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The purpose of this research project has been to evaluate the
distributional properties of EMC data in relation to transient and short-
term changes in river quality due to storm events. In less general terms,

the immediate aims of the study are:

(a) To select from amongst six statistical distributions, the best one to
fit data sets of pollutant parameters based on four separately sewered
catchments chosen as test catchments during the French National

Programme (1980-1982).

The six distributions to be tested are widely used in hydrology. They
are the two parameter lognormal distribution, the three parameter
lognormal distribution, the General Extreme Value Type 1 (Gumbel) and
Type 2 (Fréchet), the Pearson Type 3 (3 parameters) and the gamma
distributions. The goodness of fit is assessed graphically as well as
analytically for both the method of moments and the method of maximum
likelihood. The BASIC program and the fitting procedures are
described in Chapter 3 whereas the results are presented in Chapter 4.
Six sets of stormwater quality data, which formed the basis of data
collected in the four French catchments, are used here ie. COD, BODg,
TSS, NO.—, N-NH,*, Zn=~", General comments about this data set are
given in Chapter 2. It must be emphasised here that an independent and
original BASIC program has been developed for this research, because no
available statistical package provided the appropriate answers to our
specific working objectives. Packages such as Minitab, SPSSX, GLIM, MLP
and Statgrafics do not offer the fange of distributions that have been

chosen to be tested.

(b)-Calibration and correlation of the pollution parameters EMCs against
lumped hydrological characteristics such as antecedent dry period
duration, rainfall volume, rainfall intensity, etc., are undertaken to
derive regionalisation factors for use in forecasting methods. Chapter
5 presents the procedure and the results of this regionalisation work

involving a stepwise regression analysis.



The outcome of this research is intended to provide a further contribution
towards answering the question of which statistical distribution is best
suited to stormwater quality data sets. Such a distribution will firstly
provide a reliable return period for an EMC and secondly be used in a mass
balance approach which would provide the return period of a given

concentration within the receiving stream.



1.2 The Water Quality Runoff Data Bases

1.2.1 The European Urban Runoff Data Base

Table 1.1 lists flow weighted average concentrations (EMCs) and loadings
for urban runoff that have been reported to the European Water Pollution
Control Association (EWPCA) Urban Runoff Quality Committee (1987). Nine
countries from the western part of Eu;ope have reported work in the field
of urban runoff showing that concern is growing. Nevertheless there is a
need for more catchment data covering various characteristics involving

sediment properties,‘etc. which need to be further investigated.

Evaluation of the data shows that, whilst pollution concentrations and
loadings vary between different urban areas and sewer type without any
readily desirable causative factors, there can be no doubt that urban storm
runoff can be highly polluted and is at best equivalent to secondary
effluent quality. Although it may have limited value as a statistic, the
average runoff concentration is reported consistently and can be used to
illustrate the inherent variability in reported data. Maés loadings also
enable different sized catchments to be compared. This statistic also
displays a high degree of variability between areas, with the possible
exception of metals, which are reasonably consistent for the limited data

base available.

Individual studies of pollutant sources and types, washoff transport
processes, outfall/catchment loadings and receiving stream impacts have
been reported from most European countries but there have been few if  any
attempts to provide co-ordinated or consistent data bases similar to those
established under the US EPA Nationwide Urban Runoff Program (1983). The
development of appropriate analytical methodologies for the modelling and
assessment of receiving stream impacts of intermittent urban runoff have
likewise been slow in comparison to the United States where a variety of

urban runoff quality simulation models have been available for some time.



EWPCA (1987).

Flow weighted average concenuations (mg 1-*) and loadingstkg ha=* yr=*); bacterial courts (MPN/100 mi)

K 5 Slope Area Imp. Pop. Everts/Obs. [ rations (Mg 1) Loadings { 3 1
Location, Author/Source 'JI".“ % ) % (p/ha) (No.) v F ngs (xghw~® yr-t)
- 0| - aecal
ype $S 800 COD  NO,-N L Pl_q Pb In Colitorms SS BOD coo NO.-N Mo » Py Zn
FINLAND | . .
Pakila, Helsinki (Melanen) s 20 20 29 30 13- 356 220 12 9 1.6 025 0.09 0.14 22 1.5 1.0 025 0.03 0.
Kaukavainlo, Oulu (Melanen) s 0.5 41 30 8s 19 - 57 160 14 120 1.7 0.27 0.13 0.34 8.7 1.3 11.0 020 0.03 o.g}
sto, Tampere (Melanen) s 1.4 13 67 125 36-63 270 28 140 2.2 043 0.43 0.45 120 10.0 54.0 095 ©0.19 0.16
NORWAY
Ova, Trondieim 1. (Lindhotm) ¢ 11 21 37 93 13 510 352 . 3.0 1573 1088
Rrswollan, Trondeim 2. (Lincholm) S 5.3 20 18 30 14 929 74 2.3 0.3 0.07 0.10 160 127 0.5 0.12  0.50
Bistetibekken, Oslo 1. (Lindhalm) c 28 219 69 342 18 721 200 530 8.2 2.4 0.45 1.07 1867 518 1373
Oslo 3. (Lindvokm) s 37 43 155 9 367 73 4.9 0.5 0.10 0.17 628 125 0.8 0.17  0.29
Vesth, Oslo 4. (Lindholm) s 93 W 33 123 11 86 63 5.9 0.8 0.05 0.32 164 120 1.6 0.10 0.41
Rukklabekken, Sandeljord (L indholm) cC 2.5 380 12 25 9 424 103 268 14.4 4.0 0.08 0.64 537 s 340 0.83  6.61
SWEDEN . .
Melibyleden, Goleborg (Malmquist) S 15.6 39 115 7 79 89 1.2 2.5 .21 0.16 0.33 2100 52 60 0
Veyagatea, Goteborg (Malmaquist) H 58 5 250 9 140 120 0.33 039 044 600 101 138 o':; :":g Y
Burasiosvangen, Goteborg (Malmauist s a8 45 8s 6 67 69 1.3 24 020 020 024 790 83 ' 0.38 015 0.24
Linneyalan, Maimo (Hogland) C 05 250 25 50 103 (Ob 180 53 460 7.6 .80  0.10 0.32 0.1x10* : : .
BENMARK
Ceder , Lyngby (4 ) C 11 5.3 45 94 23-30 155 30 138 21 9.2 2.6 0.11 0.52
Vesue Paradisvej, Soellevoed (Hamemoss) € 1.1 17.2 23 21 20-28 197 3 121 0.6 9.4 2.6 0.15 0.30
Murkerisparken, Birkeroed (H ) $ 0.8 6.4 46 27 19 - 3¢ 52 44 ¥ 12 1.4 0.11 0.04 0.34 3200
Soender Ege, Ry (Si ) c 45 - - 3 20 5.3 1.7
A ken, Viborg, (Si ) s 159 - - - 90 1 5.8 0.38  0.09 0.30
Skvaelmoelle, Shanderborg (Simonsen) S 27 - - 5-27 354 15 2.9 0.86 0.02
Ladeqasrdsbakken, Skandesborg (Si s s - - s 241 35 6.7 0.68 0.0% 0.04
Aalborg Oest (Hvitved Jacobsen) S 8.8 - - 12 15 0.10 0.45
NETHERLANDS
Bastion, Lelystad (Uunk) s 0.1 4.5 66 150 8 142 7 58 3.3 4.1 0.75 0.10 0.74 300
Heernugswaard (Uunk) S 12.5 - - - 26 25 35 2.2 0.32 0.01 0.09 0 69 . 6.0 0.34
ERG
Pultach I, Munchen (Brumner) s 0.7 23 356 35 40 158 11 %0 1.0 3.78 1.6 232 40 - -
Harlaching, Munchen (Geiger) C 01 528 40 200  600/20000(0m | 153 102 275 21.0 8.4 1312 784 193, 18 1.8
Busrau, Stuttgart (Krauth) €C 06 n.7 38 125 - 177 114 B8 194 6.6 1426 919 e 155 &
Emil Clar , Frankiurt (Gniosd € 0.1 703 82 - 24 422 180 126 6.6 21,1 9.8 846 156.0 530
Lettigkautweg, Frarkfurt (Gniosdorsch} c 45.3 n - 18 463 180 108 3.2 23.7 15.2
Westhausen, Frarkfurt (Gniosdorach) $ 0.1 gs.6 48 - 12 S15 46 81 9.7 122 1.2
Sammier, Hurth (Pecher) c 504 42 - 4 681 58 138 2.2 17.5 0.37
Rubgarten, Gniebel € 04 35 50 - 56 86 60 130 2.4 3.6 1.4
SWITZERLAND
Sc dirgen, Zurich (Roberts) ¢ 05 9 47 200 90 83 8 37 1.0 ° 22 0.18 o011 0.13
Kanalisation Frisdacker, ¢ S0 127 42 129 . 212 199 498 011 406 130 002 o028 Al B 0.7 0.42  0.05
Zurich, (Dauber) 0.04
FRANCE
Maurepas , Paris (Dewisch) S 0.5 26,7 60 100 174 191 12 17 6.1 1.32  o0.28 0
Les Ulis, Paris (Deutsch) S 0.6 431 a2 350 97 439 34 108 7.8 320 o3 -4 940 33 ‘380 23.0 26.0 4.1 0.41 1.65
Aix 20, Aix-an-Provence (Deutsch) s 209 256 78 210 75 2% o8 202 9.8 ¥y ooy 1100 83 40 14.0 160 4.9 0.30. 0.86
Aix Noid, Aix-en-Provence (Deutsch) s 6.5 920 as 40 73 473 45 278 ‘ - 0.14 ggg ;: 430 11.0 12.0 2.6 0:35 0.66
160 2.0 3 .
™ A 0.65 0.17 0.23
Chelmsly Wood, Birmimham (WRc) S 107 3s 107 - 130 14 134 0.5 0.2 36 :
St Andrews, Northampion (HMSO) ¢ 93 50 102 - 370 95 ‘ 10 03 gg-’s” :g 234 0.36 0.59 0.68
Cowpers Lane, Bradlord (Gaioesord [ 68 28 90 - 237 43 308 1 2
Rasuick, Brighouse (Gameson) c 240 11 15 - 647 86 154 6“
Shephall, teveimge (Mance) s 143 23 &b 80 112 1.7 2.0 0.2 0.27 101 !
: Clil\ou%mc, "‘"33'“::.’"»‘" S 3.0 106 a2 ;‘.‘ : 18 21 7 39 8.8 0.23  0.45
Graham Park, N London (Ellis S 1.8 3% 39 r) 18 516 22 165 2.3 6.5 .
Oshey, N London MWilkinson) s 2.2 247 18 5 79 19¢ 7 072 040 0.67 4865 Zg‘ f; o B0 42 18.5  o0.84 0.27 0.73
Oxhey, M Loadon (Ellis) s 2.2 7 20 64 24 194 n 1.3 2.4 0.37  0.39 0.30 1840 190 1. o e
. 4
T} d S . )
S:::;l:\"n::nu 484 75 383 87 36 270 2.0 0.25
- d0.0  10.0 ?.9x10° 3252 220 2688 “08 190 g.1r  0.30



1.2.1.1 The European EMC Data

The EMC data base for the various European experimental catchments
presented in Table 1.1 includes data from the four French catchments
investigated in the present study.

The EMC (event mean concentration) is defined by the following formula:

EMC = Mass of Pollutant discharged during the event

Quantity of water discharged during the event

or with discrete measurements:

MN-1

SUCy, +0Qi + Cyl sy Quur 1 . At/2
EMC= —4A=1

N—1

T L Qi+ Q). At/2

PL

with C; "instantaneous" sample concentration for time i

and pollution parameter j;

Q. = "instantaneous" discharge at time {;
At = time between samples;
N = number of ordinates.

As reported by EWPCA (1987), "the availability of a large population of
EMCs can provide a degree of reliability to any derived statistical
measures or distributional analysis, and also offers a number of other

additional advantages:
- provides concise summaries of what is inherently variable data;

'~ provides a more useful method of reporting data than the use of ranges;



- enables comparison of results from different sites, events conditions

etc., to be conveniently made;

- provides a convenient quantitative framework for examining the

transferability of data;

- the use of a "constant" concentration value for a particular sewer
type, land wuse, hydrology etc., in conjunction with an accurate

hydraulic snalysis, can provide a very useful load estimation;

- can be used to compute loading on the annual timescale associated with

long term receiving water quality impacts®.

The EMC values associated with hydrological catchment and sewer data

provide an appropriate characterisation of urban runoff quality.

1.2.2 The American Urban Rupoff Data Base

During the Nationwide Urban Runoff Program (NURP) launched by the US
Environmental Protection Agency (1983), data were collected by 31

nationwide projects. Figure 1.1 shows the locations of those study areas.

As presented in Terstriep et. al. (1986), over the 31 projects, 19 were
undertaken with little or no participation of the US Geological Survey

There were 237 catchments (sampling stations) related to those 18 projects
for which 588,650 rainfall and runoff observations were recorded and
102,720 samples including in-stream data, atmospheric dust and street dirt
samples were analysed. The majority of the samples for water quality
analysis basis were flow-weighted composite samples although a few discrete
samples collected through the course of the events are available. The raw
data from non-USGS data have been stored in the USEPA STORET Data Base

which provides fixed site data as well as measurement data.

The fast track data base compiled the information of all sites in terms of
EMC. In order to evaluate whether or not a real problem (with a manageable

solution) existed on a national scale, the information corresponding to



twelve pollutants was included in this data base. The pollutants were:
TSSs, COD, BODg, Cu, Pb, Zn, total coliforms, faecal coliforms, Ptot.,
Psol., TKN, total nitrate + nitrogen.

A lot of work has already been done upon this plentiful and positive data
base in terms of statistical and physical modelling. A good review of this
work can be obtained in papers included in the proceedings of an
Engineering Foundation Conference (1986) whereas various reports
corresponding to local sites can be obtained from local authorities in the
US. Final reports on the results of the NURP have been published by US EFPA
(1983,
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STUDY AREA LOCATION-Number refers to metropolitan areas and REGION {I-Mean-annual rainfall 20 to 40 inches.
roman numeral refers to region listed below. 7. Honolulu, Hawati 14. Lake George, New York
8. Champaign-Urbana. llinois  15. Rochester, New York
16 V' US. Geological Survey study area 9. Gien Ellyn, ilinois 16. Columbus, Ohio
1114 ® US. Enviromental Protection Agency study area 10. Ann Arbor, Michigan 17. Portland, Oregon
123 W US. Enviromental Protection Agency and 11. Lansing, Michigan 18. Austin, Texas
US. Geological Survey study areas 12. St Paul, Minnesota 19. Bellevue, Washington
13. Kansas City, Missourt 20.Milwaukee, Wisconsin
REGION [-Mean-annual rainfall less than 20 inches. REGION I1I-Mean-annual raintall greater than 40 inches.
1. Anchorage, Alaska 4, Albuquerque, New Mexico 21. Little Rock, Arkansas 27. Durham, New Hampshire
" 22. Miam, Florida 28. Long Island, New York
2. Fresno, California 5. Rapid City, South Dakota 23 Tampa, Florida 29, Kuowullle, Tennessee
3. Denver, Colorado 6. Sait Lake Chy, Urah 24, Baltimare, Maryland 30. Houston, Texas
25. Boston, M: huse 31 Wash DC.

26. Winston-Salem, North Carolina

Figure 1.1. Locations of wurban-stormater study areas and mean-annual

rainfall regions in the US. After Driver et. -al. (1986).



1.3 Characteristics of Urban Runoff

1.3.1 General Statistics of Urban Runoff

Urban runoff quality is affected by the combination of many non-point,
diffuse sources since rainfall, runoff and pollutant concentrations vary in
space and time. The effects of this combination are a high variability of
runoff quality within and between events, as well as from site to site.
The discharge of pollutant loadings is usually of relatively short duration
in comparison with the time separating events. Table 1.2 illustrates this

fact by showing average values for several catchments in the United States.

Table 1.2. Average storm duration and time between storms for selected

locations in the United States. After Mancini et. al. (1986).

Average Annual Values in Hours

Location Storm Time Between
Duration Storm Midpoints

Atlanta, GA 8.0 94
Birmingham, AL 7.2 85
Boston, MA 6.1 68
Caribou, ME 5.8 55
- Champaign-Urbana, IL 6.1 80
Chicago, IL 5.7 72
Columbia, SC 4.5 68
Davenport, 1A 6.6 98
Detroit, MI 4.4 57
Gainesville, FL 7.6 106
Greensboro, SC 5.0 70
Kingston, NY 7.0 80
Louisville, KY 6.7 16
Memphis, TK 6.9 89
Mineola, NY 5.8 8y
Minneapolis, MN 6.0 87
New Orleans, LA 6.9 89
New York City, NY 6.7 17
Steubenville, OK 7.0 19
Tampa, FL 3.6 93
Toledo, OH 5.0 62
Washington, DC 5.9 80
lanesville, OH 6_1 i

Mean' 6.1 81
Denver, CU 9.1 144
Oakland CA 4.3 320
Phoenix, AZ 3.2 286
Rapid City SD 8.0 127
Salt Lake City, UT 1.8 133

Mean 6.5 202
Portland, OR 15.5 83
Seattle, WA 21.5 101

Mean 18.5 92

Note: Typical values.
Average 90%

hours hours
Storm duration 6 15
Interval between 80 200

storm midpoints



In terms of EMC, typical figures illustrating site-to-site variations and

event-to-event variations at a site are presented in Table 1.3.

Table 1.3 Water quality characteristics of urban runoff in the US. After
_ :Mancini et. al. (1986).

Event-to-Event Site Median EMC
Constituent Yariability
in EMCs For For
{Coef Var) Median 40th Percentile
Urban site Urban site

TS5 (mg/t) oo 300

9 15
65 140

8UD (mg/1)
€09 (mg/1)

Total P (mg/1}
Sotid P (mg/1)
TKK (mg/1}

KO, , 3N (mg/))

0.33 0.70
g.12 0.21
1.50 3.30
0.68 1.75

kL3 91
144 350
160 $00

Totat Cu (ug/t) -~
. Total Pb (ug/1)
+ Totat In {ug/1)

eoo cooo ee
Y b bw -
IO
coc' bcoc ceo

The coefﬁ{clenf-of variation (standard deviation/mean) varies according to
the type of catchment. Figures 1.2 to 1.7 show the results (US EPA, 1983)
based on 37 low density residential sites, 3 high density residential
~sites, 10 cdmmefcfél sites and 2 industrial sites. In the paper by
vTerstriep et. al. (1986), it has been indicated that for low density
residential sites, thé éééfficient of variation ranges between 0.45 and
0.61 for BODg, COD, Ptqf. and TKN whereas it varies between 1.09 and 1.53
for-TSSQ N02+5,_Ch and Zn. For the commercial sités, the coefficient of
variation is lower with Psol. and Zn béiné at 0.75 and 0.86 respectively
whereas for the remainihg pollutanfs.it ranges between 0.22 and 0.60. For
-all the pollutants presented-excepf the TSS, the high density residential

sites seem to be more polluting than the other types of site.
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Figure 1.2. Maximum, minimum and Figure 1.3. Maximum, Minimum and
mean concentrations of TSS. mean concentrations of COD.

After Terstriep et. al. (1986)., After Terstriep et. al. (1986).
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Figure 1.4. Maximum, minimum and
mean concentrations of total

nitrate nitrogen. After Terstriep

Figure 1.5. Maximum, minimum and
mean concentrations of total

phosphorus. After Terstriep et.

et. al. (1986). al. (1986).
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Figure 1.6. Maximum, minimum and Figure 1.7. Maximum, minimum and
mean concentrations of total lead.

After Terstriep et. al. (1986).

mean concentrations of total zinc.

After Terstriep et. al. (1886).

The stormwater quality and the loads carried during an event are also
highly influenced by the climatic conditions before and during the event,
Ellis et. al. (1985) have shown, through stepwise regression analysis,
that climatic parameters such as the total rainfall volume, the maximum 5-
minute duration rainfall intensity, the storm duration, the antecedent dry
period length or the total surface discharge are highly correlated with
pollutant loads from highway runoff. The combination of three of these
parameters can explain from 70% to 99% of thé variance of the polluting

loads for TSS, Pb, Cd, Fe, Zn, and Cu in the particular example presented.



The range of average EMCs for Europe are displayed in Table 1.4, which has
been prepared from Table 1.2, Those ranges are very similar to those

measured in the United States and displayed over Figures 1.2 to 1.7,

Table 1.4. Range of average (site-to-site) EMCs for separate drainage

systems in Europe.

Pollutant Range of average EMCs for
Indicator separate systems in Europe
(mg/1)

TSS 15 - 930

BOD 4 - 45

coD 11 - 280

N-NO;~ - 0.6 - 10

Ptot. 0.1 - 3.2

Zn 0.04 - 0.9

An overview of the polluting potential of stormwater runoff is given in
Table 1.5 where typical EMCs for urban runoff and typical concentrations of
domestic wastewater after secondary treatment are given. Table 1.5 also
shows that in terms of TSS and Zn, stormwater is, on average, more polluted

than treated wastewater whereas COD concentrations are roughly comparable.



Table 1.5. Comparison of waste quality parameters in urban runoff with

domestic wastewater (mg/1). After Bastian (1986).

Typical concentrations for

pollutant Typical EMC Domestic wastewater (mg/l)
concentration
for Urban Runoff before secondary after
(mg/1) : treatment treatment
TSS 150 220 20
CcoD 75 500 80
Ntot. 2 40 30
Ptot. 0.36 : 8 2
Zn 0.2 ' 0.28 0.08

1.3.2 Within-Event Characteristics

The mechanisms involved in urban runoff quality during a storm event are,
as described previously, highly variable in nature as well as complex in

form. However some basic patterns can be identified.

The ‘first-flush' phenomenon is now well recognised by stormwater
practitionners for both separate and combined systems (Thornton et. al.,
1987). This process occurs when in-pipe pollutants and deposits are
removed early in the storm event, showing a pollutant peak preceding the
flow peak. Revitt et. al. (1986) have shown that soluble components can be
washed through the system very early in the storm whereas the delivery of
solids and their associated pollutants is dependent on re-suspension of in-
pipe sediments. The temporal variation in the TSS pollutograph is of
particular importance for controlling the behaviour of correlated
pollutants such as BODg, COD and lead, the latter having & high affinity
with the particulate phase. BOD, COD and TSS have also been found to be
highly correlated within an event. It has also been shown that maximum TSS

concentrations within an event can be linked with the maximum flow of the



hydrograph. This '.t_endency seems to be well marked for the hi-ghest max imum

flows (Ministére de 1'Urbanisme, du Logement et du Transport, 1985).

Figure 1.8 from the Maurepas catchment displays both BODg pollutograph and
“hydrograph for the event No. 3 recorded during the French National
.Progr-amme.' This graph shows the first flush concentration peak as well as

the-peak corresponding to the maximum flow.
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""Figure 1.8. BOBs pollutograph and hydrograph at the Maurepas catchment,
" ' France. After Hémain (report LHM 25/1983, 1983).



1.4 The Effects of Stormwater Runoff on Receiving Streams

The impacts of urban runoff upon a receiving body can be different for each

individual case considered. They depend mainly on:
- the nature and concentration of the pollutants involved;

- the nature of the receiving body and its hydrological, biological and

chemical characteristics;

- The activities and practises undertaken in the water body eg. water

supply, fishing, bathing, etc.

Pollution problems from ‘urban runoff are generally divided into two
categories depending on their time-based effect, (Harremoés, 1982; US EPA,
1983; Hvitved-Jacobsen, 1986): short-term <(acute) and long-term effects.
When the water body threshold of tolerance is reached because of the effect
of intermittent runoff loads discharged, then acute impacts appear. The
nature and time scales of urban runoff impacts on receiving water quality

are illustrated in Figure 1.9,

Hydraulic Effects
 680800000000000¢ S |

Bacteria{Public Hea]th)

B\Odegradable 0rgan1c Matter
T m——— Y I (D1SSO] ved Oxygen)

Suspended So11ds

10 1 10 102 103 108 10° ' (hours)
1 qur 1Qay 1wgek 1month 1 year 10¥ears Time

Y

__ Short-Term Impacts | o Long-Term Impacts

Figure 1.9 Time scales of wurban runoff pollution impacts on receiving

waters, After Driscoll and Mancini (1978).



1.4.1. The Short-Term Impacts

Short-term effects are characterised as discrete events in terms of
identifying the duration of their impact which, ideally, has no overlap

from one event to the next.

The impact caused by specific pollutants lasts as long as the duration of
the event but the damage to the biology and fish population may extend
beyond the duration of the event. The first flush phenomenon described
earlier may result in localized drastic effects such as fish kills and high
turbidity. Villeneuve and Lavallee (1986), in assessing the impact of
combined sewer overflows, reported that sediments immediately downstream of
outfalls were 10-50 times more contaminated than those upstream. 1t was
concluded that instream pollutant concentrations downstream of outfalls
increased during wet weather by as much as 2-7 times above the dry weather
levels. The recovery period was found to be 48 hours for most parameters.
It must be noticed that resuspension of pre-existing pollutants during a
storm event is likely to be responsible for this impairment of the
receiving stream water quality. Released toxicity of deposited heavy
metals, high turbidity or dissolved oxygen (DO) depletion are usually side

effects of the resuspension phenomenon.

In the particular case of metal toxicity, the sensitivity of aquatic
organisms is highly variable depending on the chemical parameters of the
receiving water, the metal considered, the aquatic species being considered
and their life stage. Table 1.6 illustrates the effect of hardness and
alkalinity on the acute toxicity of zinc to rainbow trout, The term 86 hr
LC50 is the lethal concentration for which 50% of the fish population will
die over 96 hours (4 days) under laboratory conditions. Table 1.7 shows

the acute toxicity of zinc to rainbow trout.



Table 1.6. Effect of hardness and alkalinity on the acute toxicity of zinc

to rainbow trout of similar size (a).

Hardness Alkalinity 96 hr LC50
mg/1 mg/l mg/1
315 227 7.21
102 81 1.00

23 20 0.56

4Goettl et al. 1971.
Table 1.7. Effect of fish size on the acute toxicity of zinc to rainbow

trout in hard water at a temperature of 15°C (a).

Length Weight 96 hr LC50
cm g mg/1
11.9 18.3 4,52
5.6 2.0 1.19

4Goettl et al. 1971.

In the case of DO depletion, recent studies have shown that for combined
sewer overflows, the organic matter is adsorbed by the solid surfaces of
the river muds much faster than it is degraded (Harremods, 1982; Hvited-
Jacobsen, 1882 and Hvited-Jacobsen and Harremods, 1982). This process
causes a delayed oxygen depletion at the bottom of the river bed downstream
of the discharge point where organic matter settles on solid surfaces.
This delay effect lasts at least 12-24 hours after the discharge event.
This process is {llustrated in Figure 1.10.
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discharge . :
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water
_______________ surface
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iA organic matter fixed
to sohid surfaces
Figure 1.10. Removal of organic matter from a water volume under

transport down a river. After Harremo&s (1886).



The same authors found that the removal rate of organic matter by
sedimentation is approximately ten times greater than the actual
degradation rate. Therefore the depletion will be maximum in reaches close
to the discharge point. In addition, diurnal oxygen fluctuations have also
to be taken into account. The superposition of oxygen depletion caused by
an event during the day with high oxygen concentrations created by
photosynthetic activity is different during the night when respiration
depletes oxygen resources. A three dimensional 1{llustration of this
phenomenon is shown in Figure 1.11. The graph shows that total oxygen
depletion can occur during a few hours causing adverse effects to the
animal population of the stream. It must be noted that the in-stream
oxygen depletion is caused by a well known pollution indicateor, the
biclogical oxygen demand (BOD). Figure 1.12 illustrates the short-term

impact of BOD on the in-stream DO during a storm.
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Figure 1.11. A three-dimensional i{llustration of the superimposition of
diurnal oxygen fluctuations on the delayed oxygen sag in
the river resulting from a discharge of 127 Kg COD to a
river with a baseflow Qb = 50 1/s. C = oxygen concentration
(mg/1); th = distance down the river as time of travel in
hours; t'= time in houfs after passage of the runoff

volume. After Harremoés (1982),
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Figure 1.12. The short-term effect of a storm discharge on the river

Tame, UK. After Hvited-Jacobsen (1986).

1.4.2. The Long-Term Impacts

The long term impacts of stormwater discharges are the result of an
accumulative process. A gradual build-up in the concentration of the
pollutant occurs in-stream or in the water body sediments. The detrimental
effect appears when the concentration exceeds a threshold value. Hence
long-term effects usually occur some weeks, months or even years after a
series of stormwater inputs. Those effects include fish kills,
eutrophication due to nutrients (phosphates, nitrates, etc.) and continued
oxygen depletion due to settling-out of the BOD fraction of the suspended
solids, as well as toxicity of heavy metals due to the resuspension
processes, A typical example of long-term impacts of urban runoff is the
dramatic changes that occurred in Lake Erie (Bastian, 1886) during the late
1960s. At that time, severe oxygen depletion and blooms of blue-green
algae were observed and fish kills were common. These were the disastrous
consequence of the excessive nutrient and other pollutant loads from both

peint and non-point sources created by a fast population growth. Beeton



(1969) indicated that ammonia-N increased fivefold and total nitrogen
increased about threefold between 1930 and 1958 whereas total phosphorus

concentration doubled between 1942 and 1958.

Figure 1.13 {llustrates the response of long-term pollution on the fish

population of Lake Erie once the threshold of tolerance has been reached.
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Figure 1.13. Commercial production of blue pike and cisco in Lake Erie

(USA). After Beeton (1969).

In the particular case of Lake Erie it must be noticed that efforts to
reduce pollution effects have resulted in dramatic and rapid improvement in

water quality in the lake probably because of its very short detention time

(2.6 years).

