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'Welsh U'd/er Authority. Trertutins House. Coychurch Road. B'tdgintd. 
Mid Glamorgan. U.K.
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INTRODUCTION
The pollution of watercourses by storm sewage overflows has long beer. Lier.z if:e: 

as a significant problem (MHLG 1970; SDD 1977). However, at present the r.ecr.anisms ar.c 
processes by wnich storm sewage overflows impact upon water-courses are still net clearly 
understood. Furthermore, it has been generally recognised within the Water Industry t.-.at if 
future capital investment in sewerage systems and sewerage rehabilitation is to be both 
efficient and effective, this understanding needs to be extended. To this e.-.d, the '.%'elsn 
Water Authority (VWA) and Water Research Centre (WFC) have established a detailed 
investigation into the effects of intermittent discharges from a storm sewa;® overflow (SSC) 
on a small river course in South Wales. The study forms part of the larger Water Industry 
River 3asin Management Research Programme described elsewhere (Clifforde et_ a_l. 1556), ar.d is 
designed to identify the conditions under which overflow occurs and the consequent effect 
upon the Hant rfrwd, 1.2 km downstream to its confluence. The results are also to be used in 
the future development of sewer quality and river impact models designed to aid management 
decisions about the acceptability of such intermittent discharges.

TH£ STUDY

The Garndiffaith combined sewer overflow, described in Table 1,forms the only 
significant ooint-scurce effluent discharge into the Sant Ffrvrd.

TABLE 1 Sewered catcr.ment and chamber characteristics of the Carr.diffa:tn SSO

Catchment Details Chamber Details

Population 3000 High sided weir
Total Area 26.4 ha Peak Inflow 250 1 s";
Impermeable Area 9.2 ha Carry on flow 6o i s r
Domestic only Peak Overflow 190 1 s~;

Oimensions 7x2.7x1.5 m
Inlet 530 mm
Outlet 2 30 mm

The system under investigation responds rapidly to rainfall, normally within 30 
minutes, so that increases in river flow in response to the same rainfall input often lag 
significantly behind the SSO response ,'figure 1).
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Fig. l. Typical SSO response timing and D.C. impact 
Sampling and Monitoring

At the commencement of a storm event, the rising water level in the overflew 
chamber activates an Authority designed pressure switch system, which is linked by a 
programmable controller, to a series of relays. The controller activates sampling at the 
overflow site, whilst simultaneously triggering via a radio link, samplers located at the 
upstream and three downstream river sites. Within-chamber quality sensors continuously 
record pH, temperature, ammonia and dissolved oxygen levels. The river monitoring sites are 
located: 50m upstream of the SSO, 80m downstream of the SSO, 500m downstream of the SSO and 
1.2km downstream at its confluence with the Afon Llwyd. Quality sensors are located at each 
site. Continuous river flow and rainfall intensity data are gathered in order to provide a 
comprehensive picture of the consequences of each storm event of interest.

Monitoring work is also being undertaken to examine the impacts on stream biology. This 
includes the application of novel in-situ macroinvertebrate survival tests involving the 
exposure of known numbers and species. Fish-egg bioassay tests and fi3h survival and growth 
characteristics are also being undertaken.

RESULTS

 ̂ Early results indicate a range of peak SSO pollutant concentrations of between 
20 mg l” and 2D0tng 1~*30D,. depending on whether the spill occurs in the early hours of the 
morning, or at times of peak dry weather flow strength and/or volume. Correspondingly, 
ammoniacal nitrogen concentrations vary between 1.0 and lO.Omg l“ . Even during relatively 
insignificant spills xcurring in the early hours, first foul flush concentrations have 
accorded with observations elsewhere (Pearson £t al̂ . 1986). However, these only persist for 
periods of 10 minutes or less, typical spill durations being of the order of no more than 2 
hours in total.

In-stream ammoniacal nitrogen concentrations are increased during every^spill (Figure 2), 
with even minor events -ausing river concentrations to rise to 0.7mg l- or more in the 
first foul flush (insignificant levels being recorded.above the SSO). BOD impacts vary -ore 
widely with events causing BOO peaks of up to 20mg i” (Figure 2), as opposed to levels of 
around 5.0mg l” or less recorded consistently above the SSO. Clearly other factors such as 
the antecedent weather conditions, the spill duration, magnitude and timing, all significantly
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Fig. 2. Typical SSO spill inpacts

Interestingly, typical impacts upon river dissolved oxygen levels are r.inimai 
and confined to the stretch immediately downstream of the overflow (Figure 1), prcbably due 
to the high reaeration and dispersion characteristics of the Nant Ffrwd.

Early survival experiments (July/August 1907) using caged sacroinvertebrates, 
Gammarus pulex (freshwater shrimp) and Ephemera danica (mayfly), at the four river sites 
indicated significant mortalities at all downstream sites (of up to ^0%). (Figure 3)- in all 
the indicator species have been studied over three periods to date and Ephemera was 
found to be the more sensitive species in all cases.

Fisheries investigations to date have included the monitoring cf stocked swisi- 
up Danish rainbow trout fry. Survival and growth rates are being determined by repetitive 
surveys. Fish stocked Lr. April 1987 revealed higher trout densities downstream z? tne 330 
during subsequent surveys. A repeat survey conducted in April 1988 revealed f^r r.igr.er 
densities (3^/100 m ) immediately above the SSO, compared with below (16/100 r. ). However, 
there was some suggestion of human interference. although by that time tr.e stocked fish had 
also been exposed to more than UO spill events since April 1987. Further stacking in July 
1988 again revealed higner densities above than below the SSO, although both sites exhibited
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excellent populations. Native brown trout density surveys however. indicated poor 
cocula t icr.s both above ana oelow.

Ephem era Survival 24th Ju ly to 1 2th August 1 9 8 7

CONT DS1 VIAD1 VIAD2 WALNUT ROSE1 ROSE2

rig. 3• Some Ephemera survival experiment results

Finally, rainbow trout egg bioassay experiments undertaken in July 1933 revealed 
no obvious impact specific to the overflow, cumulative mortalities averaging cr.ly 25^ near 
the overflow and “6% further downstream. Hence, the impacts cf such an 330 spill regime or. :r. 
resident population remain inconclusive at present.
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SUMMARY

This report summarises the results of a three year study examining the 
chemical and biological impacts of a combined sever overflow on its 
receiving water in South Vales. The high side weir overflow serves a 
population of around 3,000 and is characterised only by domestic inputs. It 
discharges into a small highly reaerated stream of NVC Class 2 quality. The 
study began in 1987 under the control of the Velsh Water Authority, but was 
completed under the auspices of the National Rivers Authority (Velsh Region) 
research and development programme. In all 25 spill events were monitored 
and their impact assessed. The chemical quality o^the overflow spil̂ L was 
highly variable with BOD levels averaging 77mgl~ , ammonia 3.7mg* and 
suspended solids 462 mgl" . Broadly, spill quality appeared to reflect 
crude flow quality, with the most contaminated events occurring in the late 
afternoon and early evening. The presence of a first foul flush was 
observed in 362 of all cases. Most of those also exhibited a secondary 
flush at times of pejk spill flow rates, generally spill rates varied 
between 30 and 60 is " , not exceeding 420 ls“ .

Receiving water chemical impacts could be discerned during each spill. 
However, due to the presence of significant volumes of remobilised coal 
solids suspended solids impacts were masked. Vith the benefit of hindsight 
such a situation that might have been avoided by the selection of an 
alternative study site given the extended time period required for the 
residual effects of the ."Viponds" development to disappear. In addition, 
due to the small sewered population (ca.3000) and domestic only nature of 
the crude flow, ammonia impacts were insignificant, with stream levels 
rarely rising above O.Smgl . l^eanwhile BOD levels exhibited significant 
increases reaching up to 54 mgl in one case. On average BOD levels rose
6.2 mgl” below the overflow during each spill event. However, no 
correspondingly significant dissolved oxygen impacts were in evidence, 
presumably due to the high reaeration capacity of the receiving water. 
Indeed, complimentary biological and fisheries investigations revealed no 
significant impact attributable to the study overflow. Hence in this 
instance, a combination of the steeply sloping nature of the study sewer 
system and the high assimilative capacity of the receiving water, enable 
significant amounts of organic matter to be discharged into the receiving 
water without causing any significant environmental deterioration.

The study has proved the viability of two novel techniques for assessing the 
potential impacts of intermittent pollution, using fish egg survival and 
macroinvertebrate survival techniques. Moreover, the reliability of 
available water quality monitoring equipment has been rigorously assessed, 
indicating a ca.30Z downtime. Thus, it has become clear that sewer flow and 
quality modelling together with river impact modelling offer the most 
cost-effective means of assessing the potential pollution risk from sewerage 
systems. Moreover, routine biological impact assessment techniques offer 
the most cost-effective means of assessing environmental ,impact and consent 
compliance.
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COHCLUSIONS

Clearly, monitoring and estimating the impact of CSOs on receiving 
waters is complex and necessitates careful consideration of a whole 
range of hydraulic, hydrological, chemical and biological processes 
and their interactions. The sewer system requires careful definition 
and both the crude flow and spill quality need to be closely 
monitored. This particular study has highlighted a number of factors 
to be considered in relation to the above and a number of important 
conclusions. These principally relate to several key aspects of the 
problem including: CSO monitoring strategies, chemical, biological 
and fisheries impacts. Each is addressed in turn:

1 Monitoring Implications

(1) The study overflow operates for less than 5Z of the time in a 
typical year, necessitating the installation of a remotely 
triggered sampling system in order to accurately characterise 
chemical impacts. Routine chemical monitoring programmes will 
not pick up such affects.

(2) The existing technology is capable of providing the data required 
to characterise CSO impacts, but not without considerable periods 
of downtime (typically 30Z).

(3) The installation of at least two downstream monitoring sites is 
essential in order to ensure that the impact event is fully 
monitored and dispersion/time of travel processes quantified.

(4) The first river samples taken in any monitoring run occassionally 
has a tendency toward elevated BOD levels, probably caused by the 
growth of organic matter in the inlet pipe. These should be 
discarded.

(5) Biological monitoring both above and below the overflow, offers a 
most cost effective means of assessing the environmental impact 
of CSO discharges.

2 Implications for water quality

2.1 Spill Characteristics

(1) The study CSO displayed the "typical" spill quantity and quality 
characteristics of a system serving 3000 people in a 
domestic-only^situation. Spill rates varied between 5 an<̂  10 DVF 
(30 - 6(̂  Is" ), whilst spill quality averaged 77 mgl" BOD,
4 mg l" ammonia and 462 mg 1 suspended solids, generally 
lasting for 60 minutes or less.

(2) The most polluting spills occur at the time of peak crude sewage 
strength between the hours of 16:00 and 18:00 pm.

(3) The frequency of events and steepness of the sewered catchment 
prevented the accumulation of significant quantities of sever 
sediments and hence resulted in reduced first foul flush impacts 
when compared to less steep catchments.



(4) Antecedent veather conditions, spill duration and magnitude are 
all important factors affecting the overall level of spill 
impact.

(5) A first foul flush of low volume but high organic concentration 
(typical duration 10 minutes or less) was in evidence for 36Z of 
all monitored spills. A further 12Z of spills were characterised 
by multiple events, whilst 32Z were characterised by a single 
peak pollutograph.

(6) Total event spill loads averaged 8.3kg BOD, 0.35 kg ammonia and 
120 kg of suspended solids.

(7) Secondary pollutograph peaks tended to correspond to peak spill 
flows and were probably caused by erosion and wash off processes 
on the catchment surfaces.

(8) Multiple spill events tended to exhibit exhaustion effects (i.e. 
progressively reducing organic concentrations), except during 
periods of rapid flow fluctuations.

(9) Crude Bacterial loads and concentrations display a distinct 
diurnal pattern, with peaks at 12.00 - 14.00p.m. and 19.00p.m, in 
both Total Coliforms and E. Coli. Faecal Streptococci counts peak 
in early morning 06.00 - 09.00 am and early evening 15.00 - 
18.00pm.

(10) Spill events are characterised. by widely varying bacterial 
levels, but leve-ls are generally higher during summer events.

. River Quality Impacts

(1) The remobilisation of significant bed deposits of coal waste 
prevented any meaningful assessment of suspended solids impacts.

(2) River ammonical nitrogen impacts vere relatively insignificant 
due to the low spil^ concentrations. Event levels never rose 
above 1.3 mg l” , more typically ^averaging 0.38mgl , 
increasing on average by just 0.27mgl~ . The study CSO 
represented the only significant source of ammonia in the 
catchment.

(3) River dissolved oxygen levels rarely fell below 10.Omgl-1 , at 
most recording a l.Omgl* reduction immediately below the CSO 
discharge. A combination of the steep stream gradient, high 
velocities, high diffusion and high reaeration rates all 
contribute to the above.

(4) River BOD levels rose in response to each significant event. On 
average, BOD levels were elevated by 6.2mgl ' . Vorse-case 
impacts exhibited a 22mgl~ increase in BOD immediately 
downstream of the CSO.

(5) In stream dilution levels were considered to be a key factor in 
determining the stream water quality impacts of the study CSO. 
Hence, where spill dilution levels were greater than 3:1 
(River:Spill), no significant chemical impacts were noted. In 
all, 43Z of monitored events exhibited a dilution of <3:1.

(6) Generally, spill impacts occurred early on the rising limb of the 
stream hydrograph, usually within 30 minutes of rainfall 
commencement.



(7) Occasionally, significant BOD inputs were monitored at the 
upstream control site. These could be attributed to limited 
illegal crude connections to storm water systems.

(8) Despite s^ort duration periods of elevated river BOD levels of up 
to 34mgl , river D.O. levels remained at or near saturation.

Implications for Receiving Water Biota

Biological Impacts

(1) Benthic macroinvertebrate communities appear little affected by 
exposure to the study CSO and corresponding elevations in river 
BOD in particular. Indeed, overall BMWP scores have improved 
since the beginning of the study, probably in response to the 
improved situation in the upper catchment with regard to a 
reduction in diffuse coal solids inputs.

(2) The use of benthic macroinvertebrates as insitu bioassay 
organisms proved to be a successful and novel approach to 
assessing intermittent CSO impacts. Ephemera donica and gammarus 
pulex proved most sensitive to CSO exposure.

Fisheries Impact

(1) The fish stocking experiments and fish egg survival studies 
demonstrated that the CSO was having no detrimental impact on the 
fishery potential of the receiving water.

(2) The reappearance of naturally spawned brown trout during the 
study also shoved that the stream was recovering, despite 
significantly elevated BOD levels.

(3) Fish egg survival assays have confirmed their potential 
application for assessing the toxicity of intermittent 
discharges.

Outstanding Issues

Whilst the chemical and corresponding biological impacts of the study 
CSO have been examined and reported, no examination of the overflows 
aesthetic impacts have been carried out. As a high side weir with 
scum boards, the study CSO represents albeit a less than perfectly 
de s igned example of a type recommended by VRC and CIRIA, not 
requiring a screening provision in less sensitive locations. 
Qualitatively, the experience of the study group would endorse such a 
recommendation in the case of such small (population 3000) domestic 
only sewer systems, discharging to small NVC Class 2 receiving waters 
of limited aesthetic value. Quantities of sewage derived debris 
appeared low in the study receiving vaters. However, there is no 
substitute for a more quantiative study such as that undertaken on 
the Taff (Davies, 1989).

The study CSO has also been seen to act as a significant source of 
bacteriological inputs. Clearly only a qualitative examination of 
the problem has been undertaken in this study. A more quantitive 
examination is thus urgently recommended in the light of increasing 
public health concerns in relation to inland recreational water use.



Finally, in relation to the original objective (b) in Section 2, the 
development of the "NUT" water quality model to include the 
simulation of transient point source pollution from CSO's has since 
been overtaken by the NRA's adoption of a more sophisticated 
modelling tool.

Study Objectives
The original objectives of the study were agreed to be:-

(1) To develop a better appreciation of the qualitative and 
quantitative response of combined sewer overflows to rainfall 
events.

(2) To arrive at a better understanding of the nature and impact of 
storm overflow discharges on receiving waters.

(3) To assist in the development of more cost-effective design 
criteria for combined sewer overflows, based on the environmental 
impact on receiving waters.

(4) To test the effectiveness of sewerage upgrading measures carried 
out to overflows as a result of experimental works.

(5) To examine the effectiveness of current monitoring methods and 
programmes in detecting quality changes caused by transient 
discharges from storm overflows.

(6) To assist the development of the Newcastle-Upon-Tyne ("NUT") 
freshwater river quality model to include simulation of transient 
point source pollution from storm overflows.



RECOMMENDATIONS
Monitoring Implications
(1) Dry weather flow sampling above an overflow will provide a useful 

but crude basis for assessing potential chemical impacts, after 
consideration of the dilution provided before spillage occurs. 
Some visual assessment of sewer sediment presence/absence is also 
recommended.

(2) An analysis of the biological impacts and BMWP scores both above 
and below CSO's are recommended as the most cost effective means 
of rapidly assessing receiving water impacts and monitoring 
consent compliance.

(3) In cases warranting more detailed assessments, T.O.A.D. automated 
activated systems are strongly recommended. A minimum of 12 
events should be assessed both upstream and downstream of the 
overflow, the latter preferably at two separate locations. 
Vorse-case effects can probably be monitored between 16.00 and
19.00 pm on weekdays.

(4) Selective ion ammonia electrodes can be recommended for use in 
storm overflows, provided weekly maintenance visits are adopted.

(5) Macroinvertebrate bioassay tests using Gammarus pulex and 
Ephemera danica are recommended for an assessment of the extent 
of in-situ toxicity.

(6) Rainbow trout egg survival tests are recommended for an 
assessment of the extent of in-situ sensitive life stage fish 
population toxicity.

(7) The bacteriological' impacts of CSO discharges requires further 
quantification.

(6) The aesthetic impacts of CSO discharges requires urgent and 
detailed investigation, perhaps using experimental design methods 
similar to that adopted for marine outfall studies (Thomas et al 
1989).

Pollution Control Implications.

Implications for Consenting

(1) High side weir installations with well maintained scum boards 
appear to represent an acceptable design solution on sewer 
systems serving small domestic-only catchments discharging into 
fast flowing, well reaerated receiving waters. That is, provided 
overflow settings ensure a dilution of at least 3:1 in the 
receiving water at all times and comparable magnitude, frequency 
and duration event characteristics are in operation (i.e. spill 
duration typically 1 hour or less and < 50 events p.a.)

(2) Overflow settings should be designed to prevent spillage until a 
dilution in excess of 3:1 is available in highly reaerated 
receiving waters.

(3) An analysis of the biological impacts and BMVP scores both above 
and below CSO's are recommended as the most cost effective means 
of rapidly assessing receiving water impacts and monitoring 
consent compliance.



(4) First foul flush impacts should be restricted by the provision of 
adequately designed installations (as VRC recomendations) or the 
provision of on line storage.

(5) Sever flow and quality modelling and river impact simulations 
offer the most cost effective means of assessing potential 
severage system impacts.

Implications for Impact Assessment

(1) Impact assessments should ideally not be restricted to 
considerations of potential river event BOD levels, some 
consideration of the corresponding dissolved oxygen conditions 
should also be undertaken. In the absence of available 
reaeration information, suitably relaxed event BOD levels should 
be adopted in fast flowing receiving waters.

(2) Sewer flow and quality modelling and river impact simulations 
offer the most cost effective means of assessing potential 
sewerage system impacts.

(3) Macroinvertebrate bioassay tests using Gammarus pulex and 
Ephemera danica are recommended for an assessment of the extent 
of in-situ toxicity.

(4) Rainbow trout egg survival tests are recommended for an 
assessment of the extent of in-situ sensitive life stage fish 
population toxicity.
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MAIN REPORT



MONITORING THE EFFECTS OF A COMBINED SEWER OVERFLOW 
DISCHARGING TO A SMALL WATERCOURSE IN SOUTH WALES

INTRODUCTION

The pollution of water courses by combined sewer overflows has long 
been identified as a significant problem (MHLG 1970; SDD 1977; VRC/ 
WVA 1984). However, whilst the Sewerage Rehabilation Manual (VRC/ 
WWA 1984) and the Wallingford Procedure (NWC 1981) offer 
comprehensive guidelines for the renovation and hydraulic analysis of 
existing systems and for the hydraulic design of new systems, little 
consideration is currently given to the qualitative aspects of 
combined sewer design (Thomson and Saul 1986) and resulting receiving 
water impacts. Indeed the mechanisms and processes by which combined 
sewer overflows impact upon watercourses are still not fully 
understood. Clearly, if future capital investment in sewerage 
systems and sewerage rehabilitation is to be both effective and 
efficient, this understanding needs to be extended.

To this end, the UK Water Industry Research Programme on River Basin 
Management (Clifforde et al 1986; Clifforde and Price 1986) aims to 
provide the necessary tools and methodologies to allow the rational 
and objective upgrading of deficient sewer systems, taking into 
consideration the key problems identified by Tyson (1988) and listed 
below.

(1) Identification of the increase in pollutant concentrations and 
loads created by CSO discharges.

(2) Understanding the impacts of these measures on riverine 
communities and other uses.

(3) The development of standards to enable control of CSO discharges 
to acceptable levels of impact.

(4) Development of a river quality reporting system sensitive to the 
impact of episodic events.

The main products of the RBM programme are thus designed to provide:

a) Increased knowledge of the rainfall inputs to sewer flow 
simulation models (time series rainfall [Henderson 1986,1988]).

b) A sewerage sub-model to simulate quality for use with existing 
WASSP-SIM and WALLRUS procedures (MOSQITO, Modelling of 
Stormwater Quality including Tanks and Overflows [Moys, 1987].

c) A simple CSO river impact model (SPRAT, Spill Pollution Response 
Assessment Technique [Crockett et al, 1988]).

d) Improvement to the existing UK river classification system to 
take into account transient and short term changes in river 
quality due to storm events (Seager, 1988).

The National Rivers Authority (Velsh Region) and its predecessor 
organisation Velsh Vater, have been represented on the RBM Steering 
Group since 1987 and are integrally involved in field data collection 
activities relating to the eventual development of the sewer flow 
quality and river impacts models. This report summarises the results 
of the involvement which entailed the detailed monitoring of a 
combined sewer overflow for the period April 1987 to March 1990.



During the above period, the Welsh Office V.E.P.D. contributed a 
total of £30k towards the total cost of the study, estimated to be 
£340k in all.

Complementary to the work undertaken elsewhere (Thornton and Saul 
1986; Pearson et al 1986) and on very different sever systems and 
receiving waters, the study was designed to identify the conditions 
under which overflow occurs and the consequent effect upon the 
receiving waters.

STUDY OBJECTIVES
The original objectives of the study vere agreed to be:-

(1) To develop a better appreciation of the qualitative and 
quantitative response of combined sewer overflovs to rainfall 
events.

(2) To arrive at a better understanding of the nature and impact of 
storm overflov discharges on receiving vaters.

(3) To assist in the development of more cost-effective design 
criteria for combined sewer overflows, based on the environmental 
impact on receiving waters.

(4) To test the effectiveness of sewerage upgrading measures carried 
out to overflows as a result of experimental works.

(5) To examine the effectiveness of current monitoring methods and 
programmes in detecting quality changes caused by transient 
discharges from storm overflows.

(6) To assist the development of the Newcastle-upon-Tyne ("NUT") 
freshwater river quality model to include simulation of transient 
point source pollution from storm overflows.

PROJECT DESIGH AND TIMETABLE
Three aspects of CSO operation and impact have been investigated.

1. Overflow quantity and quality.
2. Receiving water quality and hydraulics.
3. Biological impact.



The Project timetable has been structured as follows:
ACTIVITY 1987 1988 1989 1990

Develop field systems 
Monitor Storm events 
Data transfer 
VASSP Modelling 
Invertebrate Studies 
Fish Studies 
Bacteriological Studies 
Statistical Analysis 
Reporting

4. STUDY DESCRIPTION
The need for more information and an understanding of the temporal 
behaviour of pollutants in combined severs, and in particular the 
'first foul flush' phenomenon has long been recognised. Indeed, 
there is much evidence to support the view that the first foul flush 
regularly occurs in many combined sewer systems (Lessard et al, 1982; 
Mance 1981; Pearson et al 1986; Thomson and Saul 1986). However, the 
concentration of. pollutants associated with the first foul flush has 
also been shown to vary considerably in both' magnitude and duration. 
Aspinall and Ellis (1986) have also described aspects of the impact 
of CSO’s and urban runoff on river quality in terms of the pollutant 
load of such spillages. Impairment of Long Term River Quality 
Objectives (ie. chronic impacts) as well as more immediate shock 
effects (ie. acute impacts) were highlighted.

However, further data pertaining to the temporal patterns in 
pollutant concentration from CSO's are urgently required for use in 
the development of dynamic sewer quality and river impact models. 
The RBM study co-ordinates such monitoring at a number of locations 
in the UK including the North Vest, Midlands and Vales in particular.

4.1 Study Site
The Garndif faith combined sewer overflow (CSO) forms the only 
significant point-source effluent discharge into the Nant Ffrwd, a 
small unclassified tributary of the Afon Llwyd (Figure 1) in Gwent. 
At the commencement of the study, the Ffrwd was tentatively 
classified as Class 2 (Table 1), on the basis of the current national 
NVC river classification system, but suffers from intermittently high 
suspended solids concentrations during vet weather caused by diffuse 
inputs of abandoned colliery tip waste. Biologically, the river is 
of much poorer quality with BMVP scores of only 51 (Class 3) above 
the overflow and 42 (Class 4) below it (Vade & Reynolds 1986) . 
Chironomidae, Oligochaeta and Baetidae dominate the stream biology, 
whilst Ephemerellidae and Gammaridae are poorly represented.

4. 2 Sewer System and Hydraulics
The sewered catchment and chamber characteristics are described in 
Table 2, along with the results of a dry weather flow survey. The 
system is steeply sloping and responds rapidly to rainfall, often 
well within 30 minutes, so that increases in river flow in response 
to the same rainfall input often lag significantly behind the CSO 
response. Typical overflow frequency is of the order of 50



significant events per year, maximum event volumes approaching 600 
m according to the validated VASSP-SIM model of the system 
(Figure 2). When subjected to a modified one year time series 
rainfall input, total overflow duration approximates to less than 5Z 
of a typical year.

Crude flow quality is at its worst in the early morning and late 
evening (Table 2 and Figure 3) as is typical of a domestic-only 
situation. Crude quality is considerably improved between the hours 
of midnight and 06.00am. Ammoniacal nitrogen levels are far more 
stable than BOD^ (ATU) and Total Solids levels. The rainfall 
inputs and steepness of the sewered catchment results in only limited 
deposits of sewer sediments. The sewer network is shown in Figure 4, 
while the chamber design details are given in Figure 5. One key 
feature to note is the approach angle of the inflow pipe. Entering 
at a 90° angle,this causes unstable velocity fields to form in the 
chamber itself (Plate 1). Hence, the performance of this particular 
high sided weir cannot be considered optimal or indeed typical of 
such designs. Although not shown on the diagram, well- maintained 
scum boards are also in place along the length of the chamber (Plate 
2 ).

