If the scale (or DataMode) is set to Log Transform Land’s formulas are used to compute
the Confidence Interval Limits (see Section 12.1 of Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance). The ClI on Mean window for a Parametric
Confidence Interval on the Mean for log-normal datais shown in Figure 5-100 and the
statistics shown for each confidence interval are described in Table 5-29.

Options Assumptionsild Heports Hindow
CI on Mean 1

COMFIDEMCE INTERUAL FOR MEAN 0One-Tailed Lower Interval 1
COMSTITUENT : Copper. total 1

ACL:5.888 <(pph
SCALE:Ln Transform

WELL:
Observationsin:-§
Shapiro—Wilk<W>:B.6%2 ==
Tab.Win,.ax=0_81>:0.749

Mean:=1.281 l1n<pph>

5td Dev:A.586 In<pph>
Conf Level{l-w«>:-6.99808

Figure 5-100. Cl on Mean window for a Parametric Confidence Interval on the log-
norma mean.

Statistic Description

Observations(n) Number of observationsin the well or group.

Shapiro-Wilk(W) orShapiro-Francia(W’) For less than 50 past observations the Shapiro-
Wilk(W) statistic. If 50 or more past
observations are selected the Shapiro-
Francia(W’) statistic is computed. Thisvalue
isflagged with an asterisk (*) if the data are not
normally distributed at the 1% level of
significance.

Tab. W(n,==0.01) or Tab. W’(n,==0.01) Critical value of W or W’ for n observations at
the 1% level of significance.

Mean Mean of the natural logarithms of the
observations
Std Dev Standard Deviation of the natural logarithms of

the observations.

Conf Level(1-) Confidence Level
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DF

Degrees of Freedom

H(=) for aone-sided lower interva
H(1-<) for aone-sided upper interval

H(%),H(l—%) for atwo-sided interval

Tabulated values for Land' s formul as.

UL

Upper Confidence Limit

LL

Lower Confidence Limit

Table 5-29. Statistics displayed in the Cl on Mean window for each Parametric Confidence
Interval on the log-normal Mean.

Parametric Cl on 95th Percentile

Execute the CI on 95th option of the Test menu to construct a Parametric Confidence
Interval on the 95™ percentile. The computed Confidence Interval will appear in the Cl on
95%tile window. The Cl on 95%tile window is shown in Figure 5-101 and the statistics
shown for each confidence interval are described in Table 5-30.

Options Assumptions S FHeports Tindow

CI on 95xtile

1
CONFIDENCE INTERUAL FOR 95th PERCENTILE One-Tailed Lower Interval T

CONSTITUENT

:Copper,. total 1
MCL:
SCALE:

WELL:
Observations{nl):
Shapiro—Wilk<U>:
Tab_Win,a=A_681>:

Mean:

Std Dev:
Conf Leveld{l-u):
LOWYER k:

i8.888 (pph>
Original

BG-1

714 =
.749

.B58 <{pph>
172 <pph>
.25680

.758

B 5 b e S S2

Figure 5-101. CI on 95%tile Window.
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Statistic Description

Observations(n) Number of observationsin the well or group.

Shapiro-Wilk(W) orShapiro-Francia(W’) For less than 50 past observations the Shapiro-
Wilk(W) statistic. If 50 or more past
observations are selected the Shapiro-
Francia(W’) statistic is computed. Thisvalue
isflagged with an asterisk (*) if the data are not
normally distributed at the 1% level of
significance.

Tab. W(n,==0.01) or Tab. W’(n,==0.01) Critical value of W or W’ for n observations at
the 1% level of significance.

Mean Mean

Std Dev Standard Deviation

Conf Level(1-) Confidence Level

LOWER k for aone-sided lower interval Tabulated kappa values from Hahn and Meeker
UPPER k for aone-sided upper interval (1991).

LOWER k, UPPER k for atwo-sided interval

UL Upper Confidence Limit

LL Lower Confidence Limit
Table 5-30. Statistics shown for each Confidence Interval in the Cl on 95%tile window.

If the computed Confidence Interval does not contain the concentration limit being tested
(i.e., ACL or MCL) the Confidence Interval is flagged with an asterisk (*) and explanatory
text as shown in Figure 5-102.

SN
UL:?.213 <pph>
LL:=2_.587 <{pph>

#* Since the lower limit of the 95.88:x Confidence Interval exceeds the ACL
there is statistically significant evidence that
the population Mean exceeds the ACL.

Figure 5-102. Explanatory text displayed for atwo-sided Confidence Interval on the
mean compared to an ACL of 2 ppb.

1. Use the Reports | Print option to print the Parametric Prediction Interval resultsto a
printer or ASCII file (Section 5.7.9).
2. Use the Reports | Display option to view a graphical representation of the Parametric
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Confidence Interval results (Figure 5-103). The Confidence Intervals and concentration
limit (i.e., ACL or MCL) are superimposed on Box Plots.

Box Plot of Cu Concentrations
Facility BENCHMARK —Gelected Hells-81-81-93 To 18781795
953.88 X Two-Tailed Confidence Interval on the Mean
=T | 1 I I T T I [ I I [ I I I
Fooled : | * I | :
Background : - - . - :
| — |
1.983 | [y : : ]4.791; :
| N |
8.808 | [ : : ——]5.741 :
CH-1 L % | F—
1.464 | [N : : : : : : ] |11.985
BG-2 : | = ;
2.5537[ : : : 5]7.2512
BG-1 : | 5 |—| : : : :
L : 5 : : : : :
C 2281[1 I T T T T |J|5|'¥7|1| I
3.8 5 .88 7 .88 9.88 11.08
2.88 4,88 6 .88 8.88 1@8.d98
Cu {pphbl)

Figure 5-103. Two-sided Confidence Intervals superimposed on Box Plots.

5.7.8 METHODS | INTERVALS | CONFIDENCE | NONPARAMETRIC
The Methods | Intervals | Confidence | NonParametric option allows you to:

. Compute a Non-Parametric Confidence Interval around a user-specified percentile for
comparison to an ACL or MCL.

For statistical guidance consult Section 12 of Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions bel ow assume that a data set is |oaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).
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2. Press <M> to descend into the Methods menu.

3. Press <I> to descend into the Intervals menu.
4. Press <C> to descend into the Confidence menu.
5. Press <N> to execute the Nonparametric option of the Confidence menu. The

Non-Parametric Confidence Interval Menu appears on your screen as shown

in Figure 5-104.

F

fAssumptions Test Heports

313152 Free

Figure 5-104. The Non-parametric Confidence Interval Menu.

6. The default settings for the Non-Parametric Confidence Interval methods are listed

in Table 5-31.

Option

Default Value

Confidence Level

99+10%

ACL, MCL The ACL and MCL default to the ACL and MCL
specified for the parameter being tested.

