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PREFACE

The progress in the construction of waste water treatment plants,
in legislation and in the prevention of water pollution has
shifted the proportions of sources of pollutants discharged in
surface waters. Increasingly attention is being paid to the role
of combined sewer overflows and storm water discharges in water
pollution.

Historically design and control of sewers and pumping stations
has been bhased on gquantitative considerations.

Substantial experience on rainfall, on transformations during
run-off and transport in sewers and on overflows is available and
quantitative descriptions are being developped.

Comparatively little is known of the quality aspects and
managers and administrators often need answers urgently.

Hence in several countries research programmes are being carried
out in which the water quality of rainfall, run-off from paved
areas in separate and combined sewer systems and in overflows is
measured and analysed. Moreover we see an increasing attention
for the effects of these discharges upon the receiving waters,
not only with respect to the bacteriology and chemistry of water
and sediments but including the influence upon the structure and
function of ecosystems. The contributions to this Conference
clearly illustrate the complexity of the problem to assess the
systems behaviour and the variety of techniques used by
scientists and technologists to generate appropriate answers,

We wish to thank the authors for their contributions and CHO-TNO
and the EWPCA for the support given to the organisers of this
Conference.

On behalf of the Programme Committee,

Lambertus Lijklema, Chairman

Frans van de Ven , Secretary
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Dept. of Physical Sciences

G, A. Fulcher
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Abstract

Data are presented from field and laboratory studies of
water quality and pollutant attachment to sediments in road-
side gully pots in a residential catchment. Results of
correlation analysis of water quality parameters are
presented and the effect of discharge to a separate storm
sewer viavgully pots are illustrated for two events, one
displaying enhanced suspended solids concentration due to
resuspension of pot basal deposits, the other showing
improved quality of outflow as a result of sedimentation
within the gully. The importance of pH variation in deter-
mining the exchange of heavy metals from liquor to sediment

phases of pollutant transport, and vice versa, is demonstrated.

1 Introduction

The paper presents results of a partly completed three year
research programme undertaken to investigate the influence of
gully pots on the quality of urban storm water discharge from
highway surfaces to a separate storm sewer system,

Typically in the UK, gullies in residential areas receive



storm runoff from some ZOOm2 highway surface. Below the
inlet grating at the highway surface is a gully pot of some
1001 capacity, which provides a water seal to the downstream
sewer connection and is intended to trap sediments, prevent-

ing their forward transmission through the sewer system.

The investigation reported set out to determine in what ways
the discharge quality of highway runoff, with its associated
sediments and pollutant loads, was affected by passage
through the gully pot prior to entering the sewer system.
Three aspects were studied in some detail: gully pot liquor
and deposited basal sediment quality; storm runoff quality at
inflow and outflow from the gully pot; and factors affecting
pollutant transfer to and from sediment-associated and
disolved phases.

The study has been based on three cul-de-sacs in a well-main-
tained, residential housing estate at Clifton, Nottingham.
The three sub-catchments selected were all similar in land use
but had highway slopes which ranged from 0.5 to 5.5%Z. The
sites had been locations of overland flow research (Pratt &
Henderson (1981)),and the catchment as a whole had been
previously studied to determine general sediment washoff
(Pratt & Adams (1981)) and stormwater discharge quality
(Fletcher et al. (1978); Fletcher & Pratt (1981)).

Research Programme

2.1 Systematic sampling: liquor

The research has built up a data set of results of 26 water
quality variables, including 12 heavy metals (Table 1) from
weekly sampling, undertaken in three periods between May '84
and April 1985. Liquor samples were collected from twelve
gully pots, four from each of the three sub-catchments. The
gullies were all located at the closed end of each cul-de-sac
with two on either side of the highway. The sampling

programme was conducted over a twelve week period during the



Table 1 Parameters analysed in the gully liqour programme

Water Quality Parameters

Heavy Metals (mg/1)

Temperature (OC) Sodium (Na)
Dissolved oxygen (mg/1) Potassium (X)
pH (pH unit) Iron (Fe)
BOD5 (mg/1 as BOD) Lead (Pb)
GOoD (mg/1l as COD) Calcium (Ca)
Conductivity (microsiemen/cm) Magnesium (Mg)
Suspended solids (mg/1) Zinc (Zn)
Alkalinity (mg/1 as CaCOS) Manganese (Mn)
Total hardness (mg/1 as CaCOB) Copper (Cu)
Phosphate (mg/1 as P) Cadmium (cd)
Sulphate (mg/1l as SOA) Nickel (Ni)
Chloride (mg/1 as C1) Chromium (Cr)
Nitrate "(mg/l as N)

Ammonia (mg/1 as N)

summer 1984 and over two further five week periods during

winter 1984/85.

A one litre sample was taken at a depth of half the depth of

standing water in the pot chamber,

of the study was to assess and quantify the range of the

The purpose of this part

selected water quality parameters on a temporal and spatial

basis.

Data are presented for both the total data set to

show the overall variability of the twelve gullies within
three sub-catchments (Table 2) and for each sub-catchment

separately (Table 3).

