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STORMWATER POLLUTANT LOADING
ESTIMATION: A SIMPLE CONTINUITY MODEL
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Abstract

Due to the increasing importance of computing pollutant loadings for urban
storm runoff mapnagement, a simple rainfall-runoff volumetric model is
linked to a water quality model to estimate pollutant loadings on a storm
event basis. The synthetic water quality data is further used in evaluating
Best Management Practice (BMP) performance. Because pollutant loadings
are developed on a 24-hour basis, BMP performance can be modeled
continuously. Calibration of the model is achieved by matching mean

annual loadings to NURP estimates.
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INTRODUCTION

In applying for a National Pollutant Discharge Elimination System
(NPDES) permit, the estimation of the quantity of pollutants discharged from
stormwater drainage systems into creeks, rivers, lakes, and estuaries is
required by the Federal Environmental Protection Agency (EPA). Due to the
increasing importance of computing pollutant loadings, a simple rainfall-
runoff volumetric model is linked to an urban runoff water quality model in
order to estimate pollutant loadings on a storm event basis. The computer
model is then used to develop multiple years of water quality synthetic data
for use in evaluating Best Management Practice (BMP) performance. As an
application, a selected BMP is analyzed by the computer model in order to
evaluate the effectiveness in pollutant reduction.

MODEL OVERVIEW

The structure of the computer model is depicted in Figure 1. The first
module is the rainfall-runoff model which estimates the 24-hour runoff
volume at the point of concern for each 24-hour storm rainfall. The second
module is the pollutant buildup model which tracks the accumuiation of
pollutants according to a prescribed buildup rate. The third module is the
pollutant washoff model which approximates the pollutant washoff process
based upon the runoff quantity estimated from Module #1. The fourth
module estimates the long-term pollutant washoff rate. The fifth module
computes average annual pollutant loadings based upon the National Urban
Runoff Program (NURP) data and loading equations. The sixth module
calculates the average pollutant loading for each storm event based upon the
results from Module #4 and Module #5. Finally, the seventh module, which
consists of the selected BMP performance relationships, examines the
effectiveness in pollutant reduction on a daily storm basis. In the following
sections, the above discussed modules will be examined in detail.
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Figure 1. Computer Model Structure.
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RAINFALL-RUNOFF MODULE

The rainfall data base consists of order pairs of (date, 24-hour rainfall
depth), and in this application consists of about 50-years of daily rainfall
records. The Soil Conservation Service (5.C.S.) storm runoff yield formula is
used to compute 24-hour storm runoffs from daily rainfails. Other rainfall-
runoff models can be used to replace the 5.C.S. storm runoff yield formula by
straightforward algorithm replacement.

The 5.C.5. storm runoff yield formula is given by

(Pyq - I,)?

I T Py 1, + 9 P w
where Y; = 24-hour storm runoff yield fraction for subarea Aj
P24 =  24-hour storm rainfall (inches)
Ia = initial abstraction
S = total soil capacity

The initial abstraction, Ia, is a function of land use, cover treatment, and
antecedent soil moisture. An estimate for Ia is given by the SCS as

la=025 (2)
where 5 is an estimate of total soil capacity given by

g = 1000 1p (3)
CN

where CN is the SCS curve number (CN) which represents the runoff
potential for a particular soil group and cover complex.

If the area under study contains several (say n) CN designations, then the
yield, Y, for the total area must represent the net effect of the several curve
numbers.
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By weighting each of the subarea yield values according to the respective
areas, Aj,

Y =(Y1 A1 + Y2 Ay ++ Y Ap) / (A1 + Ay +-+ Ap) (4)

where Y]- follows from Equation 1.

Runoff volume is obtained from (4) by multiplying the yield, Y, by the

product of 24-hour rainfall and the total catchment area (acres).

DEFINITIONS

Before discussing the pollutant buildup and washoff modules, the

following terms are defined:

-

Pollutant Recovery Period is defined as the time period (in days)

wherein a pollutant accumulates from zero to its maximum buildup
(100-percent). A straight-line buildup rate is assumed in this model.

Pollutant_Buildup Rate is defined as the reciprocal of the pollutant
recovery period.

Total Pollutant Washoff Runoff Amount is the runoff amount that

will provide a hundred percent washoff of pollutants.

Pollutant Washoff Rate is defined as the reciprocal of the total

pollutant washoff runoff amount.