Pooling Individual Wells. Confidence Intervals are
constructed for each well.

Interval Type One-Tailed Lower

Table 5-31. Default settings for the Non-parametric Confidence Interval Method.

To change the desired Confidence Level, User Tolerance, ACL or MCL follow the

instructions for the Options pull-down menu in Table 5-32.
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Pull-Down Menu Item Description
Assumptions Test| | Confidence Level... Set the desired Confidence Level

Confidence Level
Set ACL,. MCL...
ells. ..

Exit

and User Tolerance.

Figure 5-105. The Options pull-
down menu.

Upon executing the Parameters option the message box shown in
Figure 5-106 appears on your screen.

Significance Levels for non—parametric intervals
are usually only approximate and often cannot he
constructed to meet the desired confidence level.

Figure 5-106. Message Box to inform users about Significance Levelsin Non-
parametric Intervals.

Computation of the Non-parametric Confidence Interval isiterative. A
list of possible Confidence Intervalsis constructed based for each
group. The approximate Confidence Level is computed for each
interval inthelist. The Interval that comes closest to meeting the
desired Confidence Level is selected and used for comparisons.

Press <Enter> to proceed to the Confidence Level diaog (Figure 5-
107).

Confidence Lewvel<{l-—o>:KEFHi}:
Tolerance = iG55

Figure 5-107. Confidence Level dialog.

Enter the desired Confidence Level and User Tolerance press
<Enter>.

If aNon-parametric Confidence Interval has already been computed
and the Confidence Level is changed the Confidence Interval will be
re-computed for the selected Confidence Level.
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Set ACL, MCL... The Set ACL, MCL... option
alowsyou to edit the ACL or
MCL that the Confidence
Interval (s) are compared to.

Upon selection you are prompted
for the concentration limit you
wish to edit as shown in Figure 5-
95.

Use the up and down arrow keys
to select the desired concentration
limit.

The Adjust Concentration
Limit Value dialog appears on
your screen as shown in Figure 5-
96. Typeinthedesired value and
press <Enter>.

If a Confidence Interval has
already been computed and the
ACL or MCL ischanged the
comparison(s) are automatically
refreshed for the new ACL or
MCL.

Wells... Allowsyou to toggle Well
Selection Flags. See Section
5.5.3.2.

Exit Exitsthe Non-parametric
Prediction Intervals menu.

Table 5-32. The Options pull-down of the Non-parametric Confidence Interval Menu.

To change the Pooling option and Interval Type follow the instructions for the
Test pull-down menu in Table 5-33.
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Pull-Down

Menu ltem

Description

vs S Reports

CI on Median
CI on %5th

Percentile...

Pool...
Construct...

Cl on Median

The Cl on Mean option
computes the Confidence
Interval around the mean.

Figure 5-108. The Test pull-down
menu.

Cl on 95" The Cl on 95" computes the
Confidence Interval around the
95" Percentile.

Percentile... The Percentile... option

Percentile: ELENE =

Figure 5-109. The Percentile

dialog.

computes the Confidence
Interval for a user specified
percentile.

Upon execution of the
Percentile... option the
Percentile dialog appears on
your screen (Figure 5-109).
Enter the desired percentile
and press <Enter>.
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Pool...

The Pool... option allows you
to specify the group(s) that
Confidence Intervals are
computed on.

Upon selection the Pool
dialog appears on your screen
as shown in Figure 5-98.

Select the Individual Wells
option to construct Confidence
Intervals for each well.

Select the Pooled
Background option to
construct a single Confidence
Interval around all pooled
background observations.

Select the Pooled
Compliance option to
construct a single Confidence
Interval around pooled
compliance well observations.

Use the up and down arrow
keysto highlight the desired
pooling option and press
<Enter>.

If a Confidence Interval has
already been computed and the
Pool... option is changed the
existing Confidence Interval
will be replaced.
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Construct... Use the Construct... option
to select the type of
Confidence Interval to
construct (i.e., one-sided
upper, one-sided lower or two-
sided).

Upon sdlecting the
Construct... option the
Interval Type dialog appears
(Figure 5-55). Usethe up and
down arrow keysto highlight
the desired interval type and
press <Enter>.

Table 5-33. The Test pull-down menu for the Non-parametric Confidence Interval method.

7. The first three options of the Test pull-down menu compute Non-parametric Confidence
Intervals (Table 5-33). Upon execution the Non-parametric Confidence Intervals are
displayed in the Non-Parametric CI window as shown in Figure 5-110. The statistics
displayed for each Confidence Interval are described in Table 5-34.

ssumptions Test Heports indow
Non—Farametric CI
HON-PARAMETRIC COWFIDENMCE INTERUAL One-Tailed Lower Interval
PERCENTILE: 56.088:
CONSTITUENT :Copper. total
Conf Level{l-a>:@_9980 * B_10800 C(Approx.>
ACL:5.888 <(pph>
SCALE:Original

WELL:BG—1
CONFIDENCE INTERUVALS
LOWER LIMIT UPPER LIMIT APPROX . COWF. LEUVEL
2.5608 85.547%
2.568

26 .484

Figure 5-110. The Non-Parametric Cl window.

Statistic Description

Observations(n) Number of background observations used to compute the Confidence
Interval Limits.

Conf Level(1-) Desired Confidence Level £User Tolerance.
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List of possible A list of all possible Confidence Intervals isdisplayed. Theinterval
Confidence selected for comparison to ACL or MCL is shown in bright white. All
Intervals other intervals are shown in yellow.
The Approximate Confidence Level is displayed for each Confidence
Interval in thelist.
LL Lower Confidence Limit
UL Upper Confidence Limit

Table 5-34. Statistics displayed in the Non-Parametric Cl window for each Confidence Interval.

If the computed Confidence Interval does not contain the concentration limit being tested
(i.e., ACL or MCL) the Confidence Interval is flagged with an asterisk (*) and explanatory
text as shown in Figure 5-111.

Z.58d +00 Y6 .48 Ax
2.580 +oo 29,6897
UL = +m

LL:=2.588 <{pph>

# Since the lower limit of the 76.48x Confidence Interval exceeds the ACL
there is statistically significant evidence that
the population 58.88 percentile exceeds the ACL.

Figure 5-111. Explanatory text for a one-sided lower Non-parametric Confidence
Interval around the median compared to an ACL of 2 ppb.

Use the Reports | Print option to print the Parametric Prediction Interval resultsto a

printer of ASCII file (Section 5.7.9).