2.2 Systematic sampling: sediments

Basal sediments from the twelve gully pots were collected
on a monthly basis for six months from October 1984 and
analysed to determine the heavy metals attachment. The

metals were digested in a mixture of 1:1 by volume of



Table 2 Descriptive statistics for the total water quality
data set for the gully liquor sampling programme
Statistic n mean max. min. o~
Temperature 264 12.7 25.0 2.0 6.2
Dissolved oxygen 264 3.5 8.5 0.2 2.1
pH 264 7.1 11.4 5.5 0.9
BOD5 264 19 62 0.0 16.7
COD 230 105 976 0.0 154
Conductivity 264 5.0 114.1 0.0 15.8
Suspended solids 216 114.0 2449 0.0 227
Alkalinity 240 139.5 500.0 20.0 91.7
Total hardness 240 299.0 1240 20.0 260
Phosphate 240 1.8 13.0 0.0 1.9
Sulphate 228 377.0 2268 0.0 382
Chloride 240 1808 54593 5.0 6956
Nitrate 180 18.6 266.0 0.1 35.2
Ammonia 240 2.5 26.6 0.0 4.6
Sodium 240 1596 45000 0.00 4852
Potassium 240 5.42 45.00 0.30 7.40
Iron 240 1.24 50.00 0.00 3.90
Lead 240 0.09 0.78 0.00 0.17
Calcium 240 73.00 460.00 0.00 90.90
Magnesium 240 7.40 130.00 0.00 18.40
Zinc 240 0.15 1.18 0.00 0.13
Manganese 240 0.21 2.50 0.00 0.29
Copper 240 0.02 0.23 0.00 0.04
Cadmium 240 0.06 2.00 0.00 0.24
Nickel 240 0.09 2.08 0.00 0.31
Chromium 240 0.02 0.90 0.00 0.09




Table 3

Descriptive statistics for the water quality data

set on each of the three highway sub-catchments

Tame Close

:Churnet Close

:Twyford Gardens :

n min. max. mean n min, max, mean n  min, max., mean
Temp. 88 2.0 25.0 12.8 88 2.5 25.0 12.7 88 2.5 24.5 12.6
DO 88 0.6 8.5 3.3 88 0.3 8.3 3.6 88 0.2 7.9 3.5
pH 88 5.7 10.7 7.0 88 5.8 11.4 7.1 88 5.5 9.9 7.1
BOD5 88 0.0 62.0 22.3 88 0.0 62,0 19.5 88 0.0 60.0 16.3
COoD 77 0.0 976.0 173.0 75 0.0 537.0 85.9 78 0.0 356.0 57.3
Cond. 88 0.0 93.3 5.7 88 0.0 114.1 5.7 88 0.0 47.6 3.7
S8 72 0.0 610.0 110.0 72 0.0 2449 111.0 72 0.0 1256 121.0
Alk. 80 20. 500.0 158.0 80 20. 320.0 131.3 80 20. 390.0 129.4
TH 80 40. 1220 313.0 80 20. 1240 306.0 80 40. 1060 279.0
Phos. 80 0.0 13.0 - 2.5 80 0.0 8.2 1.6 80 0.0 5.3 1.3
SO4 76 0.0 2268 399.0 76 0.0 1710 381.0 76 0.0 1345 350.0
Cl 80 7.0 42894 1922 80 7.0 54593 2268 80 5.0 20916 1235
Nit, 60 0.1 266.0 20.3 60 0.5 109.2 16.1 60 0.3 217.0 19.3
Amm, 80 0.0 23.8 3.0 80 0.0 26.6 2.2 80 0.1 26.6 2.5
Na 80 1.0 22500 2236 80 1.0 45000 1875 80 0.0 12000 677.0
K 80 0.3 45.0 5.5 80 0.4 42,0 5.5 80 0.4 34.0 5.3
Fe 80 0.0 50.0 1.6 80 0.0 17,0 1.3 80 0.0 16.0 0.9
Pb 80 0.0 0.7 0.1 80 0.0 0.8 0.1 80 0.0 0.5 0.1
Ca 80 6.8 460.0 71.9 80 5.0 430,0 78.0 80 0.0 420.0 69.3
Mg 80 0.0 130.0 6.8 80 0.0 115.0 7.2 80 0.0 120.0 8.1
Zn 80 0.0 0.8 0.2 80 0.0 1,2 0.1 80 0, 0.4 0.1
Mn 80 0.0 1.0 0.2 80 0.0 0.9 0.2 80 0.0 2,5 0.2
Cu 80 0.0 0.2 0.0 80 0.0 0.2 0.0 80 0.0 0.1 0.0
Cd 80 0.0 2.0 0.1 80 0.0 2.0 0.1 80 0.0 1.0 0.0
Ni 80 0.0 2.1 0.1 80 0.0 2,1 0.1 80 0.0 0.8 0.1
Cr 80 0.0 0.8 0.0 80 0.0 0.9 0.0 80 0.0 0.2 0.0




concentrated hydrochloric and nitric acids, and atomic
absorption spectrophotometry was used to determine the metal
concentrations in the resulting supernatent. The metal
concentrations determined are given in Table 4.

