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Housekeeping

* Please mute your phone lines, Do NOT put this call on hold

— press *6 to mute #6 to unmute your lines at anytime (or applicable
instructions)

+ Q&A
» Turn off any pop-up blockers
* Move through slides using # links on left or buttons

Download slides as

/ PPT or PDF
—WO® t%’ @\_@\'\"‘3

/ Submit comment or
Move back 1 slide Go to question
Go to seminar Report technical
I Move forward 1 slide I last homepage problems
slide

« This event is being recorded
» Archives accessed for free http://cluin.org/live/archive/

Although I’'m sure that some of you have these rules memorized from previous
CLU-IN events, let’s run through them quickly for our new participants.

Please mute your phone lines during the seminar to minimize disruption and
background noise. If you do not have a mute button, press *6 to mute #6 to unmute
your lines at anytime. Also, please do NOT put this call on hold as this may bring
delightful, but unwanted background music over the lines and interupt the seminar.

You should note that throughout the seminar, we will ask for your feedback. You do
not need to wait for Q&A breaks to ask questions or provide comments. To submit
comments/questions and report technical problems, please use the ? Icon at the top
of your screen. You can move forward/backward in the slides by using the single
arrow buttons (left moves back 1 slide, right moves advances 1 slide). The double
arrowed buttons will take you to 15t and last slides respectively. You may also
advance to any slide using the numbered links that appear on the left side of your
screen. The button with a house icon will take you back to main seminar page
which displays our agenda, speaker information, links to the slides and additional
resources. Lastly, the button with a computer disc can be used to download and
save today’s presentation materials.

With that, please move to slide 3.
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ProUCL 4.1.00

Single and Two Sample Hypotheses Testing
Approaches and Oneway ANOVA

http://www.epa.gov/osp/hstl/tsc/software.htm




Focus of ProUCL 4.1 Webinar I

» Focus of Webinar Il is to make participants familiar with
Statistical capabilities of ProUCL 4.1

» Emphasis will be placed on showing how to use ProUCL4.1 to:

+ Perform Single and Two Sample Hypotheses tests on data sets with
nondetects (NDs) and without NDs

- Perform Oneway Analysis of Variance (ANOVA)

- Compute Background Threshold Values (BTVs)

+ Perform Trend Analysis using Linear Regression, Mann-Kendall trend
test, and Theil-Sen trend test

- Estimate mean, standard deviation, and Upper Limits based upon data
sets with ND observations (e.g., KM method)

- Interpret results generated by ProUCL

ue to time limitation-statistical details will not be covered
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Null and Alternative Hypotheses

»  Hy: Null hypothesis statement (baseline condition)

» H, : Alternative hypothesis statement

o

Null hypothesis, H,: Site mean < C,

o Alternative hypothesis, H;: Site mean > C;

»  Hypotheses tests are performed on sampled data:

° Therefore statistics used to test hypotheses suffer from
uncertainties; and

° Conclusions derived using those statistics suffer from
decision errors

LOCKMNEED MARTIN 4




Decision Errors in Hypothesis Testing

» Two types of decision errors can be made:

o Type 1 Error = Probability (reject the null statement when it is true)
= false positive error =x = false rejection rate

o Type 2 Error = Probability (do not reject the null statement when it
is false) = false negative error = B = false acceptance rate

» Width of gray region, &, and B are specified in DQOs

» Whenever possible, adequate amount of data should be
collected based upon DQOs
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What is a P-value?

» P- value is associated with a test statistic such as a t-test

o p-value is the smallest value of level of significance (Type |
error) for which the null hypothesis is rejected

o 1%, 5%, and 10% are common significance levels to which p-
values are compared

+ A p-value < .05 rejects the null hypothesis at “ 5% level”

» ProUCL computes p-values for most of the hypothesis tests
in ProUCL

LOCKMNEED MARTIN 4




Single Sample Hypothesis Tests in ProUCL

Hypothesis Testing | ANOVA  Trend Tests  Background UCL  Window Help

Single Sample » Full (w/o NDs) » t-Test a5 Select Variable (S
» i » i
Two Sample With NDs P‘ropoman N ——
5 WS WN-9S | D_HI-58 Sign test Name [0 [coun | >> [Mame — Tio TCoum |
9 2200 2200 1 Wilcoxon Signed Rank Wel ID 0 48 Mn 1 48
MW-D 2 2 <<
N Manganese 3 2
N MW-89 5 2
o Single Samgle t Test Options (=3 tings sz Group by Variable
MNS 9 16
. MN-S9 n 16 el ID_(Count = 43 |3
Confidence Level 0ss
Substantial Difference. S 'T User MustSelectan Actionlevel
!
(Used with Test Form 2) For EachVariable Selection!
Action Level 5] o
Select Null Hypothesis Form
& Mean <= Action Level (Form 1) I
oK Cancel
"
" Mean >= Action Level (Form 2)

" Mean >= Action Level +S (Form 2)

" Mean =Action Level (2 Sided Alternative)

0K ‘ Cancel

Q5
o >

&
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Hypothesis Test to Verify Attainment of
Clean Standard

» Is site mean comparable to a cleanup threshold: C,?

o

Null hypothesis, H,: Site mean < C,
Alternative hypothesis, H,: Site mean > C,

o

> Use parametric or nonparametric test

o

Parametric t-test compares site mean with a threshold

° Nonparametric tests :- Sign test and Wilcoxon Signed Rank
(WSR) test compare site median with a threshold

»  WSR test more powerful than Sign test

LOCKMNEED MARTIN 4




T-Test: Compare Site Mean with Threshold

3 9 soil samples from a site area: 82.39 103.46 104.93 105.52
98.37 113.23 86.62 91.72 108.21 (EPA 2006)

° Cleanup standard, C, =95

> Objective: Does site area meet cleanup standard?
° H,: Site mean < 95 (meets standard), vs.
° H,: Site mean >95 (does not meet standard)

Normal Q-Q Plot for 1 Sample- t 1 somple-t
nes

Theoretical Quantiles (Standard Normal)

LOCKMNEED MARTIN




T-Test: Compare Site Mean with Threshold

4

ProUCL generated t-test results:

1Sample-t

Single Sample t-Test

Raw Statistics
Number of Valid Obsenvations
Mumber of Distinct Observations
Minimum
Maximum
Mezn
Medizn
sD
SE of Mean

HO: Site Mean<=95 (Form 1)

Test Value
Degrees of Freedom
Critical Value (0.05)

P-Value

Conclusion with Alpha = 0.05
Do Not Reject HO. Conclude Mean <= 95
P-Value > Alpha (0.05)

9
9
8239
132
99.38
1035
1041
J4eg

1264

1.86
0.121

T-test statistic 1.26 < critical value 1.86
p-value = 0.12> 0.05

Conclusion based upon data:

Do not reject null hypothesis
Conclude : Site mean does not exceed 95

LOCKMNEED MARTIN 4
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Sign Test: Compare Site Median with Threshold

4

Sign test is used when data set is not normal and/or
consists of NDs

MW8 Mn data : 4600 2760 1270 1860 1790 1730 1420 1500
1610 1400 1350 1770 2050 2420 1630 2810

Cleanup threshold = 1500

Hy: MW8 median < 1500 (threshold met)
H,: MW8 median >1500

Data not normally distributed
Use nonparametric Sign test

LOCKMNEED MARTIN 4
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Sign Test: Compare Site Median with Threshold

Normal Q-Q Plot for Mn (8) Mn (8)
n=16
4800.00 Mean = 1998
4500.00 ] Sd=8383
Slope =7512

4200.00 Intercept = 1998
 3%0000 Correlation, R = 0.857
g Shapiro-Wilk Test
£} 000,00 Exact Test Value = 0.751
2 330000 Critical Val(0.06) = 0.887
2 e Data Not Normal
8 & Approx. Test Value=0.746
g 210000 = p-Value = 3.9664E-4
S 240000 &
=
© 2100.00 &

180000 S e

PR
1600.00 " - ]
=
120000 %
K Ky o & & K K
Theoretical Quantiles (Standard Normal)
= Mn (8)

P-value = 0.0003 (<0.05)
Data are not normal, use a nonparametric test
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Boxplot Comparing MW8 Median with Threshold

Observed Data

5100.00

Box Plot for Mn (8)

4800.00

4500.00 -~

4200.00

3900.00

36000 Median=1750
7% | Mean=1998

3000.00 2811

2700.00 |

e | =

1800.00 ]

1500.00
1200.00
900.00
600.00
300.00
0.00
-300.00

|

1
Threshold=1500

II Cleanup Level=1500 ||

MW 8 mean = 1998, MW8 median = 1750, Threshold = 1500
Box plot suggests that site median exceeds threshold

LOCKMNEED MARTIN 4
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Sign Test: Compare Site

4

Mn (8)

Sign test results:

Single Sample Sign Test

Raw Statistics
Number of Valid Observations 16
Number of Distinct Observations 16
Minimum 1270
Maximum 4600
Mean 1988
Median 1750
SD 8388
SEofMean 2037
Number Above Action Level 11
Number Equal Action Level 1
Number Below Action Level

N

HO: Site Median <= 1500 (Form 1)

TestValue 11
P-Value  0.0592

Conclusion with Alpha = 0.05
DoNot Reject HO at level (0.05). Con

P-Value > Alpha (0.05)

Median with Threshold

p-value = 0.059 (>0.05)
Conclusion:

Do not reject H, for all levels of
significance < 8.059

Based upon data and Sign test,
conclude Mn in MW8 meets cleanup
level of 1500 ppm at 0.05 level of
significance

Is this correct conclusion?

LOCKMNEED MARTIN 4
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WSR Test: Compare Site Median with Threshold

»  Wilcoxon Signed Rank (WSR) test is more powerful than
Sign test

° WSR is used when data not normal and/or data consist of NDs

> Using MW8 Mn data:

o

Hyo: MW8 median < 1500 (MW8 meets threshold),
o H,: MW8 median >1500

4 Single Sample Wilcoxon Signed Rank Test Options WS
Bl —

Confidence Level 095

Substantial Difference. S
(Used with Test Form 2) 0
Hypothesis Testing | ANOVA Trend Tests Background UCL Window Help

Single Sample > Full (w/o NDs) » t-Test Action Level 1500
Two Sample > With NDs > Proportion Select Nl Hypothesis Form
B MN9 MN-93 | D_MN-33 Sign test ¢ Mo ] )
s 220 2200 i Wilcoxon Signed Rank |
! on Level (Form2)

LOCKNEED MARTIN 4
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WSR Test: Compare Site

»  WSR test results:

Mn (8)

Raw Statistics

HO: Site Median <= 1500 (Form 1)

Number of Valid Observations
Number of Distinct Observations
Minimum

Maximum

Mezn

Median

SE of Mean

Number Above Limit
Number Equal Limit
Number Below Limit
T-plus

T-minus

Test Value
Critical Value (0.05)

P-Value!

