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Statistics Is not a substitute for common sense.

Furthermore, statistics is not a substitute for good
site characterization and hydrogeology.

Concentrations in a well can attenuate simply
because the plume moved away from the well.

Pay particular concern to your monitoring well
network.
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Performance Monitoring of MNA Remedies for
VOCs in Ground Water. 2004. Pope, D., S. Acree,
H. Levine, S. Mangion, J. van Ee, K. Hurt and B.

Wilson. EPA/600/R-04/027.

Available
http://www.epa.gov/ada/gw/mna.html
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We have good statistical methods to:

(1) determine whether concentrations of a
contaminant are attenuating over time,

(2) determine the rate of attenuation and
confidence interval on the rate,

(3) determine whether concentrations have met a
particular clean up goal.
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We have not applied statistical methods to
determine whether the extent of attenuation seen
In a five year review is adequate to meet the

ultimate cleanup goal in a predetermined time
frame.
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For the purposes of illustration, assume the
ROD specified that the site would reach the
clean up goals (the MCLs) by 2018.

Will attenuation of TCE meet the goals?

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




C/Co = concentration reduction

k = first order rate constant for
attenuation

t = time elapsed
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t=-In(%)/k

C= cleanup goal = 5 ug/L

C, = max of 2300 pg/L in 2001
k =0.321 per year

t =19 years or 2020
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How can we tell from the monitoring data when the
rate of attenuation is adequate to attain the goal?

Compare the monitoring data to a interim goal that
would be adequate to attain the long the long term
goal.

oy, RESEARCH & DEVELOPMENT

l%j Building a scientific foundation for sound environmental decisions




1/n

C
Ciy =Co| %

O

Ci, Is the interim goal at the end of the first review cycle.
This Is the maximum concentration that must be attained if
the rate of attenuation is adequate to meet the final clean
up goal.

C, Is the concentration at the start of the first review cycle.
C, Is the final clean up goal.

n is the number of review cycles that can be completed
from the time of the start of the first review cycle to the time
when the goal is to be obtained.
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You can’t use statistics to prove that something is
the same. We can’t prove that attenuation is
adequate to meet the goal.

You can use statistics to prove that something is
different with a predetermined possibility of error.

We can test If attenuation is not adequate to meet
the goal at some level of confidence.
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The following decision criterion will be used to
determine if attenuation is adequate to meet the
long term goal.

If the mean of the interim goals in the final year

of the review cycle is less than the mean of the

samples in the final year at some predetermined
level of confidence, then attenuation will not be

adequate to attain the goal.
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We will use a t-test for the difference of means to
compare the mean of the samples in the final year
to the mean of interim goals.

To satisfy an important condition required to apply a
t-test, we will conduct the calculations on the natural
logarithm of the concentrations.
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Data entry for
EvalMNA.xls

Data to be
entered are

formated In red.

Copy new data
over the
example data.

B I D E F
1
2 Comparison of Initial Year of Review Cycle 1
3
4 Date Concentration| LN Conc. Mean Geometnc
5 pafL LN Conc. Mean of
b Conc. (pg/L)
i
8
)
10 Initial Year Imitial Year | Initial Year | Initial Year | Initial Year
11 =7
12 4
13 4/4,2001 1200 7.050 = o
14 B/19,2001 2300 7.741
15 8232001 1600 7.378 7.247 1404
16 11/28/2001 58 b.780
17
18
19
20 Final Year Final Year Final Year Final Year | Final Year
21 r|2=?
22 4
45,2006 276 5.620 =
B/21/2006 388 5.951
9f7 2006 357 5878 5729 308
12/6/2006 234 5.455

o ke el st b b B




Enter o, the Acceptable Probability of Error

J | K L M N o)
\

1 \
2 \
3 Attenuation\ Probability Degrees Critical Value Difference Attenuation
4 Factor \ of Error Freedom Student's of Means Factor (Ci/Co)
5 Ci/Co o one-tailed in t required to be required to be
6 Student's (2a, d.f) signficant at signficant at
7 t various levels various levels
8 \ of a one-tailed of a one-tailed
9 \
10 \ 4.755
11 |
12 v 04 0.271 -0.064 0.938
13 0.3 0.569 -0.134 0.875
14 0.2 0.941 -0.222 0.801
15 0.15 1.190 -0.280 0.756
16 0.219 0.1 1.533 -0.361 0.697
17 0.05 2.132 -0.502 0.605
18 0.025 2.776 -0.654 0.520
19 0.010 3.747 -0.883 0.414
20 0.005 4.604 -1.085 0.338
21 0.0025 5.598 -1.319 0.267
22
23