A correlation analysis has been carried out to help identify
important associations between parameters under study within
the gully liquor system to assist in the identification of
pollutant sources within the sub-catchments. A summary of
the correlation analysis is given in Table 6, where parameters
which have correlation coefficients in excess of 0.5 are
indicated.

Figure 1 shows plots of some of the quality parameters
plotted against time for gully 305.54 on the Churnet Close
sub-catchment, The results clearly example the temporal
variability of the parameters during periods within the

sampling year.

3 Storm runoff sampling

The second ‘part of the field study has been concerned with
monitoring the changes in liquor quality during rainstorm
events., A number of events have been recorded over the
period June 1984 to December 1985 to determine the changes
between inflow runoff quality and outflow quality from the
gully pot chamber, and to relate such changes to the
hydrological conditions and to interactions between inflow,
gully liquor and basal sediments.

One gully in each sub-catchment was used for the storm runoff
sampling, being one of those at the head of the cul-de-sac
where by-passing was not possible and all flow entered the
gully (gullies 301.39, 304.104 & 305.53; see Pratt &
Henderson (1981)).

The sampling equipment was housed in a steel cabinet bolted
to the highway above the gully frame. A small inflow

reservoir chamber of some 4 litre capacity was fitted on the



Table 4 Descriptive statistics for the gully pot basal

sediment data set on each of the three highway

sub-catchments

Tame Close

:Churnet Close

:Twyford Gardens :

n min. max. mean n _ min, max, mean n _min. max. mean

Na 0.040 3.400 0.100 6.900 0.040 2.780
24 24,800 24 113.500 23 27.030

K 0.000 4,500 0.000 8.000 0.020 0.700
24 45,900 24 122,100 23 5.560

Fe 0.590 4,270 0.390 13.920 0.900 12,100
24 10.770 24 13.920 23 177.800

Pb 0,006 0.143 0.004 0.094 0.002 0.078
24 0.820 24 0.322 23 0.682

Ca 1.800 38.700 1.400 29,900 2.500 25.800
24 255.800 24 145,300 23 201.400

Mg 0.100 7.100 0.000 8.200 0.130 3.750
24 88.900 24 39.300 23 21.940

Zu 0.011 0.126 0.006 0.103 0.014 0.196
24 0.737 24 0.748 23 1.087

Mn 0.049 0.278 0.043 0.172 0.000 0.481
24 0.820 24 0.405 23 4,028

Cu 0.001 0.013 0.002 0.016 0.001 0.032
24 0.089 24 0.051 23 0.247

Cd 0.000 0.003 0.000 0.002 0.000 0.006
24 0.010 24 0.013 23 0.028

Ni 0.003 0.011 0.001 0.011 0.002 0.041
24 0.039 24 0.047 23 0.395

Cr 0.003 0.053 0.000 0.051 0.005 0.071
24 0.246 24 0.263 23 0.528

Minimum, maximum and mean values in mg/g.

Table 5 Parameters analysed in the storm runoff water

quality programme

Suspended solids

CcoD

Total organic carbon




Table 6 Correlation analysis for the total water quality

data set for the gully liquor sampling programme

pH TH Cond. C1 SO, Na K Pb Ca Cu Ni

Temp:

Alk

T™H : *

Cond: * *

SS

BOD.:

COD :

Phos:

c1 * *
SO, ¢ ¥ #* #*
Amm.

Nit.:

=
=]

Ni : * * # *® * # #

Cr @ * #* * *® *® * *

¥ indicates correlation coefficent greater than + 0.5
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Figure 1 Temporal variation of water quality parameters
for gully 305.54

upstream face of the gully pot just below the gully grate,.
The reservoir chamber contained a float switch and a sampler
head which was connected to a 24 bottle vacuum sampler. A
hole at the base of the reservoir allowed it to drain during
dry weather, but to fill to overflowing during storm runoff
from the highway given sufficient inflow rate. Laboratory
trials showed that the float switch was activated at flow
rates into the reservoir in excess of 0.03 1/s. This value
set the minimum threshold for sampling a storm event: once

started the sampler was activated for 24 samples regardless
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of subsequent inflow rates. A second sampler collected

gully liquor from half depth in the gully pot itself. Once
the float switch was activated by storm inflow, simultaneous
samples were collected at pre-set time intervals, of either

1 or 6 minutes, from both the inflow waters and from the pot
liquor. The pot liquor samples were assumed to be similar

in quality to discharge quality from the gully to the down-
stream sewer, A clock mechanism on samplers recorded the
time of first sample, which could be related to observed rain-
fall, Rainfall was measured using a O.lmm tipping bucket
raingauge, logged at 30s time intervals, and situated within
200m of all sub-catchments.

A previously developed linear reservoir rainfall-runoff model
was used to predict inflow hydrographs to each gully. Flow
monitoring equipment installed within a gully was thought
likely to significantly modify the flow and quality perform-
ance of the gully pot. Figure 2 shows the water quality-
quantity relationships for two runoff events on two different
gully catchments. The figure illustrates the variation in
performance which may occur with different storm character-
istics. Event 840802 displays a worsening of outflow quality
as runoff causes the disturbance of the basal sediments and
their resuspension. Effective sedimentation occurred in
event 840913 and outflow suspended solids concentrations are
markedly reduced. ¥Flow rates during the sampling periods in
these events are low: flow rates of the order of design
inflow to a gully, about 10 1/s, seem likely to cause consid-

erable worsening of outflow quality.