It should be noted that the above definitions are used for all the pollutants

modeled. Of course, more complex definitions and relationships can be

derived and implemented for each pollutant.
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POLLUTANT BUILDUP MODULE

This model accumulates the pollutant buildup at the end of each
rainfall record day. First, the number of days between rainfall events is
calculated. Then the pollutant buildup between rainfall events is estimated
by multiplying the number of days between rainfall events by the pollutant
buildup rate. Finally, by adding the pollutant buildup between rainfall events
to the remaining pollutant loading corresponding to the end of the previous
rainfall event, the total pollutant buildup at the end of the current rainfall
event can be estimated.

It is assumed that the pollutant buildup can only reach a maximum value of
100-percent; after which, the pollutant will be transported by wind, moving
vehicles, or by other means. Thus, the maximum pollutant buildup at the
end of each rainfall event will not exceed 100-percent.

POLLUTANT WASHOFF MODULE

At the end of each rainfall recording date, the runoff amount is
estimated from Module #1. By multiplying the runoff amount with the
pollutant washoff rate, the potential pollutant washoff is estimated. The
potential pollutant washoff cannot exceed 100-percent because the
accumulated pollutant buildup is limited to 100-percent. The pollutant
washoff is the minimum value between the potential poilutant washoff and
the accumulated pollutant buildup. Finally, the remaining pollutant can be
calculated by subtracting the pollutant washoff from the accumulated
pollutant buildup.

LONG TERM AVERAGE POLLUTANT WASHOFF RATE

Program moduies 1 through 4 are repeated for each rainfall record, and
the resulting pollutant washoff estimates are stored and accumulated to the
end of the rainfall record. Next, the mean pollutant washoff (i.e., 100-percent
of accumulated pollutant washoff) per year can be estimated by dividing the
total record {(e.g., 50 years) of accumulated pollutant washoff by the number of
years of rainfall record.
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LONG TERM AVERAGE ANNUAL POLLUTANT LOADINGS

Pollutant loadings for specific pollutants in the National Poliutant
Discharge Elimination System (NPDES) can be estimated, based upon the
State of California Storm Water Best Management Handbook, "Municipal,”
Appendix B, as:

Ry = [CP +(C1- Cp) IMPL] "I (5)
where

RrL = total average annual surface runoff from land use L (in/yr)

IMPp = fractional imperviousness of land use L (from Table 1)

I = long-term average annual precipitation (in/yr)
Cp = pervious area runoff coefficient
Ct = impervious area runoff coefficient

The nonpoint source loads (expressed as lbs/yr) vary by land use and the
percent imperviousness associated with each land use. The pollution loading
factor My is computed for land use L by the following equation:

ML =EMCL*RL*"K*AL (6)
where

ML = loading factor for land use L {Ib/yr)

EMCp = event mean concentration of runoff from land use L {mg/L);
EMC varies by land use and by pollutant (see Table 1)

Ry = total average annual surface runoff from land use L

computed from Equation 5 (in/yr)
K = (0.2266, a unit conversion constant

Ap = area of land use L (acres)
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Twelve constituents are included in the module; namely,

» BOD m Total-P ® Cadmium
s COD m Dissolved-P ® Copper

m TSS m NO5; and NOj u Lead

m TDS s TKN m Zinc

Table 1 contains the event mean concentration (EMC) values and the
impervious percentages assigned for each land use designation based upon
the NURP data.

From Equations (5) and (6), the mean annual pollutant loading at any
concentration point depends upon the tributary area land use designations.
This NURP estimate can be used to calibrate the daily poliutant loading
model.

DAILY POLLUTANT WASHOFF ESTIMATE AND CALIBRATION TO NURP

The average annual pollutant loading estimated from the previous
module is used to calculate the pollutant loading for each complete pollutant
washoff as follows:

Pollutant loading per one complete washoff

_ _Average Annual pollutant loading (lbs/yr)
Average Complete pollutant washoff per year

By multiplying the pollutant loading per one complete washoft to each
rainfall event response (for each pollutant), the daily pollutant loading (for
each rainfall recording date) can be estimated. Thus, the daily pollutant
simulation model is calibrated to statistically represent annual loadings
estimated by the standard NURP equations.
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BEST MANAGEMENT PRACTICES

In general, Best Management Practices (BMPs) are grouped into two broad categories:
1) source control and 2) treatment control. Source Control BMPs prevent contact between
stormwater and pollutant source, and are generally 100% effective if implemented properly.
Treatment Control BMPs are those that treat the stormwater to remove pollutants. They
generally are not 100% effective, even if maintained and operated properly. The general
approach is to identify the BMP needs by considering the site constraints, the receiving water,
beneficial uses of the receiving water, potential water quality concerns, and other environmental
factors. BMPs and procedures for the selection of BMPs are discussed in details in the State
of California Stormwater Best Management Handbook (1993).