Receiving Water Characteristics

The overflow discharges into a smal̂ . watercourse, the Nant Ffrwd. 
The receiving water drains a 6.75 km area and is characterised by 
the hydrological features identified in Table 3.

Table 3 Hydrological Characteristics of the Ffrwd Catchment

Mean Velocity Djfftjsion rate 
(ms" ) (ms")

95Z ile flow 17 Is
90Z ile flow 20
75Z ile flow 30
50Z ile flow 75
20Z ile flow 720 0.66 2.16
15Z ile flow 800 0.81 3.54
10Z ile flow 1000 1.0 -

The steep gradient of the receiving water is reflected in the 
relatively high velocities which characterise the stream. Stream 
reaeration capacity is particularly high in the vicinity of the CSO, 
where a series of rocky steps affords rapid mixing of CSO inputs and 
high reaeration levels (Plate 3). Indeed at the first sampling site 
below the CSO (Viaduct) the stream bed falls 2m in just 5m. In 
total, the stream falls some 60m between the overflow and its 
confluence with the Afon Llwyd (1.2km downstream).

Three monitoring sites were established on the receiving water. The 
upstream site VI is some 50m upstream of the overflow (Plate 4). The 
first downstream site is located 80m downstream (V2, Viaduct), whilst 
a second downstream site (V3, Walnut) is located a further 400m J>elow 
(Fig ). VI, W2 and W3 drain areas of 6.25km , 6.40km and 
6.55km respectively.



5. METHODS
5.1 Water Quality Monitoring and Sampling Methods
5.1.1 Continuous Monitoring

i) Rainfall
Rainfall was measured using a Tipping Bucket Rainguage (with a 
0.2mm tip), located centrally within the catchment. Readings 
were logged on a Tinylog event recorder at minute intervals.

ii) River Flow
Water levels on the Nant Ffrwd, at the Viaduct weir, were 
monitored using a Druck pressure transducer (0-175 mbars) and 
readings logged at 5 minutes intervals on a Tinylog data logger. 
Recorded levels were converted to river flows on the National 
Rivers Authority Data General Mv 100 mini computer using the 
Velsh Water developed program - LOGSYS. The software converts 
levels to flows applying a series of rating equations. The 
relationship between water level and flow was originally 
established by Velsh Vater and NRA hydrologists, using current 
metering techniques.

iii) Water Quality
Dissolved oxygen, temperature and pH were continously monitored 
using a pHOX DPM multiparameter unit and the readings logged at 5 
minute intervals on a Tinylog data logger at the upstream and two 
downstream river sites and within the sewer flow. During 1988, 
ammoniam was monitored using a DFM ammonia probe within the 
sewer, but this was discontinued in 1989 due to problems with 
probe fouling. Data were processed from millivolt readings to 
concentration units using the LOGSYS software.

5.1.2. Event Monitoring
1) Flow

Vater level in the overflow spill chamber was monitored using an 
ultrasonic "Detectronic" flow monitor linked to a Tinylog data 
logger.

ii) Water Quality
When the overflow spill chamber started to fill, a pressure 
switch was activated which was linked to an NRA designed 
programmable control system based on a Scorpion Controller. This 
T.O.A.D. System (Trigger Operated Activation Device) recorded the 
timing of each event on a Tinylog event recorder and was 
programmed to control the activation of a Sirco Model PS-005 
autosampler at the sewer overflow spill chamber. An activation 
signal was also transmitted to the three river sites (initially 
4) via a licenced VHF radio transmitter. The SIRCO samplers 
therefore operated synchronously at the sewer and 3 river sites 
and were programmed to take 500ml samples at 5 minute intervals.

Notification of the spill event vas made automatically to a 
control centre through a BT alarm system equipped with a status 
message, to prevent delay in sample collection. The samples were 
transported immediately on collection to the NRA Velsh Region



laboratory at Llanelli where they were analysed for Conductivity 
(at 20*c); 5 day Biochemical Oxygen Demand (ATU method); Ammonia 
(as N); chloride; suspended solids at 105°c and mineral solids at 
500 c using methods prescribed by the D.O.E. Standing Committee 
of Analysts published in "Methods for the Examination of Water 
and Associated Materials".

5.1.3 Bacteriological Quality

i) Dry Weather Flow

Samples were obtained at hourly intervals from the sewer using a 
SIRCO sampler by immersing the inlet tubing directly into the 
sewer flow. In order to prevent microbial growth in the samples 
during hot weather, freezer packs were used to cool the 
autosampler base and the samples during transportation to the 
Llanelli laboratory. Samples were analysed after dilution for 
Faecal Streptococci (per 100ml), Total Coliforms and Eschericia 
Coli (per ml).

On one occasion a series of 24 stream samples were collected from 
the upstream and viaduct sites at 3 minutes intervals using the 
SIRCO samplers, and analysed for the same determinands in order 
to obtain background river concentrations of bacteria.

ii) Event sampling

Microbiological samples were collected during discharge events by 
taking sub-samples from the autosampled water quality samples 
(See Section 5.1.2ii). Analysis was carried out at Llanelli 
laboratory as per the dry weather flow method described above.

5.2 Biological Impact Assessment

Benthic macroinvertebrate samples were taken using a standard three 
minute kick sampling technique from up to six sites, located on the 
Nant Ffrwd upstream and downstream of the combined sewer overflow 
(Fig 1) in July 1987 and October 1989. Samples were returned to the 
laboratory for analysis to family level; abundances were estimated on 
a logarithmic scale (1 ■ 1-9; 2“10-99, 3“100-999; 4> 1000). The 
quality of samples was assessed using the Biological Monitoring 
Working Party (BMWP) biotic index. (Appendix 3).

5.2.1 Macroinvertebrate Bioassay tests

An experimental in-situ bioassay test was developed which involved 
holding specimens of pollution sensitive macroinvertebrates (Gammarus 
pulex - freshwater shrimp and Ephemera danica - mayfly) in tubes 
secured within concrete blocks on the river bed. Percentage survival 
was measured over periods of up to 20 days. Bioassays were carried 
out at up to five sites (Fig. 1) during July/August 1987 and April - 
June 1988 during which CSO discharges were recorded.

5.3 Fishery Investigations

5.3.1 Population Estimates

Earlier fish stock assessments of the Nant Ffrwd (Jones, 1986) had 
shown it to be fishless due to an industrial discharge upstream of 
the CSO, (this discharge ceased before the CSO study began). Swim-up 
rainbow trout (Salmo gairdneri) fry were therefore stocked into the 
Nant Ffrwd during April 1987 at a density of approximately 2 per 
m and again in July 1988 at sites immediately upstream and

#



downstream of the CSO. Quantitative electrofishing surveys were 
carried out at various intervals during 1987 and 1988 to assess 
survival, distribution and growth rates of the stocked fish and the 
naturally recolonising brown trout (Salmo trutta L.) population. 
Population estimates were made using the Zippin (1958) method.

5.3.2 Egg Survival Studies
Rainbow trout eggs were planted out inside plastic Netlon containers 
secured within hollow breeze blocks at four sites (Fig. l) during 
June and again in July 1988. Eight replicates of 100 eggs were 
placed at each site and examined twice per week throughout the 
hatching period and into the alevin stage. Mortalities were removed 
regularly and the tests were terminated when swim-up fry developed. 
A control batch of eggs was kept under ideal conditions at Cynrig 
hatchery during both experiments. Attempts to repeat these 
experiments over the winter of 1989-90 were thwarted by the 
exceptionally high water flows, however further experiments were 
carried out in 1988/89 to improve the inherent survival rate of eggs 
by incubation with a variety of artificial media; the results of 
which are to be reported elsewhere.

6. WATER QUALITY IMPACTS
Figure 6 gives an indication of the antecedent conditions prior to 
each event monitored.

6.1 CSO Spill Quality u:
6.1.1 CSO Chemical Quality

The overflow spill quality for all monitored events is summarised in 
Table 4 and Figure 7. BOD, Ammoniacal nitrogen yid suspended solidj 
concentrations averaged 77mgl , 3.7mgl  ̂and 462mgl  ̂
respectively. Maximum concentrations of 204mgl BOD, 7.0mgl 
amnionic a 1 nitrogen and 2530 mgl” suspended solids were also 
recorded. Events 5 (28/5/88), 10 (2/8/88), 18 (24/5/89) and 
22(20/10/89) were the most significant especially in terms of BOD and 
suspended solids (Figures 8 to 22).

Each of the above events exemplifies a number of key spill 
characteristics found at the overflow. First, Event 5 (Figure 8-13) 
exhibits a clear first foul flush of BOD and ammonia during the firsj 
10 minutes of a 30 minute spill. Peak spill rates reached 2̂50 Is” 
compared to the average p^ak rate monitored of 110 Is" . Peak 
spill loads reached :20gs~ and 1.2 gs” for BOD and amponia 
respectively (compared to average monitored peaks of 5.7 gs and 
0.27 gs~ ). Total spill loads reached 22.6 kg (BOD), l.llkg 
(ammonia) and 84.0 kg (SS) (2802, 2602 and 50Z above the average 
monitored load).

Event 10 (Figures 14-16) exhibits an even more pronounced first foul 
flush recorded during a 40 minute event. The other key ^tatistics 
are given in Table 4. Peak spill rates reached 420 Is  ̂ giving 
peak BOD spill rates 2 times larger than event 5 (49.9gs~ ). Total 
BOD spill loads were correspondingly larger at 49.9kg (1252 greater 
than event 5). In both cases, ammonia concentrations and loads are 
seen to be quite low.

Event 18 (Figures 17-19) was of a similar duration, but exhibited a 
single spill peak. Again the key statistics are shown in Table 4. 
In contrast, Event 22 (Figures 20-22) was a long duration event of



more than 2 hours, and was characterised by widely fluctuating BOD, 
ammonia and suspended solids concentrations.

Events 4 (30/4/88), 20 (16/9/88) and 24 (9/11/89) are further good 
examples of significant spill events (Figures 23 to 31). Event 20 is 
a particularly good example of a very short duration event of only 6 
minutes, whilst, Event 24 is a further example of a long duration 
spill. Furthermore, Events 12 (18/10/88) and 25 (13/12/89) are good 
examples of multiple spill events which are quite common at the study 
site (Figures 32 to 49).

More generally, 25 spill events have been monitored in all. Spill 
duration averaged 74 minuses (range 11 to 298 minute^) and peak spill 
flows averaged 126 Is (rang^ 5 to 420 Is ) ̂  Peak spill
concentrations averaged 77mgl~ (BOD), 3.7mgl" (ammpnical 
nitrogen) and 462̂  mgl" (SS), with ranges of 1 tp 298 mg 1" BOD,
1.1 to 7.0 mg l” ammonia and 112 to 2530 mg l” SS respectively. 
In 362 of cases a first foul flush was in evidence during the spill, 
most of which were followed by identifiable secondary peaks. A 
further 322 of events exhibited single spill peaks, whilst 122 were 
characterised by multiple spills.

Peak loads averaged 5.70 gs"1 BOD and 0.27 ammonia, with a
range of 0.13 to 48 gs" and 0.01 to 1.3 gs’ for BOD and ammonia 
respectively. Finally, total spill loads averaged 8.3 kg of BOD, 
0.35 kg of ammonia and 120kg of suspended solids. Corresponding 
ranges- of 0.12 to 49.9kg BOD, 0.01 to 1.11 kg ammonia and 1.02 to 
496kg SS were monitored. Appendix 1 contains plots of all of the 
monitored data.

6.1.2 Bacteriological Quality

Bacteriological concentrations were monitored in the dry weather flow 
on six occasions for Total Coliforms, E.coli and Faecal Streptococci 
(Figures 50 to 52). As can be seen winter results were significantly 
reduced (eg 6/12/89), whilst during summer, microbial populations are 
clearly highly variable. Average concentrations display a distinct 
diurnal pattern, with peaks at 12.00 - 14.00pm and 19.00pm in both 
Total coliforms and E. coli (Figure 53). Faecal streptococci counts 
exhibit a slightly different pattern, with peaks in the early morning
06.00 - 9.00am and early evening 15.00 to 18.00 pm.

Three spill events were also monitored for bacteriological 
concentrations and loads, Event 19 (14/8/89), Event 23 ((9/11/89) and 
Event 25 (13/12/89). As can be seen from Figures 54 to 61, microbial 
counts were significantly higher in the summer Event (19). During 
Event 23, counts were highly variable, whilst in Event 25 they were 
less so, but with a marked flush.

Mean background concentrations were slightly elevated in the Nant 
Ffrwd at the Viaduct site (Faecal Streptoccae 10 per 100ml, Total 
coliforms 9.0 per ml and Eschericia Coli 2 per ml) compared to 
upstream (Faecal Streptoccocae 9 per 100ml, Total Coliforms 7.5 per 
ml and Eschericia Coli 1.0 per ml) although samples were taken at Dry 
Weather Flow in the river.

6.2 Impact on River Quality

The chemical impact of the 25 monitored events is summarised in 
Figures 62 to 64, for the Upstream, Viaduct and Walnut monitoring 
stations. As can be seen, in all cases the CSO impact in relation to 
suspended solids is masked by the in-situ mobilisation of bed 
deposited coal solids despite the closure of the "Viponds" site in



the upper catchment (previously described). Hence, no further 
investigation of such impacts is proposed.

With regard to the BOD and ammonical nitrogen impacts, it is clear 
that an unknown BOD source intermittently affects the upstream 
control site complicating impact interpretation. However, the 
immediate downstream site continues to exhibit the worst chemical 
quality £n BOD and ammojiia terms, with concentrations reaching up to 
34 mg 1 and 1.3 mg l” for BOD and ammonia respectively during 
Event 18 (24/5/89). Indeed, further downstream at Walnut, 
concentrations reached an even higher level of BOD (54 mg l’ ).

The spill event impacts are summarised in more detail in Table 5. 
Events 5 (28/5/88), 10 (2/8/88), 18 (24/5/89) and 22 (20/10/89) 
correspond with the four most significant spills described in Section
6.1.1. (Figures 65-90). These events resulted in a range of 
vo^se-case BOD impacts from +2.0 mg l” BOD (Event 10) to +22.0 mg 
1~ (Event >̂). In the case of Event 5, the above was matched by a 
+0.5 mg l” ammoniacal nitrogen peak impact. Thus, the BOD peak 
rose by 360Z, whilst the ammonia peak rose by 250Z. Peak loads were 
similarly affected. Figures 65 to 75 demonstrates the overiding 
influence of the CSO during the spill event. River flows are also 
seeijL to be immediately affected with the peak spill rate of 250 
Is” dominating the flow during the 30 minutes of the event, giving 
less than a 1:1 dilution.

Event 10 (2/8/88) exhibited a reduced impact, immediately downstream 
despite high spill loads (Figures 76 to 84) . However, at the lover 
downstream pointy the impacts were highly significant, reaching a 
peak of 25 mgl BOD and 1.1 mgl ammoniacal nitrogen. This
vould seem to suggest that the peak spill impact was missed at the 
Viaduct site, but caught 20 minutes later at Walnut. Dilution levels 
again appeared to average around 1:1 during the spill event.

Event 18 exhibited a significant BOD and ammonia impact at both 
downstream sites (Figures 85 to 86), again vith dilutions only 
averaging 1:1 during the spill. The lowermost monitoring site once 
more exhibited the most significant BOD impact, suggesting an 
incomplete coverage of the peak at the Viaduct site. The impact was 
almost instantaneous at Viaduct, whilst at Walnut peak concentrations 
were recorded 10 minutes later.

Event 22 (20/10/89) (Figures 87 to 90) is seen to occur during a 
prolonged rainfall event during rising river flows. Hence, a minimum 
dilution ratio of 7:1 was achieved throughout the event, vith river 
impacts being correspondingly small.

Events 4 (30/4/88), 20 (16/9/88) and 24 (9/11/89) represent other 
significantly impacted events (Figures 91 to 100 and Table 5). 
During Event 4 maximum dilutions again jiveraged only 1:1, resulting 
in peak river BOD levels of 20 mg 1 . The peak river impact 
lagged the peak spill impact by ca. 20 minutes. Again the CSO spill 
is seen to significantly increase river flows, responding well before 
the catchment.

Event 20, represents a short duration "flashy8 CSO Spill lasting just
5 minutes but impacting significantly on river quality (Figures 95 to 
98). Peak downstream BOD levels reached 20 mg 1 again at a time 
of limited dilution (ca. 1:1). Ammonia levels were similarly 
affected.



Event 24, represents a long duration spill (Figures 99 to 100). As 
can be seen, in the early part of the spill, river impacts are 
significant due to the limited dilution available. However, as the 
storm progresses, river levels rise and rapidly dilute the CSO spill 
loads, until a pollutant spike towards the end of the event.

Events 12 (18/10/88) and 25 (13/12/89) correspond to the multiple 
spill events described in section 6.1.1.(Figures 101 to 113). Both 
clearly mirror the effects of the individual spill peaks. In the 
case of Event 12, worse-case dilution ratios average 9:1, yielding 
limited impacts. Whilst in the case of event 25 dilution ratios are 
extremely high (in excess of 100:1).

The remainder of the monitored event impacts are provided in Appendix
2. Generally, river inpacts ranged from a 0.5 mg l” increase in 
BOD up to a 22 mg 1~ increase. In many cases, dilution ratios 
were around 1:1 at the height o£ the spill event. Ammonia impacts 
ranged from zero to l.lmgl with the CSO being the only 
significant source. The lag time between spill commencement and peak 
impact immediately downstream averaged 13 minutes ranging between 1 
to 55 minutes. Further downstream the lag averaged 27 minutes, 
ranging from 15 minutes to 55 minutes when monitored. Both of the 
above reflect the respective time of travel for the sites relative to 
the overflow. Throughout the study DO impacts^ were seen to be 
minimal river levels remaining around lO.Omg 1~ , irrespective of 

. spill conditions. Clearly the high reaeration capacity of the 
stream prevents any major DO depletion.

6.3 Biological Impacts

A biological survey of the Nant Ffrwd in July 1987 showed that it was 
of poor (Class 4) to very poor (Class 5) quality in the upper reaches 
and attained moderate to good quality (Class 3) just upstream of the 
CSO (Table 6). The general paucity of the fauna at sites 1 and 2 and 
the absence of even organic pollution tolerant taxa suggests that 
some form of inert and/or toxic pollution (eg coal solids or acidic 
conditions) existed in the upper reaches. There was a moderate but 
not significant reduction in BMWP score immediately downstream of the 
CSO at site 5 (BMWP score fell from 85 to 67) but generally there was 
no measurable detrimental impact on the macroinvertebrate fauna due 
to the CSO. Other polluting influences in the upper reaches were 
apparently having a greater impact on biological quality (Figure 
114) .

In October 1989 the biological quality of the upper reaches in 
particular was much improved (Class 3) and equivalent to the lower 
reaches of the 1987 survey (Table 7). Pollution sensitive taxa, such 
as Heptageniidae, Leuctridae and Hydropsychidae were found throughout 
and there was no change in composition of the fauna downstream of the 
CSO. The overall biological quality of the Nant Ffrwd on this 
occasion was moderate to good (Figure 114).

6.4 Macroinvertebrate Bioasaav Teste

Initial bioassays (July/August 1987) using G. Pulex and E. danica 
indicated significant mortalities (up to 402) for E. danica at all 
sites downstream of the CSO (Fig. 115). No mortalities were recorded 
at upstream control sites throughout the 20 day study thus validating 
the assay techniques used (Wade 1987). First mortalities occurred 
after 5 days following the first significant storm event. In all 
during this assay the indicator species were subjected to three



significant discharge events. Ephemera vas the most sensitive 
species in all cases.

Further bioassays carried out in April 1989 gave similar results; 
100Z survival was recorded at control sites whilst up to 40Z 
mortalities occurred at downstream sites (Fig. 115). However during 
later assays in May/June, results were less conclusive as significant 
mortalities occurred at both control and downstream sites. On one 
occasion this occurred following heavy rain which resulted in 
substantial silting in the test tubes and vas probably responsible 
for the mortalities.

Fishery Investigations

Population Estimates

Repeated electrofishing surveys during July, August and September 
1987, following the stocking vith rainbow trout in the preceding 
April, revealed higher densities of trout downstream of the CSO on 
all three occasions (Table 8i). The densities at all sites were 
indicative of moderate to good populations and there was no apparent 
effect due to the CSO. No native brown trout were present, 
confirming that the brown trout fishery had not recovered from the 
historical coal solids pollution problem in the upper reaches. 
Growth rates of the stocked fish (as measured by mean fish length 
Table 8i) were significantly greater at the two lower most downstream 
sites -than at both the immediate downstream site and the two upstream 
sites. Trout from the two upstream sites were of similar size. 
However throughout this survey period only 6 significant storm events 
were recorded, compared to 19 events in the following 3 month period.

A repeat survey in April 1988 revealed higher densities (34 100m-2) 
immediately above the CSO than at any of the three downstream sites 
(Table 8i) although all but the uppermost site still supported good 
to excellent populations. There was evidence of human interference 
at some sites, however, and by this time the stocked fish had been 
exposed to more than 40 spill events since April 1987. There were no 
significant differences between the mean lengths of stocked trout 
from any site on this occasion.

Following additional stocking of swim-up rainbow trout fry (at a 
density of 2 m” ) into the Nant Ffrwd at sites immediately upstream 
and downstream of the CSO in July 1988, electrofishing in September 
1988 revealed higher densities upstream, but significantly greater 
growth rates downstream of the CSO. Native brown trout vere 
recorded, albeit at very lov densities, for the first time during 
this survey, vhich indicated that the brown trout population had 
begun to recover from the historical coal solids pollution problem 
and that spawning had taken place. (Table 8ii).

Egg Survival Studies

The June 1988 experiment was abandoned as all eggs had died within 3 
days of planting. This vas thought to be due to heat shock during 
the handling/planting out stage as the Cynrig hatchery control batch 
demonstrated 90Z survival to the svim-up stage.



A repeat of the experiment in July 1988 was more successful in that 
the eggs did not suffer from heat shock, however the results were 
inconclusive (Table 9). The lowest mean mortality rate (222) was 
recorded immediately downstream of the CSO. However at the uppermost 
control site it was 272 and at the two most downstream sites 382 and 
542 respectively. This data suggests that for the duration of the 
experiment there was no effect due to the CSO but that other 
influences may be affecting the hatching success of trout.



7. DISCUSSION OF RESULTS

7.1 CSO SPILL CHARACTERISTICS
Spill quality levels vary enormously, although the majority of the 
most polluting spills appear to correspond vith periods of peak crude 
sevage strength betveen the hours of 16:00 and 18:00 pm in 
particular. Indeed the average peak concentrations of BOD (77mgl) 
ammonia (3.7mgl) and suspended solids (462mgl) are broadly in line 
vith those typical levels identified by VRC (Crabtree et al, 1988), 
for domestic only sevage (Table 10). Correspondingly the least 
polluting spills vere recorded during the early hours of the morning, 
typically 00:00 to 06:00am. The steepness of the severed catchment 
vould also appear to limit the amount of in-sever sediments available 
for resuspension during spill events. Moreover, visual monitoring of 
the above by VRC personnel has confirmed the relative absence of 
in-situ sediments other than inert inorganic minerals.

Clearly other factors such as the antecedent veather conditions, 
spill duration and frequency are also important factors affecting the 
overall level of spill impact.

Even during relatively insignificant spills occurring in the early 
hours, first foul flush effects vere in evidence as is the case 
elsevhere (Pearson et al 1986). More significant events exhibit both 
a clear first foul flush BOD and suspended solids .peak, along vith a 
secondary peak coinciding generally vith the. peak in spill, flov. 
Typically first foul flush conditions pertain for a short period of 
10 minutes or less during spill durations in excess of 30 minutes and 
at times of an early rise in sever spill flovs.

As mentioned above, secondary flushes tend to correspond to periods 
of rapidly increasing or peak flovs in the system and hence are 
probably related to erosion and vash-off of pollutant from catchment 
surfaces and the scouring of any available sediment deposits, as is 
often the case in such systems (Thornton and Saul, 1986). Peak 
concentrations in the secondary flush are also generally lover than 
those observed in the first flush, but in terms of pollution load the 
second flush often accounts for a larger proportion of the total 
storm load.

Multiple spill events tended to be characterised by progressively 
reducing peak concentrations, unless an individual peak vas 
characterised by very high flov rates. Hence, exhaustion effects 
appear to operate in most situations, except vhere excessive flushing 
effects are encountered.

The only other notable variation on the above spill patterns vas the 
occurrence of a single spill peak, vith no recognisable first foul 
flush. Typically these occurred either in response to small, short 
duration spills, or at times of lov crude sevage strength, especially 
in the early hours of the morning.

In many cases, no such flushing effects vere recorded in relation to 
ammoniacal nitrogen concentrations. The existence of single 
concentration and load peaks, thus support the suggestion that 
dilution of the crude flov quality vas the key process of operation 
in this small, vholly domestic sevage system.



A correlation matrix of the spill characteristic summary data (Table
11) reveals few significant correlations. Most notable of those 
which are not simply a product of auto-correlation are the following:

Peak BOD v Peak Suspended Solids Concentration (r - 0.644)
Peak Flow v Peak Suspended Solids Concentration (r » 0.692)
Peak Flow v Peak BOD load (r » 0.707)
Peak BOD Load v Mean Event Rainfall (r “ 0.841)
Peak Flow v Peak NH load (r - 0.713)
Peak Flow v Spill SS load (r - 0.678)

Hence, it can be seen that the magnitude of the spill flow rate is a 
key factor in determining the extent of the polluting load of the 
spill in relation to suspended solids, BOD and ammonia. Furthermore, 
BOD and suspended solids concentrations appear closely linked, whilst 
this is not the case for ammonia, further supporting the observations 
mentioned above.

In relation to the spill flov characteristics, peak flow rates 
typically correspond to 20 x DWF although a range of 1 to 70 x DVF 
were monitored. More normally, mean spill ejvent flow rates varied 
between ca. 5 to 10 x DVF, (DVF being 6.01s” as indicated in table 
2).

Bacterial concentrations and load characteristics appear typical for 
such a small, domestic only sewer, system and are comparable with 
those reported elsewhere (Payne & Mays, 1989). Clearly, only a 
qualitative analysis of such problems vas attempted in this study. 
The impact of such CSO's on the bacteriological quality of receiving 
waters may become increasingly important in view of the increased 
recreational use of waters and heightened public avareness of public 
health issues. Hence, the data reported in this study are merely 
designed to contribute to the debate on the subject (Dempsey et.al 
1989), particularly in relation to the potential riverine 
contribution to bathing vaters bacterial contamination.

