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vironmental degradation from point and non-point sources of poliution. This work
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FOREWORD

The U.S. Envirommental Protection Agency was created because of increas-
ing public and government concern about the dangers of pollution to the
health and welfare of the American people. Noxious air, foul water, and
spoiled land are tragic testimonies to the deterioration of our natural
environment. The complexity of that environment and the interplay of its
components require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution;
it involves defining the problem, measuring its impact, and searching for '
solutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems to prevent, treat, and manage wastewater and
solid and hazardous waste pollutant discharges from municipal and community
sources, to preserve and treat public drinking water supplies, and to minimize
the adverse economic, social, health, and aesthetic effects of pollution.

This publication is one of the products of that research and provides a most
vital communications link between the researcher and the user community.

- This report describes water-quality impacts associated with wet-weather
discharges into the Chattahoochee River at Atlanta, Georgia, and details the
contribution of combined sewer overflows and other nonpoint discharges to the
impact. Through this project, data are being obtained to determine in a
rational way the degree of national wet-weather pollution control required.

Francis T. Mayo, Director )
Municipal Envirommental Research
Laboratory




ABSTRACT ;

The objective of this study was to assess the impact of stormwater run—
off on the water quality of receiving streams in the Atlanta area. The scope
included determining (1) the quality condition of discharges from 7 point
sources (waste—treatment facilities) and 13 nonpoint sources (streams) in the
study area of the Chattahoochee River basin during periods of stormwater run—
off, and (2) the relative impact of point and nonpoint storm discharges on.

the quality of the Chattahoochee River downstream of the Atlanta Metropolitan:

Area. Emphasis was placed on the collection of water—quality data in -the
summer and autumn to determine the impact on streams from runoff produced by
thunderstorms during -the dry-weather seasons, o '

Compared to dry-weather flow, stormwater runoff significantly increased
the average concentration of suspended sediment, BOD5, total organic carbon,
total ammonia nitrogen, total phosphorus, fecal coliform. bacteria, and trace
metals in most receiving streams in the Atlanta Metropolitan Area. Storm-
water runoff increased the mean concentration of most constituents 2-"to 5-

fold. In most streams dissolved oxygen concentrations generally increased to
near saturation during periods of stormwater runoff. '

The combined sewer overflow channels had mean BOD . concentrations that
ranged from 23 to 37 milligrams per liter and fecal coliform concentrations
that ranged from 250,000 to 550,000 colonies per 100 milliliters,

During low flow in the Chattahoochee River, thunderstorms that occur in
the summer seem to have a much greater impact on river quality than storms at
other times of the year. The dissolved—oxygen concentration. in. the Chatta—
hoochee River near Fairburn reached a low of 1.5 milligrams per liter (a 4-
milligram per liter decrease) as a result of runoff from 4 July thunderstorm.
This compared to a low of about 6.0 milligrams per liter (a 1.0~milligram per
liter decrease) for an October thunderstorm and 6.8 milligrams per liter (a
2.0-milligram per liter decrease) for a frontal-type storm in November 1976.

Low flow in the summer and autumn occurs only about 21 percent of the
time due to river flow regulation by Buford and Morgan Falls Dams. The
flushing and diluting effect of water released by these dams causes

a sig-
nificant improvement in Chattahoochee River quality most of the time

This report was submitted in partial fulfillment of Interagency Agree—
ment No. EPA~IAG-D6-0137 by the U.S. Geological Survey, Georgia District
Office, under the sponsorship of the U.S. Environmental Prote

ction Agency;.
The report covers the period of October 1975 to October 1977. ?
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'CONVERSION FACTORS

For those readers who may prefer to use U.S. .customary units rather than

metric units, the conversion factors for the terms used in this report are -
listed below: ‘

Mﬁltiply metric unif By To obtain U.S. customary unit
‘kilogram (kg) 2.205 pound (1b)

kilometer (km) . » 0.6214 - mile (mi)

liter (L) | ‘ 0.03531 cubic foat (£t3)

millimeter (mm) : 0.93937 : inch (in.)

square kilometer (km2) | ‘ 0.3861 . square mile (mi?2)

°F = 9/5°C + 32 or °C = 5/9 (°F - 32)
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SECTION 1

INTRODUCTION

The Federal Water Pollution Control Act Amendments of 1972 and 1977
(Public Law 95-217) provide strict controls to protect and maintain the qual-
ity of the Nation's waterways. With increasing urban development and more
stringent water—quality standards for receiving streams, urban stormwater
runoff is recognized as a signifidanp source of pollution.

PREVIOUS STUDIES

Several studies in the Atlanta Metropolitan Area have been conducted to
identify and assess the seriousness of problems associated with runoff from
the urban areas. - In 1970 an urban stormwater runoff study was conducted for
EPA (U.S. Environmental Protection Agency) (13). The study included sampling
CS0's (combined sewer overflows) and urban runoff from sites in the South
River basin (tributary to the Ocmulgee River). The study defined and evalu-
ated pollution sources in the upper South River basin. An urban storm—runoff
sampling program conducted in 1973 for the city of Atlanta resulted in an
analysis of the cost effectiveness of treatment for various storm sizes and a
preliminary design of storage and treatment facilities (2). A study by Hol-
brook and others (8) utilized data from previous studies and a current samp-
ling program to evaluate the impact of combined sewer overflows and storm-
water runoff in the Atlanta area. The results indicated that on an annual
basis, nonpoint sources (CSO's and urban runoff) contributed about 45 percent
of the BOD (biochemical oxygen demand) load and about 95 bercent of the
suspended—-solids load to Metropolitan Atlanta streams.

More recently a river—quality study of the upper Chattahoochee River
basin was conducted by the U.S. Geological Survey (3). An assessment of the
nature, magnitude, and effects of discharge of point and monpoint sources of

pollutanis from the greater Atlanta area was included as part of this study.
' Average annual constituent loads and loads from one storm in March were used
to assess the impact of point and nonpoint discharges to the Chattahoochee
River. Results of the study showed that on an average annual basis and du-
ring one storm in March 1976, nonpoint-source loads of dissolved solids,
total nitrogen, and total lead were larger than point—source loads at a
station located about 64 river kilometers (40 river miles) downstream of
Atlanta. However, dry-weather flow point discharges contributed the great-—
est percentage of the pollutant load.




OBJECTIVES AND SCOPE :

Data collection for this study,  conducted by the U.S. Geological Survey
in agreement with the U.S. Environmental Protection Agency, was completed in
October 1977. The objective of the project was to assess the impact of
stormwater runoff on the water quality of receiving streams in the Atlanta
area., The scope included determining (1) the quality condition of . discharges
from 7 point sources (waste-treatment facilities) and 13 nonpoint sources
(streams) in the study area of the Chattahoochee River basin during periods
of stormwater runoff, and (2) the relative impact of point and nonpoint storm
discharges on the quality of the Chattahoochee River downstream of the
Atlanta Metropolitan Area. Emphasis was placed on the collection of water-—
quality data in the summer and autumn to determine the, impact to streams from

runoff produced by thunderstorms during the dry-weather seasons., :




SECTION 2

CONCLUSIONS

Variability of quality conditions in streams in the study area during:

' both dry weather and wet weather was high. In general, the water quality. of

streams tributary to the Chattahoochee River was degraded during periods of
stormwater runoff. In most receiving streams, significant increases occur-
red in the mean concentration of suspended sediment, BOD5 (5-day biochemi~
cal oxygen demand), total organic carbon, total ammonia nitrogen, total

nitrite plus nitrate nitrogen, total phosphorus, fecal coliform bacteria,:
and trace metals. ' '

Peachtree, Proctor, Woodall, and Nickajack Creeks consistently showed
the greatest impact from stormwater runoff. In addition to overland runoff
from storms, the water quality of Peachtree and Proctor Creeks was also de-
graded by discharges from the CcSO's. Woodall Creek is heavily impacted by

runoff from a small, highly urbanized basin and Nickajack Creek may be im-

pacted by discharges of untreated or partially treated sewage from a WIF
(waste-treatment facility) during periods of heavy stormwater runoff. Dis-
solved oxygen (DO) concentrations remained high in streams during periods of
stormwater runoff; therefore, no significant effects on.DO can.-be related to
urban runoff based on the number of measurements that were made during the
study period. The concentrations of constituents from the CSO discharges
were relatively high and comparable to the concentrations observed at the
Proctor and Woodall Creek sites. The CSO sites had extremely poor sanitary
quality, as indicated by fecal coliform concentrations which often exceeded
1 million col/100 mL (colonies per 100 miLliliters). DO concentrations,
however, were near the level of saturation even though the high BOD5 values
indicated a potential for creating low DO concentrations.