The two categories, acute and long-term effects, in terms of loads
discharged, can be treated statistically in a similar way but with a
different time basis. For acute effects, time scales are of the order of
hours but for long terms effects, monthly or even annual data are more

'relevant. This approach developed by Harremo&s (1986) 1is included |in
Section 1.5.2,



1.5 Review of Distribution Fitting

For the pollutant concentrations encountered in urban runoff, it is likely
that exposures in terms of hours have a high probability of causing adverse
environmental impacts. Hence an appropriate and convenient time scale for
analysis of urban runoff loads, concentrations and effects is the event
duration. The parameter analysed in this case is the average concentration
of a given pollutant during the event, the event mean concentration. A
considerable amount of work has been done by the US EPA using this basic
average approach. Recently other researchers in Europe such as Harremodés
have used the same approach but introduced the idea of using pollution load
data with a different time basis (ie. yearly). In the United States and in
Europe a distributional analysis was applied to EMC data in order to work
out the return periods of EMCs and to tesf their compatibility with
national standards. In all cases the lognormal distribution was considered

best suited for frequency estimation of EMCs.

1.5.1 The Work Done in the United States

1.5.1.1 The Lognormality of Water Quality Data

Driscoll (1986) presented a paper in which a series of probability plots of
water quality data from a variety of discharge sources was displayed.
Representative examples of observed EMC and site median concentration data
from highway stormwater runcoff, combined sewer overflows, urban runoff
point sources discharged from sewage treatment plants as well as
agricultural runoff were analysed and plotted for thelr lognormality
properties, Driscoll concluded: "such examination suggests that a
lognormal disfribution either actually defines the underlying population of
pollutant concentrations, or is at the least a satisfactory approximation
for most environmental analyses". Although all the plots displayed in the
paper present a fairly good fit with the method of moments, several remarks

can be made:

- the same pollution indicators were probably not available for all the

differing types of pollution cited: highway runoff, urban runoff, etc.



A lack of consistency <{(certainly inveluntary) was apparent for the

pollution indicators used;
- 15 out of the 64 samples presented (23%) contained 10 or less values;

- -no goodness of fit index was computed. The fit was judged by eye,

hence it is difficult to quantify how good the fit actually was;

- no distributions other than the lognormal distribution were analysed or

displayed.

Another paper by Strecker et. al. (1987) supported the lognormality of
highway pollutant concentrations with an analysis of data from 31 sites in
the United States covering a total of 993 separate storm events. The
information was collected for the Federal Highway Administration. The
initial assumption that EMC data for a site could be fitted by a two
parameter lognormal! distribution was made because, as written in this
paper, “the US EPA NURP study (1983) reached a simjlar conclusion regarding
pollutant concentrations in stormwater runoff from urban areas, based on a
significantly larger data base than is available here". In the study
conducted by Strecker et. al., a "probability plot correlation coefficient"
(Vogel, 1986) was used as a statistical test for confidence that the
distributions of EMCs for each site were lognormal. This test despite its
convenience, cannot be applied te three parameter distributions. The
authors concluded "almost all data sets were concluded to be adequately
described by a lognormal distribution”. When they examined the distribution
of site median suspended solids concentrations for all highway sites, they
discovered a cut-off point in the pattern suggesting that two separate
lognormal distributions were present. The authors suggested that the
average traffic density per day was the factor that delineated the two
distributions at the threshold of 30,000 vehicles per day.

Table 1.8 summarises the successful application of +the lognormal
distribution over the two papers discussed previously: Driscoll (1986) and
Strecker et. al. (1987).



Table 1.8, Synthesis

of

the successful

application

distribution as presented by Driscoll

al. (1887).

of the
(1986) and Strecker et.

lognormal

Origin of pollution

Type of data

P

ollutants analysed

Highway runoff EMC TSS. Total N, TKN, Pb, Zn
Combined sewer overflow EMC BODg, TSS
Urban runoff EMC COD, Ptot.
Agricultural NPS runof f EMC N-NH,*, N-NO;-, TKN, Psol.
Treatment plant effluent EMC BODg
Highway runoff Site median TSS
concentrations
Combined sewer overflow Site median BODg, TSS
concentrations
Treatment plant effluent Site median Cd
concentrations
Urban runoff Site median Ptot.
concentrations
Surface and subsurface Annual average Psol., NO5~

runoff of conventional
tillage (agricultural

runoff)

concentrations

at a site




1.95.1.2 The Probabilistic Mass Balance Approach as a Tool for Decision

Making

If the lognormality of EMC data is admitted, a more integrated approach can

be carried out.

In Europe, the theory of the mass balance approach for river quality
modelling was first developed by Warn et. al. (1980). The computation,
involving Monte Carlo simulation and the assumption that the parameters are

lognormally distributed, provided appropriate results.

A probabilistic model including the mass balance equation has been proposed
by the US EPA (1984) in order to determine the recurrence interval of the
pellution concentration in a receiving stream and the violation frequency
of water quality criteria. The same approach was proposed by Gaboury et.
al. (1887) for highway runoff. They based their work on an analysis
methodology initially developed by Di Toro (1984). A basic description of

the method is presented here.

During a runoff event the receiving water concentration (CO) for a given
pollutant depends on the upstream flow (QS), the upstream concentration
(CS> and, of course, the runoff concentration (CR) and runoff discharge

(QR). The mass balance equation links all those parameters:

co

[}

(DF . CR) + ([1-DF1 . CS)

where DF (or ¢), the dilution factor is defined as:

DF = QR = 1 = 1 with D = @S
QR + Q5 1 + QS/QR 1+D QR

If we assume the variables QS, QR, CS, CR, to be lognormally distributed
and independent then CO will be approximately lognormally distributed since
the sums of lognormal random variables have tails which are approximately

lognormal (Janos, 1970). Hence the knowledge of the parameters



characterising the lognormal distributions of @S, QR, CS and CR allows the
computation of the cumulative probability distribution of CO and therefore
the recurrence interval <(or return period) of CO will be known, This

general schematic approach is displayed in Figure 1. 14,

SAAAAANAAARARRNA

STREAM WATER RUNOEF BLEND
NA M
3 m" me
3 @ @ ' DILUTION
(VY

(b e e |
B i

probability probabitity
g cs',/\l\"\/,\ CR STRE AM CONCENTRAT ION
; L
= ol e o ™ I
; l - tnCO
w .
‘i) tn lCS ' Ln'CR v @ 3
© probability
probability probability
®
L]
Stream
Cenc.
Co
recurrence
interval
Figure 1.14. Schematic outline of probabilistic method for computing the

return period of in-stream pollutant concentration due to

water runoff. After Gaboury et. al. (1987).

Despite the assumptions made about the lognormality of runoff and stream
flows, the dilution factor DF (or ¢) is not truly lognormal. To calculate

accurately the probability distribution of DF, a numerical procedure using



quadratures is available but however a simple form of lognormal
approximation is presented here. It has been emphasised that the method of
moments provides a conservative computation <(overestimation of the in-
stream concentration for a given non-exceedance probability). However the
method of moments matches quite well the exact method of quadratures
between the 5% and 95% percentiles. Table 1.9 provides the basic
relationship (drawn from the moments estimates) used in the computation of

a lognormal distribution.

Table 1.9, Lognormal distribution relationships and terminology. After
Gaboury et. al. (1987).

ARITHMETIC LOGARITHMIC

MEAN M v

STD DEVIATION 8 w

COEF OF VARIATION oV

MEDIAN T
T = exp (V) w= sar { LN (1 + cv?) )
M = exp (U + nw?) U = LN (M /exp(nuw?))
M= T*SQR (1+cv?) U =LN{M/SaRrR (1 +CVv?) )
v = 8QR ( exp (W2) -1 )
S = M*CV

LN(x) designates the base e log of the value x,
SQR(x) designates the square root of the value x,
exp(x) designates e to the power x.

Assumming no correlation between stream and runoff flows:

Wp = Wga® + W) 7=

and the value of DF for any probability percentile a is:
DFa = T('.\Eg
Tar + Tas . exp(Za . Wp)

where Za is the standard normal variable corresponding to the probability

o



The arithmetic mean of the receiving water contaminant concentration is

defined as:

Moo = Mo« Moe) + (Meg o [ - MpeD)

The arithmetic standard deviation is:

Sco = Spr® « [Mer = Mcsl® + Scr® .« [Spe® + Mpe®l + Scs® . [Spe®
+ (1-My=271)%

The corresponding log transforms must be computed to develop the desired

information on probability:

log standard deviation: Weo (Inl1 + CV =101 7=

log mean: Uco (Inl Mo/ (1 + CVp2)172)
Then the concentration that will not be exceeded at the probability a can

be computed:
CO, = expUcp + Za . W)

Conversely, the probability o of CO exceeding a given stream concentration

CO, can be determined with a normal probability table after computing:

Za = 1lnlCO,1-U

WCD

In the US EPA draft report (1984), a  verification of computed
concentrations 1is proposed. Data from approximately 20 storm events
acquired during the NURP program at Rapid City, was used to test the
reliability of the methodology. Figure 1.15 shows the lognormality of
upstream and runoff flow data whereas Figure 1.16 shows, as an example, a
good lognormal fit of the downstream TSS data. The straight line
represents the theoretical distribution calculated by the method of moments

described in the methodology.
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The methodology described above shows good results and the mean recurrence

interval (or return period) MRI can be computed from:

MRI = 1
(exceedance probability) . N

MRI = 1
(il-a> . N

where N = number of storms per yesr.

Then the significance of a particular magnitude/frequency pattern of
downstream concentrations caused by wurban runoff can be evaluated by

comparing them with a specific water quality criterion.

Figure 1.17 from the NURP final report (US EPA, 1983) illustrates such an
approach. The toxicity effect levels for coppervare those suggested by the
NURP study for short duration exposures and are quoted for a total hardness
of surface waters of 50 mg/l. In this situation the Iin-stream
concentration of copper caused by untreated urban runoff discharges exceed
the "EPA Maximum" criterion more than ten times per year on average whereas
the threshold level (concerning adverse biological impacts) is exceeded, on
average, five times per year (MRI = 0.2 year). It must be noted that
significant mortality of more sensitive biologlcal species occurs once
every three years on average. In the case of "treated urban runoff",
threshold levels are reached only once every 3 or 4 years on average.
Significant mortality levels are never reached although the "EPA Maximum"
criterion is exceeded once or twice a year on average. The "acceptable®
frequency at which specific adverse effects can be tolerated is still a

difficult and subjective problem to assess.
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1.5.2 European Approaches

1.5.2.1 The Lognormality of Water Quality Data

Relatively 1little work has been undertaken

lognormality of EMC data in comparison with the USA effort.

in-stream concentrations.

to the
Although the

in Europe test

lognormality of EMC data is generally admitted and included in integrated

probabilistic approaches,

31

no basic or consistent work appears to have been



undertaken to assess the goodness of fit of various statistical

distributions.

In the UK, the conclusions presented in the status report of the European
Water Pollution Control Association (EWPCA, 1887) are: "a two parameter
lognormal distribution is quite adequate for urban runoff data and can be
completely specified by a central tendency and a dispersion parameter.
However, because of its several assumptions and its inability to simulate
control alternatives explicitly, the log frequency distribution approach is
probably best suited for general management/planning survey work". Figure
1.18 displays the graph presented in the EWPCA report to illustrate the
lognormality hypothesis.

In another paper from Pratt et. al. (1987), the hypothesis of lognormality
distribution of suspended solids EMCs in flows from highway gullies was
tested graphically, and the authors concluded: "the hypothesis was
confirmed and close fit achieved to the assumed mean and standard

deviation". Figure 1.19 shows the graph presented by the above authors.

In Denmark some work presented by Harremoés (1986) gives evidence of a good
visual fit of the two parameter lognormal distribution to EMC data sets. A
bulk sample of COD data sets drawn from two combined systems was
successfully fitted by a lognormal distribution. The same result was
achieved for a bulk sample of COD data drawn from three separate systems.
Figure 1.20 displays those plots and the small table insert presents some

basic statistics of the observed distributions.

Although graphical tests of goodness of fit are essential, all the examples
cited in this section do not include statistical tests that would allow the

reader to quantify the so called "good fit".
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Figure 1.18, Lognormal probability plots of EMC data from the UK Oxhey
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Pratt et. al. (1987).
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arithmetic mean. After Harremoés (1986a).

1.5.2.2 A _Probabilistic Approach ito Assess Stormwater Runoff Impacts: the

Danish Example

The Approach for Short-term Effects

As previously described, short-term effects can be assessed in terms of

concentration or load of a given pollutant for individual events. Harremoés

(1981, 1986a, 1986b) has been the main proponent of this probabilistic

approach.



The Danish Water Quality Standards

Harremoés et. al. (1982) proposed an in-stream oxygen concentration standard
based on single event statistics. This standard combines concentration,
event frequency and event duration and type of river. This standard, as a
wet weather standard, 1is different from dry weather standards where
frequently only a single number is used. Appendix 1.1 shows extracts of
EEC water quality standards (percentile standards) for sufface water
intended for the abstraction of drinking water and freshwater supporting:
fish life. Figure 1.21 presents the -Danish standards recommended by the
Danish Water Pollution Control Committee for two durations of DO depletion
(1 and 12 hours) and for three types of water quality (habitats for
spawning fish, salmon and carp). The standard expresses the required
oxygen concentration as a function of return period. The criterion
selected 1is that half the fish population may be killed at the
concentration and duration, indicated for the rarest events; 8, 12 and 16
year return period. These standards have been derived from literature
. studies on the effects of low oxygen concentrations, referenced in Hvited-
Jacobsen (1984).

In the case of the DO standard, the directives from the EEC for salmonid
waters and the standards proposed by the Danish Water Pollution Control
Committee for trout rivers are not easily comparable but the second one
could be complementary to the first one when, as written in Appendix 1.1,
"major daily variations are suspected” (in the case of urban runoff for

example).
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Figure 1.21. Danish standards recommended by the Danish Water Pollution

Control Committee for oxygen concentrations in rivers

affected by combined sewer overflows. After Harremoés
(1986b) .

DO concentrations in the river can be calculated using historical rain
series as input to simulation models. Figure 1.22 shows the comparison

between Danish standards and calculated instiream DO concentrations due to

combined sewer overflows.
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Danish river affected by combined sewer overflows. After

Harremo&s (1986a).
The Mass Balance Modelling
If the parameter that matters in terms of impact is considered to be the
load of COD or BOD discharged during a storm event then a mass balance

approach can be applied (Harremo&s, 1986b).

The event mass discharge (M) is derived by multiplication of the event mean

concentration (C) by the volume of discharge (V):
M=C.V

If In(C) and 1n(V) are independent and normally distributed with known

mean m and standard deviation o then In(M) is approximately lognormal:

InM) = In(C) + In(\D



and Mynems> = Minces ¥ Mincos
0% 1nems> = O%1nces F 0%incus
The hypotheses of lognormality and independence are now examined.

The lognormality of EMC data has been demonstrated for COD as shown in
Figure 1.20.

Concerning rainfalls, the natural logarithm of rain volume data at Odense
in Denmark has been plotted on Figure 1.23. The distribution is skewed
because of the cut-off point of 3mm rainfall which is used for screening
the data. However data higher than the median value do appear to be
lognormally distributed. Rain volumes are then changed into actual runoff

volumes by a simple multiplication of the runoff coefficient.

After an analysis of independence between the parameters Harremoés
concluded: "the concentration can be considered statistically independent
of rain and discharge volume". All the conditions being satisfied the
return period of event load of COD can be determined as shown on Figure
1.24 for both separate and combined systems. The steepest of the lines
accounts for the variability of the concentration while the other curve is
based on multiplication of each discharge volume of the rain series with
the log-mean concentration without regard to the variability of the
concentration. The distance between the two lines is determined by a

correction factor depending on the return period.
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Figure 1.23. The lognormal distribution of rain volume from a historical
rain series covering 33 years, containing 157! individual
rain events larger than 3mm from the town Odense in
Denmark. After Harremoés (1986a).
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The Approach in the Case of Long-term Effects

In the case of long-term effects of stormwater runoff, the evaluation of
polliution discharged has to be based on a yearly basis to model, for
example, eutrophication effects., There can be a very significant
statistical variability from year to year in the runoff loading as shown
on Figure 1.25 and Figure 1.26, So far no standards on a yearly basis have

been proposed.
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Figure 1.25. Distribution of yearly discharge of phosphorus to a Danish

lake from a combined sewer overflow sfructure calculated
with a 33 year rain record as input to a runoff simulation
model from the MOUSE package. After Harremog&s (1986a).
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Figure 1.26. . Plot of statistical distribution of yearly phosphorus load

as a function of return period. Data corresponding to
Figure 1.25. After Harremo&s (1986a).



1.6 Conclusion

In this chapter, the presentation of up to date statistical models reveals
that these are normally constructed on the assumption of a well known
underlying statistical distribution. The convenience and the properties of
the lognormal distribution make it particularly suited to be integrated in
a mass balance model. However no consistent studies using statistical
tests and testing several distributions seem to emerge. It is of
importance to tackle the problem of "best-suited" distribution in a
consistent way in order to derive reliable EMC return periods for a given

catchment and a given pollution indicator.



CHAPTER 2: THE DATA USED

2.1 The French Urban Runoff National Programme

2.1.1 Context and Background

In 1978, the Service Technique de 1*'Urbanisme from the Ministére de
1'Environnement et du Cadre de Vie, aware of the potential pollution
problems caused by urban runoff in France, established a working group to
review three objectives:

- characterisation of catchments and the "pathology" of sewage networks;
- to define technical aspects of measurement and interpretation of data;
- to identify appropriate approaches to resolve the runoff pollution

problem.

Those objectives were defined after unconclusive results were drawn from
existing data. Hémain (1981), using pre-19680 data from French and North
American catchments, concluded that it was not possible to highlight strong
links between pollutants (BOD, COD, TSS) and hydrological characteristics
and land use types. The variability and incoherence of the derived results
were probably due to the measurement procedure rather than the
misunderstanding of the actual runoff processes involved. Hémain stated
that initial data was collected at the outlet of catchments and therefore
included the combination of several undesirable parameters such as the
variability of drainage system type, the wvariability of measurement
devices, the wvariability of hydraulic design, leaks from the network,
seepage of more or less polluted water, atmospheric pollution, etc. A
global and consistent approach as well as a thorough investigation of
selected catchment characteristics were to be undertaken as part of the

National Programme,

The existing data being inadequate, the working group decided that it was

necessary to start a national data collection programme in France. Two

targets were therefore defined:

- an estimation of the annual average loadings of various runoff
pollutants from varying urban land uses in order to define, in the long

term, their likely impacts upon the receiving environment;



- an estimation of severe or acute pollution hazards that could impair
receiving steam quality over very short time periods.
The working group then commissioned a data collection methodology to be

undertaken within suitable urban catchments.

Four separately sewered catchments were eventually chosen as experimental

units: Les Ulis and Maurepas are located in the Paris area whereas Aix-

Nord and Aix-Zup which are located in the Aix-en-Provence area (South of

France). The data collection started in September 1980. and ended in

December 1982, The measuring equipment set up in each catchment comprised:

- an autographic raingauge (Précis Mécanique PL 1000); '

- a flowmeter including an air pressure sensor (ISCO 1870);

- two automatic samplers, one collecting a bulk sample in a single
container (ISCO 1580) and another one collecting fractionated samples
(1SCO 1680). |

Technical maintenance was ensured at least three times a week.

2.1.2 Qutcome of the Data Collection Programme

According to a previous report (Hémain, report LHM 25/1983, 1983), the

outcome of the programme was regarded as being very satisfactory since:

- the measurement equipment was found to be very reliable with breakdown
rates lower than 10%; )

- the volume of data collected was very large as Section 2.3 of this
report shows;

- numerous data derived from each storm event permitted a check on the
samples to ensure they give mean samples and thus are representative of
the runoff at the measuring point. A comparative study carried out on a
given parameter during a given event has shown that an accuracy of *30%
can be associated with the pollutant concentration data;

- a careful evaluation of the data was carried out by the creation of
computerised files containing information such as flow rates, - mass

loads, pollutant concentrations, rainfall volumes/intensities, etc.

However, two anomalies were detected:

- the observed runoff volume on the Aix-Nord catchment is believed to be



too small. A runoff coefficient of 35% was expected instead of the 12%
figure that was actually derived. The origin of this anomaly could not

be determined despite thorough complementary research;

dry weather flows carried by the Les Ulis drainage system were found to
be quite polluted. The presence of foul water in the system was

suspected.



2.2 Characteristics of the Catchments

The main characteristics of the four catchments studied in the French
National Programme are presented in Table 2.1. More detailed information is

gathered in Appendix 2.1.

Table 2.1. Characteristics of the catchments of the French National Runoff
Programme. After Hémain (report LHM 25/1983, 1983).

catchment MAUREPAS LES ULIS AIX ZUP AIX NORD

characteristics

Total area ¢ha) 26.7 43.1 25.6 92.0

Average slope (%) 0.5 0.55 2.9 6.5

Impervious_area (%) 60 42 78 35

Nature of the silt-clay with silt-clay vith parl under scree-calcareous

ground aillstone aillstone scree marl

(little (little {inpervious) (impervious)
peryiousness) perviousness)

Individual housing, 70 -0 4 7

i.e detached/

semi-detached

(% of total area)

Collective housing i.e 17 100 27 13

multistorey/blocked

(% of total area)

Kind of roofing on flat flat flat 40% flat

collective housing 60% sloped

Population density

{inh./ha) 95 340 210 35

Sewer type separate separate separate separate

Pipe size at T 130,80 ¢ 1800 mm ® 1200 mm T 180-108

measuring point

Slope at measuring 0.5 0.1 1.7 2.0

point (%)

Measurement period

09/80-12/80
12/81-12/82

12/81-12/82

10/80-02/82

10/80-02/82

— 45 -



2.3 The Data Collected under the French Programme

2.3.

1 Operational Performance of the Recording Equipment

A subsequent report (report LHM 09/1886) has presented the data which have

been collected under the French National Programme and their corresponding

computerised files. This section briefly summarises the relevant points

drawn from this report.

Table 2.2 displays the performance of the various measuring apparatus and

it is important to note:

the number of runoff events recorded at Aix-Nord is similar to that at

of Aix-Zup because of the geographic proximity of the two catchments.

However the number of events is lower at Les Ulis than at Maurepas.

This difference can be eiplained'by the fact that more rainfall is

needed over the Les Ulis catchment to initiate the runoff process;

the efficiency of the raingauges varies from 73% to 85% which Is

considered to be satisfactory;

the efficiency of the flowmeters is high varying from 81% to 92%;

the efficiency of the samplers can also be considered as satisfactory

since:

(1) basic chemical analyses (COD, BODg, TSS)> have been completed for
68% to 80% of the sampled events;

(2) at least 18 pollutants out of the 21 pollutants presented have
been analysed, for 36% to 59% of the total number of events. The
efficiency at Aix-Nord is the lowest in this respect. This is due,
firstly, to more flowmeter breakdowns than normal and, secondly, to
insufficient collected volumes as the triggering switch was placed
too high in comparison with the expected water level. If only 14
pollutants are considered, the sampling efficiency increases to 47%
for this catchment;

(3) Proper pollutogrammes have been worked out for 64% to 79% of the
events for which runoff volume was abundant enough to fill the
bottles.



Table 2.2, Efficiency of measurements under the French National Programme.

After the Laboratoire d'Hydrologie Mathématique (1986).

catchment MAUREPAS LES ULIS AIX-ZUP AIX-NORD
Total number of events (TNE) 174 37 75 73
RAINFALL
Number of measured events (NME) 151 88 73 71
Correct recordings (CCR) 156 85 69 59
Efficiency: CRR/TNE (%) 75 85 85 _73
DISCHARGE
Number of measured events 172 90 73 66
Correct readings (CRD) 156 85 69 59
Efficiency: CRD/TNE (%) 90 88 92 81

CHEMICAL ANALYSES

Nusber of sampled events 153 88 56 ' 51
Number of uniform sampled events (NUSE) 125 | 78 52 50
Efficiency 1, NUSE/TNE (%) 742 80 69 68
Number of uniform sampled events with at
least 18 pollutants analysed (NUS18) 79 47 41 26
Efficiency 2: NUSIB/TNE (%) 532 592 55 36
POLLUTOGRAMMES
Nueber of possible pollutogrammes (NPP) 292 222 23 13
Number of actual pollutograsaes (NAP) 23 14 16 9
Efficiency: NAP/NPP (%) 79 70 69

2 Corrected value taking into account the number of events not

analysed for financial reasons.



2.3.

The

2 Description of the Computerised Files

raw data as first collected was organised into raw files which have

been reviewed and corrected when necessary. After this essential step, four

kinds of file were set up for each catchment:

The

2.3.

For

the corrected raw files;

the "event" files;

the “pollutogramme" files;

the "event mean concentration" files.

following section describes the content of those files.

2.1 The Corrected Raw Files

each of the four catchments, four raw files contain the entire

information collected. The content of the four files is as follows:

The

The

raw files for "rain" contain:

technical characteristics and geographical location of the raingauges.
Calibration corrections to be made are also indicated;

date of the raingauge starting up;

sequence for each measurement {(or rain event): quality code of the

rainfall measurement, amount of rainfall, date of measurement.

raw files for “discharge" contain:

technical characteristics of the apparatus and characteristics of the
measuring section. The flow calibration figures are also provided in
the file;

date of the raingauge starting up;

sequence for each measurement (or discharge event): quality code of the

flow measurement, flow measurement, date of measurement.

raw files for "event mean concentration" contain:
technical characteristics of the sampling instruments;
date of the sampler starting up;

sequence for each sampled event: dates of starting and ending of the



The
The

and

sampled event, quality code of the mean sample, volume of the mean
sample, number of analysed pollutants, code of the analysed pollutant
No 1, concentration of the corresponding pollutant No 1, code of the
analysed pollutant No 2, concentration of the analysed pollutant No 2,

etfc.

number of analysed pollutants depends on the amount of pumped water.
parameters COD, BODg and TSS are the parameters that were consistently

systematically analysed. The complete list of the pollutants that

should be analysed if a sufficient amount of water was available is:

The

2.3.

COD, BODg, TSS, organic fraction of TSS, mineral fraction of TSS, COD
after a two hour decantation, BODs after a two hour decantation;

lead, mercury, nickel, chromium, copper;

kjeldahl nitrogen, ammoniacal nitrogen, nitrates, orthophosphates,
total phosphorus;

non-floating hydrocarbons, phenols.

raw files for "split sample* contain:

technical characteristics of the sampling instruments;

date of the sampler starting up;

sequence for each sampled event: dates of starting and ending of the
sampled event, quality code of the split samples, number of bottles
analysed, number of analysed pollutants, identification number of the
bottle, dates of starting and ending of the bottle filling period, code
of the analysed pollutant No 1, concentration of the pollutant No 1,
code of the analysed pollutant No 2, concentration of the pollutént
No 2, etc.

parameters COD, BOstand TSS were always analysed whenever possible.

2.2 The Files for “Events"

These files have been drawn from the corrected raw flles with one "event"

file created for each flow event. In the case of the Maurepas catchment,

for

example, 174 "event" files have been created.



Each file contains several parts:

- the first line provides general information about the flow event, the
rain event and the sampling event. No flow rates, rainfall or
concentration values are given here;

- the second line presents the starting date of the flow event and the
dry weather flow;

- the third line provides several pieces of information about rainfall
such as the starting date of the rain, the rainfall amounts during the
event and during the previous one, the rainfall amounts during the last
7, 14 and 28 previous days, the number of sub-events during the rain
time; '

- the values contained in this first block are flow and time data that
can be plotted as the hydrograph;

- the second block contains data to plot the hyetograph;

- in the third block, the event mean concentrations are given for five
pellutants;

- the fourth block contains data to plot several pollutogrammes (COD,

BODg, and TSS constituting the important parameters).

2.3.2.3 The Files for "Pollutogrammes"

These files have also been drawn from the corrected raw files whenever it
was possible to do so. Each file contains several parts. The first five
parts are similar to those presented in the files for "events". The sixth
part provides several sequences. Each sequence gives: the number of the
event, the recording number, the bottle number, the dates of starting and
ending of the filling period for each bottle, the runoff volume of the
event, the code of the analysed pollutant No 1, the concentration of the
analysed pollutant No 1, the code of the analysed pollutant No 2, the

concentration of the analysed pollutant No 2, etc.

The number of pollutogrammes (see Table 2.2) is smaller than the number of
events because 1t was not always possible to construct a satisfactory
pollutogramme. Figure 1.8 displays the pollutogramme of the third event at

Maurepas.



2.3.2.4 The Files for "Event Mean Concentrations®

Three types of files for "event mean concentrations" have been created for

each of the four catchments. The structure of the three types of file is

presented here.

The type 1 file contains:

event number;

event date;

quality code for flow data;

total runoff volume during the event;

runof f duration;

maximum flow recorded;

dry weather flow;

quality code for rainfall data;

amount of rainfall measured by the raingauge;

amount of rainfall measured by the total rainfall recorder (bucket);
duration of rainfall;

maximum intensity over the time of concentration;

maximum 5 min. duration intensity;

dry weather duration before the event;

amount of rainfall that has fallen during the last storm event;

amount of rainfall that has fallen during the dry weather duration
before the event considered (without causing any runoff);

amount of rainfall that has fallen during the last 7, 14, and 28
previous days;

event mean concentration of wvarious pollutants: COD, BODg, TSS,
percentage of organic matter contained in TS5, COD after a two hour
decantation, BOD; after a twec hour decantation, lead, mercury, zinc,
cadmium, nickel, chromium, copper, kjeldahl nitrogen, ammoniacal
nitrogen, nitrates, orthophosphates, total phosphorus, non-floating
hydrocarbons, phenols;

a code indicates whether the analyses have been carried out using the
global mean sample or choosing the global mean sample reconstituted
with the split bottles. A combination of the two possibilities can also

be used.



The type 2 file contains the same information given by the type 1 file but
the event mean concentrations for the three main pollutants have been
deduced from the pollutogrammes when possible. These concentrations are

considered to be more accurate when they are drawn from the pollutogrammes.

The type 3 file contains less general information than the type 1 file but
the estimated COD, BODg and TSS 1loads carried during the event are
provided.



2.4 The Data Used in this Report

All the files detailed in the previous sections have been computerised as a
data base on a magnetic tape. The files are recorded in EBCDIC format with
lines containing up to 80 characters. ASCII files were drawn from the tape
in order to be used on IBM PC compatible computers. All the files
previously described, except the "events" files, have been purchased by the
Middlesex Polytechnic Centre for Urban Pollution Research. They are now

available, as ASCII files, on floppy discs.