EXAMPLE APPLICATI

A study site with approximately 50 years of daily rainfall data is used to demonstrate the
subject computer model. A particular stormwater filter system is selected as one of the potential
BMPs to offset the effects of a proposed large scale land development project, and will be used
as an example. At issue are pollutant removal efficiencies for using the stormwater filter. Table
2 shows the tributary watershed characteristics at the study site. Table 3 illustrates a portion of
the daily rainfall data record (50 years total). Table 4 shows the pollutant removal rates for the
selected stormwater filter system. Tables 1 through 4 are stored in four different data base files
as input files for the subject computer program. The estimated daily pollutant loadings for
existing conditions (pre-project), post-project conditions, and post-project with BMP are shown
in Tables 5 through 7. The summary of the 50-year simulation results for the pre-project
conditions, post-project conditions, and post-project with BMP are shown in Tables 8 through
10. In this application, the complete pollutant washoff runoff depth is assumed to be 0.5 inch
and the pollutant recovery period is 15 days.
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Table 2
Land Use Characteristics for Example Problem

5.CS Area
Land Use Curve Number {Acres)
Natural 66. 189.6
Natural 77. 763.8 (729.75)
Natural 83. 300.6
5-7DU/AC 69. 3.3
5-7 DU/AC 75. 7.6
Multiple Family 56. 11.6
Multiple Family 69. 70.0
Multiple Family 75. 48.2
Commercial 56. 14.3
Commercial 69. 5.7
Pavement 98. 0.0 (34.05)

Note: Values in ( ) indicate post-project conditions.
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Table 3
Portion of Daily Rainfall Record for Example Problem

Date Precipitation
Month/Day/Year {inches)
'01/22/43 2.60
'01/23/43' 4.14
'01/24/43 26
'01/27/43 79
'02/03/43 81
'02/08/43 .63
'02/21/43 1.04
02/22/43 1.67
'02/24/43 48
'03/03/43 13
'03/04/43" 1.13
'03/05/43 11
'03/10/43 13
'03/11/43 05
'03/17/43 1
03/24/43 61
04/06/43 .56
'04/07/43 .03
'04/14/43 26
'05/26/43 4
"10/19/43 .29
'"11/02/43 . 05
"11/18/43 .20
11/23/43 03
"12/07/43 4
12/10/43 87
12/11/43 1.35
"12/21/43" 2.36
"12/28/43 34
"12/30/43 26
‘01/04/44 52
01/11/44 10
'01/25/44 2
'02/01/44" 3
'02/08/44' 5
'02/15/44' 19
'02/20/44 15
'02/21/44 1.13
'02/22'44 .83
'02/23/44 247
02/24/44 37
02/26/44 08
'02/27/44 52
02/29/44° 60
'03/07 /44 1.15
'03/14/44" 36
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Table 4

Selected Stormwater Filter
Pollutant Removal Rates

Overall
Mean Mean Mean %

Pollutant Influent Effluent Removal
Solids & Nutrients (mg/L)

Total Dissolved Solids (TDS) 113.50 155.50 +37.0%

Total Suspended Solids (TSS) 231.23 1535 93.4%

Chemical Oxygen Demand (COD) 134.49 4147 69.2%

Total Phosphorus (Total P) 1.000 0.584 41.6%

Soluble Phosphorus (Solubte P) 0.105 0354  +235.6%

Total Kjeldahl Nitrogen (TKN) 1.656 0.749 54.8%

Nitrite/Nitrate (N03) 0.457 1022 +123.6%
Metals (ug/L)

Copper (Cu) 25.68 8.81 65.7%

Lead (pt) 34.90 5.22 85.1%

Zinc (Zn) 173.62 27.12 84.4%

57



(sqp) wnppey  (gL) (sqp 2wz 1) (sqn wddony  91)