In general, the water quality of the Chattahoochee River during dry-—

.weather flow was good at the Atlanta site and relatively poor at the Fairburn
‘and Whitesburg sites. At the Fairburn and Whitesburg sites, the mean total

ammonia and nitrite plus nitrate nitrogen concentrations were greater during

dry-weather flow than during stormwater runoff. At the Fairburn site, the
mean total phosphotus concentration was also less for wet-weather flow as

indicated by a nearly 2-fold decrease in the mean concentration at dry-

weather flow. Data indicate that stormwater rather than water released by

Buford Dam was primarily responsible for dilution of these constituents at
the Fairburn and Whitesburg sites.

Generally, concentrations of insecticides, industrial wastes, and toxic
constituents in samples collected from point and nonpoint sources during

3 ]
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times of stormwater runoff were low or less than the level of detection., Of
the trace metals sampled, lead occurred in the highest concentration'followed
by zinc, copper, and chromium. The average concentration of lead in most
streams sampled during periods of stormwater runoff exceeded the criterion of
50 ug/L recommended for domestic water—supply by the EPA (12).

Trace metals appear to be transported predominantly in the Suspénded

phase. A high percentage of phosphorus is also transported as suspended
phosphorus. Generally, higher percentages of organic carbon are transported

as dissolved rather than as suspended organic carbon. Inorganic nitrogen is
transported almost entirely in the dissolved phase. 1

‘An approximation of the mass balance of discharge volume and constituent
loads during a storm period in November 1976 and October 1977 showed that
Peachtree Creek (which receives discharges from two CSO's) . contributed about
20 percent or less to the constituent loads (total nitrogen, total phospho~
rus, and total organic carbon) measured at the Fairburn site on the Chatta—
hoochee River. Data indicated that the two CS0's in the basin contributed
only small percentages of constituents to the Peachtree Creek and Fairburn
loads. During these two storms, it was estimated that the seven waste—
treatment facilities together contributed less than 10 percent of the dis-

charge volume at the Fairburn site and between 12 and 72 percent of the
constituent loads. . :

! |
During the summer and autumn months, a substantial DO deficit (3 to 3.5
mg/L below saturation level) occurred at low flow in the Fairburn to Whites-
burg reach of the Chattahoochee River when water was not being released from
Buford Dam. The deficit was caused primarily by oXygeh—demanding ammonia

nitrogen and organic carbon discharged to the river by the seven waste-—

treatment facilities, River quality was greatly improved by dilution from
water released at Buford Dam for power generation.

When runoff produced by a storm coincided with low flow in the river,
the existing oxygen deficit increased. Some increase in the oxygen deficit
was also noticeable when stormwater runoff occurred at higher flows, but the
increase was most pronounced at low flow. The potential for the most. severe
degradation of water quality in the river from stormwater runoff appears to
be during the summer. River temperatures and oxygen—demand rates are highest
then, and intense short-duration thunderstorms produce relatively rapid run—
off that carries high concentrations of constituents to the receiving
streams. However summer regulation of the river normally provides low' flows
only on weekends. Thus only about 1.5 days out of 7, or 21 percent of! the

time, is the Chattahoochee River at a flow that could result in severe degra-
dation of stream quality from storm runoff, '

¢
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- SECTION 3

DESCRIPTION OF STUDY AREA

The study area includes about 1,580 km?2 (980 mi2) of the Chattahoochee
River basin between the Atlanta and the Whitesburg sites. The city of
Atlanta, which has a population of 1.5 milliomn, is at the upstream end of
the study area. Rainfall averages about 1,300 mm (50 in.) per year and the
annual air temperature averages about 16°C (61°F). Figure 1 delineates the
study area and shows the location of sample sites and Table 1 lists the cor-
respondlng reference numbers, site names, and site identification (U.S. Geo-
logical Survey) numbers. -

TABLE 1.--MAP REFERENCE NUMBER, SITE NAME, AND SITE IDENTIFICATION NUMBER
OF DATA COLLECTION SITES IN THE STUDY AREA

Map reference , Site Site identification
‘number ? name number
1 Chattahoochee River at Atlanta ; 02336000
2 Cobb Chattahoochee WIF near Atlanta 02336021
3 North Fork Peachtree Creek Tributary (Meadowcl:ff
Drive near Chamblee) 02336090
4 North Fork Peachtree Creek at Buford Hwy. near Atlanta 02336090
5 South Fork Peachtree Creek at Atlanta 02336250
6 Clear Creek at Piedmont Park at Atlanta (CS0O) 02336274
7 Tanyard Branch at 26th Street Extention
‘ at Atlanta (CSO) o ro 02336290 .
8 Peachtree Creek at Atlanta | v 02336300
9 Woodall Creek at DeFoors Ferry Road at Atlanta 02336313
10 Nancy Creek Tributary near Chamblee : 02336339
11 Nancy Creek at ‘Randall Mill Road at Atlanta 02336380
12 R, M. Clayton WIF at Atlanta - 02336450
13 " ' Hollywood Road. WIF at Atlanta ‘ 02336523
14 ~Proctor Creek at SR 280 at Atlanta ; 02336526
15 U.S. Air Force Plant 6 outfall near Smyrna 02336537
16 Nickajack Creek at Cooper Lake Drive near Mdbleton 02336610
17 South Cobb Chattahoochee WIF near Mableton ) 02336651
18 Utoy Creek WIF near Atlanta - . - ‘ 02336653
19 North Fork Utoy Creek at Beecher Road at Atlanta (CS0) 02336654
20 Camp Creek WIF near Atlanta , 02337073
21 Camp Creek at Enon Road near Atlanta : o 02337116
22 Chattahoochee River (SR 29) near Fairburn : 02337170

23 Chattahoochee River (U.S. Alt. 27) near Whltesburg 02338000
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" POINT AND NONPOINT SOURCES

‘Twenty—one sites were established in' the study area at which samples
were collected and flow measurements were made to determine the quality and
quantity of point and nonpoint discharges from the Atlanta Metropolitan Area.
An additional two sites on the Chattahoochee River -near Fairburn and at
Whitesburg were established to monitor the impact of these point and nonpoint
discharges. The point sources are discharges from seven WIF's, which all
discharge into the Chattahoochee River or its tributaries in the Atlanta—to-
‘Fairburn reach. The design flow and mean daily flow (1976) for each of the ‘
point. sources are given in Table 2. The R. M. Clayton WIF is the largest
point source of treated sewage discharging to the Chattahoochee River.

TABLE 2.——FLOW DESIGN AND MEAN DAILY'FLOW OF POINT SDURCES FOR 1976

Map reference’ ' ' Facility "Flow  Mean daily

number ' ‘ ~design . flow

o “ (L/s) (L/s)

2 . _ Cobb Chattahoochee WIF mnear Atlanta , 450 © . 424
12~ R. M. Clayton WIF at Atlanta 5,270 3,340

13 Hollywood Road WTF at Atlanta : 65 E 65

15 - U.S. Air Force Plant 6 WTF near Smyrn . 310 ' 74

17 South Cobb Chattahoochee WIF near Mableton = 340 - 368

18 _ Utoy Creek WIF near Atlanta ‘ 1,300 595

20 Camp Creek WIF near Atlanta ' © 650 193

The combined mean daily flow from these facilities in 1976 was about
5,060 L/s (179 ft3/s), or 4 percent of the mean daily river discharge of
- about 1.274 x 105 L/s (4,500 ft3/s) at the Fairburn site. Nonpoint sources
of discharge include all sources other than the seven WIF's, Nonpoint dis-
charges were sampled at 11 stream sites and 3 CSO (combined sewer overflow)
channels. The Atlanta site on the Chattahoochee River is considered as a
nonpoint source. It is upstream of the major pollutant sources of the
Atlanta urban area., Of the 11 stream sites, 7 are located in the Peachtree
Creek basin. Most of the basin is within the Atlanta city limits, and Peach-
tiee Creek conveys the major portion of the drainage from the Atlanta urban
area.