4 Laboratory studies

Table 7 shows a sample of the results of an experiment con-
ducted to show the influence of sediment size on Zn, Cu and
Pb adsorption and release mechanisms for various pH values

from 5 to 8, Similar results were found for all three metals.
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Table 7 Results of laboratory study of interchange of zinc

between liquor and sediments at different pH

Sediment size Concentration of Zn in liquor after :-
range (mm) Day 1 Day 2 Day 3 Day & Day 5
pH 5.0
> 10 2,20 2.20 2.08 2,45 2.70
4 - 10 2,20 2.85 4,20 2,45 2.40
1 -4 3,10 3.80 4.20 4,20 4,50
0.15 - 1 2,50 3.80 4,00 4.00 4,20
< 0.15 2,80 2.20 2.20 2.45 4.60
pH 8.0
> 10 0.77 0.33 0.27 0.23 0.08
4 - 10 0.88 0.42 0.38 0.21 0.15
1 -4 0.68 0.42 0.38 0.19 0.12
0.15 - 1 0.63 0.27 0.27 0,17 0.15
< 0.15 0.43 0.33 0.33 0.25 0.15

Initial liquer Zn concentration 2mg/l in all cases.
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Abstract

The temporal variations in water quality parameters within a gullypot
system and at stormwater outfalls in the UK and Sweden are discussed.
Typical behaviour patterns are identified and related to storm
characteristics. Soluble components, such as dissolved organic carbon
are predominantly washed through the gullypot system early in the
storm due to contributions from road runoff, gullypot Liquor and
sediment interstitial waters. In contrast the delivery of solids and
their associated pollutants to the sewer system is highly dependent on
the re-suspension of basal gullypot sediments. The pollutant loadings
at the outfalls are interpreted in terms of both the gullypot
processes and those occurring in the below-ground system. In the case
of dissolved organic carbon two distinct peaks are observed which are
tabelled '"readily available' and *residual matured' organics respect-
ively. The probable sources of these peaks are identified by
comparison with the temporal behaviour of dissolved chloride and the
later 'residual matured' organic peak is related to the mobilisation
and transport of gullypot sediment maturation products as well as to

the large scale removal of organics from the road surface.



1 Introduction

The evaluation of the controls on, and impacts of, toxic pollutants
discharged to urban receiving waters by stormwater runoff has received
relatively Little attention despite the increasing concern for the
potential magnitude and severity of the problem. The distribution and
fate of such priority pollutants is partly controlled by those
physical and biogeochemical processes which stimulate the
transformation and mobilisation of the toxic compounds during the
stormflow event. The partitioning of heavy metals for example,
between the dissolved and particulate phases of stormwater runoff is
dependent on ‘parameters such as flow, suspended solid concentrations,
dissolved and particulate organic carbon contents, pH, dissolved
chloride levels and the prevailing oxic/anoxic conditions. In
addition biochemically mediated reactions can be responsible for the
mobilisation of metals.

Morrison et al. (1984a) have shown that metal distributions through-—
out individual storms show increases in the proportions of Cd, Cu, Pb
and Zn in the soluble phase as the storm progresses. Although the
increase in the water-suspended sediment ratio is a relevant factor,
the levels of dissolved chloride (for Cd and Pb) and dissolved organic
carbon (for Cu and Zn) were shown to be the controlling parameters.
During snowmelt events, the high ionic strength of the runoff due to
the high dissolved chloride levels which are present can result in
peak bicavailable dissolved metal concentrations of 146 pg L-1, 330
Hg L°1 and 558 Hg L_1 for Cu, Pb and Zn, respectively (Morrison et
al., 1984b).

This paper reports the concentration and loading values for a number
of known water quality controlling parameters and discusses their
variation through individual storm events monitored at a discrete
gullypot catchment and at the outfalls to two separately sewered,
residential catchments in NW London, UK and Gothenburg, Sweden.

The variability of the 'first flush' phenomena is well recognised by
stormwater engiggers with both separate and combined systems showing
typical poLLutaﬁ% peaks early in the storm event which have been

related to scouring of below ground deposits and later secondary peaks



associated with above ground sources. The temporal variation in the
SS pollutograph will be of particular importance for controlling the
behaviour of those toxic pollutants, such as Pb, which have a high
affinity for the particulate phase. This response is very different
from that which can be expected as a result of increases in dissolved
organic carbon (POC) and dissolved chloride concentrations which will
assist greater solubilisation of metals in the stormwater. Therefore a
knowledge of the nature and occurrence of such controlling variables

is important in evaluating toxic emissions from urban sewer systems.

2 Catchment details

The discrete gullypot catchment used in this investigation was located
in a car park attached to Chalmers University of Technology,
Gothenburg, Sweden. The data obtained from this small study was
scaled~-up to interpret the results obtained for the stormwater reach-
ing the outfall pipes of two urban catchments in Sweden and in the

UK.

Oxhey, UK: a 247 ha, 18% impervious, residential catchment situated
in the north west fringes of Greater London.

