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SADA General Information

Windows--based freeware designed to integrate scientific models

with decision and cost analysis frameworks in a seamless, easy to
use environment.

* Visualization/GIS Custom Analysis

« Statistical Analysis MARSSIM Module

» Geospatial Interpolation Area of Concern Frameworks
« Geospatial Uncertainty Analysis ¢ Cost Benefit Analysis

« Human Health Risk Assessment * Sampling Designs

» Ecological Risk Assessment Export to Arcview/Earthvision

SADA has been supported by both the DOE, EPA, and the NRC.
SADA Version 3.0 had about 11000 downloads. Version 4.0 has
had 800+ since December, 2004.
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SADA General Information (cont.)

Free stand-alone package for Windows 98, 98SE, NT SP4 or higher, 2000, ME,
and XP.

Contact information, updates, documentation, and downloads are available on-
line at http://www.tiem.utk.edu/~sada/

A SADA user’s group, email, annual conferences, and on-site training.
A substantial help file is included.

Conduct “black and white box” testing internally as well as an external beta
release period.

Publish verification document on the website.
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http://www.tiem.utk.edu/~sada/

Data Formats

SADA can accept data in two formats: comma delimited files (csv) and Microsoft
Access.

SADA requires the presence of certain fields in the data set.
— Easting
Northing
Depth
Value
Name

SADA can use other forms of information as well
— Media
— Detection
— Date
— CAS Number

Any other form of meta data can be imported as well. User can plot and retrieve this
meta data during an analysis.

SADA recognizes soil, sediment, surfacewater, groundwater, air, biota, and
background, and the “basic” media type. Basic is assigned to data that have no
media type.

T

Spadal Analyss and Decision Asdstance




Importing Data Into SADA

The next step is to match the columns of information in the ascii data file to information
categories that are required or may be useful in SADA.

Required information categories are followed by an (*) and must be assigned to a
column in the ascii data file. A category is not assigned if the (none) option is selected
in the drop down box. The Depth category is required only when data exist at varying
depths. If the Detect Qualifier is not assigned, the data are assumed to be all detects.

&y, Matching Headerswith Categnrie . g' If Media ID, which denotes the type of media
e b e o B i annee e =% | the contaminants are sampled in (e.g. soil or
groundwater) is not assigned, SADA adds an
Information Category Column Headers artificial media column titled ‘Basic’ and the
sy human health risk and/or ecological risk

modules cannot be setup later.

M arthing® | M aorthing
Ciepth® | Depth
CAS Mumber | Caznurmber

After the columns have been set, press
Next>>. SADA begins the conversion
process and presents the data as it will be
imported into the Data Editor.

Contaminant Mame* | M arme

Walues® |"v’-alue

Detect Lualifier | Detected

Media Id Media

A {2 {0 [ 2 P [

Diate | (None]

<< Back Cancel Mt > TI

Spadal Analyss and Decision Asdstance




Data Editor

The Data Editor provides a chance to identify errors in the data set and correct them
during the import process. It may also be accessed from the Tools Menu at any time
later for data corrections or additions.

SADA highlights cells with red if they contain an unacceptable value. To determine the
exact error, place the mouse over the red cell and the yellow text box near the top
explains the problem. Once there are no red cells, the process continues.

#jx/Data Editor, = |;”§|E|

| J Automatic Eror Checking v

It is recommended that the

Eastir?g coordinates has a non numerical or empty A u to m at i C Er r O r C h eC k I n g

. e I — box remain checked so SADA
Aj;;s 1:';;;;518[ 2;;;&.925 21050;9 1;;;5? e sg - IOOkS for m|StakeS as you type

Ao-22R 142E5851 28310.25 21800 1.63026 Sw
Ac-225 14265851 28935 21900 0.86914 S - -
o When the user is entering or

S0

5 pasting large amounts of data

sD

5 and does not wish the process

]
;
]
]
Ac25 14285851 28175 22000 a7
o225 142BSES1 2920275 22500 1.49758 .
o225 14288881 27150 23160 1.70351 ]
Ac225 14265881 276855 22920 2306228 1
o225 14265881 280425 23100 495262 1 B
o225 14288881 28221 23100 4292573 1 Gw :
o225 14288851 28867.25 23220 2951485 1 B to be slowed y howeve r, it m ay
Ac25 14265851 291135 22930 0.93677 . 50
Ac225 14265651 Z7M17T5 23580 1.32586 1 50 be prefe rable to uncheck the
o225 14268851 2777475 23840 2933644 1 50
]
.
]
]
.
.
]
]
]

50 Automatic Error Checking

S0

N box and check errors later with
a1 the Check Errors button.

G
50

45225 14265851 28310.25 23400 3121863
225 14265851 28935 23460 0.83135
45225 14265851 28200 22560 48

Ac-225 14265851 FEE 22500 33

4225 14265851 27200 22380 203

Barium 7440393 27596.25 21900 42.77435607
Barium 7440333 28310.25 21300 35.12087239
Barium 7440333 28935 21300 18.48691343
Barium 7440393 27685.5 22200 o 43.55465395 50

Subrnit Cancel | Delete Record | Help | T
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ne New SADA Look: Scaleable Interfacing

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

- SADA |\ \Temp\My2dSADAFile.sda)

|_S°'| .;! IAnthracene L“[None]
|nteI‘VI ews Hi Plat my data

— Data Query
Al

.0 Intervalia;zsn 370 to £/7/15¢ v|
Add Delete |

— Duplicate Data

7 Use all values. Anthracene Sample Locations
% Use only detected values.

<¢ Back Memt > 7 Use most recent value,

" Use most recent detected value.
Show The Fesults 23,640 00—

& Use maximum
" Use average

7 Use minimum 23,292 .00

- Mon Detects
7 Usze zerg
* ze half the detection limit.
7 Use the full detection limit.