Proctor Creek is a small stream adjacent to Peachtree Creek and this
stream receives discharges from North Avenue and Greensferry CSO's during
storms, and treated wastewater from the Hollywood Road WIF. The sample site

on Proctor Creek is downstream of the inflows from the North Avenue and
Greensferry CSO's and Hollywood Road WTF., '

Nickajack Creek is located west of Atlanta. Its headwaters are in the
Vresidential area of Marietta. Upstream of the sampling site, U.S. Air Force ,
Plant 6 outfall discharges treated wastewater to the stream.

- Camp Creek lies southwest of Atlanfa. Camp Creek WTF is located near
the mouth of this stream. The sample site is upstream of the WIF.




Clear Creek and TanYard Branch, located in the Peachtree Creek b%sin,
and the North Fork of Utoy Creek, located in the Utoy Creek basin, were samp—
led when the CSO's overflowed. The sampling sites were located in concrete

channels several hundred feet downstream from the point of overflow. Three '

other CS0's in the study area whose drainage are about 6.5 km2 (2.5 mi2), 3.1
km? (1.2 m12), and 2.3 ko2 (0.9 mi2?) were not sampled, Manpower limitations
and difficulty of access to these sites were reasons why they were not&samp-
led. Constituent concentrations from these discharges are probably similar
to the CS0's that were sampled; however, constituent loads may be less;be—
cause of the smaller drainage areas.

During dry-weather periods, interceptors located in the combined sewers
convey wastewater to nearby WIF's. During wet weather, wastewater plus the
additional stormwater spills over the overflow regulator into the CSO chan-
nels which discharge into nearby Peachtree or Utoy Creeks '

- I
S

LAND USE ’

Land use in the study area is primarily urban, agricultural, and fores-
ted. Land-use and drainage areas of the subbasins within the study aréa are
listed in Table 3, Upstream of Metropolitan Atlanta at the Chattahoochee
River at Atlanta site, runoff is mostly from forested land. Between the
Atlanta and Fairburn sites (sites 1 and 22 in Figure 1) the drainage area
increases by 1,580 km2 (610 mi2), In this reach the Chattahoochee'Rivér re—
celves urban runoff from the Atlanta Metropolitan Area. Between Fairburn and

Whitesburg (sites 22 and 23 in Figure 1), runoff originates from primayily
forested land. :

'

HYDROLOGY

The flow of the Chattahoochee River in the study area is dependent upon
rainfall and on regulation by the Buford and Morgan Falls Dams. A hydrograph
of the mean daily discharges at the Atlanta station for the 1977 water year
is shown in Figure 2. The highest flows generally occur in the spring and "
the lowest flows in late autumn. Generally, the regulation schedule pﬁovides

for peak hydroelectric power generation during the weekdays, which produces

relatively high average daily flows. Curtailment of peak—power generation

during weekends results in low flows in the river, provided there is no

stormwater runoff.

WATER USE:

The water of the Chattahoochee River is utilized for power generation,
water supply, wastewater assimilation, and recreation. i '

Three fossil-fuel thermoelectric powerplants and two peak—power hydro~
electric generating facilities (Buford and Morgan Falls Dams) are located up-
stream of the study area. Average daily municipal water—supply withdrawals
of 3,790 L/s (134 £t3/s) all occur between Atlanta and Fairburn and treated
effluent from 7 waste—treatment facilities contribute an average of 5,060 L/s
(179 ft3/s) daily to the river in the Atlanta-to-Fairburn reac .

° '
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TABLE 3.——LAND USE FOR BASINS IN THE STUDY AREA

{Data from Land Information Analysis Office,-Reston, Va. Percent values
are land use in drainage basin upstream of sampling si;e.]

Sampling site

Drainage
area
(km2);

~ Percent

urban

Percent
agricult

Residential

Commercial
and
services

Industrial

ITransportationy
- and
Communication].

Other urban

Total urban

Cropland
. and
pasture
Other
u
Total
agriculture

Percent forested

Percent barren
- land

Percent water

Chattahoochee River
:at Atlanta, Ga.
(02336000)

3,760

N
—
.

—

3.1

o
.
~

-
.
N

N
.
[=]

[od
o0
.

-

11.2 -

—
-
.

N

w
&
.

&

w
. o
o

o
.
~

North Fork Peachtree
Creek Trib. (Meadow—
e¢liff Dr. nr. Chamblee
Ga. (02336090)

0.83

84

North Fork Peachtree
. Creek at Buford Hwy.
nr. Atlanta, Ga.
. (02336120)

88.3

43.5

8.5

1.8

5.4

11.6

70.7

South Fork Peachtree
Creek at Atlanta, Ga.
(02336250)

76.7

55.6

1.4

2.4

8.2

75.9

0.2

Clear Creek at

. Piedmont Park
"at Atlanta, Ga.
1 (02336274)

9.6

39.3

43,3

3.5

13.9

100.0

Tanyard Branch at

- 26th St. Extension
at Atlanta; Ga.
(02336290)

26.3

44.9

8.3

12.6

99.2 .

Peachtree Creek
~at Atlanta, Ga.
© (02336300)

225

50.7

11,1

1.6

3.7

78.0

Woodall Creek at
DeFoors Ferry Rd.
at Atlanta, Ga.
(02336313)

8.0

3.9

13.5

58.2

91.6

Nancy Creek Tributary

" (West Nancy Creek
Dr.) nr. Atlanta,
Ga. (02336339)

8.5

26,5

9.9

10.2

1 46.5

1.0

Nancy Creek at
Randall Mill Rd.
at Atlanta, Ga.
(02336380)

90.1

57.6

1.0

1.6

9.0

" 76.2

0.8

Proctor Creek at
State Route 280
at Atlanta, Ga.
(02336526)

© 40,1

55.4

5.4

9.6

7.6

82.2

Nickajack Creek at
Cooper Lake Drx.
nr. Mableton, Ga.
(02336610)

44,0

54,3

0.8

" 60.2

North Fork Utoy Creek.
at Beecher Rd. at
Atlanta, Ga.
(02336654)

65.0

32.0

100.0

Camp Creek at Enon
~ Road nr. Atlanta,
i Ga. (02337116)

83.3

35.5

43.8

Chattahoochee River
nr. Fairburn, Ga.
(02337170)

5,340

29.3

“3.4

0.6

2.3

39.7

Chattahoochee River
nr. Whitesburg,
.Ga. (02338000)

6,290

3,5

0.5

16.8




Alne

3NAP

AV

Tludv

~ 403k 633 126140} 845~ DjuD [V 1D JaA1y eayoo0yD

Hoyp e

Ui 104

abiDGos|p A[iop UDBN—z ounbiq

HOMVW  AMvNug34 .>m_<:2<_¢ H38W303Q Y3IAW3IAON ¥380120

P

A

I

I

llllII

L1

»0!

J9YYHISIA

t

ANOD3S d¥3d SyY3LIT NI

10




The reachl.of the Chattahoochee River between the confluence of Peachtree
Creek, about 4.0 km (2.5 mi) downstream of the Atlanta station, and Cedar
Creek, 2.4 km (1.5 mi) upstream of the Whitesburg stationm, is classified as
fishing water by the Georgia Department of Natural Resources, Environmental
Protection Division. An average daily DO (dissolved-oxygen) concentration of
5.0 mg/L-and no less than 4.0 mg/L is required at all times, when the river
flow measured at a point immediately upstream from Peachtree Creek equals or
exceeds 21.2 x 104 L/s (750 ft3/s), unless violations occur due to uncontrol-
led urban stofmwater runoff or discharges from CSO's to the river, or both

(5).
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SECTION 4

METHODS OF DATA COLLECTION AND ANALYSES ;
DATA COLLECTION ;
: ' ‘ b
The data presented in this report were collected by the U.S, Geological
Survey between September 1975 and November 1977. The collection of data,
specifically as part of the EPA stormwater runoff study, began in November
1976 and was completed in October 1977. During this period, flow and‘water-
quality measurements were made at 13 stream sites in the study area during
stormwater runoff events. At some of these sites, samples were collected
over the storm-runoff event to define stream—quality characteristics during
various stages of stormwater runoff. The quality of effluent from wagtewater
treatment facilities that discharge into the Chattahoochee River was summar-—
ized from data collected by the U.S. Geological Survey and from available
flow and water—quality data obtained from treatment plant monitoring records.
i
b
Parameters determined in this study include DO, specific conduct#nce,
temperature, ammonia, nitrite, nitrate and organic nitrogen, phosphor@s, or-
ganic carbon, BODs5, suspended inorganic sediments, trace metals, organochlo-
rine pesticides, fecal coliform and fecal streptococci bacteria, and selected:
industrial pollutants (benzedine, trichlorethylene, chloroform, bromochloro-
methane, dibromochloromethane, bromoform, carbon tetrachloride, and 1,2~
dichloroethane). ' ‘ : r
I
Stream constituent loads for the stormwater runoff periods of November
27-30, 1976, and July 25-27, October 8~-10, and October 25-27, 1977, were
determined by calculating the area under the transport rate (instantankous
load versus time) curve for the duration of the storm. The transport 'rate
curve was developed by drawing a smooth curve through the instantaneous load
values which were calculated by multiplying constituent concentration times
the stream discharge at time of sample collection. ‘

Point-source constituent loads for the November 1976 and October 1977
storms were computed by multiplying the product of the mean constituent con-’
centration and the mean of the daily discharges for the storm-runoff period
by the length of time it took the stormwater to pass the Fairburn site. The .
assumption was made that constituent concentrations and flows from the| point
sources were uniform during the storm period. Data indicate that this;
assumption was reasonable, If the WTF became hydraulically overloaded; during
a storm, the untreated water that bypassed the facility was considered.a non-

point source. These sources were not sampled.

