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PREFACE

The objective of this project was to determine the quality characteristics
of stormwater draining from an urban land drainage basin in North Carolina as
influenced by the nature of land use on the basin. A number of areas in North
Carolina and elsewhere are confronted with the need to require high degrees of
water quality management. Urbanization of a region has an effect on the quality
of its stormwater. The purpose of this study was to determine quantitative
relationships between different land-use patterns and consequent differences in
the water quality.

The drainage basin selected has an area of 1.67 square miles and is in the
upper portion of the Cape River Basin of North Carolina. Residential, commercial
and industrial activities on the selected basin are representative of the urban
land-use pattern in North Carolina cities and towns. The specific objectives of
the first year were to install a gaging and sampling station on the outlet of the
major basin and to initiate sampling and analytical procedures to characterize
the quality of water draining from the basin and its two major comstituent basins.
The specific objectives proposed for the second year included subdivision of the
major basin into a number of subsidiary basins, the objective being to character-
ize the quality of water draining from each sub-basin and attempt correlation of
its qualities with its particular land use.

The subject study was approved on July 29, 1968, and effort was initiated omn
August 1, 1968. Although originally conceived as a three-year pfoject9 it was
decided to end the project on June 30, 1970, by issuance of this final report.

A preliminary report of progressvon this project was presented at the 18th
Southern Water Resources and Pollution Control Conference, North Carolina State
University (1). The paper was entitled: "Urban Hydrology, Wastewater Treatment

3

and Stream Pollution." Much of the descriptive material in this section of the

report is extracted from this paper.
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INTRODUCTION

The Southeast is properly characterized as having been "blessed" with adequate
quantities of rainfall provided to us almost uniformly throughout the year. Our

major water problems have been and are being solved by control of streams to

‘alleviate flooding and construction of relatively small reservoirs for water storage

to balance miner inequities between supply and demand. Our current and future
problem will be the protection of the. quality of these waters in the face of urbani-
zation and industrial expansion. Urbanization and industrialization of North
Carolina will take place at a time in history when we can benefit from the experi-
ence .and knowledge that regions which urbanized and industrialized earlier were
without.

The City of Durham is a representative urban community in this region. This
study to characterize its stormwater provides information generally applicable to
similar'communitieso Durham's position near the headwaters of its water supply
stream, stradling the divide between two major river drainage basins, and its favor-
able topography for natural drainage have combined to naturally favor a high degree
of separation between storm and sanitary wastewater collection and transportation
systems and to require exceptionally high degrees of sanitary and industrial waste-
water treatment prior to discharge of effluents to receiving streams. Secondary
treatment has been practiced for many years, and studies have been underway for
years to provide the design basis for tertiary methods in advance of their probable
need when construction has been completed for the Neuse and New Hope Reservoir
projects east and south of Durhé.m° The amount and nature of urban stormwater
including its contribution of pollutants from urban areas tributary to these
reservoirs will be desirable information prior to commitment of extensive finan~-
cial resources for construction and operation of tertiary and other separation and
treatment - facilities.,

The hydrologic characteristics of an area are determined by its climate and
structure. Consequently, any change in these properties of an area will affect
its hydrology. The term "structure" includes physical, geological and botanical
features of the area such as topography; surface, shallcw subsurface and deep soil
and rock types and formations; the amount and kind of vegetation covering the

region and land development features.



Urbanization does not usually affect basic drainage topography and hydraulic
charactexistics of deep formations. However, its effect upon surface, tepseil, and
land cover features is usually considerable, Hydrologic properties affected by
changes in Xand use include volume and rate of runoff, peak flow characteristics
and water quality. The significance of the quantitative changes must usually be
considered by the engineer and planner in the design of drainage structures to
serve the area under development. However, the effect of land development on water
quality is not usually considered during the construction phases since the effect
has little, if any, direct bearing upon design and economy of facilities and
structures of the area under development. Water degradation is an "externality”
that is transferred to and may adversely affect downstream land owners and water
users. Stormwater has been traditionally considered to be only a quantitative
prcblem, Its availability has been deliberately utilized to absorb (dilute) sani-
tary and industrial wastewaters in design of sanitary and combined wastewater
collection systems. '

A recent report {1967) of the Federal Water Pollutien Control Administration
prepared by the American Public Works Association (2) disclosed the extent to
which this problem has grown. It was estimated that almost one-fifth of our
current population is served by combined sewers. The accumulated cost of separa-
tion was estimated as falling scmewhere between 30 and 48 billion dollars depend=-
ing upon the degree to which separation would be achieved. 1In those systems
served by treatm@ntffaailitiesg an indication was obtained that treatment facili-
ties were bypassed about ten percent of the time for a number of reasons including
routine maintenance, inadequate plant capacity, inability to operate because of
higﬁ tiver stage and the judgment that "receiving'stream flow (was) of such
magnitude that treatment is not deemed necessary by local officials.” The ‘
report further concluded that few of the jurisdictions surveyed have menitored
the quantity and quality of combined sewer overflows. Of over 600 jurisdictions
surveyed, only 61 reported some measurements of the quantity of their overflows,
and 54 indicated that some quality tests had been made. These generally were of
limited duration.