22,944 00—

U BT S

22,586 00—

22,248 .00~
4

21,900,00 | o | | @ |

b b

I 1
2702600 2746135 27870 253205 2878740 29,2027

Easting

Steps Window Parameters Window Results Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

General __vj lAnthracene L‘ I [Mane)

Interviews HiPlotnwdata

Ecological

— Duplicate
Auto-do : " Use al
9. Add to re alle & Useo
<¢ Back Mest »> " Usem Human Health

" Usem
Show The Results

« vl Ecological

" Use g

cv-MMEC Screening Values

- Mon Dete o
" Use zero o T 32 044 00
* ze half the detection limit. i
7 Use the full detection limit.

h
i
™ 22586 00—
&

22,248 .00~
4

21,900,00 | o | % | o |
2702600 2746135 2789670 23,533205 2876740 29,2027

Fasting B0

Steps Window Parameters Window Results Window




The New SADA

_ook

Analysis Box

Data Type Box

Data Name Box

Labels Box

Layers Box

Interviews

iGeneraI Vl I_Soil

_j IAnthracene

LI | [Maone]

iF‘Iot my data

<¢ Back Memt >

Show The Results

Steps Window

Data Que

— Data Query
Al

 Inkerval | 94261970 to 8/719¢

Add I Delet

— Duplicate Data

7 Use all values.

% Use only detected values.
7 Use most recent value,

& Use maximum
" Use average
1 Use mirirum

" Use most recent detected value)

Soil

Feszultz allen
B ackaround

25,292 00—

~Mon Detects -
7 Usze zerg
* ze half the detection limit.
7 Use the full detection limit.

U BT S

22,248 .00~

21,900.00

22,944 00—

22,586 00—

ample Locations

| g | [ —

27026100

& b 1
2746135 278070 2853205 28.7A740 29,2027

Fasting B0

Parameters Window

Results Window




The New SADA

_ook

Analysis Box

Data Type Box Data Name Box

Labels Box Layers Box

Interviews

iGeneraI V_l I_Soil _j IAnthracen L‘ | [Mane)

iF‘Iot my data

<¢ Back Memt >

Show The Results

Steps Window

Data Que

— Data Query
Al

.0 Intervalia;zsn 370 to £/7/15¢ v|
Add Delete |

— Duplicate Data

7 Use all values.

% Use only detected values.

7 Use most recent value,

" Use most recent detected value.

& Use maximum
" Use average
1 Use mirirum

~Mon Detects -
7 Usze zerg
* ze half the detection limit.
7 Use the full detection limit.

Ac-225

Brthracens
BrEEnic

B arium
Fooled Data

o
22,586 00—

U BT S

22,248 .00~
4

21,900,00 | | % | o
2702600 2746135 2789670 2833205  28,767.40

Easting

1
20,2027

B0

Parameters Window

Results Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

!General V_l I_Soil __vj lAnthracene

Interviews HiPlotnwdata

Data Que

— Data Query
Al

.0 Intervalia;zsn 370 to £/7/15¢ v]

[H I:l r-l E] Anthracene Sample Locations

<¢ Back Memt >

Show The Results

Detected

Media

[rate

SamplelD

Heqgion
Flatted W alue
M are

W :

21,900.00 T |
2702600 2746135 27870 253205 2878740 29,2027

Fasting B0

Steps Window Parameters Window Results Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

- SADA (v \Temp\My2dSADAFile.sda)

Graphics\@Getup  Reports  Statistics  Tools \Wielp

|_5°i| .j IAnthracene L“[None]
|nteI‘VI ews Hi Plat my data

Data Query
Al

.0 Intervalla;zsn 370 to £/7/15¢ v|
= A Add Deletel

Add to 0 IU<=2< 10 Anthracens Sample Locations

<¢ Back

Show The R

10<=2< 20
20<=2<30
0<=2<40
40<=2<50

22,248 .00~
4

21,900,00 | o | |
2702600 2746135 2789670 23,533205 2876740 29,2027

Fasting B0

Steps Window Parameters Window Results Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

_:j ]Anthracene L‘ I [Maone]

Interviews L—}i%tmydata

Data Que

— Data Query
Al

£ Interval]a;zsn 370 to £/7/15¢ v]
Add Delete |

] CE it my data

Show The Results

Ciraw a data zcreen map
Criraw a paint rizk map

Ciraw an eco point doze map
todel zpatial corelation
Interpaolate my data

Crraw a warance map

Dirawe a probability ma

Steps Window 1 Parameters Window Results Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

G E S e T80
]General j ]Soil ;i ]Anthracene _VJ ] [Mane)

In teI‘VI ews HJ Plat my data

[Nat: 1 T
Data Quen

-Data Query
Al

" Interval | 926,

— Duplicate Data
Auto-do " Use all values. i
Sample Locations
Add to re alle + Use orly detec o
<¢ Back Memt > (" Use most recel

(" Use most rece
Show The Results

(& Use maximum
" Use average
" Use minimurn

Mon Detects -

+ Use hall The
7 Usge the full det

<< Back Memt >

I 1
S0 ZB33205 287740 252027

Show The Resultz Tabing

B0

Steps Window Parameters Window Results Window




The New SADA

_ook

Analysis Box

Data Name Box

Data Type Box

Labels Box Layers Box

Interviews

Flle . araphics \@aeiup Leports. Statistics  Tools

M=, E

!General V! I_Soil

_:j ]Anthracene

iF‘Iot my data

<¢ Back Memt >

Show The Results

Steps Window

Data Que

-Data Query
Al

.0 Interval]a;zsn 370 to £/7/15¢ v]
Add Delete I

— Duplicate D ata-

7 Use all values.

% Use only detected values.

7 Use most recent value,

" Use most recent detected value.

& Use maximum
" Use average
1 Use mirirum

~Mon Detects -
7 Usze zerg
* ze half the detection limit.
7 Use the full detection limit.