Use the Reports | Display option to view a graphical representation of the Non-

parametric Confidence Interval results (Figure 5-112). The Confidence Intervals and
concentration limit (i.e., ACL or MCL) are superimposed on Box Plots.
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Box FPlot of Cu Concentrations
Facility BEMCHMARK —Selected Hells—-81-81-93 To 18-81-93
96.48 ¥ One-Tailed Lower Confidence Interwval on the Median
__ | T 1 I I I I I I I I I I I I I I
Fooled : | W | : : -
Background : . . - J : : :
2.508 : : : : >
cu-z § % |—| : : : : : L to
2.508 [ : : : : : : P 3
-1 5 x| e
2.500 : : : f x
BG-2 : | x Em— o
2.5@8 [- : : : : : : : ;3
BG-1 : | * F———?—ﬂ : 5 5 Do
Gl | T T T T T T T T A
3.484 5.88 7 .88 9.8a8 11.44
2.988 4,88 6 .88 8.94 1d.488
Cu {pphl

Figure 5-112. One-sided lower Non-Parametric Confidence Intervals superimposed on
Box Plots.

See Section 5.5.3.3 for instructions on printing the plot.
5.7.9 PRINTING INTERVAL REPORTS

Upon executing the Print option of the Reports menu the Printing menu shown in Figure 5-113
appears on your screen.

Report: Parametric TI
Display Printer
Output report to disk file

Figure 5-113. The Printing
destination menu.

Use the left and right arrow keys to highlight the desired destination and press
<Enter>. See Section 7.6.9.1 for instructions on setting up the report printer.
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Display

The Display option displays the report to your screen as shown in Figure 5-114.
The keystrokes available in the Display option are detailed in Table 5-35.

Parametric Tolerance Interval
Report Printed April 21.1997

Page
Facility:Benchmark Dataszets
Parameter:Chremium,. total{CAS Number:7440-47-3)

PNE-TRILED UPPER PARAMETRIC PREDICTION INTERUAL

Obhzervations (n): 16
Shapiro—Wilk <W>: B_6558 = Data are not normally distributed
Critical W.x=0.81: 0.8448 at the 1% level of s=ignificance.

Mean: 39.8632 pphb
Std Dev: 32.466 pph
DF: 15
Conf. Level ¢{1-o>: @A.758
Coverage: @_.958
Kappa: 2.5248

(8> Screen,. (P> Pan. W Window, ¢G> Continuous, (R>» Restart, Q) Quit

Figure 5-114. The Report | Display option of the Parametric Tolerance Interval

Menu..

Keystroke Description

<L> < > Scroll down oneline.

< > Scroll up oneline.

<S>, <Page Scroll down one page.

Down>

<Page Up> Scroll up one page.

<pP> Activate the left and right arrow keysto pan left and right. Press <Esc>
when through.

<W> Window is used to split the report window. Thisis usually used for wide
reports.

<C> Run report to the end with no stops.

<R> Restart the report.

<Q> Quit the report and return to the Interval Menu.

Table 5-35. Report Display commands.
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File

The File option writes the report to user specified file. This option may be used to
create a printer codes file or an ASCII file. Generaly the ASCII file is the most
useful option. Upon selection of the File option the File Type selection box
appears on your screen as shown in Figure 5-115.

QMS PS 1588 PostScript
HF Laserdet III D Duplex

HP LaszerJet III

HP LaszewrJet 508+

HP LaserJet 4

HP ThinkJet

Epzson EX,.FH,.JA.LX.RE High-Speed Draft
Panasonic KH-P4458-4450i1i Epzon Mode
ASCIT Export

Databhaze Export

Worksheet Export

Figure 5-115. The File Type selection dialog

Use the up and down arrow keysto highlight the ASCII Export option and press
<Enter>. A prompt for the DOS file name appears on your screen.

The ASCII file may be imported into almost any popular word processor file.(i.e.,
the Insert | File... option of Corel WordPerfect® and Microsoft Word® will insert
an ASCII fileinto the currently active document).

Print

The Print option is used to print the report to a selected printer. Upon selection of
the Print option the Printer Selection dialog appears on your screen as shown in
Figure 5-116.

QMS PS 1588 PostScript
HP Laserdet III D Duplex

HP LaserdJet III

HP LaserJet S58H+

HP LaserdJet 4

HPF ThinkJet

Epson EX,.FX,.Ji_ LH_RY High—-Speed Draft
Panasonic KE-P4458.-44581 Epson HMode

Figure 5-116. The Printer Selection diaog

Use the up and down arrow keys to highlight the desired printer and press
<Enter>.
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Note: The list of printers may be customized by running the RRSETUP utility in
the \GRITS500\M ODULEL1 directory. See Section 5.7.9.1 for instructions.

5.7.9.1 Configuring Printers for Interval Method Reports

The instructions in this section show you how to customize the printers for the intervals reports
(i.e., the printers listed in the Printer Selection dialog shown in Figure 5-116).

1. At the MS-DOS prompt switch to the \GRITS500\MODULEL1 directory.

2. Type RRSETUP and press <Enter>. The R&R Report Writer Configuration
Program appears on your screen as shown in Figure 5-117.

HENU

Configuration Fonts Exit

Conf igure defaults, printers, and colors

R&R Report Uriter GConfiguration Program
Concentric Data Systems,. Inc.
CC) Copyright 1986 — 1994
A1l Rights Reserved
Uercsion 6.8
UM Fi=Help

Figure 5-117. The R&R Report Writer Configuration Program.

3. Press <C> to execute the Configure option. A File Name prompt appears.
Press <Enter> to accept RR.CNF.

4, Press <P> to execute the Printers option The Printer Configuration dialog
appears on your screen as shown in Figure 5-118.
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R&R Configuration Manager EADY
Presz F1 For help, Esc to return to Configuration menu

gMS PS5 15808 PostScript
Mame: QM5 PS5 1588 PostScript

Printer 2 type: CUSTOM

Mame: HP LaserdJet III D Duplex
3 type: HF Lasewdet 111

Mame: HP Lasexdet III
4 type: HP LaserdJet SHA+

Mame: HP LaserdJet S58@+
L type: HPF LasewvdJet 4
. Mame: HP LaserdJet 4
?
8

Printer
Printer
Printexr
Printer type: HPF Thinkdet

Mame: HF ThinkdJet

type: Epson EX.FR.JH.LH.RA High-Speed Draft
Mame: Epszon ER.FX_ JH.LX.R{ High—Speed Draft

type: Panasonic KX-P4458-4458i Epszon Mode
Mame: Panasonic KH-P4458-4458i Epson Mode

Printer

Printexr

Figure 5-118. The Printer Configuration dialog.

The Printer Configuration dialog allows you to specify the printers which appear
in the Printer Selection dialog (Figure 5-116) when printing interval method
reports.

5. Use the up and down arrow keys to highlight the printer you wish to change and
press <Enter>. A pop-up list of printers appears on your screen as shownin
Figure 5-119.