Finally, one aspect of CSO spill characteristics not investigated in 
this study relates to their potential for aesthetic contamination of 
receiving vaters. Clearly, the overflow under study appeared to 
fulfill the criteria recommended by VRC (Balmforth and Henderson, 
1988) and CIRIA (CIRIA, 1988) in relation to less sensitive 
locations. Both of the above recommend the installation of well 
designed high side weirs vith scum boards, without the necessity for 
a screening provision. As to whether the study CSO complies with 
suggested design criteria seems doubtful, since the approach to the 
overflow is clearly unorthodox (creating chaotic flow patterns) and 
there also appears to be an inadequate provision of a stilling 
length. However, explicit investigation of what is acknowledged as a 
widespread potential problem was not undertaken. Studies elsewhere, 
in Vales, suggest that an average 19Z of receiving water litter is 
sewerage derived (reaching up to 42Z in some locations on the Taff, 
[Davies, 1989]). Hence, it is important to recognise the need for 
further work and an investigation into optimal screening provisions 
in sensitive locations. In relation to the above the experimental 
design employed in the joint Velsh Vater/VRC study of marine outfalls 
(Thomas et al, 1989) is strongly recommended. In sensitive locations 
both CIRIA and VRC recommend the provision of fine screens (< 6mm), 
although in the case of the study site clearly such a provision would 
be likely to be unnecessary.



7.2 Receiving Water Impacts
7.2.1 Water Quality

Interestingly, the observed impact upon river dissolved oxygen levels 
remained minimal, typically resulting in a less than l.Omgl drop in 
DO levels. Any impacts were also confined to the stretch immediately 
downstream of the overflow. Indeed, even in-sewer DO levels remained 
quite high at all times probably due to the steeply sloping nature of 
the sewer system and the low levels of organic sewer sediment. The 
insignif icant DO impacts can probably be related to the high 
reaeration flow velocities, and dispersion characteristics of the 
receiving water, with its bouldery substrate and rocky steps and the 
relatively high DO levels of the spilled waters. Hence high BOD 
levels may not always be characterised by significant river DO 
reductions.

In-stream impacts varied considerably although increases in BOD and 
ammonia levels could be identified during every spill. Ammonia 
impacts were however, minimal due to the low concentrations in the 
crude sewage and diluted spills. In all cases, ammonia levels in the 
stream were directly related to CSO spill characteristics, being 
influenced principally by the process of dilution.

Indeed, in-stream dilution ratios were the key factor in determining 
river impacts during all events. Those events receiving a dilution 
in excess of around 3:1 (River : CSO) rarely exhibited significant 
increases in river BOD and ammonia. Of the events monitored, 9 
exhibited dilutions of <3:1 mo^t of which gave increases in river BOD 
levels of at least A.Omgl* . However, as mentioned above, no 
significant impacts on river DO levels vere in evidence.

In relation to the spill BOD river Impacts, on average the low 
dilution spill events appeared to result in a single class 
downgrading of the jtream during an ̂ event typically from NWC Class IB 
to Class 2B (5mgl BOD to 9 mgl BOD) . However, in exceptional 
circumstances, river BOD levels deteriorated to 20 mgl” BOD or 
worse (ie. worse than NWC Class 3). In-stream impacts tended to last 
for only slightly longer than the spill duration, typically 30 to 120 
minutes.

Lag times were also small with river impacts being recorded almost 
immediately following each CSO spill. The time lag between the two 
downstream monitoring sites, merely reflected time of travel and 
dispersion effects between the two sites.

On several occasions however, during short duration events, the 
lowermost monitoring site recorded more significant impacts. This 
phenomenon can be explained by the fixed sampling regime employed at 
the site nearest to the overflow which sometimes causes the peak 
impact to be underestimated since stream dispersion effects are 
minimal before the first downstream site at times of high stream 
flow.

Lastly, on several occasions notable inputs of BOD in particular, 
were monitored at the upstream site. These were found to be 
attributable to apparent illegal connections to storm water overflows 
located above the study CSO. Corresponding ammonia effects were 
relatively low (when compared to the CSO impacts) supporting the 
suggestion of a probable storm water source (see Table 10).



Biological and Fisheries Impacts

The impact of the Gamdiffaeth CSO on the benthic macroinvertebrate 
communities vas not significant on either occasion that it vas 
assessed. The biological quality of the river in 1987 vas generally 
moderate to poor, especially upstream of the discharge and this vas 
attributed to the effects of discharges from the recent coal 
reprocessing operation in the upper catchment. Significant 
improvements in the overall biological quality of the stream vere 
evident in 1989 due to natural recovery from the earlier industrial 
pollution problems, but the impact of the CSO vas still negligible. 
The use of benthic macroinvertebrates as bio-assay organisms vas a 
novel approach to assessing CSO impact, and the technique proved to 
be successful, (Ephemera danica and Gammarus pulex vere kept alive 
throughout the earlier assays at the control site). An apparent toxic 
impact (up to 40 Z morality) vas demonstrated vith E. danica after 
significant storm events during the 1987 trials. E. danica is a 
pollution sensitive species vhich vas not recorded in the Nant Ffrvd, 
and is more susceptible to organic pollution than many of the 
invertebrates vhich vere recorded. Hovever significant mortalities 
at the control site during subsequent assays cast some doubt on the 
validity of the results and factors other than those due to the CSO 
discharge (e.g. inorganic solids concentrations) vere suspected as 
influencing the results. Also, other minor upstream source(s) of 
NH3 -N, vhich vere demonstrated from the vater quality data may 
have affected the assays. The technique vas hovever validated and is 
vorth considering in appropriate circumstances as a toxicity 
screening assay for intermittent discharges.

The fish stocking experiments and fish egg survival studies 
demonstrated that the CSO vas having no detrimental impact on the 
fishery potential of the Nant Ffrvd. As vith the macroinvertebrate 
fauna, the greatest impact on fish spawning and survival had been the 
industrial pollution in the upper reaches. The reappearance of 
naturally spavned brovn trout in the Nant Ffrvd during the study and 
the survival and grovth rates of stocked rainbow trout shoved that 
the stream vas recovering. There vas no evidence that this recovery 
vas being impaired by discharges from the CSO, on the contrary, 
grovth rates of stocked fish vere greatest downstream of the 
discharge.

The fish egg survival studies vere inconclusive vith regard to the 
CSO impact because unexplained mortalities occurred at the control 
sites. During independent trials, survival of ova vas improved by 
the introduction of artificial media into the incubation chambers. 
Hovever, due to high overvinter flovs and the unavailability of 
suitable eggs, the in situ survival studies could not be repeated. 
As vith the macroinvertebrate bioassays, fish egg survival assays 
have potential applications for assessing the toxicity of storm vater 
and other intermittent discharges, but vere unsuccessful in 
contributing tovards our understanding of the impact of the 
Gamdiffaeth CSO.



8. CONCLUSIONS

Clearly, monitoring and estimating the impacts of CSOs on receiving 
waters is complex and necessitates careful consideration of a whole 
range of hydraulic, hydrological, chemical and biological processes 
and their interactions. The sewer system requires careful definition 
and both the crude flow and spill quality need to be closely 
monitored. This particular study has highlighted a number of factors 
to be considered in relation to the above and a number of important 
conclusions. These principally relate to several key aspects of the 
problem including: CSO monitoring strategies, chemical, biological 
and fisheries impacts. Each is addressed in turn:

8.1 Monitoring Implications

(1) The study overflow operates for less than 5Z of the time in a 
typical year, necessitating the installation of a remotely 
triggered automated sampling system in order to accurately 
characterise chemical impacts. Routine chemical monitoring 
programmes will not pick up such effects.

(2) The existing technology is capable of providing the data required 
to characterise CSO impacts, but not without considerable periods 
of down-time (typically 30Z).

(3) The installation of at least two downstream monitoring sites is 
essential in order to ensui* that the impact event is fully 
monitored and dispersion/tim, jf travel processes quantified.

(4) The first river samples taken in any monitoring run occasionally 
has a tendency toward elevated BOD levels, probably caused by the 
growth of organic matter in the inlet pipe. These should be 
discarded.

(5) Biological monitoring both above and below the overflow, offers 
the most cost-effective means of assessing the environmental 
impact of CSO discharges.

8.2 Implications for Water Quality

8.2.1 Spill Characteristics

(1) The study CSO displayed the "typical" spill quantity and quality 
characteristics of a system serving 3000 people in a 
domestic-only^situation. Spill rates varied between 5 aijd 10 DVF 
(30 - ̂ 0  Is* ), whilst spill quality averaged 77 mgl- BOD, 4 
mg 1* ammonia and 462 mg 1 suspended solids, generally 
lasting for 60 minutes or less.

(2) The most polluting spills occur at the time of peak crude sewage 
strength, between the hours of 16:00 and 18:00 pm in particular.

(3) The steepness of the sewered catchment and rainfall 
characteristics prevented the formation of significant quantities 
of sewer sediments and hence resulted in reduced first foul flush 
impacts when compared to less steep catchments.

(4) Antecedent weather conditions, spill duration, frequency and 
magnitude are all important factors affecting the overall level 
of spill impact.



(5) A first foul flush (typical duration 10 minutes or less) was in 
evidence for 36Z of all monitored spills. A further 12Z of 
spills were characterised by multiple events, whilst 32Z were 
characterised by a single peak pollutograph.

(6) Total event spill loads averaged 8.3kg BOD, 0.3S kg ammonia and 
120 kg of suspended solids.

(7) Secondary pollutograph peaks tend to correspond to peak spill 
flovs and are probably caused by erosion and wash off processes 
on the catchment surfaces.

(8) Multiple spill events tend to exhibit exhaustion effects, except 
during periods of rapid flow fluctuations.

(9) Crude Bacterial loads and concentrations display a distinct 
diurnal pattern, with peaks at 12.00 - 14.00p.m. and 19.00p.m in 
both Total Coliforms and E. Coli. Faecal Streptococci counts peak 
in early morning 06.00 - 09.00 am and early evening 15.00 - 
18.00pm.

(10) Spill events are characterised by widely varying bacterial 
levels, but the levels are generally higher during summer events.

8.2.2. River Quality Impacts

(1) The remobilisation of significant bed deposits of coal waste 
prevented any meaningful assessment of suspended solids impacts.

(2) River ammonical nitrogen impacts vere relatively insignificant 
due to the low spiy. concentrations. Event levels never rose ^ 
above 1.3 mgl" , more typically averaging 0.38mgl , 
increasing on average by just 0.27mgl . The study CSO 
represented the only significant source of ammonia in the 
catchments.

(3) River dissolved oxygen levels rarely fell below lO.Omgl \  at 
most recording a l.Omgl reduction immediately below the CSO 
discharge. A combination of the steep stream gradient, high 
velocities, high diffusion and high reaeration rates all 
contribute to the above.

(4) River BOD levels rose in response to each significant event. On 
average, BOD levels were elevated by 7.4mgl~ . Vorse-case 
impacts exhibited a 22mgl~ increase in BOD immediately 
downstream of the CSO.

(5) In-stream dilution levels were considered to be a key factor in 
determining in-stream water quality impacts at the study CSO. 
Hence, where spill dilution levels were greater than 3:1 
(River:Spill), no significant chemical impacts were noted. In 
all, 43Z of monitored events exhibited a dilution of <3:1.

(6) Generally, spill impacts occurred early on the rising limb of the 
stream hydrograph, usually within 30 minutes of rainfall 
commencement.

(7) Occasionally, significant BOD inputs were monitored at the 
upstream control site. These could be attributed to limited 
illegal crude connections to storm water systems.



(8) Despite sljort duration periods of elevated river BOD levels of up 
to 34mgl t river D.O. levels remained at or near saturation.

8.3 Implications for Receiving Mater Biota

8.3.1 Biological Impacts
(1) Benthic macroinvertebrate communities appear little affected by 

exposure to the study CSO and corresponding elevations in river 
BOD in particular. Indeed, overall BMWP scores have improved 
since the beginning of the study, probably in response to the 
improved situation in the upper catchments vith regard to a 
reduction in diffuse coal solids inputs.

(2) The use of benthic macroinvertebrates as bioassay organisms 
proved to be a successful and novel approach to assessing 
intermittent CSO impacts. Ephemera danica and Gammarus pulex 
proved most sensitive to CSO exposure.

8.3.2 Fisheries Impacts

(1) The fish stocking experiments and fish egg survival studies 
demonstrated that the CSO vas having no detrimental impact on the 
fishery potential of the receiving vater.

(2) The reappearance- of naturally spavned brovn trout during the 
study also shoved that the stream vas recovering, despite 
significantly elevated BOD levels.

(3) Fish egg survival assays have confirmed their potential 
applications for assessing the toxicity of intermittent 
discharges.

8.4 Outstanding Issues

Whilst the chemical and corresponding biological impacts of the study 
CSO have been examined and reported, no examination of the overflov’s 
aesthetic impacts have been carried out. As a high-side-veir vith 
scum boards, the study CSO represents albeit a less than perfectly 
designed example of a type recommended by VRC and CIRIA, not 
requiring a screening provision in less sensitive locations. 
Qualitatively, the experience of the study group vould endorse such a 
recommendation in the case of such small (population 3000) domestic 
only sever systems, discharging to small NVC Class 2 receiving vaters 
of limited aesthetic value. Quantities of sevage derived debris 
appeared lov in the study receiving vaters. Hovever, there is no 
substitute for a more quantitative study such as that undertaken on 
the Taff (Davies, 1989).

The study CSO has also been seen to act as a significant source of 
bacteriological inputs. Clearly only a qualitative examination of 
the problem has been undertaken in this study. A more quantitative 
examination is thus urgently recommended in the light of increasing 
public health concerns in relation to inland recreational vater use.

Finally, in relation to the original objective (b) in Section 2, the 
development of the "NUT" vater quality model to include the 
simulation of transient point source pollution from CSO's has since 
been overtaken by the NRA's adoption of a more sophisticated 
modelling tool ("MIKE ll").



RECOMMENDATIONS

Monitoring Implications

(1) Dry weather flow sampling above an overflow will provide a useful 
but crude basis for assessing potential chemical impacts, after 
consideration of the dilution provided before spillage occurs. 
Some visual assessment of sewer sediment presence/absence is also 
recommended.

(2) An analysis of the biological impacts and BMWP scores both above 
and below CSO's are recommended as the most cost effective means 
of rapidly assessing receiving vater impacts and monitoring 
consent compliance.

(3) In cases warranting more detailed assessments, T.O.A.D. automated 
activated systems are strongly recommended. A minimum of 12 
events should be assessed both upstream and downstream of the 
overflov, the latter preferably at two separate locations.
Worse case effects should be monitored betveen 16.00 and 19.00 pm 
on veekdays.

(4) Selective ion ammonium electrodes can be recommended for use in 
storm overflovs, provided veekly maintenance visits are adopted.

(5) Macroinvertebrate bio-assay tests using Gammarus pulex and 
Ephemera danica are recommended for an assessment of the extent 
of in-situ toxicity.

(6) Rainbov trout egg survival tests are recommended for an 
assessment of the extent of in-situ sensitive life stage fish 
population toxicity.

(7) The bacteriological impacts of CSO discharges requires further
nttan ♦-■iFirflt-f on .— — — — — — — »- -

(8) The aesthetic impacts of CSO discharges requires urgent and 
detailed investigation, using the experimental design methods 
adopted for marine outfall studies (Thomas et al 1989).

Pollution Control Implications

(1) High side veir installations vith veil maintained scum-boards 
appear to represent an acceptable design solution on sever 
systems serving small domestic-only catchments discharging into 
fast floving, veil reaerated receiving vaters. That is, provided 
overflov settings ensure a dilution of at least 3:1 in the 
receiving vater at all times and comparable magnitude, frequency 
and duration event characteristics are in operation (i.e. spill 
duration typically 1 hour or less and < 50 events p.a.).

(2) Overflov settings should be designed to prevent spillage until a 
dilution in excess of 3:1 is available in highly reaerated 
receiving vaters.

(3) First foul flush impacts should be restricted by the provision of 
adequately designed installations (as VRC recommendations) or the 
provision of on line storage.

(4) Impact assessments should ideally not be restricted to 
consideration of potential river event BOD levels. Some 
consideration of the corresponding dissolved oxygen conditions 
should also be undertaken. In the absence of available



reaeration information, suitably relaxed event BOD levels should 
be adopted in fast flowing receiving vaters.

Sever flow and quality modelling and river impact simulations 
offer the most cost effective means of assessing potential 
sewerage system impacts.
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Table 1 Want: Ffrvd River Water Quality (1985-871

BOD^ATU) Ammoniacal N. Particulate Solids
N 10 12 14
Mean 2.115 0.083 99
Maximum 6.15 0.21 644
Minimum 0.70 <0.04 7
S.D. 1.60 0.056 177
95%ile (Lognormal) 5.11 0.19 346
Table 2 Studv C.S.O. Details

Catchment Details
Population - 3000
Total Area - 26.4 ha
Impermeable Area — 9.2 ha
Domestic only

Chamber Details 
High Sided Veir 
Peak inflow (lyr ret. period) 
Carry-on flow
Peak overflow (lyr ret. period)
Dimensions
Inlet
Outlet
Dry Weather Flow

Dry Weather Flow Details

250 ls-1 
60 Is -1 
190 Is -1 
7 x 2.7 x 1.5m 
530mm 
230mm 
6.0 Is -1

N
Mean
Maximum
Minimum
S.D.
95%ile (Lognormal)

B0D,,ATU)
17

177
306
15

101

368

Ammoniacal N. 
18 

16.8 
24.6 

6.2 

6.0 

28

Total 
Suspended Solids

16
204
362
16
117
425



TABLE 4 CSO EVENT SUWHARY

------------- +---------- +------------ +
TOTAL SPILL LOAD (Kg)| RAINFALL | POLLUTION FLUSH |NO DATE 5-DAY

ANTECEDENT
RAINFALL

(MN)

SPILL
TIME
START
(HH:MM)

SPILL |PEAK CONCENTRATION (ngl 
DURATION

AMM.N| BOD
(HINS)

)|PEAK LOAD (g/s)JPEAK 
-♦.... +...... +FLOW

SS BOD AMH.N |(ls ) BOD AMM.N | SS TOTAL (MEAN INT| |
(MM) |(KHH-1) | 1ST | 2ND MULTI

15.3.88 11 01:37 56

25

I 23 

I 34

1.1

1.6

194 1.715 0.09 110 2.51 0.2 | 22.7 3.0 0.8 | Y | N

16.4.88 04:55 127

252

0.01 0.21 0.02 | 1.02
------ +--------
0.46 | 22.0
------ +--------

5.4 1.4 J N | N
---- +--- +--
N/A | N | N
---- +--- +--

30.4.88 21:00 64

30

I 40

1204

2.9

5.8

4.0

20.2!

0.26

1.21

155

250

6.49 N/A

28.5.88 19 17:07 614

115

170

22.61 1.11 | 84.0 7.15 0.6 | Y | Y
---- +--- +--
0.75 | Y | Y
---- +--- +--

8 .6.88 20:36 55

56

I 32 

I 60

4.0

6.1

0.42 0.08 15 2.62 0.42 | 8.02 6.0

26.6.88 04:00 N/A

N/A

N/A

N/A

30

50

N/A N/A | N/A
-------+-------
N/A | N/A

7.75 1.38 | N/A | N/A
------- +------+-----
0.57 | N/A | N/A

N/A

2.7.88 14 04.00 264 95 1.5

5.9

486 N/A 3.06 N/A

N/A10.7.88 30 06:00 30 |130 

30 |110

177

1134

N/A

48.0

N/A

0.62

N/A

420

N/A N/A | N/A N/A N/A J N/A | N/A
----- +--- +---
14.0 | Y | Y
-----+--- ♦---

10 2.8.88 14 16:04 2.5

3.3

49.9 0.66 |496.0 
---- +----

7.0 N

11

12

13.9.88 08.19 20 | 93 

45+10 | 66

370

271

0.28 0.01 0.88 0.03 | 3.67
---- +----
0.12 | 6.41

5.02 2.12 | N | N

18.10.88 17:11 4.9

5 .8

1.51

N/A

1.75

0.09

N/A

0.14

60

50

90

2.22 6.4 3.35 | Y | Y Y

N/A

N

13

14

2 1 .1 .8 9 14 22:30 298

7D

| 80 

I 71

418

196

N/A N/A | N/A

------- ♦--------
0.42 I 27.4

16 .6

21.0

3 .0 5  | N/A j N/A

---- +--- +---
1.9 | Y | Y23.2.89 64 20:12 4.4

1.8

8,59

15 6.3.89 45 16:23 40

35

N/A

I 62 

1108 

(140

866

384

988

7.68 0.09 170 7.62 0.12 | 79.7 

0.33 |. 46.4 

N/A | N/A

7.4 2.11 | Y ) N N

16 19.3.89 12 12:59 2:3

3.5

7.64 0.16 80 17.8 13.1 1.32 | N | N

17 26.4.89 N/A N/A | N/A N/A N/A N/A N/A | N/A| N/A N/A



TABLE 4 CSO EVENT SUHWARY

NO DATE 5-DAY SPILL SPILL PEAK CONCENTRATION (mgl )|PEAK LOAD (g/s)|PEAK |TOTAL SPILL LOAD (Kg)| RAINFALL POLLUTION FLUSH |

RAINFALL
<HH)

START
(HH:HH)

UUKA1 1UI*

(MINS)
BOD AMN.N | SS

I
| BOO
I

| AMM.N id*
l

)| BOO
I

AHH.N | SS
I

|TOTAL 
|(HH)

MEAN INT 
(HHH-1> 1ST 2ND

1
HULTI |

18 24.5.69 8 16:05 30 180 5.0 | 2530 I *-8 I 1-3 | 370 | 22.4 0.47 | 750 I 7.5 2.57 Y N N 1

19 14.8.89 28 18:59 189 42 3.1 | 478 | 9.09 | 0.26 | 370 I 7.3 0.24 1102.3 | 13.66 2.77 N N N I

20 16.9.89 17 08:55 6 51 7.0 | 436 | 0.39 ) 0.06 f 50 | 0.12 0.01 | 204 | 7.12 1.42 N N N |

21 20.10.89 32 12:05 11 65 3.0 | 272 | 0.74 t N/A I 14 | 0.18 N/A I n/a I 7.92 1.49 N N N |

22 20.10.89 32 16:35 116 150 2.5 | 574 I 2.5 | 0.1 | 110 | 3.95 0.19 | 120 I 7.92 1.49 N N N |

23 8.11.89 28 06:11 115 27 6.4 | 141 | 0.98 | 0.2 | 160 | 2.17 0.35 1 22 1 n/a N/A N N N |

24 9.11.89 38 17:15 120 25 1.5 | 128 I 1-5 | 0.12 | 120 | 2.93 0.15 1 u 1 n/a N/A N N N |

25 13.12.89 28 06:23 25+25+20 25 3.9 | 120 10.58 | 0.15 I 60 | 3.36 0.84 | 249.6 | 26.23 2.91 Y Y V 1

26 16.12.89 94 05:49 50 17 2.9 | 112 |0.66 I 0.19 | 150 | 2 .4 8 0 .4 7 | 21.1 | 23 .07 2.71 Y Y N |

MEAN 23 74 77 3.7 | 462 I 5.7 I 0.27 | 126 | 8.3 0.35 | 120 | 10.1 2/44 1

MAX 94 298 204 7.0 | 2530 I 48 I 1-3 | 420 | 49.9 1.11 | 496 | 26.23 14.0 1

MIN 2 11 17 1.1 | 112 | 0.13 | 0.01 | 5 | 0.12 0.01 | 1.02 | 3.0 0.6 1

TOTAL 25 25 24 24 25 25 I 25 | 20 I 19 I 23 | 20 19 I 19 | 20 20 10 7 2 I

UIN 13 I I I I I 1 1

SUN 12 I I I I I 1 1

AH 10 I I I I I 1 1

PH 14 I I I I 1 1



TABLE 5 RIVER IHPACT SUMMARY

No PEAK CONCENTRATION IHPACT (mg/1) PEAK RIVER LOAD IHPACT (g/s) |CSO TIHE START
IMPACT
(nins)

HINIHUN |
DILUTION| 
(RIVER: | 
SPILL) |

I
I

B.O.D AHHONIACAL N. B.O.D. AHHONACAL N LAG

U.S D.S.1 
(Dlff )

D.S.2
(Diff)

U.S D.S.1 
(Diff )

D.S.2
(Diff)

U.S D.S.1[D.S.2
I

U.S D.S.1 D.S.2 D.S.1 D.S.2

2 3.0 4 +1.0) - 0.04 0.2+0.16) - n/a n/a I *>/■ n/B n/a n/a 10 | - n/a |

3 2.1 2.6+0.5) 1.0-1.1 0.06 0.06 (0) 0.06 (0) 0.2 0.4 |0.2 0.1 0.1 0.02 15 I 25 27:1 1

4 2.0 20 (+18) - 0.10 0.42+032) - 0.5 5.6 | - 0.01 0.1 - 55 | - 1:1 |

5 6.0 28 (+22) - 0.2 0.7(+0.5) - 1.0 7.0 | - 0.03 0.15 - 1 | - 1:1 |

6 2.0 3.0(+1) - 0.07 0.4(+.33) - 0.5 0.6 | - 0.015 1.10 - 5 | - 14:1 |

10 3.0 5.0(+2) 25.0+22 0.2 0.55+0.35 1.2(+1.0) 1.0 1.5 |7.5 0.04 0.17 0.36 5 | 20 <1:1 |

11 8.5 12.0+3.5 - 0.3 0.55+0.35 - n/a n/a I n/a n/a n/a n/a 1 | - n/a |

12 3.2 5.4(+2.2 - 0.4 0.26-0.14 - 0.6 1.1 I - 0.08 0.06 - 15 I - 3:1 |

14 2.0 5.8(+3.8 4.0+2.0 0.03 0.05+0.02 0.08+0.05 1.0 3.2 | 2.8 0.02 0.03 0.06 35 | 55 2:1 |

15 2.0 8.0(+6.0 9.0+7.0 0.04 0.16+0.12 0.14(+0.1 1.0 3.5 I 42 0.01 0.08 0.06 10 | 20 2:1 |

16 1.1 3.6(+2.5 3.7+2.6 0.05 0.05 (0) - 0.6 1.7 | 3.0 0.01 0.01 - 15 I 35 3:1 |

18 21 34 (+13) 54(+33) 0.2 1.3(+1.1) 1.2(+1.0) 0.7 10.0 117.0 0.01 0.4 0.38 5 | 15 <1:1* |

20 3.0 21.0(+18 - 0.01 0.8(+0.79 - .05 0.6 | - 0.001 0.02 - 25 | - <1:1 )