In é preliminary appraisal of the pellutional effects of stormwater and over-
flows from combined sewer systems (3), the Public Health Service estimated in 1964
that 59 million people occupy land served by sewer systems which allow such over=
flows. The volumetric magnitude of these overflows was estimated to be. three to

five percent of the untreated sanitary wastewater on an annual basis. During
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storms the overflow was suggested as being_cqmpgsed;of up to 95 percent untreated
wastewater, Testimony of Howells during hearings before the Natural Resources and
Power Subcommittee of the House Committee on Government Operations in 1963 sug-
gested the problem was more serious than indicated by strictly volumetric data.

He cited data from Buffalo, New York, which indicated that flushing action of
stormwater on deposited solids in the collection system resulted in the dis-

charge without treatment of about one-third of the city's annual production of
golids in contrast to a volume of between two and three percent of the annual flow.

In addition to the cobvious and large problem relating to the direct dis=
charge of treated and untreated sanitary and industrial wastes to receiving water
via storm, sanitary and combined sewers, the use to which land is placed itself
has a direct effect upon the quality of water draining from the land. Changes in
land use may, therefore, affect not only the quantitative yield characteristics
of a drainage basin but the quality of its stormwater. Considering the basin as
a total systeinE the surface stream and its impoundments are indifferent in their
response to the sources of pollution, whether they are untreated wastewaters,
treatment plant effluents or washoff and seepage from urban and agricultural land.

We have for many years ignored stormwater as a source of pollutants. We
can, however, expect that in time the quality of stormwater will deteriorate suf-
ficiently to require treatment to minimize or eliminate its pollutional effect
on our lakes and streams, Only a generation ago it was suggested that "dilution
is the solution to peollution.” The bypass of sanitary wastewaters to storm
drainage channels was not only permissible during surcharge of the combined
systems of our cities, it was good design practice. Now we are giving careful
thought to the effect of these bypass discharges on the stream, storage reser-
voirs between the source and the ocean and the ocean itself. We have learned that
even the oceans do not have an infinite capacity to absorb everything we can
place in them., It serves a useful purpose to keep making the point clear that
an unavoidable comsequence of the use of water for any purpose is deterioration
of its quality.

We have over the vyears become accustomed to recognizing the changes in water
quality which occur when we deliberately withdraw water from a source, use and
return it. We can no longer feel too comfortable even when our receiving environ=-
ment is the ocean itself. We have achieved the perhaps final distinction of
having the capability to pollute our final pollution sink, When the world's

capacity for absorption of pollution is exceeded, the species known as "man"
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will begin to move toward extinction. It is possible that an equilibrium level
of population and capability to pollute may be established and the species may be
saved from extinction., This is the most optimistic point of view possible today.

The problems of urban regions and industry in both isclated locaticn with
respect tc water supply and wastewater disposal and as part of a metropolitan
complex are important and deserve our attention, Recently, attention has been
focused upon two additional sources of pollution, viz, agricultural and urban
land stormwater drainage. It is understandable why these two sources were given
relatively little attention in the past and why they are currently being given
sc much. They share the common distinction of being diffuse rather than point
sources of pollution. As such, they are not as readily identified, characterized,
and quantified. ‘

We can foresee the time when all point sources of pollution will have been
identified and technologically and economicglly feasible corrective measures
will have been applied to these wastewaters, Treatment beyond that commonly
characterized as of secondary degree will be the order-of-the-day and further
improvement of our surface waters will require the collection and treatment of
all Watefs from sources which contribute pollutional substances in concentra-
tions and total quantities above those found to be acceptable tc the receiving
environment. Better knowledge of the amount of diffuse pollution from urban and
agricultural land areas is a current need as a logical prerequisite to an under-
standing of its present role in stream pollution and to serve as a guide for
possible corrective measures when such measures become appropriate with respect
to time and place. Such studies have the additional value of placing into
perspective the immediate demands we place upon our point scurces with respect
to requirement for additional treatment.

Each drainage basin can be expected to present a somewhat different pattern
of rate of degradation with respect to its stormwater drainage. Urban areas are
now the place where the vast majority of the nation’s people live. While the
migration of the population from farms to cities appears to have reached its
end for the United States in general, of particular importance to North Carolina
is the still expected "relatively small surge" of its farm population to the
cities (4}. Urban areas themselves are changing with respect to populaticn
densities and other indices of land use.

It is interesting to reflect upon the way we have responded to management

of our water resources systems. The evolution of drainage systems started
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essentially with the natural surface drainage and storage elements in existence
when the earth took its final form. Changes in form resulted from erosion,.
siltation, land shift, subsidence, uplift, glaciers, and other natural phenomena.
When man settled and population centers grew, high ground was at first occupied
and developed, Gradual occupation of lower levels and finally the natural flood
plains of streams made construction of storm conduits essential, starting with
the formalization of open.channels and progressing to the combined and separate
systems in existence today.

The discovery of the role of sanitary wastewaters in the spread of water-
borne disease and the need for its safe conduction to positions of disposal led
to the use of existing storm drainage channels and conduits for transportation
of sanitary and industrial wastes., Recognition of the effect of untreated com-
bined wastewaters on the receiving environment led to separation of stormwater
and treatment of sanitary and industrial wastewaters prior to disposal. It is
now recognized that intentional and inadvertent discharge of combined waste-
waters can in many instances no longer be permitted., Perhaps the ultimate solution
to this problem will be the construction of plants to treat entire rivers to
insure removal of residues from wastewater treatment plant effluents and pollu-
tional substances from diffuse sources such as urban and agricultural land
drainage. Such works may be essential to protect existing and planned reservoirs
from loss of capacity and deterioration of quality as a result of siltation and
eutrophication.