— [Data Cuery
fo Al

" Interval | 5,26,/1970 to 8/7/195 =
Add | Delete |

— Duplicate D ata
i Uze all values.

f* Usze only detected values.

" |ze most recent value.

i Uze most recent detected value.

¢ Use maxirmum
" Usze average
™ Use minimurm

—Mon Detects
i Usze zem
f* |z half the detection limit.
" Uze the full detection limit.

Parameters Window




The New SADA Look

Analysis Box Data Type Box Data Name Box Labels Box Layers Box

General - |_Soi| .L! IAnthracene L‘ | [Mane) ;_l lZ =0

@ (X - Anthracene Sample Locations (Z - 0) M=

Anthracene Sample Locations
23,640 00—
25,292 00—

: 22,944 00—
h
i
™ 32 556 00—
g

22,248 .00~
4

21,900.00 T T |
2702600 2746135 27870 253205 2878740 29,2027

Fasting B0

Steps Window Parameters Window Results Window




What exactly can you do in SADA?

Create initial sample designs

Import data

Plot data

Import GIS layers

Aggregate sections of the site

Calculate statistics (univariate, bivariate)

Model spatial correlation

Create contour maps

Create a kriging variance map

Perform traditional HH and Eco risk assessments
(tabular risk, screens, prgs, benchmarks)

Create a HH or Eco contoured risk map

Create a HH or Eco point risk map

Create a data screen map for HH, Eco, Custom

Create an eco point dose map

Create an contoured eco dose map

Create probability maps

Define areas of concern

Calculate cost vs cleanup

Draw a LISA Map

Develop secondary sample designs

Perform a MARSSIM data analysis

Detect and Define MARSSIM elevated area
Visualize results in 3d

Autodocument results

Create a geobayesian site conceptual model

Draw area of concern maps based on conceptual
model

Calculate cost vs cleanup based on conceptual model
Update the site conceptual model

Export to ESRI or Earthvision or common window
applications




Data Exploration

Statistics

Bj, Statistics

Options  Format

FERY, ey

I =] E3

MName Ca5 Mumber| Mean  |Wariance | Number of D atz

Ac-225 14265851 34 1.3 10
‘5.6 E40.9 10

Benllium and compo. 7440417

Argenic, lnorganic 7440332 8.3 10

B Ac-225

Spatial Data Screens |
Data Plot/GIS Overlays

8§, Ac-225 Sample Locations l

7

’\D)Lﬂ*@

Polygon Selection/Cutaways

@M

y
1H

P ESHE B [

T
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 Additional univariate
statistics

* Non-parametric
hypothesis testing

_lojx]

S| @75 =|

—Pooled Data -
One-Sided Test

alpha = [o05 -]

0+30- N=30(0Ties|
alpha = .05 upper=20

Ho = The median of the population of
all pozsible differences is 0.

Ha = The median difference does not
equal 0.

At alpha = 0.05 , Ho iz accepted and
Ha iz rejected. The median of the
population of all poszible differences
1z 0. Pooled Data iz az lkely to
exceed than iz az likel to exceed
Fooled D ata.

Stati

stics

B, Univariate Statistics

Sl u|p) )| =

v Mean
v Median

— Univariate Statistics

[v Detects [~ Standard Deviation ™ Range

[~ Mean Absolute Deviation [ UCL95 [~ Geometric UCLIS

v Coefficient of Yarance I~ Skewness [~ Winimum Detect

v Wariance v Interquartilz Rangs I~ Kurtosis [~ Mazimurn Detect

Analyte

Detects|Mean |Median |\-"arianu:e |Eoefficient of Yariance |Interquartile Range |UEL95 |Geometric Mean

Ae-225
B ariurn
Arzenic
Anthracens

28728 2B363 |26 12114 0.4174 1.5 23911 2395
28728 | B5.3536| 74.6 7325255 0.4303 51.5 74.4157 58.036
3030 31.8867) 3.2 935295  0.2967 11.2 34.822 305044
28/28 26536 | 265 1.3344  0.445 1.7 20337 2332

2j, Wilcoxon Rank Sum Test

AC-220 - Ac-225

T DataSet | Rank | Tied?
alpha = - X Aok 115 True
. Ac-225 1.5 False
Sum of Ranks for £c-225 = 738 i Ao-228 35 Tue

Ac-225 35 False
Sum of Flanks for Ac-225 = 738 Ac-225 ER True

m=23 n=28 4225 23] Falze
Ac-225 7.5 True

RS Critical Value = 0 . Ac-225 75 Falze

Ac-225 95 True

Ha = The median concertration in the survey Ac-225 45 Falss
area exceads that in the reference area by mare . Ac-225 125 Tiue
than the decision criterion. i A225 125 Tiue

Ha = The median concentration in the survey unit Ac-225 125 True
exceeds that in the reference area by less thanthe | 1. Ac-225 125 False
LEGR. . 4225 155 Tre
£ e 09, Mo Ser Ac-225 155 Falze
t alpha = 0.1, Ho 13 accepted and Ha 1= 2 Y] 185 T

rejected. Ac-225 exceeds that of Ac-225 by AC 205 185 True
mare than the decision criterion. & : L

Ac-225 185 True




fiix Perform MARSSIM Analysis

MARSSIM Functionality

Calculate sample size based on
Sign Test and WRS Test

Develop initial sample design
incorporating DCGLS, Area Factors,
Instrument sensitivity

Post sampling analysis (A site
passes or fails)

Detecting and Defining Elevated
Areas

MARSSIM Analysis for Sign Test- C-36

Step 1- Compare all measurements to DCGLw
Fail One or more values exceed the DCGLw.

Step 2- Compare survey area mean to DCGLw
Pass Area mean iz less than the DCGLw.

Step 3- Conduct statistical test versus DCGLw

Fail Sign Test comparizon between the survey data and the
DCGLw failed.