21 1.5 4.0(+2.5 6.0+4.5 n/a n/a n/a 0.4 0.8 I 1-0 n/a n/a n/a 15 | 20 9:1 |

22 3.0<6.0(+3.0 4.0+1.0 n/a n/a n/a 1.0 3.0 | 2.9 n/a n/a n/a 15 I 20 6:1 |



TABLE 5 RIVER 1PTACT SUMMARY

NO. PEAK CONCENTRATION IHPACT (ng/1) PEAK RIVER LOAD IMPACT (g/s) CSO TIME START
Tn DE ir IMDAr-T

MINIMUM | 
DILUTION| 
(RIVER: | 
SPILL) |

I

B.O.D AHHONIACAL N. B.O.D. AMMONACAL N LAG (nins)

U.SI D.S.1 
I (Diff )

D.S.2 
(Diff )

U.S|D.S.1 
I(Diff )

D.S.2
(Diff)

U.S D.S.1|D.S.2 U.S D.S.1 D.S.2 D.S.1 D.S.2

23 0.5(2.8(42.3 - 0.08|0.1540.07 - 0.3 1.1 - 0.03 0.07 - 20 | - >3:1 |

24 6.0|26.0(+20 - n/a| n/a n/a 2.0 13.0 - n/a n/a n/a 1 .3:1 |

4.0(20.0(416 - n/a | n/a n/a 10.0 50.0 - n/a n/a n/a 1 19:1 |

25 2.0|2.3(+0.3 n/a | n/a n/a 1.8 2.0 - n/a n/a n/a 5 15:1 |

1.8|3.7(41.9 n/a| n/a n/a 1.8 4.0 - n/a n/a n/a 5 17:1 |

1.8|3.8(42.0 n/a | n/a n/a 2.0 5.4 - n/a n/a n/a 5 22:1 |

26 1.1|1.8(40.7 2.1(41.0 0.08|0.08 (0) 0.08 (0) 2.7 4.7 6.0 0.25 0.25 0.25 25 I 45 2:1 |

1 .4 |2 .6 (41.2 1.9(40.5 0.16|0.4 40.24 0
 ** 1 o o rv> 4.4 8.5 6.2 0.5 1.5 0.4 15 t 17 3:1 |

MEAN 3.6|9.8(46.2 11.147.4 0.13|0.3840.27 0.4140.31 1.6 6.1 5.1 0.08 0.22 0.22 13 I 27(414) 7.5:1 |

MAX 21 |34 (422) 54 (433) 0.4 |0.7(41.1) 1.2(41.0) 10 50 17 0.5 1.5 0.4 55 I 55(0) 27:1 |

MIN 0.5(1.8(40.5 1.0 (40) 0.01|0.05 (0) 0.06 (0) 0.5 0.4 0.2 0.001 0.01 0.02 1 I 15(414) <1:1 |

N 23 | 23 10 16 | 16 7 21 21 10 14 4 7 23 | 10 21 |



SUMMARY OF B-M.W.P. SCORE DATA

Table 6 CSO Tmact Assessment

RIVER:- NANT FFRVD 
DATE 7/7/88

FAMILIES SCORE SITE NUMBERS
FAMILY 1 2 3 4

Heptagenlidae 10 1
Epheme re11idae 10 2 3
Leuctidae 10 2 2
Perlodidae 10
Chloroperlidae 10 1

Nemouridae 7 1 1
Rhyacophilidae 7 1 1
Limnephilidae 7 1

Gammarldae 6 3 1

Mesovelidae 5 1
Dytiscidae 5 1 1 1
Helodidae 5 1
Elminthldae 5
Tipulidae 5 1
Simuliidae 5 1 1 1 2
Planariidae 5 2 1

Baetidae 4 1 3 1 3

Erpobdellldae 3 1
Asellidae 3 1

Chironomidae 2 1 1 1 3

Oligochaeta 1 1 1 3

TOTAL TAXA 6 7 13 14
BMWP SCORE 28 39 62 85
A.S.P.T. 4.7 5.6 4.8 6 .1

1
1
2 2

11 12 
67 77 

6.1 6.4

CM 
CM 

CM 
H



Table 7 Tm act Assessment

SQMMAR3LJ?f_B.H.W.P. SCORE DATA

RIVER: - NANT FFRVD 
DATE 12/10/89

FAMILIES SCORE SITE NUMBERS
FAMILY 1 2 4 5 6

Heptagenidae 10 2 2 2 1 2
Leptophlebiidae 10 1
Ephemere11idae 10 1
Leuctridae 10 3 2 2 2 2
Perlodidae 10 1 1
Perlidae 10 1 1

Caenldae 7 2 1
Nemouridae 7 3 2 2 2 2
Rhyacophilidae 7 1 1 1 1 2
Polycentropodidae 7 1 1 1 1 1

Ancylldae 6 1
Gammaridae 6 2

Dytiscidae 5 1
Hydrophilidae 5 1
Elminthldae 5 1 1 1 1
Hydropsychidae 5 2 3 2 2 2
Tipulidae 5 1 1 1 1 1
Simuliidae 5 3 2 2 2 2

Baetidae 4 2 2 2 2

Erpobdellidae 3 1 1 1 1

Chironomidae 2 2 2 2 2

Oligochaeta 1 1 1 2 2 2

TOTAL TAXA 13 14 16 15 15
BMWP SCORE 88 84 92 94 97
A.S.P.T. 6.8 6.0 5.8 6.3 6.6



Table 8

Population estimates for (1) Rainbow and (ii) Brown trout 
in the Nant Ffrwd following stocking experiments.
(i) Rainbow trout (Salmon gairdneri)

Date Perameter Age

1

Site

2 3 4 5

July 87 Dens ity/lOOm 0+ N.S. 87 119 68 134
Mean length cm. N.S. 6.5 6.6 7.3 7.4

August 87 D 0+ 66 53 74 61 72
ML 7.6 8 8 9.1 9.3

Sept. 87 D 0+ 20 38 62 64 52
ML 9.7 10.1 10.6 12 .11.

April 88 D 0+ 5 34 16 25 25
ML 14.3 13.8 13.5 12.9 13.

Sept. 88 D 0+ N.S. 72 ' 51 N.S. N.S
ML N.S. 5.9 6.3 N.S. N.S

Sept. 88 D >0+ N.S. 1.5 1.1 N.S. N.S
ML N.S. N.S. N.S

(ii) Bro^m trout (Salvo trutta)

Sept. 88 D 0+ N.S. 8.5 6 N.S. N.S.
ML 7.9 8.5

Sept. 88 D >0+ 0 0.6
ML

Table 9 Results of fish egg survival studies 
July 1988
Results are expressed as mean % cumulative mortality ■

Days from start.
Sites 3 7 10 14 17 20

1 1 9 13 24 25 27
3 3 12 17 20 22 22
4 2 25 32 36 37 38
5 6 38 47 52 54 54

N.S. not sampled



Table 10. Typical Pollutant Concentrations in CSO's 
(Crabtree et al. 1988).

BOD AMMONIA SUSPENDED
) (mgl^) (mgl _i50LIDS(mgl-1

Mean Concentration 100 8 400

Crude Sewage 54 5 300
Multiplier Derived 
(For Study CSO)

Mean Concentration for 75 6 350
Steep Systems

Monitored Mean 77 4 462
Peak Concentrations 
(For Study CSO)

Mean Concentration in 
Storm Water Runoff

15 2 190



Table 11. CSO Spill Characteristics Correlation Matrix

2 SPILLDUR

3 BOO

4 NH3

5 SS

6 BODLOAD

7 NH3L0AD

8 PEAKFLOU

9 SPILLBOD

10 SPILLNH3

11 SPILLSS

12 TOTRAIN

13 HEANRAIN 
(ami )

1
5 DAY RAIN 

(MH)

0.218

-0.243

-0.098

- 0.202

-0.117

-0.126

0.068

-0.134

0.151

-0.186

0.704

-0.037

SPILLDUR
(HINS)

-0.153

-0.208

-0.151

-0.087

-0.154

0.282

-0.170

-0.024

-0.146

0.288

-0.069

BOD NH3 SS I30DL0AD-1 -1 -1 mgl mgl mgl g/s

0.309

0.644 0.181

0.396 -0.076 0.349

0.768 0.382 0.755 0.476

0.444 0.017 0.692 0.707

0.558 -0.002 0.573 0.929

0.397 0.265 0.155 0.472

0.465 0.246 0.884 0.441

-0.294 0.070 -0.260 -0.166

0.084 -0.138 0.299 0.841



7 8 9 10 11 12
NH3LOAD PEAKFLOU SPILLBOD SPILLWH3 SPILLSS TOTRAIN 

g/s l/s kg kg kg nin

0.713

0.656 0.757

0.656 0.414 0.538

0.687 0.678 0.636 0.313

-0.108 -0.021 -0.104 0.398 -0.032

0.197 0.572 0.770 0.228 0.504 >0.003



Fig.1 Map shoving the study area and the location of the
Conbined Sevage Overflov (CSO), and Water quality (W), 
Biological (B) and Fisheries (F) sites.
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Grid ReF s 262044 Weather Conditions*
Storm Oate: 880528 Oate'Time Last recorded storm: O' 0
Start Time <R^F); 1338 Antec. Dry Weather Period Chours)* 0 
RainFalL Depth <ntm)J 30.8 RainFaLL Event Duration (mins): 773.
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FIG. 9

Grid ReF ! 262044 Weather Conditions!
Storm Date* 880528 Oate^Time last recorded storm! O'' 0
Start Time <R / F >* 1338 Antec . Dry Weather Period <hours>J 0 
RainFall Depth <mm>! 30.8 RainFall Event Duration (mins)s 773.

S i t e :  STORM SEWAGE OVERFLOW TO NANT FFJjL0A„ 0<?ft n4T
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FIG.10

Grid ReF! 262044 Weather Conditions!
Storm Dates 880528 Date'Time last recorded storm: 0/ 0
Start Time (R/F): 1338 Antec. Dry Weather Period (hours)! 0 
RainFall Depth (ram)! 30.8 RainFall Event Duration (mins): 773.
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Grid ReP * 262044 Weather Conditions!
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S i t e :  STORM SEWAGE OVERFLOW TO NANT F F ^ ^ ^
Grid ReF: 262044 Weather Conditions*
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FIG. 13

Grid ReF : 262044 Weather Conditions:
Storm Dotes 880528 Date'Time last recorded storm: Qs o
Start Time (R/F ) : 1338 Antec. Dry Weather Period (hours>x 0 
RainFall Depth (mm): 30.8 RainFall Event Duration (mins): 773.
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GRRNDIFFRITH SSO EVENT 18 24-05-89
TSS CONCENTRATIONS IN OVERFLOW FIG. 19
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BCD CONCENTRATIONS RT SEWER. FIG 23

lire
GflRMDDTRITH SSO EV E N T  4 3 0 -0 4 -8 8  

BOD LOADS A T  SEWER

*3

s

2L03 2L13 2L23 2133 2143 2L53 22J03 22i3 2223 22.33 22.43 22J53
TIhE

G R R N D irrra rH  sso  e v e n t 4 30- 04-88



V94 
S/04 

33UIN3)tQJ

G FW JD IFFFQ TH  SSO EV EN T  4 3 0 -0 4 -8 8  
W 3  CONCENTRATIONS W  SEWER. FIG. 24

NH3 LOADS FTC SEWER.

2UD3 2U3 2123 2133 21.43 2153 22J03 22X3 2133 22.C  22.S3
TOE _

G R R N D IFFflirH  SSO EVENT 4 3 0 -0 4 -8 8  
C UM JLRTIV E LOADS A N ) FTj OWS



s

cnN
s

a
Bz
0a:
Etf

GRRNDIFFRIIH SSO EVENT 4 30-04r88 
TSS CCNCEMTRflnCNS M OVERFLOW FIG. 25

GRRNDIFFRITH SSO EVENT 4 30-04^88 
TSS LORCS IN OVERFLOW;

GRRNDFFRITH SSO EVENT 4 3Q-04r88 
CLNULflnVE LORES (TSS) AMD FLOWS IN OVERFLOW.



GRRNDIFFRIIH SSO EVENT 20 16-09-89
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Grid ReF s 262044 Weather Conditions*
Storm Date: 881018 Oate'Time Last recorded storm: Qs o
Start Time (R/F): 1640 Antec. Dry Weather Period (hours)! 0 
RainFall Depth (mm): 6 . 4  RainFall Event Duration (mins>J 107.
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Grid ReF J 262044 Weather Conditionss
Storm Dates 881018 Date'Time Last recorded storm? 0^ . 0
Start Time <R/F)s 1640 Antec. Dry Weather Period (hours)* 0 
RainFall Depth (mm)! 6.4 RainFall Event Duration (mins): 107.
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FIG.37

Grid ReFi 262044 Weather Conditions!
Storm Dates 881018 Date'Time last recorded storm: q s  o
Start Time (R/F): 1640 Antec. Dry Weather Period ( hours)* 0 
RainFall Depth (mm): 6.4 RainFall Event Ouration (mins>: 107.
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Grid ReP * 262044 Weather Conditions*
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FIG. 39

Grid ReF: 262044 Weather Conditions:
Storm Dote: 881018 Oate'Time last recorded storm: 0/ 0
Start Time (R/F): 1640 Antec. Dry Weather Period <hours)J 0 
RainFall Depth (mm): 6.4 RainFall Event Ouration (mins): 107.
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S i t e :  S T O R n  S E W A G E  O V E R F L O W  T O  N A N T  F F ^ 8810)8S0DAT
Grid ReF * 262044 Weather Conditions!
Storm Dates 881018 Date'Time last recorded storm! 0^ 0
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FIG.42

GRRN3IFFRITH SSO EVENT 25 15-12-89
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FIG. 44

Grid ReF • 262044 Weather Conditions *
Storm Dates 891213 Date'T ime last recorded storm! Qy 0
Start Time <R/F>: 300 Antec. Dry Weather Period <hours>s 0 
RainFall Depth (mm)! 26.6 RainFall Event Duration (mins): 1235.
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Grid ReF ? 262044 Weather Conditions?
Storm Date: 891213 Date'Time Last recorded storm: Qs 0
Start Time (R/F): 300 Antec. Dry Weather Period <hours)? 0 
RainFaLL Depth (nun): 26.6 RainFaLL Event Ouration (mins): 1235.
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FIG.46

Grid R e F * 262044 Weather Conditions!
Storm Dates 891213 Oate^Time Last recorded storm* 0 ^ 0
Start Time (R/F)* 300 Antec. Dry Weather Period (hours)* 0 
RainFall Depth (mm)! 26.6 RainFall Event Duration (mins); 1235.
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Grid R e F : 262044 Weather Conditions!
Storm Date: 891213 Date^Time last recorded storm: O' 0
Start Time CR/F)! 300 Antec. Dry Weather Period <hours>J 0 
RainFaLl Depth <rom)J 26.6 RainFall Event Duration (mins)! 1235.
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FIG. 48

Grid R e F ; 262044 Weather Conditions*
Storm D a t e • 891213 Date''Time last recorded storm! 0^ 0
Start Time (R/F ) J 300 Antec. Dry Weather Period C hours)! 0 
RainFall Depth (mm)! 26.6 RainFall Event Duration (mins): 1235.
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Grid ReF • 282044 Weather Conditions:
Storm Date: 891213 Oate'Time last recorded storm: 0^ 0
Start Time (R/F): 300 Antec. Dry Weather Period (hours): 0 
RainFall Depth (mm): 26.6 RainFall Event Ouration (mins>: 1235.
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FIG. 54

T O T R L COLIFORM CONCENTRRTICNS IN T H E SEWEK 
DURIN0 EV EN T  19, 14-0 0-0 9 .
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FIG. 55

F A E E R L  STREPS, CONCENTRATIONS IN T H E SEWER 
DURIN0 EV EN T 13 , H -O B -6 8 .

22.12



FIG. 56

TOTFIL CCLITORM CONCENTRATIONS IN S E tE R  
DURING EV E N T  2 3 , 0 9 -11-8 9 .

TOTFIL CCLITORM U3RDS IN THE SEtCR 
DURING EVENT 23, 09-11-89.
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FIG. 57

E.CCLI CONCENTRATIONS IN THE SEWEK DURING 
EVENT 23 , O3-U-09.

E.CCLI LORDS IN THE SEWER DURING 
E V E N T  23, 09-11- 00.
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FIG. 58
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» FIG. 59

TOTRL CCLlFORh CONCENIRRTICNS IN THE 
SEl'ER DURIN3 EVENT 25, 13-12-09.
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FIG. 60

E.CCLI OONCmiRRfTIONS IN THE SEWER 
DURING EVEh-n: 25, 13-12-09.

E.CCLI UOflDS IN THE SEWER DIKING 
EVENT 25, 13-12-93.
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FIG. 61

FRECfL STREPS. CONCENTRATIONS IN THE SEWER 
OLR]N3 EVENT 25, 13-12-60
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FIG. 62
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FIG 64
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FIG 66

GRRNDIFFfilTH SSO EVENT 5 38-05-88
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Grid ReFi 262045 Weather Conditions:
Storm D a t e : 880528 Date^Time last recorded storm: 0 ^ 0
Start Time (R-'F): 1338 Antec. Dry Weather Period <hours): 0 
RainFall Depth (mm): 30.8 RainFall Event Duration (rnins): 773.

Site: NANT FFRWD.U/S S S O G A R N D I F F A I T H  5N880528UI .DAT

RAfN
mm/h

Q i n

10..

5.

NO DATA FOR COO NO DATA FOR TOS

EVENT TIME (HOURS)



FIG.68

Grid R e F • 262045 Weather Conditions*
Storm Date! 880528 Oate'TLme last recorded storm! 0^ 0
Start Time (R/F ) J 1338 Antec. Dry Weather Period (hours)* 0 
RainFall Depth (mm): 30.8 RainFall Event Ouration (mins): 773.

Site: NANT FFRWD,(J/S SSO GARNDIFFAITH
GN880528U1.DAT

RAIN
m m / h

10 

5.

0  in 0.

NO DATA FOR DO

Cond
Cone
m g / l

NO DATA FOR TEMP

NO DATA FOr



Site: NANT FFRVO, U'S SSO, G A R N O I F F M T^,^,MJ
Grid Ref» n/’H Identification* * * * * *

Storm Oote> 880320 Oalt'Tine of last monitored stormx
Start Tine <R'F>* 1337 Ant*c. Dry Weather Period Chours31 
Rainfall Depth Can): 31.2 Rainfall Event Duration <mirrs>: 3667.

NO OATA FOR CO NO O ATA FOR TOS

X 1 0 " 1



Grid ReP: ruH IdentiFicationt ✓✓✓✓✓
Storm Date* 880528 Date'Tine oF last aonitcred storm
Start Ti»e C R/’F )» 1337 Antec. Dry Weather Period (hours)i 
RainFall Depth (ms): 31.2 RainFall Event Duration (mins): 3667.

Site: N A N T FFRWO, IVS SSO, G A R N D I F F M T ^ ^ ,  ^
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FIG 71

Grid ReF: 262043 Weather Conditions*
Storm Dates 880528 Date'Time last recorded storm: Qs 0
Start Time (R/F)s 1338 Antec. Ory Weather Period <hours): 0 
RainFall Oepth (ram): 30.8 RainFaLl Event Duration <mins): 773.

Site: NANT FFRWD,V IADUCT RD,UNDER

mm/h
5.

0 in 0

NO DATA FOR COD

EVENT TIME <HOURS)

NO OATA FOR TDS



Grid ReF: 262043 Weather Conditions!
Storm Date; 880528 Date'Time Last recorded storm: O' 0
Start Time <R/F ): 1338 Antec. Dry Weather Period (hours): 0 
RainFall Depth (mm): 30.8 RainFall Event Duration <mins): 773.

Site: NANT FFRWD,VIADUCT RD,UNDER VIADUCT
GN880528D1 .DAT

RA IN 1°

mm/h
5.

Q in 0

NO DATA FOR pi I



Grid ReF: rvH Identification* / v / w
Storm Oat*: 880528 Oate'Time oP last monitored storm:
Start. Time <R^F)i 1337 Antec. Dry Weather Period <hours):
Rainfall Depth (m ) :  31.2 RainFall Event Duration Cmins>: 3667.

Site: GARNOIFFAITH.NANT FFRVO,VIADUCT 0fT

NO OATA FOR CO NO OATA FOR TOS



Grid ReF: fVH IdentiFleation: / / * * /

Storm Date* 880526 Oate'Time oF last monitored storm*
Start Time (R^F): 1337 Antec. Dry Weather Period (hours):
Rainfall Depth (ns): 31.2 RainFall Event Duration (mins)i 3667.

Site: GARNOIFFAITH.NANT FFRVD, VIAOUCT ,§aeo5j80, -0AT

RAIN
mm/’h

50-

23

0 in 0 I

100.
TSS
yjcum
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TOT VOL <r t j )■0.^3296 * 
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TOT W X  < «3 > »0 .U 2 9 E  i 

TOT LOAO C K O -O .X M X  2

0 1 2 3 4 3 6
EVENT TlrtE (HOURS)



FIG. 75

Grid ReFs 264042 Weather Conditions?
Storm Date? 880528 Date'Time last recorded storm: O' 0
Start Time <R/F ) • 1338 Antec. Dry Weather Period <hours): 0 
RainFall Oepth <mm>: 30.8 R a i n F a U  Event Duration <mins): 773.

Site: NANT FFRWD,U/S VICTORIA RD BRIDG£,00„c,on, nlT
GR880528D2.DAT

NO DATA FOR Cond

pH
Cone
mg/L



fig . 76

S U e :  NANT FFRWD, U'S SSO G A R N O I F F A I T ^ , ^  ̂

Grid ReF* Identification* ✓✓✓✓✓
Storm Oate* 880802 Oate'Time of last monitored storm:
Start Time <R'F>: 160* Antec. Dry Weather Period (hours)*
Rainfall Oepth <m»>: 7.2 Rainfall Event Duration (mns): 30.

fcvjtr^T lO

RAIN
mrti/'h

100- 

o, : u l

NO DATA FOR CO NO OATA FOR TOS



Grid ReF: rvM 1dentiFication: * * * * *

Storm Dales 880802 Oate'Time oF last monitored storm:
Start Time (R-'F)i 1604 Antec. Dry Weather Period (hours):
RainFall Qepth (mm): 7.2 RainFall Event Ouratian (mins): .30.

Site: N A N T FFRWO, U'S SSO G A R N D I F F A I T h ^ g ^ , ^

RAIM ,0 0 T  
nm/'h I

30l I I
Q in  n M A ,

NO DATA FOR CO NO DATA FOR TQS

X10-1



Grid ReFi n*H Identification: *****
Storm Date> 880802 DatesTime of last monitored storm I
Start Time (R^F>* 1604 Antec. Dry Weather Period (hours)*
Rainfall Oepth Cma): 7.2 Rainfall Event Ouration (mins): 30.

Site: NANT FFRWD, U'S SSO G A R N D I F F A I T ^ ^ ,  ^

100,
TSS
kCurtfi

LOAO
80j 

60 

40j 

20 J

TSS
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K .r w -------------

TOT VOL <K3)-0.194SE 4 
TOT LOAO <KG)»0.3M2E 3

0 1 
EVENT TlflE (HOURS)
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/  LOAO ------------------
'/ H - C V ---------—
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TOT LOAO CW3 >-0.80006 1
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Site: NANT FFRWD, VIADUCT ROAD, UNDER ( ^ 8 8 0 e 0 20i .o a t

Grid RePi FVH Identification: ✓ /✓✓✓
Storn Date* 880802 Date'Tiae oF last monitored stormi
Start Time <R/’F)l 1604 Antec. Dry Weather Period Chours)*
Rainfall Depth (nm): 7,2 RainFall Event Ouration <mirts>2 30.

RAIN ' 0 0 |  
mn/h I

. ,  : k .

NO DATA FOR CD NO OATA FOR TOS



Site: NANT FFRWO) VIADUCT ROAD, UNDER j UowD.,0AT

Grid ReF: rVH IdentiF leat ion: ✓✓✓✓✓
Storm Oate> 880802 Oate'Time of last monitored storm)
Start Time <R'F>* 1604 Antec. Dry Weather Period Chours)*
Rainfall Oepth Cm i >: 7.2 RainFall Event Duration (mins): 30.

R A IN  10° 1  
mra/h I

0 ,  I n

NO O ATA FOR CO NO O ATA FOR TOS

80
L o a d
g/s



Site: NANT FFRWD, VIADUCT ROAD, UNDER ^ q b o m i . d * t

Grid Ref: rVH Identification: / * * * /

Storm Date: 880802 Cate'Tim* oF last monitored stormi
Start Time CR'FJJ 1G0* Antec. Dry Weather Period Chours)*
RainFall Qepth (on>: 7.2 RainFall Event Duration (nins): 30.

NO OATA FOR CO NO OATA FOR TOS

100

H . r v -------------
TOT VO. <ra>aO.I943E * 

TOT LOAO <KS>«0.49e7E 1

0 1 
EVENT TiriE (HOURS)



Grid ReP: rVH Identification i /////
Storm Date: 880802 Date^Tine oP last monitored storm *
Start Time (R'F>: 1604 Antec. Dry Weather Period (hours):
Rainfall Depth (am): 7.2 Rainfall Event Duration Cmins): 30.

Site: NANT FFRWD, U/S VICTORIA ROAD 0AT

R A IN
rnm/h

100 

SO 

0 in 0L l

o 1
EVENT TirtE (HOURS)

NO O A TA  FOR CO NO DATA FOR TOS



Grid Ref* FVH Identification* ✓✓✓✓/■
Storm Date: 880802 Date'Time of last monitored 5torn:
Start Time (R'F>: 160* Antec. Dry Weather Period (hours):
Rainfall Oepth (mm): 7.2 Rainfall Event Duration (mins): 30.

Site: NANT FFRWD, U^S VICTORIA ROAD ,0AT

NO OATA FOR CO NO OATA FOR TOS



Grid ReF* rVH IdentiFication: ✓✓✓✓✓
Storm OaLe* 880802 Date'Time oP last monitored storm!
Start Time (R/'F): I60i Antec. Qry Weather Period (hours)i 
RainFall Oepth (am): 7.2 RainFall Event Duration (nirts): 30.

Site: NANT FFRWO, IVS VICTORIA ROAO .0AT

RAIN
nim/h

100

. 3°oU L

NO OATA FOR CO NO OATA FOR TOS

100,

H.fv - — — 
TOT VOL <TO>aO.I942E « 

TOT LOAO <X S>«0 .I384E 2

0 1 
EVENT TIHE (HOURS) EVENT TlflE (HOURS)
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FIG 85

GFIRNDIFFRITH SSO EVENT 18 24-05-89
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FIG.86

GRRND1FFRITH SSO EVENT 18 24-05-89
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FIG. 87

GFRNDIFFRITH SSO EVENT 22 20-10-1989
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FIG 88

GRRNDIFFRITH SSO EVENT 22 20-10-69
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FIG.89

Site: NANT FFRWD,U/S SSO GARNDIFFAI TH rMOQ1rt_  , nT
GN891020U1.OAT

Grid Refs 262045 Weother Conditions:
Storm Date* 891020 Oate^Time last recorded storm? O' 0
Start Time (R/F>« 0 Antec. Ory Weather Period <hours)? 0 
RainFall Depth (mm)s 8.0 RainFall Event Duration (mins): 313.