A proposal being considered by the City of Chicago for solving its combined
wastewater problem is an interesting approach (5), The Chicagoland Deep Tunnel
Project suggests collection and storage of potential overflow water draining from
the 300-square-mile portion of the city served by combined sewers during storms
which would otherwise result in overflows. .The water would be stored in caverns
30 feet by 60 feet in section,; from 10 to 20 miles in length and located 800
feet below ground level, One million cubic feet of storage capacity per mile of
length would be provided. Stormwater would be partially treated before storage
and pumped from the tunnels for further treatment prior to surface discharge
during periods between storms. Partially offsetting the cost of construction and
operation of this one~billion-dollar project would be the value of reclaimed
water. Additional economy would result from design of wastewater treatment
plants for average rather than peak flow to meet required standards of effluent

quality. Rock produced during construction of this gigantic public works project
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would be available tc satisfy the area's need including that of providing suffi-

cient fill material to comstruct a large airport in Lake Michigan,

Literature Background

It is .evident from examination of literature relating to stormwater runoff
that ‘while quantitative aspects have received major attention, the quality
aspects have not been entirely ignered. In 1961 the United States Public Health
Service initiated a program of research aimed specifically at the characteriza-
tion of strictly stormwater runoff from urban areas. As part of their background.
work, an extensive annotated bibliography of abstracts was prepared and
maintained (6).

In 1964 Weibel, Anderson, and Woodward (7) summarized work conducted in
Detroit by Palmer (8) on the quality of storm runoff collected in catch basins
(1950). In these studies BOD values ranging from 96 to 234 mg/L, total solids
from 310 to 914 mg/L and coliform counts (MPN) from 25,000 to 930,000/100 ml
were reported. Also cited were studies in England (1954), Moscow (1936),
Seattle (1959-60), Stockholm (1945-48) and Pretoria (1961). Weibel concluded
that ". . . pollutant concentrations in urban land runoff are sizeable. Their
significance in a particular environment depends on the size of the area, the
hydrology, and the receiving water and its use."  With respect to BOD and COD,
the runoff water from an urban area studied in Cincinnati was "not what could
be called decent dilution water. In fact, there is not much to recommend (it)
as such on the basis of any of the physical, biological and biochemical parameters.
The -BOD and COD average out at 19 and 99 mg/L, respectively, about the level of
secondary sewage plant :effluent quality; suspended solids average 210 mg/L,
which is about the concentration in raw sewage." While the volatile suspended
solids relative to total was "lower than for sanitary sewage, the concentration
itself exceeds that of sewage plant effluent." Their work included observations
of nitrates, nitrites and organic nitrogen and total phosphates all of which were
reported as being “gizeable." Im comparisen with typical domestic wastewater
it was suggested that suspended solids, volatile suspended solids, COD, BOD,
phosphate and nitrogen in the stormwater would be 140, 44, 25, 6, 9, and 11
percent, respectively, of the amounts in sanitary wastewater. In. comparison
with treated effluent, it was estimated that annual stormwater runeff might
contribute a BOD load averaging 60 percent of that which would be discharged

from a secondary wastewater treatment plant serving a similar area, 1t was
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' suggested that information was needed from a variety of environments in order to
obtain some measure of waste loadings from urban areas attributable to stormwater
runoff,

Additiocnal informaticn relating to pesticides and other contaminants in rain-
fall and runcff (9) and the possibilities of treatment of urban stormwater and con-
siderations relating to its disposal (10)(1l) resulted from this research., An
interesting observation was made as to the content of both inorganic nitrogen and
hydrolyzable phosphate in rainwater. Both constituents were found at concentra-
tions in excess of "Sawyer's threshold levels for algal blooms."

In a very recent (1969) publication (12), Weidner and his colleagues reported
results of studies of rural land runoff as a factor in stream pollution. Their
results are encouraging in that while rural land runoff was shown to be a signifi~-
cant factor in pollution of receiving bodies in water, 'despite an increase in
the amount of fertilizers applied under improved (farming) practices, there was a
marked decrease in the amount of pollutional load as contrasted to the load from

watersheds using prevailing practice.”






Basin Characterization and Instrumentation

The basin selected for this study is the uppermost area draining into what
becomes known as Third Fork Creek, s part of the New Hope, Haw, and Cape Fear River
system., Its northern boundary is the principal divide separating the Neuse from
the Cape Fear River drainage basin. East and west boundaries of the basin enclose
an area of approximately 1.67 square miles., Surface drainage .from the basin con-
verges via a network of small channels joining essentially within the confines of
a flood-plain park (Forest Hills Park).

Included within the basin is a portion of the central business district of
Durham, a tcbacco processing and manufacturing plant, a shopping center, high and
low density housing districts of varying quality, a cemetary, churches, scattered
commercial business establishments, public schools and extensive open space devoted
partly to recreational purposes. An expressway under construction during this
project period through this area gave it a typical collection and mixture of what
is going on in many urban centers. The storm drainage system on this basin is to
a large extent exposed.

