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Abstract

Not knowing the sources (i.e., point and non-point sources) of instream pollutants, water resource managers, city
pianners and policy makers may be unable to decide whether or aot a particular remedial action is appropriate.
The degrees of urbanisation, type of industries, types of roads and pavements, its topography, etc. make it quite
difficult to separate effluent discharges and sediment loadings into poiat and non-point components. In view of
this, an attempt was made to partition point and non-point components of surface run-offs and sediment loads
originating from urban areas. Niae cities located in the tower peninsula of Michigan were selected for this study.
ARC/ANFO and ERDAS GIS software along with SYSTAT and other statistical software were used in boundary
delincation, data analyses and summary extraction. Several limiting assumptions were made. Model-based
predictions of point and non-point effluent discharges and sediment loads were projected for nine selected urban
areas. Cities varied in respect to the amount of effluent discharged. Highly industrialised cities such as Midland,
Battle Creek and Kalamazoo generally provided greater oadings to their rivers and streams than relatively less
industrialised cities such as Ann Arbor and Pontiac. The estimated amounts of point and non-point components
of effluent discharges and sediment loads for the selected cities were quite reasonable and in the order of
expectation. The proposed model is quite robust and is universally applicable for partitioning point from non-

point run-offs, effluent discharges and sediment loadings from urban areas.
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X.1 Imtroduction

Instream water gnality problems caused by non-
point pollution sources always have been a
challenge to water resource managers as well as to
water quality modellers. While agriculture, forested
lands and barren lands act as non-point sources,
urbanised areas act as both non-point and point
sources of poliutants. In the past, several problems
and irreguiarities in reports regarding efftuent
discharges have been noted. Vail (1993) found
reporting errors such as monthly averages greater
than the maximum for the given months, and blanks
in discharge monitoring reports for some
parameters. [n the recent past, about 14% of the
indusiries located in the Grand River watershed
alene reported tlow measurements that were
unreasonable {Vail, 1993). It is quite possible that
the effluent discharge reports from many industries
located in other watersheds of Michigan may have

similar data reporting errors. Conseguently,
mnplementing pollution controf remedial action
based on such reports may jeopardise the success of
pollution control measures. In view of these
complexities, a need was felt to find an approach
where the contribution of each of the point and non-
point source discharge contributions from urbanised
areas could be estimated, The theoretical approach
conceptualised to solve such difficulties is
presented in the tfollowing section.

&.2 Theoretical Approach

To know the subsurface flow and overland run-off
from urbanised areas, it seems reasonable to
measute the stream flow and insiream concentration
of some important chemicals such as suspended
sediments at some upstream and downsiream
locations at or near a city boundary. Such
measurements, made at any point of time, can be
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used as a means of separating, and subsequently
estimating the loading caused by non-point as well
as point sources of poliution. Flow measurements
made at an upstream station (UPSTE) may consist
of the foltowing:

1. Surface water run-off from upstream areas
reaching streams and water bodies (ROF} -- a non-

point source, and

2. Subsurface water movement in upstream areas
reaching streams and water bodies (BSF;;) - a non-
point source. Henee,

UPSTE = (ROF) + {BSFy)
On the other hand, measurements made at a
downstream station (DNSTF) may consist of the
one or more of the following:

. Surface water run-off (or flow) from upstream
areas, excluding city areas, reaching streams and
water bodies (ROFg} -- a non-point source,

2. Subsurface and underground water movements
from upstream areas, excluding city areas, reaching
streams and water bodies (BSF) -- a non-point
sourece,

3. Surface water run-offs (or flows) solely from city
areas reaching streams and water bodies (CAF) - a
non-point source,

4. Subsurface and underground water movements
solely from city areas reaching streams and water
bodies (CBF)-- a non-point source,

5. Wastewater discharges from Waste Water
Treatment facitities (WWTF) located incity - a
point source, and

6. Waste water discharges from industrial plants
and facilities (JPF) focated in city - a point source.
Hence,

DNSTF = (ROFg) + (BSFg) + (CAF) + (CBF) +
(WWTE)Y+ PF) (2)
Siuce urbanised areas occupy a relatively smali
portion of the surrounding landscape on a
watershed scale, it is reasonable to assume that
subsurface and underground water flow {CBF) from
such smali areas during summer flow or dry seasons
(t.e., during July and August in the lower peninsuia
of Michigan) are quite negligible. Further, it is
assumed that the distance between two stations (i.e.,
location of upstream and downstream stations) for a
city is too small to cause any appreciable difference
in the base flows (BSF} at two stations particularly
during low fiow or dry seasons (1.e., during July and
August in the lower peninsula of Michigan).