Uror

Printer 1 type: QHMS PS5 15808 PostScri 1

GHS PS 1588 PostScri| Oki PlugkPlay B82A-83A i
CUSTOM 0Oki Plug&Play 84-92./93

HFEF LazewrJet III D Du| Oluympia NP-8B.-NP-136

HP Laserdet III Panasonic KX-P16898

HF LaszerJet III Panasonic Ki-P18721

HF LaszerJet 580+ Panasonic KE-P1124

HPF LaserJet S580+ Panasonic KX-P1188

HF LazeprJet 4 Panaszonic KX-Fi624

HP LaserJet 4 Panasonic KX-P3151

HF ThinkJet Panasonic KX-P4458.-4458i Epson Mode

HF Thinkdet Panasonic KE-P4458-44581i Panasonic Mode

Epson EX,.FE,.J4.L¥.R¥| PostScript

Epzon EX_FX,Jd_L¥,.R{| Primage I

Panasonic HKX-P4450-4 | PEEECERC D ET RS0
Panazonic KX-P4458-4| Quadram QuaddJet
Quadram QuadLaser

Qume LetterPro 208

Qume Sprint 5

-

Figure 5-119. Pop-up list of printers.
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6. Use the up and down arrow keys or first-letter pointing to highlight the name of
your printer or, if the exact name does not appear, the name of a printer that your
printer emulates. Select CUSTOM if no name on the menu matches your printer.
Select UNASSIGNED if you want to remove aprinter. Press <Enter>.

7. Press <I> to execute the Interface menu. Use the up and down arrow keysto
highlight Port and press <Enter>. Use the left and right arrow keys to highlight
the port the printer is attached to and press <Enter>.

8. Press <Esc> three times and press <S> to save your changes.

9. Press <Q> <E> to exit RRSETUP.

5.8 GRITS STATISTICS ANOVA, Two-Sample, Control Chart Module Methods

The GRITS STATISTICS ANOVA, Two-Sample, Control Chart Module contains the
following statistical methods:

Shewhart-CUSUM Control Chart

. Kruskal-Wallis Test (Non-parametric One-Way ANOVA)
. Parametric One-Way ANOVA

. Wilcoxon Rank Sum Test

. Welch'st-Test

The menu tree for the Methods menu of the GRITS STATISTICS ANOVA, Two-Sample,
Control Chart module is shown in Figure 5-120.
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Methods

\ |
ControlChart TwoSample
\ \

\ | \ |

ControlChart SetParameters Wilcoxon Ttest
Welch's t-Test

ANOVA

NonParametric Parametric
Kruskal-Wallis Test

Figure 5-120. The Methods menu options of the GRITS Statistics ANOVA, Two-
Sample, Control Chart Module. Note: This menu tree does not show the Normality
and Variance menus.

5.8.1 METHODS | CONTROLCHART | CONTROLCHART
The Methods | ControlChart | ControlChart method allows you to:
. Construct a Shewhart-CUSUM Control Chart on a user-specified well.

For statistical guidance consult Section 10 of Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions bel ow assume that a data set is |loaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.
3. Press <C> to descend into the ControlChart menu.
4. Press <C> to execute the ControlChart option of the ControlChart menu. The

Choose Well dialog shown in Figure 5-121 appears on the screen.
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PSRN FTY SetParameters

Plot CUSUM Control Chart
Choosze Well
1 CHOOSE A WELL

Use the t1 keys to highlight the well you wish to
construct the Shevhart—CUSUM Chart on and press
<Enter’>.

Press {Esc* to abhort._

Well ID Grad Obs Min Max Mean Std Dev :
BG—1 1] [:] 2.5688 7.5088 4 _A5H 2_179
BG-2 1] 8 2.5688 9.2008 4._9688 2.767
cl-1 D 4 2.56808 1@.48068 6.725 3.306
Cu-2 D 4 2.5608 L .6B0 3.27% 1.550
BG—3 U 8 2.588 6.788 3.388 1.688

elect well to produce Control Chart For.

378832 Free

Figure 5-121. The Choose Well dialog.

5.
CUSUM Chart on and press <Enter>. The
Figure 5-122 appears on your screen.

Use the up and down arrow keys to highlight the well to construct the Shewhart-

Choose Scale diadog shown in

IR CetParameters
Plot CUSUM Control Chart

Choose Scale

1 CHOOSE SCALE

Data Mode:
Facilit

Original
Log Transform

Permit Typ

Consztituent:Cu

Copper.

Original

— Gonstruct Shewhart—CUSUM
chart on the original
ohservations.

Starting:Jan 81, 1995
Conztruct Shewhart—CUSUM

chart on the natural
logarithms of the
ohservations.

Log Transform —

Use the T} keys to highlight the desired
scale and press <Enter>.

Prezs <Esc> to abort.

Uze T4 to highlight the desired Data Mode. Press ENTER to select. ESC Aborts

Figure 5-122. The Choose Scale dialog.

6. Use the up and down arrow keys to highlight the desired scale and press <Enter>.
The Background Data Source dialog appears on your screen as shown in Figure 5-

123.
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SetParameters
Plot CUSUM Control Chart

Data Mode:Original
Facility:BENMCHMARK Benchmark Dataszets

Permit Type:Detection

M

Choose source for background mean and std dewv.
Press Esc to cancel.

Pool Background | Individual

Background Data Source
Pooled Background — Select ohservations from pooled background wells.
Individual — Select observations from a selected well.

User Input — Prompt for bhackground mean and standard deviation.

Use the arrow keys to highlight desired source and press <Enter>.
Press <Esc* to ahort.

Figure 5-123. The Background Data Source diaog.

The Background Data Source dialog offers three choices for selecting the
background data that the background mean (i.e., baseline) and standard deviation
will be computed from.

Pool Background
Upon selection of the Pool Background option builds alist of observations from

all selected background wells. The Data Selection dialog appears on your screen
as shown in Figure 5-124.
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SetParameters
Plot CUSUM Control Chart

rPata Mode:0riginal

Data Selection Help

[81.-81.-1995 BG-1 ND<5 . 988 1ITO TAG A RANGE OF DATA:
A1.-81.-1995 BG-2 2.288

a1.-81-1995 BG-3 ND<5 . BB8 Use the tl. Page Up and
Aa2.-81.-1995 BG-1 ND<5 . AAA Page Down keys to move
az2.-81.-1995% BG-3 5 .4868 to the first ohszervation in
a2.-81.-1995 BG-2 ND<5 . 8080 the desirved range and press
A3.-081.-1995 BG-3 6.788 the SPACE BAR.

a3-681.-1995 BG-1 7?.588

A3-81.-1995 BG-2 ND<5 . AAA Then use the 1 and Page Doun

keyz to move to the last
ohservation in the desired
range.

Hold the SHIFT kevy down and
press the SPACE BAR. Press
the Enter Key to accept this
selection.

|

Figure 5-124. The Data Selection dialog used to select the data that the Control Chart
limits will be computed on.