This basin was selected for study because of its convenient location and as
being representative of the pattern of land development in cities and towns of
the Piedmont region of the Southeast. A locational map of the principal drainage
basin including its further subdivision into small units is supplied as Figure 1.
An gzerial photograph of the section of Durham including the basin studied is
supplied as Figure 2. Being representative of the urban centers of North Carolina,
it was felt that results of stormwater characterization from study of this basin
would be applicable to other urban areas in North Carolina. In-addition; the
topography and pattern of urban development seemed to cffer the potential of
subdivision of this basin into smaller units each with substantial differences
in specific land use which in turn would permit characterization of their related
stormwaters as constituents of the whole.

Several alternative locations for the principal gaging stations were con-
sidered, The location and other details with regard to this project were discussed
with U.S. Geological Survey personnel in Raleigh; City of Durham Departments of
Water Resources, Recreation and Public Works; and the City of Durham Public Works
Committee of the City Council. Approval for conmstruction of the gaging statioen

at the present site was granted by action of the Durham City Council on
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October 3, 1968. Construction of the station was initiated during the week of
October 14 and was essentially completed by November 8, 1968.

The principal gaging station was located approximately sixty feet south of
Forest Hills Boulevard, The station consisted of standard U.S.G.S. gage house
providing protection for digital recorders for both rainfall and stage. An
artificial control was installed to provide a uniform channel section, In
addition to the punch-tape recorders, a chart=type recorder was also installed
for guidance during sampling activities and to provide information during the
period of time required for processing of the punched tape.

A precipitation measurement station was located approximately on the central
longitudinal axis of the basin about two-thirds of the distance from the stream
gaging station to the northern ridge. The stream gaging station and precipita-
tion measurement station were installed and maintained by the U.S.G.S. Raleigh
Office during the course of this project. During the period the station was
being installed and rated, exploratory sampling and analytical work was initiated
for guidance in selection of sampling procedures and parameters.

The principal stream and its tributaries upstream from the principal gage
are essentially "wet-weather' streams. The base flow of the stream draining
the entire basin is less than one-=tenth of a cubic foot per second. During a
storm the basin tended to become completely tributary to the principal gaging
station within approximately forty-five minutes and peak discharge rate during
this project was in excess of 700 cubic feet per second,

The channel fills frequently during the course of a normal year and overflows
its banks several times each year. The channels within the park are maintained
by the City of Durham and require periodic removal of sand and silt to maintain
their carrying capacity. Debris lodging in culverts must be removed periodically.

A porxrtion of the downtown expressway through Durham was under some phase of
construction during the period of time covered by this project. The extent to
which urban renewal and the expressway construction projects affected land-use
characteristics of subnbasins'WNZB5 N=2 and E=2 may be seen in Figure 2.
Approximately one-third of sub-basin N-2, one-fifth of E-2 and one-twentieth of
W=2B were affected by this activity.

To better describe the drainage basin studied and its constituent sub-basins
numerically for possible correlation with stormwater qualities, available maps
were studied and field investigations were conducted on the basin. The basic
basin was subdivided into seven constituent basins and each characterized

separately.
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Parameters selected for basin characterization were the following: Land
Area; Population Density, Length of the Main .Stream Channel, Average Slope of the

Main Stream Channel, Average Slope of the Land Aréas9 Land . Use, Environmental

"Quality” of the Land Use, and Land Surface Characteristics., Other characteristics

were considered for possible evaluatien such as soil type and amount and kind of
vegetated cover but were judged to be beyond the scope of this project. While a
few of the characteristics studied were relatively easy to conceive and determine

objectively, others were more difficult and tended to be subjective in character.

The land area of each sub-basin was obtained from topographic maps by use of .

a planimeter. All drainage divides were verified by field observations and
adjusted on the preliminary map accordingly. Photographs of basin features and
instrumentation are placed on pages A-1 and A-2 of the Appendix to this report.
Shown are the principal gaging station, basin precipitation measurement station .
and views representative of the variety of urban development, housing and
environmental quality present on this drainage basin, '

The population of each sub-basin was obtained frem the U.S. Census of Hous-
ing: 1960 (13). Population data were not adjusted for any changes between 1960
and the project years, 1968-70. Normal changes resulting from births, déaths9

in-and-out migration along with dislocations resulting from urban renewal and:

construction of the expressway will be reflected in data from the 1970 Census and"

can be utilized to cerrect these computations for population density when results
of the 1970 Census become available.
The length of each sub-basin’s main stream and slope were determined from

measurements made on topographic maps. Where the main stream branched signifi-
cantly, the length of each branch and slope were used to compute a "weighted"
equivalent length and slope propertional to the area drained by each branch.

To determine the mean slope of the land in each sub-basin, each basin was

divided inte sections of consistent land slope. The slope of each section was
determined and a mean value computed for the basin by weighting sections in
accerd with their area. Sections through which the expressway was under con-
struction were evaluated both considering and not considering grading for con-
struction of the expressway. Determination '¢f this parameter required exercise
of considerable judgment and is, therefofe8 reported as an approximaticn.

