coordinated with relevant personnel (i.e., Mr. James
Green) at the U.S. EPA via the COE. A reconnaissance survey of the study area was conducted, prior
to sampling, by Dynamac personnel and COE. Modifications were made, as necessary, to the locations
of the sampling stations based on the conditions in the river. These modifications were approved by the
U.S. EPA via the COE. The layout of the selected sampling stations and the methodology of the
sampling schedule are discussed below.

2.1.1 Sampling Station Locations

The locations of the field sampling stations were selected by Dynamac staff in consultation with the COE.
A total of six stations were identified, ranging in distance from just upstream of Little Falls Dam to just
downstream of the Francis Scott Key Bridge in Georgetown (Figure 2-1). Two of these stations
(Transects 1 and 4) were employed as controls (each located directly upstream of the outfall locations).

Each station consisted of a transect running perpendicular to the centerline of the river. Three sampling
locations were selected along each transect (i.e., a discrete left, center, and right sampling location). To
eliminate confusion and maintain consistency, the upstream direction was arbitrarily designated as north;
therefore, when facing upstream, the left sampling location was west and the right sampling location was
east. The 6 transects, each with 3 sampling locations, represent a total of 18 sampling locations.

2.1.2 Sampling Schedule

The sampling design was based on two types of sampling events: baseline and post-discharge. One
baseline survey and four post-discharge surveys (one following the discharge event from each of the
sedimentation basins) were to be conducted. The purpose of the baseline sampling was to characterize
the ambient conditions in the river prior to any discharge impacts. Each of the six transects was included
in the baseline survey. Sludge samples were also collected from each of the four sedimentation basins
during the initial baseline survey. The purpose of the post-discharge sampling was to characterize water
quality and macroinvertebrate communities in the river following discharge of the sedimentation basins.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
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Five transects were sampled following discharge of each of the Dalecarlia Reservoir basins: Transect 1
served as the control station, and Transects 2, 3, 4, and 6 served as treatment stations. Three of the
transects were sampled following discharge of each of the Georgetown Reservoir basins: Transect 4
served as the control station, and Transects 5 and 6 served as treatment stations. In addition, bottom
sludge and effluent samples were collected from the appropriate basin during each discharge event for use
in the toxicity bioassay. Based on the assumption that the contents of the two sedimentation basins at each
reservoir would be identical, the original plan required that the toxicity bioassay be conducted on only
one basin from each of the reservoirs. To verify this assumption, an attempt was made to conduct the
bioassay on all four basins. However, effluent samples were not collected from one sedimentation due
to an equipment failure, and subsequently toxicity bioassays were conducted for only three sedimentation
basins.

The sampling schedule for this study was highly dependent on river flow and river turbidity. Release
from each of the basins was contingent upon receiving adequate rainfall to raise river flow and ensure
turbidity to the levels mandated by the NPDES permit.

o Dalecaria Filration Plant
Chain Bridge

Figure 2-1. Locations of the sampling stations.
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2.2 WATER QUALITY

Water quality samples were collected at the Table 2-1. Methods used in the analysis of
appropriate transects during the baseline surveys water quality and sediment
and each of the post-discharge surveys. Water L
samples were collected at mid-depth at the center

location of each transect. Water samples were
analyzed by Martel Laboratory Services, Inc. Water Quality:

Parameter Method

(Martel), Baltimore, MD, for turbidity, 5-day Turbidity EPA 180.1
biochemical oxygen demand (BOD)), total BOD EPA 405.1

Oxyg o Total suspended solids EPA 160.2
suspended solids, total aluminum, total iron, and Total aluminum EPA 200.7
alkalinity. Table 2-1 lists the analytical methods Total iron EPA 200.7
used for water quality and sediment analyses. In Total alkalinity EPA 310.1
addition, in situ water quality parameters were Sediments:
measured at 1-meter intervals from water surface Total aluminum EPA 200.7
to bottom at each water sample collection location Total iron EPA 200.7

P ! Particle size ASTM D422-63

using a Hydrolab Surveyor II instrument. In situ
parameters included water temperature, pH, -
dissolved oxygen concentration, and conductivity.

2.3  SEDIMENT CHEMISTRY

Three sediment samples were collected from each of the four sedimentation basins during the initial
baseline survey. Each sample consisted of at least two grabs with a 9- by 9-inch Ponar dredge. The
number of grabs was dictated by the number required to yield at least 700 cm? of sediment. The basins
were not sampled during subsequent baseline surveys because it was assumed that the nature of the
sediments would not have changed.

During each sampling event, two bottom sediment samples were collected at each of the three sampling
locations along every transect in the river. Each sample consisted of at least two grabs with the Ponar

dredge. Again, the number of grabs was dictated by the number required to yield at least 700 cm? of
sediment.

All sediment samples were placed in laboratory-provided 8-0z (237 mL) containers and shipped to Martel
for analysis. Sediment samples were analyzed for total aluminum and total iron. In addition, a portion
of the sediment samples (one each from the west, center, and east locations at each of the six transects)
collected during the initial baseline survey was analyzed for particle size distribution.
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2.4  BENTHIC MACROINVERTEBRATES

During each river sampling event, two benthic macroinvertebrate samples were collected at each of the
three sampling locations on each stream transect using a Ponar grab dredge (resulting in six samples per
transect). The quantity of sediment retrieved in each grab sample was very variable. This variability
required a method for standardizing the volume of sediment associated with the benthic invertebrate
samples. The depth of total collected sediment in a 5-gallon bucket was recorded as a means of
quantifying sediment volume associated with each sample.

Macroinvertebrate samples were sieved through a Nitex mesh with 560-micron mesh openings to remove
small sediment particles and debris. The sieved macroinvertebrate samples were then placed in
containers, preserved with 10% formalin, and stained with rose-bengal dye.

Macroinvertebrate samples were shipped to Cove Corporation (Cove), Lusby, MD, where they were
sorted, identified to the lowest practicable taxon, enumerated, and preserved in 70% alcohol for long-term
storage. Family level was determined to be the lowest practicable taxon for benthic macroinvertebrate
identification. '

Macroinvertebrate data were evaluated for abundance, composition, richness, and diversity of organisms.
Measures of species diversity were calculated using the Shannon Diversity Index (SDI)(Washington,
1984):

Shannon's H = - Y p, log p,

i=1

where:
pi =n/n.
n, = total number of individuals in the i" taxon.
n total number of individuals.

total number of taxa.

SDI was calculated with macroinvertebrate data identified to the family level. In general, all specimens
used to calculate SDI should all be identified to the same taxonomic level. However, not all specimens
collected in this study were identified to the family level because some specimens were either damaged
or too small to identify, or were of taxa that are not typically identified to family level. Approximately
17% of the benthic. macroinvertebrates fell into this category. As a result, some specimens were only
identified to the order or class level. To address this limitation of the data, the SDI calculations were
conducted using individuals identified only to order or class under the following assumptions:
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1. If there was only 1 individual that was identified to any given order or class in a particular
sample, then it was assumed to represent only one family and was used directly as a single
member of a single unknown family in calculating the SDI.

2. For situations in which there was more than 1 individual identified to an order or a class and
therefore possibly more than one family in the sample, a series of SDI values were calculated
representing the different possible combinations of number of families and individuals within each.
For example, if there were only 2 individuals, the SDI was calculated as if they were both in the
same family and then as if they were in different families. In situations in which there were more
than 2 specimens in an order or class the SDI was calculated for the highest number of possible
taxa and the lowest number of possible taxa to develop the range of SDI's. The data are
presented as high and low SDI values.

3. The possibility of new unidentified families was not considered in the SDI calculations. All
specimens not identified to family were considered to be in a family previously identified in the

study.

Hilsenhoff"s (1988) Family Biotic Index (FBI) was calculated as an indicator of water quality conditions:

i: (n )
FBI =8
»n
where:
t, = tolerance value of the i taxon.
s = total number of families.