Single Sample Wilcoxon Signed Rank Test

16
16
1270
4600
1998
1750
gae
2087

1

PN

1055
145

105.5
101
0.0034

Median with Threshold

HO: Site Median <= 1500 (Form 1)

TestValue 1055
Critical Value (0.05) 101
P-Value  0.0034

Conclusionwith Alpha = 0.05
Reject HO. Conclude Mean/Median > 1500
P-Value <Alpha (0.05)

Reject H, at all levels > 0.0034
Conclusion: Based upon data and WSR
test, conclude median Mn exceeds
cleanup level of 1500ppm

WSR test is more powerful than Sign test

Graphical display supports conclusion
based upon WSR test

LOCKMNEED MARTIN 4
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Proportion Test to Compare Proportion of
Exceedances with Allowable Proportion, P,

> Used to determine if proportion of exceedances of an action
level, A, by sampled data from a population (e.g., batch of
drums, monitoring wells) meets pre-specified proportion, P,
of exceedances

° Hy: Proportion P of exceedances of A, by sampled data > P, vs.
° H,: Proportion P of exceedances of A, by sampled data < P,
» I samg;l_e proportion p exceeds P,, population (e.g., lot of
drums) is rejected requiring further investigation
8 Single Sample Proportion Test Options et

Confidence Level 085

Proportion.P0 [ 07

Action Level (for % Exceedances) 5

Select Null Hypothesis Form

LOCKMNEED MARTIN 4




Proportion Test to Compare Proportion of

Exceedances with Allowable Proportion, P,
> Sampled Data of size 85from EPA (2006): 4.19 5.3086 6.0524 3.3634

5.6631 5.0993 3.5597 5.8967 6.2773 4.9834 6.5021 7.3062 7.3321
5.505 7.4876 5.9948 7.1185 5.4988 6.1111 4.309 5.0479 3.9595
4.6125 5.6875 6.5491 7.6761 7.0345 6.8311 4.6146 6.6419 0.5981
5.898 5.7146 6.7668 5.5998 3.0195 5.2547 6.8017 4.0221 6.058
5.135 6.2445 6.0979 5.8625 3.6893 5.4765 5.5635 5.4628 6.0424
6.3631 5.88 5.89 1.46 4.05 1.09 2.591.69 3.16 2.08 2.61 3.42 2.54
491 4.16.747.27 7.42 7.5 6.56 4.64 5.98 3.14 3.23 5.8 6.17 6.01 5.8
3.6 5.765 5.55 5.48 3.693 5.9 5.5635 5.4

o Action level, A, = 5
o Allowable proportion, P, of exceedances = 0.1 (10%)

° H,: Proportion of exceedances of 5 by sampled data > 0.1

o H,: Proportion of exceedances of 5 by sampled data < 0.1

LOCKMNEED MARTIN 4
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Proportion Test to Compare Proportion of
Exceedances with Allowable Proportion, P,

> Propo

rtion test results:
1Sample-Prop
One-Sample Proportion Test
Raw Statistics

MNumber of Valid Observations
Number of Distinct Observations
Minimum

Maximum

Mean

Median

so

SE of Mean

Number of Exceedances

Sample Proportion of Exceedances

HO: Site Proportion >=0.1 (Form2)
Large Sample z-Test Value
Critical Vzlue (0.05) -

P-Value

Conclusion with Alpha =0.05

p-value=1
Null hypothesis, H, not rejected

Conclusion:
Proportion of exceedances
of action level, 5 exceeds 10%

o Wot Heject 1, Conciude Site Proportion =01

LOCKMNEED MARTIN 4
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Two Sample Hypothesis Tests

»  Are site concentrations greater than background?
° H,: Site mean > Background mean, vs.
° H,: Site mean < Background mean

»  Are subsurface soil concentrations comparable to surface

soil concentrations?

0 H,: Subsurface soil median < Surface soil median, vs.
° H,: Subsurface soil median concentration > Surface soil

Hypothesis Testing | ANOVA Trend Tests Background UCL Window Help

Single Sample » |
Two Sample » Full (w/o NDs) » tTest
) VNS With NDs » Wilcoxon-Mann-Whitney
9 2200 2200 T Quantile test

21

Select Varisple:

) Cort | © Without Group Variable
y Background / Ambient [
AreaofConcem/Ste [

% With Group Variable
Variable CR—

Group Var [eiTD (Gourt - 48

Background / Ambient [T

Aea of Cor Site.

LOCKMNEED MARTIN é
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Two Sample Hypothesis Tests

3 Are down?radient MW concentrations of a COPC
comparable to upgradient well concentrations?

o Hy: MW mean < Background well mean
o H;: MW mean > Background well mean

> Depending upon data distributions- parametric or
nonparametric tests are used e 5

Hypothesis Testing] ANOVA Trend Tests Background UCL Window Help s""’j's:,":':,'?:ﬁ"w"z;s 0

Single Sample > | Confidence

Two Sample > Full (w/o NDs) »

With NDs Wilcoxon-Mann-Whitney

] MNS

tTest |
9 2,200 '

Quantile tes

Select Null Hypothesis Form
@ AOC <= Background (Form 1)
€ AOC >=Background (Fom 2)

€ AOC >=Background + S (Form 2)

|I € AOC = Background (2 Sided)

LOCKMNEED MARTIN 4
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T-Test: Compare Manganese in Wells MW9 and
Background Well MW1

>

Mn in MW9:2200 2340 2340 2420 21
2060 1770 1330 1590 1530 1480 10

220 2050
080 1880

oo

Mn in Upgradient well, MW1:460 527 5

0
0
7
574 460 547 605 496 478 508 469 475

2
3
9541518
411 390

Ho: Mean Mn in MW9 < Mean Mn in MW1
H,: Mean of MW9 > Mean of MW1

T-test requires data sets to be normally distributed

LOCKMNEED MARTIN 4
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T-Test: Compare Manganese in Wells: MW9 and
Upgradient Well MW1

2
3
H
H
£ 20000
=3
3
s
3
3
=

* Mn (1)

K

“Mn (9)

&

Normal Q-Q Plot for Mn (1)

5 o
‘Theoretical Quantiles (Standard Normal)

Normal Q-Q Plot for Mn (9)

B4 & @

Theoretical Quantiles (Standard Normal)

T

p-value =0.98
Mn in MW1
normal

p-value=0.802
Mn in MW9
Normal

™
=
10

LOCKMHNEED MARTIN 4
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T-Test: Compare Manganese in Wells: MW9
and Upgradient Well MW

Box Plots for Manganese (1), Manganese ...
3200.00
3000.00
2800.00
2600.00
240000
2200.00
200000

1800.00
1600.00
140000

Observed Data

120000
100000
800.00
600.00

400.00

200.00
000
-200.00

Manganese (1)

Side-by-Side box plots comparison suggests that
Mn in MW 9 > Mn in MWI1

LOCKMNEED MARTIN 4
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T-Test: Compare Manganese in Wells: MW9
and Upgradient Well MW

3000.00
2800.00
2600.00
2400.00
2 20000
S
B 200000
@ 180000
2 160000
g 140000
© 120000
°
S 100000
800.00
60000
400.00
20000

2>

M Manganese (1)

Multiple Q-Q Plots
for M 1ese (1), M. 1ese (9)

&P

Theoretical Quantiles (Standard Normal)

& & Ky

Manganese ()

Q-Q plot comparison suggests that
Mn in MW 9 > Mn in MW1

26

5d=59.4226

Slope = 616066

Intercept = 502.3750

Correlation, R =0.9922
Manganese (9)

Ne1§

Mean = 1968.1250

5d=500.1895

Slope =512.9609

Intercept = 19681250

Correlation, R=0.9814

LOCKMNEED MARTIN 4
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T-Test: Compare Manganese in Wells: MW9
and Upgradient Well MW

Area of Concern Data: Manganese(3) HO: Mu of Site - Mu of Background <=0
Background Data: Manganese(1) tTest Critical
Methed OF Value  t(0.050) P-Value
Pocled (Equal Variance) 30 11640 1.657 0.000
Raw Statistics \Welch-Satterthwaite (Unequal Varia 154 11640 1753 0.000
Site Background Pocled SD 356.175
Number of Valid Observations 16 16 Cenclusion with Alphz = 0.050
Number of Distinct Observations 15 15 “ Student t (Pooled) Test: Reject HO, Conclude Site > Background
Minimum 1050 390 “ Welch-Satterthwaite Test: Reject HO, Conclude Site » Background
Maximum 3080 605
Mean = 1368 5024
Median 2055 502 Testof Equality of Vaniances
SD 5002 5942
SEof Mean 125 1486 Variance of Site 250190
Variance of Background = 3531
Site vs Background Two-Sample t-Test
Numerator DF Denominator DF F-TestVal P-Value
HO: Mu of Site - Mu of Background <=0 15 15 70.854 0.000
t-Test Critical Conclusion with Alpha = 0.05

Method DF Value t(0.050)  P-Valy * Two variances are not equal
Pooled (Egual Variance) 30 11640 1.697 0.0
'Welch-Satterthwaite (Unegual Varia 184 11640 1.752 0.900
Fooled SD 256.176 p—Va|ue - 0.0, Reject Ho
Conclusion with Alpha =0.050 Conclude - Mean Mn in MW 9 is

- significantly higher than mean
Mn in upgradient MW 1

LOCKHEED MAIYIII/J7
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Wilcoxon Mann Whitney (WMW) Test:
Compare Onsite vs. Background Median Lead

»  Nonparametric WMW test can also be used on data
sets with nondetects with a single detection limit

»  Onsite and background data from a Superfund Site:

° 4O£|1'156|t5e Lead: 27.1 38 23.8 38.6 19.7 47.4 165 338 1940

° Background Lead: 25.7 15.7 16.6 16.5 14.75 19.2

° Hy: Onsite median lead < Background median lead, vs.

o H,: Onsite median lead > background median lead
concentration

LOCKMNEED MARTIN 4
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WMW Test: Compare Onsite vs. Background