12 L -




The total point—source load to the river was computed by summing the
loads from each of the treatment facilities. The point—source constituent
concentrations were approximated by using the mean concentrations determined
from spot samples collected by the U.S. Geological Survey in 1976-77. Plant
discharges for the storm period were obtained from plant operator reports
supplied to the Georgia Environmental Protection Division,

SAMPLE COLLECTION AND HANDLING

Stream samples were collected in accordance with techniques described by
the U.S. Geological Survey (9). Depth—lntegrated samples were collected man-—
ually at several verticals in the stream cross section by use of a suspended-
sediment sampler. Samples were then composited in glass gallon bottles that
had been rinsed first with 1l0-percent hydrochloric acid and then with deio-
nized water, The samples were preserved by chilling until processed in the
laboratory. Several subsamples analyzed for various parameters were obtained
from each composited sample by use of a churn—type splitter. Samples ana-
lyzed for industrial pollutants, bacteria, and insecticides were collected
separately in the field and were not taken from the composited samples. BODs
and bacteria samples were analysed as soon as possible, u‘ually within 12
hours after collection. The recommended 6-hour maximum holding time for bac-
teria was sometimes exceeded because of the length of time between sample.
collection and delivery of the sample to the laboratory.

DO and temperature were measured at the time of sample collection with
an oxygen—temperature meter, At most.sites, stream discharge at the time of
sample collection was determined from stream stage and a predetermined stage-—
discharge relationship. At the CSO sites, discharge was measured continu-
ously with a current meter during the storm event. Sample sites at Atlanta,
Fairburn, and Whitesburg on the Chattahoochee River and Peachtree Creek at
Atlanta (Figure 1) have stream—stage recorders from which discharge was
determined. A water—quality monitor on the Chattahoochee River near Fairburn
provided hourly DO, temperature, pH, and specific—conductance data.

ANALYTICAL METHODS

Methods described by Skougstad and Greeson and others were used to ana-
lyze the samples for physical, chemical, and bacterial quality except for
BOD and special toxic materials (9) (7). BODs was determined according to
the unseeded sample methodology described in the American Public Health
Association's methods book, and the selected industrial pollutants were ana—

lyzed for according to EPA procedures in the‘EPA laboratory in Cincinnati,
Ohio (1) (11).

13




‘SECTION 5 . i
RESULTS bF THE’STUDY‘ %
- |
The‘impact of stormwater runoff on the quality of a receiving'stﬁeam
depends on the season of the year, the type of storm (whether a convective
thunderstorm or fromtal storm), storm intensity, land usé in the basin,
topography, antecedent conditions, and for the Chattahoochee River, a: hlghly
regulated stream, the flow condition during stormwater runoff. As mlght be

expected, these factors result in stream—quallty conditions that are hlghly
| .

variable and difficult to predict. :

r
S
QUALITY OF NONPOINT SOURCES Z

Table 4 summarizes the physical, chemical, and bacterlologlcal data for
tributaries to the Chattahoochee River collected during wet-weather and dry-
weather flow conditions. Variability of stream quality during both flow con-—
ditions is very high, as indicated by the range of constituent concentra-
tions. Generally, the chemical quality of most streams sampled is good
during dry-weather flow. Exceptions are Woodall and Proctor ‘Creeks, two ‘
highly polluted streams that have relatively high concentrations of chemical
constituents. In contrast to the chemical quality, the sanitary quality of
the streams is poor, as indicated by the high dry-weather fecal collfdrm bac-
teria concentrations. Dry-weather mean fecal coliform concentrations ranged
from 300 col/100 mL for the Nancy Creek tributary site. to 130,000 col/100 mL
for the Woodall Creek site. i

Based on the water—quality parameters listed in Table 4, stormwater run-—
off degrades the water quality of most streams that were sampled in the study
area.

Generally, DO concentrations in streams at the time of sampllng were -
higher during periods of stormwater runoff than at times of dry—weather flow.
For this reason, the detrimental effects of stormwater runoff on receiving
streams cannot necessarily be determined by DO measurements., Based on the
number of measurements that were made during the study period, no signlflcant
detrimental effects on DO in the tributary streams to the ChatLahoochee River
could be related to urban runoff. , ;

!

Parameters other than DO listed in Table 4 do, however, indicate 'that
significant water—quality degredation occurs during periods of stormwater
runoff. Mean concentrations of suspended sedlment BOD5, total organic car-
bon, and trace metals are greater for periods of wet weather than dry weather
for all streams listed in Table 4, The suspended-sediment concentratlons

14
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increase significantly during periods of stormwater runoff. The largest in—
creases in the mean suspended-sediment concentrations are at the Peachtree,
Nickajack, and Proctor Creek sites. Mean dry-weather suspended-sediment con-—
centrations for the Peachtree and Nickajack Creek sites are 33 and 38 mg/L
compared to mean wet-weather concentrations of 780 and 1,100 mg/L, Dry-
weather suspended-sediment data are not available for the Proctor Creek .site,

but the mean wet—weather concentration is 1,700 mg/L.

The concentration of suspended sediment in streams is related to the
concentration of many constituents. Increases in many constituent concentra—
tions during periods of stormwater runoff are directly associated with in-
creases in suspended-sediment concentration in the streams. Faye and others
(4) demonstrated that, in general, suspended concentrations of phosphorus,
nitrogen, organic carbon, lead, zinc, copper, chromium, and arsenic -correla-
ted well withvconcentrations‘of suspended silt plus clay-size particles.

" The concentration of BODs5 showed large increases during periods of
stormwater runoff. The highest mean wet-weather BODg concentrations were at
the Peachtree, Woodall, and Proctor Creek sites where mean dry-weather con-—
centrations of 1.9, 9.3, and 15 mg/Ltincreased to mean wet—Weather concentra-
tions of 13, 32, and 32 mg/L, respectively. Mean wet-weather total organic
carbon concentrations were relatively high at the Woodall and Proctor Creek
sites. Mean dry~weéther concentrations of 9 and 13 mg/L increased to mean
wet~weather cbﬁcentrations of 19 and 45 mg/L, respectively.-

The mean concentrations of total ammonia nitrogen, total phosphorus, and
fecal coliform bacteria were greater for wet—weather than dry-weather condi-
ﬁions for most but not all streams sampled. The highest mean wet—weather
concentration of total ammonia nitrogen -and total phosphorus was at the -
Peachtree Creek site where mean dry-weather concentrations of 0.13 and 0.09
mg/L increased to wet-weather concentrations of 0.37 and 0.50 mg/L, respec—
tively. At the Woodall and Proctor Creek sites, stormwater runoff dilutes
the dry-weather concentration of total ammonia nitrogen and total‘phosphorus.
Mean dry-weather total -ammonia nitrogen concentrations of 4,1 and 4.5 mg/L at
the Woodall and. Proctor Creek sites.decreased. to wet—-weather concentrations
of 0.21 and 1.7 mg/L, respectively. Dilution of total ammonia nitrogen also
occurred during stormwater runoff periods at the North Fork Peachtree Creek
site. Similarly, at the Woodall and Proctor Creek sites, the dry-weather
mean total phosphorus concentrations of 2.0 and 2.3 mg/L were decreased
slightly by stormwater runoff. ' : S