(sqp peo7  :{SI) (sq1) tONTZON (¥ (5q1) NML (1)
(sqQu) d-paajossiq  (Z1) (sany J-imoL (1) (59 saL (ol
(sap ssi H6) (sqaD) Q0D 2¢:)) (san aod HEA!
(%) Buiureway dnpping jueinjjo ((9) (%) 1joysem uein|io] HG) (%) dnpping jueinfjog ()
(sayduy) jjouny Apeq jeio) H{e) (sayou) jrejutey Inoy-pg (T e MBAYT uLiolg {D
0 0 0 0 0 0 0 0 0 0 0 0 oot o oot oo SO £b/20/11
0 0 ‘0 0 0 0 0 0 0 0 0 0 goor oo 00 6T £b/61/01
0 0 0 0 0 0 0 0 0 0 0 0 ooor 0oL oo PO’ £b/92/50
0 0 0 0 0 0 0 0 0 0 0 0 oo o goor oo 9T £v/PL/H0
0 0 0 0 0 0 0 0 0 0 0 0 o001t O ocor o0 1) £5/L0/%0
0 ‘0 0 0 0 ‘1 0 0 LE 95 ‘6l t 966 ¥ goot  oU 9g’ £/90/10
0 0 0 ‘0 0 1 0 0 ¥S ‘86 FE 5 766 8 ooor O I EF/¥T/E0
0 0 0 0 0 0 0 0 0 0 0 0 oo o 0001 00 - £F/L1/€0
0 0 0 0 0 0 0 0 0 0 0 0 aoor o root o S0 £Ev/1L/E0
0 0 0 0 0 0 0 0 0 0 0 0 goor o goot o0 2 Er/01/€0
0 0 0 0 0 0 0 0 0 0 0 0 peg 768 oo 3 £r/€0/€0
0 L 0 1 ot et ¥ ‘8Zel €T L9L UL 228 g4 0001 el el Lr/H0/€0
0 0 0 0 0 0 0 0 0 0 0 0 g6 O 846 Qo £l ER/€0/ €0
0 0 0 0 0 0 0 0 L tl 4 1 res LS o 8t Ev/¥e/T0
0 ‘€ 1 ) AN A" S L BL6E BB1L CE8YC 19T 64 095 8'E6 8¢ 291 £F/22/T0
Q 1 0 1 L ar 1 't ‘0le B 'BYSG €8 VA BT o.o.e 90 Y01 EV/12/20
0 0 0 0 1 0 0 29 4! KA 4 ‘9 546 6 586 o £9 £v/80/20
0 0 0 0 C g 0 1 '60€ 098 el '8 759 vy §'e9 [41) 18 £v/€0/20
0 0 0 0 C 'S 0 1 ‘Tt ¢6F 04l TG 8t 8¢t £9¢ o 6L eb/L2/1
0 0 0 0 0 kY 0 kY 0 0 0 B\ FA o 29 o 9 £r/¥2/10
0 0 0 0 b '8 ¥ 1 PLY LS8 96¢ LY 1) L9 YA 98l 1y £r/€2/10
0 9 1 ‘S LS oL L ‘T2 E0LL Pe8Zl Cseby P9 O 0001 oot 8L g9¢ £r/22/10
8L 1) Y (s k1) (€ D aun oV (6) (8) (L) (9) (S) (r) €y (@ (1)

JuaAg jjouny Yoded 1oj (sqp) sSurpreo jueIn(o|

suonipuo 12afo1J-a1q 10J sTuipeoT Jue)njjo ] 1UIAL WI0IG parewnsy

SoIqeL

58




(5q() wnrupey  :(gy) (sqy owz - :(z1) - (sqp sddoy  :9)

