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A Study of Paired Catchments Within
Peavine Creek Drainage in Atlanta

ost studiesthat have evaluated the relation-

M ship between impervious cover and stream

quality were conducted by measuring doz-

ensof catchmentsor subwatersheds. Fewer investiga-

tions have utilized the paired watershed study design,

in which two nearby catchments of different levels of

impervious cover are intensively studied over time to
assess comparative conditions and impacts.

Recent work by Barrett Walker (1996) is an ex-
ample of such a paired catchment study. The study,
conducted in metropolitan Atlanta, provides further
evidence that impervious cover isagood indicator of
overall stream health. The study suggests that imper-
vious cover as low as 5% within a catchment can be
correlated to early signs of channel erosion and insta-
bility.

Differences Between the Two Catchments

For apaired catchment study to be most effective,
it isimportant to choose catchments with nearly iden-
tical physical characteristics(e.g., order, slope, aspect,
length, etc.). Thismakesit easier to detect differences
instream dynamics(such asbiological diversity, flow,
pollutant loads, and channel stability), in response to
anindependent variable(inthiscase, imperviouscover).
As can be seen from Figure 1 and Table 1, the two
catchmentsinthisstudy haveremarkably similar physi-
cal characteristics.

The paired catchmentsarelocated within alarger
urbanwatershed called PeavineCreek. Thecatchments
aresimilar in size, aspect, slope, and soilsand receive

virtually identical rainfall. The major contrast isin
impervious cover. The Fernbank Forest catchment
(77 acres and 5% impervious) is protected as an urban
forest preserve and serves asthe reference catchment,
whilethe Deepdene Park catchment (89 acresand 19%
impervious) serves as the impacted catchment. The
development that is present in the catchmentsiis pre-
dominantly residential and relatively dated (i.e, older
than 50 years); however, thereisasmall component of
institutional land use in the Fernbank Forest catch-
ment.

The Deepdene neighborhood was designed at the
turn of the century by the eminent landscape architect
Frederick Law Olmsted. Public sewer exists in both
catchments, located within the street rights-of-way
and away from the channels. Deepdene Branch isfed
by a storm drain collection system that collects and
conveys runoff from roofs, roads, and driveways be-
fore it is discharged to the stream. The Fernbank
Branch, in contrast, has arelatively small number of
homes and accompanying roads, and the majority of
the runoff occurs as overland flow across the forest
floor. Both catchmentsbenefit from awell-established
forested riparian buffer; however, the buffer width of
the Deepdene Branch is significantly narrower than
that of the Fernbank Branch (see Figure 1).

Sudy Methods

Biological, flow, suspended sediment, and chan-
nel geometry data were collected as part of the study.
The sampling methods used were simple, rapid, and

Table 1: Summary of Catchment Characteristics

Descriptive Data

Deepdene Catchment

Fernbank Catchment

Watershed Area (acres) 89 77
Imperviousness (%) 19 5
Stream Length (ft) 2,297 2,625
Stream Slope (%) 3.3 3.4
Watershed Orientation West West NW

Drainage Infrastructure

storm drains outfall to stream

none - overland flow

Riparian Buffer Good

Excellent
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not the most sophisticated possible; however, they
wereadequateto observethedynamicsof urban stream
catchments with relatively low impervious cover.

The macroinvertebrate analysis utilized a local
Georgia Adopt-A-Stream protocol. The protocol gen-
eratesaweighted index val ue based on the presence of
“sensitive,” “somewhat tolerant,” and “tolerant” spe-
cies. Qualitativeratings are assigned in thefollowing
manner: poor (<11); fair (11 - 16); good (17 - 22); and
excellent (>22).

To estimate dry and wet weather flows, stream
gauges were located at the lower ends of the two
catchments to record stage. Discharge was then esti-
mated based on channel geometry and velocity mea-
surements. Suspended sediment samples were col-
lected using a standard grab sample technique during
stormflow events. The samples were collected at the
samelocationsthat thedischarge estimatesweremade.
Diagnostic channel stability data were collected with
respect to substrate, slope, and cross-sectional geom-
etry. Thesemethodswereableto qualitatively charac-
terizetherelative stability of thechannelsalong differ-
ent reaches and to relate them to catchment conditions
such as impervious cover.

Macroinvertebrate Survey

Eight sampling eventsat asingle sampling station
on each stream occurred over aone-year period. The
results of the macroinvertebrate sampling (Figure 2)
indicate that the Fernbank Branch consistently scored
in the excellent range (average score of 27), whilethe
Deepdene Branch scored between fair and good (aver-
age score of 15).

Fish surveys were also conducted as part of a
larger study. The Fernbank Branch survey found two
species of fish and numerous salamanders, while the
Deepdene Branch contained no fish and an occasional
salamander. Lack of fish abundanceand diversity may
also be attributableto the small size of the streamsand
catchments.