Tolerance values were assigned according to tolerance values developed by Hilsenhoff (1988) and Bode
(1988). Tolerance values that were unavailable for certain families were determined using best
professional judgment and other references, including Barnes (1987) and McCafferty (1981). FBI
tolerance values can range from 0 to 10. A value of 0 is assigned to taxa found only in unaltered streams
(i.e., high water quality), and a value of 10 is assigned to taxa found in disturbed or severely polluted
streams (i.e., poor water quality). The water quality classifications corresponding to FBI values 0-10 are
presented in Table 2-2.

The family-level biotic index tends to underestimate levels of pollution in polluted streams and
overestimate levels of pollution in unpolluted streams because tolerance values assigned to families are
less precise. A family may consist of a number of species with a wide range of tolerance values;
however, when a tolerance value is assigned at the family level, the variation in tolerances of the species
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Table 2-2. Water quality classifications associated with Hilsenhotf’s (1988) FBI.
L ]

FBI Value Water Quality Degree of Organic Pollution
0.00-3.75 Excellent Organic poliution unlikely
3.76-4.25 Very good Possible slight organic poliution
4.26-5.00 Good Some organic pollution probable
5.01-5.75 Fair Fairly substantial pollution likely
5.76-6.50 Fairly poor Substantial poliution likely
6.51-7.25 Poor Very substantial pollution likely
7.26-10.00 Very poor Severe organic pollution likely

Source: Hilsenhoff (1988).

is minimized. Thus, the family-level biotic index may not be as accurate as a biotic index based on
genus/species tolerance levels. The resuiting data should be viewed accordingly (Hilsenhoff, 1988).

2.5 SEDIMENT TOXICITY

Bioassays consisting of chronic 7-day sediment toxicity tests were conducted using effluent and sludge
samples collected from each basin.

2.5.1 Effluent and Sludge Sample Collection

Two types of samples were collected in association with the sedimentation pond discharges: effluent
water and sludge. Effluent samples were collected during the draining of each pond from the drainage
system manholes. These samples were collected using submersible pumps and automated samplers.
Sludge samples were collected directly from each basin after the draining was completed and before the
rinsing process began. The effluent samples did not include basin rinse water; however, the sludge
samples were considered to represent worst case discharge conditions. Following collection, effluent and
sludge samples were shipped on ice to the University Center for Environmental and Hazardous Materials
Studies (Department of Biology) at Virginia Polytechnic Institute and State University, where the 7-day
chronic bioassays were conducted.

2.5.2 Bioassay

Potential survival and impairment effects of effluent and sludge (from each basin) to fathead minnows
(Pimephales promelas) were tested using U.S. EPA (1989) guidelines in a static renewal, 7-day chronic
bioassay. The methodology used in the 7-day chronic bioassays is described in full detail in the report
titled "Chronic Impairment of Testing of Fathead Minnow (Pimephales promelas) to Dalecarlia and
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Georgetown Water Treatment Plant Effluents, Washington, DC" (Cherry et al., 1992), which is presented
in Appendix C.

2.6 HABITAT ASSESSMENT

Information to support the assessment of habitat in the study area was collected from existing sources and
observations during the reconnaissance and field sampling activities. Existing data on habitat types, water
quality, fish and wildlife resources, and aquatic vegetation were sought through a literature search, and
interviews were conducted with representatives of the Metropolitan Washington Council of Governments,
the U.S. Geological Survey, the Interstate Commission on the Potomac River Basin, and others.
Observational information was collected during the field activities in the form of field notes and
photographs.

2.7 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The reliability and validity of the data were monitored using the standard quality assurance/quality control
(QA/QC) methods practiced by Martel Laboratory Services, Inc. and Cove Corporation. These methods
are described in the following subsections.

2.7.1 Water Quality and Sediment Chemistry

Martel participates in several QA/QC programs including the following: State of Maryland and EPA
wastewater, drinking water, and microbiology programs; U.S. Geological Survey (USGS) multi-matrix
program; and U.S. Department of Agriculture (USDA) certification program (Martel, 1991).

QA/QC checks for analytical laboratory analysis consisted of analysis of blanks, replicates, standards, and
"spiked” control samples. For each parameter, blanks, standards, replicates, and spikes were performed
for every ten samples in each batch of samples.

Following completion of analyses, data and associated calculations were inspected by a designated QA
officer, and results of QA/QC samples were verified against established quality control criteria (Martel,
1991). The QA officer determines whether a QA/QC failure has occurred and corrective actions are
implemented.

Field replicate sediment samples were also collected from all sample stations at each of the transects.
These samples were coliected to ensure that sediment composition was adequately represented at each
station.
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2.7.2 Benthic Macroinvertebrates

Replicate benthic macroinvertebrate samples were collected from all sample locations at each of the
transects.

QA/QC checks of macroinvertebrate samples consisted of re-enumeration and re-identification of randomiy
selected samples. At least 10% of the samples underwent QA/QC evaluations. All samples sorted by
each technician were divided into batches of 10 samplies, and 1 randomly selected sample from each batch
was checked. To pass a QA/QC evaluation for sorting, at least 95% of the organisms had to be removed
from the sample. If a sample failed the QA/QC check, all remaining sampies from the batch of samples
were re-sorted, and the QA/QC procedure was repeated until the batch of samples satisfied the QA/QC
criteria. For identification, 95% accuracy was required to pass QA/QC evaluation. If a sample failed
to meet the criteria, all samples in the batch were re-identified.
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SECTION 3. RESULTS AND DISCUSSION

The results and discussion of the sampling methodology, river flow, habitat assessment, water quality
data, sediment chemistry data, particle size distribution data, and benthic macroinvertebrate data are
presented in this section.

31 RIVER FLOW AND DISCHARGES

Two types of river flow data are recorded or calculated for this section of the Potomac River: river flow-
by rate (after WTP withdrawals occur) is gaged at Little Falls Dam, and total river flow is calculated
(using the flow-by rate and the withdrawal). The total river flow data would be more representative of
river flow at Transect 1 because this transect is located upstream of the WTP water intake. The Little
Falls Dam flow-by data would apply to Transects 2 through 6 because they are downstream of Little Falls
Dam where the WTP intake is located. River flow data for Little Falls Dam for the dates of the sampling
surveys are presented in Table 3-1. River flow was higher during most of the post-discharge surveys than
during the baseline surveys, reflecting the fact that each of the post-discharge surveys followed a rainfall.
Flows were especially high following the Georgetown #2 discharge. '

Table 3-1. River conditions surrounding each of the sampling events.
L]
River Flow
Event Date (MGD)"
Baseline #1 10 October 1991 950
Baseline #2 5 December 1991 9,187
Dalecarlia #4 10 December 1991 4,052
Baseline #3 20 December 1991 2,042
Dalecarlia #3 10 January 1992 6.528
Georgetown #1 24 February 1992 4,725
Georgetown #2 3 March 1992 9,436

° At Littie Falls Dam
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Table 3-2 presents flow and discharge information associated with each of the discharge events.

Table 3-2. Summary of river flows and effluent volumes assoclated with sach discharge event.
. ]

River Flow
Volume of Volume of During

Discharge Effluent Sludge Discharge
Event Date Discharged (MG) Discharged (MG) (MGD)
Dalecariia #4 5 December 1991 14 0.772 9,187
Dalecarlia #3 6 January 1992 14 0.439 9,695
Georgetown #1 20 February 1992 20 0.407 1,823
Georgetown #2 26 February 1992 110 1.066 4,557

3.2 SAMPLING DESIGN

The original sampling schedule allowed for an initial baseline survey prior to the first basin discharge,
followed by four post-discharge sampling surveys, 2 to 3 days following completion of each basin
discharge. However, the initial baseline survey was followed by a protracted period of low river flows,
undermining an accurate comparison of pre- and post-discharge conditions. As aresult, a second baseline
study was conducted. However, the river flows were extremely high during this survey and this condition
prevented collection of certain samples because the Ponar sampler streamed behind the boat rather than
sinking to the bottom. As a result, a third baseline survey was subsequently conducted under low-flow
conditions, following the first discharge event. Additionally, two post-discharge surveys were conducted
following the Georgetown #2 sedimentation basin discharge event because high flows prevented collection
of sediment and benthic macroinvertebrate samples at several locations during the first survey. A
schedule of the survey types and dates of occurrence is presented in Table 3-3.