The event mean concentrations used in this research come from two sources:

- the COD, BODg and TSS data for the four catchments have been drawn from
Hémain (1983). These data are presented in Appendix 2.2. These data
have been originally drawn from the type 2 files for "“event mean
concentrations”. The data corresponding to the variable "NUM" > 1000
have not been used in this report because they are the concentrations
of multiple mean samples (the mean sample analysed corresponds at least
to two successive flow events);

- the zinc, nitrates and ammonia event mean concentrations have been
drawn from the type 2 "event mean concentrations® files and are
included in Appendix 2.2, A type 2 file is presented in Appendix 2.3.
As previously stated, the concentrations worked out for multiple mean

samples have not been used in this report.

Table 2.3 displays the number of usable EMCs for all the analysed pollution

parameters.



Table 2.3. Number of available EMCs for each catchment and each pollution
parameter. After le Ministére de 1'Urbanisme, du Logement et

des Transports (1885).

Indicator Detection Catchment
Threshold

MAUREPAS LES ULIS AIX-ZUP AIX~NORD
{174 avents) (97 events} (75 evenis) (73 events)

(A) (B A (B) (A) (B> (A) (B)

cob 4 mg/1 0,
TSS 2 mg/1

BODe 2 mg/1 O

COD* 4 mg/1 0,

BOD. # 2 mg/1 O

Pb 0.0015 mg/1 107 87 63 57 19 19 18 16
Hg 0.0001 mg/1 61 5929 52  49%% 19 192 18 162
Zn 0.01 mg/1 107 87 52 56 19 19 18 16
cd 0.0002 mg/1 107 87 52 43 19 19 18 16
Ni 0.001 mg/1 88 765 52 49 19 19 18 16
cr 0.0005 mg/1 g8 76 52 492 19 19 17 152
Cu 0.001 mg/1 107 87 51 48 0 0 0 0
N kjeldahl 0.05 mg/1 N 98 79 47 44 47 47 33 31
NH,* 0.02 mg/1 N 98 79 47 44 48 48 37 35
NO.~ 0.1 mg/l NOs 96 79 47 44 48 48 36 34
o-PO,5~ 0.1 mg/1 PO, 79 68 47 44 47 47t 34 32
total P 0.1 mf/1 P 79 68 47 44 41  41* 25 24
N/F HCs  0.04 mg/1 86 70 46 43 20 205 7 62
phenols  0.025 mg/1 28  262¢ 12 1111 34 348 19 181

(A) Number of analyses performed on a given pollution parameter.
(B) Number of correct data usable for statistical purposes.
* After a 2 hour settling period.

Superscripted values represent the number of analysed values less than the
detection threshold.

N.B. when the heavy metals samples arrived in the laboratory, they were
acidified (HNOs, 1 ml/1) and then kept in glassware. Afterwards the samples
were filtered and the filtrate analysed by atomic absorption
spectrophotometry.



2.5 Review of Work Previously Undertaken on the Data

Some analytical work has already been undertaken on the data derived from
the French National Programme. Hémain and Servat from the “Laboratoire
d'Hydrologie Mathémathique" (Université des ©Sciences et Techniques du
Languedoc, Montpellier, France) are the main researchers who have published
some work on the data collected during this programme. Hémain (1983, 1984)
presented a thorough data investigation which has been issued in four
reports. The main findings have been collated into a single report (le
Ministére de 1'Urbanisme, du Logement et des Transports, 1985). Some of

these findings are detailed here.

2.5.1 The Main Pollution Parameters (COD, BODs, TSS)

2.5.1,1 General Statistical Analysis

COD, TSS and BODg; parameters appear to be rather well correlated. They are
better correlated for the Paris catchments (R=0.7 to 0.9) than at Aix-en-
Provence (R=0.4 to 0.8) for both EMCs and events 1loads. The best
correlations have been found between COD EMCs and BODg EMCs (R=0.83 to
0.97).

The variable which best explains the variation of the main pollutants EMCs
is the length of dry weather duration occurring before the event although
the correlation 1is still relatively poor (R ¢ 0.7)., For the Paris
catchments, the use of the maximum 5 min duration rainfall intensity or the
amount of rainfall as a second variable in a multiple correlation analysis,
increases significantly the correlation with, respectively, TSS EMC and COD
EMC. The work carried out on TSS EMCs from the French National Programme by
Desbordes and Servat (1984), involving classical regression analysis,
principal components analysis and the Kalman filtering procedure, leads to
the same conclusions:

- "antecedent climatic conditions during a not well defined period

preceding a given rainfall event have great influences on TSS values";

- "the whole solids transform process cannot be precisely modelled by a

linear model between TSS and hydrological or classical parameters".



The two authors cited above pointed out that 50% of the total variance of
TSS is explained by two variables: the maximum 5 min duration rainfall

intensity and the dry weather duration.

For the event loads, the best variable which explains the variation in
concentrations is the maximum flow rate or the maximum rainfall intensity
divided by the concentration time. The dry weather duration is not very
strongly correlated with the main pollution parameters loads but can be the
second or third main variable in a multiple regression equation. Ellis et.
al. (1985) found that up to 99% of the variance of highway runoff TSS
loadings could be explained by three parameters which are, in order of
importance: the total surface discharge, the antecedent dry period length

and the total rainfall volume.

2.5.1.2 Statistical Analysis of the Highest EMCs

Significant correlations have been noted, mainly for the Paris catchments,
between the concentration of organic matter and the dry weather duration
before the event. For example, the correlation coefficient between COD and
dry weather duration was R=0.88 (N=15) at Maurepas and R=0.85 (N=13) at Les
Ulis.

At Aix-en-Provence, the only noticeable correlation appears between the TSS
EMC and the mean maximum rainfall intensity during the time of

concentration.

Nevertheless, given the few strong correlations that have been noted, it
seems that the main explicative variable is missing. It could be the mass
of pollutants built up over the catchment at the beginning of the rain. It
could also be referred to solids deposited in the sewer pipe following an
event and which are flushed out on the rising limb of the following storm

event.



2.5.1.3 Statistical Analysis of the Highest Loads

No strong statistical links have been found for the highest mass loads,
except between the TSS and the peak flow rate for the Aix-en-Provence
catchments. The correlation between the TSS event loads and the peak flow
rate is R=0.73 (N=19) for the Les Ulis catchment whereas R=0,97 (N=16) for
the Aix-Zup catchment and R=0.96 (N=13) for the Aix-Nord catchment. The dry
weather duration does not appear to be a principal variable in explaining

the highest loads.

A load analysis has shown that the loads removed during a single event can
reach:

- 3 to 7 tonnes of TSS;

- 1 to 3 tonnes of COD;

- 0.1 to 0.2 tonnes of BODg.

The corresponding rainfalls are characterised by their high depths and
intensities. However the associated discharges correspond to events
presenting a return period of up to 2 years. We can therefore conclude that
the highest estimated mass loads over the period are not due to exceptional
events. This conclusion confirms the generally held view that it is the
more frequently occurring events that are of significance for receiving

waters.

2.5.1.4 Estimation of the Annual Polluting lLoads

The procedures and the figures presented here are drawn from Hémain (report

No 2, 1883).

Table 2.4 shows the annual estimated loads of pollutants discharged from
the respective catchments. The loads are representative of the real loads
removed during the year of measurement. However the figures are unlikely to
characterise the loads for a typical mean year because the year 1982 was
exceptionally wet with high rainfall intensities being recorded in the
Paris area. The year 1981 (when measurements were made at the Aix-en-

Provence catchments) is, on the other hand, a rather dry year.



Table 2.4. Annual estimated loads removed from the four experimental

French catchments. From Hémain (report No 2, 1983).

Pollutants

Catchment Annual Load (kg) Ccob SS BODS
MAUREPAS Total 10 000 25 000 1 500
Per hectare 380 940 55
Per impervious ha. 630 1 550 95
LES ULIS Total 20 000 48 000 3 800
Per hectare 460 1 100 85
Per impervious ha., 1 100 2 650 210
AIX-ZUP Total 11 000 16 000 2 000
Per hectare 430 630 75
Per impervious ha. 550 800 100
AIX~-NORD Total - 15 000 27 000 2 500
Per hectare 160 300 30
Per impervious ha. 470 840 80

The annual loads seem to be rather higher on the Les Ulis catchment. This
fact is almost certainly due to the presence of possible foul water in the
separate drainage system. The relatively low loads recorded at Aix-Nord is
most probably linked with the particularly small runoff coefficient noted

on this catchment.

It was noticed that the first portion of the first runoff volume of the
hydrograph carries a heavy polluting load when the flow rate is high. Hence
the major events recorded carry most of the pollution load. The five most
polluting events collectively carry, 29% of the total annual load of COD at
Maurepas and 46% at Aix-Zup. The figures for TSS are 48% and 51%
respectively. The results confirm the high potential polluting role of
urban runoff:
- in terms of concentration, the average annual figures vary from one
catchment to another between 100 to 300 mg/l for COD, 200 to 500 mg/l
for TSS and 15 to 45 mg/l for BODs. The figures exceed the authorised



limits for sewage treatment plant outlets which are, according to the

UK Royal Commission standards, 20 mg/l1 for BODg and 30 mg/l for TSS.
- in terms of total loads, the quantities of TSS and COD represent 30% to
100% of the outlet loads of an average sewage treatment plant. For BODg

the percentage vary between 10% and 20%,

2.5.1.5 The Modelling Approach

In order to reproduce the TSS, COD and BODg loads for the three out of the
four catchments (Aix-Zup, Les Ulis and Maurepas), a modelling approach,
involving the production-accumulation and surface transport mechanisms, was
carried out by Servat (1984, 1986).

A two-step approach taking into account accumulation and transport
processes was first proposed and good results were obtained with TSS. A
linear accumulation model was chosen. It Iinvolved a constant daily
production rate and the assumption that, over a long enough time period,
the total mass produced will be removed. A three-variable model was set up
to describe rainfall-runoff TSS transport and good results {(general fit of
+ 5%) were observed for simulation over a long time period. The following

deposition limited model was used:

E= K . Md* . Imax5® . VR¥

E = transported mass during any event (kg)

Md = available mass (kg)

Imaxb = maximum intensity within a five-minute time interval (mm/h)
VR =  runoff volume(m®)

K, «, B, ¥ = parameters peculiar to each catchment.

The same two-step approach did not provide such satisfactory results for
BODg and COD. A one-step approach was then tested with only two control
variables. This model was basically different, assuming that available mass
is not a limiting factor. Results for COD and BODg were satisfactory

(general fit of + 10%) but not as good as those obtained for TS5S.



Transported loads were estimated by the following transport-limited

equation:

E= K' . Imax5®' . VRv’

However it must be noticed that COD and BODg computed results are always
overestimated for the Maurepas catchment whereas, more generally speaking,
the modelling of the observed mass loads for each of the proposed
approaches is not very good with respect to small events. Hence, the
modelling of pollutant accumulation and transport could be improved either
by the introduction of other parameters such as surface type and condition,
boundary roughness, in-pipe decay as well as wind speed, humidity, etc. or

by a measurement procedure which is better adapted to pollutant sampling.



2.6 Work Done on Pollutants other than TSS, COD and BODg

2.6.1 General Statistical Analysis

With respect to correlations existing between the main pollution parameters
and other parameters cited in Table 2.5, the general outcome is rather
disappointing. The expected high correlations between zinc and TSS or
between kjeldahl nitrogen (or total phosphorus) and COD (or BODg) are not

always significant on each catchment.

The links Dbetween the minor pollution parameters and the event
characteristics are strong for all the nutrients with the exception of
sammonia. Their concentration can be linked to the dry weather duration
(particularly in the Paris area) and their loads can also be estimated by
the dry weather duration and by either the runoff volume or the amount of

rainfall or the maximum flow rate.

No noticeable correlation has been noted as existing between heavy metals

and event characteristics.

2.6.2 Highest EMCs and Highest lLoads during an Event

For the major part of the minor pollution parameters presented here, the
ratio between the maximum concentration and the mean concentration varies
from 3 to 5 (depending on the catchment) whereas this ratio varies from 5

to 8 for TSS and 5 to 15 for COD or BODg.

The nature of the events which correspond to the highest concentrations or
loads is very unsteady and the characteristics of their corresponding rain
events are unlikely to explain them. Table 2.5 shows that the highest
concentrations and loads are quite homogeneous from one catchment to

another.



Table 2.5. Highest EMCs (mg/1) and highest loads (kg) observed during an
) event for the four experimental French catchments. After le

Ministére de 1'Urbanisme, du Logement et des Transports (1985).

. Indicator MAUREPAS LES ULIS AIX-ZUP AIX-NORD
(A) B> (A) (B) (A) (B) (A) (B)
Pb ' 0.436 1.89 0.731 0.94 0.835 0.54 1.125 1.71
Hg 0.022 0.02 0.0168 0.013 0.0111 0.075 0.0142 0.067
Zn 0.959 3.91 1.820 2.55 0.908 1.71 1,312 2.09
1o 0.0449 0.01 0.0177 0.016 0.0054 0.014 0.0073 0.020
Ni 0.0648 0.181 0.0469 0.103 0.0680 0.105 0.059 0.157
Cr 0.021 0.029 0.106 0.039 0.0312 0.011 0.086 0.018
Cu_ 0.0750__0.146 0.0610 0O.111 - - - -
N kjeldahl 10.5 21.9 35.2  31.3 39.6 25.1 32.6 22.5
NHg™ 5.12 8.6 7.81 13. 4 6.77 8.1 1.56 1.92
NO4,~ : 14.6 68.7 14,1  44.3 15.0 67.5 15.5 14.8
PO,*~ 5.63 6.34 6.24 5.38 5.98 4.96 4.1 2.27
total P ' 5.23 6.94 9.85 13. 4 3.56__7.02 3.4 5.43
_HCs ' 43.3 = 66.8 . 16.0 - -
- CA) Highest EMCs observed during an event (mg/1).
(B) Highest loads observed during an event (kg).

Table 2.6. Estimated annual loads (kg/year) and specific loads
(kg/ha/year) for the four experimental French catchments. After

le Ministére de 1'Urbanisme, du Logement et des Transports

(1985).

. Indicator MAUREPAS LES ULIS AIX-ZUP AIX-NORD
: - (A - - (B)- (A (B) (A) B (A) (B)
Pb - : 11-. 0.41 13 0.30 9 0.35 16 0.17
Hg 0.13 0.0049 0.10 0.0023 0.27 0.011 0.23 0.0033
Zn 44 1.65 37 0.86 17 0.66 21 0.23
Cd - 0.18 0.0067 ~ 0.24 0.0056 0.11 0.0043 0.13 0.0014
Ni ' v 1.7 0.064 1.5 0.035 0.90 0.033 1.0 0.011

Cr 0.68 0.026 0.54 0.013 0,17 0.0066 0.26 0.0028
Cu 2.0 0.075 2.3 0.053 - - - -
N kjeldahl 440 16 710 17. 300 12 300 3.3
NH, ™ o 120 4.5 200 4.6 52 .2.0 21 0.23
NO5~ - 620 23 620 14 290 11.0 170 1.8
PO, , 150 5.6 130 3.0 53 2.1 30 0.33
total P 110 4.1 210 4.9 66 2.6 60 0.65
HCs 370 14 910 21 - - - -
(A Annual loads (kg/year).

¢:)) - Specific loads (kg/ha/year).



2.6.3 Estimation of the Annual Polluting Loads

Table 2.6 displays the estimated polluting loads for the four catchments.
Missing EMCs have been worked out with the help of derived mathematical
relations between the minor parameters and the event main characteristics.
The percentage of runoff volume for which concentration measurements are

available is generally higher than 60%.



2.7 Conclusion

The quantity and quality of the data collected during the French National
Programme allow a modelling approach and a general statistical analysis to
be performed. The first conclusions of the programme sppear to be similar

to those that can be generally found in the literature.

The statistical analysis performed on the main parameters shows:

- for the two catchments situated in the game area, the variables
involved in the correlation equations are identical;

- the dry weather duration seems to be a more important variable for the
Paris area catchments;

- for the Paris area, it appears that collective housing <(Les Ulis)
generates two to three times more runoff pollution than individual
housing (Maurepas), given the same surface, runoff coefficient and
amount of rainfall;

- the annual loads are probably not influenced in a significant way by
the hydrological regime (for the same amount of rainfall);

- the maximum mean concentrations seem to be of the order of: 1000 to
4000 mg/1 for TSS, 600 to 1300 mg/l for COD, 100 to 400 mg/l for BODs.

The housing type does not seem to influence the annual heavy metal loads

since these are probably linked to the road traffic density.

The findings from this initial programme are intended to form the basis of
future similar programmes. However, this initial work on the data collected
can be regarded as providing an excellent basis for a distributional

analysis, which is the subject of the remainder of this report.



CHAPTER 3: THE BASIC PROGRAM AND THE FITTING PROCEDURES

3.1 The BASIC Program

In order to test the goodness of fit of distributions to data sets, a
program of about 36 000 bytes has been written in BASIC and run on an IBM
PC compatible microcomputer (VICTOR VPCII, 640 Kbytes).

This program allows the user to enter data and to store them on files. The
operator can then choose the statistical distribution he wants to fit from
one of six distributions:
- lognormal with 2 or 3 parameters;
- general extreme value with 2 parameters (Gumbel distribution) or 3
parameters (Fréchet distribution);
- Pearson type 3 with 2 parameters (gamma distribution) or 3 parameters.
Two statistical tests (Kolmogorov-Smirnov and Chi-Squared) are performed
for the chosen distribution and for each of the two fitting procedures
(method of moments and method of maximum likelihood). ASCII files
containing the information to visualise the goodness of fit between the
data and the calculated values are created. These files are transfered to
the subdirectory LOTUS 1-2-3 and can be graphically displayed. Moreover,
printed outputs giving general information about the fitting procedure

(parameters, quantitiles) and the statistical tests can be provided.

3.1.1 The Program Inputs

The first choice offered when running the program is either to create a new

file or to work with a file previously created:
ROOYOLD WANT

—= T L
=T WRE

"r {" ’_1 i! x" ls ;\i r ; L r." tes S4ren sesen amvas aeesn enes seses seste 0112 Sares Semen 20413 sRveS Senne S4RRR Seser Tares Fses SeniE FERSY ATOTE Bhres St sesne Heam anees 'i
BITH AN EXTETIMG FILE e o e S

YO CHOTOE I8 Mo 27

If choice No 1 is chosen then three sets of data can be entered at the same

time until the first of the three values entered 1s "9999" showing that the



end of the data set has been reached. In the following example, the values
4, 45 and 56 belong to the same COD set, and the three data sets belong to

the same file whose name is “OLD":
DT YOl WanNT

YOI OHOTCE I8 No o «o7F 3

If "OLD" was a file already existing (choice No 2) then the following menu
would have been immediately displayed. This menu would also have been

displayed after the file "OLD" corresponding to choice No 1| was complete:

FaRaMETERD AVETLARLE
..... i__’ rj rl . |i m (;} ‘__:" i | evree seaas saese samne Br14s Srve chas S1aee soore F404n S48 Srbre Seint Abden SiAns Seres Seken sebad daome seres mires dtsen l
~5.8. imgfli-— z
~BOD 5 imgsll -

CHOOSE PARAFETER DESIRED 7

Whatever parameter is chosen, the following menu is displayed:

~ o i
) F)
COWITH G
COWITH E &

Then the program runs for about 15 minutes. The calculation time depends on
the chosen distribution and the size of the data set. Both GEV



distributions (Gumbel and Fréchet) have a shorter calculation time. At the

end of a calculation period several types of results are available.

3.1.2 The Program Qutputs

Two kinds of output are obtained from the program: printouts and ASCII

files,

3.1.2.1 Printouts

The first output to be printed is the complete list of the ranked EMC data
for a given pollution indicator. The corresponding cumulative probability
of each EMC is also displayed. Some statistical parameters of the sample
(mean, standard deviation, skewness) are also presented (without any bias
correction) on the same printout. An example of such a printout,
characterising the data sample, is given in Table 3.1. The size of sample
s smaller than the number of events because chemical analyses have not

been performed for all the flow events recorded.

Table 3.1. Example of printout from the BASIC program.

BEPFILE OF EFCe WITH THEIR CUMULATIVE FPROBARILETIES: (rank-2/3) /7 (N+1/3)

EVENT MEAN COMCENTRATION OF COD {(mg/1l) CATCHMENT @ AIX~-NORD
S1ZE OF SAMPLE= 50 NUMEBER OF EVENTS= 72
* 48 L0132 62 Q. 032 63 0,052 65 0,072
* 71 D.092 77 G.112 26 G.131 2& 0,151
* 72 D.171 106 0.1721 108 0,211 120 A -
* 120 0,25 121 0.271 127 130
* 155 0.3 157 173 0,390
* 178 Q.410 188 194 0,470
#* 199 0,490 208 211 0.550
* 217 D570 240 274 0. 629
* 249 0., 4649 61 0. 689 371 0.709
* I96 0,729 428 0,769 437 0.789
* 512 D, 809 S66 0. 849 S83 0,869
# 608 0. 883 &H68 Q.928 860 0. 948
#1090 ., 968

*  STATISTICAL PARAMETERS OF THE SAMFLE

MEAN= T02.64

STANDARD DEVIATION= Z61.761
SKEWNEZG= 1.726541

COEFFICIENT OF VARIATION= .B649253
SMALLEST VALUE= 48

LARGEST VALUE= 1260

¥ ok ok ok ok x ok ¥ | K kK ok Kk ok ok ok ok K K k¥ *

N R




The second type of printout (Table 3.2) shows general information about the
distribution (parameters of the distribution, quantiles) and the goodness
of fit (statistical tests, percentage of points within the 90% confidence
limits) for both fitting procedures (method of moments and method of

maximum likelihood):

Table 3.2, Example of the second type of printout from the BASIC program.

GUMEEL CEV 1)

DISTRIBUTION =

Event Maan Concentration of COD (mg/l) Catchment : AIX-NORD

» »
* FAFAMETERS CALCULATED BY *
o *
“ THE HETHOD OF MOMENTS THE METHOD OF MAX. LIK. *
- *
- U= 183.682 U= 195.762 *
- ALLPHA= 206, 1663 ALPHA= 160.2414 *
x CHIZ TEST *
- *
s CHIZ CALTUCATED (MOMENTS)= 18 *
= CHIZ CALCULATED (MAX, LIK.)= 16.4 *
- CHIZ 90% { 7 degrees of freed.} = 11.99354 *
* *
*  KOLMOGORAQY-SMIRNOY TEST *
- *
- The 17 significance level (i.e. satisfactory fit)= (.23t *
- The S% significance level (i.e. good fit)= 0.192 *
- The 1974 significance level {(i.e. very good fit)= 0,173 *
*  THE 5. TEST STATISTIC (MOMENTS)= 0,168 *
+  THE TEST STATISTIC (MAX. LIK.)= 0,177 *
*

FROFORTION OF FOINTS WITH *
THE 0% CONFIDEMCE INTERVAL (METHOD OF MOMENTS) *

-

FROPORTION @WITH S0 VALUES : 74 % *

i

THEOFETICAL FERCENTILES

METHOD OF MOMENTS:

FERCENTILES (mg/1) F0% CONFIDENCE INTERVAL
LOWER VALUE UFPER VALUE
Conge. (D, 01 Y=— z —-220.1 —-42.2
Cong. (0.0 S -115.0 29.9
Cancg. (0. .7 -52.1 75.6
Conc. .4 9%.5 197.3
Conc. (0 .2 202.8 315.7
Cong. (0. 2 319.9 472.6
Cong. (2.90 -6 519.2 776.1
Conc. (0.95)= 796.0 637.8 958.3
Conc. (04.99)=1132.1 890.7 1373.5

METHOD OF MAXI. LIKELIHOOD:

AR AT R A A I N R I I A R A A 2 A N TN A S N A A A I I Y
Bk K KR R K R K K Kk K K KT KK KKK K E K KK KK ¥ K%

Conc. —49.0
Conc. 19.9
Conc. 62.1
Conc. 166.0
Conc. 254.5
Conc. ¢ 361.0
Conc. §56.4
Conc. &71.7
Conc. 2.9




3.1.2.2 The ASCII Files

Two ASCII files are created and stored for each calculation period and

hence for each distribution. The first file contains information about the

graphical goodness of fit with the fitting procedure being the method of

moments. The second file contains the same kind of information but the

fitting procedure is the method of maximum likelihood. For each file the

information is stored according to the following structure:

- the first column contains the values of the reduced variates
corresponding to the ranked EMCs;

- the second column contains the values of the corresponding ranked EMCs;

- the third column contains the corresponding values of the lower
confidence limits;

- the fourth column contains the values of the «calculated EMCs
corresponding to the plotting positions;

- the fifth column contains the values of the higher confidence limits.

The files corresponding to the method of moments have the name of the
distribution finishing with "1" (LOG2P1.PRN, LOG3P1.PRN, GUMBEL!.PRN,
PEARSON1.PRN, GAMMAL.PRN, FRECHET1.PRN) whereas the files corresponding to
the method of maximum likelihood have a name finishing with “2"
(LOGZ2P2.PRN, LOG3PZ.PRN,...).

Those files, at the end of a calculation period, can be transfered through
M5-DOS to the subdirectory LOTUS 1-2-3 and can be displayed as graphs.

Examples of such graphs are given in Section 4.4.



3.1.3 The Program Organisation

The general organisation of the program can be visualised by the following

flow chart (Figure 3.1):

Menus:
Choice of the data sample
and the distribution

¥

Calculation of the statistical
parameters of the sample

v
Printout of the values of the
sample and the statistical

parameters
¥

Subroutine to calculate Fitting of the chosen distribution:
the percentiles of > o calculation of the parameters
the normal distribution by the method of moments

. calculation of the parameters
Subroutine to perform 5 by the method of maximum
the Chi-Squared test likelihood

For both methods:
Subroutine to calculate . Chi-5quared test
the confidence limits T . calculation of the quantiles
by both methods . calculation of the confidence

limits at the 90% level and
the proportion of plotting
positions within them

. calculation of the plotting

Subroutine to perform positions, the reduced
the Kolmogorov-Smirnov — variates and the confidence
test intervals for each of the
sample values

. Kolmogorov-Smirnov test
Various subroutines peculiar . Creation of ASCII file
to each distribution — containing information to
(calculation of the parameters) visualise the goodness of fit

¥

Printout of general infor-
mation about the goodness of
fit of the chosen distribution

Figure 3.1. Flow chart of the BASIC program.




3.2 The Fitting Procedure

3.2.1 Notion of Statistical Distribution and Reduced Variate

The EMCs from a given catchment and for a given pollutant are considered to

be drawn randomly from the same population over a period of time varying

from 12 to 16 months. A random variable is characterised by its probability

distribution. Two ways of describing a probability distribution are

currently used:

- the distribution function F(x) (or cumulative density function) which
is the probability that the variate value of a unit drawn randomly from
the population is less or equal to x:

F(x) = prob(X ¢ x

f{(x) 1s the derivative of F{(x) and is called the probability density
function (pdf) which is the probabllity of obtaining x at random from

the population:
f(x) = dF(x/dx

- the linear relation between the variate x and another variate y:

x= a+t+ by

where a4 and b are the location and scale parameters of the x
distribution. The variable y, which is called the standardised or
reduced variate with respect to x, has location and scale parameters
equal to O and 1 respectively. If G(y) is the cumulative density
function of y, then we can write:

F(x) = G(y)

Figure 3.2 shows the difference between the plots of F(x) and x versus y.
The advantage of this last plot is that the goodness of fit between the
straight 1line <(theoretical distribution) and the individual points

(plotting positions) is more easily visualised (see Section 3.2.2).
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Figure 3.2. An EV! variate x shown as a function of (a) its own df which

itself may be considered as a variate distributed between O and
t and (b) an EV! reduced variate y. After Flood Studies Report
(NERC, 1975).

3.2.2 The Graphical Comparison between the Plotting Pogitions and the
Theoretical Distribution Fitted

Since x is a random variable, y(x) or F(x) should ideally be chosen such

that the values of x lie on the population line. For each ranked value x;

(x; ¢ x5 ¢ x; ¢ x,) a cumulative probability F, is calculated by a

general formula:

0999

F;= (- / (N+ 1 - 20
where I = rank
N = size of sample
a = coefficient depending upon the type of distribution.
The plotting of x; versus F,; or x, versus y, gives the plotting positions
of the sample. For example the plotting positions are represented by the

72



individual points on Figure 3.2. Because x; is random, its probability of
falling on the population x/y line is almost negligible but y can be
specified so that the mean of x,;, E(x;), when plotted, lies on the

population line (Figure 3.3).

Such a plotting position is unbiassed because, on average, the plotted x;

indicates the population line.

CRITERION : yg, ond  F;
are such that Elxg,)
plots on population
line.

'gistrbution
o X

Ex) |—— — — =~

NORMAL REDUCED  VARIATE

NN . MRS Fly)

1 10 xn SO 70 90 99
PROBABILITY PERCENT

Figure 3.3.Illustration of plotting position criterion, after Cunnane
(1978).

Typical values of o are proposed in the literature to obtain unbiassed
plotting positions. Table 3.3 summarises the typical formulae that have
been used in this study .

Table 3.3. Plotting positions for samples drawn from specific statistical
distributions. After Cunnane (1978).

Distribution Proponent of Value of Plotting
plotting o probability
positions Fi
formula
Lognormal (2 or
3 parameters) Blom (1958 3/8 (I — 3/8) [/ (N + 1/4)
GEV (2 or 3
parameters) Gringorten (1863) 0.44 (I - 0.44) [/ (N + 0.12)
Pearson Type 3
or gamma 2/5 (I - 2/5) [/ (N + 1/5)




Once the plotting positions and the theoretical distribution are plotted on

the same graph (see Fig. 3.2), one can judge the goodness of fit between

them by several means:

- by computing the correlation coefficient between x and y;

- by computing the ideal least squares fitting straight 1line and
comparing it with the actual theoretical distribution line;

- by eye.