Median Lead Concentrations

Background lead
data not normal

Onsite lead data
not normal

200
500
20
50

2

Saw

Samw
2
2o
S
3 1w

Heo

© o0

1800

o,

1400

86 Lead

®

Normal Q-Q Plot for BG_Lead

$ &
Theoretical Quantiles (Standard Normal)

Normal Q-Q Plot for OS_Lead

S ¢
Theoretical Quantiles (Standard Normal)

29
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WMW Test: Compare Onsite vs. Background
Median Lead Concentrations

200000
180000
1600.00
140000

£ 120000

T 100000

800.00

Observe:

600.00

400,00

20000

-20000

Box Plots for BG_Lead, OS_Lead

Side-by-Side box plots comparison suggests that
onsite lead > background lead

LOCKHEED MARTIN f$
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WMW Test: Compare Onsite vs. Background
Median Lead Concentrations

Area of Concern Data: OS_Lead
Background Data: BG_Lead

HO: Mean/Median of Site or AOC <= M,

‘Wilcoxon-Mann-Whitney (WMW) Test

Raw Statistics
Site Background
Number of Valid Observations 10 &
Number of Distinct Observations 10 3
= Mini:rum 17 1475 p-value = 0.0014
Vo | 190 | 7 Reject null hypothesis & conclude:
Medizn 41863 15:55
N Onsite median lead > Background
median lead concentration

Jian of Back

Site Rank Sum W-Stat
MW Test U-Stat
WM/ Critical Value (0.050)

Approximate P-Value

13

58

45
0.00143

C ionwith Alpha = 0.05

Reject O, Conciude Sie > Background

Conclusion

31

LOCKMNEED MARTIN 4

31



Gehan Test for Data Sets with NDs and
Multiple Detection Limits (DLs)

»  Nonparametric Gehan test can be used to compare
concentrations of two populations when data sets
consist of NDs with multiple DLs.

H,: Surface soil median arsenic = subsurface soil median
arsenic, vs.

H,: Surface soil median arsenic # subsurface soil median
arsenic concentration

LOCKMNEED MARTIN 4
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Gehan Test on Arsenic Data with NDs and
Multiple DLs

Background arsenic data from subsurface (SB) and surface
soils (SS) of a Federal Facility

Need to estimate BTV

Data set has multiple NDs exceeding detected values

Multiple Q-Q Plots with NDs
for Arsenic (sb), Arsenic (ss)

8

]

g

8

g

Ordered Observations

Intercept = 2.1426

]

K3 K & S & Ky K3 S o

Theoletical Quantiles (Standard Normal)

%

Arsenic (ss)

||N‘DS Shown in REd || LOCKHNEED MAlfﬁ

33

B Arsenic (sb)
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Gehan Test on Arsenic Data with NDs and
Multiple DLs

Configence Coefficient  85%

Substantia Difference 0,000 Objective: Are surface and
Se::ked :JL,II :‘,'polhesls Site or A:«DC Equal to M /M ‘ (Two Sided ) SUbSUrface arsenlc data
ternative Hypothesis  Site or AOC Not Equal to

comparable?
Area of Concern Data: Arsenic(ss)
Background Dota: Arsenic(st) Hy: SS median=SUB median
Raw Statstics H;: SS median#SUB median

Sie |Background HO: Mu of Site or AOC = Mu of background

Number of Valid Data 40 r
Number of Non-Detect Data 17 20
Number of Detect Data 23 20 Gehanz TestValve  -1.536
Minimum Non-Detect 023 028 Lower Critical z (0.025)  -1.96
Maximum Nen-Detect 31 25 Upper Critiezl 2 (0975) 1.9
Percent Non detects  42.50%  50.00% Vzlue 0124
Minimum Detected  0.094 2
Maximum Detected 126 186 .
Meanof Detected Data 2048 6335 Conclusion wi -005
Medion of Detected Data 15 42 eject HO. Conclude Site = Background

SD of Detected Data 3.369 5.038 P-Value >=alpha (0.05)

P-value = 0.124

Arsenic in SS and SB not significantly different
Single estimate of BTV may be computed using
combined surface and subsurface background data

LOCKMNEED MARTIN 4
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WMW and Gehan Tests on Data Sets with
NDs and Multiple DLs

Data sets have multiple DLs with NDs > detects

Box Plots for Site, Background

Observed Data.

R R R R R R R R R R

\ s Background

Y

Site data has highest ND > detected values
Box Plots suggest that Site arsenic > Background arsenic

LOCKHEED MARTIN 2$
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WMW Test on Data Sets with NDs and

Multiple DLs

Area of Concern Data: Site

Background Data: Background

Raw Statistics
Site Background
Number of Valid Data 10 10
Mumber of Non-Detect Data 2 4
Number of Detect Data 8 6
Minimum Non-Detect 4 4
Maximum Non-Detect 35 2
PercentMon detects  20.00%  40.00%
Minimum Detected 2 1
Maximum Detected 43 27
Mean of Detected Data 2363 1217
Medizn of Detected Data 25 n

SD of Detected Data 1474 9642

Mann-Whitney Site vs Test
All observations <=35 (Max DL) are ranked the same
Wilcoxon-Mann-Whitney (WMW) Test

HO: Mean/Median of Site or AOC <=Mean/Median of Background

Site Rank SumW-Stat 115
MW TestU-Stat 60

HO: Mean/Median of Site or AOC <= Mean/Median of Background

Site Rank Sum /-Stat
WM Test U-Stat

M/ Critical Value (0.050%

Approximate P-Value

Conclusion with Alpha =0.05
Do Not RT'ect HO. Conclude Site <= Background

Ho: Site median< Background median
H,: Site median> Background median

P-value = 0.236, Do not Reject H,
WMW test incorrectly concludes:

Site median is comparable to
background median

36
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Gehan Test on Data Sets with NDs and
Multiple DLs

Raw Statistics
Site Background
e oo Hy: Site median< Background median
umber of Mon-Detect Dats 2 4 . . N
Number of Detect Data 8 s H,: Site median> Background median
Minimum Non-Detect 4 4
Maximum Non-Detect 35 25 .
Percent Mon detects  20.00% 40.00% P_Value = 00381 Re-JeCt HO
Minimum Detected 2 1
Maximum Detected | 43 z Gehan test correctly concludes:

Memofbelered > | B | W Site median > Background median

Median of Detected Data 225 1
SD of Detected Data 1474 95842
] It is suggested to confirm test results
Site vs Background Gehan Test

with graphical displays

HO: Mean/Median of Site or AOC <= Mean/Median of backs

Gehanz TestValue 1763
Critical z (0.95) 1.645
P-Value  0.0384

Conclusion with Alpha = 0.05
¢ RejectHO. Conclude Site > Background 7

BVaiue <aipha (0.05)

LOCKNEED MARTIN 4

37




Oneway Analysis of Variance (ANOVA)

3 Oneway ANOVA is used to compare mean/median
concentrations of more than two groups such as:

° Arsenic concentrations in several AOCs
° Inter-well comparisons

o Null Hypothesis: Mean concentrations are similar
o Alternative hypothesis: Mean concentrations are different

»  Classical and nonparametric Kruskal-Wallis(K-W) ANOVA:

) Select Variabiels) and Group for Nonparametric ANOVA i

ANOVA | Trend Tests Background WUCL Variables Group by Variable

Classical fne EREE
Nenparametric = T
SN S ARk Dest

oA (Gart =188

Selected Variable Columns.

Nare D [ Cout

oK
LOCKHEED MARTIN f$
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Oneway ANOVA on Po-210 data from 3 Areas

» Consider Polonium -210 (Po-210) data from 3 reference
areas (LR, RP, and BP).

» Objective: Compute site-specific estimate of
background level concentration for Po-210.

» First determine if Po-210 data from 3 areas come from
the same population

» Hy: Po-210 means of 3 areas are comparable, vs.
» H,: Po-210 means of 3 areas are not comparable

LOCKMNEED MARTIN 4
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Oneway ANOVA on Po -210 data from 3 Areas

Box Plots for Po-210 (bp), Po-210 (Ir), ...

‘Ordered Observations.

§835888:883583888

- Graphical displays suggest that
i 3 areas exhibit comparable
— — — Po-210 concentrations
Multiple Q-Q Plots

for Po-210 (bp), Po-210 (Ir), Po-210 (rp)

‘Theoretical Quanties (Standard Normal)

Mroz0m) oroam0mn Arsz0m)

LOCKHEED u‘l’l’l"zi
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Oneway ANOVA on Po -210 data from 3 Areas

"iClassical One-Way ANOVA

" DateiTime of Computati 612011 5:45:18 PM
From File  ANOVA
Full Precision OFF

Po-210
Group Obs Mean
Ir 37 1238
w38 1175
bp 73 1.291
Grand Statistics (All data) 148 1248

sD
0.202
0331
0218
0251

Classical One-Way Analysis of Variance Table
VR.(F Stat) P-Value
2768

Source = S5 DOF MS
Between Groups 0.342 2 0171
Within Groups 2.844 145 0.0617
Total 9.288 147
Pooled Standard Deviation 0248
R-Sg 0.0368

Variance
0.0408
on
0.0475
0.0832

0.0661

41

P-value = 0.066
Null hypothesis not rejected

Conclude:
Po-210 data from 3 areas come
from same background population

A single estimate of background
threshold can be computed based
upon merged Po-210 data set

LOCKMNEED MARTIN 4
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Nonparametric K-W Oneway ANOVA on Mn Data

» Consider Mn data from 3 monitoring wells (MWs)

» Objective: Perform Inter-well comparison
o Hy: Median Mn concentrations of 3 MWs are comparable, vs.

o H,: Median Mn concentrations of 3 areas are not comparable

» Kruskal-Wallis Test results are shown next

LOCKMNEED MARTIN 4
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Nonparametric K-W Oneway ANOVA on Mn data

Nonparametric One Way ANOVA (Kruskal-Wallis Test)
User Selected Options

Dazte/Time of Computation  2/16/2011 6:20:26 PM p _Val ue = O 0

FromFile  ANOVA NP Null hypothesis rejected at all levels
Full Precision OFF

Conclude:
Mn
Mn in 3 MWs are significantly

Group Obs  Median  Ave Rank z different

1 18 502 85 -5.59%

8 16 1750 31.21 2417

9 16 2055 3353 3182
Overall 43 1515 245

K-\ (H-Stat)  DOF P-Value (Approx. Chisqu
3154 2 14148E-7

3155 2 1.4087E-7 (Adjusted for Ties)

LOCKMHNEED MARTIN 4
43




W(ED ST
N %

N/

<
%4 prote”

LOCKHEED MARTINE%

@“OHIAI\Q .