Coliection of sediment and benthic macroinvertebrate samples was limited at several of the sampling
locations because of the rocky bottom and hydrology of the Potomac River in the study area. A single
sample often required several grabs with the Ponar dredge to acquire enough sediment to fill a sample
container. Some sampling locations yielded no sediment after several collection attempts with the Ponar
dredge. These sampling locations were noted.

33 HABITAT ASSESSMENT
Habitat in the study area was characterized in terms of major aquatic habitat types (e.g., pool, riffle, or

run), as well as fish and wildlife resources, and critical habitat (i.e., wetlands, submerged aquatic
vegetation, riparian zone).

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 14

-



Table 3-3. Description of dates, survey types, and sites at which samples were collected.
. . ]

Dato Survey Transect Sediment & Macroinvertebrate Waisr Samples &
Type Number Sampiles Collected Hydrolab Profies’

10,11 October 1991  Baseline #1° ECW
E.C
ECW
ECW
ECW
CW

DO dWN -

5 December 1991 Baseline #2 ECW
NA
NA

cw

ECW
NA

OO e WN -

10 December 1991  Post-Discharge
Dalecarlia #4°

Cw
NA
E.CW
cw
ECW

O bhWN -

20 December 1991 Baseline #3 cw
E
E.CW
cw
ECW
cw

ML wWN =

10 January 1992 Post-Discharge
Dalecarlia #3°

cw

EW

D EWN -

cw

24 February 1992 Post-Discharge
Georgetown #1°

F'S
3

ECW
ECW

[+ 34 ]

29 February 1992 Post-Discharge
Georgetown 22

NA
E
ECW

[ X4 B0 N

3 March 1992 Post-Discharge 4 w -
Georgetown #27 5 ECW
6 cw

.

000 000 00000 000000 00000 000000 000000

"E = East, C = Center, W = West, NA = sampling attempted, but no samples collected.

2 Basaline sludge samples were collected from all four basins on 11 October 1991.

3 Discharge sludge and water samples were collected from Dalecarlia basin #4 on 5 December 1991.

4 Discharge sludge and water samples were collected from Dalecarlia basin #3 on 6 January 1992.

5 Equipment failure prevented collection of Georgetown basin #1 discharge sampies on 20 February 1992.
6 Discharge siudge and water samples were collected from Georgetown basin #2 on 26 February 1992.

4 Required because of difficulty in collecting sediment sampies during the 29 February sampling event.
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3.3.1 Habitat Types

Descriptions of the physical conditions and habitats observed at each of the sampling transects are
presented in the following paragraphs. Figures 3-1 through 3-6 illustrate the location of each transect.

33.1.1 Transect 1

This transect was approximately 500 feet upstream of Little Falls Dam. The water was pooled from the
dam, but there was sufficient volume and current for the river to flow over the dam (Figure 3-1).

The surrounding land in this area consisted of flat banks near the river that sloped to steep, wooded hills
on both sides of the river.

3312 Transect 2
Transect 2 was in a section of the river where the channel was very narrow and the river bed mainly

consisted of boulders (Figure 3-2). With the exception of the initial baseline sampling event, the river
current at this transect was extremely swift during all sampling activities.

The land on the west side of the river at this transect consisted of a steep "cliff-like” hill covered with
rocks and trees. The east bank was relatively flat and wooded.

33.13 Transect 3

Transect 3 was relatively narrow and had a swift current (Figure 3-3). The east side of the river was an
eddied area.

The banks on either side of this transect were flat. The west bank extended to a steep, wooded hill. The
east bank and surrounding land remained flat and wooded.

33.14 Transect 4

This transect had a strong current in the river channel and on the east side where a point of rocks jutted
into the river (Figure 3-4). The river bed on the east side consisted of boulder. The west side of this
transect had a more subdued current.

The land on the west side of Transect 4 formed a large wooded hill with a gradual slope. The east bank
was fairly flat immediately adjacent to the river, but began to form a gradual slope away from the river.
The area on the east side of river was grassy (in the area of Fletcher's Boathouse) and wooded.
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Figure 3-1, Location of Transect 1.
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Figure 3-2. Location of Transect 2.

WASHINGTON AQUEDUCT IMPACT STUDY . FINAL REPORT
PAGE 18




Transect3 —>

Figure 3-3. Location of Transect 3.
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Figure 3-4. Location of Transect 4. : t .
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Figure 3-5. Location of Transect 5.
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Figure 3-6. Location of Transect 6.
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3.3.1.5 Transect 5

Transect S had a more consistent flow across the transect than the four upstream transects (Figure 3-5).
The flow at this transect was also not as strong as the upstream transects because the river widened in this
area,

The surrounding land on the west side of Transect 5 consisted of small sandy beach at the river's edge
that gradually sloped into a wooded hill. The land on the east side was flat and wooded.

3.3.1.6 Transect 6

The flow at Transect 6 was consistent across the entire transect (Figure' 3-6). The river was quite wide
and open in this area. Boulders were not visible in the river in this area; however, the river bed consisted
of boulders on its east side.

The land on the west side of this transect was flat and wooded. The east bank consisted of a sea wall,
with buildings and parking lots immediately adjacent to the river. '

3.3.2 Fish and Wildlife

A fisheries survey conducted in 1984 (Cummins, 1985) included shore seining stations near Fletcher's
Boathouse (within the current study area) and at the southeastern point of Roosevelt Island (just
downstream of the current study area). The following species were collected at the Fletcher's Boathouse
station or at both stations (five species collected at the Roosevelt Island station, but not at the Fletcher's
Boathouse station are not listed): white perch (Morone americana), largemouth bass (Micropterus
salmoides), smallmouth bass (Micropterus dolomieui), white crappie (Pomoxis annularis), yellow perch
(Perca flavescens), pumpkinseed (Lepomis gibbosus), bluegill (Lepomis macrochirus), longear sunfish
(Lepomis megalotis), green sunfish (Lepomis cyanellus), channel catfish (Ictalurus punctatus), gizzard shad
(Dorosoma cepedianum), carp (Cyprinus carpio), quillback (Carpiodes cyprinus), white sucker
(Catostomus commersoni), common shiner (Notropis cornutus), spotfin shiner (Notropis spilopterus),
spottail shiner (Notropis hudsonius), rosyface shiner (Notropis rubellus), golden shiner (Notemigonus
crysoleucas), silvery minnow (Hybognathus nuchalis), inland silversides (Menidia beryllina), bay anchovy
(Engraulis sp.), banded killifish (Fundulus diaphanus), bluntnose minnow (Pimephales notatus), and creek
chub (Semotilus corporalis). White perch, gizzard shad, and bluntnose minnow were most abundant at
the Fletcher's Boathouse station. White perch, spottail shiner, and silvery minnow were the abundant
species at the Roosevelt Island station. White perch were most abundant from the end of March through
mid-July.

Fisheries seine data collected by the DC Department of Consumer and Regulatory Affairs, Environmental

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 23

k. |

[ 38

i —

— e



rad

Control Division (DCRA, ECD) in 1985 indicated the presence of the following species at the Fletcher's
Boathouse sampling station (near Transect 4 of the current study): gizzard shad, white perch, spotfin
shiner, alewife (Alosa pseudoharengus), bluegill, and pumpkinseed (MWCOG, 1987).

Additional fisheries data has been collected outside the current study area. Electrofishing was conducted
in Potomac River backwater by the Maryland Office of Environmental Programs in 1980 at a site
upstream of Little Falls Dam (just above Old Anglers Inn). Species coliected include the following:
rosyside dace (Clinostomus funduloides), swallowtail shiner (Notropis procne), spotfin shiner, bluntnose
minnow, shorthead redhorse (Moxostoma macrolepidotum), yellow bullhead (Iczalurus natalis), redbreast
sunfish (Lepomis auritus), pumpkinseed, longear sunfish, bluegill, and largemouth bass (MOEP, 1980).