In this study, given that two statistical tests have been used to evaluate

the goodness of fit, a comparison by eye has been adopted.

3.2.3 The Statistical Tests

The x? and Kolmogorov-Smirnov goodness of fit indices express the agreement
between an observed sample of data and some theoretically specified
population. The index is a sample statistic having a distribution. If the
observed index value lies in the tail of its sampling distribution, doubt
is thrown on the original hypothesis that the sample comes from the
theoretically specified distribution. These two statistical tests are the
most commonly used tools to estimate the goodness of fit of statistical

distributions.

Although these tests are not often used as tools fto select the best
distribution among a set of distributions, it is admitted that the lower
the index, the closer the sample is to the theoretical distribution under

test. -Hence, the lowest index corresponds to the best fitted distribution.

3.2.3.1 The Kolmogorov-Smirnov Test

This test is based on the difference between the empirical distribution
(plotting positions) Sy(x) and the distribution function under test F(x).

Figure 3.4 shows those distributions plotted for a specific example.
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Figure 3.4 Empirical distribution function SA(@, and fitted EVI1
distribution function F(@ . After NERC (1875).

The empirical distribution function Sy{(x) is defined by:

Sni{x) = rank{(x)
N

At each observed x, value, the difference between F{(x;) and S,(x;)> has two
values as Sn(x) changes at each such value of x. Denote these two values

which are {llustrated in Figure 3.5 by 8~ and &-.

8 = rank (x,) - F(x;)
N
8~ = F{(xy) - rank (x;..;)
N

Let d; = max (&™, &
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Figure 3.5 Illustration of the two distinct differences, 8* and 8~ between
F(@ and S,(@ at each data point as used in Kolmogorov-Smirnov

test. After NERC (1975).

The maximum value of all the d; values is the Kolmogorov-Smirnov goodness

of fit index, D.:

Dy = max{d,, ds, ... da)

- For 20 ¢ N < 35:

if Dy 2 1.483 (N©.4733) the distribution under test is rejected

at the 10% level of confidence;

if Dy 2 1.1097 (N ©.4sas5) the distribution under test is rejected

" at the 5% level of confidence;

if Dy 2 0.9196 (N ©.-417%) the distribution under test is rejected

at the 1% level of confidence.



- For N > 35:
if Dy 2 1.07/N0 /= the distribution under test is rejected at the

20% level of confidence;

if Dy 2 1,22/ 7= the distribution under test is rejected at the

10% level of confidence;

if Do 2 1.36/N 7% the distribution under test is rejected at the

5% level of confidence;

if Dy 2 1.83/N 7= the distribution under test is rejected at the

1% level of confidence.

If the observed value of D, does not exceed the critical value at the 10%
level of confidence, then the fit is considered to be very satisfactory.
This test involves only one value (measuring the maximum "distance" between
the empirical distribution and the theoretical distribution) to evaluate
the goodness of fit.

3.2.3.2 The y? Test

This test compares the size E; of each class of the theoretical pdf(x) =
f(x) with the size O; of each class of the sample histogram according to
the following formula:
s
X2 =2 (E, - 0,)2
J=1 Ej

where K = total number of classes

In this study O; = 5 for the first (K-1) classes and 5< 0, <10 for the last

class.

The above quantity is distributed as yx? with (K-l-number of parameters

estimated) degrees of freedom.



The quantity (E;, - 0,) is an obvious parameter to be used as an index

because large values of this quantity indicate poor agreement between

sample and distribution.

When the distribution being tested has been fitted to the sample, the
degrees of freedom are reduced by the number of parameters estimated.

If we set the hyrothesis H,: the distribution fits the data at the a% level
of confidence then we compare the computed value of x? with the values in
levels and number of classes. If ¥?

x? tables given for acceptance

(computed) > ¥2 (X - 1 - number of parameters estimated) then we reject Ho
at the o% level of confidence.
test takes into account

In contrast to the Kolmogorov-Smirnov test, the yx?

the distribution as a whole to evaluate the index.

Figure 3.6 gives a graphical interpretation of the y? test.

8_
block 5 —_
6f E,=average height of
shaded area
jth block

Oj = height of shaded rectangle

RN

O, and E;
IS
1 T i 4

\

2k
/ h
-
0 A
X9 X Xy X4 Xg Xj=1 Xj 18

A sample histogram with a theoretical pdf superimposed on it
and illustrating the notation E; and O,;. After NERC (1875).

Figure 3.6



3.2.4 The Confidence Limits of Quantiles

Given a random variable x, the probability for x to be lower than the

numerical value of x, is:
prob (x ¢ x.) = F(x,) = p

The numerical value of x corresponding to a non-exceedance probability p,

is called a quantile xg.

The estimation of a quantile x, is done by calculating the parameters of a
given distribution. For the method of moments those parameters are
estimated with the use of the sample basic statistics {(mean, standard
deviation, skewness) whereas for the maximum likelihood estimation, other
statistics are required. Therefore the estimation of x. varies with the
sample. Hence x_ can be considered as a random variable whose value depends

upon the sample drawn from a population.

To compute the confidence interval of a quantile one must know the sampling
distribution of the variable x,. The simulation work undertaken by Kite
(1975) has shown that the sampling distributions of the variable x, is very
close tfto that of the normal distribution. Hence the bounds of the

confidence interval are calculated with the following general formula:

¥ * Va2 © %%,

where U = standard normal variable at the (1-a/2)
(1-a/2)

level of confidence

estimate of the standard error of the

(o]
I

quantile x.

Figure 3.7 illustrates the distribution of a standard normal variable.
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Figure 3.7 Distribution of a standard normal variable.

When plotting the upper and lower confidence limits of the theoretical
quantiles, some measure of precision can be placed on the estimated
quantiles. An example of this concept is given 1in Figure 3.8, Line AB
corresponds to some arbitrary cumulative probability distribution and
instead of the return period x axis the author could have employed a

cumulative probability scale,

Design Event Magnitude

b~

1 1 n
s 10 20 50 100
Return Period, Yeors

Figure 3.8 Confidence limits for design events. After Kite (1975).



The plotting positions could also have been displayed on Figure 3.8. The
percentage of plotting positions situated within the confidence limits is
an indicator of goodness of fit. The higher the percentage the better the

fit is.

3.2.5 The Fitting Methods

When a random sample of data is available from a population whose
distribution is unknown, then the primary objective is to work out the
parameters of each distributioﬁ (characterised by its own equation) using a
method of fitting. The two main methods of fitting that are in current use

are the method of moments and maximum likelihood.

3.2.5.1 The Method of Moments

The principle of the method of moments is that if all the moments of a
distribution (mean, variance, skewness, etc.) are known, then the
distribution is known. In the distributions used in this work, the number
of moments needed to calculate the parameters equals the number of
parameters of the distribution. In a two parameter distribution, the first
two moments (mean and variance) are sufficient to specify the distribution.
The location parameter is dependent on the first moment whereas the scale
parameter is dependent on the standard deviation. The third parameter,
known as the shape parameter, depends on the skewness. Of course, the
assumption has been made that the distribution of variate values in the
sample is a good estimate of the population distribution and unbiassed
estimates of the population characteristics are to be used. The three first

unbiassed moments used are presented here:

N
mean Copy = LY xy
N A=y
N
variance: fo= _1 Y (x; = fiy)?
N1 e



N
skewness: g = __ (i with fia = N 3 (x; - g=

3.2.5.2 The Method of Maximum Likelihood

If we call "A" the set of parameters of the distribution to be estimated

and x the sample values x, then PR(x]/A) is the probability of drawing the
observed random sample x from a population with péramefers A. In the
expression PR(x}A) the variable is A. Define s new expression L(x}A) where

x is the variable :

N
L (xt A = N fix;{A)

I=1

f(xlA) 1is the pdf and L{(x]A) is called the likelihood of A given the
observed sample x. The maximum likelihood principle is based on the
attempt to find the set of parameters A which maximises the likelihood
function L{(x|A). In other words, the maximum likelihood estimates of the

parameters make the given sample most likely or probable.

This method of fitting is generally preferred to the method of moments by
most modern statisticians because it is generally more efficient although
it is more difficult to compute . Convergence problems may appear during

the computation.

3.2.6 The Mixture of Distributions

Some statistical distributions to be fitted to observed data can be
expressed as superpositions of two or more single distributions. Such

superpositions are termed mixture of distributions.

If f{(x, p, o, p) is the mixture of C distributions of the same kind g, (x,

G, Mi) then we can write the equality :



(o

f(x, p, O, B,) = 2 Ps &z (X% Oy Py

dmsy

where p,; is the mixing proportion of each distribution:

[}

2 p: = L.

Ar=

The example given in Figure 3.9 {illustrates the mixture of 2 normal

distributions.

fix)

Figure 3.9 Mixture of two univariate normal densities. After Everitt and
Hand (1981).

The case of mixed distributions is presented here, although it has not been
considered in this report. Such mixture of population inputs could be

expected to occur in an EMC data sample.

It is known that under particular hydraulic conditions suspended solids up
to a given diameter and density are likely to be removed within the pipe

whereas other larger diameters would not be affected. Over a sufficiently



long period of time one can end up with a set of TSS EMCs <(or other
pollutants linked to them such as COD, BODg...) presenting the
characteristics of two or more mixed populations. Deciding on the number
of mixed distributions is not a simple problem to deal with and little work
has been done on this subject. The study of the sample histograms is an
obvious approach. However unimodality of a distribution does not imply a
single distribution just as multimodality does not imply a mixture.
Nevertheless histograms have been constructed for each pollutant and each

catchment. They are displayed in Chapter 4.



3.3 The Statistical Distributions Used

The six distributions presented in this section have a common positive
skewness. Most of the following presentation has been drawn from the
Flood Studies Report (NERC, 1975) and from the Laboratoire d'Hydrologie
Mathématique (Montpellier, France) internal publications of J.M. Masson,
(1982, 1983, 1985). Only general information about the distributions is
presented in this section. Further developments about fitting procedures
for both the method of moments and maximum likelihood as well as details
concerning the calculation of quantiles and confidence intervals are

included in the appendices.

3.3.1 The Lognormal Distribution

3.3.1.1 Theoretical Basis

The lognormal distribution has been mostly used when dealing with EMC data
because, being related to the normal distribution, it is fairly easy to
apply and to compute. However there could be a theoretical basis to its
successful application. For example, Chow (1954) stated that the annual
maximum flood would be lognormally distributed if it is assumed that it is
the product of a large number of random effects. As a matter of fact the
central limit theorem states that the sum of lognormally distributed random
variables is normally distributed. However, as stated in the Flood Studies
Report (NERC, 1875), to be valid as a deductive theory, this property would
have to be identifiable. Failing this, the distribution can only be
supported by empirical data.- However storm runoff quality can be
considered as the product of random processes. The lognormal distribution
is therefore probably the mést suitable theoretically based distribution
meant to fit EMC data.



3.3.1.2 Definition and Characteristics

The variable x follows a lognormal distribution when the variable z=ln{(x-
X.) follows a normal distribution with x., being the third parameter of a

three parameter distribution.

The probability density function of x is:

-% (In{x -~ x.) — o2

f(x) = i . 1 . 1 . e B

1l
il
~

o 1is the scale parameter («

it

Q =w
H

~

B 1s the shape parameter (B
X, 1s the location parameter (x, = 0 for a two parameter lognormal

distribution).

The cumulative probability density function is defined as:

o

F(x) = [ f(o . dx

[

The plotting position formula used is the Blom formula:
Fy = (f -3/8)/(N+ 1/4)
Appendix 3.1 provides details about the fitting procedures and the

confidence interval for the two and three parameter lognormal

distributions.



3.3.2 The General Extreme Value Distribution

3.3.2.1 Theoretical Basis

The statistical theory of the extreme value was developed in the 1920's by
Fisher et. al. (1928) and was promulgated by Gumbel (1935, 18937) during
the 1830's. Gumbel tested the theory by fitting the type 1 distribution (2
parameters) to long flow records and stated that the extreme value theory

was supported by sufficient evidence.

As described in the NERC Flood Studies Report (1975), "Extreme values
theory implies that if the random variable Z is the maximum in a sample of
size N from some population of x value, then provided N is sufficiently
large, the distribution of Z is one of three limiting types, the choice
depending on the distribution of x ". But so far, the theoretical basis
has been doubted, since firstly, daily flows cannot be considered to be
statistically independent and, secondly, mean and variance of the daily
flow have been shown to vary with season (Quimpo, 1967). Besides, the

theory is not helpful when choosing types of extreme value distribution.

With respect to the EMCs values, although they are assumed to be
independent, they are unlikely to fit the extreme value theory.
Nevertheless two types are tested in this work (type 1 and type 2) assuming

that the theoretical basis is not convincing or restricting enough.

3.3.2.2 Definition and Characteristics

Each of the three types of extreme value (EV) distribution is characterised
by the value of the parameter k. If k is negative it corresponds to type 2
(known as EVZ2 or Fréchet distribution), k positive corresponds to type 3
(EV3) and k equal to zero corresponds to type 1 (EVl or Gumbel
distribution). Type 2 and type 3 are three parameter distributions whereas
type ! needs two parameters to be defined. A property to be noticed is
that if x follows the Fréchet distribution then ln (x) follows the Gumbel
distributien.



The general formulation of & three parameter EV probability density

function is:

“[1-k(x-w/al 7k

f(x) = 1 . (1- kG-w/e)' 7>, e

&

The cumulative density function is:

F@x) = exp(-L1-k{x - w/al'’*)

with:

Q
L}

scale parameter

=
it

location parameter

shape parameter.

Figure 3.10 shows, as an example, how the different values of k are related

to each other.

30

T

T

20

15f

x=u 10 —————

T

:

|

|

' ) N W { ) N |

2 5 10 20 50 100
2 -1 0 1 2 3 4 5 6

0 L -,
Figure 3.10 The three types of extreme value variate shown as functions

of the type 1 reduced variate by the relation x=uta(l-exp(-

ky,))/k. After Natural Environment Research council (1975),



Figure 3.11 shows an interesting property of the EV distribution. An

empirical way of determining which type of distribution could be applied to

a sample is to work out its skewness. Then, using the relationship between

g and k, cne can decide which type to use.

9 EV2 EV EV3

function of the

1A4E
O 1 A
-03 -02 -01 0 01 02 03
Figure 3.11 Skewness g of extreme value variates as a

shape parameter k. After Natural Environment Council

(1875),

Since all the samples of EMCs present a skewness higher
Fréchet distribution has been tested upon them as well

distribution.

than 1.14, the

as the Gumbel

Appendix 3.2 gives further details about fitting procedures.

3.3.3 The Pearson Type 3 Distribution

3.3.3.1 Theoretical Basis

Pearson sought a family of distributions that could

represent observed data. The Pearson Type 3 distribution

satisfactorily

is a particular



case drawn from this family built on the limiting case of the
hypergeometrical distribution. The curves representing those functions are
usually unimodal and have a smooth contact with the x-axis when reaching
the limit f(x)=0, for a given value of x. In the case of the Pearson type
3 distribution, the curve is J shaped when the parameter y (see section

below) is less than or equal to O.

3.3.3.2 Definition and Characteristics

The Pearson Type 3 distribution has three parameters denoted by x., B and
Y. When y=1 a special case gives the exponential distribution whereas x.=0
gives the gamma distribution. The cases of x.=0 and x.#0 have been

considered in this report.
The general formulation of the probability density function is:
Coxex)
f(x)= 1 . (x=x 0 ) . e B
B¥I' (v

where I'(y) is the complete gamma function.

~

the cumulative probability function is: F(x=] f(x).dx

Pad =1

B is the scale parameter, y is the shape parameter and x. is the location

parameter.
The plotting positions can be obtained by the compromising formula:

F, = { - 2/5
N+ 1/5



The reduced variate y is related to x such that F(x = G(y) y=(x-x.)/B

and gly) = y¥~' e7v
Iy

Details about the fitting procedures and confidence interval calculations
are provided in Appendix 3.3 for both Pearson Type 3 and gamma

distributions.



CHAPTER 4: INTERPRETATION OF THE RESULTS

The outcome of the computational analysis provides several types of

information for six selected pollution parameters:

- general information about the shape of the EMC distribution. These
results are drawn from basic statistics such as histogram plots,

coefficients of variation and skewnesses;

- the comparison of significance testing such as the Kolmogorov-Smirnov
and x? 1indices -for all the distributions and for six pollution
parameters enables an identification of the most appropriate

distribution sets and fits.

4.1 The Shape of the EMC Distributions

4.1.1 The Fregquency Plots

The histograms for the EMCs in respect of COD, BODg, TSS, Zinc, N-NH,* and
N0y~ are presented in Figure 4.1 to 4.4, The x axis gives the centres of
classes (in mg/1) whilst the y axis represents the number of events per

class,

As expected all the histograms show that the pollutant distributions are
clearly positively skewed. Some of the distributions such as the TSS at
Maurepas or the COD and BODg for Aix-Nord possess a secondary peak

suggesting that two separate distributions could be mixed.

In the case of the Les Ulis catchment, it seems that the suspected presence
of foul water in the separate drainage system is confirmed by the plot of
the histograms for COD and N-NH,*. Secondary peaks are apparent for both
COD and N-NH,*, being particularly well pronounced in the latter case and
together with the persistent occurrence of high ammonia levels, reflects
foul wastewater contamination. It should be borne in mind however that the
N-NH,* data set for Les Ulis is relatively small consisting only of a total

of 47 values.
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The distribution of TSS could also be affected by hydraulic resuspension
effects on in-pipe deposits. Beyond a given velocity of water and critical
boundary stress in the pipe, a different population of in-pipe particles
could be flushed through, affecting the TSS concentration in the discharge
waters. The distributions of other parameters (BODg, COD) which are linked
to TSS might also be affected.

4.1.2 The Skewness and Coefficient of Variation

Both skewness and coefficient of variation have -been computed using
formulas that do not take account of any removal of bias . Little further
information would be achieved by bias correction, These statistics are
presented in Table 4.1 and Table 4.2 whereas the tables displaying the
ranked EMCs and their statistics are given in Appendix 4.1. The ranges of

the coefficients of variation (CV) are:

* 0.9 to 1.4 for TSS

¥ 0.8 to 1.3 for COD .
* to 1.5 for BODg

* to 0.9 for Zn

* to 0.8 for NO;-

* to 1.1 for N-NH,™

Table 4.1 Coefficients of variation calculated for the event mean
concentration of the pollution parameters.

Parameters
TSS (#0))) BODg Zn NO,— N-NH, ™~
Catchment
Maurepas 1.008 0.806 1.040 0.587 0.485 0.9
Les Ulis 0.921 1.276 1.467 0.833 0.435 0.783
Alx—Zup 1.052 0.896 1.381 0.858 0.65 1.108
Aix-Nord 1,428 0.865 1.183 0.522 0.765 0.78




Table 4.2 Skewness calculated for the event mean concentrations of the
pollution parameters.

Parameters

TSS #8)) BODg Zn NO5~ N-NH,*
Catchment
Maurepas 2.313 3.067 4,216 1.436 1.175 1.680
Les Ulis 1.976 3.578 3.817 2.225 2.25 1.6
Aix-Zup 2.747 1.748 3.365 2.078 2.00 2.01
Aix-Nord 4,844 1.726 1.522 0.748 2.611 0.9

For the main pollution parameters (TSS, COD and BODg), the ranges of the CV
values generally fit into the range quoted in the literature although if a
comparison is made with the figures reported by Mancini et. al. (1986) in
Table 1.3, the data in Table 4.1 are greater for COD and BODg but are lower
than expected for TSG. Some values of CV can be considered to be
relatively high in cases of TSS at Aix-Nord (CV = 1.43), COD at Les Ulis
(CV = 1.27) and NOy~ at Alx-Zup (CV = 1.52). The highest COD EMCs having
been found at Les Ulis, it is not surprising that this parameter possesses
such a high value. Again, this is additional and strong evidence of the
possible presence of foul water in the separate drainage water system.
Although the highest N-NH;™ EMC has been found on the Les Ulis catchment,
the CV wvalue 1is relatively low because the secondary peak of the

corresponding histogram (see Figure 4.2) is situasted around the mean.

The relatively high value of the CV for TSS at Aix-Nord is due to the very
high EMC recorded (3780 mg/1) as shown in Figure 4.4,



The ranges of skewness are:

.9 to 4.9 for TSS
7 to 3.6 for COD
5 to 4.2 for BODg

.7 to 2.2 for Zn

2

9

—

to 2.6 for NOL™
to 1.7 for N-NH,™"
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It is generally rare to find skewness values for EMCs in the literature so
it is difficult to know whether the values obtained here are really

representative of urban runoff.

The apparently anomalous values for the Aix-Nord catchment are readily
noticeable in the data base. The high skewness value for TSS in this
catchment is again due to the “exceptional® recorded EMC of 3780 mg/l. The
remaining values of skewness are relatively weak in respect of COD, BODg,
Zinc and N-NH,*. Considering the data sets for Aix-Nord were the smallest
of the entire data base it is possible that the bias could be responsible
for the reduced skewness values but a bias correction shows that the
relative discrepancy 1is not affected. Inspection of the Aix-Nord
histograms shows that a short "tailed" distribution can explain the low
skewness. This phenomenon could be due to high EMCs not being recorded

because of a very low runoff coefficient.



4.2 The Goodness of Fit of the Tested Distributions

4.2.1 Presentation of the Results

The results derived from the computation of the x? and Kolmogorov-Smirnov
(KS) tests are presented in four tables (Table 4.3 to 4.6). Each table,
corfesponding to a given catchment, displays the computed values of the
statistical indices for both methods of fitting and for the six pollution

parameters corresponding to the data sets presented in Appendix 4.1.

Particular features characteristic of the three parameter distributions

fitted by the method of maximum likelihood can be identified:

- in certain cases (N-NH,* at Aix-Nord, Zinc at Aix-Zup, BODs at Les
Ulis) the computation of the indices for the three parameter lognormal
distribution was not convergent. Nevertheless, the statistical indices

were computed using the parameters calculated at the last iteration;

- in the case of the Fréchet (EV2) distribution, the third parameter k
cannot be computed for skewness values lower than 1.14. However the
accuracy of the "k" computation has been considered to be "poor" when
the skewness of the sample is less than 1.4 which is the case for zinc
and ammonia at Aix-Nord as well as nitrates at Maurepas. The
parameters of the Fréchet distribution could not be calculated for
these cases and so the log-Gumbel distribution was applied because the
variable 1n(x) follows a Gumbel distribution if x follows a Fréchet
distribution. In the following tables an asterisk (%) shows when a

log-Gumbel distribution has been applied;

- for many cases the convergence point has not been achieved for the
Pearson Type 3 distribution so the parameters of the distribution could

not be computed.

- Calculation difficulties and "“snomalous behaviour" have been observed
for the confidence interval of the three parameter distributions so no
notice has been taken of the confidence interval as a tool to estimate

the goodness of fit.
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Table 4.3 Results of the computation of the y* and Kolmogorov-Smirnov tests for
the pollution parameters from the MAUREPAS catchment.

Distribution Fitting TSS COD BODg Zn NOL~ N-NH.*
Method x? KS  y2 KS 2 KS  x? KS 2 KS _ x2 KS

Homents 19,2 0,073 25,4 0,073 60 0,144 11,06 0,0697 9,8 0,0732 25,8 0,137

Homents 48 0,134 21,4 0,063 60 0,14 19 60,0917 9,77 0,0646 31 0,0875

0.0728

Noments 78,6 0,181 59,8 0,153 102 0,238 24,2 0,107 9,37 00682 454 0,114
Guabel (EVI) Max, Lik, 54,8 0,136 3.6 0077 459 0,14 17,8 00845 18,17 00771 29.8 0.118

Homents 57,2 0,14 30,6 0,091 71,8 0,180 16,6 0,0917 28,6* 0,118 36,6 0,148
Fréchet (EV2) Max, Lik, 16,7 0,0609 238 006 77,6 00645 14,2 00763 19.9* 0.785* 38.4 0,124

Monents 49,6 0,15 46,6 0,152 97,7 0,253 27,07 0,0948 10,57 0,0543 254 0,0722

fanna Max, Lik, 353 0,103 38.4 0,074 48 01 209 0.10) 13 0,0689 26,2 0,0683
Homents 3.6 0,102 207 0,233 202,6 0,215 13,4 0,0820 &2 0,0679 33,4 0,0768
Pearson Type 3 Max, Lik, 29,1 0.084 162 00064 482 0,094 7800707 9.8 00630 254 0,062
Sanple sjze 126 126 126 % 87 87
Table 4.4 Results of the computation of the y* and Kolmogorov-Smirnov tests

for the pollution parameters from the LES ULIS catchment.

Distribution Fitting TSS coD BODg Zn NO5™ N-NH,*
Method X2 KS x* K5 y? K5 y* KS x2 KS y* KS

Homents H,1 0,070 17 0,101 22,6 0,118 16,1 0,079 51 0,106 65 0,114
ax, Li 8 0, 041 86 : 6 2009 4 95

Noments 26 0,112 39,3 0,189 62,2 0,249 17,3 0126 7
3 Parap, Lognormal Max, Lik, 8.8 0,042 8.4 0067 132 0,097 85 0083 8§

Monents 3.4 0,148 87 0,25 1418 0,290 265 0176 7
funbe] (EV]) Max, Lik, 17,1 QW7 343 0,180 57.2 0213 168 0,122 2,

foments 26,4 0117 57,3 0,205 90,6 0,25 16,9 0,136 59 0,084 22,6 0,115
Eréchet (EV2) Max, Lik, 10900626 9.6 0.0443 15200708 10900837 6.2

Noments 19.4 0,118 53,8 0,25 69 0,311 201 0,160 11,8 4
fanna Max, Lik, 14,7 0,092 24,8 0,152 42 0177 11,8 0123 7.9 0108 8

Honenis 16,2 0,092 31,6 0,18 28,2 0,208 157 0,110 6,7 0,144 1T 0,09
Pearson Type 3 Max, Lik, 19 0.089 - - - - 489 0220 7.9 0,089 266 0,153

Sample size 9 19 19 58 4] 4
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Table 4.5 Results of the computation of the y* and Kolmogorov-Smirnov tests for
the pollution parameters from the AIX-ZUP catchment.
Distribution Fitting TSS CcoD BOD= Zn NO..~ N-NH,~*
Method X2 KS  x2 KS __ x? KS  x? KS  x? KS _ x2 KS
Homents 6 0,087 11,} 0,13 68 0,123 11,16 0,062 59 0,083 89 0,080
2 Param, Lognormal Max, Lik, 5.6 0,079 9 0,092 4 0,093 11,16 0467 1.5 0122 8.7 0,080
Honents 10,7 0,132 17,5 0,13 18 0,181 15,1 0,194 7,1 0,093 18,1 0,15
3 Param, Lognormal Max, Lik, 56 0076 3.1 007 7600768 136 0171 63 000 89 0087
Honents 3.5 019% 20,3 0,155 34,8 0,282 28,36 0,238 7,5 0,017 20,5 0,19
Gunbe] (EVI) Max, Lik, 20,7 0,170 1817 ¢.173 18 0,155 59 0192 6.3 0,080 153 0,126
Homents 17,9 0,148 9,1 0,109 23,2 0,203 23,9 0,206 6,28 0,943 157 0,16l
Eréchet (EV2) Max, Lik, 7.2 0,061 9 0.089 6.4 0091 36 0147 6,68 0,093 9.7 (.09
Homents 12,3 017t 11,5 o112 10,4 0,182 17,5 0,217 87 6,12 85 0,103
fiaana Hax, Lik, 0,136 9.9 0.13% g 0111 22,7 €199 7.5 0,098 6.5 0090
Honents 10,7 0,132 11,54 0,109 11,2 0,146 156 0,208 6,7 0,107 13,7 013
Pearson Type 2 Max, Lik. - - - - - - 227 0209 9.1 0108 353 0.218
Sanple size 52 92 45 4] 48 48
Table 4.6 Results of the computation of the y* and Kolmogorov-Smirnov tests
for the pollution parameters from the AIX-NORD catchment.
Distribution Fitting TSS COD BOD< Zn NO,~ N-NH,*
Method x2 KS___ x2 KS  x? KS _ x2 KS __x? KS __x2 KS
NHoments 120,107 12 0,119 19,3 0,282 44 0112 9.8 0,14 92 0,19
Ha i 8,4 B 8 38 k 0,099 9
Nonents 15,2 0,156 16,8 0,145 37,1 0,195 4 0,118 9,86 0,144 3,2 0,089
3 Param, Lognorwal Max. Lik. 8.4 00894 800896 11.1 0,144 2 0,106 S.46 0,135 4.8 0133
Homents 43,6 0,219 18 0,168 36,3 0,206 4,4 0,104 93 0,176 2,4 0,09
funbel (EVI) Max, Lik, 132 0,122 164 0177 469 0240 4.4 0,100 4.2 0145 $.2 0,109
Homents 21,2 0,216 11,6 024 4,7 0,126 17.6* 0,150+ 10,9 0,130 15,1* 0,215*
Eréchet (EV2) j | * * * *
Honents 6.4 0,25 12,8 0,122 19,6 0,145 2 0,091 105 0155 6.8 0113
fianag Max, Lik, g 0113 7.6 0145 128 0,180 4.4 0092 65 0,139 6.4 0,123
Honents 34,8 0,260 12,8 0,12 46,3 0,1% 4 0114 13,8 0,203 2,4 0,088
Pearson Type 3 Max, Lik, - e - - - - 2.8 0098 6.5 0,155 4.4 Q115
Saaple sjze 50 50 4] 35 36 3

¥ indicates that the log-Guabel distribution is applied instead of the Fréchet distribution,
- indicates that no convergence has been reached in the computation of the parameters,
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4.2.2 Comparison of the Methods of Moments and Maximum Likelihood

Performance

Tables 4.7 to 4.12 collate the relative performance of the statistical
tests as defined by both methods of fitting., The tables indicate by which
test (x#, KS or both) the fit by the method of maximum likelihood is
better than the fit by the method of moments. Where "None" is entered in
the tables, this indicates that, according to both tests, the method of

moments provides a better fit than the method of maximum likelihood.