(sqp pea (g (San) EONBZON (b1} 5aD NML (€D
(SQ) J-PaAlossiq (1) (sqp) d-1eiog  (11) (sq) SQL  :(01)
(Sq1) SSL  :(6) (5A) Q0> «(8) (saD) 4o ()
(%)} duiureway dnpping yueinog  :(9) (%) Jjousem juemngog  i(g) (%) dopping queinjod  i(y)
(sayoup) yjouny Lpeq [eiol  (g) (sdyouy) [tegurey noy-pz  i(z) dle(] JuUdAT uLOS (1)
0 0 0o 0 0 ¢ 0 0 0 0 0 0000 0 00l 00 SO £R/20/11
0 0 0 6 0 L0 0 b L6 v €66 L 000l 000 6T £¥/61/01
0 0 0o 0 0o 0 0 0 0 0 0 0 000l Q 000 00 W €8/92/S0
00 0 0 0 10 0 9 Y9 L E §66 G 000L 00 9T ER/bi/30
e 0 0 0 0 0 000 0 0 0 0001 o 0000 000 €0 ER/0/W0
0 0 0 o roe 0 0 8PL 092 00U BL §46 T 0001 100 95 £5/90/40
o 0 0 0 b e 0 L WL RE Rl Ll 746 8T 000l 00 19 £h/he/e0
0 6 0 9 0 0 0 0 9 oy 1 666 1" 000t 00 LU €p/L1/60
° 0 0 0 0 0 00 0 0 0 0 000 0 0o0L 000 SO €K/1L/60
° 0 0 0 0 0 0 00 0 0 0 0oL O 0001 000 €0 ep/ot/e0|
00 0 0 0 0 0 09 oy 't g8, 1 68. 00 LI £R/S0/50 A
0 T 0 T W W L s Rl SBbE €6 6L L £1Z S€6 110 £IL ER/HO/E0
o 0 0 0 0 00 0 6 s 9 T 698 1 0L8 000 €' £R/E0/E0
0 0 0 0o vz 0 0 TOL 081 69 6 €0v St ¢l 00 8 £/bZ/20
v Lo’ 88 69 v €L CPBOF CI8LL €S RAE S8T 99 106 LE 91 gh/ZZ/T0
o0 Lo L e 6L L v '9601 861 6L 001 SE8 91 0001 80 ML £8/12/20
o 0 00 Toe 0 L 0T C9SE 9L 6l €68 1€ €76 0 €9 £4/80/70
oty 8 L T 8 I8 WE W 068 T4 299 b0 I8 £8/€0/20
o L0 L v e 0 L 8ey 0L SéT OF Sl 99 19T £ 6 Ev/L2/1
0 0 0 0 0 1 0 g 9g LI T A 'y ¢ L9 00 9 /B0
L S A S A 4 77 - AR A L9 L9 161 WP ER/ET/10
08 T 8 €S €L L TT 0§99 LSOLL 0.8y L09 O 0001 000l I8 09T £5/28/10
@) (£} (9D (s D) (€D @D D oD ® ® @ © @ m  © o (D
1UdAg jjouny yoeo 1oy Amﬁ_: mm..::umOJ aeingio

wa1sAG I3)[1] IJeMUII0IG P3JIA[IS JNOYIMm suonIpuo) 13forg-1s0, 10§ sGurpeo jueinjjog Juasg wol§ parewi)sy