S
g7
0 .
% agenct

ProUCL 4.1.00

Upper Percentile, Upper Prediction Limit
(UPL), and Upper Tolerance Limit (UTL) to

Estimate Background Threshold Values (BTVs)
http://www.epa.gov/osp/hstl/tsc/software.htm
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Upper Percentiles, UPLs, and UTLs

Based upon an “established background data set”, upper
percentiles, UPL95, and UTL95-95 are computed to:

o Estimate background level concentrations, background
threshold values (BTVs), not-to-exceed values

Onsite observations are compared with BTVs to:

- |dentify contaminants of potential concern
o Determine potentially polluted site locations

o Perform Intra-well comparisons to identify non-complying wells
in groundwater (GW) studies

45 LOCKMNEED MARTIN 4
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UPLs and UTLs - “Full” Data without NDs

» Surface soil arsenic background data of size 39 from a Federal
Facility: 1.91.21.53.43.625.81.41.51.22.90.46 0.65 0.84
0.750.532.52.54.22.963.91.81.11.51.41.12.7291.22.4
1.11.44.12.10.681.61.70.831.2

» Estimate BTVs:
o Are there any outliers?
- Data normal, lognormal or gamma distribution?

al Background Statistics Options o]
Hypothesis Testing  ANOVA  Trend Tests UCL  Window Help
‘ Normal Full (w/o NDs) Background Statistics > L Confidence Level ’T
g| | Fme With NDs Background Statistics »
I} MNS)| Lognormal [99 Coverage | 05
§ 23 Non-Parametric [ —>
23 A [ 1

/ Different or Future K Values 1

Number of Bootstrap Operations 2000

UPLs for k future values

0K Cancel |

46 LOCKMNEED MARTIN 4
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Graphical Displays

ne

Observed Data
g & 8 8 8
8 8 NGNS

8

8

Ordered Observations
B2 g e
g8 8 8 8 8 8 8

H

Box Plot for $S-As

\ Boxplot - there is
at least one potential

outlier

Q-Q Plot for SS-As

Q-Q plot - there is
at least one potential
outlier

K 4 ® @
Theoretical Quantiles (Standard Normal)

47 LOCKNEED MARTIN 4
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Rosner Outlier Test (n>25)

Rosner's Outlier Testfor SS-As
At 0.05 level of significance:
Mean 3.438 . . . .
55T 63_.9 is hl_gh outlier, 5.8 is
Numberofdata 39 mild outlier
Number of suspected outliers 3
Potential Obs. Test  Critical  Critical At O'Q] level of 5|gn!flcance:
Mean sd ouier Number  value value (5%) value (1%) 63.9 is the only outlier
2498 9.865 639 21 6123 303 337

w o oo

1.909 1174 58 7 3315 3.01 336
1804 0.992 42 19 2415 3 3

For 5% significance level, there are 2 Potential Outliers

Therefore, Potentizl Statistical Outliers are

639 58

For 1% Significance Level, there is 1 Potential Outlier

Therefore, Observation 63.9is a Potential Statistical Outlier

Project Team should determine if 5.8 represents an outlier

Here only 63.9 is considered outlier, BTVs are estimated without 63.9

48 LOCKMNEED MARTIN 4




Ordered Observations

GOF Test without Outlier 63.9

% SS.As

Normal Q-Q Plot for SS-As

o o & o K N3

Theoretical Quantiles (Standard Normal)

SS-As
n=38
Mean = 1.909
Sd=1174
Siope =113
Intercept =1.909
Correlation, R =0.941
Shapiro-Wilk Test
Exact Test Value = 0.889
Critical Val(0.05) = 0.938
Data Not Normal
Approx. Test Value =0.869
p-Value =9.7050E-4.

p-value for S-W test = 0.001<0.05

Conclude: Data not normally distributed

49
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GOF Test without Qutlier 63.9

Gamma Q-Q Plot for SS-As C

Test value= 0.313 <
Critical Value =0.754

Data follow gamma
distribution at 0.05
level of significance

Ordered Observations.
§888sssbsbsasstiasg

£ K3 K K3 K
Theoretical Quantiles of Gamma Distribution

Lognormal Q-Q Plot for SS-As o p—Va|ue = 0.9 fOI’ S—W TeSt
’ Data follow lognormal
distribution

8 b b b BUSHCECAECE
EsEss8EiEsERERE

Ordered Observations

Theoretical Quantiles (Standard Normal)
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Normal Distribution Test
Shapiro Wilk Test Statistic
Shapiro Wilk Critical Value
Datanot Normal at 5% Significance Level

Assuming Normal Distribution
S5% UTL with 95% Coverage
5% UFL (1)
90% Percentile (z)
95% Percentile (2)

99% Percentile (z)

Gamma Distribution Test
k star
Theta Star
MLE of Mean
MLE of Standard Deviation

nu star

A-D Test Statistic
5% A-D Critical Value
K-S Test Statistic

57 K-S Critical Value

0.889
0.938

£.412
3915
2413
284
482

2es
0672
1.809
1133
2158

0313
0.754
0.11

0.144

Data appear Gamma Distributed at 5% Sglﬁmlee Level

Lognormal Distribution Test
Shapiro Wilk Test Statistic
Shapiro Wilk Critical Value
Data appear Lognormal at5% Significance Level

Assuming Lognormal Distribution
S5% UTL with S5% Cowverage
95% UPLI(Y)
90% Percentile (z
95%
89% Percentile (z

)
Percentile (z)
)

Data Distribution Test

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics
90% Percentile
957 Percentile
997 Percentile

0884
0838

5.778
4483
3.468
4313
6.493

BTV Estimates Less Outlier 63.9 (All Option)

Background Statistics

Lognormal
percentiles

346
4115
5.208

51 LOCKMHNEED MARTIN 4
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BTVs Estimates without Outlier 63.9

Gamma Distribution Test H Data Distribution Test
k star 284 Dat: Gamma Distril 5%
Theta Star 0672
MLE of Mean 1.909
MLE of Standard Deviation 1133
nustar 2158
A-D TestStatistic  0.313 Nonparametric Statistics
% A-D Critical Value 0754 907 Percentile
K-S Test Statistic 011 95% Percentile
5% K-S Critical Value ~ 0.144 99% Percentile
Data appear Gamma Distributed at 5% Significance Level
Assuming Gamma Distribution 95% UTL with 95% Coverage
90% Percentile 3428 957 Percentile Bootstrap UTL with 95% Coverage
95% Percentile ~ 4.07 95% BCA Bootstrap UTL with 95% Coverage
99% Percentile ~ 5.467 95% UPL
95% Chebyshev UPL
Approx. Gammz UPL 4122 Upper Threshold Limit Based upon IQR
W Approx. Gamma UPL 4186

Approx. Gamma UTL with 95% Coverage
| Approx. Gamma UTL with

Coverage

) I
5.008

Gamma Percentiles ||

346
4115
5.208

58

58
428
7.092

4563

Estimate of BTV
Gamma Lognormal
UPL95 4.12 4.48
UTL95-95 4.95 5.78

|| Use of UPLs and UTLs based upon gamma distribution is suggested ||

52
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Influence of Outliers on UPLs and UTLs

» Mn data from a Navy Site:15.8 28.2 90.6 1490 85.6 281
4300 199 838 777 824 1010 1350 390 150 3250 259

o As determined in UCL95 section, 4300 and 3250 represent
potential outliers

- Project team should make a decision about their disposition

o Data (with outliers)follow gamma as well as lognormal
distribution - see next slide

o Just like UCL95, lognormal distribution based (with or without
outliers) UPLs and UTLs are unacceptably large

LOCKMNEED MARTIN 4
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GOF Tests on Mn Data with outliers

» Mn data from a Navy Site

Gamma Q-Q Plot for Mn

= Data gamma
fre distributed
éiﬁii
e e A-D Test
e statistic=0.239
- 'Mmﬁuloulnﬁh;olclmmlnhﬁbukn Critical Value ('05)
- Lognormal Q-Q Plot for Mn *“I_ =O'782 > 0'239
§1w
B
¢
.. Data are lognormal
p-value = 0.808

Theoretical Quantiles (Standard Normal)
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Influence of Outliers on UPLs and UTLs

Raw Statishics i Log-Transformed Stalistics
Minimum 158 Minimum 276
Maximum 4200 Maximum ~ 8.386
Second Largest 3250 Second Largest  8.086
First Quartile 150 First Quartile  5.011
Median 330 Median  5.966
Third Quartile 1010 Third Quartile  6.518
Mean S022 Mean 5.812
SD 1188 SD 1.568

Coefficient of Variation 1318
Skewness 2.048

Background Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.725 Shapiro Wilk Test Statistic 0.969
Shapiro Wilk Critical Value 0.892 Shapiro Wilk Critical Value 0.892

Data not Normal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
95% UTLwith 95% Coverage 3859 95% UTL with  95% Coverage 18203

95% UPL (1) 3038 $5% UPL(t) 6178 \

90% Percentile (z)| 2427 30% Percentile (z) 2755
95% Percentile (2) 2859 35% Percentile (z) 4868 Inflated by
85% Percentile (z) 23663 39% Percentile (z) 14173 out“ers

|| Statistics computed using 2 outliers ||
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Gamma Distribution Test
k star
Theta Star
MLE of Mean
MLE of Standard Deviation

nu star

A-D Test Statistic
5% A-D Critical Value
K-S Test Statistic
5% K-S Critical Value

0.599
1506
8022
1166

2037

0.238
0.782
0117
0218

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
S0% Percentile
85% Percentile

89% Percentile

95% WH Approx. Gamma UPL
95% HW Approx. Gamma UPL
95% WH Approx. Gamma UTL with 95% Coverage
$5% Hw Approx. Gamma UTL with 95% Coverage

2347
2248
5423

3423
3688
5595
6508

Data Distribution Test

Influence of Outliers on UPLs and UTLs

Data appear Gamma Distril ath%

Nonparametnc Statisiics
$0% Percentile
95% Percentile

39% Percentile

95% UTL with 35% Coverage

957 Percentile Bootstrap UTL with 5% Coverage
957 BCA Bootstrap UTL with 85% Coverage

85% UPL

95% Chebyshev UPL

Upper Thresheld Limit Based upon IQR

|| Statistics computed using 2 outliers ||

56
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4300
43200
4300
4300
€237
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UPLs and UTLs without 2 Qutliers

