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ELG Basics

(www.epa.gov/waterscience/guide)

»»BPT - Best Practicable Control Technology
o Setting Pollutant Specific Limits

»»BAT - Best Available Technology
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Purpose/Goal

(Comparing Parameter Estimation Approaches)

= Assume LogNormal Underlying Distribution
1>~ Three Parameter Estimation Techniques
e Modified Delta LogNormal Approach
o Maximum Likelihood Estimation - Left Censored
« Least Squares - Left Censored
s»Hypothesis: Approaches Are Equivalent
o Use Previous ELG Pollutant Data
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Estimation Of Parameters
(Log-Normal Distribution)
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e - il
¢ Effluent Concentration Values ‘ Logarithm of Effluent Concentration Values
Basic Assumption
Effluent Concentration is Log-Normally Distributed
5
Estimation Of Parameters
(Quantile-Quantile Plotting)
0-Q Plot For LogNormal LeastSquares Estimates(Lo
¢ QQ_Lognormal Least Squares Fit MLE_Fn‘ ;Z.a:ev. ggggg
6 R-Square 0.8400
Exp(Mean) 36.1632

5 Uppr 99% 114.1045

% 4 + ** ’ : std. Dev. 0.5216

> Mean 3.5979

3 f Exp(Mean) 36.5211

g = < Uppr 99% 122.8788

s Least Square
: and
o ‘ Maximum Likelihood
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Normal Quantiles

Approaches
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Estimation Of Parameters
(Population/Design Of Experiment)

Average Versus Standard Deviation Standard
(Influent and Effluent Data - All Analytes) Mean Dev.
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Estimation Of Parameters
(Random Number Of Censored Point)

Mean [1§] 0. 0.l 10 10 10
Std. Dev. 00013 | 0029 | D62 | D134 | 2.38 619
Censored 3 b 3 16 19 34
Observed 44 46 21 36 3 18
Mean o | w0 | i || 0® | W
Std. Dev. 13.43 288 | 6188 | 1343 | 28833 | 618830
Censored 17 14 37 22 19 35
Observed 35 38 15 30 33 17
Mean 10? 07 | 1w’

Std. Dev. 134338 | 2883312 | 51884974

Censored 20 10 33

Observed 32 42 19
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Using MS Excel™ To Randomly
Generate Log—NormaI Variables

SBZ - HE& | SfEl . ‘Z‘HEGHZ)

M = Ln(Mean) — SD?/2

e[l -N = Exp(Normlnv(Rand(), M,
SD))

Estimation Of Parameters
Results - Least Squares Approach

Standard Actual LS. LS. ;i} LS.
Mean Dev. Uppr 99% Mean | Sid. Dev. 904, Err. %
01 0.0013 01032 | oiomz | oooizse | oaom 0.0417%
01 0.0288 01854 | o0lo00s7 | 0028853 0.1789 3.5134%
0.1 0.6189 1376 | oa17sr | osose | 14e% | ecsese Censor -34
10 0.1343 1032 | 1001175 | 0185567 | 1042 | 084mw Obs. -18
10 2.383 1854 | 9sam1a | 2470975 | 167% | saimn
10 fil 883 135 | 1231491 | lg65009 | 2675168 | 94.4161%
1000 13434 1032 | 1001352 | 1270864 | 10312731 | D056
1000 28 1854 | 103546 | 3ozses | 1933275 | 436 Censor - 35
1000 6188 13760 | 733097 | 394251 | 97ense | 2R0o01% Obs. - 17
100000 1343 103165 | 99854 127245 | 1026982 | 0.4525%
100000 18833 185425 | om3ss | ss7e04 | 2215313 | 19.4719%
100000 615850 1376000 | 4398712 | 12805197 | &3477508 | 361.3191%9
10000000 134338 | 10316506 | soeqnz7e | 1113315 | 10255764 | 058880
10000000 2883312 | 18542546 | 07527163 | 10062678 | 1s0laodd | 19.0076%
10000000 ALEE4974 | 137509990 | 114163 | 69318753 | 15ees17e2 | 14.0711%
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Estimation Of Parameters