P Q R S T
1
2 | Setting Interim Goals (Cjy) for Final Year of Review Cycle
3
4 Final Goal Time Interval* | Time Interval Interim LN Cig required
5 or MClI between years | from initial Goal (Cig) to be adequate
6 (ug/L) in review cycle | year to goal required to meet goal
7 (years) (years) to be on track
8 to meet
9 Final Goal
10 (bg/L)
11
12
13 5 5 16 216 5.377
14 339 5.825
15 * length of review cycle 264 5.575
16 175 5.164
17
18
19




Z AA AB AC AD
1
2
3
4 | Probability Degrees | Critical Value Difference
5 of Error Freedom Student's of Means
6 | o one-tailed in t required for
7 Student's (20, d.f) Ci to be Attenuation
8 t statistically Adequate
9 different to Attain Goal?
10 from Cig
11 5.795
12
13 0.4 0.267 -0.049 No
14 0.3 0.559 -0.102 No
15 0.2 0.920 -0.168 No
16 0.15 1.288 -0.235 No
17 0.1 1.476 -0.270 No evidence not adequate
18 0.05 2.015 -0.368 No evidence not adequate
19 0.025 2.571 -0.470 No evidence not adequate
20 0.01 3.365 -0.615 No evidence not adequate
21 0.005 4.032 -0.737 No evidence not adequate
22 0.0025 4.773 -0.872 No evidence not adequate
23
24
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If the mean of the interim goals in the final year of the
review cycle is less than the mean of the samples in
the final year at some predetermined level of
confidence, then attenuation will not be on track to
attain the goal.

These data indicate that natural attenuation over the
review cycle is not adequate to meet the goal.

There is a 15% chance of error in that finding. An error in
this case would mean that MNA truly is on track.
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Most of the time In statistics, you use the
statistical test to protect yourself from accepting
something in the data that you want to accept,
when that something in the data is really not

true.

A higher level of confidence, or lower
probability of error, is good. You reduce the
chance of making a mistake.
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Statisticians recognize two types of error in
drawing an inference from a data set.

Type | error draws an inference from the data
set when the inference is not true.

Type Il error fails to draw an inference from the
data set even though the inference is true
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Type | error sees something that is really not
there.

Type Il error fails to see something that really is
there.
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Prior to selection of MNA as a remedy, the
default presumption is that the rate of
attenuation is not adequate to attain the
cleanup goal by the specified time
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If the null hypothesis (the expected behavior) is
that the rate of attenuation is not adequate to
attain the cleanup goal by the specified time (H,)

and-

the rate of attenuation is truly not adequate to
attain the cleanup goal by the specified time (H,
IS true)-

but we reject Hy anyway and say the rate is
adequate,

that is a Type | error.
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The probability of Type | error is described by a.

To protect from Type | error we want a to be as
small as possible.

The confidence in atest is 1-a.

If a were 0.05, the confidence would be 0.95 or
95%
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After selection of MNA as a remedy, the default
presumption is that the rate of attenuation is

adequate to attain the cleanup goal by the
specified time.

It says so in the ROD.
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If the null hypothesis (H,, the expected
behavior) is that the rate of attenuation is
adequate to attain the cleanup goal by the
specified time

and-
the rate of attenuation is truly not adequate to
attain the cleanup goal by the specified time (H,

IS false)-

but we fall to reject H, anyway, and say the rate
IS adequate,

that is a Type Il error.
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The probability of Type Il error is described by [3.

To protect from Type Il error we want [3 to be as
small as possible.

The values of B and a are inversely related.

The power of a test is 1-f3.
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Evaluation of MNA prior to a ROD

The null hypothesis (Hy is-

The rate of attenuation is not adequate to attain the
cleanup goal by the time specified.