9 opqe],



(sqn) wnpupe)  :(g() (sap) swz  i(41) (sqpy 2addony  (9y)
(sql) peaT  :(S|) (Sa) CONBZON  :(pl) sq1) NML  HED
(5Q1) d-paAfossiq  :(z1) (san) d-1e10L  (11) (sq) saL (oD
(9D SSL  (6) (sap god 49 Q) aog (s
(%) Jutureway dnpjing wenjog  :(9) (%) JJoysepm Jueinjjog  i(g) (%) dnpping juenjiog  i(p)
(sayour) youny Ayteq 1o () (s3youy) |ejutey snoy-pz () 3eq waAg uuolg  :(])
0 6 0 0 0 0 0 0 0 0 0 0 000l o 000t 00 SO° EF/20/11
00 0 0 L0 0 0 09 £ 6 g €66 L 000l 00 62 £b/61/01
00 0 0 0 0 0 0 0 0 0 0 000t o 0001 00 b0 £0/92/50
¢ 0 0 0 T 0 0 0 0% b ' € 566§ 0001 00 9T £b/b1/40
0 ¢ 0 0 0 0 0 0 0 0 0 0 ool o 0001 00 €0 £5/40/10
¢ o 0 0 L b0 ez 4L W w8926 zT 000l 10 9c £6/90/%0
0 0 0 0 e L L0 €S I 88 4L 6 T 000l 10 LY €b/b2/50
0 0 0 ¢ 0 0 0 0 8 1 l il 666 1 oot 00 iU €8/L1/50
0 0 0 0 0 0 0 D 0 0 0 0 0oL o 0001 000 SO°  £p/11/€0
00 ¢ 0 9 0 0 00 0 0 0 0L o 0001 00 €0 £P/01L/€0
0 0 ¢ 0 0 0 0 0 8 gl g ! 88, 1 68L 001U £4/50/50
0 0 0 0 ST oIt s € '9gel WL g6 6zl T €17 €66 110 EUL  £R/H/SO
00 0 o 0 o 0 0T 1 Z _ 698 I 048 00 gl £b/€0/€0
° 0 0 0zt 0 0 0vL T 1z 6 €0y 1 6k 10 8y £8/%2/20
0 L0 b € CIE CRL '8 S6SS WP 8PS b€ S8T 919 106 L /%1 €6/22/20
0o 6 0 0 0z '8 b T TOSL LTl '8¢ ‘001 S€8 S99 000l 80 KOl €b/12/20
0 0 0 0 v T L0 LT €Ttk 6L €68 L€ €76 0 €9 £7/80/20
0 0 0 6 b T LS89 §S 66 b 06S  TZ  TI9 O 18 £0/£0/20
0 0 0 0 8 CE T L 009 1§ ‘L6 Ov  S6L 99 19T €00 6L €6/42/1
00 0 0 1 0 0 D 0§ b ‘8 ¢ 1y g L9 00 9T £0/¥2/10
0 v 0 0 8 E L L 909 1§ Té Ob O L9 L9 61 ¥L'v  £r/ET/10
0t b L el IS bz €L €806 694 CLLEL 09 O 000l 0001 T8 09T €b/TZ/10
(81) {£1) (9D (S G (€D @D D D ® @ @ 9 @ 1 © (2 (D

1UdAT yJouny yoed 10} (sq) sSuipeoy uein([og

waysdg 1211 121emurIo]g

P3312313G 1M suoijtpuo) 133{o1J-150J 10J sTuipeo] juen{[oJ JUIAT WIi0)g pajeun)sy

L3qel

60



Table 8

Mean Annual Pollutant Loadings for
Pre-Project Conditions with
50 Years of Rainfall Record

Summary Statistics

Total Rainfall (Inches) = 595.54
Total Runoff (Inches) = 49.07
Total Pollutant Washoff (%) = 711038

Total Poliutant Washoff (1bs):

"BOD = 45784
oD = 315333.
TSS = 913969.
TDS = 505082.
TOTAL -P = 1569.
DISSOLVED-P = 487.
TKN = 8502
N02&NO3 = 4034
LEAD = 354.
COPPER = 100.
ZINC = 433.
CADMIUM = 4.

Table 9

Mean Annual Pollutant Loadings for
Post-Project Conditions with
50 Years of Rainfall Record

Summary Statistics

Total Rainfall (Inches) = 595.54
Total Runoff (Inches) = 59.67
Total Pollutant Washoff (%) =  8h07.67

Total Pollutant Washoff (lbs):

BOD = 51641.
QoD = 380266.
TSS = 991719
TDS = . 564043.
TOTAL-P = 1846.
DISSOLVED - = 596.
TKN = 9586.
NO02&N03 = 4532.
LEAD = 709.
COPPER = 133.
ZINC = 681.
CADMIUM = 5.
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Table 10

Mean Annual Pollutant Loadings for
Post-Project Conditions with
Selected Stormwater Filter System using
50 Years of Rainfall Record

Summary Statistics

Total Rainfall (Inches) = 59554
Total Runoff (Inches) = 59.67
Total Pollutant Washoff (%) = 850767

Total Poliutant Washoff {lbs):

BOD = 5164l
QoD = 117122

TSS = 65453

TDS = 772740.
TOTAL-P = 1078.
DISSOLVED -P = 2000.
TKN = 4333

NO02&N03 = 10133
LEAD = 106.
COPPER = 46.
ZINC = 106.
CADMIUM = 5.

CONCLUSIONS

The subject computer program consists of seven interconnected
modules. Each module consists of a simple relationship between variables
which can be replaced by more complex relationships. The four data base files
can be modified to reflect other changes in the watershed land use
characteristics, or the NURP equation event mean concentrations, the
selected BMP removal rates, or to include additional rainfall data.

As the effluent pollutant data becomes available, such as through water
quality monitoring, the compiete polliutant washoff runoff depths and the
pollutant recovery period can be calibrated for future analysis.
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