Land=use information was obtained by field inspection of individual blocks

in each sub=basin, The scope of the project did net permit development and.

application of objective criteria for evaluation ef housing quality. Judgment
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of residential quality was subjective and relative., Land-use classifications

used were: residential (high, medium, and low=-quality), commercial and industrial,
public and institutional, and unused. Streets and roads were considered as
belonging to the land use associated with their position with exception of the
expressway which was classified as being public and institutional in land-use
character.

During field inspection of the basin, a judgment was made of environmental

gquality. Criteria used in arriving at a decision as to whether quality was good,
fair or poor were gemeral appearance of land surfaces, presence or absence of
lawns and other intended vegetatioen, presence or absence of litter, judgment of
care in land surface maintenance and such other factors as would subjectively
influence the cbserver toward arriving at a conclusion as to the environmental
quality of the area.

The area of each sub-basin was classified into four categories of surface
character., These were: paved streets, sidewalks and parking lots; unpaved
streets; roof surfaces; and lawns, undeveloped land and park areas. The procedure
used was to examine the most recent Sanborn maps (14) of the portion of Durham
occupied by the drainage basin, scaling dimensions of features in each of the.
first three——categories and calculating the area, subtracting the sum of these
from the total area of each sub-basin to obtain the area classified in the fourth
category (lawns, undeveloped land and park areas).

A summary of sub=basin characteristics is presented in Table 1. Population
density ranged from a high of 15 per acre (E-1, E-2, and W=2) to a low of 2.6
per acre for basin W-1, The sub=basins are relatively similar with respect to
channel and land slope.

- Considering the basin as a whole, 60 percent is devoted to residential uses
with about half of this being classified as of low quality. Approximately 20
percent is devoted to commercial and industrial activities and about 20 percent
to public, institutional and non-use. Sub=basin E-~1 is entirely low quality
residential‘in direct contrast to sub=-basin W-1l, which is entirely medium to
high quality housing with considerable park area. Sub-basins E-2 and N-2 are
strongly commercial and/or industrial in character. Sub-basins W-2A and W-2B
have strong components of medium to low quality housing, respectively. Sub=basin
N-=1 is dominantly medium to high quality housing in balance with commercial/

industrial, public-institutional and non-use classifications.

17



Sub=basin E-=1 was judged 100 percent poer, with respect tec envircnmental
quality and is in direct contrast with W-1 judged toc be 100 percent good. Basins
E=2 and W-2B reflect almost identical components of poor quality (about one-half
of each sub-basin). Basin N-1 is substantially goed while N=2 and W-24 were judged
as being dominantly good to fair and fair to poor, respectively,

In addition te numerical characterization ofwéubwbasins9 Table 1 alse pre-
sents comparable information for the major division of the basin. and fer the
major basin itself, During the first year of this project, almest all sampling
was conducted at positicns N; W, and M (see Fig, ‘1) which positions correspond
to this major divisien.

Major division "N" and "W" have approximately equal population densities and
equal percentage‘ef their areas was judged to be environmentally good, The west.
basin ("W") has a substantially higher proportion of its area in high, medium,
and low quality housing with almost no industrial usage.  The two major divisions.
have an equal proportion of their total area in public/institutional use.

With respect te land surface, the north basin has almost double the propor-
tion of its area covered with relatively impervious surfaces (rcofs and paved
land) in comparison with the west basin while the west basin has a somewhat larger
proportien of its area in unpaved.streets. During a typical storm, the north
basin began to contribute flow to position "M" from five to ten minutes before

flow was noted from the west basin.
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6T

‘Characteristic

"M" is the entire basin

Table 1

Summary of Basin Numerical Characterization

Detailed Basin Sub-=-Division

E-1 E-2 W-1 W=2A W-2B N-1
Sub-basin Area - acres 56 263 169 69 138 183
Percent of Major Basin 5.2 24.6 15.8 6.5 12.9 17.1
Population Density - per acre 14.9 15.9 2.6 11.8 13.4 4,2
Main Stream Length - feet 1050 2750 4720 1890 3640 4500
Main Stream Slope - Percent 2.1 1.9 1.5 2.7 1.5 1.1
Mean Land Slope -~ Percent 10.2 8.0 8.7 9.0 9.5 7.9
Land Use - Percent of Sub-Basin
Residential - High Quality 0 0 60.2 0 0 26.4
Residential - Medium Quality 0 0 25.7 60.4 11.8 33.1
Residential - Low Quality 100 50,2 0 25.1 55,2 3.9
Residential -~ Total 100 50.2 85.9 85.5 67.0 63.4
Commercial & Industrial 0 36.1 0 7.0 1.1 7.7
Public/Institutional 0 8.8 14,1 0.7 13.8 19.2
Unused 0 4.9 0 6.8 18.1 9.8
Environmental Quality - Percent of Sub-basin
Good 0 30 100 0 16 87
Fair 0 14 0 81 32 13
Poor 100 56 0 19 52 0
Land Surface Characteristics =~ Percent of Sub-basin
Paved Streets & Parking lots 5.3 26.6 16.0 8.1 13.0 16.2
Rooftops 7.2 13.5 4.6 10.0 7.9 5.2
Unpaved Streets 12.0 3.0 2.5 9.0 4,8 1.0
Undeveloped (Lawns, park; etc.) 75.5 56.9 76.9 72.9 74,3 77.6
" ‘Notes:  *Basin "N" consists of E-1, E-2, N-1, N-2
**Basin "W' consists of W-1, W-2A, W-2B