H,is true H,is false

Type Il error

Fail to Reject H, | Correct Decision N
(probability )

_ Type | error o
Reject H, N Correct Decision
(probabillity a)
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Five year review after a ROD Is signhed

The null hypothesis (Hy is-

The rate of attenuation is adequate to attain the
cleanup goal by the time specified.

H,Is true H,Is false

Type Il error

Fail to Reject H, | Correct Decision N
(probabillity (3)

_ Type | error o
Reject H, N Correct Decision
(probabillity a)
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Both types of error are important to an evaluation
of natural attenuation after MNA is selected for a
site.

Someone who is trying to support the use of
MNA might want to determine that MNA is
adequate to attain the goal.

This person would want to minimize Type | error,
and would select small values of a and
corresponding large values of [3.
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Building a scientific foundation for sound environmental decisions




Alternatively, someone who is concerned that
attenuation is not adequate to meet the long
term goal would want to be sure that the
statistical test warns that attenuation is not
adequate, when in fact, attenuation is not
adequate.

This person would want to minimize Type Il

error, and would select large values of a and
corresponding small values of (3.
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i, G*Power 3.1.2
File Edit “iew Tests Calculator  Help

Central and noncentral distributions | Protocol of power analyses

critical t =0.695502

0.3 1

0.2 1

0.1 4

Test farmily Statistical test

ttests b Means: Difference between two independent means (wo groups) b

Type of power analysis

Comproamise: Compute irmplied o & power - given B/ ratio, sample size, and effect size '
Input Pararmeters Dutput Pararmeters

Tail{sy | One w Moncentrality parameter & 1.3340456

Effectsized |  0.9433127 Critical t 0.6955024

B ratio 1 Df &

Sample size group 1 4  err prob 0.2563517

Sample size group 2 4 B err prob 0.2563517

Pawer {1-p err prob)y 0.7436183

http://www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/download-and-register



3.1.2 =]

by Tests  Calculakor  Help

@ nl =nz

Mean group 1

noncentral distributions | Protocol of power analyses

Mean group 2

critical t =0.695502

SDogroup |

SDogroup 2

Effectsized | 0.9433127

[ Calculate and transfer to rmain window

0 T
-4
Test farmily Statistical test
|1:1:E51:s V| |ru1eans: Difference between two independent means (Mo groups) V| /
Type of power analysis /
|C|:|m|:|r|:umise: Campute implied o« & power - given B ratio, sample size, and effect size V| /
Input Pararmeters Output Pararneters ‘.,
Tail{sy | One b Moncentrality parameter & 1.3340458
Effectsized |  0.9433127 Critical t 06955024
B o ratio 1 Df | %X
Sarnple size group 1 4 o ert prob 0.2563817
Sample size group 2 4 B err prob 0Z565817
Power (1-p err prob) 0.7436183 |
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1 Z AA AB AC AD

2

3

4 Probability Degrees Critical Value Difference

5 of Error Freedom Student's of Means

6 | o one-tailed in t required for

7 Student's (20, d.f) Ci to be Attenuation

8 statistically Adequate

9 different to Attain Goal?

10 from Cig

11 5.795

12

13 0.4 0.267 -0.049 No

14 0.3 0.559 -0.102 No

15 0.256 0.706 -0.129 No

16 0.15 1.156 -0.211 No

17 0.1 1.476 -0.270 No evidence not adequate
18 0.05 2.015 -0.368 No evidence not adequate
19 0.025 2.571 -0.470 No evidence not adequate
20 0.01 3.365 -0.615 No evidence not adequate
21 0.005 4.032 -0.737 No evidence not adequate
22 0.0025 4.773 -0.872 No evidence not adequate
23
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The values of a and 3 depend on n.
As n increases, the values of a and 3 decrease.

If a and 3 are not adequate to support site
specific needs for decision making, increase the
number of samples.
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What if you want to analyze all the data, not just the
first and final year?

What if there is something “atypical” about the first
or final year of data?

What if you only have one sample in each year?
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100

] .
] * ° Benzene well AB-20D
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] 2
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adequate to meet the goal.
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But what about the uncertainty in the data?
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You can compare the statistical confidence bands
on the regression line.