To tag a contiguous block of data use the up and down arrow keys to bracket the
first observation in the desired block and press the <Space Bar>.

Use the up and down arrow keys to bracket the last observation in the desired
block. Hold the <Shift> key down and press the <Space Bar>.

To tag or un-tag an individual observation use the up and down arrow keysto
bracket the observation and press the <Space Bar> to toggle the observation’'s
toggle state.

Press <Enter> accept your selection and proceed to step 8.

Individual

The Individual option alows you to select data from an individual well to
compute the background mean and standard deviation. Upon selection of the
Individual option the Well Selection dialog appears on your screen (Figure 5-

125). Use the up and down arrow keysto highlight the desired well and press
<Enter>.
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(LS RiH FVgd SetParameters

Plot CUSUM Control Chart

Data Mode:Original
Facility:BENCHMARK Benchmark Datasets
Permit Type:Detection

Conztituent:Cu Copper,. total
Starting:Jan 81, 1995 Ending:=0ct 81, 199%

Well ID Grad Ohs Min Max Me an Std Dev
BG-2 u 8 2.560 7.260 4.760 2.767
cu-1 D 4 2.560 1A8.468 6.725 3.306
cu-2 D 4 2.560 L.6H0 3.27% 1.558
BG-3 u 8 2.560 6.7600 3.388 1.688

Figure 5-125. Well Selection diaog

The Data Selection dialog consisting of the observations from the selected well
appears on your screen (Figure 5-126). To tag a contiguous block of data use the
up and down arrow keys to bracket the first observation in the desired block and
press the <Space Bar>.

Use the up and down arrow keys to bracket the last observation in the desired
block. Hold the <Shift> key down and press the <Space Bar>.

To tag or un-tag an individual observation use the up and down arrow keysto
bracket the observation and press the <Space Bar> to toggle the observation’'s
toggle state.

Press <Enter> accept your selection and proceed to step 8.
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ZetParameters
Plot CUSUM Control Chart

rPata Mode:Original

t= Data Selection Help

[81.-61-1995 BG—1 ND<5.808 <pph>1| 1ITO TAG A RANGE OF DAaTh:
a2.-81.-1995 BG—1 ND<5.888 C<pph>
a3.-81.-1995 BG—1 7.588 (pph> Use the tl, Page Up and
A4.-81 /1995 BG—1 ND<5.888 <(pph> Page Down keyz to move
A5.-81 /1995 BG—1 ND<5.888 {(pph> to the first observation in
A6.-81.-1995 BG-1 ND<L.888 <{pph> the desired range and press
87811995 BG—1 6.488 (pph> the SPACE BAR.
a8.-81.-1995 BG—1 6.888 (pph)

Then uze the 1 and Page Doun

keysz to move to the last
chzervation in the desired
range.

Hold the SHIFT key down and
press the SPACE BAR. Preszs
the Enter Key to accept this
gelection.

Figure 5-126. Data Selection dialog for observations from an individua well.
User Input

The User Input option allows you to enter a Mean and Standard Deviation to be
used to compute control chart limits. Upon execution of the User Input option the
BACKGROUND MEAN AND STD DEV dialog appears on your screen as
shown in Figure 5-127.

SetParameters
Flot CUSUM Control Chart

Data Mode:Original

Facility:B———BACKGROUND MEAN AND STD DEU———
Permit Type:D Hean: pph
Constituent:C|S8td. Dev.: [CME ppb

Starting:dJ

BACKGROUND MEAM AND STD DEU
Enter a bhackground mean and standard deviation in original wnits. The
standard deviation must be greater than zero.

Press <{Page Down> to complete your entry. Press <{Esc*> to abort.

Enter baseline mean and standard deviation. 369848 Free

Figure 5-127. The BACKGROUND MEAN AND STD DEYV diaog.

Enter the baseline mean and standard deviation and press <Enter>.
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The Shewhart-CUSUM window appears on your screen as shown in Figure 5-
128. Observations from the well that the control chart is constructed on appear in
the Period Summary. The statistics displayed in the Shewhart-CUSUM window

are described in Table 5-36.

IR HTYd CetParameters
Plot CUSUM Contrel Chart

Data Mode:Original
Facility:BENCHMARK Benchmark Datasets
Permit Tupe:Detection

Constituent:Cu Copper, total
Starting:Jan 81, 1995 Ending:=0ct A1, 1295
Mean <pd: 4.112 pph
gtd Deviation (o): 2.244 pph
Decision Internal Ualue C(hd): 5.88
Reference Value (k>: 1.8A8
Shewart Control Limit <SCL>: 4.58
#* Indicates out—of—contrel .rocess via (Zi>8CL> or (8ixh>
Date T N Mean Xaug S5td Mean 7 -k CUSUHM 5
: 1 . - .
May B1 2 1 2.58 -B.72 -1.72 a.08
Jun @1 3 1 7.88 1.64 B.64 B.64
Jul 61 4 1 18.48 2.8A@ 1.88 2 .45

Uze Tl to zcroll through period summariez. Press any key to continue.

Figure 5-128. The Shewhart-CUSUM window and Period Summary.

Statistic Description
Mean ( ) Mean of the background data.
Std Deviation (0) Standard Deviation of the background data.

Decision Internal Value (h) Value compared to S. The default value of h is5.0.
The value of h may be changed in the Statistical
Method Parameters dialog under the Methods |
ControlChart | SetParameters option.

Reference Value (k) Reference Vaue. The default value of kis1.The
value of k may be changed in the Statistical
Method Parameters dialog under the Methods |
ControlChart | SetParameters option.

Shewhart Control Limit Value compared to Z,. The default value of SCL is
(SCL) 4.5. Thevalue of SCL may be changed in the
Statistical Method Parameters dialog under the
Methods | ControlChart | SetParameters option.

Period Summary Date Sample Date
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T Ordina period

N Number of observations for this
sample date.

Mean Xavg | Mean of the N observations on this
sample date.

Std Mean Z | Standardized Mean Z;. Thisvaueis
plotted on the Shewhart-CUSUM
Chart.

Z-k Standardize Mean (Z;) minus
Refernce Value (k).

CUSUM S | CUSUM S;. Thisvaueis plotted
on the Shewhart-CUSUM Chart.

Table 5-36. Statistics displayed in the Shewhart-CUSUM window and the Period Summary.

Use the up and down arrow keys to scroll through the Period Summary. Press
<Enter> to proceed.
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CONTINUE, PRINT and PLOT options become active at the bottom of the
screen.