33.2
11.6

1.4
53.8

Majoxr Division

N#*

693
65

10.5

7.3
10.3
31.1

48,7
27.9
12.0
11.4

51
17
32

24.0
10.2

2.8
63.0

Wk

376
35

8.2

27.2
26.9
24,8

78.9
1.7
11.5
7.9

51
26
23

13.4
6.9
45

75.2

Major

Basin

1069
100

9.7

14.3
16,2
29.0

59.5
18.6
11.8
10.1

51
20
29

20.2
9.1
3.4

67.3







Preliminary Sampling and Analytical Effert

Sampling of the stream at the principal gage and of the west and north branches
near the gaging station was started early during the first project year. Analytical
effort was initially directed toward parameters that were within the capability of
the available laboratory facilities and gradually expanded as capability was
increased. While on one hand it was desirable to include analysis for all param-
eters for all samples taken, practical considerations required that both sampling
and analytical effort be selectively applied toward evaluation of those parameters
of greatest apparent importance. Exploratory work included analysis for total
solids and their ioss in weight upon ignition as indices of suspended solids and an
estimate of their organic fraction.,  The importance of these parameters in judgment
of the effect of basin erosion on stormwater quality suggested the desirability of
continuing their determination.

The five-day BOD was explored during the preliminary phase. Despite its limi-
tations and a number of problems that developed in making this determination, a
decision was reached to continue making this determination as often as was possible.
The problems encountered included the usual one of unpfedictability of strength
over a wide range thus necessitating a wide range of dilutions. In addition, some,
evidence of toxicity in.several samples was noted. In an attempt to define this
problem, a number of samples were analyzed for presence and concentration of lead
and other metal ions. While not within the proposed scope of this investigatien,
joint interests in its investigation and the availability of suitable instrumenta-
tion in the City of Durham Industrial Waste Labeoratory resulted in considerable
information on the concentratien of lead in many samples taken during the remainder
of this project period. ) "

The Chemical Oxygen Demand procedure (dichromate reflux) was investigated, and
preliminary efforts were made in determining whether these results might be cor-
related with five=day BOD. The usual wide variation was experienced. Results sug-
gested the desirability of continuing both procedures so indices of the concentra-
tion of chemically and biochemically oxidizable mafter in samples analyzed.

High chloride concentrations were occasionally observed during low flow in
the stream and chloride measurements were initially adopted as routine but dis~
continued after several months., High concentrations during low flow were attribu-
table to the discharge into sterm drainage channels of softener-regeneratien brines,

During storms the chloride concentratien was very low and difficult to determine
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because of high concentrations of sclids. Delayed analysis to allow for clarifica-
tion by sedimentation and centrifugation proved to be useful procedures.

Exploratory effort was alsco initiated to determine the .fecal coliform count in
samples taken from the initial sampling positions. The memwbrane filtration procedure
was used. Some laboratory difficulties were experienced in maintaining water=tight
seals for plastic bags used to enclose Petri dishes during incubation in a water
bath. An air-incubator was adapted for routine use, The incubator was a forced
circulation type and capable of being tightly sealed. Containers of water were
placed in the‘incubator to maintain a high humidity during incubation. While this
precedure was not standardized, it was more satisfactory than continued loss of
results from lesking plastic bags., Temperature was maintained at 44.5°C during
incubatien and.was checked by a thermometer near the Petri dishes immersed in a
flask containing water to avoid rapid changé while reading,

Fecal coliform numbers determined-during two surveys of the basin, ocne of which
was accomplished during a normal, base-flow condition and the other during a stom
which resulted in considerable runoff, revealed unusually high values. It was
decided to include this determination as often as possible in routine analysis. A
repetition of the basin survey‘following an extended peried of dry weather resulted
in such high numbers (up to 2.4 million per 100 ml) that further inﬁestigation of
their origin was initiated. The source was eventually traced to a broken ten-=inch
sanitary sewer on Sub=basin N=1, which was immediately repaired by City of Durham
personnel. All analyticel data prior to the.date of xepair for the Nerth and
Mixed Sampling pesition must be judged with consideration given to the influence.
of the presence of é break in this line. (See Ncte belsw)

Explicratory effort was alsec directed toward measurement of both soluble and
total phosphate, organic nitregen and nitrate nitrogen, OIf these only soluble
and total phosphate was adepted for routine analysis.

In summary, parameters seleéted for routine examination as possible from con-
sideration of the number of samples taken from analysis and time available included:
Total Solids, Velatile Fraction of Total Solids, Chemical Oxygen Demand, Biochemical
Oxygen Demand, Chloride, Soluble Phosphate, Total Phcsphate, Fecal Coliform Count

and Lead concentrations.

Note: The break was located on Arnette Avenue between Lakewcod Avenue and Wells
Street, Its location was determined specifically duxing the period from
April 11-18 and repair was. accomplished before April 25, 1969.
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Results of Pesticide Investigation

To meet one of the proposed cbjectives of this project, runoff from two selected
storms was sampled for the purpose . of determining a preliminary indication of the
pesticide content of the stormwater from this urban drainage basin. Samples were
analyzed for Dieldrin, and several other chlorinated hydrocarbons by personnel at
the North Carolina State University Pesticide Residue Analytical Laboratory (15).
In ‘addition to the storm samples, composites of reference samples collected for the
preceding six-month period were alsc analyzed for their pesticide content.