The highest mean wet-weather concentrations of fecal coliform bacteria
were at the Peachtree, Proctor, and Nickajack Creek sites where mean dry-
weather concentrations of 33,000, 14,000, and 5,500.co0l/100 mL increased to.
mean wet—weather concentrations of 140,000, -260,000, and 170,000 co0l/100 mL,
respectively. : s '

The mean total nitrite plus nitrate nitrogen concentration did not
change significantly with the flow conditions for most streams. However, at
the Proctor and Nickajack Creek sites mean concentrations did show consider—
able. change. ‘Compared to mean dry-weather concentrations, the wet—weather
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concentrations increased at the Froctor Creek site and decreased at the Nick-
ajack Creek site,

The mean dissolved orthophosphate concentrations were 0.10 mg/L or less

for all stream sites sampled except the Woodall Creek site. At this site the

mean dry-weather concentration of 0.56 mg/L decreased to a mean wet-weather
concentration of 0.43 mg/L.

b

Of the trace metals determined in samples, lead values were the highest
for both dry-weather and wet-weather conditions followed by zinc, copﬁer, and
chromium. During dry-weather flow, the mean concentration of lead at;most
stream sites was below 50 ug/L. A criterion of 50 ug/L is the maximum level
recommended by the EPA for domestic water supply (12). However, during wet-
weather conditions the mean concentration of lead for most sites ranged from
72 to 1,700 ug/L, well above the 50 .ug/L criterion. The highest meangconcen—
tration of 1,700 ug/L was at the Proctor Creek site. For all sampling sites
except the Woodall Creek site, the mean dry-weather and wet-weather concen-
trations of zinc, copper, chromium, arsenic, and mercury did not exceed the
EPA recommended criteria for domestic water supply of 5 mg/L, 1.0 mg/L, 50
ug/L, and 2.0 ug/L, respectively, The Woodall Creek site had a mean wet~-
weather chromium concentration of 60 ug/L, which is 10 ug/L larger than the
EPA maximum recommended criterion for domestic water supply. ‘

In summary, data presented in Table 4 . indicate that streams undergo
varying degrees of water-quality degradation during periods of stormwater
runoff. Peachtree, Proctor, Woodall, and Nickajack Creeks consistently
showed the greatest impact from stormwater runoff. In addition to sto?mwater
runoff, both Peachtree and Proctor Creeks receive discharges from CSO's du-
ring storm periods that substantially .contributes to the quality degradation
of those streams. (See Peachtree Creek section.) Woodall Creek is heévily
impacted by runoff from a small, highly urbanized (92-percent urban) bésin.
Nickajack Creek may be impacted by discharges of untreated or pértiall§
treated sewage during periods of heavy stormwater runoff; however, specific
data are lacking to determine the source of pollution.

I .

Table 5 summarizes the physical, chemical and bacteriological data for
the CSO channel sites collected during wet-weather flow conditions. Mean
concentrations of constituents in stormwater runoff from the three CS0 fchan—

nels (Clear Creek, Tanyard Branch,. and North Fork Utoy Creek) were relétively !

high and comparable to the mean constituent concentrations at the Proctor
Creek (which receives discharges from two CS0's) and Woodall Creek site
Fecal coliform concentrations in the CSO channels are extremely high, éften
exceeding 1 million c01/100 mL in Clear Creek and Tanyard Branch compared to
counts of less than 400,000 c0l/100 ml, in streams that do not receive (CSO.
discharges., DO concentrations are near the level of saturation. E

Table 6 summarizes the physical, chemical, and bacteriological dét; for
sites on the Chattahoochee River for periods of dry-weather and wet-weather
flow. |

3
At the Atlanta site, which is upstream of the Atlanta Metropolitan: Area,
water quality is good. Mean constituent concentrations are low during |

S,
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dry-weather flow. As shown in Table 6, the greatest increases in mean wet—
weather concentrations are for suspended sediment which increased about 50—
fold, total phosphorus which increased 5-fold, and fecal coliform bacteria

which increased about 7-fold. ) '

At the Fairburn and Whitesburg sites, the mean total ammonia and total
nitrite plus . nitrate nitrogen concentrations were greater during dry-weather
flow than for periods of stormwater runoff. The mean total ammonia nitrogen
concentrations of 1.2 mg/L at the Fairburn site and 0.65 mg/L at the Whites—
burg site for dry-weather flow decreased to 0.36 mg/L and 0.23 mg/L for wet-
weather flow. Similarly, the total nitrite plus nitrate nitrogen concentra~
tion of 0.74 mg/L at the Fairburn site and 1.1 mg/L at the Whitesburg site
for dry-weather flow decreased to 0.37 mg/L and 0.43 mg/L for wet-weather
flow. At the Fairburn site, the mean total phosphorus concentration was also
less for wet—weather flow, as indicated by a nearly 2-fold decrease in con~
centration from the dry-weather flow. ' o

During dry-weather flow, concentrations of these comstituents were
higher at the Fairburn and Whitesburg sites because of high ammonia and
nitrite plus nitrate nitrogen concentrations that are discharged from the
WIF's to the reach of the river between the Atlanta and Fairburn sites.
During wet weather, relatively lower concentrations of these constituents
occurred in the river because of dilution by either stormwater or water re—
leased by Buford Dam, or both. Data indicate that stormwater is primarily
responsible for the dilution because BOD5 and total organic carbon concen—
trations increased during wet weather. 1f water.released by Buford Dam
(which has low constituent concentrations) were primarily responsible for
the dilution, then all constituent concentrations would have decreased.

, The concentrations of insecticides and industrial wastes in streams in
the study area were low or below the level of detection (less than 0.0l ug/L)
(Table 7). Unfiltered water samples were analyzed for aldrin, chlordane,
endrin, lindane, heptachlor, heptachlor epoxide, DDD, DDE, DDT, and toxaphene
(insecticides) and PCB and PCN (industrial wastes). Organochlorine insecti-
cides were more commonly detected in Peachtree Creek and Tanyard Branch
CSO's. A sample collected at low flow at the Woodall Creek site showed a PCB -
concentration of 9 ug/L. Woodall Creek drainms a small highly industrialized
land-use area (Table 3).

Selected toxic organic constituents sampled at selected sites in the

.study area are shown in Table 8. Generally, concentrations of these organics

in nonpoint discharges were low and often below the level of detection. Tri-
chloroethylene and chloroform were detected most frequently. Trichloroethy—
lene occurred in the highest concentration. Concentrations of 15, 23, and 28.
ug/L were detected in Clear Creek (CSO), Woodall Creek, and Tanyard Branch
(Cs0), respectively. .

QUALITY OF POINT SOURCES

- The quality of effluent from seven WIF's is listed in Table 9. The mean
concentrations of constituents in the treated waste discharges from all WIF's

‘except the U.S. Air Force Plant 6 and Camp Creek treatment facilities were

25
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TABLE 9.—MEAN CONCENTRATIONS AND RANGES OF SELECTED WATER-QUALITY PARAMETERS FOR EFFLUENT FROM WASTE-TREATMENT FACILITIES
IN THE STUDY AREA, MARCH 1976-OCTOBER 1977 ° -

{WTF - Waste-treatment facility]

Dissolved BOD 5 Total . Total NHy Total NO2+NO3 Total Dissolved
0, (mg/L) organic as N as N phosphorus © 0-POy
(mg/L) carbon (mg/L) (mg/L) as P as P
mg/L) (mg/L) mg/L
bal Al Ut S 4t lH' L PV
°q o [0a o |oa o |oa o |oa o o o ] - o
@ & o] o = ol « 5 ol = ) o]l = 0 ol o ) o o %
. {Range |§ % § g |5g & g |53 3 § |8’ & 5 ﬁ"g.' s 8§ 1524818 (53l 3 5
Sampling site ‘| of [§ 8 = = |19 Bl = = oE = 2 |eg = ; 'E B = g E = & "é % =
flow |2 © 2 © 2 @ 29 2w 20 ga
(L/s)

Cobb Chattahoochee

WTF near Atlanta,| 280-[18 0.8 | 0.1-]24 | 35 2.8-124 | 25 | 5.0-|24 | 10 | 3.6-]24 ]0.50 0.01-{24 7.6 | 1.1-| 8 |1.7 {0.01-
2.7

(02336651)

Ga. (02336021) 820 175 88 15 2.9 4.2 4.4
R.M. Clayton WIF R

at Atlanta, Ca. |1,800-120 |1.6 | 0.5-]26 | 35 | O0.2- 26 | 32 11-126 1 13 | 4.4~|26 lo.11}0.00-|26 }4.0 {0.89-| 9 1.5 |0.6L
(02336450) 6,500 5.5 220 120 18 1.2 11 2.5
Hollywood Road B

WTF at Atlanta, s7-l -1 - ~-19 145 {7,810 | 24 | 5.0-f10 | 14 10-110 lo.12]o.01-110 j&.4 | 1.6-] 9 2.6 | 1.3-
Ga. (02336523) 85 ’ . 87. 44 20 0.39 9.9 4.0
U.S. Air Force . .