Cummins' (1985) fisheries survey also included seining, gill netting, and ofter trawling at sampling
stations downstream of the current study area. The following species were collected: striped bass
(Morone saxatilis), white perch, largemouth bass, smallmouth bass, yellow perch, walleye (Stizostedion
vitreum) pumpkinseed, bluegill, longear sunfish, green sunfish, channel catfish, black bullhead (Ictalurus
melas), brown bullhead (Ictalurus nebulosus), alewife, blueback herring (Alosa aestivalis) gizzard shad,
carp, quillback, white sucker, American eel (Anguilla rostrata), longnose gar (Lepisosteus osseus), spot
(Leiostomus xanthurus), tessellated darter (Etheostoma olmstedi), common shiner, spotfin shiner, spottail
shiner, rosyface shiner, golden shiner, silvery minnow, inland silversides, bay anchovy, banded killifish,
striped killifish (Fundulus majalis), mummichog (Fundulus heteroclitus), bluntnose minnow, and creek
chub.

Waterfowl in the tidal Potomac River consists of a variety of swimming birds, shore birds, wading birds,
and raptors (MWCOG, 1987). White-tailed deer, red fox, and raccoon are also found in the study area
(personal communication, Lea, 1992).

3.3.3 Riparian Vegetation

Vegetation in the study area consists of floodplain or bottomland vegetation. The canopy vegetation
consists of sycamore (Platanus occidentalis), silver maple (Acer saccharum), green ash (Fraxinus
pennsylvanica), common cottonwood (Populus deltoides), box elder (Acer negundo), river birch (Betula
nigra), black willow (Salix nigra), American elm (Ulmus americana), and black walnut (Juglans nigra).
Disturbed areas along nearby roads and the canal towpath have been invaded by non-native species
including the tree-of-heaven (Ailanthus altissima) and the black locust (Robinia pseudo-acacia). The
understory consists of poison ivy (Rhus radicans), Virginia creeper (Parthenocissus quinquefolia), wild
grape (Vitis sp.), Japanese honeysuckle {onicera japonica), stinging nettle (Urtica dioica), garlic mustard
(Alliaria officinalis), and English ivy (Hedera helix). Herbaceous vegetation consists primarily of spring
wildflowers (personal communication, Lea, 1992).
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The "Chain Bridge Flats" is a unique area located between Little Falls Dam and approximately 200 yards
downstream of Chain Bridge. This area is subject to scouring and supports a somewhat different
vegetation community than the portion of the river directly downstream. Stunted trees, including
sycamore, common cottonwood, and Bur oak (Quercus macrocarpa), are typical of this segment of land.
Herbaceous vegetation common in this area includes some threatened species (e.g., wild false indigo,
Baptisia australis; riverbank goldenrod, Solidago spathalata; redroot, Ceanothus ovatus; and Bur oak,
Quercus macrocarpa: personal communication, Lea, 1992).

3.3.4 Submerged Aquatic Vegetation

The Metropolitan Washington Council of Governments (MWCOG) conducted a survey of submerged
aquatic vegetation (SAV) in the Potomac River during September 1991 (personal communication,
Berstein, 1992). No SAV was observed within the area included in the current study. Submerged aquatic
vegetation, consisting mainly of hydrilla (Hydrilla verticillata) and water star grass (Heteranthera dubia),
exists sporadically downstream of the study area (personal communication, Whiting, 1992).

34 WATER QUALITY

The results of the laboratory analyses of the water quality samples are presented in Figure 3-7 for the
baseline surveys and Figure 3-8 for the post-discharge surveys (along with the second baseline survey for
comparison purposes). Parameters evaluated include alkalinity, S-day biochemical oxygen demand, total
suspended solids, turbidity, total aluminum, and total iron. National water quality criteria are presented
in the discussion where appropriate. These criteria are intended to present scientific data and/or guidance
regarding the impact of pollutants on water quality, which could be used in formulating regulatory
requirements (U.S. EPA, 1986). Water quality data are presented in Appendix A.

3.4.1 Alkalinity

Alkalinity was lowest during the Dalecarlia #3 post-discharge survey (60 mg/L) and highest during the
initial baseline survey (130 mg/L). The alkalinity concentrations were consistent from transect to transect
for each baseline survey. The first baseline survey had the highest alkalinity concentrations at an average
of 120 mg/L. The alkalinity concentrations ranged between 91 and 95 mg/L during the third baseline
survey. Alkalinity concentration during the second baseline survey was 110 mg/L at each transect.
Alkalinity concentrations were lower during ali of the post-discharge surveys than the baseline surveys.
This may be a result of the introduction of low-alkalinity rainwater to the river (each post-discharge
survey followed a rain event). Alkalinity concentrations were higher during the Dalecarlia #4 post-
discharge survey than the Dalecarlia #3 post-discharge survey, and higher during the Georgetown #1 post-
discharge survey than during the Georgetown #2 post-discharge survey. Flow, as a result of recent
rainfall, was greater during the Dalecarlia and Georgetown post-discharge surveys that had the lowest
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Figure 3-7. Results of laboratory analyses of water quality samples coliected during the baseline vl
surveys (detection limit of aluminum is 0.1 mg/L). :
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Figure 3-8.

survey and the post-discharge surveys.

Results of laboratory analyses of water quality samples collected during the second baseline - -

WASHINGTON AQUEDUCT IMPACT STUDY

FINAL REPORT

PAGE 27



alkalinity concentrations (compared to the other basin at the same reservoir). There was little variability
between transects during each given survey. The control transects for each survey did not differ greatly
from the other transects sampled during the survey.

The U.S. EPA has designated a water quality criterion for alkalinity of 20 mg/L or greater for protection
of freshwater aquatic life. Concentrations obtained during the entire survey met the specified criteria.

3.4.2 Biochemica! Oxygen Demand

Five-day biochemical oxygen demand (BOD;) is a measure of the oxygen required for biochemical
breakdown of organic material, as well as the oxygen required to oxidize inorganic material (APHA,
1985). The first and second baseline survey samples had BOD; values that were less than the 2.0-mg/L
detection limit, as did the Dalecarlia #4 post-discharge survey. The Georgetown #2 post-discharge survey
had the highest BOD, values, ranging from 6 mg/l. to 8 mg/L. The third baseline survey and the
Georgetown #1 post-discharge survey had comparable BOD; values falling between the detection limit and
the Georgetown #2 values.

These values are similar to values reported by MWCOG (1987). It is characteristic for BODy values to
rise in association with high flows.

3.4.3 Total Suspended Solids

The concentration of total suspended solids was low for the first (4 to 6 mg/L) and third (2 to 3 mg/L)
baseline surveys; the minimum concentration was 2 mg/L. The concentrations increased during the
second baseline survey, probably as a result of significantly higher flows from a recent rainfall event.
The concentrations were also low for the Dalecarlia #3 (9 to 16 mg/L) and #4 (13 to 20 mg/L) and
Georgetown #1 (8 to 15 mg/L) post-discharge surveys, although slightly higher than the first and third
baseline surveys. TSS concentrations were exceptionally high during the Georgetown #2 post-discharge
survey, reaching a peak of 160 mg/L. These elevated TSS concentrations were probably due to particles
introduced to the river from runoff and bank erosion, as well as bottom sediment resuspended by high
flows in the river from recent heavy rainstorms. In most cases, the TSS concentrations were lower at the
downstream stations, reflecting a decrease in river velocity and settling of suspended particulate material.