Hence, it was assumed that the base flow at
upstream station and base flow at downstream
station during summer seasons are the same, and

that the difference between base flows at two
stations is negligible. From the above assumptions,
CBF=0
ROF;,; = ROFy, and
BSF, = BSFy.
Hence, the total flow due to urbanised areas (TFL))
can be calculated by subtracting equation (1} from
equation (2) resulting in the following:
TFU = (DNSTF) - (WPSTF) = [ROFq + BSEq4 +
CAF + CBF + WWTF + IPF] - [ROF, + BSF]

=[ CAF + CBF + WWTF + IPF]
Substituting CBF = (),
TEU ={ CAF + WWTE + IPF}
By substituting the values generated by the abave
three sources, the volume of ren-off from urbanised
areas, the volume discharged from waste water
treatment facility, and the volume discharged from
the industrial plant(s), it is possible to calculate the
amount of total water refeased to nearby streams
and other water bodies from a particular urban area
at any time or a season.

Among these three factors, the value of CAF is not
automatically known and it is very hard to
physically calculate. Regarding IPF, industriai
facilities maintain records of effluent discharges and
releases, but because of the private nature of the
records, and relaxed regulatory compliance due to
being small in size of operations, etc., it is difficult
to obtain access to their records, Where records are
available, they may not be very refiable. Therefore,
some other means of estimating IPF is the only
opticn. On the other hand, access to reports and
data from WWTF js easy and the relighility of data
records is generally high, Additionally, it was
assumed that the number of residents in an urban
area was relatively constant year around.

Theretfore, per capita use of water resources in such
areas also stays very much the same. Consequently,
the statistics on per capita wastewater discharge of
one urbanised area can be used for computing and
estimating per capita wastewater discharges by the
residents of other cities with little limitations. For
any month, then, the total flow from city or
urbanised area (TFU) may be presented as:

TEU = [CAF + WWTF + IPF],  and

CAF = {TFU - WWTF - IPF] )
Based on both the long-term precipitation trend and
the available precipitation data for the sixteen
Lower Michigan watersheds studied, it was
assumed that precipitation was nil or negligible
during summer (i.e., dry) seasons. Hence, surface
run-off from urbanised areas {CAF) was assumed {0



be negligible. Substituting CAF = 0 in equation (3}
for dry seasons,

TFU* = [0 + WWTE + IPF] = [WWTF + IPF)
Therefore,

IPF = TFU* - WWTE
TFU is known from upstream and downstream
measurements for each month, and WWTF is
known from city records. TFU* is assumed to be
equal to TFU during dry manths when CAF is
negligibie. By considering the discharges from
industrial ptants and facilities to be constant
throughout the year (assumed to be equal to IPF as
calcolated from equation {3), above, during dry
months), it is possible to estimate the value of IPE
Further, run-off values for each month for a city
area (CAF) can be calculated by substituting the
corresponding IPF value in equation (4) above.

X.3 Methods of Study

To separate point source and non-point source
contributions of nutrients from urbanised areas,
measurements of {low and chemical conceatrations
at stations upstream and downstream of cities are
necessary. The Surface Water Quality Section of
the Michigan Department of Natural Resources
{MDNR) measures the flow and sediment
concentratton at upstream and downstream stations
for major urban centres in Michigan, These data
are maintained in STORET by US-EPA Region-5
office in Chicago, Hlinois. Data on mean monthly
stream discharges and concentration of suspended
sediments tor the period of 1986 to 1991 were
procured from STORET. The selected cities were
Ann Arbor (Huron Watershed), Flint (Flint
Watershed), Lansing and Grand Rapids (Grand
Watershed), Midland (Titabawasses Watershed),
Pontiac {(Chnton Watershed), Kalamazoo and Battle
Creeck (Kalamazoo Watershed) and Saginaw
(Saginaw Watershed). Cities having complete
records of both the upstream and downstream
stations were only used in this study (Table 1).

Individual wastewater treatment facilities were
contacted for data on effluent discharges as well as
chemical analyses for suspended sediments for the
year 1990 (Table 2).
Table |. Basic information for selected urbanised
area of Michigan (Siater and Hall, 1992).