Put all the possibility of error on values less than the
line.

Calculate a one-tailed confidence band, and
compare the confidence band to the interim goal.
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Regression MNA (.xls)
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Date ¥ Value Number of LnYy Date or X e N

Julian pg/L Samples Decimal Years
48098
Interm goal—  12/6/2006 | 219.7 | 2006.9
Final goal—= 1/1/2017 5 2017.0

Data = I 4242213131 _l 1200

1

6/19/2001 2300 7741 2001.5 4005872.11
9/23/2001 1600 3 7.378 2001.7 4006924 .28
11/28/2001 BBO 4 6.780 20019 4007647.73
4/4/2002 1100 5 7.003 2002.3 4009040.01
6/24/2002 580 6 5.363 2002.5 400085928.12
9/24/2002 B70 7 6.768 20027 4010936.97
12/4/2002 1400 B8 7.244 20029 4011715.82
4/1/2003 1400 9 7.244 20035.2 4013009.88
6/5/2003 880 10 6.888 20035.4 4015372291
9/30/2003 520 11 6.254 2003.7 4015006.52
12/5/2003 530 12 B6.273 20039 4015730.70
4/7/2004 700 13 £.551 20043 4017091.46
6/8/2004 730 14 5.593 20044 401777192
9/22/2004 400 15 5.891 20047 40185835.43
12/1/2004 400 16 5.891 20049 4019703.88
4412/2005 672 17 6.510 2005.5 4021153.15
6/13/2005 7249 18 6.585 2005.5 402183396
9/9/2005 306 19 5724 2005.7 4022800.37
12/12/2005 169 20 5.130 20059 402383279
4/5/2006 276 21 5.620 2006.3 4025085.06
6/21/2006 3BB 22 5.861 2006.5 4025831.01
9/7/2006 357 23 5.878 2006.7 4026788.03
12/e/2006 234 24 5.455 20059 402777701
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AE AR Al AH Al Al

13 First Confidence Interval
14 o critical value Length Value
15 i Matural Logarithm  Confidence Interval
16 Confidence Interval
17
18 0.2 0.858266052
19
20
21

22| 0122566043 [IHa768
23 0116066186 12972
24 0108079572 120349
2h 0102761589 11435
26 0.093023586 10351
27 0.087234873 871.0
28 0.081164351 802k
29 0.076924563 BhZ R
30 0.070934232 77449
A 0.065305015 7347
32 0.064997 457 BEG.A
33 0.064023396 G303
34 0.064077957 REGR
35 0.065017305 R36HR
36 0.067948022 48583
37 0.070713736 4555
38 0.077438028 4065
39 0.081164551 3834
40 0.086953046 3534
Gl 0.0936558968 3242
42 0102444409 2913
43 0108652414 2704
44 0116137577 2h1.7
45 0122825439 23z
46
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I = 1

) Ak, AL b A A

13 Second Confidence Interval
14 o critical value Length Value
15 i Matural Logarithm Confidence Interval
16 Confidence Interval
17
18 0.05 1.717144335
19
2l
21

22| oz4sziosie  [EEIZa
23 0.2322151R5 11556.0
24 0.216236241 1080.5
25 0.205596452 10317
2h 0.186113529 9431
27 0.174531974 8849.8
28 0.16235766 8321
29 0.153903939 789.5
a0 0.1414919064 7210
31 0.136655755 Bh.1
32 0.1300471279 b24.5
33 0.128102466 B91.2
34 0126201622 h31.3
35 0.130030939 ROZ7
36 0.135944514 456.2
37 01414779314 4271
i 0.154931 246 3762
34 016238766 354.0
40 0.173930123 3244
41 0.187444758 295.2
42 0.20449675495 2629
43 0.217382334 243.0
44 0.230357286 224.3
45 0.245735494 204.4
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2 Ground Water flow
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Mary Alice Drive LEGEND
E TDOT Facility [ u

1 TO 5 UG/L CONTOUR INTERVAL
I 5 TO 50 UG/L CONTOUR INTERVAL
I 50 TO 100 UG/L CONTOUR INTERVAL
I 00 TO 500 UG/L CONTOUR INTERVAL
I > 500 UG/L CONTOUR INTERVAL