Bergsjon, Sweden: a 15.6 ha, 42% impervious, multi-storey residential
catchment in the north eastern suburbs of Gothenburg.

Chalmers, Sweden: a 390 m2 catchment constituting one part of the
asphaltic surface of a car park on the site of Chalmers University of
Technology.

Full details of the instrumentation and sampling equipment, which were
used to obtain the results for all three catchments have been

described by Harrop (1984), Morrison (1985) and Morrison et al. (1985).

3 Relationships between Storm Characteristics and
Water Quality Parameters in a Gullypot System

The gullypot outflow loadings of three water quality parameters



together with selected hydrological characteristics are shown in Table
1 for five storm events which were monitored between July and
September 1984. Storm D, which like storm A occurred after a
relatively long dry period was the most intense storm with a maximum
of 2.7 mm rain falling in a 5 minute period. As a result, the runoff
for this thunderstorm was close to the design capacity of the sewer
network (1 L 5-1 over 100 m2 for 15 minutes) with a maximum flow

rate of 4.6 L 5_1 recorded at the gullypot. Storm A was a long

heavy storm which attained a maximum road runoff flow rate of

2.03 L 5-1 and an overall flow volume of 6923 L.

Table 1 Hydrological Characteristics and Water Quality Parameter
Outflow Loadings for Selected Storm Events for the Gullypot

System
Storm Storm Rainfatl Road Antecedent emmolarameter Outflow Loadings €g). . ___ —
Code buration  Volume Runoff Dry Period bissolved Particulate Suspended
Chours) {mm) Volume (days) Organic Carbon Organic Carbon  Solids
(litres)

A 5.8 18.5 6932 10% 28.3 45.3 467

L] 8.7 2.9 1667 . 3 15.1 2.4 23

c 4.3 4.6 2155 1 10.3 1.5 28

[ 1.0 9.7 3951 10 21.4 26.2 314

E 2.5 6.5 3992 1 6.5 7.6 48

*
0.6 mn rainfall on preceding day.

The data presented in Table 1 indicates that the outflow gullypot
Lloadings of S8 and particulate organic carbon (POC) are dependent
primarily on the intensity of the storm event and the overall runoff
volume although these relationships will obviously be subject to the
availability of material within the gullypot itself. Thus the
gullypot chamber contributed 66.5%4 and 11.3% of the SS in the outflow
for storms A and D, respectively. During low intensity events, such
as storms B, C and E, there is however a net deposition of sediment

within the gullypot, with less than 50 mg l_1

of SS leaving the
gullypot. 1In these instances the sediment associated metal outflow is
therefore the result of road runoff after the larger, heavier

particulates have settled out in the gullypot sediment.



DOC loadings show a positive Linear relationship with antecedent dry
period. This suggests that a continuous accumulation of organic
carbon, which becomes available for washout, occurs on the road
surface as well as in the gullypot Liquor and sediment during the dry
period. The relationship between SS mass flow and antecedent dry
period, although similar, is weaker due to the involvement of the

previously mentioned gullypot sediment-mobilisation processes.

4 Temporal Variations in Water Quality
Parameters within the Gullypot System

An important process which occurs within the gullypot during storm
conditions is the mobitlisation of interstitial sediment waters and
this is indicated by changes of controlling parameters such as
conductivity, dissolved oxygen, redox potential and DOC. During large
storm events the interstitial waters are disturbed at the beginning of
the event leading to conductivity increases due to the release of
sediment associated salts. In addition, dissolved oxygen and redox
potential decrease due to oxygen utilisation by bacteria and mixing of
anoxic sediments. Associated increases in DOC are observed of up to
41 mg U7

formation of sedimentary maturation products. The rate of

in storm A, and this is largely due to the pre-storm

interstitial water mobilisation is predominantly related to the
incoming overland flow rates which for the monitored storms are
greater during the early part of the storm flow event. However, rapid
increases in conductivity can occur for low volume storms if they are
accompanied by initial high rainfall intensities. The changes in
conductivity provide a useful and sensitive index of the time of
mobilisation for the dissolved, metal~enriched interstitial water
during storm events, although other factors, notably an initial large
decrease in pH, will also act as controlling parameters for soluble
metal release.

Storm A, which is characterised by a long early flush of 90 minutes
duration, demonstrates the initial changes in the parameters which

have just been described. 1In addition, continuous pH measurements



show a progressive decrease from 6.3 to typical rainfall levels (pH
4.1 for this event) indicating that the dissolved buffering agents
have been depleted after 90 minutes. During this initial period it is
therefore envisaged that incoming road runoff is mixed with mobilised
interstitial waters and removed through the gullypot outflow into the
sewer pipe.