PRINT
The PRINT option prints the statistics described in Table 5-36 to alocal printer.
PLOT

Use the left and right arrow keys to highlight the PLOT option and press <Enter>
to view the Shewhart-CUSUM Chart (Figure 5-129).

concentration in std wnits

Cu

+ CUSUM Oftandardized Mean

COMBINED Shewart—-CUSUM CHART
Benchmark Datasets Hell:CH-1 Apx 81, 1993 To Jul 81, 1995

«ECL

65701795 §7/01795

34481795 a53/-31/95

Sampling Period

Figure 5-129. The COMBINED Shewhart-CUSUM Control Chart.

See Section 5.5.3.3 for instructions on printing the plot. Press <Enter> to return
to the Shewhart-CUSUM window.
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CONTINUE

The CONTINUE option closes the Shewhart-CUSUM window and returns to
the Methods | ControlChart menu.

5.8.2 METHODS | CONTROLCHART | SETPARAMETERS
The Methods | ControlChart | SetParameters option alows you to:

. Edit the values of the Decision Internal Value (h), Reference Vaue (k) and Shewhart
Control Limit (SCL) used by the Shewhart-CUSUM Control Chart. (Section 5.8.1).

Follow the instructions below to change the Shewhart-CUSUM Control Chart
Parameters.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.

3. Press <C> to descend into the ControlChart menu.

4, Press <S> to execute the SetParameters option of the ControlChart menu. The
Statistical Method Parameters dialog shown in Figure 5-130 appears on your
screen.

Statistical Method Parameters

Decizion Internal Ualue — h:-_ L.000@ (Shewart CUSUM Control Chart)
Reference Ualue — k: 1.888@ (Shewart CUSUM Control Chart)
Shewart Control Limit — SCL: 4.5808 (Shewart CUSUM Control Chart)

Figure 5-130. The Statistical Method Parameters dialog..

5. Use the up and down arrow keys to navigate between entries. Press <Page
Down> to save your changes.
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5.8.3 METHODS | ANOVA | NONPARAMETRIC
The Methods | ANOVA | NonParametric method allows you to:

. Run the Kruskal-Wallis Test to compare background well observations to compliance
wells.

Note: The Kruskal-Wallistest implemented in GRITS Statistics automatically pools all selected
background wellsinto one group. If you wish to exclude one or more background wells from the
Kruskal-Wallis test use the DataSet | View | Plot | Select option to toggle the well selection flags
(Section 5.5.3.2).

For statistical guidance consult Section 8.2 of the Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions below assume that a data set consisting of at least one background well
and two compliance wellsis |oaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.

3. Press <A> to descend into the ANOVA menu.

4. Press <N> to execute the NonParametric option of the ANOVA menu. The
One-Way Non-parametric Analysis of Variance window and Ranks
Summary appears on your screen as shown in Figure 5-131. The statistics shown

in the One-Way Non-parametric Analysis of Variance window are described
in Table 5-37.
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onParametric arametric

Run non—-parametric analysis of variance test

One—Way MNonparametric Analysis of Uariance

Data Mode:Original
Facility:BENCHMARK

Permit Type:Detection

Constituent :Cu Copper,. total
Starting:Jan B81. 1995

Benchmark Datasets

Ending:0ct 81, 1995

# Indicates significant evidence of contamination

—ell ID Date Qhservat ion Rank
[BG—1 8181 /25 2 .5888 16.8) H Statistic: 3.3826
BG—1 az2/81./95 2 .5888 i8.8 H fAdjusted for Ties: 4.1749
BG—1 a3.-81.-95 7.58688 28.8 Degrees of Freedom: 2
BG—1 a4./81 /95 2 .5888 i8.8 hi—Sgquared: 5.9915
Zoe/DF = 1.9688

Use 1t} to scroll through Ranks.

Press Enter for Well Summary. ESC Quits.

Figure 5-131. The One-Way Non-parametric Analysis of Variance window and

Rank Summary.

Statistic

Description

H Statistic

Kruska-Wallis Statistic

H Adjusted for Ties

H’ adjustment for groups of distinct tied observations.

Degrees of Degrees of Freedom (K-1) used to obtain chi-squared value. whereK is
Freedom the total number of groups or equivalently the total number of selected
compliance wells plus one.
Chi-Squared Chi-sguared value for (K-1) degrees of freedom at the 5% significance
level.
Zé Upper — percentile from the standard normal distribution where:
< =0.05

DF = Degrees of Freedom
Noteif K>6, Z,, is used.

Rank Summary
Window

The Rank Summary displays the ranks of all observations by group
and sample date. The Rank sum and average for each group is displayed
in the Rank Summary window.

—Vell ID Date Ohservation Rank:
[BG-1 A1./81/95 2.5008 10. 0|
BG-1 a2/81,95 2.5808 18.8 H Ad
BG-1 a3-/81.,95 7.5888 28.8 Deg|
BG-1 84./81./95 2.58088 18.8

Figure 5-132. The Rank Summary
window.

Table 5-37. Statistics displayed in the One-Way Non-parametric Analysis of Variance.
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5.

Use the up and down arrow keys to scroll through the Rank Summary. Press
<Enter> to proceed to the Well Summary (Figure 5-133).

cuy-2

#*# Indicates significant evidence of contamination
Well ID Crit. Diff. Rank Avg. Background Rank Avug. Difference —}

9.9296 12.75 15 .88 -3.13

Figure 5-133. The Well Summary window.

The statistics displayed in each column of the Well Summary column are
described in Table 5-38.

Column Description

Well ID Wl ID of each compliance well

Crit. Diff. Critical Difference (C)

Rank Avg. Average rank of each compliance well: R

Background Rank Avg. | Average rank of the pooled background

observations: R_b

Difference

R,

If this difference is greater than or equal to C, thereis
significant evidence of contamination and the well is
flagged with an asterisk (*),

Table 5-38. Statistics shown in the Well Summary window.

6.

Use the up and down arrow keys to scroll through the Well Summary. Press
<Enter> to proceed. PRINT and CONTINUE options become active at the
bottom of the screen.

PRINT
The PRINT option prints the results of the Kruskal-Wallistest to the local printer.

To print the results use the left and right arrow keysto highlight the PRINT option
and press <Enter>.
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CONTINUE
The CONTINUE option closes the One Way Non-parametric ANOVA window
and returns to the ANOVA menu. Use the left and right arrow keys and highlight
the CONTINUE option and press <Enter>.

5.8.4 METHODS | ANOVA | PARAMETRIC

The Methods | ANOVA | Parametric method allows you to:

. Run a One-Way Parametric ANOV A to compare background well observations to
compliance wells.

Note: The One-Way Parametric ANOVA test implemented in GRITS Statistics automatically pools
all selected background wells into one group. If you wish to exclude one or more background wells
from the One-Way Parametric ANOVA test use the DataSet | View | Plot | Select option to toggle
the well selection flags (Section 5.5.3.2).

For statistical guidance consult Section 8.1 of the Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions below assume that a data set consisting of at least one background well
and two compliance wells is |oaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.
3. Press <A> to descend into the ANOVA menu.