It must be noted that the Kolmgorov-Smirnov test, applied to the two
parameter lognormal distribution (method of maximum likelihood), has been

successfully verified by the use of the Statgrafics package.

The overall conclusion that can be drawn from these tables is that the
method of maximum likelihood fits the data sets much better than the
methods of moments since the percentages of better fit (shown by both
indices) in favour of the maximum likelihood estimation vary between 56%
and 83% for all the distributions considered. The Fréchet and the three
parameter lognormal distributions are the ones presenting the strongest
evidence of this fact and the results for the Pearson Type 3 distribution

are the most contradictory.
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Table 4.7 Reported cases where the y? and KS tests show a better fit for
the method of maximum likelihood in comparison with the method
of moments for the 2 PARAMETER LOGNORMAL distribution.

Pollution Parameters
TSS COb BODg Zn NO,— N-NH,*

Catchment

MAUREPAS x?-KS KS x2-KS KS KS KS
LES ULIS x2-KS x2-KS X2 x%-KS x?-KS KS
AIX-ZUP x2-KS x2-KS x2-KS None KS x2-KS
AIX-NORD x?-KS x2-KS x2-KS X2 -KS x? KS
total number of cases for the KS test = 21/24 = 87%

" " " U] " " X 2 " = 16/24 = 66%

" " " " " both tests = 14/24 = 58%

Table 4.8 Reported cases where the y? and KS tests show a better fit for
the method of meximum likelihood in comparison with the method
of moments for the 3 PARAMETER LOGNORMAL distribution.

Pollution Parameters
TSS COD BODg Zn NO,— N-NH,*

Catchment

MAUREPAS x%-KS KS x2-KS x2-KS x?2 x2-KS
LES ULIS x%:-KS x2-KS x2-KS x?-KS KS x?
AIX-ZUP x2-KS x2-KS yx2-KS x2-KS x? x2-KS
AIX-NORD x2-KS x2-KS x2-KS x2-KS x?-KS None
total number of cases for the KS test = 20/24 = 83%

" " " " " n Xz " = 2 1 /24 - 87%

" " " " " both tests = 18/24 = 75%
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Table 4.8 Reported cases where the x? and KS tests show a better fit for
the method of maximum likelihood in comparison with the method
of moments for the GUMBEL distribution.

Pollution Parameters
TSS COD BODg Zn NO5— N-NH,*
Catchment
MAUREPAS x2-KS x?~KS x2-KS x?-KS  None X2
LES ULIS x?-KS x2-KS x2-KS x2-KS x2-KS x2-KS
AIX-ZUP x2-KS ) & x?-KS x?-KS x2-KS x%-KS
AIX-NORD x2-KS X2 None kS ¥x?-KS None
total number of cases for the KS test = 18/24 = 75%
”» (13 “ [1] 1] " x 2 " - 20 / 2 4 = 83%
" " " " " both tests = 17/24 = 71%

Table 4.10 Reported cases where the 2 and KS tests show a better fit for
the method of maximum likelihood in comparison with the method
of moments for the FRECHET distribution.

Pollution Parameters
TSS COD BODg Zn NO,— N-NH,*
Catchment
* %
MAUREPAS x2-KS x?-XS KS x2-KS x2-KS None
LES ULIS x2-K5 x2-KS x2-KS x2-KS None x2-KS
AIX-ZUP x2-KS x2-KS x2-KS x2-KS KS x2-KS
* * E
AIX-NORD x2-KS x?-KS x2-KS x2-KS x?-KS KS
total number of cases for the KS test = 22/24 = 91%
L1} " un (1] " n Xz " - 19/ 24_ = ‘79‘/’
" " " " " both tests = 19/24 = 79%
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Table 4.11

Reported cases where the x? and K5 tests show a better fit for

the method of maximum likelihood in comparison with the method
of moments for the GAMMA distribution.

Pollution Parameters
TSS COoD BODg Zn NO5— N-NH,™

Catchment

MAUREPAS x2-KS x%-KS x%-KS X2 None KS
LES ULIS x?-KS x2-KS ¥2-KS x2-KS x2-KS x2-KS
AIX-Zuyp x2-KS x? x2-KS KS x%-KS x2~-KS
AIX-NORD ¥x2-KS X2 X2 None  x%-KS X2
total number of cases for the KS test = 17/24 = 71%

" 11 11 " 11} " x2 " = 20/ 24 = 83%

" " " " * both tests = 15/24 = 62%

Table 4.12 Reported cases where the y2 and KS tests show a better fit for

the method of meximum likelihood in comparison with the method
of moments for the PEARSON TYPE 3 distribution,

. Pollution Parameters
TSS cob BODg Zn NO5~ N-NH,*
Catchment
MAUREPAS x3-KS x?-KS x?-KS x2-KS None x2-KS
x?-KS No conv No conv None KS None
LES ULIS Max Lik Max Lik
No conv No conv No conv
AIX-ZUp Max Lik Max Lik Max Lik None  x2?-KS None
No conv No conv No conv x%-KS y2-KS None
AIX-NORD Max Lik Max Lik Max Lik
total number of cases for the KS test = 10/16 = 62%
" " “ [1] [1] " Xz " P 9/16 - 56%
" " " " " both tests = 9/16 = 56%
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4.3 The Fitting Performance of the Distributions

The goodness of fit performance for the method of maximum likelihood has
been assessed for each distribution. To do so a procedure involving
weighted scores depending on the level of confidence at which the test is
performed has been adopted. The null hypothesis {(the population from which
the sample is drawn follows the distribution under test) is tested by both
x¥? and Kolmogorov-Smirnov tests at the 5%, 10% and 20% level of confidence:

- if both tests are significant (acceptance of the null hypothesis) at
the 20% level of confidence, a total of 8 points is given; only ¢4
points are given if only one test is significant at the 20% level of
confidence; |

- if both tests are significant at the 10% level of confidence but not at
the 20% level then 4 points are given but 2 points are attributed if
only one test is significant at the 10% level of confidence but not at
the 20% level;

- if both tests are significant at the 5% level but not at the 10% level
then 2 points are given; only 1 point is given if one test |is
significant at the 5% level but not at the 10% level;

- if a test is not significant at the 5% level of confidence no point is

given.

The performance of goodness of fit for each pollution parameter and each
distribution is given by the sum of the score from each test. The higher
the total score is the better the fit is expected to be. the maximum

number of points that the total score can reach in each case is 8 points.

The results of the goodness of fit performance are presented for each
distribution in Table 4.13 to Table 4.18. Examination ~of these tables
shows a clear cut-off threshold between the "good" distributions and the
“bad" distributions. Indeed, to estimate how good the fit of a particular
distribution is on the overall data sets, it would appear that the higher
the total score {s the better the overall fit is. Three distributions

attain similar highest scores:

- 107 -



- the 3 parameter lognormal distribution (total of 160 points);
- the Fréchet (EV2) distribution (total of 157 points);
- the 2 parameter lognormal distribution (total of 156 points).

The other distributions, the gamma distribution (total of 128 points), the
Gumbel distribution <(total of 99 points) and the Pearson type 3
distribution (total of 82 points but problems of convergence) can no longer
be considered as suifable “contestants" to fit the EMC data sets studied in

this Report.

It should also be noted that the pollution parameters TSS and COD seem to
be the easiest contaminants fitted by the lognormal and Fréchet
distributions whereas zinc and nitrates are good secondary pollution

parameters to be fitted by the same distributions.
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Table 4.13 Goodness of fit performance of the 2 PARAMETER LOGNORMAL
distribution (method of maximum likelihood) represented as the
sum of scores for both x? and Kolmogorov-Smirnov tests,

Pollution Parameters

Catchment TSS con BODg Zn NO5™ N-NH,*
MAUREPAS 8 6 4 8 8 4
LES ULIS 8 8 6 8 8 5
AIX-Zuyp 8 8 8 2 5 8
AIX-NORD 8 8 4 8 4 4
TOTAL= 156 32 30 22 26 25 21
Table 4.14 Goodness of fit performance of the 3 PARAMETER
LOGNORMAL distribution (method of maximum
likelihood) presented as the sum of scores for
both x? and Kolmogorov-Smirnov tests.
Pollution Parameters
Catchment TSS cop BODs Zn NO5~ N-NH,*
MAUREPAS 8 8 4 8 8 4
LES ULIS 8 8 8 8 6 6
AIX-ZUP 6 8 6 2 8 6
AIX-NORD 8 8 4 8 6 6
TOTAL= 160 30 32 22 26 28 22
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Table 4.15

Goodness of fit performance of the GUMBEL (EV1)
distribution (method of maximum likelihood)
represented as the sum of scores for both y?
and Kolmogorov-Smirnov tests.

Pollution Parameters

Catchment TSS Ccob BODg Zn NO,— N-NH,*
MAUREPAS 0 4 1 8 6 2
LES ULIS 6 o 0 4 8 6
AIX-ZUP 1 1 4 5 8 4
AIX-NORD 6 1 0 8 8 8
TOTAL= 99 13 6 5 25 30 20
Table 4.16 Goodness of fit performance of the FRECHET
(EV2) distribution (method of maximum
likelihood) represented as the sum of scores
for both x? and Kolmogorov-Smirnov tests.
Pollution Parameters
Catchment TSS cob BODg Zn NO5~ N-NH,*
MAUREPAS 8 8 4 8 6% 4
LES ULIS 8 8 8 6 8 4
AIX-ZUP 8 8 8 8 8 5
AIX-NORD 6 8 4 4 6 4
TOTAL= 157 30 32 24 26 28 17

# shows that the equivalent log-Gumbel distribution is used.
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Table 4.17

Goodness of fit performance of the GAMMA
distribution <(method of maximum likelihood)
represented as the sum of scores for both yx2
and Kolmogorov-Smirnov tests.

Pollution Parameters

Catchment TSS cob BODg Zn NO,~ N-NH,*
MAUREPAS 4 4 4 6 8 4
LES ULIS 8 1 0 6 8 8
AIX-ZUP 6 6 8 1 8 8
AIX-NORD 8 8 2 8 6 6
TOTAL= 128 26 19 6 21 30 26
Table 4.18 Goodness of fit performance of the PEARSON TYPE
3 distribution (method of maximum likelihood)
presented as the sum of scores for both y? and
Kolmogorov-Smirnov tests.
Pollution Parameters
Catchment TSS cob BODg Zn NO5~ N-NH,*
MAUREPAS 6 8 4 8 8 4
LES ULIS 6 No Conv. Neo Conv. O 6 4
AIX-ZUP No Conv. No Conv. No Conv. 1 6 0
AIX-NORDP No Conv. No Conv. No Conv. 8 5 8
TOTAL= 82 12 8 4 17 25 16
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4.4 Graphical Fitting Examples

Some graphical fitting examples are presented in this section as an

illustration of the goodness of fit findings.

Figures 4.5 to 4.7 show good examples of the two parameter lognormal
distribution fitting of three pollution parameters from the Aix-Nord and
Aix-Zup catchments. Figures 4.8 to 4.10 show examples of the 3 parameter
lognormal fit upon TSS and zinc EMCs from the Les Ulis and Maurepas
catchments, Figures 4.9 and 4.10 give a comparison of the two fitting
procedures used in this study (moments and maximum likelihood) for the same
data set. This comparison illustrates the fact widely observed throughout
this study that the method of moments is influenced by the high values of
the data set. This is the reason why the upper part of a moments fitted
line usually presents a better fit than a line fitted by the method of
maximum likelihood. The latter gives less weight to the high values of the
data set. The overall goodness of fit obtained from the method of maximum
likelihood tends however to be better than the one resulting from the

method of moments.

Figures 4.11 to 4.12 show examples of good fit for the Fréchet (EV2)
distribution.

Figure 4.13 shows a typical fit observed throughout this study for the
Gumbel distribution: a concave bow shape of the plotting positions with a
fitted line underestimating the values in the tails. This "behaviour" of
the Gumbel distribution suggested that a better fit would be obtained if
the Fréchet distribution was applied (see Fig. 3.12 in chapter 3).

Figure 4.14 displays a relatively good fit of the gamma distribution with

the method of moments although a slight concave bow shape can be noticed

which has often been noticed for the gamma distribution,
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2 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON N-NH4 EMCs FROM AIX-ZUP
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Figure 4.5 Example of a 2 parameter lognormal

distribution fitted by the method of
maximum likelihood on N-NH,* EMCs from
Aix-Zup.

2 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON COD EMCs FROM AIX-NORD
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Figure 4.6 Example of a 2 parameter lognormal
distribution fitted by the method of
maximum likelihood on COD EMCs from
Aix-Nord.
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2 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON BOD5 EMCs FROM AIX-ZUP
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PLOTTING POSITIONS —— 90% CONFID. LIMITS
— MAX. LIK. FIT
Figure 4.7 Example of a 2 parameter lognormal

distribution fitted by the method of
maximum likelihood on BOD; EMCs from
Aix-Zup.

3 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON TSS EMCs FROM LES ULIS
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Figure 4.8 Example of a 3 parameter lognormal
distribution fitted by the method of
maximum likelihood on TSS EMCs from
Les Ulis.



St

3 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON ZINC EMCs FROM MAUREPAS
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Figure 4.9 Example of a 3 parameter lognormal
distribution fitted by the method of
maximum likelihood on Zinc EMCs from

Maurepas.

3 PARAMETER LOGNORMAL DISTRIBUTION
FITTED ON ZINC EMCs FROM MAUREPAS
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Figure 4.10 Example of a 3 parameter lognormal
distribution fitted by the method of

moments on Zinc EMCs from Maurepas.
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FRECHET DISTRIBUTION (EV2)
FITTED ON COD EMCs FROM LES ULIS
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Figure 4,11 Example of a Fréchet distribution
(EV2) fitted by the method of maximum
likelihood on COD EMCs from Les Ulis.

FRECHET (EV2) DISTRIBUTION FITTED
ON COD EMCs FROM MAUREPAS
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Figure 4.12 Example of a Fréchet distribution
(EV2) fitted by the method of maximum
likelihood on COD EMCs from Maurepas.
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GUMBEL DISTRIBUTION FITTED ON NO3 EMCs
FROM LES ULIS
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Figure 4.13 Example of a Gumbel distribution
fitted by the method of maximum
likelihood on NOs~ EMCs from Les Ulis.

GAMMA DISTRIBUTION FITTED ON NO3 EMCs
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Figure 4.14 Example of a gamma distribution fitted
by the method of maximum likelihood on
NO,~ EMCs from Maurepas.



4.5 Conclusion

The outcome of the overall comparison undertaken for the best suited

distributions and fitiing procedures can be summarised as follows:

- the method of meximum likelihood gives better results than the method
of moments although the rarer high EMCs can be better fitted by the

method of moments.

- the three best suited distributions seem 40 be the three parameter
lognormal distribution, the Fréchet (EV2) distribution and the two
parameter lognormal distribution. The literature review presented in
Chapter 1 shows that the two psrameter lognormal distribution has
previously been found suitable for EMC data. Surprisingly the Fréchet
distribution, usually used as an extreme values distribution, has also
been found suitable despite a theoretical background derived from

extreme values statistics.

- TSS and COD EMCs seem to be more easily fitted by the three more

suitable distributions than any other pollution parameters.
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CHAPTER _5: THE STEPWISE REGRESSION ANALYSIS

5.1 Introduction and Background

A stepwise regression analysis has been undertaken to ascertain the degree
to which hydrological or climatic parameters could explain the variations
of several pollutant EMCs and to determine if a regionalisation is possible

between the data for the northern and the southern catchments.

This work is complementary to the previous distributional analysis and will

provide a better understanding of the modelisation of EMC variation.

The main findings of a multiple regression analysis carried out in the same
spirit by the Ministére de 1'Urbanisme, du Logement et des Transports
(1985), are presented in Section 2.5 of this Report for the main pollution
parameters and in Section 2.6.1 for the secondary pollution pearameters.
Although these findings are interesting, they are not detailed enough so a

more detailed presentation is given in the present Section.

The results of a stepwise regression analysis for TSS EMCs is presented in
Desbordes et. al. (1984) for the four French catchments. The general
outcome of this previous study was that, amongst the explanatory variables,
the mean maximum intensity during a 5 minutes time interval (IMAX5) and the
duration of the dry weather period preceeding the event (DTS) are the most
important variables. However the main explanatory variable for the TSS
EMCs is IMAX5 for the southern catchments whereas DTS presents the highest
correlation with TS5 EMCs for both northern catchments. The hypothesis
proposed to explain this regionalisation were that *in the south of France
(Aix-en-Provence), dry weather periods are much longer (almost twice) than
in the north, on an average basis. So dusts should be more consolidated
and their removal should necessitate higher rainfall intensities" and "in
the north of France {(Maurepas and Les Ulis), dry weather periods are
shorter, so dusts should be less consolidated, and the catchments are
washed off by rainfall more frequently. The dry weather period duration

DTS seems to be the best explanatory variable in that case".
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As a complementary study to this approach, a similar stepwise regression
analysis has been undertsken for several pollution parameters such as TSS,

BODg, COD, zinc, ammonia and total phosphorus.

5.2 Results of the Stepwise Regression Analysis

The stepwise regression analysis was performed with the STATGRAFICS package
on an IBM PC compatible microcomputer. The confidence threshold for
hypothesis testing of a zero correlation coefficient was 5% and the

procedure used was a backwards selection.
The pollution parameters tested are:

TSS: EMCs of total suspended solids (mg/1);

COD: EMCs of chemical oxygen demand (mg/1l);

BOD: EMCs of 5 days biological oxygen demand (mg/l);
Zn : EMCs of zinc (mg/D);

TOTP: EMCs of total phosphorus (mg/1);

NNH4: EMCs of N-ammonia (mg/1).

The tested explanatory variables are:
QMAX: peak discharge of the event (1/s);

ITC: mean maximum intensity during the time of concentration (mm/h);

IMAX5: mean maximum intensity during a 5 min interval (mm/h);

VR: runoff volume during the event (m3);
R: amount of rainfall during the event (mm);
DTS: antecedent dry period duration before the event (days).

The results of the stepwise regression analysis are summarised in Table
5.1. The explanatory variables are presented by order of importance in the

stepwise relationships.
The correlation coefficients obtained are not as high as the ones computed

for the event mean loads as reported by Hémain (1983) for a similar

stepwise regression analysis. Event mean loads seem more strongly
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correlated with climatic and hydrological explanatory variables (especially
with QMAX) than EMCs do.

However before analysing the results presented In Table 5.1 it must be
emphasised that three explanatory variables are strongly correlated for all
the catchments as displayed in Table 5.2: QMAX, ITC and IMAXS. The

correlations between R and IMAXS can also be significént (except at Les

Ulis): 0.41 at Aix-Nord, 0.57 at Aix-Zup and 0.61 at Maurepas.

Table 5.1 Results of the stepwise regression analysis.

, Multiple
Catchment Stepwise relationship ' correlation Number of
coefficients observations

TSS = 14,43 IMAXS - 6,19 R + 213,13 0,764 46

: 7SS -= 6,35 IMAXS - 9,48 R + 306,66 0,378 46

AIX-NORD BOD = -0,19 QMAX + 6,50 IMAXS + 50,73 0,408 37

- N not sign, , 32

TOTP  =0,0007 QMAX -0,0002 VR + 1,0 0,543 22

NNHA = 0,036 DTS + 0,39 ' 0,439 35

TSS = 0,41 QMAX - 11,12 R + 293,01 0,469 48

_ OB = 5,69 IMAXS - 11,39 R + 290,60 0,385 48
ATX-2UP - BOD not sign,
_ N - - not sign,
TOTP _ ' , not sign,

- NNH4 =-0,097 ITC + 1,76 0.296 45

T8¢ = 68,14 DTS - 31,41 R + 15,57 IMAXS + 301 0,800 64

0 = 73,106 DTS - 26,23 R + 2311 0,822 b4

LES ULIS BOD = 1768 DTS - 4,11 R - 9,79 IMAXS + 67,2 0,815 £4

Zn = 0,039 DTS - 0,022 R + 0,009 IMAXS + 0,36 0, €18 : 51

TOTP = 0,39 DTS - 0Q,095R + 1,79 0,778 41

NNH4 = 0,305 DTS + 1,14 0,691 41

TSS =17,83 DTS + 8,020 IMAXS - 8,16 R + 1044 0,716 96

(b =12,300TS - 3,08R + 82,8 0,677 96

o BOD = 2,7 DTS - 0,79 R + 14,4 0,710 96

NAUREPAS Zn = 0,015 DTS 40,005 IMAXS + 0,28 0,464 79

‘ TOTR = 0,13 DTS -0,044 R + 0,018 IMAXS + 0,88 0,721 &8

NNHE =-0,072 R + 0,0003 VR + 1,34 0,221 74




Table 5.2 Simple correlations coefficients Dbetween some of the

explanatory variables. After Desbordes et. al. (1984).

Relationships AIX zur AIX NORD LES ULIS MIUKEPAS
OMAX ; ITC 0.975 0.957 0.907 0.961
QMAX ; IMAXS 0.964 0.948 0.825 0.869

ITC ; IMAXS 0.989 0.913 0.857 0.910

The results of the stepwise regression analysis show that correlations are
more significant for the northern catchments than for the southern

catchments for reasons which are rather difficult to appreciate,

The predominant explanatory variables are IMAX5 and QMAX (which are
strongly correlated) for the southern catchments whereas DTS is undoubtedly
the main variable for the northern catchments. Although  this
differentiation would seemingly go in favour of & regionalisation
hypothesis as explained in Section 5.1, local catchment characteristics
might have an imp&rtant role to play. Indeed the catchment average slopes
are greater for both southern catchments (6.5% at Aix-Nord and 2.9% at Aix-
Zup) than for the northern catchments <€0.5%). This fact suggests that
steep slopes give more weight to high rainfall intensities in the process

of generating runoff pollutant concentrations.

The variables VR and ITC do not seem to play a major role as explanatory
veriables. The variable R is always present in the stepwise relationships

as the secondary variable explaining TSS and COD EMC variations.

TSS 1is the pollution parameter which usually presents the strongest
correlation of the three main pollution parameters whereas total phosphorus
presents the highest correlation of the three minor pollution parameters.

The overall smallest correlations are obtained for zinc and ammonia whose
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variations must strongly depend on non-climatic and non-hydrological

factors.,

5.3 Conclusion

The conclusion we can draw from this study is that not knowing to what
extent the regionalisation hypothesis may be wvalid, it is not possible to
apply a general model describing the EMC variation and thus we reach the
same conclusion as Jewell et. al. (1982) "that local data should be
gathered for each basin to be modelled and a representative model derived
using statistical techniques". However in the case of this study the
multiple correlation coefficients derived for the main parameters (TSS,
COD and BODg) are not particularly high: varying from 0.38 to 0.82. The
main explanatory variables are the 5 min maximum rainfall intensity and the
peak flow for the southern catchments and the dry weather duration for the
northern catchments. The amount of rainfall is an overall good secondary

variable for the four French catchments.
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GHAPTER 6: SUMMARY AND RECOMMENDATIONS

The outcome of this Report can be summarised by the following comments:

the statistical analysis shows that an overall better fit is obtained
upon EMCs distributions by applying the method of maximum likelihood
rather than the method of moments (independently of the distribution
tested);

three distributions show similar fitting performances (by the method of
maximum likelihood) over the EMC data sets tested:

*  the three parameter lognormal distribution;

the Fréchet (EV2) distribution;

* the two parameter lognormal distribution.

The latter method is regarded as being the most convenient to handle
whereas the two other distributions have never been tested before.

The data sets which show a better fit with the three distributions
cited, seem to be TSS EMCs and COD EMCs;

the stepwise regression analysis, applied to EMCs clearly shows a
differentiation between the southern and northern catchments probably
because of a combination of climatic conditions and catchment
characteristics. Although the multiple correlation coefficients are
relatively small (varying from 0.38 to 0.82 for BODg, TSS and COD), the
peak flow and the maximum rainfall intensity over a five minutes time
interval seem to be the main explanotory variables (amongst the ones
tested) for the southern catchments. The antecedent dry period, on the
other hand, is the most important variable to explain the EMC variation

for the northern catchments.

This study, through its consistent approach to quantify the goodness of fit
of several distributions (using the computation of statistical tests), has

added to the knowledge of stormwater quality variability and might form the

basis for further application in more integrated approaches involving mass

balance.
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More research is needed with bigger EMC sample sets to assess the
robustness of the distributions selected and to eventually choose the most
reliable and reproducible to be used in any EMC simulation study or

engineering control and impact assessment work.

The same approach ought to be applied to pollutant loadings on an event
basis (i.e short-term effects) or a yearly basis (i.e long-term effects) in
order to increase the knowledge of load variability which is the product of

single discharge variability and EMC variability.

The application of the same methodology to CSO EMCs and loadings, as well
as treatment plant discharges, might reveal similar or different patterns
that could help to provide a theoretical basis for the outcome of

distributional analyses.
At the end of this study a few points must be emphasised:

- further statistical work should be undertaken to assess the importiance

of "mixed distributions" present in the underlying EMC population;

- the effect of "peak over a threshold" features (linked to hydrological
parameters such as pesk flow or amount of rainfall), must be considered
in the «collection of EMC samples since small runoff flows are
insufficient to trigger the sampling machine and, if a sampling does
occur, the amount of water collected might be too small to allow all
the chemical analyses to be performed thus reducing the size of the

EMC data set;

- in terms of the distribution that should be used to model the pollutant
variability, a convenience factor might be considered and not just the
best fitting performance. This might involve a review of convergence
problems or assessing to what extent the linear combination of EV

variables, for example, can be considered as a linear variable.
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APPENDIX 1.1

Extract of EEC water quality standards. Council directive of 16 June
1975 concerning the quality required of surface water intended for
the abstraction of drinking water in the Member States and council

directive of 18 July 1978 on the quality of fresh waters.

Surface water intended Freshwaters supporting
for the abstraction fish life
of drinking water
Parameters Al A2 A3 Salmonid |(Minimum
waters sampling &
measuring
G I G 1 G 1 G 1 frequency
TSS
g/1 S5 25 , $25¢0)
itrates ¥ * *
g/1 NO. 25 50<0) 50¢0) 50¢0)
inc
g/1 Zn 0.5 3 1 5 1 5 €0.3 monthly
Dissolved
oxygen * * * sonthly, ainie-
saturation um 1 sample re-
rate % 0, | >70 >50 >30 50%29 mg/1 |presentative of
or as low 0, condit-
indicated ions of the day
of sampling,
Howaver, where
najor daily va-
riations  are
suspected a ai-
ninun of 2 sam-
ples in 1 day
shall bhe taken,
COD * * *
g/1 0. 30
ODs ¥ * *
/1 O <3 <5 7 ¢3
mmonia
/1 NH, ! 0,05 1 1.5 {2 4¢0) { €0.04 £1¢0) monthly
1 = mandatory (>95% of the samples taken at regular intervals must
comply with the parametric value).
G = guide (>95% of the samples taken at regular intervals must
comply with the parametric value).
0 = derogation in exceptional climatic or geographic conditions.
* = this directive may be varied in special conditions: floods or

natural disasters, natural enrichment, stagnant water...
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APPENDIX 2.1. Detailed <characteristics of the experimental French
catchments. After the Laboratoire d'Hydrologie Mathématique
(1986).

catchment ATX-NORD AIX-ZUP LES ULIS MAUREPAS
characteristics

Total area (ha) 92.0 25.0 43.1 26.7
Area of roofing connected
to the drainage system (ha) 22.6 9.47 - 4.3
Area of: roads - 4.89 - 9.55
pavement 17.22 4.28 1.38
Impervious average (%)
(INT 77/287) 52 77 42 60
Total imperviousness connected
to the drainage system 60 74 42 60
Average slope of the
network (m/m) 0.08 0.028 0.0055 0.0050
Individual housing area (ha) 6.45 0.92 - 18.8
Collective housing area (ha) 11.84 6.72 - 4.47
Trading activity area (ha) 4.3 0.36 - -
Lawn area (ha) 50.57 7.03 - -
Car park area (ha) 5.38 3.66 - -
Coating: road & pavement toncrete tar concrete tar tar concrete tar
roofing tiles, ~ flat roof flat roof tiles,
flat roof (tower blocks) flat roof
Total length of roads (m) 5500 6800 - 6625
Cleaning of: streets - sweeping syeeping sweaping (1/wk)
gutters sweaping - sweaping sweeping
Domestic refuse collection 6/wk 6/ wk 3/wk 3/wk

Water level during

dry weather (cm) 3 3 5 (6 1/s) 2.5 (4 1/s)
Nature of dry weather flow springs irreqular - agricul tural
washing drainage
Point of measure: .
slope (m/m) 0.0013 0.0017 0.0004 0.0083
length of
straight section (m) 40 40 69 150
Calibration method for
flow measurement Manning Bazin-, - -
Strickler Mann,Str,
Network (last visited) visitable visitable visitable visitable
(1979) {1979)
Water tightness good good - -
Coating snooth saooth vibrated vibrated
concrete conceete concrete concrate
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APPENDIX 2.2 Main characteristics of observed events. After
Hémain (note 25/1983, 1983).

Keys:

NUM: chronological number of event. Values >1000 correspond
to multiple mean samples. The first number is the
number of events involved whereas the last three
numbers are the number of the first event.

DATE: date of event occurrence (year and Julian date).

CD: quality code of discharge data:

0: missing value

1: correct value

2: suspicious value

5: incomplete hydrograph.
VR: runoff volume (m™).

QMAX: peak flow (l/s).

CP: quality code of rainfall data:

0 to 2: eg. CD

3: data from another site than the one set up in the
catchment

8: cumulative rainfall recorded

9: measurement with the bucket

*: rainfall corresponding to several runoff events,

HP: amount of rainfall (mm).
DP: rain duration (1/1000 day).

IM/14,21 or 31: average maximum intensity during the time of
concentration (mm/h).

IM4: average maximum intensity <(mm/h) during 4/1000 day
(about 5 minutes).

DTS: antecedent dry period duration (days).