A subsequent increase in rainfall intensity during the storm event
resulted in higher runoff flows and a large discharge of solids due to
the disturbance and re-suspension of the basal gullypot sediments
(Figure 1). An associated decrease in redox potential coincides with
the further release of interstitial waters. The loading pattern for
POC clearly follows the same trend as SS (Figure 1). The small
differences in the relative intensities of the storm profiles for
these pollutant parameters can be explained by their different source
characteristics. During the two periods of increased flow activity
which occurred between 130 and 190 minutes the mobilisation of basal
sediments results in a lowering of POC profile relative to the
suspended solids. This is a consequence of the lower POC composition
of these solids compared to road runoff and gullypot Lligquor solids

which are removed earlier in the storm.
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Figure 1 Water Quality Parameter Loadings in Gullypot Outflow for
Storm A
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DOC is predominantly washed out in the first low flow stage of the
storm which can be related to the presence of this material in road
runoff, gullypot liquor and sediment interstitial water. The further
but reduced removal of DOC at 173 minutes can be ascribed solely to a
road runoff contribution.

Storm D represents a heavy thunderstorm and the variations in
conductivity, pH, dissolved oxygen and redox potential indicate that
the gullypot ligquor and interstitial water were washed out within 5-10
minutes of the commencement of high runoff flows. In the case of
dissolved oxygen this process is characterised by a sharp inverse
deficit peak. As a consequence of the intensity of this storm event
both dissolved and suspended solid components are rapidly washed out
of the gullypot and exhibit marked 'first flushes' . The loading
profile for DOC shows an additional peak following maximum flow at
which time the gullypot basal sediment appears to have been completely
mixed (to give 2145 mg L_1 $S) and the observed secondary peak may

be due to the mechanical stripping of organic compounds from the re-
suspended basal sediment.

5 Relationships between Storm Characteristics
and Water Quality Parameters for the Oxhey and

Bergsjon Catchments

The hydrological characteristics for 9 storm events as well as the
average concentrations of water quality parameters at the outfalls of
the two catchments are given in Table 2. The parameters selected are
those which are considered to be particularly important in controlling
the metal species which are subsequently discharged to the sewer and
receiving waters. Dissolved chloride and DOC concentrations are
influential in controlling the levels of soluble metals and in
particular those which may be bicavailable to the aquatic flora and
fauna whereas $S and POC levels will act as scavengers for the removal
of dissolved pollutants. The soluble/sorbed metal distribution is
also highly dependent on the pH which at the outfall can be seen to be
close to neutral for all the monitored storms (Table 2) and therefore
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Table 2 Hydrological Characteristics and Water Quality Parameter
Outfall Concentrations for Selected Storm Events on the

Oxhey and Bergsjon Catchments

Storm  Catchment  Storm Urban - Average Average Qutfall Parapeter Concentration (mg \71) ______

Code ?:z:::?" s:n:;: pH Dissolved Dissolved Suspended Particulate
(mi) Chloride Organic Carbon  Solids Organic Carbon

1 Oxhey 2.2 1058.3 7.3 64.2 8.4 160.6 -

2 Oxhey 2.7 1362.3 7.4 9.2 6.4 51.5 =

3 Oxhey 0.8 320.3 6.2 - - 131.8 27.9

4 Bergsjon 0.7 33.4 6.6 15.9 9.0 122.5 24.4

S Bergsjon 1.7 63.1 7.1 21.4 5.5 69.6 14.6

6 Bergsjon 0.4 79.9 6.2 - &1 65.0 13.4

7 Bergsjon 4.4 281.3 6.3 13.5 4.2 34.1 -

8% Bergsjon 6.6 11.7 7.1 5631.8 5.5 242,5 79.1

Px Bergsjon 9.0 77.1 6.8 1140.4 5.0 38.7 3.2

*snoumelt events

of lesser importance as a controlling parameter. The near neutral pH
values observed at the outfall are consistent with the buffering
processes which have been described in the gullypot and which continue
within the pipe system.

Storms 1 and 2 are representative of typical rainfall events at the
Oxhey site, which occurred during the winter of 1983, and possess an
interval of 2.7 days between the two events. The weather for the
preceding two months contained isolated snowfalls and the road salting
activities which took place during this time are reflected by the
elevated dissolved chloride concentrations observed during Storm 1
(Table 2) with a maximum Llevel of 179 mg CL L-1.

The maximum flow intensity, for all the monitored catchment storms,
was highest for Storm 1 with a value of up to 231 L 3_1 which is
equivalent to 4.7 L 5-1 (impervious hectare)-1. The highest

runoff intensity sampled at the Bergsjon site was 82.3 L 5_1 in

Storm 6 which represents 13.5 L s Cimpervious hectare) 1.

Storms 4, 5, 6 and 7 are typical of the frequent low to medium
intensity rainfall events which occur throughout the year in
Gothenburg. As such, they do not present any extreme concentration
values for the measured parameters although the SS level is slightly
elevated for Storm 4.

Snowmelt events 8 and 9 were collected at the Swedish outfall during

the winters of 1984 and 1985 respectively, but represent events which
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are quite different in character. Snowmelt 8 typifies a fairly rapid
melt following several days deposition of snow. HMelting was due to a
combination of increased temperatures and rainfall which resulted in
runoff flushes containing concentrations of S§S and dissolved chloride
of up to 1624 mg C and 17 g L-1, respectively. In contrast
snowmelt 9 occurred at lower ambient temperatures and was therefore a
much slower process which consequently produced lower concentrations
of dissolved chloride and SS (Table 2).