Raw Statistics Log-Transformed Statistics
Minimum | 15.8 Minimum 276
Maximum 1480 Maximum  7.307
Second Largest 1350 Second Largest 7.208
First Quartile  120.3 First Quartile 4758
Median 281 Median 5638
Third Quartile 831 Third Quartile 6.723
Mean 5152 Mean 5604
SD 4914 SD 1382
Coefficient of Variation ~ 0.946
Skewness  0.807
Background Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic. ~ 0.87 Shapiro Wilk Test Statistic ~ 0.529
Shapiro Wilk Critical Value  0.881 Shapiro Wilk Critical Value  0.881
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level
Assuming Normal Distribution Assuming Lognormal Distribution
95% UTL wath 95% Coverage 1780 95% UTL with 95% Coverage 9666
95% UPL (1) 1413 95% UPL () 341?\ E|evated
30% Fercentile (z) 1143 30% Percentile (z) 1616
95% Percentile (z) 1328 95% Percentile (z) 2681 I og norm aI
57 Pereentil iz)} 1682 99% Percentile (z) 6924 estimates

Statistics computed without 2 outliers
4300 and 3250

57
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UPLs and UTLs without 2 Qutliers

Gamma Distribution Test Data Distribution Test
k star 0.765 Data appear Gamma Distributed at 5% i Level
Theta Star €785
MLE of Mean 5192
MLE of Standard Deviation 533.5
nustar 22,96

A-D TestStatistic  0.298 Nonparametric Statistics
5% A-D Critical Value  0.768 90% Percentile 1214
K-S Test Statistic  0.175 95% Percentile 1332
5% K-S Cntical Value  0.228 95% Percentile 1470

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution 95% UTL with 95% Coverage 1450
90% Percentile 1276 95% Percentile Bootstrap UTL with $5% Coverage 1450

85% Percentile 1711 $5% BCA Bootstrap UTL with 5% Coverage 1450

39% Percentile 2743 95% UPL 1430

95% Chebyshev UPL 2731

95% WH Approx. Gamma UPL 1863 Upper Threshold Limit Based upon IQR 1857

95% H\af Approx. Gamma UPL 2033
5% WH Approx. Gamma UTL with 5% Coverage 2015
857 Hu/ Approx. Gamma UTL with 5% Coverage 3556

Statistics computed without 2 outliers
4300 and 3250 :
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95% UPLs with and without 2 outliers

» Outliers (4300, 3250) distorted all statistics
» Lognormal distribution yields unrealistically high values
» Data are gamma distributed

o Use of UPLs or UTLs based upon gamma distribution is suggested

With outliers Without outliers
n=17 n=15
Normal UPL95 3039 1413
Elevated
values | | Gamma UPLIS (WH) |3423 1863
sl Lognormal UPL95 6176 3417
Nonparametric 4300 1490
UPL95
Nonparametric 95% | 3460 1392
Percentile
Normal 95% 2859 1328
Percentile
Maximum 4300 1490




95-95 UTLs with and without 2 Outliers

» Outliers (4300 and 3250)distorted all statistics
» Lognormal distribution yields unrealistically high values

» Data are gamma distributed

o Use of UPLs or UTLs based upon gamma distribution is suggested

Normal UTL95/95 3859 1780

Gamma UTL95/95 (WH) 5595 3015

F¥Lognormal UTL95/95 18203 9666

Elevated ||| Nonparametric UTL95/95 | 4300 1490
values

Gamma 95% Percentile 3249 1711

Lognormal 95% Percentile | 4869 2681

Maximum 4300 1490

60
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Steps to Estimate BTVs

» Make sure no significant outliers or multiple
populations are present in background data set

> Use graphical displays to visualize data

o Graphical methods provide useful information about
outliers, multiple populations

» Perform GOF test to determine data distribution

o Depending upon data distribution, use an appropriate
parametric or nonparametric estimate of BTV

o May want to consult a statistician for further clarification

LOCKMNEED MARTIN 4
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Trend Analysis: Linear Regression, Mann-Kendall
Trend Test, and Theil-Sen Trend Line

http://www.epa.gov/osp/hstl/tsc/software.htm
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Trend Tests

» Trend tests are used to determine if concentrations (e.g., in
a compliance well) are decreasing/increasing over time.

I
t

» A time variable and concentration variable with equ

» Trends tests in ProUCL 4.1

a5l Select Variables
Trend Tests | Background UCL Vanabies P
i [oe — Tio [Cum | £ [Neme —— Tio |
Regression S-Events 0 46 4 Vales A
Svaies 1 % Vaues_A
Mann-Kendall Group 2 46 =
g GEvent 5 8
ell-3en Gdata 6 8
wof-evert 7 5 >
Time Series Plots » wgd-ﬂ;{ g g
gb-ev
obbiox e <«<
Group Variable (Optional)
Options | [ =

63 LOCKMNEED MARTIN 4




Linear Regression Line

» Linear regression Line Test

o5 Select Variables

Variables Dependent Variable
Name ID__[ Count S W yrrees =
4 OptionsRegression ==
Graphics Options
¥ Display Intervals
¥ XY Plot [¥ Confidence Interval
Confidence Coefficient
088 XY Plot Title [V Predection Interval
Classical Regression
[V Display Regression Table
OK Cancel
1 OK Cancel

64

Slope of line determines trend in data

Significant positive slope suggests
upward trend

Significant negative slope suggests
downward trend

Insignificant slope suggests no
evidence of trend in data

Significance is determined using
p-value of slope test

LOCKMHNEED MARTIN 4
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Linear Regression Trend Line

Linear Regression Trend Line os
= . -
-
: i
3 Scale Estmate 280149
e o
<I
e
2
s
@ For slope test
p-value=0
-
Events_A
Regression Estimates and Inference Table
Paramater Estimates Std. Error T-values p-values
H H - H intercept  -2598 4283 -6.051 2.9802E-5
Slope is significantly positive || B T s
with p-value= 0.0
OLSANOVATable
Source of Variation SS DOF MS F-Value P-Value
Conclude: there is significant Regression 4136 1 4t 52 0000
. Error 109828 14 7848
upward trend in data B
R Square:
Adjusted R Square:
Sqrt(MSE) = Scale  28.01
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Mann-Kendall Trend Test Statistic, S

Trend Tests | Background UCL

Regression
Mann-Kendall
Theil-Sen

Time Series Plots

8 Mann-Kendall Options

Confidence Coefficient

055
[V Display Graphics

I” DisplayTheil-Sen Trend

Line

IV Display OLS Regression Line

Title for Graph:

4 Select Trend Event Variables -

Variables Select Event/Time Variable

Name D [Count | i " selecied

SEvents 0 %

Svaes 1% _ > | M o Tom

g"\’z\im g ;6 Everts_A 3 16

Gioa H =

wof event 7 5

wof-data 8 5 Select Values/Measured Data

ghbbevent 8 8

obbtoc 0 s [ > ] [rem D[ Count

Vahes_A 4 16
<<
Group Variable (Optional)

Options L‘
/ox Cancel

4

[ Marn-Kendall Trend Test

OK

Cancel

L

Trend tests can be performed by group
ID - such as multiple monitoring wells

66 LOCKMHNEED MARTIN 4
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Mann-Kendall Trend Test Statistic, S

Mann-Kendall Trend Test Mann Kendall Trend Ansiysis
25 n 160000
Cansdence Costomt 0300
0080
@
0000
208
anes

S Test Statistic =92 >0 |

e = Biue
cpe 41884

ntercst

Values_A

General Siatistics
Number of Events 16
Number of Values 16
Minimum 450
Maximum 700
Mean 5366

Median 525

Standard Deviation ~ 59.35

SEM 1484

521
Events_A

Significant positive value of S or
standardized S suggests upward trend

Significant negative value of S or Mann-Ke TZ:WS; -
standardized S suggests downward trend Tabulsted pvalue O
Standard Deviationof S 22.11
Standardized Value of S 24117

| > eproineiepelue 1922665
—

5 >0 and p-value =0 e
Conclusion: Data exhibit upward trend

\ LOCKHEED uanrﬁ

Significance is determined using p-value




Theil-Sen Trend Line Test

Select Trend Event Variables

Trend Tests | Background UCL Variables Select Event/Time Variable
Regression H ol Theit-Sen Options 2 Normo D oot
Mann-Kendall Confidence Coeffcient IE‘B‘“-" .
Theil-Sen 0%
- - Select Values/Measured Data
Time Series Plots % [ Display OLS Regression Line N [0 [com ]
¥ DisplayTheil-Sen Trend Line Values A 4 16
Title for Graph:
‘ Thei-Sen Trend Line and OLS Regression Lne Group Variable (Optional)
Approximate inference for Theil-Sen Trend Test oK Cancel ’—L]
Mann-Kendall Statistic (S) 92 ‘ Y
Stendard Devigtionof S 22.11 o o
Mumber of Slopes 120 —, 4 Y
Theil-Sen Slope.~ 31.71
Theil-Sen Intercept 2375 \ - - =
Wi s Theil-Sen Slope is positive
M2 8186
S5% LCLefSlepe 0025 20 <—— 4 95% confidence interval (Cl) for slope
95% UCL of Slope (0875) 433 PP
does not contain ‘0’.
M1" 4182
One-sided 35% lower limitof Slope 2156 This suggest that there is significant
I oo st upward (posntl.ve).t.rend in data at
wendat Jevel of siani 0.05 level of significance

68
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Theil-Sen Trend Line Test - Upward Trend

Theil-Sen Trend Line and OLS Regression Line

725

Values_A

425

89.1 %01 9.1 931 941 9.1

Theil-Sen Trend Analysis
n 16
Level of Significance 0.0500

OLS Regression Line = Blue
OLSRegression Slope 341854

OLSRegression Intercept -2,598.0210

Theil-Sen Trend Line = Red

Theil-Sen Siope 37143
Theil-Sen Intercept 23762714
m 38,3367
) 816533
LCL of Siope 20,0000
UCL ofSlope 43.303

Statistically significanyfvidence dfan increasing
trend atthe specified fevel of sigrfficance.
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Theil-Sen Trend Line Test-Downward Trend

Theil-Sen Trend Line and OLS Regression Line

81

39 99 %09 919 29
Down-evnt

Theil-Sen slope is negative !

LCL and UCL of 95% ClI of slope are <0
implying ‘0’ is not in 95% CI

Conclusion: Data exhibit significant
downward trend at 0.05 level

Theil-Sen Trend Analysis
n 23
Level of Significance 0.0500

OLS Regression Line = Biue
OLSRegression Siope -397826

OLSRegression Intercest 43741287

Theil-Sen Trend Line = Red

Thel-Sen Slope -41.1429
Thel-Sen Intercent 44695286
" 89.3042
"2 1636058
LCL of Slope -439529
UCL of Slope -37.2080

Statistically significant evidence of a decreasing
trend atthe specified level of significance.