Sreamflow Analysis

Streamflow measurements were made in both
drainages during wet and dry weather conditions. For
the dry weather measurements, flows were recorded
during 1994 (a wet year - about 60 inches of annual
precipitation) and 1995 (an average year - about 53
inches of annual precipitation). In both instances, the
base flows in the Deepdene Branch were about one
third that of the Fernbank Branch. Differences in
infiltration duetotheexport of runoff fromimpervious
cover was suspected asthe causefor the low base flow
in Deepdene Branch; however, there are no historic
flow data (i.e., prior to development in Deepdene
Branch) to document this assertion.

Stream response to rainfall was evaluated on a
limited basisin 1995. Theeventscovered abroad range
of rainfall depths(0.01in- 1.3in). Thedataindicatethat
therunoff responsein the Degpdene Branchis2.5to six
timesgreater than in the Fernbank Branch. Thisdispar-
ity is likely attributable to the amount of impervious
cover in the drainages.

Suspended Solids

Total suspended solids (TSS) were used as an
indicator of sediment movement. Suspended sediment
concentrations in the Deepdene Branch increased pro-
portionately with rainfall and yielded significant con-
centrationsfor all butlight (i.e.,<.0.02in) rainfalls. The
response pattern in the Fernbank Branch was much less
extreme, whereevenmoderatetoheavy rainfallsyielded
relatively low concentrations of suspended sediment.
Diagnostic sampling within the Deepdene drainage
indicated that the mgjority of the sediment load is
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Figure 1. General Location of Catchments
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Table 2: Summary of Findings

Stream Indicator Fernbank Deepdene
Catchment Imperviousness 5% 19%
Macroinvertebrates excellent fair

Baseflow 3 times greater than Deepdene one third that of Fernbank

2.5t0 6 times less than
Deepdene

Stormflow 2..5to 6 times greater than

Fernbank

Suspended Sediment
Channel Geometry

>1,200 ppm in 1.3 inch rainfall
generally stable

< 300 ppm in 1.3 inch rainfall
significant downcutting visible

Index Value

35

30 7

257

20 7

BT - - -

10 1

along entire reach of stream

attributed to channel erosion as opposed to sediment
being transported from impervious surfaces into the
stream.

Stream Geometry

The amount of sediment generated from each
catchment can generaly be related to their relative
channel stability. Channel geometry in the Fernbank
and Deepdene Branches was evaluated along four
reaches of stream in each drainage. The analysiswas
largely aqualitative assessment of thetwo catchments.

The Deepdene channel showed signs of signifi-
cant downcutting, particularly at culvert outlet loca
tions. The lower reach of the Deepdene channel was
somewhat heldin check by aroad culvert which served
as a hard control that prevents further downcutting.
However, the culvert had itself been eroded by the
increased volumes and frequencies of flow in the
channel. In addition, the concentration of the in-
creased flowsby theculvert had exacerbated thedown-
stream erosion.

TheFernbank channel wasfoundto bemuchmore
stablethanthe Deepdenechannel. However, therewas
recent evidence of channel erosion in the headwater

Figure 2: Macroinvertabrate Data (Using the Georgia

Adopt-a-Stream Index)

Excellent

—®— Fernbank

—#- Deepdene

26-Mar-95

16-Apr-95

20-May-95
22-Jun-95
15-Aug-95
30-Sep-95
20-Nov-95
21-Feb-96

Date

reach of Fernbank channel. Thisissignificant asitis
this area of the catchment that is developed and re-
cently experienced new residential construction. The
construction resulted in the concentration of driveway
and rooftop runoff from several area homes into a
small V-shaped gully upstreamfromthesourcesprings
of themain channel. Injust oneyear, thegully eroded
into ascour hole and threatensto continue to downcut.

Summary

A summary of Walker’ sfindingsare presented in
Table2. Thispaired catchment study providesfurther
evidence that impervious cover isagood indicator of
overall stream health. At 19% imperviousness, the
Deepdene Branch shows multiple signs of impacts
fromurbanization. Baseflowisdiminished, stormflows
arelarger and morefrequent, sedimentloadsarehigher,
and the channel is largely unstable. The headwater
development within the Fernbank drainage, despiteits
small overall contribution to the makeup of the catch-
ment, has the potential to greatly alter the current
excellent stream health unlesscertai n stormwater man-
agement measuresareimplemented. Whiletheimpact
can largely be attributed to the small size of the
catchment, the location of the disturbance within the
catchment, and the absence of effective stormwater
controls, it nonetheless suggests that, even at five
percent imperviousness, receiving streams can be sig-
nificantly impacted by increased runoff. - EWB
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