4. Press <P> to execute the Parametric option. The One-Way Parametric
ANOVA window appears on your screen as shown in Figure 5-134.
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onParametric |§ENEIIAS SRR

Run parametric analysis of variance test
One—lay Parametric ANOUA Tahle

rData Mode:
Source of Original Degrees Mean sgquares Computed F
Uariation Log Transform of freedom

Between wells
Within wells
Total

Hze Tl to highlight the desired Data Mode. Press ENTER to select. ESC Ahorts

Figure 5-134. The One-Way Parametric ANOVA window.

5. Use the up and down arrow keys to highlight the scale you wish to use (i.e.,
Original or Log Transform) and press <Enter>. The Significance Level dialog
appears on your screen (Figure 5-135).

f i
Significance Level<{x>:

Figure 5-135. The Significance Level
diaog.

6. Typein the desired Significance Level and press <Enter>. The One-Way
Parametric ANOVA Table iscomputed. The default significance level is 5%.

If the F-test is significant post-hoc comparisons are automatically computed and
displayed for each compliance well in aWell Summary window(Figure 5-136).
The statitics in the One-Way Parametric ANOVA Table are described in Table
5-38. The statistics shown in the columns of the Well Summary are described in
Table 5-39.

Post-hoc comparisons are not performed by the software if the F test is not
significant.
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HonParametric LAy

Run parametric analysisz of wvariance teszt

One—ltlay Parametric ANOUA Tahble

Data Mode::Original

Source of Sum Degrees Mean squares Computed F
Variation of sguares of freedom

Between wells 2878 672 3 259 557 L.776
Within wells 1993._782 12 i66.142 |p= @.68116883
Total 4872 374 15

Tabulated Fia= B.858): J.498

Since the calculated F exceeds the tabulated F, the hypothesis
of equal well means must he rejected.
Avg Background Concentration: ?.8880 pph

#* Indicates statistically significant evidence of contamination.

WELL 1D 0QBS .S WELL MEAM DIF. FROM BACK. STD. ERROR CALC.-t t—CRIT
Well 1 4 17875 180875 7.114 1.165 2483
=lell 3 4 46 .275 36 .475 7.114 4.982 2.483

gse T4 to scroll through well summary. Press Enter to continue.

Figure 5-136. The One-Way Parametric ANOVA Table and post-hoc comparisons.

One-Way Parametric ANOVA Table

Source of Variation Sum of Degrees of | Mean Computed F
Squares freedom Squares
Between Wells SS, el DF,c1s MS, e1s MS,,,.
|VISWithin

Within Wells SS.ror DFor MS.or p-Value

TOtaI SStotaI DFtotaI

Critical F() (1-=) Percentile of the F
Distribution with Degrees of
Freedom ,, numerator and
Degrees of Freedom
denominator.

Avg Background Concentration Average of pooled background
well observations.

Table 5-38. Statistics shown in the One-Way Parametric ANOVA window.
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Column Description

WELL ID Weéll IDs

OBS Number of observationsin each well
WELL MEAN Mean of the observations in each well

DIF. FROM BACK

WELL MEAN minus Avg Background Concentration

STD. ERROR Standard Error of each mean difference
CALC.-t Calculated t-statistic
t-CRIT Bonferroni t-statistic for selected - and DF,,,, degrees of

freedom.

If CALC-t exceeds t-CRIT the row is proceeded with an
asterisk (*) and thereis statistically significant evidence of
an increase over background.

Table 5-39. Statistics shown in the Well Summary for post-hoc comparisons.

Compliance wellsin the Well Summary are flagged with an asterisk (*) if CALC-

t exceeds t-CRIT.

Use the up and down arrow keys to scroll through the Well Summary. Press

<Enter> to proceed.

7. PRINT and CONTINUE options become active at the bottom of the screen.
PRINT

The PRINT option prints the results of the Parametric One-Way ANOVA test to
the local printer. To print the results use the left and right arrow keys to highlight

the PRINT option and press <Enter>.

CONTINUE

The CONTINUE option closes the One Way Parametric ANOVA window and
returns to the ANOVA menu. Use the left and right arrow keys and highlight the

CONTINUE option and press <Enter>.
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5.8.5 METHODS | TWOSAMPLE | WILCOXON
The Methods | TwoSample | Wilcoxon method allows you to:

. Run the Wilcoxon Rank-Sum test to compare background data from one or more
background wells to a single compliance well.

Note: The Wilcoxon Rank-Sum test implemented in GRITS Statistics automatically poolsall
sdlected background wells into one group. If you wish to exclude one or more background wells
from the Wilcoxon Rank-Sum test use the DataSet | View | Plot | Select option to toggle the well
sdlection flags (Section 5.5.3.2).

For statistical guidance consult Section 7.2 of Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions below assume that a data set consisting of at least one background well

and one compliance well is loaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.
3. Press <T> to descend into the TwoSample menu.
4. Press <W> to execute the Wilcoxon option of the TwoSample menu. The

Significance Level dialog appears on your screen as shown in Figure 5-137.
Ttest

Wilcoxon rank sum comparizon test
{/ilcoxon Rank-Sum

Data Mode:-Original
Facility:-ADDENDUMDATA Seminar Exar

Permit Type:Detection

Consztituent:Benzene Benzene

Significance Level{o):

En

Figure 5-137. The Significance Level diaog.

5. Typein the desired significance level and press <Enter>. The default Significance
Well is 1%. The Well Selection dialog appears on your screen as shown in Figure
5-138. Use the up and down arrow keysto highlight the compliance well that you
wish to compare to background and press <Enter>. The Wilcoxon Rank-Sum
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Test For Two Groups and Rank Summary windows appear on your screen
(Figure 5-139).

Mell ID Grad Ohs Min Max Mean Std Dew .
-1 1] ] H.560 186 .8A60Q 31.138 63.237

L |

Belect compliance well to test. 3085248 Free

Figure 5-138. The Well Selection diaog.

Table 5-40 describes the statistics displayed in the Wilcoxon Rank-Sum Test
For Two Groups window.

Jilcoxon N ETEYS

Wilcoxon rank zum comparison test
Wilcoxon Rank-S5um Test For Two Groups

Data Mode:Original

Facility:ADDENDUMDATA Seminar Example Data
Permit Type:Detection
Constituent:Benzene Benzene
Starting:Jan A1, 1992 Ending:Aug A1, 1992
—lell Date Ohservation Rank— Background Data Pts m: 8
Bl A1.-01.-92 A .5068 3.6 Compliance Data Pts n: B
Bl B2.-81.-92 B.560A 3.8 Wilcoxon Statistic W: 48 . B0EA
Bl—1 a@3.-81.-92 1.66868A 7.5 Expected Ualue E<CUW): 32 .86808
Bl a84.-81.-92 1.8680A 7.8 Std Dev SDCUS: ?.5219
Bl a5.-81.-92 i.1688A 6.A Std Dev (Ties> SD’{Ul: 9.3737
Bl—1 B6.-81.-92 16.16808A 13.8 Approx Z-Score Z: 1.6536
BW-1 a7-81.-92 1.6800 7.5 Significance Level o:6_.61
Bl—1 a@8.-81.-92 B.56868a 3.a fo: 2.3263

Since the Approx. Z-Score does not exceed Zu there iz no significant
gvidence of contamination at the compliance well.