DCO, MES, DBOS5, Zn, NO3, N~NH4: event mean concentrations of
COD, TSS, BODg, Zn, NOs~ and N-NH,™ (mg/1) drawrn from:
M: average sample
F: average sample reconstituted with the bottles
P: pollutogramme.
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Catchment: MAUREPAS

HUM | DRTE |CB|  wE |eMaslcR] WE ] DF PIN 21] In 4| 0TS Lo HOE N-hiH4
[ 1.3 [ ] mm bl b Yoz fivg- 1 mg/1 g /1
1 1 25z 1ol o 2.4 o B4 P F S|F 12T|F 4
2 t X4 1ES] 1 3.2 51 1.2} 7.0
2 thoastr|reea] 1| a4 45] 1%.03] &a.4| 2.9 [P 1ex(F 1] 0.470 I. 100 t.o90
4 S02es| 1 ERR N BN TN 3.8 41 4.1 2.3 1.45]|F a7 ): az|F o is] 0.250 4. 600 0,620
i [ I R s.4] 2.0 M 1e]s 37N
5 enzer| 1 a7 saf 1 t.s 2S5 =.2] 4.2 1.9%|F  S1|F 1IE[F 1%
€ gozsrl 1 55 0 1.0 e 1.4 3.1 3SIF 27|F 1s3(F 24
7 1 55| 1 1@ 121 1.3 3.8 454F 53{F 25{F 13
TORE 1 13 25| 1 1.2 3.8 L35 m FE[M  114]m 2a
& 1] 1asa] @39 7.4 €4 T.S) o 2S.0l1z.a [F L34F Foozg| 0.470 3.500 0.690
9 1 133 129 t 1.8 3 L25|F 2Q|F 154F
1e &0z 1 1ol eI 1.4 2.8] 1208 L35
11 ECFES R 1 1.4 ] .1 &.3 1 |F TI|F atlF 15 0,270
12 So0zz2| 1 .6 b 1.3 1.7 L2S|F 21|F 33|F 5 0,190 6. 100 0. 490
13 ) 2ovE]| wsa] | 1t.z B Tol t.s R ssiP 3| F 7 0,240 2.900 2. 660
14 1 EPCE £.4 TR 2.9 1 F 4alpP T4 1P =l 0. 140 2,300 2.640
15 | 29234 1 ST+t .41 227 . E.S LR 4s|F I5|F T o.140 6.300 2.410
1€ 0234 1 3% sal 1.9 39 .3 1.4 T
17 S02ES| 1 RN B SR I | 4.4] 152 t.2 3.4 z |F 4P Z4|F €l o.330 9.700 1.720
SO1x 1 ELT N Y Ta4 £.0 Tt ort.a g 43} s3im 13
13 1 122 b Y 4.4 244 1.5 4.2 3.95|F s9(F 1alfF 18l o.=o0
13 | 2a239f 1 Ea4] 1ea] e S5 2.4 3.3 JS[F 28 fF 43|F 5] 0.350 4200 1.080
29 85299 1 1S 5.8 I.d 2.3 19
21 31221} 1 32 35) 1 L8 2 2.3] 1.9
22 ) =291 1 133 bl . .5 2.2 .5
23 AGZIS| 0 1 Z.E] s 3.5 a, 4| 9.2
24 1 19| 1 s s1 4.5 19.1 ELF #S|F $1SiF  12] 0.420 2.000 1.oeo“
s snzav| ot SIS Tl ot I 1.7 2,3 L35
g 29Tt 47| as) 1 1.2 4 1.7 LES|F tedF sazl|F 15| ©,730 1.600 2.350

- 136 -



Catchment: MAUREPAS

HLr LHTE | oD SHFCICTE HF [CS I SRR THo41 DOT3 o HES n MO N—=NH4
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Catchment: MAUREPAS
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Catchment: MAUREPAS

g AT O T IYTO O & e nF o2 s HR 1'305 P [RTRIES M E NI
el oz e ] wi | e b ) oo 2 ey 1 b o1 ! g mers | iy / 1

&. 7460 0,690

B 0,872 T 000 0.510

F Sl on.148 z2.810 0,690

1 41 1aG)=1 e 41z ERN &,z .4 F 41|F SH(F el 9.i162 4.010 1.410

&
=
s
r
4
£
£
L
5
]
T
~4
a,
n
an
]
N
o
e
g}
-d
o

Foloe|F  222(F 21| 0,969

S
o

R SNl BTN B TEZ) 4E0] g S.e “z G .'.‘r:"‘ al 4.6 i 1Sz 2Sel 13 0,465 4.3820 0.980

o
18
T
3
o

sosal z.e |p o 1ni7le z2dle s| olemy 4.410 1.500

ok sa1en] fadz LIS 1zl sl vd) 00 TRE 5.380 1,320

a
4
i
4
[0
A
n

11 gz1ez| 1 azs| o 4.z 14 ze.2) t.2 [F 7elF  z4el|F 1o O.311 Z.810 2.660

1t

1z

siee |osziez| z| eam| 4ss| 1f s.w) e FE-1 BRI T g IR S N
pre poszrasl 2 zuml o oms) o1y z.s) rzlooz.a| 4.2 .45)F os(F 148{F 23 7.330 1,100
P04 ] osziTa] ) EtrE] esS| o) tr.z] et S.0f 130 S.8 (M &s(n 13n 13| 0,208 2,710 1.320

2,73 1S M 3E9|M 1| O 384 2. 680 0,910

0. 449 Z.8%0 0.570

.
o
&
0
—
'
-
rs
4
-
s
0
=
Vg
=)
—
~
~4
=
-
L

11 €213 L TETE IS} ) zS.3 o t4z) VL3 SELEI[1s.s N (M 357 m x| ©0.508

11 | 2ziss| o zes] TS| o] .| ssw] @03 z.g) 1.2 |F sz|F 0 sijF 7] 0.183 7.150 0.299
ted | oszzar] o) 1] atLw| cos) S.2| g.3] 2.3 (M 3E(M TE|n & © 8.640 2. 180
121 2i1af 1 379] isa] 1] F.e| 1zef .o 19.e| &.3sim 9sfm asSzim 13| 0761 3.090 1.190
1ze | & 1| ess| ozss| oz <.z s3 s.e| &.s) oz.zsim oewlm 1T3fM 19y 4.788 6.940 1.250
127 Zr214] 1 z47 23 1 1.5 e 1.2 1.z 2.3 |F 3%|F t&2[F 19| 9.257 7.680 5.120

,‘
w
4~
5
-
o
-
N
1
@
ia

125 | szzaa| o] zre] sof 1] t.s| exf o z.oo| 3.é[ 3.95(F amolF 1we(F - sl 0.347 6.840 1.680

1o 1] tzte] g9oal oz a0 ratb oael troelizoasle tzele 1wsje 2y 03R4 F. 450 0.950
127 SRRl 1 4l 420] = 4.4 a7 1 £ 44zlF F o] .84y I.090 0.570

- 140 -




Catchment:

MAUREPAS
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Catchment: MAUREPAS
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Catchment: LES ULIS
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Catchment: LES ULIS
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Catchment: LES ULIS
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19 { mresal o o2 otz oo teef ] aal o] s.es

29 €19asT| o1 27 4] 1 T.al o443 1.2 1.zl 1.8 |7 maelF 1e€iF 85) 0.046 5. 620 1.300
20 | sress| 2] vsts)ores) o] nn.a| szl oscel oslel sz

22 | ster3| t] 2E0| 23f 1] 4.4] 2TE} 2.9 2.1f 5.7 [F Ind|F  t4uiF  a2| .10 4.300 3.300
23 | zrosa ol aer) sy ool .zl onizl 3E] 4.zfre.Ts

24 | sioegl : 4 IR IR L B T I

ze | ozrozs) 2] sesr| 2vel 1] sr.sfressl vioe) 2s.a] Lvs

26 | @ v osTeal 1Sl 1) e.ztIzil £.T| #.%] .3 e asle wsle s| 9070 3.620 2.160
a7 R OET U KRN | LI B 4 [XR3 k] T LTSl F 41 1F cs|F 3| Q.0460 2.760 0.140
2 | minrz] o] szel e o] 1moz] ere] zos] zoe|zies [Boranle ra|e se] 02093 | 10300 0.940
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Catchment: AIX-ZUP

]
RICTIN IR S-S 8 O BN S PR HE oot I a) BTs e NES | BEXS]  En NOE
ke 1o it ) tte Bl wwc bl daur ] omg mg- | mey-l miy /1 m/1

N-NH4
mg/1

A R BRI | Zme 1] -1 t 2.% IS I
o0 BIILS] 1 B2 B ALY Y S.Al o oest orzoal orsow| t.2s|F xtalF FTElF 12T ~onry EAIN . eidd

i TS 1 S RO 4.0 112 T 4.8 e |F S4tF SElF tE| o074 5.0 .47

Iela ES RS 1 N i A 137 12,3 25.4 Loas(n 1S ezt 77
HES S B ) S EREY I 5 B ZS3|F SISIF 45| oL oac 4.370 1.150
RN BTN Y zrol 4| vz e owea| as.el L1 B o sglP 24S[P #| o0.047 2,950 0,140
M4 RIS N I LT 4%t Y 5.0l L1slp o s3|R ? 11} 0,085 | 2.450 0.100

B I P 1 EIXI N B 1 PRI 115 3251 1S

K E N EIL <7 P I KRN I BT S.4| t2.2 STOF 243(F I3RIF 4T 0,040 2.170° 0, 1890

00 a0 =l IR Y I 192 1ta1] 18.7) so1s{e tszle 432|Fp 25| 0.028 3,060 0.360
TR N A TEEoEaf ] w0l oama| 3.7 S.0% 4.8 [F 217|F 33E(F S4] 0,062 1.950 0.189
i 1140 1 sl dan] dsz) 2.4 rne| 2.7TS|F 320fF  13z|F 53| 0,032 2.300 0.310

44 ZHITS] S| SEa] oy R ] 22.2|23. TSP Taa|P 2010)P 1S53] O.110 0,190 ¢. 850

2,920 0.070

.._
T
~
]
-
-
b
R
.
=
N
w
M
b
-
&
)
L
(L]
)
<
3]
i
.«
5
b
)

tased 1 1309 ez L) 3.3 L2 [P tesie TSTIP It] n.nan 1.379 0. 090

13S0 1| L.l 247 avL3] 3.3 z.ossin ta3m s4s|m Q2

U] S5.4| 4440 1103 13.1f13.3 [P 139|F 239 0. 045 2.840 0.240

44 Srovd| | 259 K1 I 3.2 tae 2.6 2.7 S.3 |F 177|F 39 (F  «47) 0.080 5.930 6.770

45 | #1220 y 291 1.9 1] 4.2) s.3|42.2
45 $1ES1] 122 | 2.%| avs 1.5] 2.2} s.1
47 t REE -1 Y 2.2 212p 3.7 S.9 L4 {P 4s4|P sE|P LIT] 0.262 5.910 0.820

33 srees] 1 1S4 sal ot 1.4 o3 3.4 2.4} 2.5 {F 393]F 349|F 293| 0.325 0.830 0.820

5z G 1] ds2| wal 2 s.of 4as] 28] 4.2 4.9
<2 | mizan| o sl Aol oz 1.4 3 3.2| .sS
<4 ool ot 1S | 0 .4
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wailvLitlicllL, ALATLUD

H | BARTE [cn|  vR o [opAs HF | DF [In-14 4 peo ez | rERS n MO N--NH4
M3 Vs tict wd it hy h ) w31 miy e mg /1 mey /1 mg/ 1
sz | e1262] 1] e13] o] o 4.0 [HoEoL(n Mol
ss | s1274f 1| sew| 2z20] 1] 2.4 2zi]| s.8] e.s| 1.8 {F oazmir 1as|e @] o 2.350 0. 580
Se | 81297 -1 P44 120] 3| &.e| 2ov| s.o| F.elzz.es|P  2mL|F 1z7] o one 4. 660 0,790
57 | 81339 1 se| 12] 1} =2.2f zer| z.z2| z.z2l41.v7
sz | 81%4%] 1 16| Sa] 1 1.2 23] 2.0 4.2] 4.2 |F 1220[F  437[F 4u0 1.180 1.560
59 | e1245]| 1f zaa7) sus| 1| 1r.g| 2s1] e.e| @1 e lp zSol|F 2OF|F 44 390 0,630
€0 | s1zes] 1| 1907} 1o 1| 1z.8| 448 s.0f s.4] .7
083 | erzas) 1] 4s4z| 228 1| 2e.2| szl e.q| e.i] 4.8 M tet|H 1zifn 53
61 | e1345] 1| =zar| 7s| 1] 1.2 17| %.2] 2.5| 1.7S|F SIS{F 170[F 123 4.200 1.180
€2 | e1250] 1| erds| soo| 1] 43¢ 224 1o s3izp zaasin ez 2s2{n S| Glove 2.810 0.260
€3 | &1351] 1] 2ex| 7ol 1| 2.4 =] 3.1 s&.2| .SS|F 1z3|F 222|F 2% 6.420 0.450
€3 | s1zsaf 1| 1esz| 23s| 1] 1s.2) 18] 1o01| 146 2.2 [P, sslR az3lF v 3.290 0.410
cee3 | e13st] 1] 1ez1] 335| t] 1v.e| 298] 1001y 14,60 oss|m pos|n 140ln 1S
€s | er1zs4| 1} sor| sel 1} €.e] 17e] 3.7 4.n| 1 e sl 79lr  2f o0.062 4.120 0.680
€6 | ®13s5%] 1 vza| 22 1] c.2f 139 1.?| 2.8 1.0S|F 1SS[F 147 |F st 15. 000 1.240
67 | &1xST| ot 9| z2| 1 9.w| sl 2.8 s.2) t.1sn 9sim =3 5.086 3.710 0.390
€5 | 213s590) 1| 224 sel o} 4.0 €3] s.z| rz.el 2.2 |moa34lm s 0,062 5.110 1.340
€3 [ erzsa| 1] xap| ss2f 3 st.e] 433 12.2) 13.z]| r.etin 2Fm o 3T 0.054 2.640 0.260
70 | etzes| 1] #0435 2 4.2] 123 3.3 3.3) 1.3 fF ]R3
71 sdatr) 1] asae] ass] 1| .3 4t2) 4.2 4.2]|12.6 [P 118fr 102 18] 0.066 4.610 1.120
72 | 82013 1 RT3 2.€ 71 2.4 2.8] €0 |F 1se|F raiF 18] 0.186 5.930 2.300
7?3 | sao1s] 1 asz] ss| ¢ 3. e 2401 3.3| 1.85|F TH]F s4|p 8] 0.060 6.430 0.8350
74 gavu2s| 1 gs2| 153] 1 c.zl es| 4.7| 4.7|ta.r |p 133(P 123]F 49| c.neB G.220 1.390
75 | §z04s| 1 17a] zs) 3] t.e] ss| .9 1.9fzoos [P 354)F 1LLF 102
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Catchment: AIX-NORD

T DATE [CD HF o IN-4) DT Lo | o3| Zn NOF N-NH4
- W wf 10 U I TER TR I XSO BT B | [T | -2 mg/l mg/1 mg 1

1 1| zorz Y I - - T IR R Y] HWooezaln and|n 135 o.0s0

< o 3 3| 1zt 7.1 2201 S5.0%

2| wozer) 4| sre| azef 3| el 18] 3.9 14,8 T.ES|F S47(F 2l 0,180 4. 600 Q.700
4 | sozar| 1 46 3| 2.2| 11z| 1.6} 7.s8| 9.z8|F 2za|F.. 2%

s | eozor| 1{ 134] zeo| 2| 1.4| =4 1] e.s| .1 lF 2ulr nz Q. 260 2. 800 0.540
6 | so207| | arz] 2e] 2| t.z| tez| .| 1.7 Js|F t20]F  zdelF 19

2o6s | sesar| 1| ess| 26| 3] z.af 17 t.1] z.2| .1 M .9t|W  z23

7 OO 1| STIIL 422p A 0L E 2.9

g | soz13| 1| 1425] zze| 1| 12,2 ead|- 4.7 e.3| 2.8 |F ise|F 127|F 26| o0.230 2.4C9 1.000
K 1| ssz| ss| 1| =.2| 17| 2.8 3.4] 2.2

10 1| 2tz ozef 1| 2.4 89| 1.5] t.9|t12.7 |[F  e3|F z9|F S| o.1i0

11| ens40| 2 ex| @32 1| (.2 é 10.2] 9.%5

12 | eoset] 2| 934| 42| 1] é.3| zzz] z.2| 2.4|z0.9

@ | oerote| 1] st7| 42| t] 3.el 221] 1.4 1.814.35

ta | e1a11] 1 s2| 1] tt.zf 29| 2.7] 3.€| 1.e [F 92|F 4F|F 12| o.122 4.690 0.700
1s | sworzf of 2| se| ot z.oof ree| t.e] 1.3 Lt

te | etors| 1| 43| ea| 1| 3.8| 128] 1.8| 6.7| £.85|F 1SS|F 264|F 22| 0.062 0.430
17 | 1033 t] 290 23| 1 1.4] 23] 1.2] t.2f{1s.7 [F welF  ee|F 1] 0.091

12 | #esz| 1] 113 19 o 15.5%

13 | z1ess| 1 vzl 12] 1| 1.9 73 .9 .9] .0
20 | zross| 1] 143 29| .2 83| .3] 1.1} .2
21 | e1os7| @ 1] 7.4] 230 t.s] 2.1] 1.8 |F 36[f  9s|F i3] 0.172 5. 380 0. 320
22 | e1asd| 2| =03 25| 3| 12.4 6.2 |F 126|F t124|F i3
23 | stara| 2| 242| 23| 1| 4.2| 292 1.S| .1.5) &.7
24 | 2raza| 1| 2vs| oastoa] 2.2 | .7 4.z2fie.s
25 | mroezr) 2] s4vd|vien] 1] t=.of 43| 5.3) 25.9f 2.9
28 t] 154s| 470 t| 1e.2] 22df . 4.8 1103 Las|F asTlF d1s{F 13| 0.060 1.500
27 1] zs2a| 22a] 1| 24.2 4.3] 7.9| .as|e ?i|p 113jp & 0.150 3.100 0.070
zg | siosal| 1| ees| eo| 1) re.of mis| 2.&) 2.8| .7 |F e2[f 83|F 4] 0.100 3.000 0. 400
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Catchment: AIX-NORD

(I DSTE (on [T R HE B 1. 4 O] R X n NOE N-—-NH4
V 7z tot wd TR T BT L4l Ea] mar /1 mg/1 mg/1
2a | eryas| ) 231 4 1 1.e) 1ze 1.3 to.al1e.2s)F 12E0lF BE0)F 230 o avg
S0 ELELE] g ETol o oaal s 1202 er4f 2.z z.e| 2 S(F 1eE|F AFZiF Tzl 0,107 : 1.010
Gt S114S| 1 STo 3 S.¢6 € .S &s.0] 1.25(F €€z F.'_l?-TJ F ‘_m- Q. 090 2.800 0.766
32 1115 1 SSG 0] 3 4,0 112 2.0 4.2 2 |F 43| F selF in 0,067
zazst S101s] 1| 11| 230l 3 .65l 187 6.5 @5.9| t.2S{M 23S{M 0 Z240n &7
22 | etiza] i ik o] 1 3.2| sz| s.7| e.o|i1z.es|F astlF Tsus|F e 0.140 1.570 1.010
34 | ost1zse] 1| zesz| ezaf 1| 14, zo7| o1 13,8 J1S{F 121|P 2706|F 13 Qst00 3.880 0.150
38 | srtee| waf| ses| 1 s.of 121 4.9 187 2 |F 2499|F se?|F 12| o.042 1.840 Q. 100
E1123) 1) 3547 50| 1] 23.0] 400] 10,1 16.7]13.95|n 182{M S4S[M 24
e e11a0] | RUEH I ST0 I | 4.9 zo4 T E €,3 LPSIFO 12T QISF O 1E] 0.140 1.100 0.080
27 | st1ze]| 1) 2s1z 1] 148 sl a4 s2.S| S s|F z74|P 11SB|F 13| 0.074 3.970 0.320
2 Fr141) 1 217 LD RS Z2.E) 188 .4 B.2) 4,7 |F 416|F  SZTEIF 122 0,067 0.230 0, 130
23 | s1144] 1 S2E-E T2 2.8f 11 1.3 2.3) 3.7S|F 423[F 4=1|F 123
49 | &1149] 1 175 281 1 e s7| 2| 2.8l L3
41 s1148) 173 | 1o4] 2= 1.7 &.z LE8F avslF o 249
4z | =1175] 1 s44f T3al S.4 14 45.2(29.7 |F 1999|F 0.277 3.570 Q. 070
43 | sreeE| 1] rers] Tan| o2 yoal 23z s.sl 18.3) 2.9%(F 3s11F  432|F 36| 0.214 2.790 Q.020
44 | snava) ot zsuisfrsan| 3 1303 132] 142 31.3 Jsle o ziv]e EsEiF 200 0.047 1.530 0.070
2943 | S117s] 1] 3933 1San] 3 2.5 424 14.2] 31.3] 2.45|M 223N S3I3iM 24
45 | 511971 1] 133S| <49 1] zs.9) 953 7.1 12.s|12.250p 13%iF 39S 0. 036 1.780 0. 500
45 31294 9 3] 3.2] 95| 2.8 .7] S.2
47 | smi2sz] 125 &v) ot te=| 2t T 4.9/43.9
43 | 21z%2) 1 147 27) 1 1.3] 42 1.2 2.3 .1 ‘
43 21295 1 17 sIof 3.3) 1S9 3. 15.9| 2.35|F 2<0lF  £22|F Jee| ©.214 3. 080 0. 600
39 g125t) 2 1] 30090 134 32,3 5.3 [P £a3|F 1979 0.100 3.820 Q.720
St 1262 9 3 2.¢ 2.3 .
2 #126€3] 9 1 2.9 272 ] 4.2 3.8
5% 21ZE9] @ & 5.0 .7
sq | s1zral 2 ewz] 1se] 8] g.z] 193] f.0] .30 4.0 (M el 2zSslw 13s| 0.170 1.280 1.550
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Catchment: AIX-NORD

Hurt | DATE Jon) we lones|er] o wE | DF | iw 20| 1ned| DpTs 3] HEZ | In MOX N-NH4
[ Vs Latn fieJ o | el | B 2 T weged w31 g mg 1 mg/1 ng /1

SS 1 sTTd w1 el ozoTy 4.z T MooETIIM LESiH o1E3) 0.8 1560

e | t Tl BT B R 1.7 z.zler.es

=7 | = 1 verl owal ol zoa] oee zom] e 2l 4.TS

sz | = 1] 13z Sae] 1| za.z| swz]  T.tf t2.S] .SS]F 3SR IofF 4% 2.580 Q.970

3§ @124s] 0 aze| 5| 1| tzoof w43] zoa| <.2| .7 e FR|F szlF 1S .020 0,520
ST | BrEdd| 1] 307 So0| 1) IS.o| R1F] T.1] 12.S] $.FS|M #03fM 0 218|M 11z

£ 1 ] 4ot} 3.z i3] 2.s| 4.2| 1.s8|F S23|F 29S|F 199 3,770 0. 790

€1 21250] 1 1} 92.6] 633 14.3] 2o.3] 1.9 [N zedin G44din 3] 0,050 2.210 0,220

£2 | =1351) 1 1#1] so) 1| z.z) Sw x.6] S.2| .5S|F Ses|F  31w|F 14z . I.800 0. 100

x| ostasal 1| ravz| Saal 1) zz.o) ¢S4y 2.4) 12.5) 2.2 [F 38|P  218{P 14 T.320 0,260
sz | ozrast| 1| 1esz] see| 1) zs.a| sws| =.4] 12.9] .eSiM trsim zzTim 23

24 31394 1 474 Sy} 22.2] 454 .4 1.5 2.2 |F 5SIF g2|F Al 0.090 3.470 0.070

£S5 | 3139% 1 142 2%i 1t 1.6 193] 1.9]  t.3] 1.9 |[F o 1e3|F ITE|F 8@ 9.920 0.570

e | ostzst| 1| swx| 4m] 1 s.z| 33| z.3l aa| 1.2 [w oa3ein 017 0.172 3. 600 0,260

27| srzea| 1vas|  zs| 3 4.4 s3] 4.4] 12.2] 2.2 |F 2e3]F 116 7.180 0.510

3 | oer3sr| 1) s293| esal 3| 3t.5] s33)o13.2] 13.2) t.oSs|m o taspr 21t . 0. 054 2.650 0,240

el 213831 1 41 451 3 .2 1% 3.3 3.3 1.3 |F IT3|F 17s

T b szt o 1] 12.2] 3$]  3.8] &.1)12.5

T1 o013 L IR I 2.0y Tt 2.4 2.3} 2.9 F S12)F 400|F =2 15.500 1.020

22 | szenst 1| zesl 23| 1| «.of sz 1.el s3] 1.sslF osaslr arelF S| o.1s2 5. 900 0.490

T 1 st 1ss) 1] S.2| 12s] 4.1]  S.3|19.8S|F 123|F 321|P T8
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APPENDIX 2.3

Extract of a computerised type 2 file for “event mean concentrations®.
After the Laboratoire d'Hydrologie Mathématique (report LHM 09/1986, 1986).

o 4
-

T4 6T -9 ~§ -3 -9 -9 -5 200954 21274 20244
OBYT ZOSD0 2E280 ZOTBO 22160 -9 -9 -9 -9
185 5 11 32 26 51 58 182 730 19 0 0 -9 -9 -9 -9
? 9§ =5 =§ ~§ —F ~F -5 -9 -5 —§ {GO0F 26T 11 1511
J*@u 4 11 104 =9 45 19T 604 8O0 26 10 10 55 -9 1684 6I54 214 20162 20554
17 POLT0 20211 ZOS4G 21460 20054 21092 ZOT1E R026E
D65 11 399 53 140 4 11 30 ~9 41 41 73 145 83 I 96 122
POZEZ Z0614 20114 ZEIR0 2OYR0 2OTTR ZO0B0 21670 Z0420
- 10147 T OE0752 20000 2003 263 12 1910 88 1380
B& 197 604 8OO 26 10 10 35 -9 1614 3374 224 182 -9 -9 -9 -9
9 - -5 -5 -9 -5 -5 -9 5 267 11 67 21 50 4 11 16 15 25 28
115 146 -9 20614 21264 20194 20272 -9 -9 -9 -9 =9 -9 =9 -9
: ~% =7 =9 =9 & 247 11 65 16 SO 5 11 10 -9 &2 14 31 35 13 2 130
0 -9 TOB74 T1S5I4 20244 DOITD -9 -9 -9 -9 =9 -9 =9 —§ -5 —§ —§ -9 -9 -
-~ 7 268 11 178 34 85 5 11 18 -9 171 19 36 45 8 2 139 170 -9 20594 20964
ST ZO3IIT ZOA94 20015 -9 =9 -9 =F -9 -§ -9 -9 —§ -5 -9 -9 -9 -§ 200b
7 12 247 S0 85 5 12 28 24 183 19 6 35 13 2 130 160 -9 764 1144 25 I52
G G =G —§ =D =R —§ —§ —§ -5 —F -§ -§ - -§ (0008 2BO 11 1050 70 390
11 74 59 &4 75 250 1200 15 & 2 45 190 1444 2274 364 12451 10085 10035
891 10040 10472 10120 10211 10720 11940 14052 10692 10353 10273 10024
782 10000 9 280 11
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APPENDIX 3.1. The lognormal distribution.

The Two Parameter Lognormal Distribution

The probability density function is:

“%{ln{x) - oa)?

f(xy = _1 . 1 . 1 e Bg=
2w B X
- ¥l (z-p)/0,12
Let z = In(x) then h(z) = 1 . e
o, J2n

is the equation of the normal probability density function.

The reduced variate y is related to x by: y= x/a and F(x) = G(y) where G(Y)

is the cumulative probability density function of y.

Calculation of the Parameters by the Method of Moments

The parameters are estimated by the following formulas:

e
1}

6, ¥ 1In(6,./%)2 + 1)1

& = p. = ln (D -_§2
2

Calculation of the Parameters by the Method of Maximum L.ikelihood

The maximum likelihood estimates to be found, also maximise the

likelihood function Li{(x|la,B) which is easier to compute:

N N

Il(xla,B) = -N In @2m)® -N In{(B) - z In(x;) —z [ (In(x,)-a)/BSZ12
EE ] Fms

- 154 -

log



where the x represents the sample collectively.

The likelihood estimates are drawn from the equalities:

LL =0 and dl1 =0
dix df 2
~N
From the first equality: & =_1 2 ln (xp
N d=1
N
From the second equality: f$2 =_1 Y Un(x)-a)?
N1 A=

Calculation of the Quantiles

The quantile x. corresponding to the probability p and defined as prob
{x < x,2>=p can be calculated by:

X. = exp (Up_B + o) + X, with x,=0 in this case:

U. is the standard Normal variate corresponding to the probability p. In
Abramowitz and Stegun (1964) one can find for 0.5<{p{1

C. + C;t + C,t2
U, = t- + > (p)
1 +dyt + dat? + dutd

Where t = [ 1n(1/(1-p)2)]%

0.010328
0.001308

H
I

0.802853; C,
0.189269; d.

and C.
d;

2.515517; C,
1.432788; da

1
i}

1]

The error ) (p) remains lower than 4.5x10"2

For 0<{p<0.5 or can calculate U,_, and then U, = -U,
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The calculation of U, by this method has been widely used for the

computation of the quantiles in this study.

The Confidence Interval

The bounds of the confidence interval of a quantile x, are calculated with

the general formula:

xp £ Ull-a/2). 0,4,

where U(l-a/2) is the standard normal variate for the level of confidence

1-a. In this report a=10% has been chosen so U(l-a/2) = 1,645,

For both the methods of moments and maximum likelihood the bounds of the

confidence interval can be worked out by the following procedure:

Z, t Ul-a/2). 0.,

X, t Ul-a/2).0,, = €

where Z_ = In(x,) and o, =_8_. (1-U* ., 5"

/N

The Three Parameter Lognormal Distribution

The probability density function is expressed by the general formula of

section 3.3.1.2.
The relation between x and the reduced variate is:

y = Xx~X-, and F(x) = G{y) where G(y) is the cumulative probability

o4 function of y.