Since one cbjective of the initial screening was to obtain an idea of the
magnitude of values that might be expected during a possible more comprehensive
program, two composite samples were prepared from all reference samples in storage.
Sample 1/2 was a mixture of 28 samples from eight storms (October 18 through
December 28, 1968) and Sample 3/4/5 was a mixture of seventy-one samples from
fifteen storms (December 28, 1968, through April 6, 1969). ' Because of the large
volume of each reference sample, it was not possible to proportion the sample in
accordance with discharge rate during sampling.

In addition to these somewhat representative samples of basin output during
a six-month period of time, seven special samples were cbtained during two storms
in June 1969, Samples A, B, C, and D were associated with a storm on June 13 and
Samples E, F, and G were associated with the storm on June 15, 1969.

The storm of June 13 was preceded by a series of similar small storms on
May 25, 27, 31, June 2, 9, and 10. Peak discharge rates for these storms were
30, 70, 86, 55, and 78 cfs, respectively. The storm of June 13 resulted in a
peak discharge rate of 25.7 cfs. Sample A was taken prior to the storm and repre=-
sented base flow from the basin after a period of reasonably frequent and recent
surface wash., Samples B, C, and D were taken during peak flow and were taken from
positiens N, W, and M, respectively.

The storm of June 15 develeped a peak discharge rate of 400 cfs. Sample E
was taken at position "M" during the period of "first-flush” when the discharge
rate was approximately equal to the peak for the preceding storm sampled., Actually,
the discharge rate corresponding to Sample E was 40.6 cfs (rising limb) of the
first of three cleosely spaced hydrographs with peaks of 165, 100, and 400 c¢fs,
respectively. Visual judgment made at the time of sampling was that water quality
was extremely bad . . ., much worse than had been experienced during the preceding

storm sampled, This was definitely a "first-flush," basin-scouring condition.
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Visual judgment of poor quality was confirmed by results of solids and COD laboratory
determinations for Sample E. Following the 400 cfs peak, a sample was taken at
position "M" when flow had receded to about 114 cfs (on the falling limb). This was
Sample F. Sample G was taken at position "M" on June 16 when the discharge rate

had dropped to 1.1l cfs and was intended to be in some correspondence with respect

to discharge rate with Sample A taken at the beginning of this series during base
flow. Samples were taken using containers furnished by the Pesticide Laboratory.
These glass containerxs had been specially cleaned and were supplied with Teflon seals
to avoid loss of pesticide by adsorption to conventional cap seals. The samples

were stored in a refrigerator at about 1°C. and were transported to the Pesticide
Laboratory within a pericd of a few hours after final sampling.

In addition to pesticide concentrations, a number of other anzlyses were per=
formed on portions of samples taken. Analyses included total solids, wvclatile
sclids, chemical oxygen demand; soluble and total phosphate, chleoride and lead con=
centrations. For samples composited from prior storms, it was possible to calcu=
late mean values for most of these parameters and in addition the five-day BOD.

The report of results obtained from the Pesticide Residue Laboratory is in
the Appendix to this report. A complete summary of all analyses made for these
samples is contained in Table 2. Since the significance of these parameters is a
function of beth concentration and correspending discharge rate, the rate of basin
yield of each parameter was computed in 1b/hr and placed in Table 3.

The data analyzed within their own centext de not yield surprising results.
Base flow following the succession of sterms appears better in quality with respect
to all parameters than base flow preceding the storms., It is considerasbly better
with respect te pesticide content being only 1/20 as high.

Results obtained in this study are compared in Table 4 with those ebtained, by
Weibel, Weidner, Cohen, and Christiamnsen (9) who studied pesticide concentrations in
rainfall over urban and rural areas in and near Cincinnati, Ohioc, and pesticide
concentrations in urban and rural runcff. The values they reported for organic.
chlorine are not directly comparable with those obtained in this investigatien
because only Dieldrin, p,p‘'~DDE, 0,p~DDT, p,p’'~DDD and p,p'=DDT were determined
for these samples.

With allowance for the fact that the data are not directly comparable, the
range of values obtained for this urban basin during the two storms falls within
the range reported for the Cincinnati basin with the lowest value being comparable

to the value repcrted for rainfall in the Cincinnatl studies. The mean value of
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the range, weighted for flow significance (1,16 ppb) is between the mean value
reported by Weibel for the rural basin (0,43 ppb) and the urban basin (1.70 ppb),
The weighted compoesite for 99 samples collected over a period of six months from

this basin was 0.33 ppb, not much higher than the value reported for rainfall overx

Cincinnati,
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Table 2,

Summary of Analytical Results

for Samples Examined for Pesticides

Sample Identification A B C D E F G 1/2 3/4/5
Date of Sample 6=13 6-13 6-13 6=13 6-15 6-15 6-=16 % %k
Time of Sampling 1PM 3PM 3PM 3 PM 10AM 8 PM 1 PM = -
Sampling Location M N W M M M M NWM  NWM
Stage at Gaging Stati0n= ft 0060 = == 1031 1052 2063‘ 0052 = =
Discharge Rate = cfs 1,70 14.3 11.4 25.7 40.6 114 1.1 - -
Total Solids - mg/L 486 2370 484 1540 9900 3740 318 1610 684
Volatile Selids - mg/L . 94 224 87 178 737 324 63 . 185 107