Elevated areas were detected in the survey area data.

[Criterion - LBGR]/Sigma = 1.5

2y Sign Test Sample Size and Power

Required Sample Size

Drecision Emors Smeplids 1

B Alpha Beta: Critical Value: 12
18 0.05 - 0.05 -

2 Upd:
T T —— Greoh

Probability that the Survey Unit Passes
1.0

-

Elevated areas can be defined using the area of concern tool.

10% 0% a0 0% 0% 100%110% 130% 150%
Tl‘ue Su.l‘ve-\' Unit Concentration (percent of Criterion)

» Instrumentation Check

— MARSSIM Parameters for Default

Grid Area [Survey area/
Sample M)

Area Factor [4F] Retieve AF from
Correzponding to Grid Area I . RESRAD-MARSSIM

DCGLw 5
DCGLem:

Minimum Detectable
Concentration far Ih 2

Instrment

18563054 (10006.49./54)

Current check of instrumentation has failed.

When the instrumentation check has failed, one can also find the zample
zize that iz neceszarny to meet the MOC for the instrument. Enter or retrieve
the grid area that coresponds to the needed Area Factor below to find the
altemative sample size that meets the MDC. In the nest step, you will be
azked to chooze between the original zample size and thiz new sample
size.

Grid Area Corresponding Fietrieve Grid Area from
o needed AF [145 RESRAD-MARSSIM

Sample N Corezponding to
Grid Area equal to MOC £3

lngﬁggﬁnt | Cancel | Nent |




Spatial Analysis

A0-225 Cotrelation Model

1 T 1 1 i
12500 s - 37500 500.00 62500
Distanee

Spatial Estimation




Version 4.0 Correlation Modeling Tools

i Wariography at angle = 142.55

Ac-225 Correlation Model

ER
i
b3

[

b1

1 } } } —%—
21360 40999  E0R23 80255 99RAT  1,19519

Distance

SerHn o wmr g 4w
o

Correlation Autofit

Choose the number of comrelation structures to uze.

& Single Structure " Both Stuctures

Select the models to be considered during Autofit
v Spherical

I Exponential

g
i

[~ Gauzszian

Ok, | Cancel |

Benmemnsamgan

i

T
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Geostatistics

SADA provides two kriging (geostatistical) models: Ordinary and Indicator
kriging. Ordinary kriging assumes a normal or lognormal distribution for the
data. Indicator kriging is a non parametric approach that does not assume any
distribution.

Like the methods discussed in Basic Spatial Analysis Tools, both methods are
based on a weighted combination of nearby samples. However, the
development and expression of these weights is quite complex and beyond
the scope of this training guide.

It may be helpful to think of kriging as an advanced form of the inverse
distance method. Recall that the inverse distance method weights sampled
values by their distance from the unsampled location.

Kriging approaches the problem in much the same way. However, rather than
distance (d), the weights are based on the amount of spatial correlation or
spatial covariance that samples exhibit at varying distances C(d).

T
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Spatial Correlation

If data are spatially correlated, then on average, sample points that are close to
each other are more alike than sample points further away. (More complex
spatial correlations exist but this type is the most common).

S

\ &%

More Alike

T
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Spatial Correlation

The degree to which data are more or less “alike” for any given distance can be
calculated. SADA uses the semi-variogram method, which returns a measure of
variance for any given distance of separation. This measure is defined as half
of the average squared difference between values separated by distance h.
The term h is referred to as the lag or lag distance.

] N where N(h) is the number of pairs separated

7(Ih) = z (x,— y,)* by distance h, x; is the starting sample point

ZN(M) = (tail), and vy, is the ending sample point
(head).

Y (Tail)

T
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Spatial Correlation

Rarely in practice, will you ever have any sample points separated by exactly a
lag distance h. Therefore, a lag tolerance centered about the lag distance will
permit a capture of more data points in the calculation of y(h). In the figure
below, all data points within the blue shaded area will be used.

So if we are interested in the variance of all data
points separated by 10 feet and we permit a lag
tolerance of 2 feet. We will actually be
calculating the variance of all pairs of data
between 9 and 11 feet apart.

Y (Tail Region)

T
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Spatial Correlation

Although assigning a lag tolerance helps, most cases will never have enough
samples separated by a lag - tol/2 to lag + tol/2 along a straight line to calculate
the semivariogram value. Therefore, an angle tolerance, 6, is also introduced to
expand the region and to include more points in the calculation of the

semivariogram value for the specified lag distance. In the figure below, all data
points within the blue shaded area will be used.

(Head Region)

0 = Angle Tolerance

T
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Spatial Correlation

If we repeat this operation for a number of lag
distances, we would generate a cone shaped
object expanding outward from the point of
interest. This cone would be partitioned by lag
groups centered about our lag distances.

0 = Angle Tolerance

T
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Spatial Correlation

As the cone stretches farther out, it opens up
increasingly wide, capturing more and more
data points as it moves away. In practice,
geostatisticians will often apply a constraint
called the bandwidth. This bandwidth limits
the expansion of the cone to a certain width.
If you do not wish to constrain the cone’s
expansion, specify a very large bandwidth.

Bandwidth

T
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Spatial Correlation

Our final parameter is the angle. The angle
specifies in what direction you will be calculating
the semi-variogram values. This is sometimes
referred to as the angle of anisotropy. Now we are
constraining our semi-variogram values to a
certain direction.

o = Angle

Bandwidth

oW® 8

o
\,09 S

0 = Angle Tolerance

Lag Distance | Value

2 LT 3.4
3 98 8.9
1 123 8.9

T
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Spatial Correlation

The semi-variogram calculation is
performed for every sampled point.

T
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Spatial Correlation

The semi-variogram calculation is
performed for every sampled point.

T
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Spatial Correlation

The semi-variogram calculation is
performed for every sampled point.