Use T4 to scroll through Ohservationsz and Ranks. Press any key to continue

Figure 5-139. The Wilcoxon Rank-Sum Test For Two Groups window.
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Statistic

Description

Background Data Pts m

Total number of observations from pooled background
wells

Compliance Data Pts n

Number of observations from the compliance well being
tested

Wilcoxon Statistic W

Wilcoxon Statistic W

Expected Value E(W)

Expected value of W: E(W).

Std Dev SD(W)

Standard Deviation of W: SD(W).

Std Dev (Ties) SD’(W)

Standard Deviation of W adjusted for tied observations:
SD’(W).

Approx Z Score

Approximate Z-score computed from W, E(W) and
SD’(W).

Significance Level «

Selected Significance Leve .

Z

o<

Upper = percentile of the standard Normal distribution.

Rank Summary window

The Rank Summary window lists the observations,,
ranks and Rank-Sums of the pooled background wells
and the compliance well being tested.

Table 5-40. Statistics shown in the Wilcoxon Rank-Sum Test For Two Groups window
Use the up and down arrow keys to scroll through the Rank Summary. Press

<Enter> to proceed.

6. PRINT and CONTINUE options become active at the bottom of the screen.

PRINT

The PRINT option prints the results of the Wilcoxon Rank-Sum test to the local
printer. To print the results use the left and right arrow keys to highlight the

PRINT option and press <Enter>.

CONTINUE

The CONTINUE option closes the Wilcoxon Rank-Sum Test For Two

Groups window and returns to the TwoSample menu. Use the left and right

arrow keys and highlight the CONTINUE option and press <Enter>.

5.8.6 METHODS | TWOSAMPLE | TTEST
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The Methods | TwoSample | Ttest method allows you to:

. Run the Welch' s t-test to compare background data from one or more background wells
to asingle compliance well.

Note: The Welch'st-test implemented in GRITS Statistics automatically pools all selected
background wellsinto one group. If you wish to exclude one or more background wells from the
Welch'st-test use the DataSet | View | Plot | Select option to toggle the well selection flags
(Section 5.5.3.2).

For statistical guidance consult Section 7.1 of Statistical Analysis of Groundwater
Monitoring Data: Unified Guidance.

The instructions below assume that a data set consisting of at least one background well

and one compliance wells is loaded.

1. At the GRITS Statistics menu press </>. Thiswill take you to the top most level
of the GRITS Statistics menu (Figure 5-12).

2. Press <M> to descend into the Methods menu.
3. Press <T> to descend into the TwoSample menu.
4. Press <T> to execute the Ttest option of the TwoSample menu. The Data Mode

prompt appears on your screen as shown in Figure 5-140. Use the up and down
arrow keys to highlight the desired scale (i.e., Original or Log Transform) and
press <Enter>. The Significance Level dialog appears on your screen (Figure 5-
141).

ilcoxon
CABF Student’s T Test

ochran’s Approximatio

Data Mode:
Facilit| ‘ELELERE ina
FPermit Typ| Log Transform
Constituen
Starting:Jan 81, 1992

Figure 5-140. The Data Mode prompt.

5. Typein the desired Significance Level and press <Enter>. The default
Significance Leve is 1%. The Well Selection dialog appears on your screen as
shown in Figure 5-142.
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LI 5 APPITOR IO I0TT
Data Mode:Original
Facility:ADDEHMDUMDATA Seminar
Permit Type:Detection
Constituent:Benzene Benzene

Significance Level<c):EFMEE: | —

Figure 5-141. The Significance Level
dialog.

6. Use the up and down arrow keys to highlight the compliance well you wish to
compare to background and press <Enter>. The Welch’s T-Test window

appears on your screen (Figure 5-143). Statistics shown for the Welch’s t-test are

described in Table 5-41.

Mell ID Grad Ohs Min Max Mean Std Dew
-1 1] ] H.560 186 .8A60Q 31.138 63.237

L

Belect compliance well to test. 3085248 Free

Figure 5-142. The Well Selection diaog.

HIcoxon

CABF Student’s T Test

—————————Cochran’s Approximation to Behrenz—Fisher Student’s T-Test—

rData Mode:Original (Test is one—tailed)—
Facility:ADDENDUMDATA Seminar Example Data

Permit Type:Detection

Constituent :Benzene Benzene

Starting:Jan 81, 1992 Ending:Aug @1, 1992
Background/Upgradient —Compliance/DownGradient—
Wells |BU-1 cu-1
Ohservations B B
Mean 2.9625 31.137%
Variance 284741 3998 .8772
Standard Error 22.4378
Degrees of Freedom 7.8997
Significance Level<{a> a.a1604
t-Statistic: 12557 Critical Value: 2.9863

Since the t-—statistic does not exceed Critical Ualue, the hypothesis of equal

means is not rejected.
CONT INUERE 3 L1}

385248 Free

Figure 5-143. The Welch'’s t-test window.
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background well
observations

Statistic Description
Background/Upgradient Compliance/Downgradient
Wells Well ID(s) of pooled Weéll ID of compliance
background wells well being tested.
Observations Total number of pooled | Number of observations
background well in the compliance well.
observations
Mean Mean of pooled Mean of compliance
background well well observations
observations (Mean,,,,) (Meanyg,n)
Variance Variance of pooled Variance of compliance

well observations

Standard Error

SE ¢« (Standard Error of the Difference in Means)

Degrees of Freedom

DF

Significance Level (=)

Selected Significance Level ().

t-Statistic

Computed t-statistic

Mean

Down _MeanUp

SEdiff

Critical Value

t(<,DF)

Upper (1-=) Percentile of the

Student-t Distribution with DF Degrees of
Freedom

Table 5-41. Statistics shown in the Welch’s T-Test window

7. PRINT and CONTINUE options are active at the bottom of the screen.

PRINT

The PRINT option prints the results of the Welch'’s t-test to the local
printer. To print the results use the left and right arrow keys to highlight

the PRINT option and press <Enter>.

CONTINUE

The CONTINUE option closes the Welch’s T-Test window and returns to
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the TwoSample menu. Use the left and right arrow keys and highlight the
CONTINUE option and press <Enter>.
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