NO DATA FOR Cond

pH 
Cone 
mg' I



FIG 90

Grid ReF s 262043 Weather Conditions?
Storm D a t e * 891020 Date^Time last recorded storms 0^ 0
Start Time <R/F ) ! 0 A n t e c . Dry Weather Period (hours)S 0 
RainFall Depth (ram >; 8.0 RainFall Event Ouration (mins>s 313.

Site: NAN T  FFRW D , U N D E R  VIADUCT n.T
GN891020D1.DAT

RAIN
mm/h

20„

10J

0 in 0.

NO DATA FOR Cond

pH 
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FIG.91

GRRNDIFFfilTH SSO EVENT 4 30-04-88
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FIG.92

GRRNOIFFRITH SSO EVENT 4 30-04-88
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Grid ReF? 262043 Weather Conditions?
Storm Date? 880430 Date^Time last recorded storm? 0^ 0
Start Time (R/F): 1758 Antec. Ory Weather Period <hours)? 0 
RainFall Depth (mm)? 19.2 RainFall Event Duration (mins)? 314.

Site: NANT FFRWD, VIADUCT RD,UNDER V I A t ^ ^ , ^

RAIN
mm/h

0 in 0 
300,

200 .

20

' L jlJ I jl ..

100.

0 - 1  2 3 4 5 6 7 
EVENT TIME (HOURS) EVENT TIME (HOURS)

9,

TEMP g_ 

Cone
mg/l

TEMP
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EVENT TIME (HOURS)

NO DATA FOR Cond

NO DATA FOR pi



FIG 94

Site: NANT FFRWD,U/S VICTORIA RD BRIDGE*
bfl880430D2.DAT

Grid R e P * 284042 Weather Conditions:
Storm Date: 880430 Date/Time Last recorded storm: 0' 0
Start Time <R/F ): 1758 Antec. Dry Weather Period (hours): 0 
RainFalA Depth (mm): 19.2 RainFall Event Duration (mins)i 314.

RAIN
mm/h

2° 

. . .

NO DATA FOR Cond
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FIG. 95

GflRNDIFFfllTH SSO EVENT 20 16-09-09
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GRRM3EFFRITH SSO EVENT 20 16-09-89
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FIG. 97

Site: NANT FFRWD,U/S SSO G A R N D I F F M  TH ruoanoicm _ _
GN8909I6U1.DAT

Grid R e P : 262045 Weather Conditions:
Storm Date: 890916 Date/Time Last recorded storm: 0/ 0
Start Time (R/F ) i 850 Antec. Dry Weather Period <hours>* 0 
RainFall Depth <mm): 7.4 RainFall Event Duration (mins): 907.
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FIG 98

Grid R e F : 262043 Weather Conditions!
Storm Date* 890916 Oate'Time Last recorded storm: 0/ 0
Start Time (R/F): 850 Antec. Dry Weather Period (hours): 0 
Rainfall Oepth (mm): 7.4 Rainfall Event Duration (nuns): 907.

Site: NANT F FRWD,UNDER VIADUCT
6N890916DI.DAT

RAIN
mm/h

20„

’V0 in 0 f-T^v

NO DATA FOR Cond
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FIG 100
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Grid ReF * 262045 Weather Conditions:
Storm Dates 881018 Date'Time last recorded storms O' 0
Start Time (R/F); 1640 Antec. Dry Weather Period <hours>• 0 
RainFall Depth (mm): 6.4 RainFall Event Ouration (mins): 107.

Site: NANT FFRWD,(J/S SSO GARNDIFFAITH „ M
GN881018U1.DAT
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FK3.104

Grid ReF: 262045 Weather Conditions:
Storm Date: 881018 Oate'Time Last recorded storm: 0/ 0
Start Time <R/F>: 1640 Antec. Dry Weather Period (hours): 0 
RainFaLl Depth (mm): 6.4 RainFall Event Duration (mins): 107.

Site: NANT FFRWD,ll/S SSO GARNDIFFAITH _
GN881018U1.OAT

RAIN
20-

mm/h
10.

Q in 0
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FIG105
)

Grid R e F * 262043 Weather Conditions*
Storm Date: 881018 Date'Time last recorded storm: Qs o
Start Time (R/F>: 1640 Antec. Dry Weather Period (hours)* 0 
RainFall Oepth (mnOs 6.4 RainFall Event Duration (mins): 107.

Site: NANT FFRWD, VI ADUCT RD, UNDER

RAIN 20.

mm/h
10.

0 in 0
l^s 300

200.

100.

0 1 2 
EVENT TIME (HOURS) EVENT TIME (HOURS)

NO DATA FOR COO NO DATA FOR TOS
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Site: NANT FFRWD, VIADUCT RD,UNDER V I A D ^ g r ^  ^

Grid R e f : 262043 Weather Conditions!
Storm Date: 881018 Date/Time last recorded storm: Qs 0
Start Time (R/F)i 1640 A n t e c . Dry Weather Period <hours): 0
RainFall Depth (mm): 6.4 RainFall Event Duration (mins): 107.

RAIN
20
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10.

Q i n 0
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Site: NANT FFRWD.U/S VICTORIA RD BRIDG^88101802 0AT

Grid R e F : 262042 Weather Conditions*
Storm Date: 881018 Date'Time last recorded storm: Os 0
Start Time (R/F ): 1640 Antec. Ory Weather Period <hours>s 0 
RainFall Depth (mm): 6.4 RainFall Event Duration (mins): 107.

RAIN
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20,

»0-1 
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FIG.108

GRRN3IFFAITH SSO EVENT 25 13-12-89
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GflRNOIFFRITH SSO EVENT 25 13-12-89
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FIG. 110

Grid ReF *. 262045 Weather Conditions?
Storm Date: 891213 Date'Time last recorded storm: q s  q

Start Time (R/F ): 300 Antec. Ory Weather Period (hours): 0 
Rainfall Oepth (mm): 26.6 RainFall Event Ouration (mins): 1235.

Site: NANT FFRWD,ll/S SSO GARNDIFFAITH
GN8912I 31)1 .OAT
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F IG  111

Site: NANT FFRWD,U/S SSO GARNDIFFAITH GN891213U1.OAT
Grid ReF: 262045 Weather Conditions?
Storm Date* 891213 Date'Time last recorded storm: <V 0
Start Time (R/F)J 300 Antec. Dry Weather Period (hours)! 0
RainFall Depth <m m ): 26.6 RatnFall Event Duration (mins>s 1235.

RAIN
mm/h

20-

1 OJ 

Q in 0

EVENT TIME (HOURS)

TEflP 
Cone 
mg/1

NO OATA FOR Cond

pH
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Site: NANT F F R W D , U N D E R  VIADUCT GN8912130,.o a t

Grid ReF : 262043 Weather Conditions!
Storm Date: 891213 Date/Time last recorded storm: 0/ 0
Start Time (R/F ) J 300 A n t e c . Dry Weather Per i od (hours ): 0 
RainFall Depth (mm): 26.6 RainFall Event Ouration (mins): 1235.
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FIG.113

GN8912 1 3 0 1 .OAT

Grid Ref? 262043 Weather Conditions!
Storm Date! 891213 Oate^T ime Last recorded storm: 0 ^ 0
Start Time <R/F)J 300 Antec. Dry Weather Period ( hours)* 0 
Rainfall Depth (mm)! 26.6 Rainfall Event Duration (mins): 1235.

Site: NANT FFRWO,UNDER VIADUCT

RAIN
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20. 

10. 

Q in 0.
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NO DATA FOR Cond

pH
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Fig.115 Results of the nacrolnvertebrAte bloassay tests.
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PLATE 1 CSO C h a m b e r  Entry.



PLATE 3 Viaduct Sampling Site Approaches.



PLATE 5 Typical Instrumentation Set“_up_.



APPENDIX 1 

COMBINED SEWER OVERFLOW QUALITY



G flR N O IF FH IT H  S SO  E V E N T  2  1 5 - 0 3 - 8 8 .
BOO CONCENTRRTIONS IN ££UER.

G FIW JO IFFH irH  S S O  E V E N T  2  1 5 -0 3 -8 8 . 
NH3 OONCENTORTIONS -IN SEU ER .
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Grid ReF: 262044 Weather Conditions: 
Storm Oate ♦ 880315 Date'Timei.ast recorded storm: Qs 0 
Start Time (R/F):0.08 Antec. Ory Weather Period (hours): 0 
RainFalt Depth (mm): 13.2 RainFall. Event Duration (mins): 217.

Site: GARNDIFFAI TH SSO TO NANT FFRWD GN88031SS0.0AT

RAIN
mm/h

0 i n

10.

5.

EVENT T[nE (HOURS)

NO DATA FOR COO NO DATA FOR TDS

NH4 .N 
Cone 
mg/l



Grid R e F • 262044 Weather Conditions!
Storm Oate: 880315 Oate'T ime last recorded storm: Q' 0
Start Time (R/F):0.08 Antec. Dry Weather Period (hours)! 0
RainFall Oepth (ram): 13.2 RainFall Event Duration (mms): 217.

Site: GARNDIFFAITH SSO TO NANT FFRWD gn880315S0.0aT

RAIN
mm'h

Q i n

10,

5.
TSS
Load
g/s

NO DATA f o r c o o NO OATA FOR TOS
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.80-
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N H 4  .N

0 1 2  3 
EVENT TIME (HOURS)



Grid ReF : 262044 Weather Conditions:
Storm Date: 380315 Oate^Time last recorded storm: 0' 0
Start Time (R/F):0.Q8 Antec. Dry Weather Period (hours): 0
Rainfall. Depth (mm): 13.2 RainFaLl Event Duration (mins>: 217.

Site: GARNOIFFAITH SSO TO NANT FFRWO GN880315S0.0AT

RAIN
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Grid ReF : 262044 Weather Condit ions:
Storm Date: 880416 Oate'Time last recorded storm: O' 0
Start Time <R/F ): 138 Antec. Dry Weather Period (hours)! 0 
RainFall Depth (mm): 5.6 RainFait Event Ouration (mins): 239.

S i t e :  GARNDIFFAITH SSO TO NANT FFRWD 6n880„ 6so.oat

10.

5.

_n—

NO DATA FOR COO NO OATA FOR TQS



Grid ReF5 262044 Weather Conditions!
Storm Date! 880416 Date'Time Last recorded storm: O' 0
Start Time (R/F)« 138 Antec. Dry Weather Period (hours)! 0 
RainfaLL Oepth (rant)! 5.6 RatnPatL Event Ouration (mins>: 239.

Site: GARNDIFFAITH SSO TO NANT FFRWO 6N88<M16S0iDAT

RAIN
mm/h

Q l n 
L'S

10

5.

0.
[lJ^i

EVENT TlflE (HOURS)

NO DATA FOR COD NO DATA FOR TOS
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Grid ReP s 282044 Weather Conditions!
Storm Oate: 88041S Oate'Time last recorded storm? Q/ 0
Start Time (R/F); 138 Antec. Dry Weather Period (hours)! 0 
RainPall Depth (mm): 5.6 RamFalt Event Duration (mins)! 239,

Site: GARNDIFFAI TH SSO TO NANT FFRWD ruDQnjl,ceP1 n*TGN8804I6SO. UA(

RAIN
mm'h

0 i n 
I's

NO DATA FOR COD NO DATA FOR TOS
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G flR N D IFF R IT H  S S O  E V E N T  4 3 0 -0 4 -8 8
m 3  C O I'C EN IR A 'IIC N S  H I  S E U E R .

GHRNDIFFF&TH SSO E V E N T  4 3 0 -0 4 -8 8  
NH3 LOADS FfT S EU ER .
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G R R N O D T R IT H  S S O  E V E N T  4 3 0 -0 4 - 8 8
T S S  C O N C EN TR fiTIC N S  >4 OVERTLCW
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C L N U L flU V E  LOADS (TSS) AMD PLOWS IN OVERFLOW .



G f W J D I F F R I I H  S S O  E V E N T  6 0 8 -0 6 - 8 8 .
BCD C0NCENTOHTIDN3 IN  S E V E R .

G flR N D IFFfilTH  S S O  E V E N T  6 0 8 -0 6 -8 8 . 
NH3 CONCENTRATIONS. IN S EV ER . .



S i t e :  STORM SEWAGE OVERFLOW TO NANT F F ^88060SSO>ovr

Grid R e F : 262044 Weather Conditions:
Storm Date: 880608 Oate'Time Last recorded storm: 0/ 0
Start Time (R/F): 1857 Antec. Dry Weather Period (hours): 0
RainFall Depth (ram): 15.4 RainFall Event Duration (mins): 478.

RAIN
mm/h

0 in 
l's

i01
5.

NO OATA FOR COO NO OATA FOR TOS

NH4.N
Cone 
mg/1

EVENT T[flE (HOURS)



Grid R e F : 262044 Weather Conditions?
Storm Date: 880608 Oate'Time last recorded storm: O' 0
Start Time (R/F): 1857 Antec. Ory Weather Period (hours): 0 
RainFalI Depth (mm): 15.4 RainFall Event Ouration (mins): 478.

S i t e :  S T O R M  S E W A G E  O V E R F L O W  T O  N A N T  F F ^ ^ ^
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0 in 0 
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200,
Cond
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NO DATA FOR TEflP
100 .
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0 1 2 3 4 5 6 
EVENT TIME (HOURS)

8 9

NO DATA FOR pH



Grid ReF: 262044 Weather Conditions:
Storm Oate: 880608 Oate'Time last recorded storm: O' 0
Start Time (R'F >: 1857 Antec. Ory Weather Period < hours): 0
RainFalL Depth (mm): 15.4 RainFall Event Duration (mins): 473.

Site: STORM SEWAGE OVERFLOW TO NANT FF-§880608S010AT

10,

5.

Q l n 
I 'S

TSS
Load
g/s

NO OATA FOR COO NO OATA FOR TOS

X10"1



Grid Ref: 262044 Weather Conditions:
Storm Date: 880608 Oate'Time last recorded storm: Qs q
Start Time (R/F>: 1857 Antec. Dry Weather Period (hours): 0 
RainFalL Depth (mm >: 15.4 Rainfall Event Duration (mins): 478.

Site: STORM SEWAGE OVERFLOW TO NANT FF,jS880S08S0-DAT

RAIN
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0

00,
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*cunn
LOAD 80.
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TOT VOL <n3)-0.M0SE 3 
TOT LOAO (KG)*0.8017E I
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G R R N O IF F R IT H  S S O  E V E N T  11 1 3 -0 9 -8 8 .
BCD CONCENTOflTIONS IN SEVER.
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Grid R e f • 262044 Weather Conditions:
Storm Oate: 880913 Oate'Time last recorded storm: 0' 0
Start Time <R/F ): 700 Antec. Dry Weather Period <hours)! 0 
Rainfall Depth (mm): 5.2 Rainfall Event Duration <nuns>: 137.

Site: STORM SEWAGE OVERFLOW TO NANT F F ^ , 3S00AT

NO DATA FOR COO NO OATA FOR TOS

EVENT TlflE (HOURS) EVENT TIME (HOURS)



S i t e :  STORM S E W A G E  OVERFLOW TO N A N T . - F F ^ , ^ ^
Grid ReF : 262044 Weather Conditions!
Storm Date: 380913 Oate'Time last recorded storm: 0/ 0
Start Time (R/F): 700 Antec. Dry Weather Period (hours)! 0 
RainFall Depth < mm ): 5.2 RainFall Event Duration (mins): 137.

EVENT TIHE (HOURS)

pH
Log



Grid ReF : 2S2044 Weather Conditions!
Storm Oate: 880913 Oate'Time last recorded storm: Q y 0
Start Time (R / F >: 700 Antec. Dry Weather Period <hours): 0 
R a i n F a l l  Depth (mm): 5.2 RainFatt. Event Duration (mins): 137.

Site: STORM SEWAGE OVERFLOW TO NANT FF(g 880g|3S0-0AT

RA IN 
mm/h

0 i n 
I's

TSS
Load
g/s

EVENT TinE (HOURS)

NO DATA FOR COD NO OATA FOR TDS

X10 -1



S i t e :  S T O R M  S E W A G E  O V E R F L O W  T O  N A N T
Grid ReF: 262044 Weather Conditions?
Storm Oate- 880913 Oate'Time Last recorded storm: Qy 0
Start Time (R/F): 700 Antec. Dry Weather Period (hours): 0 
Rainfall Depth (mm): 5.2 Rainfall Event Duration (mins): 137.

X ! 0 -  1

RAIN
mm/h

0 i n 
I'S

EVENT TIME (HOURS) EVENT TIME (HOURS)

NO OATA FOR TEMP NO DATA FOR Corid

NO OATA FOR pH



Grid ReF : 252044 Weather Conditions?
Storm Oate: 380913 Oate/Time last recorded storm: Qs 0
Start Time (R/F); 700 Antec. Ory Weather Period Chours>s 0 
RamFQll Depth (mm>: 5.2 RainFall Event Ouration (mins)! 137.

Site: STORH SEWAGE OVERFLOW TO NANT ^ 3 3 0 9 1  3so.dat

RA [ N 
mm/h

Q l n 
I / S

NO OATA FOR COO NO OATA FOR TDS

100,
NH4.N
•/.cum
LOAO 80.

SO.

40

20.

Nf-H . N

f - L C V ---- ---

TOT VOL <n3)-0.1161E 2 
TOT LOAO <KG)-0.27t8E -I

EVENT Tine (HOURS)
0 1 2 
EVENT TIME (HOURS)



Grid Ref? 262044 Weather Conditions?
Storm Date? 880913 Date'Time last recorded storm? 0' 0
Start Time (R/'F >: 700 Antec. Ory Weather Period (hours )? 0 
RainFall Depth (mm): 5.2 RainFall Event Ouration (mins)? 137.

Site: STORM SEWAGE OVERFLOW TO NANT FF^ggog,3S0.0a t

RAIN
mm^h

0 i n 
I'S

EVENT TIME (HOURS)

NO OATA FOR TEMP NO OATA FOR Cond

NO OATA FOP
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G R R N D IF F R IT H  S SO  E V E N T  12 1 8 -1 0 -8 8
NH3 C ONCEN TRATIONS R T  SEWER-

SQER

173  1731 17.41 1751 ISJD1

NH3 LORDS ffT SEW ER.

18.11 1821 
-mz

ia.4i i&s aaca lau

1721 1731 17.41 1751 18J01 18J1 1821 1831 1&4L J&S1 H Q  13.11
HhE

C L H J I R H V E  LORDS (h K 3  RhO FLOWS IN OVERFLOW .



G R R M n F F R IT H  SSO E V E W  12 1 8 -1 0 -8 8
TSS C ONC OvflRflTIC NS IN  O V ER FLC U

1200

17J4 17.24 17-34 17.44 1754 law  iai4
TlhE

GRRMDIFFfllTH SSO E V E N T  12 18 -10 -8 8

1324

17J4.........1724....... 1734 "  "  V A k .........17.54.........1804.........fflU4
TttC

G flR N D irFfln H  S90 E V E N T  12 18 -10 -8 8  
C L R L f t n V E  UOfiDS fTSS) fiMD FUDUS IN C W E R F im

1824
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NH3 OONCENTWTIDNS .RT SE14ER. . .

SQG?

NH3 LOADS RT SEWER

C LN U LR T IV E UORDS OnH3) R N ) FUDWS IN  CNERFLOU.
LOTS — FUCW5

W E
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Grid ReF : 262044 Weather Conditions!
Storm Date: 890223 Date'Time last recorded storm: Q/ 0
Start Time <R/F>: 1128 Antec. Dry Weather Period (hours): 0
RainFall Oepth (mm ): 20.8 Rainfall Event Duration (mins): 653.

Site: SSO TO NANT FFRWD g n s90223S0.d a t

RAIN
cnm/h

2°

1 0 .

Q in 0 
Us

EVENT Ting <HOURS)

NO OATA FOR COD NO DATA FOR TDS

NH4 .N 
Cone 
mg/l



Grid ReF s 262044 Weother Conditions’
Storm Oote: 390223 Oote/T ime Last recorded storm: O' 0 
Start Time <R/F ) 5 1128 Antec. Ory Weather Period (h o u r s 0
RainFalL Oeptn (mm): 20.8 RainPall Event Ouration ( mins): S 5 9 .

Site: SSO TO NANT FFRWD on890223SO.dat

EVENT TIME (HOURS)

TEMP
Oeg
C

NO OATA FOR Cond

pH
Log



Grid ReP : 262044 Weather Conditions:
Storm Date: 890223 Oate'Time last recorded storm: Q/ 0
Start Time (R/F): 1128 Antec. Ory Weather Period <hours>: 0
RainFall Oepth (mm): 20.8 Rainfall Event Ouration (mins): 659.

Site* SSO TO NANT FFRWD gn890223$0 .0at

70RAIN
mm/h

10.

0 i n 0
I 'S 90

80.
70.
60.
50.
40.
30.
20.
10.
0 , 
0

^ ^ — a U v l

TSS
Load
g/s

2 4 6 8 
EVENT TlflE (HOURS)

NO OATA FOR COO NO DATA FOR TOS

800
Load
g/s



Grid Ref: 262044 Weather Conditions!
Storm Date: 890223 Date'Time last recorded storm: 0^ 0
Start Time <R/F ): 1128 Antec. Ory Weather Period (hours)! 0
RainFall Oepth (mm): 20.8 RainPall Event Ouration (mins): 659.

Site: SSO TO NANT FFRWO c n 8 9 0 2 2 3 S 0 . 0 a t

00
Load
g/s

12 1 2

NO DATA FOR TEflP NO OATA FOR Cond

NO DATA FOR pH



Grid ReF: 282044 Weather Conditions:
Storm Date: 890223 Oate'Time last recorded storm: 0' 0
Start Time (R/F): II 28 Antec. Ory Weather Period (hours): 0
RainFall Depth (mm): 20.8 RainFall Event Duration (mins): 659.

Site- SSO TO NANT FFRWD g n 890223S0.d at

NO DATA FOR COO NO OATA FOR TOS

100.
800

'/.cunn
LOAO 30.

60

40.

20.

100.

H.ru -----
TOT VOL ( n35*0.2311E 3 

TOT LOAO < KG )*0.83926 I

0 2 4 6 8 
EVENT TIME (HOURS)

10 12

NH4 ,N
z c v m
LOAO 80.

60.

40.

20.

N H 4 . N

H.C V -------

TOT VOL <H3 >-0.231 IE 3 
TOT LOAO <KG>«0.*227E 0

0 2 4 6 8 
EVENT True (HOURS)

10 12



Site: SSO TO NANT FFRWD GN890223S0.DAT

Grid R e f ’ 262044 Weather Conditions:
Storm Oate: 890223 Oate'Time last recorded storm: 0'
Start Time (R/P>! 1128 Antec. Ory Weather Period < hours>J 0 
RainFall Depth (mm): 20.8 Rainfall Event Duration <mins>: 659.

NO OATA FOR TEMP NO OATA FOR Cond



G flR N D IFF filT H  SSO E V E N T  15 0 6 -0 3 -8 9
BCD C O N C EN TRATIO N S  A T  SEW ER.

3

T3HE

BCD U3ADS AT SEWER.

2

120
uopds — njcws

0 "»• i i i i m  n 'T  T T r i  r ' i  i ~ i t i " i  » i r n ~iHr r r i m i n i  
16L33 16.43 16.53 17j03

TIfE



G F B C IF F H IT H  SSO  E V E N T  15 C I6 -O 3 -0 9
NK3 OONCENTOflfTIDNS AT SEWER.



G f W J O I F F H I I H  S SO  E V E N T  I S  0 6 -0 3 -8 9
T S S  C C N C EN TR A TIC N S  ]N  O V ER FLC U

TOE
G R R N D IFFfllTH  SSO E V E N T  IS  C B -0 3 -8 9  

T S S  LORDS IN OVERFLOW . •,

G fW J D IF F H IIH  SSO  E V E N T  15 C B -0 3 -8 9  
O JM ILA T T V E LO P O S  CTSS3 AMD FLOWS IN OVERFLOW .



Grid ReF: 262044 Weather Conditions:
Storm Date: 890306 Oate'Time last recorded storm: Q/ 0
Start Time <R/F>: M 5 0  Antec. Ory Weather Period (hours>: 0
RainFaU Depth <m m >: 7.6 RainFall Event Duration (mins): 209.

S i t e !  S S O  T O  NANT FFRWD GN89O306SO.dat

RAI N
mm/h

30.

15.

0 m 0. L

EVENT n n E  <HOURS)

NO OATA FOR COO NO OATA FOR TOS

BOO
Cone
mg/t

NH4.N 
Cone 
mg/1



Grid R e F 5 282044 Weather Conditions*
Storm Date* 890306 Date^Time last recorded storm: O' 0
Start Time (R/F>: 1450 Antec. Ory Weather Period <hours)? 0 
Rainfall Oepth (ram): 7.6 RamfaH. Event Duration (mins).’ 209.

s u e :  S S O  T O  N A N T  F F R W O  0m89O 3O6SO.dat

RAIN
mm/h

30,

5.

Q in 0. _ J u  ■

TEMP
Deg
C

NO DATA FOR Cond

PH
Log

[H+]



Grid ReF : 262044 Weather Conditions;
Storm Date: 890306 Oate'Time Last recorded storm: Q/ 0
Start Time (R/F ) : M 5 0  Antec. Dry Weather Period (hours): 0
RainFall Depth (mm): 7.6 RainFalL Event Duration (mins): 203.

Site: SSO TO NANT FFRWD eN390306S0.DAT

RAIN
mm^h

30.

15. 

0 in 0. J L
90

TSS 80.
Load
g/s 70.

60.

50.

40.

30.

20.

10.

0
0

T SS

1 2 
EVENT TINE (HOURS)

NO OATA FOR COO NO OATA FOR TDS

800
Load
g/s

X10"'
1 .00.

NH4.N).90.
LoaW
g/s

0.70. 

0.60. 

0.30. 
0.40. 

0.30 

0.20, 
0.1 OJ 
0.00

NH4- .N

V
0 I 2
EVENT TIME (HOURS)



Grid Ref • 262044 Weather Conditions*
Storm Date! 890306 Date/Time last recorded storm: O' 0
Start Time (R/F): 1450 Antec. Ory Weather Period (hours)! 0 
RamFall Depth (mm)! 7.6 RainFall Event Duration (nuns): 209.

Site* SSO TO NANT FFRWD g n 890308S0.d at

RAIN
mm/h

30.

1 5J 

0 i n 0 - X

00
Load
g/s

NO DATA FOR TEMP NO OATA FOR Cond

NO DATA FOR pH



Grid R e f ' 262044 Weather Conditions!
Storm Oate• 890306 Oate'Time last recorded storm: 0 ^ 0
Start Time <R/P ): M 5 0  Antec. Dry Weather Period (hours); 0
Rainfall Depth (mm): 7.6 Rainfall Event Duration ( mins ); 209.