LiEJ__L:‘
IR

ABAP Site

2002 Plume Data

Area: 35.5 Acres
Avg. Concentration: 36.8 ug/l
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100 - .
. . . Benzene well AB-20D

¢ Data
——Regession Line
— T T - — -80% confidenceinterval
*,* O Interim Goal
Q ® Final Goal

10 -

Benzene (pg/L)

The dotted line is a one-tailed 80% °
confidence interval on the regression

line; we can expect that the true line is

above the dotted line 80% of the time.

1 | 1 1 | 1 1 I
May-90 Oct-95 Apr-01 Oct-06 Apr-12 Sep-17 Mar-23 Sep-28
Date Sampled
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100 : P

. . Benzene well AB-20D
. ¢ Data
° ——Regession Line
—r———=__ — -80% confidenceinterval
‘e o O Interim Goal
Q ® Final Goal
=
[oT0]
E!
c 10 ;
Q . . . .
< The interim goal is below the dotted line.
i O
At a=0.20 or 80% confidence, there is
clear evidence that MNA is not adequate.
1 | 1 1 | 1 1 |

May-90 Oct-95 Apr-01 Oct-06 Apr-12 Sep-17 Mar-23 Sep-28
Date Sampled
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100

] .
] o ° Benzene well AB-20D
_ ¢ Data
- * ¢ —Regession Line
. . . - e 95% confidenceinterval
i e "";":‘; ~~~~~~ O Interim Goal
\Q ® Final Goal
J
o
=
c 10 1
O i
g ] Ata=0.05 or 95% confidence,
1 thereis evidence that MNA is ¢
not adequate.
1 | 1 1 | 1 1 |
May-90 Oct-95 Apr-01 Oct-06 Apr-12 Sep-17 Mar-23 Sep-28

Date Sampled
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100

i .
) * ° Benzene well AB-20D
i ¢ Data
- s ¢ —— Regession Line
il . B R 99% confidenceinterval
[ ? et O Interim Goal
------------ Q ® Final Goal
J
o
=
c 10 1
Q i
g ] Ata=0.01 or 99% confidence,
| no evidence that MNA is not ¢
adequate.
1 1 1 1 1 1 1 1
May-90 Oct-95 Apr-01 Oct-06 Apr-12 Sep-17 Mar-23 Sep-28

Date Sampled
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100

] .
] o . Benzene well AB-20D
1 + Data
. . ¢ —Regession Line
- s — -80% confidenceinterval
] :,_-—".‘:.'ff;‘"‘_‘:?:\\ ----- 95% confidenceinterval
........... ¢ 9 -+ 99% confidenceinterval
] O Interim Goal
= @® Final Goal
Tt
=2
c 10 -
O i
g 1 The smaller the value of a, the
1 more difficult it Is to recognize ¢
| when MNA Is not adequate.
1 I I I I | I I

May-90 Oct-95 Apr-01 Oct-06 Apr-12 Sep-17 Mar-23 Sep-28
Date Sampled
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: Pentachlorophenol (PCP)
2 Ground Water flow

:

:

z

£
3 |

: { __U.5. Highway 70 \\

B!

Mary Alice Drive LEGEND
E TDOT Facility [ u

1 TO 5 UG/L CONTOUR INTERVAL
I 5 TO 50 UG/L CONTOUR INTERVAL
I 50 TO 100 UG/L CONTOUR INTERVAL
I 00 TO 500 UG/L CONTOUR INTERVAL
I > 500 UG/L CONTOUR INTERVAL

LiEJ__L:‘
IR

ABAP Site

2002 Plume Data

Area: 35.5 Acres
Avg. Concentration: 36.8 ug/l
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For purposes of this presentation:

ANA means the rate of attenuation is not
adequate at the selected level of
confidence. There might be a problem
here.

NEANA means no evidence at the selected
level of confidence that the rate of
attenuation is not adequate to attain the
concentration based goal by the time
specified. This is good, move on.
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® Final Goal

100
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. ABAPSite/ ﬁ
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