The observed TSS concentrations are within the range previously reported for this segment of the Potomac
River (MWCOG, 1987). TSS concentrations are variable in this segment of the Potomac River and
reflect the relationship between flow and the amount of solids in the water column.
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3.4.4 Turbidity

Corresponding with the TSS concentrations, the turbidity values for the first (0.66 to 2.9 NTU) and third
(3.5 t0 4.0 NTU) baseline surveys were quite low, with a minimum value of 0.66 NTU. Turbidity data
collected during the Dalecarlia #3 and #4 and the Georgetown #1 post-discharge surveys fell between
values for the first and third baseline surveys and the second baseline survey. The turbidity values were
highest for the Georgetown #2 post-discharge survey; the maximum value was 130.0 NTU. The elevated
turbidity can be attributed to increased suspended matter in the water from a recent heavy rainfall.

No specific criteria are available for turbidity.
3.4.5 Total Aluminum

The lowest total aluminum concentrations of all the surveys were obtained during the first and third
baseline surveys, ranging from concentrations less than the 0.10-mg/L detection limit to 0.25 mg/L.
Concentrations obtained during the second baseline survey were higher, ranging from 0.43 mg/L to 1.2
mg/L. The post-discharge surveys for Dalecarlia #3 and #4 and Georgetown #1 had concentrations that
were lower than the second baseline survey. Aluminum concentrations were greatest during the
Georgetown #2 post-discharge survey, ranging from 2.70 mg/L to 4.00 mg/L. Flows were extremely
high during this survey, and the strong current most likely was scouring the river bottom and mixing
sediments into the water column. Although aluminum concentrations increased during the post-discharge
surveys, because of the high flows it was impossible to determine whether the increases may be attributed
more to introduction of aluminum-bound particles to the water column from runoff and resuspension of
the bottom sediments (resulting from the recent excessive rainfall), or to discharge of the effluent from
the basins. Figure 3-9 illustrates the correlation between the concentrations of total aluminum and total
suspended solids for all water samples collected during the entire study. The strength of the relationship
shown in this figure (R? = 0.896) suggests that water column aluminum concentrations are associated with
suspended particulate material.

In the pH range between 6.5 and 9.0, aluminum occurs in freshwaters as monomeric, dimeric, and
polymeric hydroxides; and as complexes with humic acids, phosphate, sulfate, and other anions. The
national criteria, as derived from Guidelines for Deriving Numerical National Water Quality Criteria for
the Protection of Aquatic Organisms and Their Uses, indicate that freshwater aquatic life would be
protected when pH ranges between 6.5 and 9.0, if the 4-day average concentration of aluminum does not
exceed 87 ug/L (0.087 mg/L) more than once every 3 years on the average, and if the 1-hour average
concentration does not exceed 750 pg/L (0.75 mg/L) more than once every 3 years on the average. Some
site-specific exceptions occur when an especially sensitive aquatic organism is present (U.S. EPA, 1988).
Although the sampling schedule for this study did not allow for examining a 4-day, 3-year average or a
1-hour, 3-year average of aluminum concentrations, it was assumed that the single samples collected
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Figure 3-9. Relationship between total aluminum and total suspended solids, and total iron and
total suspended solids for water samples collected during this study.
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during the current study would be similar in composition to the average of several samples collected (at
one location) over a 1-hour period. Therefore, the 750-pg/L criterion was used for evaluation of

aluminum concentrations. The criterion was exceeded during four of the study surveys. The total’

aluminum concentration at Transect 4 slightly exceeded 750 pg/L during both of the Dalecarlia post-
discharge surveys. Total aluminum concentrations during the second baseline survey exceeded 750 pg/L
at Transects 2, 3, and 4. Total aluminum concentrations during the Georgetown #2 post-discharge survey
were much higher than 750 ug/L. All of these surveys were immediately following a rainfall event. The
elevated aluminum concentrations were probably a result of the introduction of aluminum-bound particles
in stormwater runoff to the water column.

No analytical methodology is accepted as ideal for defining aquatic life criteria for aluminum. As
previously mentioned, numerous species of aluminum occur in surface waters, and definitive information
is scarce regarding the toxicity of aluminum species to freshwater aquatic life (U.S. EPA, 1988). The
method employed in this investigation involves a digestion procedure. The digestion results in the
dissolution of all aluminum fractions, some of which are not toxic. Measurements of total aluminum may
thus include a significant fraction that is neither biologically available nor toxic in the environment. This
phenomenon can be especially problematic with waters containing suspended clay (U.S. EPA, 1988). As
a result, aluminum criteria may be overprotective in some instances when aluminum is measured as total
recoverable aluminum.

3.4.6 Total Iron

Total iron concentrations exhibited a pattern similar to that of total aluminum during all of the surveys,
although iron concentrations were somewhat higher. Again, the first and third baseline surveys had the
lowest concentrations, ranging from 0.14 mg/L t0 0.28 mg/L. The second baseline survey had somewhat
higher total iron concentrations, ranging from 0.52 mg/L to 1.8 mg/L. The iron concentrations observed
during the Dalecarlia #3 and #4 and Georgetown #1 post-discharge surveys were between the second
baseline survey and the first and third baseline surveys. However, concentrations at Transects 3, 4, and
6 of the Dalecarlia #4 post-discharge survey were slightly greater than those in the second baseline survey.
As with aluminum, the total iron concentrations from the Georgetown #2 survey were highest of all the
surveys, ranging from 3.50 mg/L to 5.40 mg/L.

The observed elevated total iron concentrations associated with the Georgetown #2 post-discharge survey
were probably a reflection of sediment particles suspended in the river from high flows. Heavy
rainstorms preceded the Georgetown #2 survey. Iron is naturally slightly enriched in District of Columbia
waters because soils in the area consist largely of clays in which iron is abundant (personal
communication, Karimi, 1992). A strong correlation (R? = 0.948) was observed between the
concentrations of total iron and total suspended solids for water samples collected during the entire survey,
as shown in Figure 3-9.
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The District of Columbia has established a total iron limit of 1.0 mg/L for secondary contact recreation
and aesthetic enjoyment (DCMR, Title 21, Chapter 11). The U.S. EPA has established the same criteria
for protection of freshwater aquatic life (U.S. EPA, 1986). Total iron concentrations exceeded this limit
during the second baseline survey, and the Dalecarlia #4 and Georgetown #2 post-discharge surveys.

3.4.7 Water Temperature

Water temperature data are shown in Figure 3-10. The data exhibit normal seasonal variances for each
of the surveys. Water temperature was fairly consistent from transect to transect during any given survey.
The nearly vertical temperature profiles are typical of a well-mixed, swift-flowing river system such as
the study area of the Potomac River. Temperatures were highest in October, reached a low in December,
and increased slightly with the January surveys.

All water temperatures were below the upper limit of 32.2 °C set by District of Columbia Municipal
Regulations (DCMR, Title 21, Chapter 11 - Water Quality Standards).

3.48 pH

The pH values were consistent among the three baseline surveys, ranging from 8.20 to 8.73 (Figure 3-11).
Lower pH values were observed during all of the post-discharge surveys. The decreased pH values
associated with the post-discharge surveys may be attributed to low-pH rainwater from storms that
preceded each of the surveys.

Several of the observed pH values slightly exceeded the upper limit of the 6.0-8.5 range specified by
DCMR, Title 21, Chapter 11, for the protection of aquatic life, waterfowl, shore birds, and water-
oriented wildlife. All observed pH values were within the range of 6.5-9.0 for protection of freshwater
aquatic life, as specified by U.S. EPA (1986). The pH values did not fall below the 6.0 level at which
more toxic species of aluminum are formed (Cooke and Carlson, 1989).