If Cl for slope contains
‘0’ - data do not exhibit
significant trend

70
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Time Series Plots with Data Only Option

hin\ProUCL webinar data\Trend-module-dataxiswst]

Graphs  Outlier Tests  Goodness-of-Fit Hypothesis Testing ANOVA [Trend Tests) Background UCL Window Help

3 4 5 6 7 8 s 10
Events A | Values A| G-Event

1 1 126 1
898 450 1 2 2 127 2
%01 4% 1 2 3 112 3
03 520 2 30 4 116 4
06 485 3 2 5 103 5
08 510 3 2 3
CIR] 510 4 40 7
913 530 5 %0 8
916 510

Gedata | wolf-event  wolf-data | gibb-event _gibb-toc
10 2

Regression

Mann-Kendall

Theil-Sen

TimeSeriesPlots  »|  DataOnly
Event/Dats

4 15 16

following year

Initial value can be year1990
Increment can be 1 for each

o OptionsTimeSeriesData / /@

When used, regression lines
are shown on time series plot

Select Initial Start Value
1

Event/index

> [ Display OLS Regressicn Line

[ DisplayTheil-Sen Trend Line

Plot Groups Together
I” Group Graphs

Must Select 2
Group Column
All Groups
Same Size

OK

Event/Index |fcrements
1

Greater Than 0

oefficient

Event/index Label
Event

Title for Graph
ime-Series Trend Analysis

Cancel

71
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Time Series Plots

; Time-Series Trend Analysis '-::i::;v.mm‘
Simple index plot with
S chosen time events
A”m 13 3 £} 3 (2] .E:ltnl LE]
- Time-Series Trend Analysis

Plot as a function of
chosen time events
with trend lines

LOCKMHNEED MARTIN 4
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Time Series Plot for Data vs. Sampling Events

Select Trend Event Variables

Variables Select Event/Time Variable
e I T — . [
SEverts 46 = Yy [Cort ]
Swakes 1 46 o 3 d

2 s
GEvent 5 8
S s 8 Select Values/Measured Data
ok data [ Cout
o I =
preery 0 8 << Vaes S

Group Variable (Optional)

Options <

ok o
Select Trend Event Variables
Variables Select Event/Time Variable
i i N; ) OptionsTimeSeriesEventAndDat:
When checked regression lines o3 Opton Tmesesendel
. A . 16
Sval = e
are displayed on time series plot 215 || 1% Digtay OLS Regessiontine [ Confdence Cosficient
G-Event - = " 035
Gdata ¥ DisplayTheil-Sen Trend Line iDat
wolf-event
wolf-data Count
gbb-event Plot Groups Together 16
gbbtoc I~ Group Graphs Title for Graph:
Must Select a X
Grﬁ‘l"(’;c 0 Time-Series Trend Analysis| .
roups )
Same Size oK Cancel
oK Cancel
e LOCKNEED MARTIN 4
73 -
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Time Series Plot ldentifying Trend in Data

» Time Series plot identifying trend as a function of events

Theil-Sen Trend Line and OLS Regression Line

15

341054
28980210
Theil-Sen Trend Line =Red
e Theil-Sen Siope 317143
Theil-Senntercept 23782114
a Theil-Sen Trend Analysis
o Levelof Sgnificance. 00500
&
E Wi 33%7
s ) 81,6633
= LoL ofSiope 200000
ok ucLofsi 3303
stat nificant evidence ofan cressing
rend atthe specified level of significance
%
594 04 914

924
Events_A

» Graph exhibits upward trend which is confirmed by
nd test statistics

LOCKHEED MARTIN 4
74



Time Series Plots - Comparin
Multiple Groups (Wells)

g Concentrations of

a2l Select Trend Event Variables -
Variables Select Values/Measured Data Variable
Count

OK

Group Variable (Optional)

Options /@l 1D_(Count = 43)] <]

48

ncel

4 OptionsTimeSeriesData X
Select Initial Start Value Event/lndex Increments
[ [
Event/Index Greater Than 0

Confidence Coefficie
[V DisplayTheil-Sen Trend Line —

Minimal Theil-Sen Stats Provided Event/lndex Label

I” Display OLS Regression Line

Data file should have a group ID

Should have same number of
observations/ sampling events
for each group (e.g., MW)

Event
Plot Groups Together
¥ Group Graphs Title for Graph:
Must Selecta
Group Column [ Time-Series Trend Analysis
All Groups

Same Size oK Cancel

LOCKMHNEED MARTIN 4
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Time Series Plots - Comparing Arsenic in
Upgradient and Monitoring Wells

» Groundwater data from 3 MW wells: Well 1 is upgradient
well, and wells 8 and 9 are MW wells

Time-Series Trend Analysis

» Graph suggests that As in MW 8 and MW 9 are much
igher than upgradient well 1.

LOCKMNEED MARTIN 4
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ProUCL 4.1.00

Computing Mean, Variance, UCL95, UPL95, and
Upper Tolerance Limit for Data Sets with
Nondetect (ND) Observations

_http://www.epa.gov/osp/hstl/tsc/software.htm
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Estimation Methods for Data Sets with NDs

» Parametric methods:
o MLE (Normal), Regression on order statistics (ROS)
» Nonparametric methods:
o Substitution, Kaplan-Meier (KM), and bootstrap methods

» For data sets with NDs, nonparametric methods (e.g.,
KM method) are#:Jreferred as distributional assumptions
are hard to justify, especially when

o NDs exceed detected values
o Multiple detection limits (DLs) are present

LOCKMNEED MARTIN 4
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Upper Limits for Data Sets with NDs

» TCE data of size 14 has 6 NDs with a single DL = 0.68
Data are :0.81 <0.68 <0.68 0.95< 0.68 <0.68 < 0.68 <0.68
9.291.90.88 2.98 0.75 5.97

TCE D_TCE

Summary statistics :
L Data File

using detects only

068 0
068 0
929 1
19 1

Summary Statistics for Raw Data Sets with NDs using Detected Data Only

Raw Statistics using Detected Observations
Variable Num Ds NumNDs % NDs Minimum Maximum Mean Median SD  MAD/O.67%Skewness CV
TCE 8 3 42.86% 0.75 929 254 1425 312 0.956 1541 1.061
TCE-no-out 7 6 46.15% 075 597 2034 0.95 1917 0297 1822 0543

Data from Drs. Warren and Nussbaum’s Workshop at
2010 NARPM conference
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TCE Data Set with NDs

» Box Plots and Q-Q plots

ROS Est. NDs | Graphs | Outlier Tests Goodness-of-Fit Hypothesis Testing

‘Q-Q Plot with NDs for TCE o
- Box Plot » I
- 3 N Histogram | 2 a
: Iut;n Multi-QQ > Full (w/o NDs)
- 08T T With NDs
i )
1. ’

v g p o op R B F 5 Multi-QQ Options (X

§ Display Non-Detects
€ Donot Display Non-Detects

@ Display Non-Detect Values

Box Plot for TCE " Display 1/2 Non-Detect Values
A a Display Regression Lines
A
hd € Do Not Display
Il i @ Display Regression Lines
H ) 74
Line at max DL || 2
i

Graphical Display Options
@ Color Gradient
" For Export (BW Printers)

0K | Cancel ‘

LOCKHEED MARTIN $
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Gamma GOF Test on Detected data

» Detected data appear to follow Gamma distribution

Goodness-of-Fit| Hypothesis Testing  ANOVA Trend Tests Background UCL Window
Full r //’_‘II Using detects only ||
WithNDs  »|  ExcludeNDs Normal

>
MNormal-ROS Estimates »
Gamma-ROS Estimates » Lognormal
Log-ROS Estimates »
»

Gamma

DL/2 Estimates
G.O.F. Statistics

GOF Plot for TCE

|| Gamma distributed ||

Ordered Observations

. 63 ) 2]
Theoretical Quantiles of Gamma Distribution

LOCKMNEED MARTIN 4
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Lognormal ROS Method

» LROS data not normal

Normal Q-Q Plot for TCE Tce
Statistics using Log ROS Method nen
1000 Mean = 1748
sa=27
9.00 Slope =2298
Intercept =1.748
800
@ 70
c
s
E e Crtcal Vai(0.08) = 0874
= Data Not Normal
E G Aoprox. Test Value = 0684
=3 Pp-Value = 9.3013E-5
S
~
5 3w
2
© 200

p-value=0, LROS
data not normal

LOCKMNEED MARTIN é
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Lognormal ROS Method

LROS data are lognormal; Use parametric H-UCL or bootstrap
method. Data set is of small size, H-UCL can be very large
If nonparametric bootstrap methods used - just use KM method

Lognormal Q-Q Plot for TCE TcE
Statistics using Log ROS Method "

Ordered Observations

Theoretical Quantiles (Standard Normal)
NDs Displayed in smaller font and red color

Extrapolated LROS NDs | [ p-value=0.97 |

LOCKMNEED MARTIN
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TCE Data Set with

NDs

» A n y out I | ers 7 Outlier Tests | Goodness-of-Fit Hypothesis Testing

Ful v |
With NDs »

E-ne
it

Exclude NDs
DL/2 Estimates

» At least one outlier = 9.29 (Dixon test), NDs=DL/2

Dixon's Outlier Test for TCE

Mean  1.572

Standard Deviation ~ 2.567
Mumber of data = 14
10% critical value: 0.492
5% critical value: 0.546
1% critical value: 0.641
1. 9.29is a Potential O utlier (Upper Tail)

Test Statistie: 0.733

For 10% significance level, 9.28 is an outlier.

For 5% significance lev is an outlier.