Site* SSO TO NANT FFRWD gn890306S0.0at

R AI N 3 ° ]
mm/h I

100,
TSS

>.cunn
L0A0

80.

60.

40.

20.

T S S

LOAO
F-LCM ------

JO* VOL <n3)»0.t734S 3 
'TOT LOAD < KG >*0.79716 2

EVENT TirtE ( HOURS )

NO DATA FOR COO NO DATA FOR TOS

100,
800

•/.cum
LOAO

80.

60.

40.

20.

100,

f-Lfl'-----
VOL <03>»0.17346 3 

'TOT LOAO <KG)«0.7619G 1

0 1 
EVENT TIHE

N H 4  .N
v.cunn
LOAO

80.

60.

40.

20.

N H 4  .N

LOADH.rw-----
VOL <H3>-0.1734E 3 

LOAO <K6)-0.I172E 0

(HOURS )
0 1 2 
EVENT TIME (HOURS)



Grid ReF: 262044 Weather Conditions:
Storm Date? 890306 Oate'Time last recorded storm! Q y 0
Start Time (R/F): 1450 Antec. Dry Weather Period (hours): 0
RainFall. Depth (mm): 7.6 RainFall Event Duration <mins>: 209.

Site: SSQ TO NANT FFRWO s n89O30SS0.0at

RAI N
mm/h

30.

5.

Q in 0.

100.
00

’/.cunn
LOAO 80.

60.

40.

20. LOAO
F-LCU---- ---

VOL < t13)-0. I754E 3 
"TOT LOAO <KG)«0.2l06E 1

0 I 2
EVENT TIME < HOURS )

NO DATA FOR TEMP NO OATA FOR Cond

NO DATA FOR 0



G R R N tEFFR riH  SSO EV EN T 16 19-0 3-89
BCO CONCENTRATIONS AT SEUER.

TW E
BCD LOADS A T . SEWER.



G R R N D IF F R IT H  S S O  E V E N T  IS  1 9 -0 3 -8 9
NH3 O O N C EN TT O TIQ N S  f\T SEW ER.

S B € R

2.5

L5

ii mu imnmmm uifrinTm iiii mu uni ii inimi mill urn mu iiiuniii irw iiin im ii mu imnim i 
1-ya 1319 1329 1339 13.49 1359 14JQ9 14J9 14-29 14.39 14.49 14.99

NH3 LORDS RT SEWER.

0  i i i i iM i H i i i H i i iTi i n n n i i i'iSinVi f r n m i i i i i i i i i i i i i i i u i i i n i H H i i i i i i n n H i i i i i i i i in n i i m i i i i i i i m i i i f M 
1309 019 1329 1339 13.49 1359 14JQ9 14J9 14.29 14.39 14.49 14.99

C L N U L flU V E  LORDS (h H3 AND FLOWS IN CWERFUOW.
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/L

G R R N D H T R IT H  SSO E V E N T  16 1 9 - 0 5 -8 9
TSS CONCENTRATIONS IN OVERfLOU

G R R N D IFFR ITH  SSO E V E N T  16 1 ^ -0 3 -3 9  
T SS LORDS IN OVEmOW.

SODO

6000 -

4000 -

2000 -

13JD2 DJ2 13.22

G flR N D IFFR ITH  SSO E V E N T  16 19 -0 3 -8 9  
C tH U LR T IV E  UDAOS (TSS) flhO FUOUS IN O V E R P i m



Grid ReF : 282044 Weather Conditions;
Storm Oate ’ 890319 Oate'Time last recorded storm: O' 0
Start Time < R/'F >: 730 Antec. Ory Weather Period (hours >; 0 
RainFall Oepth (mm ): 12.2 RainFall Event Ouration (mins): 593.

Site: SSO TO NANT FFRWD GN8903I9S0.DAT

RAIN
mm^h

Q in 
l's

20,

10.

EVENT TinE (HOURS)

NO OATA FOR COO NO DATA FOR TOS

N H 4.N  
Cone 
mg/1

EVENT TIME (HOURS)



Grid ReF: 262044 Weather Conditions:
Storm Oat©: 890319 Date'Time Last recorded storm: Qs Q
Start Time (R / F >: 730 Antec. Ory Weather Period (hours): 0
RainFall Oepth (mm): 12.2 RainFall Event Duration (mins>: 593.

Site: SSO TO NANT FFRWD g n 8903 I 9S0 . d a t

RAIN
mm/h

0 i n 
L'S

TSS
Load
g/s

0 2 4 
EVENT TIME (HOURS)

NO OATA FOR COO NO DATA FOR TDS

BOO
Load
g/s



Grid ReF: 282044 Weather Conditions!
Storm Oate: 390319 Oate^Time last recorded storm: Q/ 0
Start Time ( R'F ) • 730 Antec. Ory Weather Period <hours>; 0 
Rainrall Depth (mm)! 12.2 RainFali. Event Duration (mins)! 593.

Site: SSO TO NANT FFRWD s n 8903 , 9S O . d a t

RAIN
mm/h

Q in 
I'S

20,

0.

EVENT TIME (HOURS)

NO DATA FOR COD NO OATA FOR TOS

100.

BOD
>.cunn
LOAD 80-

60.

40,

20.

100.

LOAD --------
f-LfV-----

TOT VOL <H3>-0.1921S 3 
2TOT LOAO <KQ>»0.17776

0 2 4 6 9 
EVENT Tine (HOURS)

10

NH4.N
*cum
LOAO 90.

60.

40.

20.

NhH .

LOAO --------f-Lrv — - —
rT0T VOL <n3>"0.1921G 3
TOT LOAO <KG>*0.33226 0

0 2 4 6 8 
EVENT TIME (HOURS)
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G R R N O IF F R IT H  S S O  E V E N T  18 2 4 - 0 5 - 8 9

CLM ULfiTIVE LORDS O M B  flhO F L 0 1 6  IN OVERFLOW .
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G H W J D F F f lir H  SSO E V E N T  18 2 4 -0 5 -8 9
T S S  C O N C EN TR flTIC N S  IN  OVERFLOW

TIME
G R R N D IFFR IT H  SSO  E V E N T  18 2 4 ^ 0 5 -8 9  

T S S  LOROS IN OVERFLOW . '

G flr a C IF F fllT H  SSO  E V E N T  18 2 4 -0 5 -8 9  
CLM JLflnVE LORDS (TSS) RMD flO U S IN  OVERFLOW.



Grid Reft 26204^ Weather Conditions:
Storm Date: 8 9 0 8 M  Oate^Time Last recorded storm •' 0^ 0
Start Time (R/F): 1359 Antec. Dry Weather Period <hours)s 0 
RainFall. Depth (mm): 13.4 RainFall Event Duration (mins): 285,

Site: SSO TO NANT FFRWD g n s s o s m s o .oat

RAIN
mm/h

30.

45 J 

Q i n 0 j L
TSS 
Cone 
mg/1

500

400.

300.

200.

100 . V

T S S

0 1 2  3 
EVENT TrnE (HOURS)

NO OATA FOR COO NO OATA FOR TDS

NH4.N 
Cone 
mg/l 3

2.

NH* .N

0 1 2  3 
EVENT TinE (HOURS >

5



Grid ReF ' 262044 Weather Conditions;
Storm Date: 890814 Oate/Time last recorded storm? 0y 0
Start Time (R/F): 1859 Antec. Dry Weather Period (hours): 0 
RainFall Oepth <mm>: 13.4 Rainfall Event Duration (mms): 286.

Site: SSO TO NANT FFRWD GN8908I4S0.DAT

RAIN
mm/h

90-

45J

Q l n 0 . A

EVENT T[PIE (HOURS)

NO OATA FOR Cond



Grid Ref! 262044 Weather Conditions:
Storm Date: 8908M Date/Time Last recorded storm! Q/ 0
Start Time (R/F)J 1859 Antec. Qry Weather Period <hours)! 0
RainFoLL Depth (ram): 13.4 RcunFall Event Duration (mins): 286.

Site: SSO TO NANT FFRWO gn ss osm so.oat

RAIN
mm/h

9° 

45.

0 m  Q_. A

EVENT TinE (HOURS)

NO OATA FOR COD NO OATA FOR TOS

Load
g/s



Grid ReFs 262044 Weather Conditions!
Storm (Date: 890814 Oate'Time last recorded storm: 0/ q
Start Time (R/F): 1859 Antec. Dry Weather Period Chours): 0
RainFall Depth cmm ): 13.4 RainFall Event Duration (mins): 286.

Site: SSO TO NANT FFRWO gnssosmso.oat

RAIN
mm/h

90- 

45. 

Q in 0:_1 DO
Load

EVENT TIME (HOURS)

NO OATA FOR TEMP NO OATA FOR Cond

NO OATA FOR pH



Site: SSO TO

G n d  ReF: 262044 
Storm Dote: 890814 
Start. Time <R/F): 1859 
RainFall Depth (mm): 13

Weather Conditions:
Oate^TLme last recorded storm: Qs 0
Antec. Ory Weather Period (hours): 0 
RatnFall Event Duration (mins>: 286.

NANT FFRWD _ 00„01iCn niTGN890814S0 .OAT

RA[N
ram/h

90_

45. 

0 i n 0, A
100,

TSS
•/.Cum
L0A0 80.

60.

40.

20.

TSS r

LOAOF-LfW-----
)T VOL (f13 >»0 .3006E 3 

TOT LOAO < KG>"0.10236 3

0 1 2  3 
EVENT T I ME < HOURS >

NO DATA FOR COD NO OATA FOR TOS

100 .

80.

60

40.

20.

BOD
100.

LOAO
H .rw ------------

T VOL <«3 >-0.30066 3 
OT LOAO <KG>-0.73046 I

NH4 .N
v.cunn
LOAO

0 1 
EVENT

2 3 
TIH6 (HOURS)

80J

60.

40.

20.

NH4 . N

LOAOf-LfV' - - - 
fOT VOL <M3>*0.30066 3 
fOT LOAO (KG>*0.23766 0

0 1 2  3 
EVENT TIHE (HOURS)



GN8908MSO.OAT
Grid ReF: 282044 Weather Conditions:
Storm Date: 890814 Date/Time last recorded storm: 0/ 0
Start Time <R/F): 1859 Antec. Dry Weather Period (hours): 0 
RainFalL Depth (mra): 13.4 RainFall Event Duration (mins): 238.

Site: SSO TO NANT FFRWD

RAEN
mm/h

30.

45J 

0 i n 0 J .

100.
00

’̂ curin
LOAD 80J

60J

4 0 J

20J

DO

L0A0F-LCW--- --
101 VOL < Pl3 ~>mQ . 3006G 3 
TOT LOAO <KG>«0.30176 I

0 1 2  3 
EVENT Tine (HOURS)

NO DATA FOR TEMP NO OATA FOR Cond

NO DATA FOR ptl
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GRRNDIFFRITH SSO EV EN T  21 20-10-1989
BCD CCNCENTOflTDNS AT SEJ-JER.
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GRRNcnrrnnH sso EVEf^r 22 2010-1989
BCD CONCEmr^PfTIOfvS AT SEWER.

■p >
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TIME
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GFRN0IFFR3TH SSO EVENT 23 08-11-1989
BCD OQNCENTRAfllONS AT SEWER.

TIME

BCD LOADS RT SEWER.

IjOPDS — FLOWS



GRRNDIFFRITH SSO EVENT 23 08-11-1989
NH3 OONCENTOPTTIDNS • RT SEWER.

0 li ii m u  iii ii m u  m  ii in mini m  ii m  ii iii ii iii n iii n m u  iii ii hi imuiTivii iii ii iii ii in ii iii ii iii irr 
&21 6.31 6L41 6.51 7.m 7.11 7.21 7.31 7.41 7.51 a d

NK3 UOflDS RT SEWER.
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200 -

Tire
CLNULRHVE UORDS PNO FLCWS IN OVERFLOW.
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GRRNDIFFRITH SSO EVENT 23 08-11-89 

TSS LOADS IN OVERFLOW-

GflfMHFFRIIH SSO EVENT 23 08-11-89
cu m llrtive  lopos asa pnd flcus in overflow .



GFRNDIFFRUH SSO EVENT 24 09-11-1989
BCD CONCENTRATIONS RT SEWER.
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G R R N D IFF R E T H  550 E V E N T  24 09- 11-1989
NH3 CONCENTRATIONS AT SEWER.

S D O

NK3 U3RDS RT SEWER.
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100
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ClMJLflnVE LOADS (MB AM] FLOWS IN OVERFLOW.
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TSS CONCEMTRRIIONS IN OVERFIjOW

GfTOJDIFFRITH SSO EVENT 24 09-1J-89 
TSS UOflDS IN OVERFLOW. ‘

17J5 1725 17.35 17.45 I7J95 1&05 1SJS 13.25 1S35 18.45 1&56 19DS 13J5
Tift:

GJWOIFFfllTH SSO EVENT 24 09-11-89
CUMUJTTM: LOFOS CISS) pno flcws in  overflow.



GflRNDQFFfllTH SSD EVENT 25 13-12-89

BCD OONCENIROTIOI'E AT SEWER

.BCD LOADS PTT SEWER.
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OUMLLffTIVE LOPDS (BOD) AND FLOWS IN OVERFLOW.
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GRRfdlFFRITH SSO EVENT 25 13-12-89
NH3 CONCENTRATIONS RT SEJJDR.
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TSS CONCENTRATIONS IN CWERfUU
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GFRNDFFRITH SSO EVENT 26 1&-12-L983
BCD CCNCENOTIHCN5 HT-5EWO?.
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GflRNDIFFRITH SSO E^ENT 26 16- 12-89
NH3 CONCENTRATIONS ftT SEUEK.
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Grid ReF • 262044 Weather Conditions?
Storm Date: 891216 Oate/Time last recorded storm: O' 0
Start Time (R/F>J 0 Antec. Dry Weather Period (hours)! 0
RainFall Depth Cmm): 23.0 RainFall Event Ouration (mins>: 504.

S i t e *  SSO TO NANT FFRWD gn 8 9 i 2 1 6 S0 .d a t

RAIN
mm/h

20 -

I0J
0 m 0

EVENT TINE (HOURS)

NO DATA FOR COO NO OATA FOR TOS

NH4 .N 
Cone 
mg/1

EVENT Tine (HOURS)



Grid ReF: 262044 Weather Conditions:
Storm Date: 891216 Oate'Time Last recorded storm: 0^ 0
Start Time (R/F ): 0 Antec. Ory Weather Period Chours): 0
RainFall Oepth (ram): 23.0 RainFall Event Ouration (mins): 504.

S i t e :  SSO TO NANT FFRWD ' GN891216S0.DAT

20_

I 0
, n

EVENT TINE < HOURS )

NO OATA FOR Cond

pH 
Log



Grid ReFs 262044 Weather Conditions:
Storm OateJ 891216 Date'Time last recorded storm: 0^ 0
Start. Time (R/F ); 0 Antec. -Dry Weather Period < hours >* 0
RainFall Depth (mm): 23.0 RainFatt Event Ouration (mins)! 504.

Site: SSO TO NANT FFRWD g n8 9 , 2 , s s o . o , t

RAIN 20-
mm/h 10.

0 i n 0
I 'S 200.,

fu m iJ V  uJk

100.

0 2 4 6 
EVENT TIME (HOURS )

TSS
Load
g/s

EVENT TINE (HOURS)

NO OATA FOR COD NO OATA FOR TOS

EVENT T l n E  (HOURS) EVENT T i n E  (HOURS)



Grid ReFs 262044 Weather Conditions!
Storm Date: 891216 Date'Time last recorded storm: Qs 0
Start Time (R'F ): 0 Antec. Ory Weather Period (hours): 0
RainFall Depth (mm): 23.0 RainFall Event Duration (mins): 504.

S i t e :  SSO TO NANT FFRWO ' " ĝ iz .sso.dat

RAINmm/h
20,

in n
1/

00
Load
g/s

EVENT TIHE (HOURS ) EVENT T I ME <HOURS )

NO DATA FOR TEMP NO OATA FOR Cond

NO DATA FOR pH



Site: SSO TO NANT FFRWD GN8912I6S0.0AT 
Grid ReF: 262044 Weather Conditions:
Storm Oate: 891216 Oate'Time Last recorded storm: O' 0
Start Time (R/F): 0 Antec. Dry Weather Period (hours): 0 
Rainfall Oepth (mm): 23.0 RainFall Event Ouration ( mins): 504.

RA[Nmm^h

0 l n
1/

20
1 0 .

100.

iL u J A n ihk

10

TSS
*/.cunn
LOAO 80.

60.

40.

20. LOAD -------^ h_c\'---
TOT VOL < M3 )“0.6026E 3 
TOT LOAO (KG)*0.2109E 2

0 2 4 6 
EVENT TINE < HOURS )

8 10

NO DATA FOR COD NO OATA FOR TOS

100.
800

*cunn
LOAD 80.

60.

40.

20 .

100,

/y> f-Lfl'----
TOT VOL < f13 )“ 0 .£8266 3 

TOT LOAO (K6>-0.2482E •

0 2 4 6 
EVENT TIME (HOURS)

8 10

NH4.N
*/.cunn

LOAO 80.

60.

40.

20.

NH4 .N

LOAD -------/ j f-LH'------
^J/TOT VOL < H3 )*0.68266 3 

TOT LOAD <KG)-0.*673E 0

10
EVENT T i n s  (HOURS)



Grid ReFs 262044 Weather Conditions:
Storm Date: 391216 Oate'Time last recorded storm: Qy 0
Start Time (R/F): 0 Antec. Ory Weather Period (hours): 0
RainFall Oepth (ram)! 23.0 Rainfall Event Ouration (mins)! 504.

S i t e :  SSO TO NANT FFRWD gn89,2,sso.oAt

RA [ N 
mm/h

20.
0.

0 i n 0 
1/

100.

10

00
^Cunn
LOAO 80.

60.

40.

20.

0

00

LOAO -------F-LfV--- --
TOT VOL <M3>-0.68266 3
TOT LOAO <KG>-0.8493E 1

0 2 4 6 
EVENT TtnE (HOURS)

9 10

NO OATA FOR TEilP NO OATA FOR Cond

NO DATA FOR pi



RAINFALL AND FLOW SUMMARY DATA Site: SSO TO NANT PFRWD

Citcbnant irti (ha) = 26.40 Rainfall Suaaary

Start Durtn D«p t h P e a k d Intensity ( na/h
Evaot Fi1* Nano Ti »• ■ ins ■ ■ aver l u x 5ma x 1 5aa x

GN8 80 315SO .. DAT 8 240 . 3 . 00 0 .. 7 0 .75 0 . 8 0 . 8 0 . 8
GN08O416 S O .. DAT 13 8 2 3 9 . 5 . 4 9 3 .. 0 1 . 3 8 6 .0 4 . 2 3 . 5
GN00O520SO.. DAT 1338 780 . 7 . 1 5 0 .. 5 0 . 55 0 . 6 0 . 6 0 . 6
GN 0 0 0 6 0 0 S O .. DAT 18 57 480 . 6 . 00 0 .. 7 0 .75 0 . 8 0 . 8 0 . 8
GN 8 8 0 6 2 6 S O .. DAT 400 3 3 8 . 7 .75 6 ,. 4 1 . 38 1 2 . 0 8 . 4 6 . 3
GN 8 8 0 *7 0 2 SO .. DAT 400 3 21. 3 . 06 3 ,. 4 0 . 57 4 . 0 4 . 0 3 . 4
GN880802SO .. DAT 16 0 4 30 . 7 .00 80 . 2 1 4 .00 96 . 2 40 . 1 2 3 . 0
GN88091 3 S O .. DAT 700 142. 5 . 0 2 3 .. 7 2 . 1 2 6 . 0 4 . 2 3 . 7
GN8809 2 3 S O .. DAT 1 20 180 . 7 .79 1 0 ,. 0 2 . 60 1 2 . 0 1 2 . 0 7 . 5
GN 8 81018 S O . DAT 1640 114. 6 . 36 7 ,. 9 3 .35 1 2 . 0 8 . 4 6 . 5
G N 8 90121 S O . DAT 22 30 3 26 . 16 . 56 5 .. 8 3 .05 1 2 . 0 7 . 2 5 . 7
GN8902 2 3SO .. DAT 112 8 658 . 20 . 78 5 ,. 4 1 .90 1 2 . 0 9 . 6 6 . 8
GN 8 9 0 3 0 6 SO . DAT 1 4 SO 2 10. 7 . 39 1 2 . 9 2 . 11 24 . 0 1 5 . 6 1 2 . 0
GN 8 9 0 319 S O . DAT 7 3 0 596 . 1 3 . 0 7 5 ,. 5 1 . 3 2 1 2 . 0 8 . 4 6 . 7
GN 8 9 0 S 2 3 S O ., DAT 3 00 174. 7 . 4 6 7 ,. 8 2 . 57 12 . 0 9 . 6 0 . 4
GN 8 9 0 81 4 S O . DAT 18 59 296 . 1 3 . 6 6 2 8 ,. 4 2 . 77 89 . 2 4 3 . 2 27 . 6
GN890916SO. DAT 8 50 300 . 7 . 1 2 6 . 5 1 . 4 2 1 2 . 0 7 . 2 6 . 4
GN 8 91 0 2 0 S O . DAT 0 3 18. 7 . 9 2 8 .. 2 1 . 4 9 1 5 . 9 10 . 0 8 . 0
GN891213 S O . DAT 300 540 . 26 . 2 3 5 , 7 2 . 9 1 1 2 . 0 8 . 4 6 . 3
GN 8 91216 S O . DAT 0 510 . 2 3 . 07 6 .. 0 2 . 71 12 . 0 1 2 . 0 7 . 8
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F l o w  S u m m a r y  ( c u m e c s )

Start
time

D r t n 
nins

Vo 1 m e  
» “ 3 aver

M d x i 
Flow

mum
Time

Initial 
Flow Tima

1 0 1 18 7. 2 4 6 . 8 0 .0 2 0 .1 1 10 7. 0 .00 5 3 .
53 1 7 . 1 5 . 3 0 .04 0 .0 1 2 3 4 . 0 .0 1 2 3 4.

154 9 6 4 9. 3 76 . 4 0 .0 1 0 .2 5 2 20. 0 .0 1 13 4.
20 11 406 . 140 . 6 0 .0 1 0 .0 3 2 8 0. 0 .0 1 74 .
90 4 56 . 2 7 . 4 0 .0 1 0 .0 3 3 06. 0 .0 3 3 0 8.
5 3 5 26 4. 10 4 . 5 0 .0 1 0 .0 5 99 . 0 .0 5 99 .

16 0 7 57 . 4 70 . 6 0 .1 4 0 .54 6 . 0 .5 4 6 .
806 113. 11 . 6 0 .00 0 .00 90 . 0 .00 6 4 .
2 50 14 7. 102 . 7 0 .0 1 0 .0 8 17 2. 0 .00 8 8 .

17 26 74 . 73 . 3 0 .0 2 0 .0 6 6 4 . 0 .0 4 58 .
2 3 3 2 298 . 2 78 . 0 0 .0 2 0 .0 5 20 2. 0 .0 3 80 .
12 12 6 16. 2 51 . 1 0 .0 1 0 .09 5 3 2. 0 .0 1 4 6 .
16 30 136. 175 . 4 0 .0 2 0 .1 7 110. 0 .1 6 109.
1304 2 66. 192 . 1 0 .0 1 0 .0 3 3 4 4. 0 .0 8 3 4 3.
4 12 10 2. 102 . 2 0 .0 2 0 .06 100. 0 .06 100.

2048 189. 300 . 6 0 .0 3 0 .37 12 3. 0 .3 7 12 3.
900 29 0 . 67 . 9 0 .0 0 0 .0 5 1 8 . 0 .0 5 1 8 .
130 270 . 165 . 9 0 .01 0 .1 1 10 2. 0 .1 1 10 2.
50 2 4 16. 4 11 . 4 0 .0 2 0 .06 36 8. 0 .0 2 124.
28 512. 6 8 2 . 6 0 . 0 2 0 . 1 S 366 . 0 . 0 i 30 .
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BOD LOAD, CONCENTRATION AND FFF SUMMARY DATA Site: SSO TO NANT

Load S u B m r y  (9 /s)

Cuaulative Average Peak T i ae Di f f Flow
Event File Nan* Load Kg Load Load Load Peak 1 n i t

GN880 31 5S O ,. DAT 2 .51 0 .. 2 2 1 . 73 9 2 . 1 5 . -3 9.
GN8 8 0 4 16 SO . DAT 0 .2 1 0 .. 50 0 .. 1 3 2 3 4 . 0 . 0 .
GN8 8 0 5 2 8 S O ,. DAT 22 .6 1 0 .. 58 20 ..25 22 1. -1 . -87 .
GN8 8 0 6 0 8 S O .. DAT 2 .6 2 0 .. 11 0 .. 42 7 5 . 205 . - 1 .
GN8806 2 6 S O ,. DAT 0 . 00 0 ..00 0 ..00 0 . 308 . 308 .
GN88070 2 S 0 .. DAT 0 . 00 0 .. 00 0 .. 00 0 . 99 . 99 .
G N860 8 0 2 S O .. DAT 0 . 00 0 .. 00 0 ..00 0 . 6 . 6 .
G N 8 8 0 9 1S S O .. DAT 0 . 8 8 0 .. 1 3 0 .. 2 8 66 . 24 . -  2 .
GN 8 8 0 9 2 3 S O .. DAT 0 . 00 0 ..00 0 ..00 0 . 172 . 88 .
GN081O18SO, DAT 2 . 2 2 0 .. 50 1 .. 51 56 . 8 . 2 .
GN8 901 21 S O .. DAT 0 . 00 0 .. 00 0 .. 00 0 . 20 2. 80 .
GN890 2 2 3 S O .. DAT 8 . 5 9 0 .. 2 3 1 ..75 592 . -60 . - 546 .
GN890 3 0 6 S O .. DAT 7 . 6 2 0 .. 9 3 7 .. 6 8 10 8. 2 . 1 .
GN 8 9 0 3 19 S O .. DAT 1 7 . 77 1 ,. 11 7 .. 6 4 34 4. 0 . -1 .
GN890 5 2 3S O . DAT 0 . 00 0 ..00 0 .. 00 0 . 100 . 100.
GN 8 9 0 8 1 I S O . DAT 7 . 30 0 .. 6 4 9 .. 09 12 1. 2 . 2 .
G N 8 9 0 9 1 6 5 0 . DAT 0 . 00 0 .. 00 0 .. 00 0 . 1 8 . 1 8 .
GN 8 91 0 2 0 S O . DAT 0 . 00 0 .. 00 0 .. 00 0 . 10 2. 10 2.
GN891213 S O . DAT 3 . 36 0 .. 1 3 0 .. 58 36 8. 0 . -24 4 .
G N 8 9 1 2 1 6 S O . DAT 2 . 4 8 0 .. 0 8 0 ..66 393 . -2 7. -363 .