T
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Spatial Correlation

The semi-variogram calculation is
performed for every sampled point.

T
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Spatial Correlation

The semi-variogram values are then plotted.

Lag Distance | Value

2 67 34
3 98 8.9
4 123 8.9

Semi-variogram Plot

Semivariogram Values

1] a0
Lag Distance

T
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Spatial Correlation

Note though, by specifying an angle a, we are excluding all those data points
located outside of the cone from o - 6 degrees to a + 8 degrees. In other
words, we are exploring how data are correlated in a particular direction. If we
find that data are more correlated in one direction than another, the data are
said to be anisotropic. This means that data in the direction a are more alike
than in other directions.

Distance

b7
98
123

Distance

Value

b7

3.2

98
123

94
9.6

T
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Spatial Correlation

In fact, if anisotropic conditions exist, the direction of highest correlation is
considered the major direction of anisotropy. The perpendicular direction is
referred to as the minor direction of anisotropy. The major direction of
correlation will exhibit semi-variogram values that increase at a slower rate

than any other direction.

Maijor
Distance

67
98
123

Minor

Distance

Value

b7

3.2

98
123

94
9.6

T
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Spatial Correlation

Theoretically, the semi-variogram values will continue to rise until they reach
the sill value. The sill is the point at which the data are now far enough apart to
be independent. The sill value should be roughly equivalent to the variance of
the data set. A semi-variogram plot is useful in detecting the sill value and

location.
Semi-variogram plot

—
=

Major {30) [ Minor {120)
0.56 0.6
0.95 3.4
2.3 4.5
3.2 4.3
4.3 )

4.7 )
4.9 )
) 4.95
5.01 5.05 . . .
4.95 5 4 B

# Major (307
B hlinor (120]

Semi-variogram values

L I Y Y iy Y = T I SN Iy I

—_
-

Distance

In the above example, we see a major direction at 30 degrees and the
corresponding minor direction at 120 degrees. A sill value of approximately 5
is detected around 6 feet of separation.

T
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Isotropic Variograms

In order to calculate an isotropic or omni-directional variogram, simply set the
angle tolerance to 90 degrees and make the bandwidth significantly larger
than the site. This will force the cone to consider the entire spectrum of data

points.

legrees
toleranc

> Bandwidth

T
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Spatial Correlation

What about in the opposite direction?

It is assumed that correlation is symmetrical. If data are varying a certain
amount at 30 degrees, then they are varying the same amount at 120 degrees.

Why don’t we include those sample points in the 120 degrees direction to
Improve our semi-variogram calculation?

We do. Our current point of interest will be captured by the cone of those points
behind it.

T
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Three-Dimensional Variography

Three-dimensional semi-variogram calculation is the same approach as in the
two-dimensional case. In addition to the previously defined parameters, a z
angle (dip), z tolerance, and z bandwidth must be specified.

Z Angle (Dip) — The angle below the horizontal plane that the cone should dip.
Z Tolerance — The tolerance on this dip angle.

Z Bandwidth — The maximum distance the vertical component of the cone is
permitted to go.

Z Bandwidth

T
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Setting Variography Model

To calculate semivariogram values, select Correlation Modeling from the
Steps Window and enter the appropriate information on the Parameters
Window. The results of two separate cones are viewed at once to provide
visual comparison and check for anisotropic correlation. Press Show Me.

=+ Correlation Modeling

| Arsenic Correlation Model
— Carrelation Modeling . .
~Variogram Type ———————————————— Arsenic Correlation Model

IOK j Edit |

—\ariography

Yanogram |Both - Fiose |
¥ Minar
(Caption Major Minor
Lagz Mamber & 1
Laz Distance 150 150
Lag Tal 100 25
Angle an 45
Tal 45 0
Eand 1000 1500
Drip a a
ZTal a0 a0
ZEand 1000 1000

1 arme I ENTS

—Modeling

Madel INot JIEEN v| INot e v|

Iajor Fange
Minor Fange
Angle | | | |

Contribution 322I 22 4?0' 27 517! 73 ?55' 19
S ; ! } ; .

7 Range Dirtance
Fotation

Autafit | Mugget

T
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Rose Diagrams

Rather than viewing only on angle at a time, users can view semivariogram
values in all directions at once. They can then choose an angle of interest by
clicking on the rose diagram map. SADA will show the semivariogram values for

that direction.

31,786,775
| —»

26,111.55

m

0,456 354

14,801.15+

2,145 954

S Mg o mH g e

3,490.75

Prior Correlation KModel

*0z

%

T T T T 1
?-El? 1078 1444 1813 2181 2350

Distance

T
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Secondary Information

« The term secondary information describes a collection of information
that may be either quantitative or qualitative in nature. This collection
of information is not the direct subject of interest. It is however
related and may assist in characterization of the primary subject,
particularly within a spatial context.

Direct measurements of the subject may be costly or perhaps
dangerous to obtain. This results in only a few explicit samples.

If secondary information is available in great quantities, it may
improve heterogeneity in the final results.

T
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Impact of Secondary Information

Annual rainfall data (mm)

® © Ordinary Kriging

5]
® o o

] &
E b
0. 40,

\

Elevation Simple Kriging with Local Means

*Taken from Pierre Goovaerts’ Presentation “Performance comparison of geostatistical
algorithms for incorporating elevation into the mapping of precipitation”
T
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Geobayesian History

The U.S. Nuclear Regulatory Commission is interested in explicitly
using all relevant information about a contaminated site to create a
better design strategy for subsurface (3d) sampling.

The interest originates from final status decommissioning surveys
conducted by NRC.

Issues in two-dimensional applications have been worked out in the
MARSSIM guidance developed by NRC, EPA, and DOE.

MARSSIM guidance is best suited for 2d applications because of the
role that walk over radiological scans play in the process.