Comparison of snowmelt and stormwater runoff events clearly
demonstrates the tendency for SS concentrations, and therefore
Lloadings, to be higher in the former (snowmelt runoff range: 4.5 -
1624 mg L-1; stormwater runoff range: 24.9 - 306.0 mg L—1). This

has been observed by other studies (Malmgvist 1983) and one
explanation is the addition of solid material to the road surface
during salting operations. However, a more satisfactory explanation
may be that deposited particulates are mixed with the snow and the
resulting snow and particulate emulsification provides a more
effective and active mechanism for releasing SS to the subsequent
runoff. In the direct release of road dusts to stormwater runoff the
surface and the particulates require initial wetting to reduce the
frictional éhear stress before such efficient removal can occur.

The average DOC concentrations (Table 2) do not show a great deal of
variation although there is a tendency for them to be higher in
stormwater compared to snowmelt runoff events. This may be a
consequence of the reduction of biological gullypot and in-pipe
sediment maturation processes, which are known to release DOC, during
colder weather. The range of DOC concentrations measured for all 9
storm events was 2.9 to 14.2 mg L-1 with the highest concentrations
predominantly occurring at the beginning of the events which is
consistent with the early release of this controlling parameter from
the gullypot system.

Stormwater solids appear to be highly organic enriched, with up to 33%
POC composition, which indicates a clear enhancement between the
gullypot outflow and the catchment outfall. This enrichment is
undoubtedly due to the hydraulic release and transport of highly

organic material from within the in-pipe system as well as to the
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ability of the re-entrained particles to adsorb organics released by
microbial action within the below-ground system. The consequences of
these high POC levels in terms of metal release to the receiving
waters are that those metals such as copber which have a high affinity

for organics will be strongly attracted to the solid phase.

6 Temporal Variations in Water Quality

Parameters at the Stormwater OQutfall

The temporal variations in water quality parameters observed during
individual storm events show distinct trends which can be related to
gullypot behaviour and the effects of varying source contributions.
The pollutographs for Storm 5 (Figure 2) are fairly typical of those
observed at the stormwater outfall. SS parallel the flow hydrograph
with the increase observed during the initial subdued flow peak at 15
to 25 minutes, primarily representing in-pipe washout although it is
accompanied by some contributions derived from the easily mobilised,
fine solids contained in road surface runoff. The main SS peak
coincides with the peak flow although the maximum solids loading rates
precede the flow peak by some 7-10 minutes; this feature is
consistent with the results obtained from the gullypot study. The
*first flush' of solids from road runoff is delayed through gullypot
settling but the chamber contents are subsequently remobilised by the
increasing turbulence and unstable flow conditions associated with the
rising Limb of the hydrograph. In the case of snowmelt events there
is a much greater tendency for SS loadings to peak before maximum flow
which is indicative of the greater activity and more rapid delivery of
snowbound surface particulates.

There is a substantial early peak of DOC commonly observed at the
storm outfall which coincides with the initial flow stage (Figure 2).
Whilst there may be some contribution to this early Lloading from

be low-ground sources, the pattern is very similar to that observed for
Storm A (Figure 1) at the gullypot outflow and strongly suggests that
the major source of this input is from surface runoff. This

interpretation is confirmed by the occurrence of a coincident peak in
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Figure 2 Water Quality Parameter Loadings at the Stormwater
outfaltl for Storm 5

dissolved chloride which is certainly derived from road runoff. These
early pollutant Lloadings pass quickly through the system as 'plug
flows' and show a rapid decline which may be partly related to
dilution by 'clean' roof waters discharging through the sewer during
this early flow phase. The leading peaks in dissolved material can
therefore be related to both the scouring of in-pipe deposits as well
as to the rapid removal of roof and road products and may be described
as 'readily available' organics.

The substantial secondary organic peaks accompanying the main flow
peak can most probably be related to the mobilisation and transport of
gullypot sediment maturation products as well as to the large scale
removal of organics from the road surface. The increased hydraulic
flow effect is required to entrain and transport road and chamber
sediments and to achieve the associated release of organic compounds.
The DOC released in this way can be defined as the 'residual matured’
organics. The existence of peak Lloadings which can be assigned to the

two phases of 'readily available' and ‘residual matured® organics are
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clearly observed for all the runoff events studied. This pattern is
not consistently demonstrated however in the case of dissolved
chloride which is normally depleted after the initial flow peak and
reflects a surface exhaustion effect. During snowmelt events and
winter stormflows, the dissolved chloride levels tend to produce
higher loadings throughout the event with peak levels corresponding to
peak flows confirming the surface source of delayed, secondary
pollutant peaks. The difference in behaviour between dissolved
chloride and DOC clearly indicates the more complex biochemical
transfer processes which operate for the latter parameter within the
below-ground system in comparison to the more direct surface washoff
and dilution mechanisms controlling the outfall discharge of chloride

and other soluble inorganics.
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URBAN WATER QUALITY IN LELYSTAD; RAINFALL AND RUNOFF FROM
SELECTED SURFACES

C.H. van Dam, M. Scholten and F.H.M. van de Ven
Rijksdienst voor de IJsselmeerpolders, P.0O. Box 600,
Lelystad, The Netherlands

Abstract

In the new town Lelystad, the overground runoff is collected by storm
sewers, which discharge into the urban surface waters. Following the
precipitation on its way to the canals, significant water quality
changes can be observed. The precipitation itself is contaminated by
air pollution. During surface runoff the water can pick up or drop
pollutants, The nature and amount of picked up or dropped pollutants
depend on the characteristics of both the rainfall and runoff and the

surface involved,

In this study the water quality of rainfall and runoff from selected
surfaces such as a roof, a motorway and galvanized railings was
investigated. Concerning the runoff from a sloping roof, it is a
striking fact that pollutants seem to accumulate on the roof while only
high rainfall intensities wash them off; especially lead seems to
accumulate.