For 1% significance level, 9.29 is an outlier,

Project team should decide about
disposition of 9.29

-Use it or not use it in computations

LOCKMNEED MARTIN é
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UCLs for TCE Data with NDs

UCL | Window Help

FULL 3
With NDs » Normal
Gamma

Lognormal

Non-Parametric
All

—ax[E]

\

Select Variables

Variables Selected

Name [0 [Cowt ] Name D) [Cowt ]
TCE 0 14 TCEnoout 4 1
>>
[ a
Confidence Level o35}
Number of Bootstrap Operations 2000
o
I s
oK Cancel
LOCKMHNEED MARTIN $
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UCLs for TCE Data with NDs (with 9.29) - LROS

DLJ2 Substitution Method

Mean 1.826
SO 265
Mean (in Log Scale) -0.1
SD (in Log Scale) 1138

S5% H-Stat (DU2) UCL 4482

Log ROS Method
Mean 1748 95% tUCL  3.026
sD 27 95% Percentile Bootstrap UCL ~ 3.039

Mean (in Log Scale)  -0.535

S5% BCABootstrap UCL 2442

SD (in Log Scale) 1652 S5% H-UCL(Log ROS) 1423 LROS S
tats
Kaplan Meier (KM) Method
Mean  2.002 5% KM () UCL  3.246
SD 2458 95% KM (BCA) UCL 3422

SEofMean  0.702

Potential UCL to Use

95% KM (% Bootstrap) UCL 3239

957% KM (Chebyshev) UCL  5.0683

S757% KM (Chebyshey) UCL 6388
99% KM (Chebyshev) UCL 238

Data appear Gamma Distributed (0.05)
May want to try Gamma UCLs

LOCKMHNEED MARTIN 4
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UCLs for TCE Data with NDs (with 9.29) -GROS

85% UCLs (Adjusted for Skewness) 957 UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995)  3.233 95% Adjusted-CLT UCL (Chen-1985) 2323
95% Modified-t UCL (Johnson-1878)  3.048 95% Modified-t UCL (Johnson-1378)  3.048
85% Nonparametric UCLs S5% Nonparametric UCLs
95% BootstraptUCL 4,805 95% Bootstrapt UCL  5.231
35% Hall's Bootstrap UCL ~ 7.983 S5% Hall's Bootstrap UCL ~ 8.015
95% Gamma UCLs(Assuming Gamma Distribution) 95% Gamma UCLs(Assuming Gamma Distributicn)
S5% Approximate Gamma UCL ~ 6.843 95% Approximate Gamma UCL  8.858
85% Adjusted Gamma UCL ~ 8.405 95% Adjusted Gamma UCL 113

Caution: GROS yields negative extrapolated values which are replaced by
small numbers: 0.001, 0.0001, ...

Different choices for negative values yield different UCL95
Use of ROS methods should be avoided, use nonparametric KM method
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Background Statistics - UPL, UTL for TCE
Data with NDs

Select Variables

“esting ANOVA Trend Tests | Background | UCL Window Help Variables Selected
Full (w/o NDs) Background Statistics » Name [0 [Cort | [ ame. [1o [Count ]
TCE 0 *%
Normal l With NDs Background Statistics » " JICE{\HN 4 13
a5 Background Statistics Options

Confidence Level 095

Lognormal

T~

Non-Parametric

Gamma '

All Coverage [EE]

2 Different or Future K Values 1

Number of Bootstrap Operations | 2000
|| Prediction intervals for k>1 II/ o | s | )

1

LOCKMHNEED MARTIN 4
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UPL95, UTL95-95 TCE Data with NDs

» Statistics computed with outlier 9.29

Background isti ng Normal

DL/2 Substitubon Method
Mean
SD
Tolerance Factor K
95% UTL 95% Coverage
95% UPL (1)
90% Percentile (z)
95% Percentile (z)
99% Percentile (z)

Note: DL/2is nota recommended method.

Maximum Likelihood Estimate (MLE) Method
Mean

sD

S5% UTL 95% Coverzge

95% UPL (1)

90% Percentile (2)

95% Percentile (z)

99% Percentile (z)

1826
285

25814
8755
6685
5223
6.186
7592

072
3678
10.34
7465
5436

928

95% Bootstrap (%) UTL with &

Log ROS Method BTVS USing
Mean in Log Scale -0.535]

SD in Log Scale 1652 LROS

Mean in Orignal Scale 1748
SD in Original Scale
85% UTL 85% Coverage

957% BCA UTL with &

overage 929

overage 929

95% UPL (1) 121
S0% Percentile (z) 4388
5% Percentile (z) 8869

S5, Perceniile (z); 2734

Kaplan-Meier (KM) Method
Mean 2002
SD 2458
Standard Error of Mean  0.702
95% UTL95% Coverage ~ 8427
S5% KM Chebyshev UPL  13.09
95% KMUPL() 6508
S0% KM Percentile (z) 5.152
S5% KM Percentile (z) ~ 6.045
93% KM Percentile () 772

|| BTVs based upon KM Method ||

89
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Arsenic Data Set from a Federal Facility

Objective: Compute site-specific background level
concentrations/BTVs to compare site data with BTVs

» Look at your background/reference data graphically
»  Perform outlier tests

° Establish background/reference area data set represented
by unimpacted locations

° Perform GOF test to determine data distribution

> Compute UPLs and UTLs to estimate BTV

For added insight - use formal graphical comparisons of
C data with reference BTVs
LOCKHEED MARTIN 4
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Box Plot and Q-Q Plot of Arsenic Background
Data Set of Size 48

Box Plotfor As

Q- Plot with NDs for As

w w Outliers? I/ e
- g - .- ——
« | Outliers? = .

ue @ 1] ..

= A

Graphs suggest 22.7 is an outlier; and potenﬁially a
group of 3 intermediate outliers (?) is also present
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Rosner Qutlier Test on Background Data

Rosner's Qutlier Testfor As

22.7,13.2,12.2, 12 are
Mean 4135 . at .
i Do 17 statistical outliers at 0.05
Number of data 48 level of significance
Number of suspecied outiers 5

4 outliers:

Potential Obs. Test Critical Critical ..
£ Mean sd  oulier Number  value valve (5%) valve (1%) Test val. > critical val.
1 a1 azM 27 18 4385 af 346 Conclude: 4 outliers
2 374 3.32% 132 18 2845 31 3.4
3 3.534 3.044 122 2 2847 3.09
4 3.342 2781 12 14 3114 3.09 .44
s 247 9 7 22 208 34 5 outliers:

5 .
\ Test val. < critical val.
For 5% significance level, there are 4 Potentizl Qutliers

Conclude: not 5 outliers

Therefore, Potential Statistical Outliers are

227.132.122.12

For 1% Significance Level. there is 1 Potential Outlier
Therefore, Obse:

tion 22.7 is @ Potential Statistical Outlier

Project team should decide about disposition of outliers

Supplement outlier tests with graphical displays

LOCKMNEED MARTIN 4

93



Q-Q Plot of Background As Without 4 Outliers

Q-Q Plot with NDs for As-4-out

Ordered Observations
=

‘‘‘‘‘
o aa

& o N

Theoretical Quantiles (Standard Normal)

As-4-out
Total Number of Data = 44
Number of Non-Detects = 10
Number of Detects =34
Mean =3.1445
Sd=24758
Siope =2.3398
Intercept = 3.1448
Correlation, R =0.9258

QéQ plot of Arsenic without 4 outliers - NDs shown in red
Graph does not display a linear pattern
Background arsenic does not follow normal distribution

94
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Summary Statistics for Background/
Reference Area and AOC Data Sets

From File: C:\Users\Ani p\ProUCL-webi inar-mai inarshi ; ADC_BK_NO_As-use s wst
Summary Statistics for Raw Data Seis with NDs using Delected Data Only
HRaw isti il (o
. Variable Num Ds NumNDs % NDs Minimum Maximum Mean Median SD  MAD/0.67%Skewness CV
Site AOC Data Ssout(al) 66 1B 1646% 078 107 a7is | a% | 175 126 1405 0471
As_outé (a18) 7 0 000% 0@ | 7 3% 33 1613 1631 0256 043
st (:22) 2 7w 21 45 321 e 0672 05% 022 01%
D fsout (soc1)) 19 0 000% 06 6 3w 42 1502 13M 0851 0383
Bs_outé (zoc-11) 68 0 000% 0 88 6 18 1127 1888 60&2 1741
ot (2oc12) B3 0 000% 03 821 742 258 1812 146 3gm | 24%
fs_outt (s0e20) £ 9 1768% 03 181 2747 25 2288 128 3669 0869
Bs_outd (s0c) 10 0 000% 25 57 36 245 104 0815 1089 028
II Background Data Bo_outd (accT) 14 0 000% 12 72 sky 35 atts | 2817 1R
3 Aot (bh) U 0 27w 0®m 8 3797 295 | 2456 2001 0905
fs_oub(ge) 19 3 3% 08 58 307 23 1402 0151 0dsi
fsoutt(s2) 118 : 1 599 681 51 781 224 4818 1182
Lo otk (s5) 60 10 08 65 273 23 1504 163 05% 085
Ae_oud (salnt) 71 0 051 a4 7765 a5 1898 252 5em 244
As_outt (saé-hsp) 3 i 0/ | 22 163 21 0793 0148 | -i701 0468

4 outliers excluded from background
(As-out4 (bk)) data set

LOCKNEED MARTIN 4
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GOF Test for Reference Data Set

» Background data set has 10 nondetects

» For data sets with many NDs, it is not easy (nor
needed) to justify distributional assumptions

» Use of nonparametric method such as KM method
is suggested to compute BTVs

KM (1958) method is a nonparametric method used on data sets
with NDs to estimate population mean, standard deviation,
standard error of mean, UCLs, UPLs, and UTLs

LOCKMNEED MARTIN 4
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Estimates of BTV Using KM Method

Background data set of size 48 was collected
Background data screened for outliers
Identified outliers removed - Project team should get involved

Kaplan-Meier (KM) Method

Kaplan-Meier (KM) Method Mean 3.742
Mean  3.147 sD 3284
SD 2441 Standard Error of Mean  0.486
Standard Error of Mean  0.374 95% UTL 95% Coverage  10.55
95% UTL 85% Coverage 8251 95% KM Chebyshev UPL 1821
95% KM Chebyshev UPL  13.91 85% KM UPL (1) 9313
S5% KM UPL(D  7.297 S0% KM Percentile (z)  7.851
90% KM Percentile (2) 6276 95% KM Percentile (z) 9.144
95% KM Percentile (z)  7.162 99% KM Percentile (z)  11.38
99% KM Percentile (z)  8.826 95% KM Simultaneous Upper Limit  13.37

5% KM Simultsneous Upper Limit  10.24
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Expanding Site-Specific Background Data

> PRP suggested to expand existing background data by
including onsite AOC data comparable to background

»  Since a background data set of size 48 is already
available, BTV is computed using background data; and

»  Observations less than BTV are considered coming from
background population (common practice in background
gvaluation studies) establishing the expanded background

ata set.

LOCKMNEED MARTIN 4
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Extracting Site-Specific Background Data

»

e]

However, when background data are not available,
one can potentially extract background data from
onsite data using normal Q-Q plots and population
partitioning methods (e.g., Singh, Singh, Flatman,
1994, Math Geology).