The goal is to identify an analogous approach to MARSSIM for 3d,
particularly when faced with sparse data sets.

T
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Geobayesian History

In many cases, potentially useful information is known about the site that
can drive sampling and characterization strategies. These may include site
history, geology, and previous sampling.

An approach is needed to explicitly use these varying sources of
information in a formal geospatial framework to drive the location of final
survey samples, to characterize the radiological risk, and to support closure
decisions.

A number of approaches are being evaluated. The first is a method
originally formalized as the Adaptive Sampling and Analysis Program
(ASAP) at Argonne National Laboratory. This method integrates a standard
bayesian approach with indicator kriging.

This approach was the basis for the SADA geobayesian module, created by
NRC and the University of Tennessee in the freeware program SADA.

Other models under consideration include Co-kriging, and Markov Bayes.

T
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The Geobayesian Model

Previous data
(secondary or direct)
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Case Study: Site Description

The KISKI| Data Set

*Used as an example data set to test Geobayesian modeling.
*1261 samples in shallow sediment.

*~90 boreholes.

*Values range from near zero to 900 pCi/g.

*Contaminant name was changed.

-Large number of data, but typical spatial distribution.

*Good starting point for evaluating the new Geobayesian approach.
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Case Study: Iterative Sampling
Depth

Samples




Decision Analysis

» Spatial Screens

« Sampling Strategies
-_

[m]

» Spatial Risk

 Area of Concern

2420000 Cost Vs Risk Reduction
RLEC * COSt Benefit

Y5200
§

58000+

4840001
[3.6E-5.$324330,15625)

1 1 T 1
18E-11 18E-5 36E-5 5 4E-5 T2E-5 SE-5
Restricted ndustrial Risk

Cs 137 Plus Daughiers

T
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3D Visualization

True 3d Views: Points,
Blocks, and Isosurfaces

T
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Sample Designs

SADA has a number of sample design strategies in Version 4.0. These
strategies include initial and secondary designs. Some are based on
data alone while others are based on modeling results. With the
exception of a couple of exclusively 2d designs all are available in 3d
dimensions.
Initial Sample Designs Secondary Sample Designs

Judgmental * Threshold Radial

Simple Random « Adaptive Fill

Simple Grid High Value

Simple Unaligned Grid — (soft, simulated & unsimulated)

Standard Grid High Variance

Standard Unaligned Grid — (soft, simulated & unsimulated)

MARSSIM Design Extreme Value

, — (soft, simulated & unsimulated)
2d and 3d Hot Spot search designs
P d Area of Concern Boundary Design

— (soft, simulated & unsimulated)
Minimize/Maximize Area of Concern

LISA Designs
— (Ripley’s K,Moran’s |,Geary’s C)




| want to create a MARSSIM sample design ¢

(1)
(2)
3)
(4)
()
(6)
(7)
(8)
)

= SADA (Myem ptymarssimSADAFile.sda)
File Reports Statistics Tools Help

gl = I...

IDeveIop MARSSIM Sample Design

Identify the survey area
Set Class I, II, or III based on extent of contamination suspected/known
Set WRS or Sign (background or not)
View/edit DCGL and associated values (DCGLw, LBGR, alpha, beta, sigma)
Show power curve, return N, alpha, beta
Get grid area (survey area/N)
Get grid area-area factor curve
Update AF for new grid area, calculate DCGLemc, get MDC
Instrument sensitivity check
(1) Ifpass
(1) Show 2D Elipgrid results for circular hot spot of size grid area
(2) Iffail
(1)  Query for area factor based on updated grid area of (needed scan
factor/DCGL)
(2) Recalculate N based on updated grid area and survey area
(3) Show elipgrid probabilities for both Ns and update grid area
(4) Accept original N and higher risk of missing circular hotspot or
new N and lower risk of missing same hotspot size

(10) Show MARSSIM grid or simple random sample design based on Class type

T
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Calculate Grid Area and Enter
Area FaCtor — bARS5Ik Parameters for Default
Grid area is calculated @ [ e s e
based on the number DCGLw 1 alpha
of samples and the o - -
area of the site

Sample Size

— Step 2- Enter Area Factor

Gnd Area [Survey areal 00344528 (1/29]

AI’Ca FaCtOI' can be ST Szt Retriewve AF fram
Area Factor [AF] for § RESRAD-MARSSIb

entered or retrieved Girid Area
from an excel file

generated 1n
RESRAD-

| RiskiModzls

MARS S IM 3 marssim_gxample

'3 resrad_areafactors

Look in: | (3 SADAM x| o« &k E-

- resrad_areafactors_example

Click on Retrieve AF
from RESRAD- 5
M ARSSIM rlll1'l'lfjrgl'm3[ File name; Iresrad_aleafactors_example j Open I
n_ j

"-T;lé Files of type: IMicrosoft Excel Database] sls) Cancel |
4
T

ty Documents

Iy MNetwark P... I~ Open as read-orly
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Determining Number of Samples —
Wilcoxon Rank Sum

i WRS Sample Size and Power,

— Required Sample Size

Survey Unit. 18

¢ U Se r i n p UtS D CG L y L B G R y a n d Clfie7ion |3 |’DEE;|S|;0hf;:E"°fS Beta: Reference: 18

acceptable Type I and II error Sigma  |n.g IEI'05 ;I ID'I:I5 LI Critical Value: 385

t LBGR [13 1] {I I PI 3 Update
rates [Criterion - LEGR)/Sigma = 1.5 4|G'aph

Probability that the Survey Unit Paszes

*Appropriate for grid designs e
and simple random sampling

*Used when no background is
available

04

3 50% 0% a0 1003170% 130% 150%

True Survey Unit Concentration [percent of Criterion]

fou need a botal of 36 samples. You need 18 in your area of interest and 18 in your reference area. SADA will now plot the 18

sampies in your area of interest,
[ ] ™
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Some Example Initial Designs

Unaligned
Grids

3d hotspot
search




Some Example Secondary Designs

Threshold Radial High Value Design

7185

& Wiz791

ol

(=

C Boundary Design




SADA Overview: Autodocumentation

Provides transparency in the modeling process and facilitates
reproducibility of results.