“Plant 6 outfall 57-| 6 {5.4 { 1.5-] 8 3 { 0.2-{10 {3.4 | 1.8-110 [0.08[0.00-]10 f4.0 | 2.9-]10 10.31{0.20- 9 {0.24(0.17-
near Smyrna, Ga. 310 9.8 18 11 0.41 5.0 0.50 ' 0.38
(02336537)

South Cobb Chatta— .

hoochee WTF near 110-119 {1.9 | 0.2-124. | 36 | 2.0-J24 | 22 | 6.1-]26 | 12 | 1.2-)24 0.56]0,00-|24 {7.2 | 1.4-] 9 [3.8 ] 1.7~
Mableton, Ga. 570 9.5 110 48 16 4.8 11 5.2

Utoy Creek WIF

near Atlanta, Ga.| 400-}19 [3.2 | 2.3-]122 17 | 4.3-[23 | 20 { 6.6-f23 | 11 | 2.0~|23 [0.14}0.00~ 23 {3.6 [0.91-] 9 {1.8 |0.24~
(02336653) . 790 6.3 37 80 16 1.7 5.9 3.1
Camp Creek WIF
near Atlanta, Ga.| 110-§19 [4.0 | 3.1-§25 7.1} 1.7-124 8.1 | 4.7-]24 | 3.9]0.01-]24 4.9 |o.24-124 |5.3 {0.99~f 9 |3.2 | 2.0-
(02337073) 1,100 7.0 45 18 9.6 13 7.1 5.1
. Total Total Total Total Total Total Total
) . lead zine copper chromium arsenic mercury cadmium
, (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
4y s 4 oy ) o C e o @
° ] 2 1°49 = & 1° ] % |1°8 = % 1° & S 1°8 & & o8 = 4
Range | @ g wel o =} = 5] g |wel @ g |= o g {uf & g |84 @ £
1] o @ a < o Q d fo o o a d |o ) 9 ] 9
Sampling site of |.a = s |2 = w fed = | = |38 = g 1288 = z {odl = 2 lag = &
flow g g o} El 30 g ER E @
wrs) 1% = = = = = ; -

Cobb Chattahoochee

©

WIF near Atlanta,{. 280-
Ga. (02336021) 820

37

R.M. Clayton WIF
.at Atlanta, Ga. |1,800-}10 {160

1(02336450) 6,500
Hollywood Road

'WTF at Atlanta, 57-110 | 33
Ga. (02336523) 85
U.S. Alr Force .
Plant 6 outfall 57-110 | 17
near Smyrna, Ga. 310
(02336537)
South Cobb Chatta-

hoocheé WIF near 110-]10 | 47
Mableton, Ga. 570
. (02336651)

Utoy Creék WIF
near Atlanta, Ga. 400-|10 | 57
(02336653} 790

Camp Creek WTF
near Atlanta, Ga. 110-}10 17
(02337073) 1,100
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E
high. The ranges of the mean concentrations of some constituents listed in
Table 9 (excluding the relatively low concentrations of U.S. Air Force Plant
6 and Camp Creek WIF's) were 17 to 45 mg/L BODs, 20 to 32 mg/L total organic

" carbon, 10 to 14 mg/L total ammonia nitrogen, and 3.6 to 7.6 mg/L total
phosphorus. Co

|
Except for the R. M. Clayton WIF, the mean concentrations of tra?ce.
metals in the waste effluents were, in general, less ' than the mean wét—
weather concentrations of trace metals in the streams (<100 ug/L). As shown
in Table 9, the mean concentrations of trace metals in the effluent from the

R. M. Clayton WIF are 2 to 10 times greater than 'the other WIF's, ;

Point-source discharges were sampled one time during a storm event for
organochlorine insecticides and selected organic constituents. . Insecticide
concentrations in all: samples were below the level .of detection, or occurred
only in trace amounts. Organic constituents were low (Table 10). Trichloro-
ethylene and chloroform were detected most frequently, COncéntrétions of
trichloroethylene ranged from less than the level of detection to 15 ﬁg/L and
chloroform from less than the level of detection to 11 ug/L.

TRANSPORT OF POLLUTANTS IN URBAN STREAMS

Chemical pollutants that are transported by urban streams during%storm—
water runoff have characteristic transport modes. They may ‘be transported in
the soluble or particulate (suspended) phase, or both., The suspendedfpollu—
tants may occur as particulate organic material or be adsorbed onto tHe inor—
ganic sediment particles, The mode of transport of pollutants has signifi-
cant implication for allocation of resources for pollution abatement.i For
example, the constituents closely associated with suspended sediments, as
opposed to the dissolved constituents, may be more effectively reduced in
urban streams by land use practices that control erosion, by street sweeping,
and perhaps by pollution abatement measures such as ‘retention ponds that col-
lect sediment. Table 11 lists the mean percentage concentration of selected

parameters in the dissolved and suspended phase for six sites in the étudy
area. » ' C

Organic carbon, as indicated by the mean percentages, .occurs moré com—
monly in the dissolved than in the suspended phase. The dissolved organic
carbon ranged from 46 to 65 percent. Exceptions are the Clear Creek CSO site
and the R. M. Clayton WTF. Samples from both of these sites had slightly
larger mean percentages of suspended organic carbon of 52 and 54 perceht,‘
respectively. Inorganic nitrogen (nitrite plus nitrate and ammonia nitrogen)
occurs mostly in the dissolved phase. Mean percentages ranged from 93! to 98
percent. Conversely, phosphorus and the selected trace metals occur pri-
marily in the suspended phase. The mean percentage of suspended'phosphorus
ranged from 45 to 98 percent. The overall mean percentage of suspended lead,
zine, and copper ranged from 69 tao 96 percent.
ppear to be transported predominantiy,in
A high percentage of phosphorus is also transported as

Generally, higher percentages of organic carbon are

In summary, the trace metals a
the suspended phase.

suspended phosphorus.

'
t
'
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transported as dissolved rather than as suspended‘organicjcérbon. Inorganic
nitrogen is transported almost entirely in the dissolved phase.

IMPACT OF STORMWATER RUNOFF ON STREAM QUALITY -

The Chattahoochee River downstream of the Atlanta site receives signifi-
cant pollutant loads from the highly urbanized (78-percent urban) Peachtree
Creek basin. Data from Peachtree Creek and the CSO's (Clear Creek and Tan-—
yard Branch) indicate the quality characteristics of these discharges and
their impact on the quality of the receiving streams.

Clear Creek and Tanyard Branch Combined Sewer Overflows

Data collected from Clear Creek and Tanyard Branch characterize the
quality of water in the CSO channels. The time distribution of constituent
concentrations is shown in Table 12. For two storms occurring on March 12-
15, 1976, and September 16, 1977, constituent concentrations generally were
highest during the rise of discharges and generally decreased by about one-
half during peak discharges. Most constituent concentrations increase
slightly during the last stages of the recession.’

Because of the CSO'svimﬁediate flow response to rainfall, discharges
from Clear Creek and Tanyard Branch are received primarily during the rising
stage of the Peachtree Creek storm hydrograph. The impact .of the CSO's on

Peachtree Creek and the Chattahoochee River will be discussed later in the
report. ' ‘ o ! o

Peachtree Creek

" The nature of storms and perhaps antecedent conditions have a signifi-
cant effect on the quality of stormwater runoff and its impact on the re-
ceiving waters. Stormwater runoff data collected during four different storm
conditions describe the nature and magnitude of constituent discharges in
Peachtree Creek. Storm characteristics and antecedent conditions for the
four storms are listed in Table 13. :

The hourly rainfall amounts, time distribution of discharge, constituent
concentrations, and transport rates at the Peachtree Creek at Atlanta site
are shown in Figures 3, 4, 5, and 6. The November storm resulted from the
passage of a cold front which produced relatively continuous rainfall and
sustained runoff., The other 3 events resulted from thunderstorms with most
of the rainfall occurring during a 3- to 8-hour period. The resulting runoff
from the July and October storms was rapid and produced high peak flows.