Calculation of the Parameters by the Method of Moments

The parameters estimated by the method of moments can be worked out

according to the following procedure:
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o»
]

(2 InCA))*~

2
1]

> %, Inl 6.7/ (A®(A%-1))]

X - A e~

3
H

where AZ = (1 +C + (2C + C2)1/2)1/® 4 (1 + C - (2C +C2)1/2)17s= - 1

and C = _f,% and p» is the third moment; ps = EL (x-X)®1,
2(6,)¢

Calculation of the Parameters by the Method of Maximum lL.ikelihood

As noted previously in the corresponding section for the 2 parameter

lognormal distribution, it is easier to work with the log likelihood

function:
N N
LL(xla, B, x.0=-N In@@m)* -N 1n(f)-) In(x;-x.)-% 2 [ (In(x,-x.)-a)1/B
A=1 d== 3
N
From otl = 0 we can deduce : &= 1 Z In(x; - 2
oé N =}
N

From _®LL = 0 it can be similarly shown : f2 =_1 3 [ln(x,-%) -al

bsz N =1

& and B are known once &. is known.

%, 1s solution of the equation f(x.) = 0 where:
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N N
fx) = ) 1

ey xi -X(:n N d=1

In(x;—x%x.)7/(xy—x%x.0

L L Y In2(x;-x) -

1

N

N

G InCx;-x.0)2-1 D In{x;-x.)1

dmnl

N Ao Y

The sclution x. to this equation is found using the iterative method of

Newton where x.{(n-1)

X, {n) =

%o {n—1) =~ f (%, (n-1)/{' (x,(n-1))

is corrected at the n th iteration:

A flow chart applying this method is proposed in Appendix 3.1.a.

Calculation of the Quantiles

The same formula

distribution can be used here with x_#0.

The Confidence Interval

Method of Moments

applied previously for

the

two parameter lognormal

The variance of the quantile x, can be estimated using the Taylor's series

expansion:
var(x.) = (0x,/0%)%. var (X)
+ 2 0%, /D% .
+ 2 Ox/06% . X /D5 .

158

cov(6?, fiy)

dX,,/d62. cov(®, 62) + 2 DX./DR .

+ Qx,/06%2, var (82) + (dx./dfx)2. var (fiy)

OX./dfln .cov(R, {iy)



1]
—

where: _dxp
OX

X, 1 (K. - 3g dk.)
062 26 og

Ofin g2 og

K. is the frequency factor: x, = K.. o + u

K. =_exp(U. .B - B2/2) -1
(exp (B2) -1)'7=

and:

Var (X) =_p,
var (6%) =_1 (pa - p=®)
N

Var (ls) =_1_ (s — B2 — 6 Pa P + 9 P

Cov (6%, ) = pa/N

Cov (a, B) =_1_{(pgs — 3™

Cov (6=, fz) =

Bz, M=z, Ma, Hs, 8nd pe being the second, third,
moments calculated upon the N values of the sample.
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Method of Maximum Likelihood:

In this case variance(x.,) can also be estimated by a Taylor's expansion:
var (x.) =(8x./88)2.var (&) + (8x./8B>2.var (f2) + (8x./8x.)%.var (}.)
+ 2 Bxp/Ba.Bxp/Bﬁz.cov (&, B2) + 2 8% /86.8x%.,/8%..cov (&, &.)

+ 2 8x./8P=. 8x./8%,.cov (B=, %)

|
—

with: _8x. =

8%o

U, . explu,.B +

32 28

"

exp{ug.p + o)

B2 [ (B2 + 1)/2f= . expB? - &) - exp(f2 - 2]
ND

and: var (&

var (B2) = _f2 (B2 + 1) . exp2(B? - &) - exp(f? - 2&)]
ND

var(x,) = _1
2ND

cov (&, B2) =-_f2 exp(fz - 2&
ND

cov (&, R.) = exp(§2/2 - &

-1

2ND
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cov (B2, %.) =_B82 expf2/2 - &
ND

D=82 4+ 1. exp2f2 - &) - 282 + 1 . expfz - 2&
282 22
Then for both methods of moments and maximum likelihood, the bounds of the

conf idence interval are calculated by:

X, * Ull-a/2) . [Var (x.,1%
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APPENDIX 3.1.a

Flow chart to calculate the location parameter x., of the three parameter

lognormal distribution (method of maximum likelihood). After Masson (1985).

Xm MINIMUM (x;, X2, Xa, +.... Xe)

Yy = 0.8 xm

=
o
n

Y

g
H
=g
+
p—
s
~
e

P
|
-2
~

<]
i
e =]
-+
-
[d
=
~
x
[

!
R
S~
—

N

¥

Y)?

m
fi

E+1ln (x, - y)
(Xi - Y)

11
1i

F+1in (xy — )
(x; — y?2

A
/N

i/N

G = B/N - (A/N)>2 - A/N

H

2 E/N + 2 A/N.C/N + C/N
f(y) = C.G + E

f'*¢) =C.H+D.G+F -D

Yy = a - f(¥I/f )

lyc . 1 . 108}

v =y |

I Solutionl

No Solution|
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APPENDIX 3.2. The general extreme value distribution.

The Gumbel or EVI Distribution

The probability density function of the Gumbel distribution is:

f(x) = 1 exp [ =(x - wW/a — e ¢»xwd/x}

x
and its cumulative distribution function is easy to compute:
F(x) = exp (e ¢~w2/%)

The k referred to above being equal to zero, two parameters only appear in

these expressions.

u is the location parameter.

a is the scale parameter.
The standardised or reduced variate y is related to x by the relation:
y = (x- w/a = =-1n-InF0)»

with gy

]

exp (-y-e™v)

and G(y)

i

exp(-e™) = F{x).

The plotting position formula used is the Gringorten formula which is also

used for the EVZ2 distribution:

F, = (i~-0.44) / (N + 0.12) where i = rank.
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Calculation of the Parameters by the Method of Momentis

The relations between the two first moments of the sample and the

parameters are:

2
1

0.78 &

[
1}

X -0.577 &= %-0.45 6

Calculation of the Parameters by the Method of Maximum Likelihood

The 1likelihood function as defined previously is L{(xiu, a) where x

represents the sample collectively :

N
Lixt u, a) = 0 flx;|lu, a
qem
~ N
= _1 exp [—Z(xi - W/a - E @ ¢ xi—wrsu]
a™ 1=1 11

The maximum likelihood estimates (the values of u and a which maximise the
above quantity) also maximise the log likelihood (which is easier to work

with ) defined as:

N N
LL(xlu, &) = -N1InCa) - J y; - D e ¥4
is=1 1=1

The likelihood estimates are computed by an iterative process where the

estimates u; and «a; are progressively revised by two converging equations:

U;ey = Uy + 8u, and Qj., = oy * 80y
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The initial values u, and a, are the estimates calculated by the method of

moments.

In Appendix 3.2.a, a flow chart displays the iterative method of Newton
used to calculate the estimates. To understand the flow chart it Iis
necessary to transfer: xo = u and S = a. The convergence limit I has been

set to 0.0001,

Calculation of the Quantiles

The value of a quantile x., is easily obtained from the definition of F(x):

X, = —a. In(-1In(F(x.2)) + u

t

The Confidence Interval

As defined previously the bounds of the confidence interval of a quantile

X, are calculated with the formula:
X,  UQl-a/2). 0.
the problem being to calculate o,., the standard error of the quantile x..

Method of Moments

Lowery and Nash (1970) proposed:

= 6 [1-1.1396(0.45 + 0.7797 y.) + 1.1¢0.45 + 0.7797 y.)2}'/=
IN

Cup
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Method of Maximum likelihood:

In Masson (report LHM 06/1983, 1983) or NERC (1975, p.103) one can find:

Owp = _a__ [0.6079 y.2 + 0.514y, + 1.10861
IN

The Fréchet or EV2 Distribution

This distribution also known as the log-Gumbel distribution is defined by
its probability density function:

f(x) = 1 (I-k(x-w/a)*7%"" | exp(-[i-k{(x - wW/al*’*)

24

or by its cumulative density function;

= exp(-Il-k(x - w/ad /%)

with k<0, o0 and u +

The reduced variate y is:

y =1 - xuk =explk In(-1nF(x)))] with 0 ¢ y ¢ @

24

The probability and cumulative density functions are defined as:

S(Y) = _x'l/k:—l . exp(-y‘!/k)
k
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G(y) = exp(-y'7*) = F(x)

Calculation of the Parameters by the Method of Moments

The calculation of the parameters is carried out through several steps.

The first parameter to work out is k. The skewness g is a dimensionless

quantity and depends only on the shape parameter k:

g = Ha/gﬂz)a/z

with: B = vary) =T + 2 k> - T2( + k)

P Ely — E{y213 =T + 3 k) - 3r<t + 2 k).l + k) + 23 {t + k)

The function I'(x) (gamma) is not easy to compute but the function Inl (F(x)]

can be approximated (Abramowitz and Stegun, 1964) by the expression:

InflFrdxl = (x - 1/72). In¢x) - x+ % 1In(2n) + 1 -1 + 1 -
12x 360x3 1260 x5

1680 x7
and T'(x) = explIn([(x))]

This relation Is more accurate as x is high hence we can also use:
InflFGal = InC(x + M) - Infx{tx+ D(x+ 2)...(x+n- D]
If 18 < x < 10'° then only the first equation i{s used.

If x < 18 then an integer n is added such that (x + n) is higher than 18

and the two equations are used.
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Then the method of dichotomy is applied to find the value of k which is the

solution of the equation:

g ~ Haf (pR)®F =0

This method provides accurate values of k if g > 1.7,

Once k is known, the estimates & and @ are easily calculated:
4

2
Hi

-k. (@ 02/var(y)n = -k . B

a=A+8 withA =%~ B.E() and E(y) =TU + k)

Calculation of the Parameters by the Method of Maximum Likelihood

The principle is the same than for the EV1 distribution. The maximum
likelihood solution ¢the set of estimated parameters &, k and @) is sought

to maximise the log likelihood function LL{(xfu, «, k) as Jenkinson (196%)

reported:
N N
LL(xlu, o, k) = -NlnCa) - (1-K).D w; — ) e~wi
A== deo= Y
where w; = -_1 1In (1 - k(x; - W/

k

The estimates &, 0 and k are worked out using an iterative process:

Ujey = Uy + 8y
Ajey = 0y + B0,
kjor = k; + 8k,
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when 8u;, 6a, and 8k; are sufficiently small, the iterations are stopped.

The initial values u,, a, and k, are the parameters determined by the

method of moments.

The values of 8§ can be computed using the following formulas:

Su; = -—a, [bQ, +h (P, + Q) /k, + f (R, ~(P, + Q,)/k;)/k,]
N
So; = —oa, [hQ, +a (P, + Q) /k; +g (R, = (P, + Q,2/k;)/k,)

N

Sk, = -1 [f Q +g (P, + Q,0/k, + ¢ (Ry ~ (P, + Q;)/k,;)/k,]

N
where: N
PJ' = N_ z e““‘"
P
Y N
Qd - z ewivkd. wi _ (] - kj). 2 ek J . wi
dmy qm= 1
N ~N
R_,=N—zwi+zwje”‘“
dve iva )

The values of the coefficients a, b, c, f, g, h can be extracted from the
variance - covariance matrix of the estimators (0, &, k) and depend on the
value of k. The values of those coefficients are provided by the Flood
Studies Report (NERC, 1975) down to k =-0.4 (Jenkinson, 1968). In this
particular case, some values of k were lower than -0.4 so a computing
program had to be set up to work out those coefficients to a value of k

down to -1. The values of the coefficients corresponding to intermediate
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values of k have been worked out by linear interpolation.

Table 3.2.1 displays the values of the coefficients.

Table 3.2.1. Coefficients involved in the computation of the parameters of

the Fréchet distribution (method of maximum likelihood).

k a b c f g h
0 0.65 1.25 0.48 0.26 0.15 0.34
-0.1 0.72 1.27 0.55 0.26 0.10 0.46
-0.2 0.81 1.28 0.64 0.26 0.04 0.57
-0.3 0.92 1.29 0.73 0.26 -0.03 0.69
-0.4 1.05 1.29 0.84 0.26 -0.09 0.80
-0.5 1.19 1.29 0.94 0.25 -0.17 0.91
-0.6 1.37 1.29 1.05 0.23 -0.25 1.02
-0.7 1.56 1.28 1.16 0.21 -0.34 1.13
-0.8 1.78 1.28 1.29 0.18 -0.44 1.24
-0.9 2.02 1.27 1.41 0.15 -0.54 1.34
-1.0 | 2.28 1.26 1.55 0.12 -0.66 1.45

Calculation of the Quantiles

The formula giving the quantile x, corresponding to the probability p is

drawn from the cumulative density function, hence:
X, = u + o/k.li-expik. In(~1n(F(x,)))1}]

Where F(x.,) = P.

The Confidence Interval

The method to compute the standard error o.., has been found in the

literature (NERC,1975) only for the maximum likelihood estimation:
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——

COuwp =_aW _la + b/w® + c/w*. (dw/dk)? + 2 h/w + 2 (g/w + 2{/w%).dw/dk]'"=
IN

where w =_1 - e %Y ; dw = (ye Y -w)/k
and y =_x,, - u (reduced variate for the Gumbel Distribution).
o
Despite the fact that this formula has been derived in a standard way, it

is not satisfactory (pronounced funnel shape) when the estimated quantile

approaches the upper bound of the variate values.
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APPERDIX 3.2.a

Iterative method of Newton to compute the parameters of the Gumbel

distribution by the method of maximum likelihood. After Masson (report LHM
1371983, 1983,

i=1 s (k)
&
o x, - xo(k)
Z=Ze s (k)
i=1
v
T - x (k) - f XO(k)
Y=Z lso o s(k)
i=1 K
P =n-2
R=n-T+ Y
i.
n . d s(k)
—_ = 0.608 (-R) + 0.26 P
s(k)

n .

AN




APPENDIX 3.3. The Pearson Type 3 and gamma distributions.

Pearson Type 3 Distribution

Calculation of the Parameters by the Method of Moments.

Three parameters are to be estimated so three easy relations are to be

used:
g =47 g
B=go./2
=% - 8.9

Calculation of the Parameters by the Method of Maximum Likelihood

The function to maximise is the log likelihood function . As presented for

the previous distributions, the maximum likelihood estimates must satisfy:
dLL/d%, = 0, dLL/df = O and dLL/d>§ = O
From the first two equations it can be drawn:

N
Y (xy = &))"
Y = fumy

N

N
Y o(xy - RV - N®/Y(x, - R

3=71 4wy
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N
B =1 D (x; = %)~-N/JY (xy ~ 2D
N

i e

Infortunately x. must be calculated first and its computation is not

straightforward.

The previous equation dLL = O can be changed into the equivalent equation:

oY
N
G(x,) =1 Y (x, - %) - 1lnB) - 8'(y) =0
N PR

where 8' (y) = dInl(y)) = digamma or PSI function
oY

N
and LX = 1 3 (X; - Xo)
N a=t

The method to calculate ¢'(y) is given in the section referring to the
gamma distribution .

The value of X, annulling G(x.) is worked out by the method of dichotomy
whose flow chart is presented in appendix 3.3.a. The initial lower value
to start the computation with is the lowest piece of EMC data from the
sample (called x_ (1)).

Calculation of the quantiles

The quantiles can be computed using the same formulas as those presented

for the gamma distribution.
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The Confidence Interval

Method of Moments:

The standard error of the quantile x. is (after Masson, report LHM 06/1983,
1983):

Cup =0 {1 + Kp.g + Kp2/2. (1 + 3g2/4) + 3.Kp.dKp/dg.lg + g3/4]
IN
+ 3(Kp/dg)=. (2 + 3g2 + 5g*/8)}

where Kp (frequency factor) can be calculated by the formula provided in

the section for the gamma distribution and:
okp = (U2 - 1)/6 + 4(U_= - 6g U2/62 — 32 - 1) g?/6% + 4U_ g%/67
3

- 10 84/66

Method of maximum likelihood:

G-~ can be calculated using the formula for a three parameter distribution

o

given in the section about the gamma distribution:

var (y) = 2N7
D B (y-2)
var () = _N2_ [e" (/-2 - 1/¢y-1)2]
DB2
var {(x.) = Ne(y. @8" (y) - 1)
D B2
covily, B) = N2_ [1/¢(yv-1) - 1/7(y-2)]

Dg3
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Nz (1 - /1))
Dg3

coviy, x.)

N2 {1/ - 8" (y) )
D2

covi(B, x?
with D = N’ [2 8¢y - @y=3)/(y-1=]

Bt (y-2)
and ¢"{y) is the trigamma function presented in the section for the

gamma distribution. dx,, 2%, and dx, are calculated by the formulas given

in that section. DY o8 OX.

The Gamma Distribution

This distribution can be regarded as a Pearson Type 3 distribution with a
location parameter x, equal to =zero. Hence its probability density
. function is:
F(x?> = xi=' ., ex/® with y > 0
B¥ I'<y)

The cumulative probability function cannot be defined by a simple

expression :

F(o = [ (0 . dx

<

When y is large the distribution tends to be a normal distribution. The

reduced variate y is related to x by:

Y
gly) = y»=' . ev and G(y) = | g(y).dy
rday e
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G(y) depends only on the parameter y and therefore G(y) can be tabulated

for various positive values of vy.

Calculation of the Parameters by the Method of Moments.

The estimated parameters are worked out through the straightforward

equations:

®2/(6,.)2

>
1}

o
i

(6.02/%

Calculation of the Parameters by the Method of Maximum Likelihood.

The values of B and y that maximise the log likelihood function LL(xif, )

must be found. The maximum likelihood estimates must satisfy:

LL =0 and dlL =0

of Y
™ N
where LL(x[B, ¥) = -Ny In(B) - N Iln(T{(y-Y x,/B + (y=1) Y 1In(xy)
dm==7 A==y

From the expression dll = O one can end up with the equivalent quantity:

[
N
In(&/y) + dlnT¢(y)) - L Y ln (x;) =0
dy N 1=

Let din{l'(y)) = @' (y) = digamma or psi function.

dy
N
Let G(y) = In{&/y) + 8' (y) - 1L 3 In(xy)
N 1m]
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The value of ¥ that annuls G(y) can be worked out using either the method
of dichotomy or the iterative method of Newton. The principle of the

latter is to get directly the value of y after n + 1 iterations:

'Yn-ﬁ-'l = Yﬁ - G(er) / G' <Yr7)

where G'(y) = dG(y) =_1 - @“(y)
oY Y

" (y) = tri function.

Y. 1s the value of y calculated by the method of moments. The flow chart
to compute 8" (y) is in Appendix 3.3.b whereas the one to compute #"(y) is
provided in Appendix 3.3.c.

Once ¥ is known, it is easy to derive B from the expression dLL = O

0B

Calculations of the Quantiles

The quantile x., corresponding to the cumulative probability p can be

calculated by different ways:

- X, can be calculated using the y? tables:
X, = x*(p, 2y . B/2 + x_. and 2y is the degree of freedom;

- one can use the Harter's tables which provide the frequency factor Kp:
X, = Kp.6,, + %

- In this study the Wilson-Hilferty's transformation has been used. This

transformation (Kendall and Stuart, Vol. 1, P.401, 4th edition, 1977

allows a x? variable to be expressed as a standard normal variate (Up):
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X% =y . B . U1 - 1/9¢ + Up. (1/99)% 1= + x_

It must be remembered that x, = O for the gamma distribution.

The Confidence Interval

Method of moments:

The bounds of the confidence interval are calculated by the formula:
X, ¥ U(1-a/2) . O,

where 0., = 6. . [1 + Kp.g + Kp2/2.(1 + 3g2/4)1»
iy 4

Kp (frequency factor) = Up + (Up2 - 1).g/6 + (Up® - 6Upy. (g/6>2/3

- (Up2 - 1).(g/6)% + Up. (g/6)* - (g/6)5/3

g is the skewness of the sample.

Method of maximum likelihood:

For a three parameter distribution the sampling variance of the quantile x_.

is expressed by:

Op? = (0x./0y)2.var (y) + Ox,/08)%2.var () + Ox./0x0? var (x.)
+ 2 0x./0Y. Ox./0B.cov (y, B) + 2 DX./0Y.0X./0X..cov (y, X)
+ 2 dx./0B.0x,/dx,,.cov (B, X;)
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If we drop out the terms involving the parameter x., we end up with a valid

formula for the gamma distribution:

02, = QOx,/0y)2.var (y) + @x /0f)2.var (B) + 2 dx./0y.0x./dB.cov (B, ¥
where:
ox., = 3f [ 4'7% — 1/9y=7= + Up/3y"7¢ 12 | [ 1/3y=7/® + 2/27y%7% -Up/18y7/%= 1]
oY
bx = [ Y]/I‘ﬂ - 1/9Y:§§/f3 + UP/B‘Y]/G ]3
op
o0x, =1
OX.,
var (y) = Y
NGoty) - D
var () = 2" (y) B=
N &y o"(y) -
cov {y, B) = - . B

NGyeng - D
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APPENDIX 3.3.a

Flow chart showing the computing process of x., <(method of maximum
likelihood for a Pearson Type 3 distribution).
| BO=X0(1)-0.001 : PAS =-0.01 |
¥
— TFOR IT = 1 TO 50 |
X = BO
GOSUB 19700: calcul. of «,8,LX
b———>{ GOSUB 19500: calcul. of PSI |

= LX- L - LOG B —Psrl
¥
= BO + PAS
| [
Gl = LX - 1n(g) - PSI l
GO * G1<0 es
l
BO = X
PAS = PAS * 1.19 v
NEXT IT
//Display:"No change of sign"//
[B1 = x |-
— FOR J = 1 TO 30 |
[x = 8o |
GOSUB 19700 |
———{ cosuB 19500 |
LX - Ing) - PSI |
I\ GOSUB 19700
————1{GOSUB 19500 |
X =(BO + B1)/2
——  JcosuB 19700 |
19500 |

————{GOSUB
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{

G = LX - In{f) - PSI

ABS (&) \\\\\ ey
< RN yes X0 = X‘—(END )

8.99999%E-6

DISPLAY: "No
convergence"
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APPENDIX 3.3.b

Flow chart showing the method of computing ©'{(y) (Method
likelihood for the gamma distribution). After Masson (1882).

Euler =-. 5772156649
S3 =1/12
54 = 1/120
S5 = 1/252
Y= ¥

of maximum

Psi = Euler - 1/Y
NO
top
a Psi = Psi - 1/Y R =1/Y
Y=Y 4+1 Psi=Psi+Log(Y) - 0.5 = R
l
R=R xR

Psi = P51—R!(83-Rx(s4-R x SS))

Stop
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APPENDIX 3.3.c

Flow chart showing the method of computing ©"(y) (Method of maximum
likelihood for the gamma distribution). After Masson (1882).

B, = 1/6, B, = By = - 1/30, B, = 1/42
z =Y Tri = 0
(res) o
: >
. 1
== — No }— Z>5 yes
:Smp; Tri = Tri +(z—i'z'7 Yy = —*
(Z = Z)
Z=24+1

Tri = Tri + Y/2 + (1 + Y x (82 +Y = (B

<7

2t Y x(B6+ Y x B8))))/Z
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APPENDIX 4.1

Samples (for all pollution parameters and for the four French catchments)
of ranked EMCs used to test the goodness of fit of the statistical

diéfribUtioné.
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES:

(rank-2/5)/ (N+1/5)

EVENT MEAN CONCENTRATION OF COD (mg/1)

SIZE OF SAMPLE= 126

CATCHMENT
NUMBER OF EVENTS= 174

MAUREPAS

97
104
106
117
125
130
134
162
173
197
237
44

97

- 105

108
119
126
130
137
164
176
205
240
590

* STATISTICAL PARAMETERS OF THE SAMPLE

MEAN=

97.82539

STANDARD DEVIATION=

COEFFICIENT OF VARIATION=

SMALLEST VALUE= 18

*
*
*
*
* SKEWNESS= 3.067046
*
%*
*

LARGEST VALUE= 590

78.83456

.8058701
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES:

(rank-2/5)/ (N+1/5)

EVENT MEAN CONCENTRATION OF TSS (mg/l)

SIZE OF SAMPLE= 126

CATCHMENT
NUMBER OF EVENTS= 174

MAUREPAS

*
*
*
*
%*
*
*
%*
%*
*
*
*
*
*
* 97
* 100
* 121
* 126
* 133
* 143
* 151
* 162
* 181
* 195
* 215
* 227
* 256
* 314
* 369
* 450
* 566
* 890

97
109
123
127
136
147
152
164
183
196
222
228
258
357
369
476
635
894

200
223
246
268
365
419
502
818

* STATISTICAL PARAMETERS OF THE SAMPLE

MEAN=

169.0873

SKEWNESS= 2.313487

COEFFICIENT OF VARIATION=

SMALLEST VALUE= 14
LARGEST VALUE= 894

*
*
*
*  STANDARD DEVIATION= 170.4193
*
*
*
*

1.007878

187



SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF BODS5 (mg/l) CATCHMENT f MAUREPAS -

SIZE OF SAMPLE= 126 NUMBLR OF EVENTS= 174
* 2 0.005 3 0.013 3 0.021 4 0.029 *
* 5 0.036 5 0.044 5 0.052 5 0.060 *
* 5 0.068 5 0.076 5 0.084 5 0.092 *
* 5 0.100 5 0.108 6 0.116 6 0.124 *
* 6 0.132 6 0.139 6 0.147 6 0.155 *
* 6 0.163 6 0.171 7 0.179 7 0.187 *
* 7 0.195 7 0.203 7 0.211 7 0.219 *
* 7 0.227 7 0.235 7 0.242 7 0.250 *
* 8 0.258 8 0.266 8 0.274 8 0.282 *
* 8 0.290 8 0.298 9 0.306 9 0.314 *
* 9 0.322 9 0.330 9 0.338 9 0.345 *
* 10 0.353 10 0.361 10 0.369 10 0.377 *
* 10 0.385 10 0.393 10 0.401 10 0.409 *
* 10 0.417 10 0.425 10 0.433 11 0.441 *
* 11 0.448 11 0.456 11 0.464 12 0.472 *
* 12 0.480 12 0.488 12 0.496 12 0.504 *
* 13 0.512 13 0.520 13 0.528 13 0.536 *
* 13 0.544 13 0.552 13 0.559 14 0.567 *
* 14 0.575 15 0.583 15 0.591 15 0.599 *
* 15 0.607 15 0.615 15 0.623 15 0.631 *
* 15 0.639 15 0.647 16 0.655 16 0.662 *
* 16 0.670 16 0.678 16 0.686 17 0.694 *
* 17 0.702 18 0.710 18 0.718 19 0.726 *
* 19 0.734 19 0.742 19 0.750 19 0.758 *
* 20 0.765 20 0.773 20 0.781 21 0.789 *
* 21 0.797 21 0.805 21 0.813 21 0.821 *
* 22 0.829 22 0.837 22 0.845 23 0.853 *
* 23 0.861 23 0.868 24 0.876 24 0.884 *
* 24 0.892 25 0.900 27 0.908 29 0.916 *
* 29 0.924 30 0.932 31 0.940 35 0.948 *
* 36 0.956 39 0.964 52 0.971 109 0.979 *
* 110 0.987 110 0.995 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 16.10317 *
* STANDARD DEVIATION= 16.7554 *
* SKEWNESS= 4.216314 *
* COEFFICIENT OF VARIATION= 1.040503 ' *
* SMALLEST VALUE= 2 *
* LARGEST VALUE= 110 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF ZINC (mg/l) CATCHMENT : MAUREPAS

SIZE OF SAMPLE= 96 NUMBER OF EVENTS= 173
* 0.114 0.006 0.129 0.017 0.140 0.027 0.140 0.037 =*
* 0.140 0.048 0.148 0.058 0.155 0.069 0.160 0.079 *
* 0.162 0.089 0.172 0.100 0.173 o0.110 0.174 0.121 *
* 0.175 0.131 0.183 0.141 0.186 0.152 0.190 0.162 *
* 0.192 0.173 0.204 0.183 0.204 0.193 0.207 0.204 *
* 0.208 0.214 0.208 0.225 0.213 0.235 0.217 0.245 *
* 0.230 0.256 0.230 0.266 0.233 0.277 0.235 0.287 *
* 0.237 0.297 0.240 0.308 0.240 0.318 0.246 0.328 *
* 0.250 0.339 0.255 0.349 0.257 0.360 0.260 0.370 *
* 0.270 0.380 0.270 0.391 0.278 0.401 0.280 0.412 *
* 0.284 0.422 0.288 0.432 0.290 0.443 0.300 0.453 =*
* 0.300 0.464 0.307 0.474 0.307 0.484 0.311 0.495 *
* 0.319 0.505 0.323 0.516 0.330 0.526 0.330 0.536 *
* 0.332 0.547 0.347 0.557 0.350 0.568 0.352 0.578 *
* 0.359 0.588 0.360 0.599 0.361 0.609 0.367 0.620 *
* 0.370 0.630 0.375 0.640 0.378 0.651 0.384 0.661 *
* 0.384 0.672 0.385 0.682 0.395 0.692 0.402 0.703 *
* 0.420 0.713 0.420 0.723 0.449 0.734 0.465 0.744 *
* 0.470 0.755 0.470 0.765 0.472 0.775 0.508 0.786 *
* 0.511 0.796 0.547 0.807 0.550 0.817 0.570 0.827 *
* 0.580 0.838 0.600 0.848 0.650 0.859 0.680 0.869 *
* 0.681 0.879 0.693 0.890 0.730 0.900 0.774 0.911 *
* 0.815 0.921 0.832 0.931 0.841 0.942 0.890 0.952 *
* 0.890 0.963 0.950 0.973 0.959 0.983 1.230 0.994 =*
* *
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* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= .3796041 *
* STANDARD DEVIATION= .2228809 *
* SKEWNESS= 1.436491 *
* COEFFICIENT OF VARIATION= .5871403 *
* SMALLEST VALUE= .114 *
* LARGEST VALUE= 1.23 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF NO3 (mg/1) CATCHMENT : MAUREPAS