3.4.9 Dissolved Oxygen

Dissolved oxygen concentrations, as presented in Figure 3-12, showed typical seasonal variances in
conjunction with changes in water temperature. Dissolved oxygen concentrations increased with
decreasing water temperatures, as oxygen is more soluble in cold water than in warm water. No apparent
trend was seen between surveys in the concentrations of dissolved oxygen at the transects. Dissolved
oxygen concentrations appeared to be primarily a function of water temperature during the post-discharge
surveys as compared with other factors. All concentrations obtained for the post-discharge surveys were
within the limits set by the range of the baseline surveys.
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Figure 3-10. In situ surface-to-bottom profiles of water temperature for each survey.
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Dissolved oxygen concentrations were above the instantaneous minimum of 4.0 mg/L designated by
DCMR, Titie 21, Chapter 11. The same 4.0-mg/L minimum is set as a water quality criterion for
freshwater aquatic life by the U.S. EPA (1986). In addition, the U.S. EPA has specified an instantaneous
minimum criterion of 8.0 mg/L in the water column to achieve an intergravel concentration of 5.0 mg/L
for protection of early aquatic life stages, including embryonic and larval stages and juvenile forms up
to 30 days after hatching. This criterion was not met at Transect 2 during the first baseline survey.
However, it is unlikely that any early life stages would be affected at that time of the year.

3.4.10 Conductivity

Conductivity is a measure of the flow of electrons through water (the reciprocal of resistance to electron
flow through water) and is used as an indicator of total dissolved solids (TDS) in aquatic systems (Cole,
1983). As shown in Figure 3-13, conductivity values ranged from 312 uS/cm to 362 pS/cm during the
first and second baseline surveys. Conductivity values were significantly lower during the third baseline
survey, ranging from 286 uS/cm to 289 uS/cm.

Conductivity values observed during the post-discharge surveys were generally lower than those observed
during the baseline surveys. Conductivity ranged from a low of 239 pS/cm during the Dalecarlia #3 post-
discharge survey to a high of 322 uS/cm during the Georgetown #1 post-discharge survey. This reduction
in conductivity may be a reflection of the high river flows associated with the rainfall events that preceded
each post-discharge survey. The additional volume of water from direct precipitation and runoff may have
served to dilute the system, reducing the concentration of TDS in the river and lowering the conductivity.

Generally, conductivity in the United States ranges from 50 to 1500 pS/cm for potable waters (APHA et
al., 1985). The observed values are well within the normal range encountered in this section of the
Potomac River MWCOG, 1985 and 1987).

3.5 SEDIMENT ANALYSES

The following sections present the results of the sediment sampling and analyses. Physical analyses (i.e.,
particle size distributions) were conducted only on river sediment samples collected during the first
baseline survey. Chemical analyses were performed on both river and sedimentation basin samples.

3.5.1 Particle Size Distribution

A summary of particle size distribution results for the sediment samples collected from the river during
the first baseline survey is presented as a series of pie charts in Figures 3-14 and 3-15. The size
classifications used in the analyses are presented in Table 3-4. Summaries of the observations at each
transect are presented in the following paragraphs.
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Figure 3-13.  In situ surface-to-bottom profiles of conductivity for each survey.
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Particle size distribution of sediment samples collected at Transects 1, 2, and 3.
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Table 3-4. Classifications used in the analysis

of particle size distribution.
3.5.1.1 Transect 1 - - ]
Size (mm) Classification
The distributions of sediment particle sizes at this
trans'ect were . qulte' variable. In general, the > 2,00 Gravel
dominant particle sizes decreased from west to 0.841 - 1.99 Very coarse sand
east along the transect. 0.426 - 0.840 Coarse sand
35.1.2 Transect 2 0.251 - 0.425 Medium sand
0.106 - 0.250 Fine sand
0.075 - 0.105 Very fine sand
The west location was characterized by boulders, <0.075 sit

preventing the collection of a sediment sample.
Approximately half of the center sample consisted
of fine sand and very fine sand or smaller-sized particles. The east sample was primarily fine to very fine
sand or silt.

3513 Transect 3
All three samples (west, center, and east) were relatively uniform, consisting predominantly of silt.
3514 Transect 4

The west and center samples at this transect were quite similar in composition and consisted primarily of
silt. The east sample was almost evenly distributed between gravel and silt, with very small percentages
of other size particles present. It should be noted that in later surveys, it was not possible to collect a
sample from the east location because boulders were present in the river bed.

3s5.1.5 Transect §

The particle size distributions across this transect were variable, with a general trend of decreasing
particle size from west to east. Approximately half of the west sample was gravel, followed closely in
percentage by coarse to very coarse sand. This contrasts strongly with the center sample where half of
the sediment consisted of very fine sand or smaller-sized particles, and the east sample which consisted
almost entirely of silt.

3.5.1.6 Transect 6

More than half of the west sample consisted of gravel, followed by coarse to very coarse sand. The
center sample consisted mainly of medium to coarse sand. The bottom on the east side of the transect
was covered with boulders, making it impossible to collect sediment samples during the baseline and most
of the subsequent surveys.
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The data presented in the preceding figures and discussion represent sediment conditions at a singie point
in time (i.e., the first baseline survey) and space. Qualitative observations made during the collection of
subsequent baseline and post-discharge benthic samples suggest that the river bottom in the study area is
highly variable, both spatially and temporally. Examination of the particle size distributions shows that
the bottom was generally quite variable from site to site along each transect. In many cases, the dredge
had to be deployed several times to obtain an adequate volume of sediment because of the very rocky
nature of the bottom, yet the resulting sample may have been dominated by relatively fine particles. The
impression among the sampling crew was that these samples were being collected from pockets of
sediment located in and among the rocks and boulders that appear to cover the river bed in the study area.
Moreover, because the river narrows significantly immediately upstream of the study area, and high-flow
conditions are accompanied by extreme turbulence, it is very likely that this portion of the Potomac River
is highly dynamic, with constant scouring and redistribution of the sediment on the river bottom. This
would certainly explain why locations where sediment samples were collected during the initial baseline
survey did not necessarily yield a benthic sample during subsequent sampling events.

These observations have significant implications to the objectives of this investigation. The bedload
portion of sediment transport tends to eliminate suitable habitat for many forms of aquatic life (Novotny
and Chesters, 1981). If a significant bedload exists in the study area, then the resident benthic
communities may be expected to be limited to those hardy and/or mobile organisms that are adapted to
a very dynamic substrate. As a result, the benthic communities at any location may be as variable as the
substrate, moving on to more suitable habitat as local conditions change. With a large bedload, sediment
sampling at any given point in space and time will be representative of only the surficial sediments that
happen to be passing through the sampling location at that moment. This condition would be reflected
in a high degree of variability in physical, chemical, and biological measurements in sediment samples
collected over any period of time.

3.5.2 Total Aluminum

Figure 3-16 presents the results of the total aluminum analyses for samples collected from the four
sedimentation basins and during the three baseline surveys as high-low plots; a vertical line shows the
range of concentrations observed at each site, and the horizontal "tick"” indicates the mean concentration.
Locations where sampling was attempted but no sediment was found are denoted with "N/S." Figure 3-17
contains similar representations of sediment aluminum concentrations observed during the post-discharge
events. A summary of the river sediment aluminum data is presented by sampling event and transect
number in Table 3-5. For clarity, shaded cells in the table indicate transects where samples were not
collected during a given sampling event, and heavy vertical lines are used to indicate the location of each
discharge relative to the transects. The results for the sedimentation basin and river samples are discussed
in the following subsections. Total aluminum data are presented in Appendix A.
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Table 3-5. Summary of total aluminum data from river sediment samples.

Notss: Shading indicates transects where no samples were coliected.
Heavy vertical lines indicate the location of discharge points relative to the transects.
Mean concentrations are expressed in units of mg/kg.

b ]
3.5.2.1 Sedimentation Basins

The mean aluminum concentrations of the sedimentation basins during the initial baseline survey ranged
from 4,100 mg/kg at Dalecarlia #3 to 6,200 mg/kg at Georgetown #2. Mean concentrations at the
Dalecarlia #4 and Georgetown #1 basins were 5,067 mg/kg and 5,767 mg/kg, respectively. Because the
sediments in these basins are a product of the same treatment process, it would be expected that the
chemical composition of the sediments would be similar. An examination of Figure 3-16 suggests that
the sediment from the Georgetown basins had higher mean aluminum concentrations than those from the
Dalecarlia basins. However, the variability within replicate samples from each basin was substantial; both
the highest (6,900 mg/kg). and lowest (3,700 mg/kg) concentrations were observed in the samples from
the same basin (i.e., Georgetown #1). Using Tukey's HSD muitiple comparison test (Tukey, 1977), no
statistically significant difference was noted among the aluminum concentrations in the sediments from
the four sedimentation basins. It should be noted that the power of the statistical test was undermined
somewhat by the small number of samples from each basin (i.e., 3).
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3.5.2.2 Baseline River Samples

Several observations result from a review of the baseline data presented in Figure 3-16 and Table 3-5.
These may be summarized as follows:

® Thereis a great deal of variability within and among transects under baseline conditions. This
variability may potentially be attributed to the wide variety of flows observed among the different
events.