Results - Maximum Likelihood Approach

E
Siandard Actual MLE MLE ﬁr MLE
Mean Dev. Tlppr 99% Mean Sid. Dev. 99% Err. %
0.1 0.0013 01032 | oloowo7 | 0001319 | olo03 | 00417%
0.1 0.0288 0.1854 | oogeone | 0028514 | 01704 8 0977% N
0.1 06180 1376 | s | oseoz | 1s217 | losems Censor -34
1 01343 1032 | 1003587 | 0158348 | 104098 | 0.9043% Obs. -18
10 2,883 1854 | sasar | 2390 | 16333 | 1lsoiod -’
10 61 885 138 | 1770743 | 2285424 | 264.5232 | 922407%
1000 13 434 1032 | 1002409 | 1355731 | 103435% | 02620% -~ -
1000 188 1854 | 107305 | 2940674 | 19354182 | 4.3772% Censor - 35
1000 6188 13760 | 612836 | 5152494 | 852389 | GR0MEY Obs. - 17
100000 1343 103165 | 99552 134575 | 10272704 | D4246% )
100000 28833 185425 | 102203 361248 | 2141066 | 154877%
100000 18850 1376000 | 4380522 | 17255693 | e090329 | 342.6112%
10000000 134338 | 10316506 | s9smess | 12866257 | 10272971 | 04230
10000000 883312 | 18543546 | esppeas | 17457068 | 143553M 22.5814%
10000000 61384974 | 137399990 | 10sessas | 4eroises | 13seszoms | 1 4084%
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Estimation Of Parameters
Results - Modified Delta LogNormal Approach
Mod Delt
Standard Actual Mod Delt | Mlod Delt Uppr Mod Delt
Mean Dev. Uppr 99% Mean Sid. Dev. 999 Erx. %
01 0.0013 01032 | olom4 | ooouzs | olom 0.2491%
0.1 0.0288 01854 | 0101725 | 00244907 | 0169 8.630%
0.1 0.6189 1.376 | 011318 | 02009 09443 | 313735%
10 0.1343 1032 | 1004624 | ni2%s 103548 || 037A1%
10 2883 1854 | 1011104 | 189408 1557 | 16.0200%
10 61885 132 | 147039 | 3609044 | 1577541 || 14 Ade0e;
1000 13.434 1052 | 10033408 | 10,1107 | 10278791 | 0.3850%
1000 238 1254 | 1076676 | 246548 | 1788952 || 35200 Censor - 35
1000 6188 13760 | 802275 | 1351351 | 652698 | 52.5655% Obs. - 17
100000 1343 103165 | 100038.1 8727 | 10231198 | D8289%
100000 288133 185425 | 106539 | 29271 | 19emosl || 733814
100000 A1EE50 1376000 | 2477256 | 9642633 | 34577895 | 151292999
10000000 134338 | 10316506 | 10013335 | 865874 | 10224667 | 0.3902%
10000000 2BE3312 | 18543546 | 1o0077ss | 15687957 | 1432589 | 22 7404%
10000000 61884974 | 137509990 | 10699754 | 21044740 | 96852077 | 29 58420
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Comparing Approaches
Using Error For 99 Percentile

# Lowest Percents Averages
MLE ) 37153
LS B:5% 36.62
MDL 5 ACATH D

* LS is ranked most accurate using lowest errors
** MDL ranked most accurate using average error
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Comparing Approaches
Using Error For 99th Percentile

Fit Error Data To Best Distribution Function

Probability Error Percentage Will Not Exceed Threshold

Threshold 0.1% 1% 10 % 100 % 200 % 300 %

Least Squares | (.12 041 0.76 0.95 0.97 0.98
MLE 0.11 0.39 0.75 (.95 097 0.98

Modified Delta | ).02 0.22 0.68 0.96 098 0.99
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Conclusions

2»\When few Censored Points LS does best

2»MDL Does Best When many Censored Pts.
o Protects Against Large Errors Best

2»No One Approach Is Superior To Another
e Each has utility
o Performance depends on data set involved

2> Analysis Is Restricted; Could Broaden
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