Runoff from a town motorway was heavily polluted by traffic induced
substances like lead, zinc, oil and polycyclic aromatic hydrocarbons.
Concentrations in the runoff lie for some constituents far beyond Dutch
standards for open waters. Corrosion of galvanized railings explains
the bulk of the zinc concentration in the stormwater runoff from a

housing area.
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1 Introduction

The excess rainfall on an urban area flows off by way of roofs,
pavements, streets, gullypots, etc., into the sewer. With a separate
sewer system like the one in Lelystad, the excess precipitation is
discharged by way of the stormwater sewer directly into the canals,
while the waste water is discharged to a waste water treatment plant.
Starting-point for the separation from these two discharge streams was
the idea that stormwater was "clean" and direct discharge into open
water was allowed.

Nowadays it is quite clear that stormwater is polluted in many ways. A
large number of substances discharged with the stormwater, can affect
the quality of the aquatic environment. The main point of research now
is, besides assessing the annual load, the analysis of quality data
from discharge-events and the reaction of the receiving open water upon
such a discharge. The quality of the runoff from urban surfaces depends
on the type of the surface - roof, street, sidewalk - and on the
incoming load of pollution, the accumulation and the removal. Part of
the Urban Water Research Project Lelystad is the analysis of the
quality of the runoff from these selected surfaces. In this paper some

results of this study will be presented.

2 Runoff pathways

On it's way to the receiving water, the runoff picks up pollution from
the surfaces at several places. Part of this pollution is transported
only over a short distance, due to e.g. settling or (re)attaching. The
occasions where the stormwater can become polluted after reaching the

urban ground surface are indicated in figure 1.



27

H H I H = watertransports
= pollutional sources
uncovered covered —s pollutional sinks
surface surface
L s —i
ﬂ ‘ I ﬂ II u
guily pots storm sewer
urban
surface
[ - water
,subsuﬁace drainage F=x¢
72y
Figure 1 Stormwater runoff: pathways and pollutional sources and

sinks (Uunk, 1985)

The most important sources of pollution for both the covered and
uncovered surfaces are the wet and dry deposition, the traffic, the
animal excrements, corrosion and organic and inorganic waste from
litter, leaves, etc. The quality of the stormwater discharge can also
be affected by illegal discharges into gullypots, wrong connections
between waste and stormwater sewers and blodegradation processes. On
the other hand some pollution will be removed by adsorption to the
s0il, by streetsweeping and by cleaning the gullypots and manholes.

3 Water quality measurements in Lelystad

In the housing area Bastion, a section of Lelystad, research is going
on since 1982 considering the pollution of the stormwater discharges
and the effects on the receiving water. The stormwater discharge and
the precipitation are measured continuously. The stormwater discharge

is sampled about every 12 m®. At the same time the wet deposition is
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measured with a closable raincollector, which is opened during rainfall
only. Moreover, an extensive measuring programme including continuous
water quality monitoring is executed in the receiving water. The
measurements and the control over the measuring-system is executed by a
data acquisition system based on a desk calculator (HP 9825).

In the Bastion area 270 single family houses are realized in 2 to 4
storey buildings. The roofs of these buildings have an angle of about
25° with the horizontal. The total area is 4.5 ha; 667 is covered; the

slope of the surface amounts between 0 and 0.57.

In addition to the water quality analysis of the runoff from the whole
basin, the runoff from several small basins is sampled in order to
measure the contribution of these selected surfaces to the pollution
that is found at the stormsewer outfall, For that purpose not only the
quality of the precipitation, is assessed, but also of the discharge
from a city mainroad and from a roof. Moreover the sources of the zinc
load of the area is investigated.

Recently research has started to examine the content of gullypots, the
amount of pollution transported over the paved surface during rainfall

and the effect of streetsweeping.

The precipitation used for assessing the quality of the wet deposition
is collected in the Bastion area with a collector, which is closed
automatically during dry periods. The collector is situated about 2.5 m
above surface level and is made of inert material. The results of 16

samples were available.

For sampling the roof discharge, a roof of 8 m® in the Bastion area has
been selected. Of these 8 m?, 6.50 m? have an angle of 35° with the
horizontal and the remaining 1.50 m? is situated vertically. In the
horizontal projection, the roof surface is 5.25 m®. The roofing
material is asbestos—cement. Its surface 1s slightly rough. On about

1 m? algae have developed; the rest of the surface looks more or less

clean. In 1985 6 rainstorms have been sampled.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