City Area | Popul™® Density
(i{mz) (persons/kmzf}
Ann Arbor 1 671 19392 1633
Battle 1109 | 533540 483
Creek
Hlint 87.6 14076} 1607
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Grand 114.6 | 189126 1650
Rapids

Kalamazo 63.6 30277 1262
0

Lansing 87.8 | 127321 1450
Midiand 71.5 38053 532
Pontiac 51.8 71166 1374
Saginaw 45.2 69512 1538
* based on 1990 census

Table 2. Basic information from wastewater
treatment facilities (WWTF) discharges for selected
urbanised areas during 1990,

City Total Density Av. Monthly
Populati Served Discharge to
on (Persons/ Stream*
Served* km2) (m/hr
Ann Arbor 109592 1633 2875.6
Battle 100000 902 21839
Creek
Flint 160000 1826 6094.9
Grand 189126 1650 9349.5
Rapids
Kalamazoo 130000 2350 467372
Lansing 130000 1708 3828.0
Midiand 38053 532 1254.3
Pontiac 71166 1374 206312
Saginaw 68512 1538 4576.2
* based on the data for discharge and population
served by WWTFE for the year 1992, and/or 1990
census (Slater and Hall, 1992,

X.3 Sediment Load Calculation

Loading rates of sediment was calculated using the
respective fow volumes and the sediment
concentrations as follows:

Load (in kgfhr) = {Sediment Conc., mg/litre}*
0.001(Fiow Yolume, m'/hr)

Load (in kg/km2/br) = (Load in kg/hr) + {Total area
of clty in kmz) (6)

Surface run-off from city areas, effluent discharges
from industrial plants/facilities were estimated using
eguations | through 3.

X.4 Results

Following the proposed procedure, the point and
non-point volumes of water and sediment loads
draining to the stream were apportioned. Results are
presented 1o the following sections.

X.4.1 Water Flows and Ran-Off

Results indicated that surface run-cff from the city
areas and industrial plants and facilities constituted
the major share of effluent discharge to streams,
which in most cases exceeded 80 % during the 1986



- 1992 data period. Ann Arbor had the lowest while
Midiand had the highest average net input of
effluent discharge to their respective streams (i.e,,

5713.0 m3/hr and 116011.17 m3/hr, respectively).
Ann Arbor WWTF contributed 50,33 %, while
Midland WWTF contributed only 1.08 % to their
respective net effluent discharge volumes (Table 3).
Therefore, effluent discharge from the surface area
plus the industrial establishments in Aan Arbor and
Midland were 49.7 % and 98.9 %, respectively. The
higher the discharge of effluent (i.e., processed
water) from WWTF 1o the streams, the [ower
shouid be the sediment loading in streams, and
consequently, the higher the instream water quality.

Table 3. Discharges of effluent waters from
selected urbanised areas. These include WWTE
and IPF discharges as well as surface run-offs from
city areas.

WWTF
City UPSTF | DNSTF | TFU 1 wwtr | Coniri
3 . 3y 3 bution
(mithey |o(moihn | (mhey | gy fiy) %)
Ann 47917 | 53630 | 5713 | 2876 | 503
Atrbor
Raitle 18769 1 108410 2184 1 24
Creek 89641
Flint 53063 | 86738 6095 181
33675
Grand | 43321 | 485599 9350 | 17.9
Rapids 4 52385
Kala | 11060 | 137152 4927 | i8.6
mazo 4 26549
0
Lansi- | 63318 | 96334 3828 1 11.6
ng 334637
Midla | 81365 | 197576 | 116000 | 1254 | {1
-nd
Pontia 483G | 26434 2631 122
" 21598
Sagin- | 53019 § 568021 4576 | 257
aw 1 17827

X.4.2 Monthly Mean Surface Run-Off From
Urbanised Areas

The average CAF (i.e.. surface run-off from the city
areas} were lowest during summer months {i.e.,
22.0 and 19.1 m3/kmZihr during July and August,
respectively). The highest CAF values (708.0 and

76%.3 m3/km2/hr) were noted during the early

spring season (i.e., March and April, respectively,
Figure 1), The results indicated that on an annual
mean hasis, the estimated surface run-off volumes
from selected urbanised areas were in the range of

304.3 to 178.8 md/kméhr except for Ann Arbor
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and Midland. It was lowest for Ann Arbor (i.e.,
38.8 m3/km/hr. standard esror of estimate = 11.0
m3/km?/tr), and highest for Midland (1029.0
m3/km2/hr, standard error of estimate = 325.1
m3/km?2/hr) (Figure 2).
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Figure 1. Model estimation of CAF (i.e,, city
surface mean monthly run-off) in m3kmZ/hr for the
selected cities.