: The Peachtree Creek hydrograph is characterized by a minor peak in dis-
charge near the beginning for both the November and Octobér storms. The bi-
modal hydrograph can be attributed to the. rainfall distribution and dis-
charges from the CSO's, which respond more quickly to rainfall than other
tributaries to Peachtree Creek. A similar peak is unnoticeable in the July
storm hydrograph, probably because of the short rainfall period.
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TABLE 13.-—CHARACTERISTICS OF STORMS AND ANTECEDENT CONDITIONS

FOR THE PEACHTREE CREEK BASIN

Antecedent conditions in

October 25, 1977

e Duration - Peachtree Creek basin
Storm date of Total Days since’ Approximate amount
rainfall rainfall last rainfall of last rainfall
(hrs) (m) (mm)
November 27, -1976 '35 . 48 5 2
July 25, 1977 8 27 2 15
October 8, 1977 22 83 7 1
17 65 15 | 53
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Generally, constituent concentrations were greater during the rising
limb of the hydrograph and smaller on the receding limb for the July and
October storms. This characteristic was not apparent during the November
storm, during which the rainfall duration was long, initial runoff wés
slower, and constituent concentrations were much more dilute, . |

The apparent effect of discharges from the Clear Creek and Tanyard
Branch CSO's on the flow and constituent concentrations in Peachtree}Creekvis
indicated by the relatively high concentrations of constituents that coincide
with the minor peak in discharge that occurred at the Peachtree Creek site
during the October 1977 storms. As shown in figures 3, 4, 5, and 6, |the
maximum rates of transport coincided with maximum discharges, even though the
highest constituent concentrations often occurred prior to the maximﬁm dis-
charges. Constituent concentrations, which were considerably higherfduring
the July and October storms compared to the November storm, resulted 'in con-
stittient storm loads that were very much larger per unit volume than !the
November storm loads. For example, the November storm volume was about four
times larger than the July storm volume, yet the November BOD5 and phosphorus
storm loads were only about twice as large as the July storm loads. ‘Also,
the July ammonia nitrogen storm load was greater than the November ammonia
nitrogen storm load. Similarly, the October storm volume was roughly twice.
the November storm volume, but storm loads in October ranged from 1 to about
6 times greater than the November storm loads. The higher constituent con-
centrations observed during the July and October storms can probably |be
attributed to the rapid runoff, which had a greater capability to susbend'and
wash material from the land surface than the less rapid runoff of the
November storm, i

L
Chattahoochee River ‘ ‘ ‘

Point—- and Nonpoint-Source Pollutant Loads—— b

The impact of stormwater runoff from the Peachtree Creek basin and the
WIF's on the Chattahoochee River was evaluated by an approximation of the
mass balance of discharge volume and constituent loads during storm periods
that occurred on November 27-30, 1976, and October 8-10, 1977. A similar
analysis could not be done for the storm on July 25, 1977, because chemical-
quality data were not collected at the Chattahoochee River near Fairburn
site. Discharge volumes, constituent loads, and the percentage contr%bution_
of the constituents to the Chattahoochee River near Fairburn are shown in
Tables 14 and 15. Losses due to deposition were not accounted  for,

. f

Many nonpoint sources to the Chattahoochee River were not measured :dur—
ing these two storms. These nonpoint sources are primarily streams tributary
to the Chattahoochee River, (See Figure 1.) .Unmeasured (residual) flow and -
constituent loads in the Atlanta-to-Fairburn reach were computed as the dif-
ference between volumes measured at the Fairburn site and at sites upstream
of the Fairburn site, and as the difference between loads calculated for the
Fairburn site and for sites upstream of the Fairburn site. TFor example, as
shown in Table 14, the 'sum of the discharge volumes and constituent loads
from the Atlanta, Peachtree Creek, Nancy Creek,.and unmeasured sites and the
WIF's equals the discharge volume and load -at the Fairburn site. Cle%r Creek

3
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Figure 3— Concentrations and transpdrt rates of constituents for Peachtree
: Creek at Atlanta for a storm occurring on November 27-28, 1976.
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Figure 4—Concentrations and transport rates of constituents for Peachtree
Creek at Atlanta for a storm occurring on July :25,‘I9[77.
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Figure 5— Concentrations "and transport rates of constituents for Peachtree
Creek at Atlanta for a storm occurring on Oc’rober 8—9, l977.
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Figure 6—Concentrations and transport rates of constituents for Peachtree
Creek at Atlanta for a storm occurring on October 25, [1977.
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and Tanyard Branch, tributaries to Peachtree Creek upstream of the sampling
gite, were not included in the sum (except as part of the load calculated for
the Peachtree Creek site). Nancy Creek was included because it is downstream
of the Peachtree Creek sampling site.

Because the residual loads are calculated by mass balance rather than
from measured values, they need to be evaluated to determine if they are
realistic. An evaluation was done by determining the average residual con-
centrations (residual loads divided by residual volume) of the constituents
in Tables 14 and 15 and comparing them to the mean wet—weather concentrations
of similar constituents for streams in the study area. Residual mean comnsti-
tuent concentrations were 0.52 mg/L total nitrogen, 0.25 mg/L total phospho-—
rus, and 2.2 mg/L total organic carbon for the November storm and 1.7 mg/L
total nitrogen, 0.28 mg/L total phosphorus, and 6.9 mg/L total organic carbon
for the October storm. The concentrations appear to be realistic.  1In gene—
ral, they were 2 to 3 times lower than the mean wet-weather concentration of
similar.constituents for the Peachtree Creek site. ‘

The data in Table 14 indicate that for the November storm, point—source
total nitrogen and total phosphorus loads were significantly greater than the
nonpoint-source loads. The point-source total organic carbon load was less
than the nonpoint-—source load. At the Fairburn site, point discharges con—
tributed only about 8.7 percent of the total discharge volume, but 72 percent
of the total nitrogen load, 67 percent of the total phosphorus, and 40 per-—
cent of the total organic carbon. Nonpoint discharges contributed roughly 91
percent of the total discharge at the Fairburn site, but only 28 percent of
the total nitrogen load, 33 percent of the total phosphorus, and 60 percent
of the total organic carbon. The combined percentage contribution of loads
at the Fairburn site from the measured CSO's was 0.9 percent for total nitro—
gen, 1.1 percent for total phosphorus, and 2.3 percent for total organic car—
bon. The approximate percentage contribution of loads at. the Fairburn site
from the Peachtree Creek basin (Peachtree Creek at Atlanta, plus Nancy Creek
at Randall Mill Road) was 5.9 percent for total nitrogen, 5.0 percent for
total phosphorus, and 17 percent for total organic carbon.’

The data in Table 15 indicate that for the October storm, nonpoint—
source loads were greater than point-source loads. Point-source loads, how-—
ever, were high. Nonpoint discharges contributed roughly 96 percent of the
total discharge at the Fairburn site, 68 percent of the total nitrogen load,
61 percent of the total phosphorus load, and 88 percent of the total organic
carbon load. Point discharges contributed about 4 percent of the discharge
volume, 32 percent of the total nitrogen, 39 percent of the total phosphorus,
and 12 percent of the total organic carbon loads. For this storm period, the
Peachtree Creek at Atlanta site was the only tributary sampled in the Peach—
tree Creek basin. The percentage contributions of total nitrogen, ‘total
phosphorus, and total organic carbon loads from Peachtree Creek (at Atlanta
site) to the Chattahoochee River near Fairburn site were 17, 19, and 13 per—
cent, respectively.