® With the exception of the east station during Baseline #1, the average sediment aluminum
concentrations at Transect 1 appear to be consistently the lowest observed. Although this could
potentially be attributed to residual aluminum in the sediments from past discharges, determination
of this is undermined by the inconsistent availability of sediment at the upstream sites, especially
Transect 2.

® Average aluminum concentrations at each of the transects decreased between Baseline #1 and Baseline
#3. The only obvious reason for this trend is the deposition of sediments from elevated river flows
occurring between the baseline events.

® Most (i.e., 71.9%) of the river sediment samples collected during the Baseline #1 event fell within
or above the range of aluminum concentrations observed in the sediments from the four sedimentation
basins (i.e., 3,700 - 6,900 mg/kg). If Transect #1, which is in a relatively wide and slow-moving
area of the river, is eliminated from consideration, this percentage increases to 80.8.

The last observation has very important implications in that the material discharged into the river from
the basins appears to have had aluminum concentrations in the same range as the unimpacted sediments
in the river. In fact, 25% of the sediment samples collected during Baseline #1 showed aluminum
concentrations greater than any of those observed in the samples from the sedimentation basins.

3.5.23 Post-Discharge River Samples

The Dalecarlia post-discharge data show aluminum concentrations similar to and only slightly greater than,
in some cases, the concentrations in the sedimentation basins. The aluminum concentrations following
the discharge of the Georgetown basin samples showed the same pattern. Aluminum concentrations in
the samples collected following the discharge of the Georgetown #2 basin were the highest concentrations
observed (excluding Transect 5-center and Transect 6-center) throughout the entire study.

Data analyses were conducted to detect statistically significant changes in sediment aluminum
concentrations between successive sampling events. The premise behind these tests was that impacts of
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the discharges would result in significant changes in sediment aluminum concentrations at downstream
transects. Comparison of upstream transects provides the opportunity to check for effects that are
independent of the discharges. The analyses consisted of using the t-test for equal mean concentrations
at each of the transects for paired events. Table 3-6 presents a summary of the results of these analyses.
Probability values (p) shown in the table indicate the probability of incorrectly rejecting the null
hypothesis (i.e., equal means). Asterisks are used to indicate significance at the 90 and 99% confidence
levels. The discussion regarding these data is presented by discharge event.

Table 3-6. Summary of t-tests comparing sediment aluminum concentrations at each transect
between paired sampling events.

Transect Number
Paired
Events 1 2 3 4 5 [
Bassline #1 t = -0.649 t = -0.870
versus p = 0.532 p = 0.405
Baseline #2
Baseline #1 t = -1.529 t = -2.602
versus p = 0.165 p = 0.841 p = 0.032
Dalecarfia #4
Baseline #2 t= -5.541" t= -2.642.
versus p = 0.001 p = 0.038
Dalecarfia #4
Baseline #3 t=-2121 t = 0.295
versus P = 0.078 P = 0.276 p = 0.780
Dalecariia #4
Baseline #3 t=-0173 t = -0.926 t = -0.400
versus p = 0.868 p = 0716
Dalecarfia #3
Delecarfia #3 t=-1105
versus p = 0.384
Georgetown #1
Georgetown #1 t=2744
versus p =0.111
Georgetown #2

Notws: ° Indicates significance at the 90% confidence level.
Indicates significance at the 99% confidence level.
Heavy vertical lines indicate position of discharge relative to location of transects.

Dalecarlia #4. Transect 1 was established as the upstream control site for the post-discharge surveys
following release of the Dalecarlia sedimentation basins. There was a statistically significant decrease in
the mean aluminum concentrations at Transect 1 after the Dalecarlia #4 discharge. Examination of the
plots in Figure 3-17 suggests that this significance is entirely the result of the somewhat anomalous
concentrations observed at Transect 1-E.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 46




Both the Baseline #1 and Baseline #2 sampling events were available for use as a control against which
to compare the Dalecarlia #4 post-discharge data. Although Baseline #2 was temporally closer to the
Dalecarlia #4 sampling, the extremely high flows and resulting limited number of samples that were
collected raise issues regarding the representativeness of the data. Comparisons of the mean aluminum
concentrations at each transect show decreases at all transects. The decrease was statistically significant
at Transect #4, where mean concentrations declined from 6,583 mg/kg for the Baseline #1 sample to
2,525 mg/kg for Baseline #2. For these reasons, the Baseline #2 data should be considered suspect.

No significant differences in mean aluminum concentrations were observed between Baseline #1 and the
Dalecarlia #4 discharge at Transects 3 and 6. However, statistically significant differences were observed
for the sediment samples collected at Transect 4. Comparison of the post-discharge data for this transect
with the Baseline #1 data indicates a significant decrease in mean aluminum concentration from 6,583
mg/kg to 4,525 mg/kg. Conversely, comparison with the Baseline #2 data suggests an increase from
2,525 mg/kg to 4,525 mg/kg. In summary, the evidence suggests that the discharge from the Dalecarlia
#4 basin did not have a significant impact on the sediment aluminum concentrations in the Potomac River.

Dalecarlia #3. Baseline #3 was conducted between the Dalecarlia #4 and #3 discharges, and provides
a reference against which to gage the impacts of the Dalecarlia #3 discharge. No statistically significant
differences between these two events were observed at any of the transects. The mean aluminum
concentrations were lower at all downstream stations after the discharge.

It might be noted that Baseline #3 was also compared to Dalecarlia #4 to examine differences between
events where no discharge had occurred. The only significant difference detected was at Transect 1,
where an increase in sediment aluminum concentrations of approximately 600 mg/kg was noted.

Georgetown #1. The Dalecarlia #3 event served as the control for the Georgetown #1 post-discharge
survey. Although the concentrations at Transect 4, upstream of the discharge, increased from 4,100
mg/kg to 6,150 mg/kg, this difference was not statistically significant. A similar increase of
approximately 2,000 mg/kg at Transect 6 was, however, statistically significant at the 90% confidence
level. A comparison of data for Transect 5 from the Dalecarlia #3 post-discharge sampling also shows
a similar statistically significant increase in mean aluminum concentration of approximately 2,000 mg/kg.
Although the statistical significance of the observed increases in downstream concentrations would suggest
an impact from the Georgetown #1 discharge, the fact that the upstream station experienced a similar,
albeit not statistically significant, increase indicates that some other environmental factor is probably
responsible for the observed changes.

Georgetown #2. The Georgetown #1 post-discharge sampling data served as the control for the
Georgetown #2 post-discharge event. All of the transects showed an increase in aluminum concentrations;
the highest mean transect concentration (i.e., 8,554 mg/kg) was observed at Transect 4, upstream of the
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Georgetown discharges. The highest individual aluminum concentration observed during the study (i.e.,
11,000 mg/kg) was associated with the sample collected at Transect 6-W. Because of the large variability
at each transect, the increases were not statistically significant.