X.4.3 Estimation of Industrial Efftuent
Discharge (IPF} From Urbanised Areas
Effluent discharges from IPF (i.e., point sources)
were separated based on the concept presented
earlier. Results indicated that Saginaw and Ann
Arbor had negligible amounts of [PF discharges
(30.2 m3/hr and 236.0 mo/hr, respectively). The
two top IPF dischargers were Battie Creek and
Midiand (53707.8 and 41181.8 m3/hr). The IPF
discharges from Lansing, Pontiac, Flint, Kalamazoo
and Grand Rapids were 4295 8, 5902.1, 7989.5,
10247 4 and 12381.6 m?’/hr, respectively (Figure
3
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Figure 2. Hstimated run-off (m*km’hr) indicative
of non-point source inputs to streams from the city
surface of the selected cities,
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Figure 3. Estimated IPF (m/hr) indicative of point
source inputs ta streams from the selected cities,

X.4.4 Estimation of Instream Suspended
Sediment Loading

Results indicate that the net loading of sediment
from Ann Arbor (i.e., 3873.2 kg/lr) was lowest
where as it was highest from Midland (71873.4
kg/hr). The loading of sediments from the WWTE
was generally less than 0.5 %. This indicates that
the sediment loading to down-stream from WWTF
as a point source was guite negligible and had no
significant impact on instream water quality. From
this it follows that the industrial plants/facilities (as
peint sources) as well as the surface run-off from
city areas (as non-point sources) were the main
causes of instream sediment loading.
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X.44.1 Estimation of Mean-Monthly Loading
Rates of Sediment From City Surface Run-Off
{Non-point Source)

The results of mean moenthly sediment leading rates,
averaged for all selected cities, indicated that dry or
summer months (i.e., July and August) had the least
sediment loading rates (16.9, 9.5 kg/hr,
respectively) where as early spring months (i.e.,
March and April} had the highest foading rates
(343.8 and 344.6 kg/hry. Mean loading rates for the
early spring months were about 26 times those of
summer or dry months (Figure 4). During winter,
particularly December and January, loading rates
were relatively higher than other months falling in
late spring and fall seasons,

X.44.2 City Surface Ren-Gif Loading From
Selected Cities (Non-point Source)
Midland had the highest mean loading rate (481.5

kg/kmthr) of sediments where as Ann Arbor had
the lowest (35.5 kg/km?/hr). The mean Ioading

rates (kg}'kmzl'hr) of sediments for other urbanised
areas were in the order of 98.8 (Saginaw), 99.396
(Kalamazoa), 103.9 (Battle Creek), 120.3 (Pontiac),
124.7 (Flint), and 133.8 (Lansing) (Figure 5). In
general, the loading rates of sediment correspond
directly to the surface water ran-off rates.

X.4.4.3 Estimation of Sediment Loading From
Industrial Plants/Facilities (IPF, the Point
Source)

Two cities with high loading rates were Midland
and Battle Creek with 37435.8 and 23643.5 kg/hr,
respectively. For other selected cities, the rates
{(kg/hr) varied from city to city, and were in the
order of 14843 (Ann Arbor), 2623.6 (Saginaw),
3614 HLansing}, 5390.0 (Flint), 5926.1 (Pontiac},
and 8421.2 (Kalamazoo).

X.E Discussion

The primary purpose of the analyses deseribed in
this paper was to obtain estimates of the proportion
of urban effluents coming from point and non-point
sources. Based on the data from upstream and
downstream moniforing stations, an attempt has
been made to partition the net changes among the
several sources in the urban areas studied. It was
not possible to verify this partitioning within the
scope of this study. In making these analyses,
several limiting assumptions were made as outlined
in the previous sections. These assumptions proved
very useful in developing a first approximation of
the partitioning of effluent materials between the
several possible sources,
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Figure 4. Monthly mean sediment loading in
receiving streams from city surface run-off.
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Figure 5. Sediment loading in receiving streams
from city surface run-off.

X.5.1 Surface Run-Off

Surface run-off from city surfaces followed 2 trend
similar to seasonal stream discharge patterns. Run-
off amounts varied [rom one city to another and
appear unrelated to population density or the area of
the city. Model-estimated total effluent discharge,
including surface run-off and point source inputs,
from Battle Creek was about 28% higher than from
Midland in spite of a lower population deasity (483
vs, 532 persons/kmz, respectively) at Battle Creek.
The Battle Cresk wastewater treatment facility
serves an area larger than the city itself. Model-
predicted effluent discharges from industrial
sources located 1n Ann Arbor and Saginaw were
negligible. This indicates that non-point sources,
essentially surface run-off that does not pass
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through the wastewater treatment facility, may be
the prime cause of instream water pollution in these
cities.

X.5.2 Suspended Sediments

The general trend of sediment loading to streams at
their outlets followed the seasonal stream
discharges with different amounts of sediments
from different cities. The contribution of the
wastewater treatment facility to instream sediment
loads was less than one-half of one percent for all
nine cities considered. This left industrial sources
and non-point source run-off as the primary
contributors to sediment loads. Model estimate of
sediment loading from industrial sources was more
than ten times of surface tun-off from all nine cities
considered. Based on these estimates, industrial
sediment loadings are substantially greater at
Midland and Battle Creek than at any of the other
cities, The model-estimates also indicate that
sediment loading from surface run-off was
noticeably greater at Midland than at any other city
considered.
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