Impact of Stormwater Runoff on Dissolved—Oxygen Concentration——
The impact of flow regulation and stormwater runoff on the DO and
dissolved—-solids .concentrations in the Chattahoochee River is detected by an
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TABLE 14,—COMPUTED CONSTITUENT LOADS AND PERCENTAGES OF LOADS CONTRIBUTED BY TRIBUTARIES
TO THE CHATTAHOOCHEE RIVER FOR A STORM ON NOVEMBER 27 =29, 1976

[cso, Combined sewer . overflow]

E

‘

ol

Sampling site

area
(Km?2)

Drainage Diséharge

volume
during
storm

(L)

Percent
- of
discharge
. at
Fairburn

Total
nitrogen
load
(Kg)

Percent
of

load at

nitrogen|phorus

Fairburn ,(Kg)

Total
phos—-

load

Percent
of
phos—
phorus

load at| (Kg)
Fairburn

Total

carbon
load

organic] | of

Percent.

organic
carbon
load at
Fairburn

Chattahoochee River
at Atlanta, Ga.
(02336000)

3,760

- 68x108

25

4,900

8.5

600

4.0

137,000

Clear Creek at
Piedmont Park €SO,
at Atlanta, Ga. .
€02336274)

9.6

1.2x108

0.4

180

0.3

100

0.7

. 2,700

Tanyard Branch at
26th Street Extn,
CS0, at Atlanta, Ga,
(02336290)

9.1

1.2x108

0.4

340

0.6

52

0.4

940

Peachtree Creek
at Atlanta, Ga.
(02336300)

225

29x108

11

3,000

5.3

640

4.3

24,000

Nancy Creek at
Randall Mill Rd.,
at Atlanta, Ga.
(02336380)

90.1

3.1x108

370

0.6

99

0.7

3,100

Unmeasured flow and
constituent sources
in the Atlanta-
Fairburn reach

1,360

147x108

s4

7,700

14

3,700

25

32,000

Measured point
sources, total
of 7 sites

23x108

8.7

41,000

72

10,000

67

64,000

Chattahoochee River
near Fairburn, Ga.
(02337170)

5,340

270x108

100

57,000

100

15,000

100

160,000

TABLE 15, —-COMPUTED CONSTITUENT LOADS AND PERCENTAGES OF LOADS CONTRIBUTED BY TRIBUTARIES

TO THE CHATTAHOOCHEE RIVER FOR A STORM ON OCTOBER 8-9, 1977.
13
Percent Percent |Total [Percent Total Percent
Drainage|Discharge of Total of 'phos—~ of organic of
area volume |discharge|nitrogen nitrogen|phorus| phos~ carbon organic
Sampling site (Km2) { during at load load at | load | phorus.| load carbon
storm Fairburn | (Kg) Fairburn| (Kg) | load at| (Kg) [load at
(L) Fairburn Fairburn
Chattahoochee River K
.at Atlanta, Ga. 3,760 180x108 47 17,000 22 3,000 19 |150,000 L 47
(02336000) [
i
Peachtree Creek ] . ‘ ! B
at Atlanta, Ga. 225 56x108 15 13,000 17 {3,100 19 41,000 P13
(02336300) i Lo
Unmeasured flow and !
constituent sources 1,360 130x108 34 22,000 29 3,600 23 90,000 I 28
in the Atlanta- !
Fairburn reach '
Measured point i
sources, total of - 14x1Q8 4 .25,000 32 6,300 39 39,000} ;12
7 sites ‘ |
. |
Chattahoochee River |
near Fairburn, Ga. 5,340 380x108 100 77,000 100 {16,000 100 320,000 POO
(02337170) ‘ ;
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automatic water-quality monitor located at the Fairburn site. (See Figure 1.)°
Near this site the DO concentration reaches a point of minimum DO produced by
oxygen—consuming constituent loads to the river. Figure 7 shows that during
low flow (about 3.4 x 10%L/s (1,200 ft3/s) at Atlanta), minimum DO occurs
about 18 km (11 mi) downstream of the Fairburn site and is only slightly less
that at Fairburn. At higher flows the minimum DO concentration is displaced
downstream. At a streamflow of about 5.1 x 10%L/s (1,800 £ft3/s) the minimum
DO occurs about 43 km (27 mi) downstream of the Fairburn site (10).

The flow pattern and DO concentrations that occur at the Chattahoochee
River near Fairburn site as a result of flow regulation by Buford Dam and
stormwater runoff are shown in Figure 8. Daily rainfall measured at one site
in the Peachtree Creek basin and mean daily discharge at the Peachtree Creek
at Atlanta site are included in the illustration. The 6-month time period
includes mainly the summer and fall seasons. The shaded columns which extend
over 2-day periods indicate the days when river flows at the Fairburn site

“were not influenced by water released by Buford Dam for power generation.
Typically, these times of -low flow occurred at the Fairburn site every Sunday
and Monday from June through September. After September, the storms rather
than flow regulation were primarily responsible for the variations in dis-
charge and DO at the Fairburn site. The lowest daily minimum DO concentra-
tions during June through September were concurrent with the Sunday and Mon-
day daily mean low flows. At higher flows produced by water released during
the. other days of the week by Buford Dam, daily minimum DO concentrations
were much higher. :

The impact of stormwater runoff on DO concentrations appears to be most
severe during the summer at times when the river is at low flow. However,
data are scarce because the occurrence of stormwater runoff at times of low
flow in the river is infrequent. For example, Figure 8 shows that during the
summer of 1977 stormwater runoff occurred at low flow only once (July 26).

In the fall, stormwater  runoff occurred when the river was at low flow only
on September 26 and October 1, 8, and 25. On September 26 and October 1 the
DO concentration reached a minimum of 3.8 mg/L, which was about 1 mg/L lower
than occurred during dry-weather low flow the first 3 weeks in September.
Runoff produced by heavy thunderstorms on October 8 and 25 caused some
decrease in the minimum DO at the Fairburn site, but the change was not as
marked as that during the July 26 summer storm or the September .26 and Octo-—
ber 1 fall storms. ' '

The hourly variations of discharge, DO, and specific conductance that
occurred at the Fairburn site during the July 26 and October 8, 1977 and
November 27, 1976 storms are shown in Figures 9, 10, and 11. The specific
conductance and discharge at the Fairburn site were similar prior to each
storm, which indicates the presence of similar dissolved-solids loads. River
temperature was highest during the July storm and was a major factor causing
the lowest prestorm DO concentrations at the Fairburn site. '

The effect of runoff from each storm was an increase in specific conduc-
tance and a decrease in DO as the pollutant load passed the Fairburn site.
An improvement in river quality followed when the hydropulse water (released
water from Buford Dam) passed the monitor site. Figure 9i shows that the
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Figure 10— Impact of stormwater runoff on specific conductance and
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pollutant load from the November storm resulted in an initial increase in
specific conductance, and about a l-mg/L decrease in DO as the initial runoff
passed the Fairburn site (section A). After the initial runoff, river qual-
ity improved somewhat, as jadicated by a general decrease in specific conduc~
tance and an increase in DO (section B). Once the hydropulse reached Fair-
burn, the river quality showed further improvement (section C).

Figure 10 shows that the constituent load from the October 8-10, 1977,
storm resulted in an initial increase in specific conductance and about a
1-mg/L decrease in DO as the initial runoff passed the monitor site (section
A). After the initial runoff, river quality improved, as indicated by a gen-—
eral decrease in specific conductance and an increase in DO (section B). A
hydropulse did not occur during the storm—runoff period, but river quality
continued to improve during the recession in discharge (section c).

The most substantial changes in quality conditions occurred during the
July storm. Figure 11, section A, indicates that the prestorm stream condi-
tions at the Fairburn site were relatively stable. As the pollutant load
from Peachtree Creek and other basins passed the Fairburn site, the DO de-
clined about 4 pg/L to a minimum of about 1.6 ng/L (section B). Correspon—
‘dingly, the specific conductance increased about 30 umhos/cm to a maximum of
114 umhos/cm. 1In section C the effects of the hydropulse water become ‘
apparent, as indicated by a marked increase in DO and a decrease in specific
-conductance.

At the Fairburn site on the Chattahoochee River, the major effect of
pollutant loads from stormwater runoff occurred on the rising limb of the
discharge hydrograph, as indicated by a maximum specific conductance and a
minimum dissolved-oxygen concentration at this time: River quality improved
during the period of discharge recession after peak flow or when hydropulse
water reached the .Fairburn site. '

Data indicate that runoff from thunderstorms that occur in the summer
has a much greater impact on dissolved oxygen and specific conductance than
runoff from storms in the fall or winter season., Summer storms could produce
severe quality conditions in the Chattahoochee River downstream of Atlanta,
if the river is at low flow. However, summer regulation of the river norm-—
ally provides low flows only on weekends., Thus, only about 1.5 days out of
7, or 21 percent of the time, is the Chattahoochee River at a flow that could

result in severe degradation of stream quality from stormyater runoff.
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