SADA automatically analyzes any current result and determines what
the “ingredients” of that result are. These ingredients are presented to
the user, who can choose the level of documentation to create.

Self-documentation of all parameters, models, and other relevant
information.

Exposure concentrations

Risk models

Exposure variables

Geospatial parameters

Toxicity data

Images as bitmaps

HTML format, can be exported to popular word processors

T
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SADA Overview: Autodocumengation

= Ac-225 Area of Concern (Inverse Distance) Block Scale Hu... |;||E| [_g|

Area of concern map

Based on HH Risk

Utilized inverse distance
as geospatial model

Block based area of
concern framework.




SADA Overview: Autodocumentation
CRERR] - Report wizare e

Choose your data Auto Docurmentation E || e
Set vertical layers

Set GIS layers Bctive Report
Set polygons

Set grid specs
Interpolation methods
Search neighborhood Dir Start | Size
Specify decizion criteria Fast | 26900 |46 055
. Show the results
10. Cross validation Current Infarmation to Add bo the Bepart North (21900 (34.3
11. Format picture v Picture Spatial Parameters

v GIS Files
-

Layer Extents
Liin Z: 0

Mame:  test Maz Z: 10

Grid Information

Change Active Report

el R N

13. Add to results gallery Mame “alue

IMajor Zearch 1151.375
- v Layering Design Fadus
Show The Besultz Grd Dimenzions Ilinor Search 1151.375

r Fadms

r “Wertical Search
Radius
v Geospatial Parameters Horizontal Angle

v Decision Framewark, Vertical Angle

v Human Health Rizk Madel Fotation Angle

M Ilin Mumber of
v Decizion Criteria Drata WValues

[ ASCH Results Ilasx Mumber of
i Drata Values
[v Media Data

n

Analysis of Model Documenation Output
Elements




Results Gallery

 Users can now save “static”
results to the results gallery

» Users can view them,
format them, and change
various viewing properties

* Prevents users from having | S —

to regenerate a picture each
time they want to see it

* Version 5.0 will allow
dynamic results to be saved
for further modeling

T
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Human Health and Ecological Risk

SADA implements EPA methods for conducting ecological and
human health risk assessments

Calculation of site-specific preliminary remediation goals
Benchmark database for contaminant effects on ecological receptors
Exposure modeling for humans and over 20 other terrestrial species

Contains IRIS/HEAST toxicity databases for calculating risk from
exposure

Contains EPA default exposure parameters for the risk models
Tabular screening and risk results

Point screens

Risk and dose mapping

T
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Human Health Risk Calculations

‘" Scenario Parameters

For each media

— Soil, Sediment, Surface Water,
Groundwater

Exposure Scenarios
— Residential, Industrial, Recreational,
Agricultural, Excavation
Exposure Pathways

— Ingestion, Inhalation, Dermal Contact, Food i
Chain (Beef, Milk, and Vegetable Ingestion) [ IR

Ingestion Rz 1Rim

IRIS and HEAST Toxicity Databases for Ingestion Ref Ry

Bw

Carcinogenic and Noncarcinogenic Effects e
Physical Parameters for Modeling =l
Bioaccumulation Factors
Volatilization, Particulate Emission Factors
Permeability Constants, Absorption Factors

Saturation Coefficients, Radionuclide Half-
Lives

Oral RID W'e‘ Oral SF wat| Oral RfD So| Oral 5F Soil | Ol RID Die) Oral 5F Diet | Inhalation R | Inhalation
14266851 i ‘JDDDDUD‘I 83 | J000000518 | J000000271
7440333 i inog 0.07 0.07 007
7440382 i o 0.0003 1.5 0.0003 15 0.0003 15
12M27 i inog 0.3 03 0.3

T
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Human Health Risk

PRG Calculation

PRG Screens

Human Health Risk

2. Human Health Rizk Results =] E3
glalg] _[of [t ]| == = |

Fathways
[~ Beef

¥ Ingestion
¥ Irhalation [~ Dairy

[T Demal [T ek
¥ Euternal [ “egetables

gj, Risk Bazed Screening Goals: Target risk = 0.0001_._ =] E3

slalA |- [t 2% = =) e

Pathways
[~ Beef

¥ Ingestion
¥ lrhalation [~ Dairy

Rads and NonradsiSeilfResidentialiCarcinogenic
CAS Ingestion | Inhalation | &l
14265851 5.EBE+2 15E+5
7440382 4 3E+ 7 A4E+4

[ Demal [ Fizh
[T Euternal [ “egetables

MHame
Ac-225

Arzenic, lnor

B.EE+2
4.3E41

g, Screening Results: Target risk = 0.0001/Target ___ [H[=] E3
glalpy| |af- [¢ 2| == =) e

Fathways
v Ingestiun v Al

[~ Beef

[T Demal [T ek
[ Dairy

[T Euternal v ‘Yegetables

Rads and Nonrads/SeilfResidentialiCarcinogenic
Cas Ingestion | Inhalation | Extenal |4l

14265851 5.5E-7 2E-3 5.5E-7
7440352 1.8E-5 1.E-2

MHame
Ac-225

Arzenic, lnor

1.1E-E
1.8E-5
1.9E-5

5.5E-7

T atal 1.8E-5 1.2E-8

Rads and Nonrads/SeilfResidentialiCarcinogenic
CAS |'Vegetables | Al

14265851
440382

Mame Ingeztion

Ac-225

Arzenic, lnor
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Spatial Implementation of Risk Assessment