3.5.3 Total Iron

Figure 3-18 presents the results of the total iron analyses for samples collected from the four
sedimentation basins and during the three baseline surveys as high-low plots; a vertical line shows the
range of concentrations observed at each site, and a horizontal "tick” indicates the mean concentration.
Locations where sampling was attempted but no sediment was found are denoted with "N/S." Figure 3-19
contains similar representations of sediment aluminum concentrations observed during the post-discharge
events. A summary of the river sediment aluminum data is presented by sampling event and transect
number in Table 3-7. For clarity, shaded cells in the table indicate transects where samples were not
collected during a given sampling event, and heavy vertical lines are used to indicate the location of each

Table 3-7. Summary of total iron data from river sediment samples.
L. ________________________________________________________________|]
Transect Number ‘
1 2 3 4 5 6
Mean= 8300 8775 6450
Baseiine #1 sd = 2764 1631 3320
n_ = (8 4 6

Nows:  Shading indicates transects where no samples were collected.
Heavy vertical lines indicate the location of discharge points relative to the transects.
Mean concentrations are expressed in units of mg/kg.
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discharge relative to the transects. The results for the sedimentation basin and river samples are discussed
in the following subsections. Total iron data are presented in Appendix A.

3.5.3.1 Sedimentatiqn Basins

The mean iron concentrations in samples collected from the sedimentation basins during the initial baseline
survey ranged from 2,300 mg/kg at Dalecarlia #3 to 3,633 mg/kg at Dalecarlia #4. The mean
concentrations for Georgetown #1 and Georgetown #2 showed less variation with concentrations of 3,200
mg/kg and 3,233 mg/kg, respectively. No statistically significant difference was observed in the mean
iron concentrations of the four basins.

3.53.2 Baseline River Samples

A review of the iron concentration data presented in Figure 3-18 and Table 3-7 yielded the following
relevant observations regarding the baseline samples:

® Although a great deal of variability in the observed concentrations was noted at each transect, the
mean transect concentrations were relatively consistent. No statistically significant difference was
seen among the transects for either Baseline #1 or Baseline #3.

® In general, the iron concentrations in the baseline river samples were substantially (i.e., by a factor
of 2) higher than those from the sedimentation basins. The only exception consisted of the data from
Transect 4 collected during Baseline #2.

® The iron concentrations observed during Baseline #1 at Transects 5 and 6 were among the highest
observed during the entire survey.

3533 Post-Discharge River Samples

The post-discharge monitoring data are characterized by total iron concentrations that are consistently
higher, by a factor of 2 or more, than the concentrations observed in the sedimentation basin samples.
The basin concentrations ranged from 2,300 mg/kg to 3,633 mg/kg, only exceeding river sample
concentrations of 765 mg/kg (Transect 4-center) from the Baseline #2 survey and a concentration of 3,375
mg/kg (Transect 3-west) from the Dalecarlia #3 post-discharge survey. Based on this observation, it can
be concluded that the discharge of sediment from the Dalecarlia and Georgetown sedimentation basins
would not result in an increase in iron concentrations in the sediments of the study area of the Potomac
River.
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It should be noted that iron concentrations at the downstream stations did increase over the duration of
the investigation. Transects 5 and 6 showed especially large increases. This trend does not appear to
have been a result of the alum discharges. Soils (certain clays) in the vicinity of the District of Columbia
are slightly enriched with iron, and as a result, iron is abundant in the waters of the District of Columbia.
Iron is relatively insoluble in oxygenated water and settles to the bottom of the river. This insoluble iron
adds to the concentration of iron already contained in the sediments. Higher sediment iron concentrations
during the post-discharge surveys may thus be attributed to extra iron being introduced to the river from
runoff and soil erosion.

Overview. The mean iron concentrations in the samples from the sedimentation basins were, in most
cases, lower than the lowest mean iron concentration for each survey.

Although Transect | was the control site for the Dalecarlia sedimentation basin releases, the iron
concentrations were not dramatically lower for this transect than for the other transects. The
concentrations were slightly lower following the release of Dalecarlia #4 and quite similar to those of the
other transects following the release of Dalecarlia #3. Mean iron concentrations at Transects 3 and 4
were higher during the Dalecarlia #4 post-discharge survey than during the two previous baseline surveys.
Of the locations where samples were collected on Transect 6 during the Dalecarlia #4 post-discharge
survey, the center location's iron concentration decreased and the west location's iron concentration
increased compared to the baseline concentrations. The mean iron concentrations from the Dalecarlia #3
post-discharge survey were lower than baseline concentrations for most locations, excluding Transect 3-
east and Transect 4-west, both of which increased.

Transect 4 was the control site for the Georgetown sedimentation basin releases. Transect 4 had nearly
the lowest mean iron concentration of the locations sampled following the discharge of Georgetown #1;
however, samples could be coliected from only one location at Transect 4 as opposed to all locations at
Transects S and 6. The mean iron concentration at Transect 4-west was similar to the concentrations at
Transect 5-west and Transect 6-west. Overall, the mean iron concentrations from the Georgetown #1
post-discharge survey were greater than or very similar to the mean iron concentrations at corresponding
locations during the baseline surveys. Following the discharge of Georgetown #2, Transect 4 (control)
had the lowest mean iron concentration of the transects sampled. The remainder of the sampling
locations, excluding Transect 6-center, had the highest mean iron concentrations of the entire study.

3.6 BENTHIC MACROINVERTEBRATES

The following subsections present the results of the macroinvertebrate sampling analysis. The evaluation
of the macroinvertebrate data was based upon calculations of taxa composition, abundance, family
richness, diversity, and a family-level biotic index. Macroinvertebrate data are presented in Appendix
B.
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3.6.1 Taxa Composition

Taxa composition describes the types of taxa collected in a particular habitat or sample. A comprehensive
taxa composition list for all transects is presented in Table 3-8.

All of the transects were dominated by same three families: Tubificidae, Chironomidae, and Corbiculidae.
These families together constituted between 88% and 97% of the organisms collected at each transect.
Tubificidae represented more than 50% of the organisms for all transects except for Transect 4, where
it was found in equal numbers to Chironomidae, at 43% each. Chironomidae constituted from 13% to
43% of the organisms at each transect. Corbiculidae represented from 6% to 12% of the organisms
collected at each transect. The remaining organisms constituted 3% and 18% of the organisms collected
at each transect.

3.6.2 Taxa Richness

Richness is defined by the number of taxa or families present. Generally, a relatively higher richness
value indicates a healthier environment in terms of increased water quality, habitat diversity, and habitat
suitability. Accordingly, the variability of richness due to current velocity and substrate type is decreased
when similar habitats are sampled (Plafkin et al., 1989).

Richness values for this study were based on family-level identification, and taxa not identified to family
were not included in the calculation of richness. This procedure will not negatively impact the results of
richness because evaluation is based on a relative scale that makes a comparison between transects during
a single event, or between same transects during different events (rather than a comparison of the richness
value against an arbitrary scale). Because non-family-level taxa were eliminated consistently from each
sample for richness calculation, the actual richness value is different than it would have been had these
taxa been included; however, the relationship between the richness values of the samples is not altered.

Figures 3-20 and 3-21 present the family richness results for the baseline and post-discharge sampling
events, respectively. The data are presented as high-low plots, where the vertical line is defined by the
high and low values observed at each location, and a horizontal "tick” mark indicates the mean value.
A tabulated statistical summary of these data is presented by transect and event in Table 3-9.

There was no apparent negative impact on richness from the discharges. In fact, mean richness often
increased at test transects (or was greater at test transects than control transects) following a discharge.
Transect 3 appeared to have the highest richness values of all the transects during baseline and discharge
surveys. Richness varied between transects within the surveys (including baseline surveys), and no survey
appeared to have substantially greater richness values than the other surveys. Similarly, richness varied
at transects from survey to survey. However, there was no obvious trend in this observation. Application
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Table 3-8. Summary of macroinvertebrate species collected at each of the transects.
]
PHYLUM CLASS ORDER FAMILY T} T2 T3] T4 | TS5 | T
Annelida Oligochasta Tubificida Tubificidae [ [ Y ® ) o
Naididae [ J ® [ ] [ J ® [ J
Polychaeta Sabellidae [ [ J @ @
Hirudinea Rhynchobdeilida  Glossiphoniidas o o ® ® ®
Platyheiminthes  Turbellaria Tricladida Planariidae [ J ®