F F BHD

Cone Summary (ng/1 ) F F F S u m ma r y

Average Peak Tine Di f f Flow Event N o Divergence
Cone Cone Cone Peak I n i t Mean Read 2 0% Maxi

1 0 .1 6 2 3 . 00 0 . 107. 53 . 7 .8 6 1 3 2 5 . 3 3 1.8
1 3 .58 3 4 . 00 2 15. 19 . 1 9 . 2 0 .86 5 - 3 . 8 0 . 0
60 .06 204 . 00 264 . -4 4. -130. 10 5.. 8 0 1 8 -9 . 1 12.8
1 8 .6 2 3 2 .00 0 . 280 . 74 . 1 7 ., 79 1 1 1 4 . 4 16.4
0 .00 0 . 00 0 . 308 . 30 8. 0 .. 00 0 0 . 0 0 . 0
0 .00 0 . 00 0 . 99 . 9 9 . 0 .. 00 0 0 . 0 0 . 0
0 .00 0 . 0 0 0 . 6 . 6 . 0 . 00 0 0 . 0 0 . 0

75 .6 1 9 3 .00 0 . 90 . 6 4 . 4 1 .. 8 8 3 4 . 6 10.8
0 .00 0 .00 0 . 17 2. 8 8 . 0 . 00 0 0 . 0 0 . 0

30 .27 66 . 00 0 . 64 . 58 . 28 . 6 4 1 4 1 . 7 9 . 0
0 .00 0 . 00 0 . 20 2. 80 . 0 . 0 0 0 0 . 0 0 . 0

3 4 .2 2 71 . 00 589 . -57 . -54 3. 2 7 . 9 4 1 5 1 . 6 3 . 9
4 3 .4 5 6 2 .00 118. -8 . -9 . 4 1 . 59 9 5 . 2 9 . 3
9 2 .4 9 10 8 . 00 0 . 344 . 3 4 3. 8 2 . 0 3 6 3 . 4 6 . 3
0 .00 0 .00 0 . 100. 100 . 0 . 00 0 0 . 0 0 . 0

2 4 .30 4 2 .00 118. 5 . 5 . 2 4 . 9 8 9 -4 . 3 7 . 0
0 .00 0 . 00 0 . 1 8 . 1 8 . 0 . 00 0 0 . 0 0 . 0
0 .00 0 .00 0 . 10 2. 10 2. 0 . 00 0 0 . 0 0 . 0
8 .1 7 25 . 00 2 8 2 . 86 . -158. 9 . 58 2 4 - 5 . 3 0 . 0
3 .6 4 1 7 . 00 4 4 3 . -77 . -413. 5 . 1 3 2 4 - 3 . 5 0 . 0



o

H 4 . N LOAD CONCENTRATION AND FFF SUMMARY DATA Site: SSO TO NANT

Load S u m  ry (g/s )

Cu d u Iat i ve Average Peak Time Di t t Flow
Event File N a ae Load Kg Load Load Load Peak I n i t

G N e e o 3 isso DAT 0 .20 0 . 0 2 0 . 09 9 1 . 10 . -4 4.
GN880 4 1 6SO DAT 0 .02 0 .OS 0 . 0 1 2 3 4. 0 . 0 .
GNB80 S28SO DAT 1 .11 0 .03 1 . 21 220 . 0 . -8 6.
GN& 8 0 6 0 SSO DAT 0 .4 2 0 .02 0 .08 2 8 0. 0 . -206.
GN8 8 0 6 26SO DAT 0 .00 0 .00 0 . 00 0 . 3 08. 308 .
GN8 8070 2 SO DAT 0 .00 0 . 00 0 .00 0 . 99 . 99 .
GN8 8 0 80 2 SO DAT 0 .00 0 .00 0 .00 0 . 6 . 6 .
GN8 809 1 3SO DAT 0 .03 0 .00 0 . 0 1 90 . 0 ; -26 .
GN8 8 0 9 2 3 SO DAT 0 .00 0 .00 0 .00 0 . 172 . 8 8 .
GN8 81018SO DAT 0 .1 2 0 . 0 3 0 .09 6 2 . 2 . -4 .
GN& 9 0121 SO DAT 0 . 00 0 . 00 0 . 00 0 - 202 . 8 0 .
GN 8 9 0 2 2 3 SO DAT 0 .4 2 0 . 0 1 0 . 1 4 S3 2 . 0 . - 4 8 6 .
G N 8 90 3 0 SSO DAT 0 .1 2 0 . 0 1 0 .09 116. -6 . -7 .
GN 8 9 0 319 SO DAT 0 .3 3 0 . 0 2 0 . 1 6 3 39 . 5 . 4 .
GN890 5 2 3SO DAT 0 . 00 0 . 00 0 . 00 0 . 100 . 100.
G N 8 9 0 8 1 4 S 0 DAT 0 . 2 4 0 . 0 2 0 . 26 125. -2 . -2 .
G N 8 9 0 9 1 6 SO DAT 0 . 0 0 0 . 00 0 . 00 0 . 18 . 1 8 .
G N 8 9 X0 20SO DAT 0 . 00 0 . 00 0 .00 0 . 102. 102 .
G N 8 9 1213SO DAT 0 . 8 4 0 . 0 3 0 . 1 5 368 . 0 . -24 4 .
G N 8 9 1216SO DAT 0 . 47 0 .02 0 . 1 9 486 . -120. -456 .



•  •

FF RWD
Cone SUIDd r y (mg / 1) FFF Summary •

A v e v a g e Peak Tine Di f t Flow Event No Divergence
Cone Cone Cone Peak I n i t Mean R a d d 20 % Ma x %

0 . A 2 I . 1 0 0 . 10 7. 5 3 . 0 .7 3 1 3 6 .9 9 . 8
1 . 3 9 1 . 60 0 . 2 3 4 . 2 3 4 . 1 .0 0 7 3 .1 7 . 6
2 . 95 5 .80 2 29. -9 . -95 . 4 .8 7 1 a - 6 .3 13.8
2 .97 4 .00 12 4. 156. -50 . 2 .6 7 1 1 4 .9 5 . 5
0 . 0 0 0 .00 0 . 308 . 308 . 0 .00 0 0 .0 0 . 0
0 . 00 0 . 00 0 . 99 . 99 . 0 .00 0 0 .0 0 . 0
0 . 00 0 . 00 0 . 6 . 6 . 0 .00 0 0 .0 0 . 0
2 . 3 4 3 . 30 124. - 34 . -60 . 2 .53 3 -2 .1 0 . 0
0 . 00 0 .00 0 . 17 2. 8 8 . 0 .00 0 0 .0 0 . 0
1 . 65 4 . 90 0 . 64 . 58 . 1 .52 1 4 5 .6 8 . S
0 . 00 0 .00 0 . 20 2. 80 . 0 .00 0 0 .0 0 . 0
1 .68 4 . 40 559 . -2 7. -513. 1 .5 9 1 5 3 .8 9 . 2
0 . 6 7 1 . 80 12 3. -13. -14. 0 .66 9 - 2 .8 0 . 0
1 . 7 3 2 . 30 3 39. 5 . 4 . 1 .7 3 6 2 .0 6 . 0
a . 00 0 . 00 0 . 100. 100 . 0 .00 0 0 .0 0 . 0
0 . 79 3 . 1 0 103 . 20 . 20 . 0 .7 7 9 6 .1 6 . 2
0 . 00 0 . 00 0 . 1 8 . l a . 0 .00 0 0 . 0 0 . 0
0 . 00 0 .00 0 . 10 2. 10 2. 0 . 00 0 0 .0 0 . 0
2 . 0 5 3 . 90 297 . 7 1 . -173. 2 .3 2 24 -5 .4 0 . 0
0 . 68 2 . 90 4 8 8 . -12 2. -4 58. 1 .1 0 24 -5 .4 0 . 0



• • • • • •

TSS LOAD, CONCENTRATION AND FFF SUMMARY DATA Site: SSO TO NANT

Lo a d S u i b a ty (g/s )
Cumulative Average Peak T i »e Di f £ rlow

Event Pile N «■! Lo a d Kg Lo a d Load Load Peak In i t

GN8 8 0 31S S O .. DAT 22 . 70 2 . 0 2 1 4 . 55 9 2 . 1 5 . - 3 9 .
GN 8 6 0 416 S O .. DAT 1 . 01 2 . 42 0 .63 234 . 0 . 0 .
GN8 8 0 5 2 8S O .. DAT 8 3 . 96 2 . 1 6 74 .50 2 20 . 0 . - B6 .
GN8 8 0 6 0 I S O .. DAT 8 .02 0 . 33 1 . 50 75 . 20 5 . -  1 .
GH8806 2 6 S O .. DAT 0 . 00 0 . 00 0 . 00 0 . 30 8. 308 .
GN 8 8 0 7 0 2 S O .. DAT 0 .00 0 . 00 0 .00 0 . 99 . 99 .
GN 8 8 0 8 0 2 S O .. DAT 0 .00 0 . 00 0 .00 0 . 6 . 6 .
GN88091 3 S O . DAT 3 . 67 0 . 54 1 . 4 4 90 . 0 . -26 .
GN8 8 0 9 2 3 S O . DAT 0 .00 0 . 00 0 .00 0 . 172 . 88 .
G N 8 81018 S O .DAT 6 . 4 0. 1 . 4 4 4 . 8 3 64 . 0 . -6 .
GN 8 9 0121 S O .. DAT 0 .00 0 . 00 0 . 00 0 . 202 . B0 .
GN 8 9 0 2 2 3 S O .. DAT 2 7 . 37 0 . 74 6 . 8 7 53 2 . 0 . -4 86.
GN 8 9 0 3 0 6 S O .DAT 7 9 . 7 1 9 . 77 86 . 24 106 . 4 . 3 .
G N 8 9 0 3 1 9 S O . DAT 46 . 35 2 .90 29 .95 34 4 . 0 . -1 .
GN8 9052 3 S O . DAT 0 . 00 0 .00 0 .00 0 . 100 . 1 DO .
GN89081 4 S O . DAT 102 . 27 9 . 0 2 137 - 6 3 123 . 0 . 0 .
G N 8 9 0 9 16 S O . DAT 0 . 00 0 . 00 0 . 0 0 0 . 1 8 . 1 8 .
GN8 91020SO. DAT 0 .00 0 .00 0 .00 0 . 10 2. 10 2.
GN 8 91213 S O . DAT 2 4 . 96 1 . 00 5 . 4 0 140. 228 . -16.
GN8 9 12 1 6 S O . DAT 2 1 .09 0 .69 5 . 8 6 39 3. -27 . - 3 6 3 .



•  • • • • •

FFRWD

Cone Summary (mg/1) FFF Summary
A v erage Peak Tima Di f f Flow Event No Divergence

Cone Cone Cone Peak I n i t Mean Read 20 * Ha k %
9 1 . 96 194 . 0 0 0 . 107. 5 3 . 8 2 .3 2 1 3 2 2 .2 3 1 .5
6 6 . 1 9 127 . 00 215. 1 9 . 1 9 . 8 4 .8 2 5 - 2 .8 0 .0

2 2 3 . 0 5 614.. 0 0 0 . 2 20. 13 4. 309 .8 9 i a 1 8 .3 3 3 .1
57 ..00 115 . 00 0 . 2 80. 7 4 . 6 1 .4 0 11 2 0 .3 2 4 .5
0 . 00 0 . 00 0 . 3 0 8. 3 0 8. 0 .0 0 0 0 .0 0 .0
0 ,. 00 0 ..00 0 . 99 . 99 . 0 .00 0 0 .0 0 .0
0 ,.00 0 .. 00 0 . 6 . 6 . 0 .00 0 0 .0 0 .0

3 15 . 6 3 370 ..00 0 . 90 . 64 . 268 .4 2 3 3 .4 8 .1
0 .. 00 0 ..00 0 . 17 2. 8 8 . 0 .00 0 0 .0 0 .0

87 . 4 2 2 7 1 . 00 0 . 64 . 58 . 79 .6 2 1 4 1 3 .4 1 5 .4
0 ..00 0 . 00 0 . 20 2. 80 . 0 .00 0 0 . 0 0 .0

109,. 0 1 196 . 00 58 4. -52 . - 5 3 8 . 8 8 .7 5 1 5 1 .3 3 .1
4 54.. 50 8 6 6 . 00 0 . 110. 109. 39 6. 1 1 9 1 7 .6 2 4 . 6
2 4 1.. 27 3 8 4.. 00 3 4 4 . 0 . - 1 . 299 . 1 7 6 1 . 6 6 . 0

0 ,.00 0 ..00 0 . 100. 100. 0 . 00 0 0 . 0 0 . 0
3 4 0.. 1 9 4 7 8.. 0 0 0 . 12 3. 12 3. 3 39. 89 9 - 4 .0 3 . 3

0 . 00 0 .. 00 0 . 1 8 . 1 8 . 0 . 0 0 0 0 . 0 0 . 0
0 ..00 0 . 00 0 . 10 2. 10 2. 0 . 00 0 0 . 0 0 . 0

60 .. 6 7 120 .. 00 0 . 3 6 8 . 12 4. 4 5 . 1 3 2 3 1 9 . 6 3 1 . 5
30 . 90 112 . 00 468 . -10 2. - 4 3 8. 39 . 06 2 4 - 1 . 9 0 . 0
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CSO RIVER IMPACTS



GflfriDIFFfllTH SSO EVENT 2 15-03-88.
BCD CONCENTRATIONS.

TOE

GRRNOIFFfllTH SSO EVENT 2 15-03-88. 
NKJ CONCENTRATIONS.

A

2

■ ■ • UPSTRBFIH — vmoucr

\
\

III 11 [ 111!! 11 f {11 f I'! I'l I m m  II11II III II111 t w i l l  I III II m i III m i l l l  II m in i I II m i l  II M in im  n i l  11 IIIIIIIII n i l  III
127 L47 L57 207 2J7 227 237 2.47 257 3J07 317 3 27 237



GflRNOIFFRITH SSO EVENT 3 1&-04-88
BCD CONCENTRATIONS

GflRNDIFFRITH SSO EVENT 3 1&-04-88.
NH3 OONCENTOriIDt'6.

1 6  4 5  5 J5  5 J5  525 5.3S 5.45 555 6jOS SIS 625 635 6.45
th e



Grid Ref: 262045 Weather Conditions:
Storm Date1 880416 Oate/Time Last recorded storm: O' 0
Start Time <R/F): 138 Antec. Dry Weather Period (hours): 0 
RainFall Depth (mm): 5.6 RainFall Event Duration (rains)! 239.

S i t e :  NANT FFRWD,ll /S SSO GRNDIFFAITH
GN8804I6U1.DAT

NO DATA FOR COO NO DATA FOR TOS

BOO 
Cone



GN880418U1.OAT
Grid ReP: 262045 Weather Conditions:
Storm Date' 880416 Date^Time Iast recorded storm: Q/ 0
Start Time <R/F): 138 Antec. Dry Weather Period (hours): 0 
RainFall. Depth (mm>: 5.6 RainFall Event Duration (nuns): 239.

Site: NANT FFRWD,ll/S SSO G R N D I F F A I T H

RAIN
mm/h

1 0„
5 J

Q in 0 LT1_

NO OATA FOR DO

NO OATA FOR TEMP

300,
Cond
Cone
mg/l

200.

100.

Cond

0 1 2  3 
EVENT TIME (HOURS)

NO OATA FO



G rid  R e f*  I d e n t iF ic a t io n s  * * * * *

S lo rtn  Cate? 880416 O a te 'T im e  oF la s t  m o n ito re d  s to rm :
S t a r t  T im * <R 'F  ) :  138 A n te c .  O ry  le a t h e r  P e r io d  ( h o u r s ) !
R a in F a ll Q eoth <nwi): 5 .S  R a in F a U  E ven t O ura t i on < .* in s  ) : - 239 . - -

S i t e :  N A N T  F F R W D ,  U ^ S  S S O ,  G A R N O I F F A  I w r

3A INmm/'h
10 

5.

0 in 0
jXS_(L^

TSS
Load
g*s

NO OATA FOR CO NO OATA FOR TOS

XtO-1



G r id  HeF' fVH ld e n t» F ic a t io « :  / / * * *
Storm Oates 880116 Oate 'T ime oF l a s t  m on ito red  stormJ
S ta rt .  Time ( R/F ) :  138 A n tec . Orvj Weather P e r iod  (h o u rs ) *
R a in F a l l  Oeotn ( « • > :  5.S R a in F a l l  i v e n t  D u ra t io n  (m ins )J  239.

s u e :  N A N T  F F R W O ,  U ' S  S S O ,  G A R N O I F F A I T ^ ^ ,  flAI

RA IN
10,

0 in 0

100,
TSS

>.Cunn
LOAO 30.

60.

40.

20.

0

TSS

lOAQH.fl»-----
TOT VOL {H3J.0,363aE 1 
TOT LOAO C >05)0.70336 2

0 I 2 3  ̂
EVENT TIrtE (HOURS)

MO OATA FOR CO NO OATA FQR TQS

!00

0 1 2  3 4
EVENT TinE (HOURS)



Grid ReF: 282043 Weather Conditions!
Storm Oate: 880416 Qate'Time last recorded storm: Qs 0
Start Time (R/F): 138 Antec. Ory Veather Period (hours): 0
RainFall Oepth (mm): 5.6 RainFall Event Duration (mins): 239.

S i t e :  NANT FFRWD, V IAOUCT ROAD, UNDER
DAT

RAIN
mm/h 5J
Q in 0 
I"

EVENT Tine (HOURS)

NO DATA FOR COD NO DATA FOR TDS

XI O'1 
0.90.

NH^.80. Cone 
mg/lP .70.

0 .60.
0.50.
0.40.
0.30.
0.20.
0.10.
0.00

NH4 .N

0 1 2  3 
EVENT TtnE (HOURS)



Grid ReFJ 262043 Weather Conditions:
Storm Oate: 880416 Oate'Time Last recorded storm: O' 0
Start Time <R/F): 138 Antec. Ory Weather Period (hours): 0 
RainFaLL Oepth <mm ): 5.6 RainFaLL Event Duration (mins): 239.

Site: NANT F F R WD , V IAOUCT R OA D, U N D E R  V I A D U C T
GN880* 1 SOI .1

RAIN
mm/h

10.
54

Q l n 0
jw^—njK

EVENT TIME (HOURS)

20,
DO

Cone
mg/l

10.

0 1 2  3 4 
EVENT T[flE (HOURS)

9
TEHP 

Cone 
mĝ l

6 .

5.
4.
3, 
2. 
1.

-TEMP 300,

0 1 2 3 4 5 
EVENT TIME (HOURS)

Cond
Cone
mgA

200j

100-

Co

0 I 2 3 ~ 
event rrne (hours)

NO OATA FO



G r id  BeF: n^H Id e n t iF ie a t i o n :
Storm Oate* 88041S Qate 'T ime o f  l a s t  m on ito red  s to rm :
S t a r t  Time <R'F ) J 138 A n tec . Qry Weather P e r io d  (h o u r s ) :
SainFaU Qeoth (mm): 5.S R a in F o l l  Event Q u ra t io n  <m in» ) :  239.

S i t e :  N A N T  F F R W O ,  U N O i R  V I A D U C T ,  V I A O ^ ^ , 60, w t

TSS
Load
9's

NO OATA FOR CO NO OATA FOR TOS

XIO-1



. • S U e :  NANT FFRWO, UNOER VIAOUCT, V I A O l ^ , , * ,  ,DAT
G r id  R*Fs rVH I d e n t i f i c a t i o n *  ✓
Storm Oate* 880416 Qate 'T im# oF l o s t  m o n i to red  s to rm :
S t a r t  Tim* ( R'F >: 138 A n tec . Ory weather P e r iod  (h o u r s ) :
R a in f a l l  Oeoth <m«): 5 .6  R a in f a l l  Svent O u ra t io n  <mjns)5 233.

SAINmm/h
10.
5J

0 in 0

100,

_n—

0 1 2  3 4 
GVENT TIPIS (HOURS)

NO OATA FOR CO NO OATA FOR TOS



Grid ReF : 264042 Weather Conditions:
Storm Dote: 880416 Oate'Time Last recorded storm: 0' 0
Start Time (R/F): 138 Antec. Ory Weather Period (hours): 0
RainFaLL Depth (ram): 5.6 RainFaLl Event Duration (mins): 239.

S i t e :  NANT FFRWO,U/S VICTORIA RD BRIDGj£88<„ l602i0AT

RAIN
mm/h

10,
5J

0 i n 0 --fU^
TSS

Cone
mg/L

EVENT TinE (HOURS) EVENT TIME (HOURS)

NO OATA FOR COO NO OATA FOR TDS

mg/L

1 .00. 
BQP.90. 

Con b̂ .80. 
0 .70. 
0 .60. 
0.30. 
0.40. 
0.30. 
0 .20. 
0.10. 
0.00

BOD

0 1 2  3 
EVENT TIME (HOURS)

X10"10.90
NH*^.80. 
Cone 
mg/lP *70.

0.60.
0.50.
0.40
0.30.
0 . 20.

0.10.
0.00

NH4 .N

0 1 2  3 
EVENT TIME (HOURS)



Grid ReFs 284042 Weather Conditions!
Storm Date1 880416 Oate'Time last recorded storm! Q/ 0
Start Time (R/F): 138 Antec. Ory Weather Period (hours)! 0 
Rainfall Depth (mm)! 5.6 Rainfall Event Duration (rnins)! 239.

Site: NANT F FR W D, U/ S  VIC TO RI A  RD BR IDG£„„„ „ T
GTC880418D2.OAT

RAIN
mm/h

10,
5J

Q l n 0.

NO OATA FOR 00

NO OATA FOR TEf1P

300,
Cond 
Cone 
mg/1

200J

100.

Cond

0 1 2  3 4 5 
EVENT TIME (HOURS)

NO DATA FOR pi



G r id  n/>H I d e n t i f i c a t i o n :  * * / / /
Storm OateJ 880^15 Oate 'T ime o f  l a s t  m on ito red  s to r m
S t a r t  Tin# ( R^F ) i 138 A n tec . Orvj l e a th e r  P e r io d  ( h o u r s ) :
R a in f a l l  Oepth (m »): 5.S R a in f a l l  Event O u ra t ion  ( m m s ): 239.

S i t e :  NANT FFRWD, U ' S  V IC T O R IA  ROAO Biy ,8804,SM-0AT

3AIN ,0 ' 
mm/h

3.
r — J \

U s  300i

200.
---------------- -------------------------------

100.

0 1 2  3 * 5

TSS
Load
q'S

3_

2.

I.

TSS

EVENT TinE CHOURS)
0 5 2 3 

EVENT T iriS  (HOURS)

NO OATA FOR CO NO OATA FOR TQS



G r id  R»F: 1 t f r n l iP ic a t i o n : / / " '

SLorai Date; 880416 O a te 'T im *  oF last, m on ito red  storm*
S ta r t.  T im * < R s F  ) i 139 A n te c . O ry W eatner P p r io d  ( h o u r s ) :
R a in f a l l  O o U i ( m *) :  5 .S  R a in F a ll e v e n t D u ra t io n  ( m n $ ) :  239 .

S U e :  NANT FF3W0, U/S V I C T O R IA  ROAD B ^ 8e(H,602.DAT

sa  I nmra/h
10,

Q in  0

100,

— IlA j

0 I 2 - 3 - 1  
EVENT T in g  < HOURS)

NO OATA FOR CO NO OATA FOR TOS



l-B
/L

GRRMDFFRITH SSO EVENT 4 30-04r-88
BCO CONCENTRATIONS

in
55

SODO

6000

4(300

2000

GflRNDIFFRirH SSO EVENT 4 30-04-88 
BCD LOADS

I UPSTRERH -  VEROUCT

A- / \
/ \

/

/ \

\
/ \

>------------ ' X
\r N.

2U03 2 U 3  2123 21.33 21.43 21J53 22j03 22X3 2223 2233 22.43 22.53
HhE

fLC
H 

(GL
ME

CS
)



GRRNDIFFHITH SSO CVENT 4 30-04-88
NhD CONCEMTRPrriOhS

UPSTRERM —  VIROUCT

/\
/  \

/ \

/ V  -

/>(I

-  /  \ *

/ v

.4

2L03 2113 2123 21-33 21.43 2153 22j03 22J3  22-23 2233 22.43 2253

GRRNDIFFRITH SSO EVENT 4 30-04-88 
NhD LOADS

120 

100 

80 

60 

40 

20 

0
2103 2U3 2123 21-33 21.43 2153 22J03 22.13 22.23 2233 2243 2253

1 -  UPSTREAM -  VIROUCT

f\ 
t '

f V \
/ \  A
/ \ . ■ /' V .

/ \ /  v* •
......^

. r

ii'iiiii i inimimin nm mm urn mu iiirn nii mu nun mu iiii [ i i i i i)niii[n)iitii i iii im n iiiiin iin i



S/34

GRRNHFFRITH SSO EVENT 5 28-05-88
BOO CCNCDJIRATIONS

A

.2

17J7 1727 1727 17.47 1757 18X37 18J7 ia27 1837 1E47 18J57 ia07
TIME

GflRNDIFFRITH SSO EVENT 5 28-05-88 
803 LORDS

5 ODD

4000

3000

2000

1000

UPSTREAM -  V1R0UCT

\
\
1
\

u\

\ / / V • ‘ _

^ ■ \ /  \ / \  /•'Y
v v

/ \ n
' ?: \ ^  s  • •

ii iiiii iiiiiiiiii mu mu mill Kill mu mu iiiiniii! iiiiii mu iininiiiinTTiTiii linn iiiiiiiiii iiiii mu (i 
17J7 1727 1737 \7A7 1757 18.07 18J7 1827 1&37 1&47 1£L57 ia07

TlfC

CSCOMfD) 
MOTJ



rG
/L

GflRNDIFFfllTH SSO EVENT 5 28-05-88
NH3 CCNCEN’TOfTIONS

A

IPSTREPN -  VIFOUCT

\
\

\ • /

MiiiiiiiiiiiiiiiiiiniiniinnniiniiiiiiiHiiTitiiuiiiJi'fmiriuiiiinTiiiiinininiimMiiuuiimmiiii 
17.17 1727 17.37 17.47 17.57 1SJ07 1SL17 1827 1SL37 1&47 18L57 1007

TifE

GflRNDIFFRITH SSO EVENT 5 28- 05-88 
NH3 UOflDS



GflWOIFFRITH SSO EVENT 6 08-O B -S a
BCO CONCENIPPfTIONS.

GfiRNOIFFHITH SSO EVENT 6 08-06-8a 
NH3 OONCENTRflTIDNS.



Grid Ref: 262045 Weather Conditions?
Storm Oate: 880608 Date'Time last recorded storm: Qs 0
Start Time (R'F): 1857 Antec. Dry Weather Period (hours)! 0 
Rainfall Depth (mm): 15.4 Rainfall Event Ouration (mins>: ^78.