SIZE OF SAMPLE= 87 NUMBER OF EVENTS= 173
* 1.480 0.007 1.600 0.018 1.750 0.030 1.900 0.041 *
* 2.000 0.053 2.160 0.064 2.190 0.07s6 2.200 0.087 *
* 2.300 0.099 2.310 0.110 2.650 0.122 2.680 0.133 *
* 2.710 0.144 2.810 0.156 2.860 0.167 2.900 0.179 *
* 2.900 0.190 2.910 0.202 3.000 0.213 3.000 0.225 *
* 3.090 0.236 3.090 0.248 3.100 0.259 3.160 0.271 *
* 3.180 0.282 3.200 0.294 3.200 0.305 3.370 0.317 *
* 3.420 0.328 3.450 0.339 3.490 0.351 3.500 0.362 *
* 3.580 0.374 3.660 0.385 3.810 0.397 3.820 0.408 *
* 3.900 0.420 4.010 0.431 4.080 0.443 4.180 0.454 *
* 4.200 0.466 4.260 0.477 4.330 0.489 4.410 0.500 *
* 4.410 0.511 4.600 0.523 4.690 0.534 4.790 0.546 *
* 4.820 0.557 4.970 0.569 5.050 0.580 5.090 0.592 +*
* 5.120 0.603 5.280 0.615 5.380 0.626 5.410 0.638 *
* 5.780 0.649 5.800 0.661 5.820 0.672 5.850 0.683 *
* 5.850 0.695 5.900 0.706 6.100 0.718 6.220 0.729 *
* 6.270 0.741 6.580 0.752 6.670 0.764 6.720 0.775 *
* 6.740 0.787 6.840 0.798 6.900 0.810 6.940 0.821 *
* 6.990 0.833 7.150 0.844 7.240 0.856 7.330 0.867 *
* 7.380 0.878 7.870 0.890 8.050 0.901 8.430 0.913 +*
* 8.640 0.924 8.700 0.936 9.510 0.947 9.680 0.959 *
* 9.700 0.970 11.600 0.982 14.600 0.993 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 4.934023 *
* STANDARD DEVIATION= 2.394617 *
* SKEWNESS= 1.175709 : *
* COEFFICIENT OF VARIATION= .4853275 *
* SMALLEST VALUE= 1.48 *
* LARGEST VALUE= 14.6 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF N-NH4 (mg/l) CATCHMENT : MAUREPAS
SIZE OF SAMPLE= 87 NUMBER OF EVENTS= 173
* 0.030 0.007 0.060 0.018 0.120 0.030 0.120 0.041 *
* 0.170 0.053 0.190 0.064 0.210 0.076 0.210 0.087 =*
* 0.240 0.099 0.250 0.110 0.250 0.122 0.270 0.133 *
* 0.270 0.144 0.270 0.156 0.280 0.167 0.290 0.179 *
* 0.290 0.190 0.300 0.202 0.310 0.213 0.320 0.225 *
* 0.330 0.236 0.330 0.248 0.350 0.259 0.350 0.271 =*
* 0.390 0.282 0.410 0.294 0.460 0.305 0.480 0.317 *
* 0.490 0.328 0.500 0.339 0.510 0.351 0.510 0.362 =*
* 0.570 0.374 0.570 0.385 0.570 0.397 0.580 0.408 =*
* 0.620 0.420 0.640 0.431 0.690 0.443 0.690 0.454 =*
* 0.690 0.466 0.700 0.477 0.700 0.489 0.770 0.500 *
* 0.900 0.511 0.910 0.523 0.910 0.534 0.950 0.546 *
* 0.960 0.557 0.970 0.569 0.980 0.580 1.000 0.592 *
* 1.010 0.603 1.080 0.615 1.080 0.626 1.090 0.638 *
* 1.100 0.649 1.110 0.661 1.190 0.672 1.270 0.683 *
* 1.320 0.695 1.320 0.706 1.350 0.718 1.360 0.729 =*
* 1.410 0.741 1.410 0.752 1.500 0.764 1.500 0.775 *
* 1.530 0.787 1.680 0.798 1.720 0.810 1.770 0.821 *
* 2.160 0.833 2.180 0.844 2.350 0.856 2.360 0.867 *
* 2.400 0.878 2.410 0.890 2.640 0.901 2.660 0.913 *
* 2.660 0.924 2.680 0.936 2.920 0.947 3.020 0.959 *
* 3.220 0.970 4.550 0.982 5.120 0.993 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 1.092644 *
* STANDARD DEVIATION= .9826237 *
* SKEWNESS= 1.680895 *
* COEFFICIENT OF VARIATION= .8993086 *
* SMALLEST VALUE= .03 *
* LARGEST VALUE= 5.12 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF COD (mg/1l) CATCHMENT : LES ULIS
SIZE OF SAMPLE= 79 NL.IBER OF EVENTS= 98
* 36 0.008 42 0.020 53 0.033 56 0.045 *
* 63 0.058 64 0.071 72 0.083 77 0.096 *
* 87 0.109 88 0.121 92 0.134 92 0.146 *
* 93 0.159 99 0.172 101 0.184 104 0.197 *
* 104 0.210 112 0.222 113 0.235 119 0.247 *
* 120 0.260 121 0.273 123 0.285 129 0.298 *
* 133 0.311 135 0.323 136 0.336 139 0.348 *
* 143 0.361 149 0.374 152 0.386 153 0.399 *
* 159 0.412 169 0.424 172 0.437 173 0.449 *
* 179 0.462 186 0.475 194 0.487 195 0.500 *
* 201 0.513 209 0.525 212 0.538 212 0.551 *
* 216 0.563 221 0.576 224 0.588 229 0.601 *
* 231 0.614 232 0.626 248 0.639 266 0.652 *
* 271 0.664 277 0.677 301 0.689 307 0.702 *
* 308 0.715 320 0.727 320 0.740 338 0.753 *
* 350 0.765 353 0.778 356 0.790 372 0.803 *
* 373 0.816 413 0.828 450 0.841 476 0.854 *
* 565 0.866 701 0.879 730 0.891 749 0.904 *
* 771 0.917 846 0.929 924 0.942 1120 0.955 *
* 1490 0.967 1850 0.980 2720 0.992 *
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* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 322.519 *
* STANDARD DEVIATION= 411.6557 ‘ *
* SKEWNESS= 3.57785 *
* COEFFICIENT OF VARIATION= 1.276377 *
* SMALLEST VALUE= 36 *
* LARGEST VALUE= 2720 *

- 182 -



SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

—— T G - ——— T — — —— T — —— —— A ———— " ————— ——————— i —— T — ———— T — — — —— ——————

EVENT MEAN CONCENTRATION OF TSS (mg/l) CATCHMENT : LES ULIS

SIZE OF SAMPLE= 79 NUMJLER OF EVENTS= 98
* 40 0.008 44 0.020 88 0.033 92 0.045 *
* 107 0.058 113 0.071 115 0.083 117 0.096 *
* 120 0.109 131 0.121 134 0.134 141 0.146 *
* 146 0.159 146 0.172 150 0.184 158 0.197 *
* 163 0.210 176 0.222 180 0.235 186 0.247 *
* 206 0.260 211 0.273 215 0.285 217 0.298 *
* 225 0.311 226 0.323 228 0.336 234 0.348 *
* 244 0.361 246 0.374 253 0.386 260 0.399 *
* 277 0.412 300 0.424 304 0.437 306 0.449 *
* 307 0.462 312 0.475 329 0.487 353 0.500 *
* 364 0.513 375 0.525 382 0.538 390 0.551 *
* 396 0.563 408 0.576 428 0.588 429 0.601 *
* 438 0.614 443 0.626 445 0.639 457 0.652 *
* 467 0.664 475 0.677 _ 512 0.689 555 0.702 *
* 556 0.715 558 0.727 564 0.740 618 0.753 *
* 662 0.765 745 0.778 778 0.790 790 0.803 *
* 804 0.816 808 0.828 883 0.841 900 0.854 *
* 992 0.866 1010 0.879 1030 0.891 1200 0.904 *
* 1230 0.917 1260 0.929 1400 0.942 1520 0.955 *
* 1660 0.967 1960 0.980 2480 0.992 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 495.8481 *
* STANDARD DEVIATION= 456.6714 *
* SKEWNESS= 1.97677 *
* COEFFICIENT OF VARIATION= .9209904 *
* SMALLEST VALUE= 40 *
* LARGEST VALUE= 2480 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF BOD5 (mg/l) CATCHMENT : LES ULIS

SIZE OF SAMPLE= 79 NUMBER OF EVENTS= 98
* . 6 0.008 9 0.020 10 0.033 11 0.045 *
* 13 0.058 14 0.071 15 0.083 15 0.096 *
* 16 0.109 17 0.121 17 0.134 18 ~ 0.146 *
* 18 0.159 19 0.172 19 0.184 20 0.197 *
* 20 0.210 20 0.222 21 0.235 22 0.247 *
* 22 0.260 22 0.273 23 0.285 24 0.298 *
* 24 0.311 25 0.323 26 0.336 26 0.348 *
* 26 - 0.361 27 0.374 28 0.386 28 0.399 *
* 29 0.412 29 0.424 30 0.437 32 0.449 *
* 33 0.462 34 0.475 34 0.487 35 0.500 *
* 35 0.513 35 0.525. 35 0.538 35 0.551 *
* 37 0.563 38 0.576 40 0.588 41 0.601 *
* 44 0.614 45 0.626 45 0.639 48 0.652 *
* 49 0.664 50 0.677 52 0.689 56 0.702 *
* 60 0.715 60 0.727 68 0.740 68 0.753 *
* 73 0.765 75 0.778 79 0.790 79 0.803 *
* 104 0.816 109 0.828 112 0.841 126 0.854 *
* 127 0.866 130 0.879 131 0.891 134 0.904 *
* 159 0.917 186 0.929 234 0.942 273 0.955 *
* 327 0.967 465 0.980 666 0.992 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 68.44304 *
* STANDARD DEVIATION= 100.397 *
* SKEWNESS= 3.817514 *
* COEFFICIENT OF VARIATION= 1.46687 *
* SMALLEST VALUE= 6 *
* LARGEST VALUE= 666 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)
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EVENT MEAN CONCENTRATION OF ZINC (mg/l) CATCHMENT : LES ULIS
SIZE OF SAMPLE= 58 NUMBER OF EVENTS= 96
* 0.107 0.010 0.107 0.027 0.124 0.045 0.124 0.062 *
* 0.127 0.079 0.135 0.096 0.138 0.113 0.139 0.131 *
* 0.141 0.148 0.142 0.165 0.147 0.182 0.181 0.199 *
* 0.198 0.216 0.208 0.234 0.208 0.251 0.208 0.268 *
* 0.210 0.285 0.214 0.302 0.229 0.320 0.229 0.337 *
* 0.238 0.354 0.240 0.371 0.244 0.388 0.260 0.405 *
* 0.264 0.423 0.273 0.440 0.290 0.457 0.298 0.474 *
* 0.298 0.491 0.306 0.509 0.311 0.526 0.311 0.543 *
* 0.322 0.560 0.345 0.577 0.356 0.595 0.369 0.612 *
* 0.380 0.629 0.382 0.646 0.396 0.663 0.398 0.680 *
* 0.402 0.698 0.411 0.715 0.451 0.732 0.500 0.749 *
* 0.504 0.766 0.508 0.784 0.527 0.801 0.550 0.818 *
* 0.570 0.835 0.616 0.852 0.730 0.869 0.822 0.887 *
* 1.080 0.904 1.100 0.921 1.100 0.938 1.120 0.955 «*
* 1.250 0.973 1.920 0.990 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= .4096208 *
* STANDARD DEVIATION= .341326 *
* SKEWNESS= 2.225345 *
* COEFFICIENT OF VARIATION= .8332731 ' *
*  SMALLEST VALUE= .107 *
* LARGEST VALUE= 1.92 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF NO3 (mg/1l) CATCHMENT : LES ULIS
SIZE OF SAMPLE= 47 NUMBER OF EVENTS= 96
* 2.430 0.013 2.500 0.034 2.530 0.055 2.880 0.076 *
* 2.880 0.097 3.200 0.119 3.200 0.140 3.250 0.161 *
* 3.380 0.182 3.400 0.203 3.410 0.225 3.470 0.246 *
* 3.670 0.267 3.840 0.288 3.900 0.309 3.930 0.331 *
* 4.130 0.352 4.190 0.373 4,210 0.394 4.230 0.415 *
* 4.240 0.436 4.310 0.458 4.320 0.479 4.360 0.500 *
* 4.360 0.521 4.520 0.542 4,580 0.564 4.700 0.585 *
* 4.780 0.606 4.820 0.627 4.900 0.648 5.000 0.669 *
* 5.190 0.691 5.400 0.712 5.440 0.733 5.540 0.754 *
* 5.610 0.775 5.620 0.797 5.960 0.818 6.200 0.839 *
* 6.510 0.860 6.910 0.881 7.150 0.903 7.830 0.924 *
* 8.530 0.945 11.200 0.966 14.100 0.987 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 4.908723 *
* STANDARD DEVIATION= 2.135025 *
*  SKEWNESS= 2.253652 *
* COEFFICIENT OF VARIATION= .4349452 *
* SMALLEST VALUE= 2.43 *
* LARGEST VALUE= 14.1 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF N-NH4 (mg/l) CATCHMENT : LES ULIS
SIZE OF SAMPLE= 47 NUMBER OF EVENTS= 96
* 0.460 0.013 0.480 0.034 0.510 0.055 0.520 0.076 *
* 0.580 0.097 0.640 0.119 0.640 0.140 0.720 0.161 *
* 0.770 0.182 0.770 0.203 0.770 0.225 0.880 0.246 *
* 0.890 0.267 0.890 0.288 1.000 0.309 1.010 0.331 *
* 1.120 0.352 1.210 0.373 1.230 0.394 1.240 0.415 *
* 1.380 0.436 1.390 0.458 1.810 0.479 1.830 0.500 *
* 1.980 0.521 2.050 0.542 2.080 0.564 2.100 0.585 *
* 2.170 0.606 2.210 0.627 2.220 0.648 2.280 0.669 *
* 2.370 0.691 2.460 0.712 2.480 0.733 2.640 0.754 *
* 2.760 0.775 3.220 0.797 3.300 0.818 3.400 0.839 *
* 3.800 0.860 4.000 0.881 4.270 0.903 4.890 0.924 *
* 5.700 0.945 7.120 0.966 7.810 0.987 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 2.128723 *
* STANDARD DEVIATION= 1.667109 *
* SKEWNESS= 1.606934 *
* COEFFICIENT OF VARIATION= .7831498 *
* SMALLEST VALUE= .46 *
* LARGEST VALUE= 7.81 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF COD (mg/1l) CATCHMENT : AIX-ZUP
SIZE OF SAMPLE= 52 NUMBER OF EVENTS= 75
* 41 0.011 46 0.031 46 0.050 54 0.069 *
* 58 0.088 58 0.107 67 0.126 73 0.146 *
* 76 0.165 83 0.184 87 0.203 92 0.222 *
* 95 0.241 102 0.261 108 0.280 115 0.299 *
* 116 0.318 130 0.337 133 0.356 134 0.375 *
* 134 0.395 138 0.414 140 0.433 141 0.452 *
* 156 0.471 158 0.490 160 0.510 177 0.529 *
* 198 0.548 217 0.567 244 0.586 250 0.605 *
* 253 0.625 269 0.644 276 0.663 281 0.682 *
* 320 0.701 359 0.720 364 0.739 370 0.759 *
* 408 0.778 409 0.797 454 0.816 500 0.835 *
* 503 0.854 515 0.874 614 0.893 652 0.912 *
* 695 0.931 760 0.950 803 0.969 1220 0.989 *
* *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 266.3846 *
* STANDARD DEVIATION= 238.6534 : *
* SKEWNESS= 1.748656 *
* COEFFICIENT OF VARIATION= .8958979 *
* SMALLEST VALUE= 41 *
* LARGEST VALUE= 1220 *

SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF TSS (mg/l) CATCHMENT : AIX-2ZUP

SIZE OF SAMPLE= 52 NUMBER OF EVENTS= 75
* 22 0.011 54 0.031 56 0.050 59 0.069 *
* 65 0.088 68 0.107 68 0.126 79 0.146 *
* 98 0.165 103 0.184 111 0.203 112 0.222 *
* 114 0.241 130 0.261 137 0.280 139 0.299 *
* 140 0.318 147 0.337 170 0.356 170 0.375 *
* 182 0.395 186 0.414 188 0.433 190 0.452 *
* 195 0.471 198 0.490 207 0.510 222 0.529 *
* 222 0.548 233 0.567 235 0.586 239 0.605 *
* 245 0.625 259 0.644 282 0.663 295 0.682 *
* 306 0.701 319 0.720 388 0.739 389 0.759 *
* 437 0.778 449 0.797 570 0.816 595 0.835 *
* 612 0.854 702 0.874 757 0.893 804 0.912 *
* 860 0.931 960 0.950 976 0.969 2010 0.989 *
* *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 322.1923 *
* STANDARD DEVIATION= 338.8706 *
* SKEWNESS= 2.747618 *
* COEFFICIENT OF VARIATION= 1.051765 *
* SMALLEST VALUE= 22 *
* LARGEST VALUE= 2010 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF BOD5 (mg/l) CATCHMENT : AIX-ZUP

SIZE OF SAMPLE= 45 NUMBER OF EVENTS= 75
* 1 0.013 1 0.035 3 0.058 5 0.080 *
* 5 0.102 5 0.124 8 0.146 9 0.168 *
* 10 0.190 11 0.212 11 0.235 11 0.257 *
* 13 0.279 13 0.301 16 0.323 16 0.345 *
* 21 0.367 25 0.389 27 0.412 28 0.434 *
* 29 0.456 30 0.478 32 0.500 36 0.522 *
* 41 0.544 42 0.566 44 0.588 47 0.611 *
* 47 0.633 49 0.655 49 0.677 54 0.699 *
* 54 0.721 55 0.743 64 0.765 74 0.788 *
* 85 0.810 103 0.832 123 0.854 127 0.876 *
* 127 0.898 127 0.920 153 0.942 256 0.965 *
* 460 0.987 *
* * STATISTICAL PARAMETERS OF THE SAMPLE *
* *
* MEAN= 56.6 _ *
* STANDARD DEVIATION= 78.73286 *
* SKEWNESS= 3.365703 ‘ *
* COEFFICIENT OF VARIATION= 1.39104 *
* SMALLEST VALUE= 1 *
* LARGEST VALUE= 460 *

—— — — ——— — — ———— ——————— ————— — ———————————— ———— — — — ———— ——— ———— = t——————— ——

SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)
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EVENT MEAN CONCENTRATION OF ZINC (mg/l) CATCHMENT : AIX-ZUP

SIZE OF SAMPLE= 41 NUMBER OF EVENTS= 74
* 0.004 0.015 0.024 0.039 0.025 0.063 0.028 0.087 *
* 0.032 0.112 0.040 0.136 0.040 0.160 0.040 0.184 *
* 0.040 0.209 0.040 0.233 0.042 0.257 0.045 0.282 *
* 0.045 0.306 0.046 0.330 0.050 0.354 0.050 0.379 *
* 0.054 0.403 0.060 0.427 0.060 0.451 0.060 0.476 *
* 0.062 0.500 0.062 0.524 0.062 0.549 0.066 0.573 *
* 0.068 0.597 0.070 0.621 0.070 0.646 0.074 0.670 *
* 0.078 0.694 0.080 0.718 0.083 0.743 0.085 0.767 *
* 0.086 0.791 0.086 0.816 0.110 0.840 0.120 0.864 *
* 0.186 0.888 0.256 0.913 0.260 0.937 0.262 0.961 *
* 0.325 0.985 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 8.234146E-02 *
* STANDARD DEVIATION= 7.077366E-02 *
* SKEWNESS= 2.07824 *
* COEFFICIENT OF VARIATION= .8595142 *
* SMALLEST VALUE= .004 *
* LARGEST VALUE= .325 *
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF NO3 (mg/1l) CATCHMENT : AIX-ZUP
SIZE OF SAMPLE= 47 NUMBER OF EVENTS= 74
* 0.190 0.013 0.830 0.034 1.180 0.055 1.300 0.076 *
* 1.950 0.097 1.970 0.119 2.170 0.140 2.300 0.161 =*
* 2.350 0.182 2.450 0.203 2.640 0.225 2.640 0.246 *
* 2.760 0.267 2.810 0.288 2.840 0.309 2.920 0.331 *
* 2.950 0.352 2.980 0.373 3.060 0.394 3.290 0.415 *
* 3.620 0.436 3.710 0.458 3.800 0.479 3.890 0.500 *
* 4.120 0.521 4.200 0.542 4.300 0.564 4.370 0.585 *
* 4.600 0.606 4.610 0.627 4.660 0.648 4.700 0.669 *
* 5.100 0.691 5.110 0.712 5.220 0.733 5.300 0.754 *
* 5.620 0.775 5.910 0.797 5.930 .0.818 5.930 0.839 *
* 6.200 0.860 6.420 0.881 6.430 0.903 7.100 0.924 *
* 10.300 0.945 14.400 0.966 15.000 0.987 *
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* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 4.385744 *
* STANDARD DEVIATION= 2.850236 *
* SKEWNESS= 2.006229 *
* COEFFICIENT OF VARIATION= .6498867 *
* SMALLEST VALUE= .19 *
* LARGEST VALUE= 15 *

EVENT MEAN CONCENTRATION OF N-NH4 (mg/l) CATCHMENT : AIX-ZUP

SIZE OF SAMPLE= 48 NUMBER OF EVENTS= 74
* 0.070 0.012 0.090 0.033 0.100 0.054 0.140 0.075 *
* 0.140 0.095 0.180 0.116 0.180 0.137 0.240 0.158 *
* 0.260 0.178 0.260 0.199 0.300 0.220 0.310 0.241 *
* 0.360 0.261 0.390 0.282 0.410 0.303 0.470 0.324 *
* 0.490 0.344 0.580 0.365 0.630 0.386 0.680 0.407 *
* 0.680 0.427 0.790 0.448 0.820 0.469 0.820 0.4°90 *
* 0.850 0.510 0.850 0.531 0.940 0.552 1.120 0.573 *
* 1.150 0.593 1.180 0.614 1.200 0.635 1.240 0.656 *
* 1.300 0.676 1.340 0.697 1.390 0.718 1.400 0.739 *
* 1.470 0.759 1.560 0.780 1.620 0.801 1.910 0.822 *
* 2.160 0.842 2.300 0.863 3.300 0.884 4.100 0.905 *
* 4.300 0.925 4.400 0.946 5.200 0.967 6.770 0.988 *
* *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 1.300833 *
* STANDARD DEVIATION= 1.441341 *
* SKEWNESS= 2.014632 *
* COEFFICIENT OF VARIATION= 1.108014 *
* SMALLEST VALUE= .07 *
* LARGEST VALUE= 6.77 *



SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF COD (mg/l) CATCHMENT : AIX-NORD

- SIZE OF SAMPLE= 50 NUMBER OF EVENTS= 72
* 48 0.012 62 0.032 63 0.052 65 0.072 *
* 71 0.092 77 0.112 - 86 0.131 86 0.151 *
* 92 0.171 106 0.191 108 0.211 120 0.231 *
* 120 0.251 121 0.271 127 0.291 130 0.311 *
* 155 0.331 156 0.351 157 0.371 173 0.390 *
* 178 0.410 185 0.430 188 0.450 194 0.470 *
* 199 0.490 204 0.510 208 0.530 211 0.550 *
* 217 0.570 220 0.590 240 0.610 274 0.629 *
* 349 0.649 359 0.669 361 0.689 371 0.709 *
* 396 0.729 416 0.749 428 0.769 487 0.789 *
* 512 0.809 547 0.829 566 0.849 583 0.869 *
* 608 0.888 630 0.908 668 0.928 860 0.948 *
* 1090 0.968 1260 0.988 *

* STATISTICAL PARAMETERS OF THE SAMPLE

*
*
*  MEAN= 302.64

*  STANDARD DEVIATION= 261.761

*  SKEWNESS= 1.726541

*  COEFFICIENT OF VARIATION= .8649253
*  SMALLEST VALUE= 48

*  LARGEST VALUE= 1260

SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF TSS (mg/1l) CATCHMENT : AIX-NORD

SIZE OF SAMPLE= 50 NUMBER OF EVENTS= 72
* 29 0.012 29 0.032 47 0.052 52 0.072 *
* 58 0.092 60 0.112 62 0.131 83 0.151 *
* 95 0.171 113 0.191 113 0.211 116 0.231 *
* 117 0.251 124 0.271 125 0.291 127 0.311 *
* 172 0.331 174 0.351 176 0.371 211 0.390 *
* 216 0.410 218 0.430 . 245 0.450 256 0.470 *
* 264 0.490 290 0.510 295 0.530 305 0.550 *
* 313 0.570 319 0.590 331 0.610 340 0.629 *
* 370 0.649 374 0.669 376 0.689 396 0.709 *
* 400 0.729 409 0.749 418 0.769 444 0.789 *
* 481 0.809 492 0.829 567 0.849 586 0.869 *
* 660 0.888 858 0.908 860 0.928 1070 0.948 *
* 1150 0.968 3780 0.988 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* . *
* MEAN= 383.32 *
* STANDARD DEVIATION= 547.3538 *
* SKEWNESS= 4.844463 *
* COEFFICIENT OF VARIATION= 1.427929 *
* SMALLEST VALUE= 29 *
* LARGEST VALUE= 3780 *



SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES:

(rank-2/5) / (N+1/5)

EVENT MEAN CONCENTRATION OF BOD5 (mg/1)

SIZE OF SAMPLE= 41

CATCHMENT
NUMBER OF EVENTS= 72

AIX-NORD

1 0.015 4 0.039 5

9 0.112 10 0.136 10
14 0.209 15 0.233 15
15 0.306 18 0.330 19
19 0.403 19 0.427 20
23 0.500 26 0.524 29
49 0.597 52 0.621 58
68 0.694 72 0.718 122
130 0.791 135 0.816 142
193 0.888 200 0.913 248

300 0.985

123
150
290
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STATISTICAL PARAMETERS OF THE SAMPLE

MEAN= 67.63415

STANDARD DEVIATION= 80.01819
SKEWNESS= 1.522462

COEFFICIENT OF VARIATION= 1.183103
SMALLEST VALUE= 1 :

LARGEST VALUE= 300

SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES:

(rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF ZINC (mg/l)

SIZE OF SAMPLE= 35

CATCHMENT
NUMBER OF EVENTS=

0.036 0.017 0.042 0.045 0.047
0.054 0.131 0.060 0.159 0.060
0.067 0.244 0.067 0.273 0.074
0.090 0.358 0.091 0.386 0.094
0.100 0.472 0.100 0.500 0.102
0.122 0.585 0.140 0.614 0.140
0.150 0.699 0.152 0.727 0.170
0.172 0.813 0.180 0.841 0.214
0.230 0.926 0.260 0.955 0.277

AIX-NORD

72

0.050 0.102
0.062 0.216
0.090 0.330
0.100 0.443
0.110 0.557
0.150 0.670
0.172 0.784
0.214 0.898

* STATISTICAL PARAMETERS OF THE SAMPLE

MEAN= .1211143

STANDARD DEVIATION= 6.326306E-02
SKEWNESS= ,7478201

COEFFICIENT OF VARIATION= .5223419
SMALLEST VALUE= .036

LARGEST VALUE= .277
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SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF NO3 (mg/1) CATCHMENT : AIX-NORD

SIZE OF SAMPLE= 36 NUMBER OF EVENTS= 72
* 0.230 0.017 0.380 0.044 1.100 0.072 1.280 0.099 «*
* 1.500 0.127 1.530 0.155 1.570 0.182 1.780 0.210 *
* 1.840 0.238 2.210 0.265 2.400 0.293 2.580 0.320 *
* 2.650 0.348 2.790 0.376 2.800 0.403 2.800 0.431 *
* 3.000 0.459 3.020 0.486 3.080 0.514 3.100 0.541 =*
* 3.320 0.569 3.470 0.597 3.570 0.624 3.600 0.652 *
* 3.770 0.680 3.800 0.707 3.820 0.735 3.880 0.762 *
* 3.970 0.790 4.600 0.818 4.690 0.845 5.380 0.873 *
* 5.900 0.901 7.180 0.928 9.920 0.956 15.500 0.983 *
* *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= 3.555833 *
* STANDARD DEVIATION= 2.720424 *
* SKEWNESS= 2.611299 *
* COEFFICIENT OF VARIATION= .7650595 *
* SMALLEST VALUE= .23 *
* LARGEST VALUE= 15.5 *

SAMPLE OF EMCs WITH THEIR CUMULATIVE PROBABILITIES: (rank-2/5)/(N+1/5)

EVENT MEAN CONCENTRATION OF N-NH4 (mg/l) CATCHMENT : AIX-NORD

SIZE OF SAMPLE= 37 NUMBER OF EVENTS= 72
* 0.020 0.016 0.070 0.043 0.070 0.070 - 0.070 0.097 *
* 0.070 0.124 0.080 0.151 0.100 0.177 0.100 0.204 *
* 0.130 0.231 0.150 0.258 0.220 0.285 0.240 0.312 *
* 0.260 0.339 0.260 0.366 0.320 0.392 0.320 0.419 *
* 0.400 0.446 0.430 0.473 0.490 0.500 0.500 0.527 *
* 0.510 0.554 0.520 0.581 0.540 0.608 0.570 0.634 *
* 0.600 0.661 0.700 0.688 0.700 0.715 0.720 0.742 *
* 0.760 0.769 0.790 0.796 0.970 0.823 1.000 0.849 *
* 1.010 0.876 1.010 0.903 1.020 0.930 1.550 0.957 =*
* 1.560 0.984 *

* STATISTICAL PARAMETERS OF THE SAMPLE

* *
* *
* MEAN= .508919 *
* STANDARD DEVIATION= .3975791 *
* SKEWNESS= .8998839 ' *
* COEFFICIENT OF VARIATION= .7812228 *
* SMALLEST VALUE= .02 *
* LARGEST VALUE= 1.56 *
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