Since background data were already collected,
opulation partitioning was not used to extract
ackground data from onsite data.

A scenario extracting background data using onsite
data is considered for illustration purposes.

LOCKMNEED MARTIN 4
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Expanding Site-Specific Background Data
Based upon BTV

» All onsite arsenic values less than BTV = UTL95-95
(=8.25 without 4 outliers) are considered as coming
from background population.

»  This resulted in expanded background data of 639.

»  Formal Index Plots and Q-Q plots of reference and
AOC data sets using original background data
(without 4 outliers and 1 outlier) and expanded
background data are shown next.

100

A

These graphs with horizontal lines at BTV estimates represent formal graphical
displays.

Onsite observations exceeding the BTVs may represent locations not belonging to
site background population.

These onsite locations may require further investigation.
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Statistical Software Scout 1.1

»  Both ProUCL4.1 and Scoutl.1 software packages
were used to establish expanded background data

»  Scout with advanced %rao‘ohlcal capabllltles and
robust statistical met s was developed by
Lockheed Martin for NERL-EPA Las Vegas

» An older Scout 2008 Version 1.0, its User and
Technical Guides can be downloaded from EPA ESD

website:

http://www.epa.gov/esd/databases/scout/abstract.htm

LOCKMNEED MARTIN 4
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Formal Graphical Displays Generated by Scout 1.1

4

Scout can generate graphical displays including Index
Plots and Q-Q plots by groups.

These graphs can be formalized by displaying
horizontal lines at decision statistics such as UPLs,
upper percentiles, and UTLs.

On graphical displays, Scout can label observations b
values, group ID, observation numbers- providing a formal
visual comparison of background and AOC data sets.

At present ProUCL cannot generate formal Index
plots and cannot label observations by group IDs.

LOCKMNEED MARTIN 4
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Q-Q plots Using Original Background (without
4 outliers) and AOC Data Sets

Q-Q Plot for As_out4 Statistics
1512 (Based on displayed data)
1428 440 (NDs = DL Values shown in Larger Fonts

As_outd (a1)

1328 n=7¢

=0 ND=13
Min =064
128 Max = 107
Mean =3.332
» 1028
2 Median =32
% 928 5579 Sd=2654
V=07
Z 828 cv=or
g 784 Skewness =0.405
g s 6 Siope = 1.791
3 @ Outlier 22.7 . R i
° Correlation, R=0958
3 528 - As_outd (a14)
] i - n=97
as |l outliers 12, 12.2,13.2 || s ne
28 > Min =0.42
- 2 F Max =7
. 135 z Mean =3293
128 ey : L Median =33
Maximum Non-Detect = 45 3 - Ly YR ) e
28 ® 1K & R Y O P 7 e L
72
28 138 08 02 1 2 s
Theoretical Quantiles (Standard Normal)
Wat als  Aa2 20c-10 @ aoc-11 ==aoc-12 | aoc-20 racc-6 ¥ aoc-7 bk Woe 52 5 sat-tnt & sad-hsp

Graph compares As in AOCs and original background without 4
outliers (positions of removed outliers shown on graph).

LOCKHEED MAlfﬁ
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Q-Q Plots Using Expanded Background
Data without 4 Outliers

Multiple Q-Q Plots with NDs As_outd (1)
Total Number of Data =2
150.00 for As_out4 ... Number of Non-Detects =0
o + Number of Detects =2
Mean =9.8500
jEzoy Sd=12021
12000 Siope = 1.4420
1000 Intercept = 9.8500
2 10000 Correlation, R =1.0000
2 %000 a As_out4 (aoc-11)
g Total Number of Data = 11
5 00 ) Number of Non-Detects =0
8 00 ‘ Number of Detects = 11
g 6000 o i Mean =21.7455
2 50.00 Sd =23.0960
K} + ! Slope = 18.6415
bl = Intercept = 217455
30.00 U Correlation, R=0.7619
2000 B + yal As_outé (a0c-12)
10.00 1 o4l Los PET M TI 111w ——— =
000 | = -- z
1000 Mean = 538080
) 2 A o N 2 L] Sd =35.8262
Theoretical Quantiles (Standard Normal) S

Intercept = 53.8080
(W As_outs (a1) As_outd (aoc-11) A As_outd (aoc-12) As_outd (a0c-20) As_outd (a0c-7) - ps_outd(expnd-tk) | As_outd (s2) = As_outd (sat-tnt)

Graph identifies onsite observations that are significantly
hlgher than background population
Graph generated by ProUCL

LOCKNEED MARTIN 4
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Q-Q Plots Using Expanded Background
Data without 4 Outliers

As (Surface, 4 out.) - Onsite and Expanded Background combined and AOCs Statistics.

1512 (Based on displayed data)
1428 (NDs - DL Values shownin Larger Fonts
As_outd (aoc-11)
1228 o
1228 =0
Mn=75
128 Max =878
Wesn =2175
» 1028
= ‘ Viedan =127
] &9 s1-282
2 28 cv=104
@ o2 Skewness = 2958
87 012 Siope = 1964
T 628 Ftercept = 2175
B As_outd (a0c-12)
S gt ? =
428 o n
n=0
e U Win =984
28 . . ' Max = 824
! Mean = 53,81
128 ge N
Maximum Non-Detect = 4.5 i cer tioe v et ®iiTian mm o O Median = 636
28 Sde60
cve1115
72
34 2 14 04 08 16 26 34 Skewness = -0.0887
Theoretical Quantiles (Standard Normal) Siope = 37.84
tercept = 5381
e soc11 Aaoc12 80020 a0c.7  =—expnd-bk | s2 st ant

Graph identifies onsite observations that are significantly higher
than background population
raph generated by Scout, observations labeled by Group ID

R \\
; § LOCKMNEED MARTIN $

105

105



Formal Index Plot of Expanded Background
Data (without T Outlier) and AOC Data Sets

Index Plot with NDs by Groups for As_out1
1556
1456 il
1356

[uTL 95-95(w/0 1 outlien) |

1156

1056

o S0 e || Retained background outliers: 13.2, 12.2, 12 ||

|| UTL95-95(w/0o 4 outliers) II

Mean (1 outiier) = 3742

Mean( 4 outliers) = 3.147 UTL 85-85 (1 outiier) = 10.55 fe

50 100 150 200 260 300 350 400 450 500 550 800 650 700 780
Index of Observations
NDs Displayed in Larger Font

ma soc-11 Asoc12 > s0c-20 @aoc? =expndtk | s2 4 sat-int

Graph shows BTVs (and mean) computed using background data without 1 and also
without 4 outliers.
-7, AOC-11, AOC-12, AOC-20, S2, Sal-TNT exhibit higher AS than background

LOCKNEED MARTIN 4
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Formal Index Plot of Expanded Background
Data (without 4 outliers) and AOC Data Sets

Index Plot with NDs by Groups for As_out4

- wr
1356
1256
-
1056
® 956
g 856
§ 756 :
At % | BTV without 1 outlier ||
=l II BTV without 4 outliers || K
=l D
56 = s
) e
0 50 100 50 200 250 300 350 00 150 500 50 800 360 00

Index of Observations
NDs Displayed in Larger Font

s soc11 Asoc12 ) s0c20 oc7  =expndtk | s2 sattnt

Mean w/o 1 outlier = 3.742, mean w/o 4 outliers = 3.147; both are below largest ND
AOC-7, AOC-11, AOC-12, AOC-20, S2, Sal-TNT exhibit higher arsenic than BTVs

LOCKMNEED MARTIN 4

Observations above BTV may not belong to background
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Extracting Background Data from Onsite
Data Using Population Partitioning

Q-Q Plot for As statistics
1512 (Based on displayed data)
1428 14 (NDs = DL Values shown in Larger Fonts
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Q-Q plot of Arsenic using all data (757 points) from background and AOCs
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Extracting Background Data from Onsite
Data Using Population Partitioning

» Background outlier 22.7 represents an impacted location

» Elbow of Q-Q plot seems to be around 9-13 and inflection
point is around 15 (cutoff between Arsenic in background
and onsite locations)

o Project team should make a decision about which value to
select as the cutoff point

» AOC arsenic less than 9-13 may be considered as
representing site-specific background:
o Onsite values <13 may be used to establish extracted site-
specific background data and compute BTV estimates based
upon extracted background data

LOCKMNEED MARTIN 4
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Summary - Establishing Background
Data and Estimating BTVs

» Establishing background data sets:

» Collect appropriate amount of data from background
locations

o Make sure that no outliers and/or multiple populations are
present in background data set

> Use Q-Q plots to visualize data for additional insight about
extremeness of outliers and/or multiple populations

- Q-Q plots help Project Team in determining which values represent
potential outliers not belonging to background population

-+ This information cannot be obtained by using outlier tests alone

LOCKHEED MARTIN f$
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Summary - Establishing Background
Data and Estimating BTVs

» Based upon CSM/historical information, Project Team
should decide about disposition of identified outliers
- include or not include them in BTV calculations

» Perform GOF tests to determine data distribution

» Depending upon data distribution and frequency of
nondetects in background data, use an appropriate
(e.g., UTL95-95) parametric or nonparametric
method to estimate of BTVs

o Compute UTL95-95 to establish BTVs

LOCKHEED MARTIN f$
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Summary - Establishing Background
Data and Estimating BTVs

» In case of uncertainties (e.g., at large Federal
Facilities), background data can be established in
more than one way:

> Collect data from background locations;
o Expand background data by including onsite data
comparable to collected background data;

o Extract site-specific background data from available
onsite data

+ Population partitioning methods based upon Q-Q plots can
be used to extract site-specific background data from
onsite data

LOCKMNEED MARTIN 4

112

112



Summary - Establishing Background

Data and Estimating BTVs

» Project Team should determine the appropriateness
of extracted background data from onsite data

» Use of more than one method to establish
background data set provides managers more
options which can help them in:

+ Making cost effective and defensible decisions; and
- Risk management evaluations

» Consult a statistician for clarification and discussing
the best approaches to establish background data
and estimate BTVs

LOCKMNEED MARTIN 4
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Resources & Feedback

» To view a complete list of resources for this
seminar, please visit the Additional Resources

* Please complete the Feedback Form to help
ensure events like this are offered in the future

3 SEPA L ion Program
%‘ 5 .S, Project Engineering Forum . .
¢ e Door 1o Flekd st Session C (Green Need confirmation of

your participation today?
Fill out the feedback form

/ and check box for

confirmation email.

114

114