Site: NANT F F R W D , U / S  SSO GARNDI FF A IT H
GN8S0S08UI .OAT

RAIN
mm/h

Q l n

5.

EVENT TIME (HOURS)

NO DATA FOR COO NO DATA FOR TOS

BOO

mĝ l



Grid ReF J 262045 Weather Conditions:
Storm Date• 880608 Oate/Time last recorded storm: 0/ 0
Start Time <R/F): 1857 Antec. Dry Weather Period (hours): 0 
Rainfall Oepth (mm)J 15.4 RainFall Event Ouration <mins): 478.

Site: NANT F F R W O , U / S  SSO GA RN D IF FA I TH  . „
GN880608U1.OAT

RA t N 
mm/h

0 in

10
5.

0

NO DATA FOR DO

NO DATA FOR TEnP

200,
Cond 
Cone 
mg/1

100.

Cond

0 1 2 3 4 5 6 
EVENT TIME (HOURS)

NO DATA FOP



G r id  : FVH I d e n t i f i c a t i o n :  / * * / *
Storm O a t* :  880608 Oate 'T is ie  o f  l a s t  m on ito red  s to rw :
S t a r t  Time ( R / F ) :  1858 A n te c . D ry w e a th e r P e r io d  < h o u rs ) :
R a in f a l l  Q eath (u rn ): 15 .2  R a in f a l l  E ve n t O u ra t io n  Cm in s ) :  33 38 .

S i t e :  NANT FFRWO, U ' S  SSO, G A R N O IF F A IT^ e060gu1 WT

RAEN.■nrn̂h TSS
toad
g's

EVENT Tine < HOURS)

NO OATA FOR CO NO OATA FOR TOS

X10-1

80
Load
qs%



G r id  SeF* n ' H I d e n t iF i c a t i o n :  * / * / /
Storm Oate» 880608 Q a te 'T im *  oF last, .non ito red  s to rm :
S t a r t  T j« *  <R/F)J I8SS A n tec . Dry Heather P e r iod  ( h o u r s ) :
R a in F a l l  Offpth (««> : 15.2 R a in F a l l  Event O u ra t ion  <mms>: 3338.

S i t e :  NANT FFRWD, U/S SSO, G A R N O I F F A i{JAT

100,
TSS

>.Curtn
LOAO 80.

60,

40

20J

0

TSS

(.WO ----KfW - - -
TOT VOL Cf0>»0.310«€ 4

rot lc a o  (K oxo.iosae 3

0 1 2  3 
EVENT Ting <HOURS)

NO DATA FOR CO NO OATA FOR TOS

100,

0 1 2  3
EVENT TinE (HOURS)



Grid Ref• 262043 Weather Conditionss
Storm Date ' 880608 Oate^T ime last recorded storm: O-' 0
Start Time (R/F ) : 1857 Antec. Qry Weather Period (hours)! 0 
Rainfall Oepth (mm): 15.4 RainFall Event Ouration (mins): 478.

Site: NANT FFRWD, V IADUCT RD,UNDER VIADjJCT
GW8&0608D1.DAT

RAIN
mm/'h

0,
54

0 I n 0.

Nu Data FOR COO NO OATA FOR TDS

BOO
Cone



Grid ReF’ 262043 Weather Conditions!
Storm Oate* 880608 Oate/Time Last recorded storm! 0/ 0
Start Time <R/F ) • 1857 Antec. Dry Weather Period <h o u r s >! 0 
Rainfall. Depth < mm ) • 15.4 Rainfall Event Duration (mins>! 478.

S i t e :  NANT FFRWD,V I ADUCT RD,UNDER V I A D U C T
OT8S0G0801 .DAT

RAINmm/h
10,
5.

0 in 0

NO OATA FOR pi



G rid  ( d e n t iF i c a t i o n :  //✓✓✓
Storm Oates 800608 Oate 'T ime oP l a s t  m on ito red  s to rm :
S t a r t  Time <R /F ):  1856 A n tec . Or\j Heather P e r io d  ( h o u r s ) :
R a in f a l l  Ceotn (m u): 15.2 R a in F a l l  Event Q u ra t io n  ( s u n s ) :  3339.

S i t e :  NANT FFRWO, VIAOUCT ROAD, UNDER GY,88060B01 0AI

NO OATA FOR CO NO OATA FOR TOS



G rid  3*^5 I d » * t iF ic a t io n :
Storm Oates 980S08 O ate 'T im e oP la s t  .non ito red  s to rm :
S ta r t  Tim* (R /F ) :  185S A n tec . Orvj H eather P e rio d  C h o u rs ) :
R a in fa l l  Oeoth (m u ): 15.2 R a in F a ll Event O u ra tta n  C n in s )*  3338.

S U e :  NANT FFRWO, VIAOUCT ROAD, UNDER ^ ,0 8 0 8 0 ,,o»T

100,
TSS

>.cunn
LOAO 80.

60.

40.

20.

0

’SS

UQAO
M_rv---------

TOT v x  cn3J«0.3115E * 
TOT LOAD t  KO 3*0.13386 3

0 1 2  3 
EVENT r in g  < HOURS 5

NO DATA FOR CO NO OATA FOR TQS

EVENT TIKE < HOURS)



Grid ReF; 264042 Weather ConditionsJ
Storm 0a te '• 880608 Date^Time last recorded storm: Qs 0
Start Time (R/F): 1857 Antec. Ory Weather Period (hours); 0 
Rainfall Oepth (ram); 15.4 RainFall Event Ouration (mins): 478.

S i t e :  NANT FFRWD,U/S VICTORIA RD BRIDGE
GM88060802.0AT

RAIN
mm/h

Q i n

10
5,
0

20-

TEMP 
Cone 
mg/1

TErtp

0 1 2 3 4 5 6 
EVENT TIME (HOURS)

NO DATA FOR Cond

pH 
Cone 
mg/1



GRRNDIFFfllTH SSO EVENT U 13-09-88.
BCO CONCENTRATIONS.

TIME

GflfrJOIFFRITH SSO EVENT U 13-09-88. 
NH3 OONCENTTVTCIDNS.

IPSTREPM -  VIADUCT

A

t\
/ V/\

7 A 
(\; \

\ . -A 
/  \

/  \
./ \

.- V* V
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A/ \

.../V A

||||»||1|i| 1111 hhhw fuhh mi iiimrrminum mi miniiimiiii trimn mm 
a id  8 2 9  8L39 8L4S 8L59 909 9J3 329  9 3 9  a49 9 5 9  10J09



M
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L
GARNDIFFfllTH SSO EVENT 12 18-10-88.

BOD CONCENTRATIONS

hme

GflRNDIFFfllTH SSO EVENT 12 18-10-88. 
BCD LOADS

FLO
W 

(C
UM

EC
S)



GRRNDIFFRITH SSO EVENT 12 18-10-88
NK3 CONCENTRATIONS

17.21 17J31 17.41 1751 lad 18J1 18L21 1S31 12.41 la s 19 1901
nf€

GflRNDIFFFUTH SSO EVENT 12 18-10-58 
NH3 LOADS



GflRNOIFFRITH SSO EVENT 14 23-02-89
BCD OONCENTOfTIDNS

2GL32 2022 2032 2GL42 2052 21J02 21i2 2122 2132
TlhE

bRRNOIFFRIlH S50 EVENI 14 23-02-89 
BCD UDflDS

2032 2022 2032 20.42 2052 21X12 2L12 2L22 2132



GflRNDIFFRITH SSO EVENT 14 23-02-99
NH3 OONCENTOfTIONS

20.22 20.32 23.42 20J52 2L02 2U2 2 2 2  2L32
TOE

Gflra^DFFfllTH SSO EVENT 14 23-02-69 
NH3 LOADS

g , ___________________________ • • - t f ’SBPH —VKXJCT - -  HPLMJT

/ ->
60 h  ^  ' '

/
' ' / ''' ‘v '

/
f

/
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40 h

T>lJ*U}M>llJJLiilulliJ ll>ninM>tMllMIIM|nr|,iiniMniiiunmnnn 
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ire



Grid ReF • 282045 Weather Conditions?
Storm Date? 890223 Date/Time last recorded storm? Qs 0
Start Time (R/F): 1128 Antec. Qry Weather Period <hours)s 0 
RainFall Oepth (ram)! 20.8 RainFall Event Ouration (mins>’ 659.

S i t e :  NANT FFRWO, L I'S  SSO GARND IFFA I TH
GN890223U!.OAT

EVENT TIHE (HOURS) EVENT TINE (HOURS)

NO OATA FOR COO NO DATA FOR TOS

XIO-1

BOD
Cone

EVENT TIflE (HOURS) EVENT TIME (HOURS)



Grid ReF J 262045 Weather Conditions:
Storm Date: 890223 Date^Time Last recorded storm: Q/ 0
Start Time (R/F): 1128 Antec. Dry Weather Period (hours): 0 
RainFall Depth (mm)! 20.8 RainFall Event Duration (mins); 659.

S i t e :  NANT FFRWO.U/S SSO GARNOIFFAITH
GN890223U!.DAT

20-

EVENT TlflE (HOURS)

00
Cone
mg/l

10.

DO

0 2 4 6 3 
EVENT TIME (HOURS)

I " T10

TEMP 
Cone 
mg/ L

NO DATA FOR Cond

EVENT TIME (HOURS)

pH
Cone

EVENT TIME (nOURS>



Grid Ref' 262043 Weather Conditions!
Storm Oate: 890223 Qate/T ime last recorded storm’ 0 / 0
Start Time (R/F): 1128 Antec. Ory Weather Period (hours )J 0 
Rainfall. Oepth (mm); 20.8 RainFalL Event Ouration (mms): 659.

S i t e :  NANT FFRWO,UNOER VIADUCT
GN89022301.OAT

EVENT TIHE (HOURS)

NO DATA FOR COO NO TATA FOR TOS

BOO
Cone 
mg/ 1

12

X10“10 901NH4^ 80.Cone
mg/lP 70.

0.60.
0.

—
r~ 
O in

0.40.
0.30.
0.20.
0.10.
0.

—4oo

NH4.N

0 2 4 6 8
EVENT TEnS (HOURS)



Grid ReF! 262043 Weather Conditions:
Storm Date: 890223 Oate'Time Last recorded storm: Qs q
Start Time (R/F): 1128 Antec. Dry Weather Period (hours): 0 
RainPall Depth (mm): 20.8 RainFall Event Ouration (mins)! 659.

S i t e :  NANT FFRWD,UNDER VIADUCT
G N 89022301.O AT

RAIN
mrn/h

20
10J

Q l n  0 a , ---

DO
Cone

EVENT TIME (HOURS)

NO OATA FOR Cond

EVENT TIME (HOURS)



Grid ReF• 2S4042 Weather Conditions!
Storm Oate' 890223 Date'Time Last recorded storm: O' 0
Start Tjme (R/F)« 1128 Antec. Qry Weather Period (hours); 0 
RainFall Oepth (mm): 20.8 R amPaU Event Ouration (mjns): 659.
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Grid ReF : 262045 Weather Conditions;
Storm Oate: 390306 Oate'Time last recorded storm: Q' 0
Start Time (R/F); 1450 Antec. Dry Weather Period (hours); 0 
RainFall Oepth (mm); 7.6 RainFall Event Duration (mins): 209.
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Grid ReF? 262045 Weather Conditions!
Storm Oate* 390306 Oate'Time Last recorded storm: Qs o
Start Time (R/F>: 1450 Antec. Dry Weather Period (hours)! 0
Rainfall Oepth (mm)! 7.6 RainFall. Event Ouration (mins): 209.
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Grid ReFt 262043 Weather Conditions:
Storm Date: 890306 Date/Time last recorded storm: 0/ 0
Start Time <R/F> : M50 Antec. Ory Weather Period <hours)5 0 
RainFall. Depth (ram)! 7.6 RainFall Event Duration (mins): 209.
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Grid ReF ! 262043 Weather Conditions!
Storm Oate: 890306 Oate^T ime last recorded storm: Q/ 0
Start Time <R/F>: M50 Antec. Dry Weather Period <hours); 0 
RainFall Depth (mm): 7.6 RainFall Event Duration (mins>: 209.

S i t e :  NANT FFRWD,UNDER VIADUCT PHO(M„ flcm n.TGN890306DI.OAT

RAIN
mm/h

30.

5J

Q i n 0 X 00
Cone
m g / l

Cone 
m q/I

n o data f o r Cond

pH
Cone



Grid ReFs 264042 Weather Conditions!
Storm Date? 390306 Date/Time last recorded storm: 0/ 0
Start Time <R/F): 1450 Antec. Ory Weather Period (hours): 0 
RamFot.1. Depth (mm)! 7.6 Rainfall Event Duration (mins): 209.
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Grid ReF• 264042 Weather Conditions!
Storm Oate’ 890306 Oate^Time Last recorded storm: O' 0
Start Time (R/F ): 1450 Antec. Dry Weather Period (hours)! 0 
RainFall Oepth (mm): 7.6 RainFall Event Duration (mins)! 209.
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Grid ReF: 262045 Weather Conditions!
Storm Oate! 890319 Date'Time last recorded storm: 0' 0
Start Time (R/F): 730 Antec. Ory Weather Period <hours)? 0 
RainFall Oepth (mm): 12.2 RainFall Event Ouration (mins): 593.
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Grid ReF: 262045 Weather Conditions?
Storm Oate ? 890319 Date/T ime last recorded storm’ 0 / 0
Start Time (R/F); 730 Antec. Dry Weather Period <hours); 0 
RamPall Oepth (mm); 12.2 RamFall Event Ouration (mins): 593.
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6N89031901.OAT
Grid ReP * 282043 Weather Conditions!
Storm Date 5 890319 Date^T ime Last recorded storm: 0 ^ 0
Start Time (R/F)» 730 Antec. Ory Weather Period (hours): 0 
RamFall Oepth (mm): 12.2 RainFall Event Duration (mins); 593.

S i t e :  NANT FFRWD,UNDER VIADUCT

NO DATA FOR COO ?>i0 OATA FOR TOS



Weather Conditions!
Oate'T ime Last recorded storm: O' 0
Antec. Dry Weather Period (hours)! 0 
RainPall Event Duration (mins)* 593.

S i t e :  NANT FFRWD,UNDER VIADUCT
GN8903I9DI.OAT
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RainFall Depth (mm)! 12.2
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Grid ReFs 264042 Weather Conditions;
Storm Date? 890319 Oate/Time last recorded storm; 0/ 0
Start Time (R/F>• 730 Antec. Dry Weather Period (hours )s 0 
Rainfall Depth (mra) '■ 12.2 RainFall Event Duration <mins>: 593.
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Grid ReFs 264042 Weather Conditions!
Storm Date: 890319 Oate'Time Last recorded storm: Qs Q
Start Time <R/F ): 730 Antec. Ory Weather Period (hours )! 0 
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GRRNDIFFRITH SSO EVENT 20 16-09-89
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Grid ReF! 262045 Weather Conditions!
Storm Date* 391216 Oate^T ime last recorded storm: O' 0
Start Time (R/F): 0 Antec. Ory Weather Period (hours)! 0 
RainFall Oepth (mm)! 23.0 RainFall Event Duration (nuns): 504.
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Grid ReF s 262045 Weather Conditions?
Storm Date: 891216 Date/Time last recorded storm: 0/ 0
Start Time (R/F)J 0 Antec. Qry Weather Period (hours)* 0 
RainFall Oepth (mm): 23.0 RainFall. Event Duration (mins): 504.
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Grid ReF: 262043 Weather Conditions!
Storm Dates 891216 Oate'Time Last recorded storm: 0' 0
Start Time (R/F)J 0 Antec. Dry Weather Period ( h o u r s 0 
RainFall Oepth (mm): 23.0 RainFall Event Duration (mins>: 5 04.
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Grid ReF5 262043 Weather Conditions5
Storm Oate* 891216 Oate'Time last recorded storm: 0/ 0
Start Time (R/F): 0 Antec. Dry Weather Period (hours ): 0 
RainFall Depth (nun): 23.0 RainPall Event Duration (nuns): 504.
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Grid ReFs 264042 Weather Conditions*
Storm Date * 89)216 Date'Time Last recorded storm: 0' 0
Start Time (R/F): 0 Antec. Dry Weather Period (hours)! 0
RainFalL Depth (mm); 23.0 RainFall Event Quration (mins); 504.
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Grid ReF: 264042 Weather Conditions!
Storm Date: 891216 Oate/Time last recorded storm: Qs 0
Start Time (R/F): 0 Antec. Ory Weather Period (hours)! 0 
RainFall Depth (mm): 23.0 RainFall Event Ouration (mins): 504.
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APPENDIX 3

The Biological Monitoring Working Party (B.M.W.P.) scoring system can be 
used as a broad assessment of the quality of a river. The organisms present 
are identified to family level but no measure of abundance is made. Each 
family group present is given a score (see table overleaf); sensitive 
familities are placed higher in the table whilst species less affected by 
pollution are placed lower in the table and scores for each family ' are 
summed and the greater the number of families present at a site 
(particularly pollution sensitive ones) the higher the total score. Five 
quality classes ranging from very poor to very good have developed from this 
system.

B.M.W.P. CLASS______________________ B.M.W.P. SCORE RANGE

1. VERY GOOD >150

2. GOOD 100 - 149

3. MODERATE 50 - 99

4. POOR 25 - 49

5. VERY POOR <25



APPENDIX 3
BMWP SCORE SYSTEM

Family Common 
Group Name

BMWP
Score

Siphlonuridaie, Heptageniidae, Potamanthidae, 
Ephemerellidae, Ephemeridae, Leptophlebiidae Mayflies

Taeniopterygidae, Leuctridae, Capniidae, Perlidae, 
Perlodidae, Chloroperlidae

Aphelocheiridae

Stoneflies 

Water Bugs
10

Beraeidae, Odontoceridae, Leptoceridae, Goeridae, 
Leptostomatidae, Brachycentidae, Sericostomatidae, 
Phryganeidae, Molannidae Caddis Flies

Agriidae, Cordulegasteridae Lestidae, Gomphidae, 
Aeshnidae, Corduliidae, Libellulidae

Dragonflies

8
Astacidae Crayfish

Psychomyiidae, Philopotamidae Caddis Flies

Caenidae Mayflies

Nemouridae Stoneflies 7

Rhyacophilidae, Polycentropodidae, Limnephilidae Caddis Flies

Ancylidae, Neritidae, Viviparidae, Unionidae Molluscs

Hydroptilidae Caddis Flies 6

Platycnemididae, Coenagrlldae Dragonflies

Gammaridae, Corophiidae Crustacea

Mesovelidae, Veliidae, Gerridae, Pleidae Hydrometridae, Water Bugs 
Nepidae, Naucoridae, Notonectidae, Corixidae

Halliplidae, Dytiscidae, Gyrinidae, Helodidae 
Hygrobiidae, Chrysomelidae, Clambidae, Hydrophilidae, 
Elminthidae, Curculionidae, Dryopidae

Beetles

5

Hydropsychidae Caddis Flies

Tipulidae, Simuliidae Fly Larva

Planariidae, Dentrocoelidae Flat Worms

Baetidae Mayflies

Piscicolidae Leeches 4

Sialldae -



APPENirrx 3 (continued)

Family Common 
Group Name

BMWP
Score

Hydrobiidae, Lymnaeidae, Sphaeriidae, 
Valvatidae, Physidae, Planorbidae

Molluscs

Glossiphoniidae, Hirudidae, Erpobdellidae Leeches 3

Asellidae Crustacea

Chironomidae Midge Larva 2

Oligochaeta (whole class) Worms 1
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Storm water Overflows

MONITORING EFFECTS OF A STORM 
SEWER OVERFLOW UPON THE NANT 
FFRWD, SOUTH WALES

S. C. Bird*. N. Reynolds* and R. Henderson*”
’ Welsh Water Authority, Tretnaius Hons?. Coychurch Row!, Bridgend. 

Mid Glamorgan. U. K.
" " W .R .C . Swindon. Frankland Road. Blagrove. Swindon.-W iltshire. U.K.

INTRODUCTION

The pollution of watercourses by storm sewage overflows has long been identifled 
as a significant prcblem (MHLG 1970: 3DD 1977). However, it present the mechanisms ar.d 
processes by which storm sewage overflows impact upon water-coursea are still net clearly 
understood. Furthermore, i; r.35 been generally recognised within the Vater Industry that if 
future capital investment in 3ewerage systems and sewerage rehabilitation is to oe both 
efficient and effective, this understanding needs to be extended. To this end, the Welsh 
Water Authority (WWA) and Water Research Centre (WHC) nave established a detailed 
investigation into t.ne effects of intermittent discharges from a 3:orm 3ewage overflow (SSC) 
on a small river course in South Wales. The study forms part of the larger Water Industry 
River 3asin Management Research Programme described elsewhere (Cliffsrde e_t a_l. 19 S 5 > . and is 
designed to identify the conditions under which overflow occurs and the consequent effect 
upon the !iant Ffrwd, 1.2 '<m downstream to its confluence. The results are also to be used in 
tne future development of sewer quality and river impact models designed to aid rr.ar.agerr.ent 
decisions about the acceptability of such intermittent discharges.

THE STUDY

The Garndiffaith combined sewer overflow, described in Table 1,forms the only 
significant polnt-source effluent discharge into the Nant Ffrwd.

TA3LE 1 Sewered catonment and chamber characteristics of the Garr.diffaitn SSG

Catchment Details Chamber Details

Population 3000 High sided weir
Total Area 26.4 ha Pealc Inflow 250 1 s
Impermeable Area 9.2 ha Carry on flow 60 I 2
Domestic only Peak Overflow 190 1 s

Dimensions 7x2.7x1
Inlet 530 mm
Outlet 230 mm

The system under investigation responds rapidly to rainfall, normally within 30 
minutes, so that increases in river flow in response to the sane raLnfall input Dften lag 
significantly behind the SSO response 'Figure 1).

1785



S. C. BIRD ei at.

April 1988 May 1988

fig. 1. Typical SSO response timing and D.O. impact 
Sampling and Monitoring

At the commencement of a storm event, the rising water level in the overflow 
chamber activates an Authority designed pressure switch system, which is linked by a 
programmable controller, to a series of relays. The controller activates sampling at the 
overflow site, whilst simultaneously triggering via a radio link, samplers located at the 
upstream and three downstream river sites. Within-chamber quality sensor3 continuously 
record pH, temperature, ammonia and dissolved oxygen levels. The river monitoring sites are 
located: 50m upstream of the SSO, 80m downstream of the SSO, 500m downstream of the 330 and 
1.2km downstream at its confluence with the Afon Llwyd. Quality sensors are located at each 
site. Continuous river flow and rainfall intensity data are gathered in order to provide a 
comprehensive picture of the consequences of each storm event of interest.

Monitoring work is also oeing undertaken to examine the impacts on stream biology. This 
includes the application of novel in-situ macroinvertebrate survival testa involving the 
exposure of known numbers and species. Fish-egg bioassay tests and fish survival ar.d growth 
characteristics are also being undertaken.

RESULTS

 ̂ Early results indicate a range of peak SSO pollutant concentrations of between 
20 mg 1 and 200mg 1 30D depending on whether the spill occurs in the early hours of the 
morning, or at times of peak dry weather flow strength and/or volume. Correspondingly, 
ammoniacal nitrogen concentrations vary between 1.0 and IQ.Omg 1~ . Even during relatively 
insignificant spills occurring in the early hours, first foul flush concentrations have 
accorded with observations elsewhere (Pearson et̂  al. 1986). However, these only persist for 
periods of 10 minutes or less, typical spill durations being of the order of no more tnan 2. 
hours in total.

In-stream ammoniacal nitrogen concentrations are increased during every^spill (Figure 2), 
with even minor events causing river concentrations to rise to 0.7mg 1 or -ore in the 
first foul flush (insignificant levels being recorded.above the SSO). BOD impacts vary mere 
widely with events causing BOD peaks of up to 20tng l” (Figure 2), as opposed to levels of 
around 5.0mg 1* or less recorded consistently above the SSO. Clearly other factors such as 
the antecedent weather conditions, the spill duration, magnitude and timing, all significantly

i6u
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M onitoring effects of a storm  sew er overflow i :

:cact monitored.

Garndiffaith SSO Project 
April 30th 1 988

a

Time

rig. 2. Typical SSO spill impacts

Interestingly, typical impacts upon river dissolved oxygen levels are minimal 
ar.a confined to the stretch immediately downstream of the overflow (Figure 1), probably due 
to the high reaeration and dispersion characteristics of the Nant Ffrwd.

Early survival experiments (July/August 1987) using caged macroinvertebrates, 
Gammarus pulex (freshwater shrimp) and Ephemera danlca (mayfly), at the four river sitss 
indicated significant mortalities at all downstream sites (of up to 110%), (Figure 3). In all 
the indicator species have been studied over three periods to date and Ephemera was 
found to be the more sensitive species in all cases.

Fisheries investigations to date have included the monitoring of stocked swlm- 
up Danish rainbow trout fry. Survival and growth rates are being determined by repetitive 
surveys. Fish stocked in April 1987 revealed higner trout densities downstream of the SSO 
during subsequent surveys. A repeat survey conducted in April 1938 revealed fjjr higher 
densities (3^/100 a ) immediately above the SSO, compared with below (16/100 n )- However, 
there was some suggestion of human interference, although by that time tne stocked fish had 
also been exposed to more than **0 spill events since April 1987. Further stocking in July 
1938 again revealed higher densities above than below the SSO. although both sites exhibited
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excellent popu lat lens. ::aoive brown “rout density surveys however, indicated poor 
cocuiations both above a.-.o oelow.

Ephem era S urv iva l 24-th Ju ly  to  1 2 th  A ugust 19 87
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rig. 3- Some Schemers'survival experiment results

finally, rainbow trout egg oioassayexperiments undertaken in July 1933 revealed 
r,o obvious impact specific to the overflow, cumulative mortalities averaging only 25% near 
the overflow and further downstream. rier.ee. -he impacts of such an 330 soili regime or.tr.
resident population rerr.ain inconclusive at present.

REFERENCES
Clifforde I T, Saul A J & Tyson J M (1906) Urban pollution of Rivers - the UK Water Industry 
Research Programme. Paper M3 International Conference on Water Quality Modelling in the 
Inland Natural Environment. 3curnex.outh, England: 10 - 13 June, 1986 ^85 - «91.

Ministry oT Housing and Local Government (1970) Technical Committee on Ster.T: Overflows and 
the Disposal of Storm Sewage. Final Report, KM30.

Pearson L C, Thornton R.C , Saul A J 4 Howard K (1986) An introductory analysis of factors 
affecting the concentration of pollutants in the first foul flush of a combined sewer system, 
Proc. Conf. on Urban Storm Water Quality and Effect upon Receiving Water. October 1936, 
Wagenigen.

Scottish Development Department (1977) Storir. Sewage Separation and disposal. HM30, Edinburgh