* Conventional Risk Assessment Limitations

— Typically regulatory exposure assessment guidance recommends a
summary statistic for the exposure concentration

Spatial information is lost when a summary statistic is used in the RA-
exposure is assumed to be continuous in space and time

— Often this lost info not recovered in the rest of the remediation process

» Reasons for incorporating spatial statistics into risk assessment

— Maximize the use of limited resources
« Efficiently collect data
« Retain collected spatial info in the risk assessment
« Use all types of available data, including expert judgment
— To more adequately characterize the exposure distribution
« Extrapolate from known data to cover data gaps
» Account for spatial processes related to exposure
» Better understand uncertainties in the exposure assessment




Human Health Spatial Risk Maps

= Screen: Arsenic, Inorganic/ResfIing/Carc/Adult{Soil(0 <= 7 = 3) |:HE||X|

» SADA calculates risk for each sampling
point based on contaminant and
exposure scenario

» Legend scale changes to risk

< Pooled Data/Res/AllCarc/Adult/ (Interpolant = NA)(0 <= Z < 3) N =1E

4= Human Health Risk Scenario for Pool... |Z|

Al Manrad Type Age

" Rad & Carcinogen = Chid
% Norrad

 Bath ' Mancarcinogen & Adult

— Landuge
¢ Agicutural ¢ Industrial " Residential
" Ewcavation " Recreational

— Pathway
@ Ingestion ¢ Coeal " Besf

" Irhalation ¢ Fiop " Milk
" Demal © Vegetables " Total

— Total Pathway Components

[T Ingestion [T Extemnal [~ Besf
I™ Inhalation [ Fish [~ Hilk
I~ Dermal [~ Weagetables

T
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Ecological Risk

Ecological Risk Benchmarks

Suitable for screening ERAs

Compilation of ecological
benchmarks for surface water,

soil, and sediment

Benchmarks a function of
environmental variables where

appropriate

=, Barium Ratios for Tier Il SCV = 0.004

1]

Bk, Surface Water Ecological Benchmark Retrieval [mg/L)

i Freshwater Benchmark:
I~ EC20 Daphnids
¥ EC20 Fish

™ EPA Region 4- Acute

¥ EC25 Bass Population
™ EC20 Sensitive Species

I+ EPA Region 4- Chronic

™ LC¥ Daphnids

I~ LCY Fish

™ LCW Non-Daphnid lrverts
W MNawWEC- Chanic

I NAWRAC- Acute

v Tier Il Sav

I Tierll SC¥

—water Analysis Type
& Total

" Dissolved

— Surface Water Constants
Hardness

pH

Export to Excel |

Analyte

EP& Region 4- Chionic | MAWGAC- Chionic_| Tier Il 5&% [ LCW Aquatic Plants | EC20 Fish [ EC:

Tetrachloromethane

Carbon disulfide
Trichloroethylens [TCE)
Arsenic

Zinc

Drieldriry 00000019

1.1.1-Trichloroethane 0.53

0.000062
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0.02
044
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248
572
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213
0.05

T

0.2
1
0.2
2
0.0¢




Ecological Dose Exposures

SADA calculates dose
(mg/kg BW d) from food .
iIngestion, soil ingestion,
dermal contact, and
inhalation for terrestrial
exposures

SSL, Female, Male, or
Juvenile

Over 20 different species

g, Set Species-Specific Terrestrial Exposure Parameters

§|ﬁ ||§|

Select a species to view [and change if neceszany] the
default expozure parameters used in determining the daily
contaminant dose received from exposure ta zai

Save Changes |

~ Food Ingestion P ‘ M lian Prey Diet

. i kg dw / Fraction
Food ingestion rate Ig_-] kg biw day | | foliage 0425 01

Fraction faliage Ig 01 Fraction I_
Fracti d I 01 e : .
raction see i} - Sl

Fraction invert ID 0-1 irvvert 0,485

Fraction mammal |1 01 z;idlm ID_029 01

01

r Soil Ingestion Parameters

i fraction of Inhalation w3
Sail ingestion 0039 food IR Flate 0,456 day

 Sail Inhalation Parameters—

 Demal Contact P. ‘ ~ Physical P. b

/

Adherence ka. Body
Factor 0000001 ¢tz weight  J0202 kg

Surface area |333 cm’2 .gcetamusageh fraction

i~ Chemical Constant

Log Octanal»f ater Partitioning
Coefficient [Log Kow) I? 3 [maL)A[mgAL]

i~ Inhalation

i+ Wolatile i Montfolatile

I m3skg

Particulate Emission Factor [PEF] |1 E239339.  kofm3

“Walatilization Factar [WF)

Dermal Contact
|7Absnrptinn Fraction 0.08 mgdmg

i Sail -» Invertebrate Concentration
| [mafkal/marka)
i+ Kow-based BAF 33.4187  [maskal/maskal
= Tizsue Regression

LogHinear slope |

Log-linear intercept I

 Custom BAF

— Sail -» Plant Concentration: Foliage

€ Custom BAF [mg-kg)(mmgkg)

i+ Kow-based BAF 0.0313 [makal/ma/kal

= Tizsue Regression
e |

Log-linear intercept I

Range:
Estending from just north of the United States-Canadian barder
through Central America to northern South America

Ezit |

— Saoil > Plant Concentration: Seed

©~ Custom BAF I [maskal/(maska)
+ Kow-based BAF 0.0312 [maskal/maska)

i~ Tissue Regression
Log-linear slope I

Log-linear intercept I

— Sail » Small Marmmal Concentration

[ [mg/kg)dima-kg)

i Custom BAF

i Tizsue Regression

Log-linear slope I
Log-linear intercept I

Diet -» Small Mammal Concentration

263 [ma/kal/(maska)
i Tizsue Regression

Log-linear slope I
Log-linear intercept I

{=" Custom BAF

Save Changes |

Exit I
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