Volatile Solids = % Total 19.4 9,5 18.0 11.6 7.5 8.7 19.9 11.5 15.7
Chemical Oxygen Demand = mg/L 80 236 57 140 377 180 79 145 -
5=Day BOD - mg/L - - - - - - - 16.5 13,6
Phosphate (Soluble) - mg/L 0.36 0,14 0.26 0,14 0.08 0,16 0.47 - =
Phosphate (Total) = mg/L 0.75 1.54 0.64- 1.12-2.42 0.79 0,53 - -
Chloride as NaCl - mg/L 17 17 12 10 19 6 4 108 35
Lead - mg/L 0.20 0,60 0.20 0,40 0,70 0,40 <0.10 0.39 0.31
Dieldrin - parts per billion 0.04 0.04 <0,01 <0,01<0,01 0,02 <0,01 0.02 0,01
Sum of Dieldrin; p,p'-DDE: 1.21 2,43 0.73 1,41 1.14 0,24 0,08 0.26 0,36

0,p=DDT; p,p'DDD and p,p'=DDT

(parts per billionm)

» SAMPLE NOTES
Sample
4 i " 1
2100 CHARACTERISIICS % Mix at weir - Base Flow before storm
6/13/69 16/15/69
Date of Storm [13/69 16/15/ B North Basin = These samples were
Tctal Rainfall - inches 0.15 2,06 . taken in rapid succes-
4 86 ¢ West Basin - sion at peak flow. N &
) < = i oo Ou = °
Torsl Runoff - inches 0 D Mix at weir = W flow calculated =
Basin Yield = percent 24 42 solids base,
Peak Discharge Rate - cfs 18 500 E Mix at Bridge - First Flush Rising
Total Lead - pounds 2.0 = Limb
6 o o - o o

Total Solids - pounds 8600 12.0x10 F Mix at Bridge - ¥Falling Limb
Volatile Solids - 1bs 1200 200,000 G  Mix at weir - Base Flow after storms
COD - pounds 1057 | 30,400 1/2 Composite, October-~December 1968
Chioride - pounds 100 - 3/4/5 | Composite, December 1968 through

April 1969

* 1/2 is a composite of 28 samples
*% 3/4/5 is a composite of 71 samples
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Table 3

Rate of Comstituent Release from Drainage Basin

(Samples Examined for Pesticides)

SAMPLES
Parameter A B C D E F G

Discharge Rate - cfs 1.7 J14.3% | 11.4% | 25.7 | 40.6 114 1.1
Total Solids - 1lb/hr 186 7650 1240 8900 [91000 }96200 79
Volatile Solids - lb/hr 36 720 223 1030 6750 8340 16
Chemical Oxygen Demand - 1b/hr | 31 760 146 810 | 3440 462 20
Soluble Phosphate = 1b/hr 0.14 0.45 0.67 |[0.81 ) 0.73 4.1 | 0.12
Total Phosphate = 1b/hr 0.29 5,0 1.6 6.5 22 20 0,13
Chloride as NaCl - 1b/hr 6.5 55 31 58 174 154 1.0
Lead - 1lb/hr 0.08 1.9 0,51 2.3 6.4 10 <0,03
Dieldrin - lb/hr x 10~ 1.6 13 <2.6 |<5.,8 | <9,1 51 | <0.25
Organic Chlorine (a) or Sum ‘

of Pesticides Analyzed (b) 46 780 190 1100 1000 620 2.0

1b/hr x 1072

(a) Weibels‘Weidner, Cohen and Christianson (9).

(b) Sum of concentrations of Dieldrin; p,p'-DDE; o,p-DDT; p,p‘'~DDD
and p,p'-DDI.

(*) Computed discharge rates from Total Solids data.
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Results of Other Stormwater Quality Investigations

During the period of this project, the sampling position at the gaging station
("M") provided the largest amount of information useful in computation of total
pollutant-yield of the basin., Approximately thirty storm events were sampled of
somewhat in extess of seventy that occurred during a period of fourteen months,
Some storms were sampled more thoroughly than others. A summary of analytical

results obtained at this sampling position is contained in Table 5 below:

Table 5

Summary of Stormwater Quality at Position "M
(Entire Drainage Basin of 1.67 -square miles)

Parameter Number of Samples Minimum Maximum Weighted Mean*

BOD - mg/L 96 2,2 >232 31.3

COD - mg/L 95 40 660 224

Total Solids - mg/L 129 274 13,900 3,930
Volatile Solids - mg/L 119 20 1,110 426

Lead ~ mg/L 82 0.10 1.85 0.67
Chloride - mg/L as NaCl 86 3.0 390 18
Total Phosphate - mg/L 23 0.15 2,50 0,55
Fecal Coliforms per 100 ml. 37 3.0 1,900 248

(in thousands)

*Weighted in accordance with discharge rate.at time of sampling.

Of the storms summarized in Table 5, seventeen were sampled more. thoroughly
than others with better regard for spacing of samples during the runoff period.

These data are presented in Table 6.
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