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SmartSampling employs a probabilistic approach rather than the typical
deterministic methodology. Proposed remediation maps are generated for
specific action levels and a % probability of failing to remove all “dirty” soil.

Deterministic Probabilistic
dirty clean Moreto Less
Probability of being
Dirty or Clean

Sites frequently want to look at multiple action levels, each of which has
different economic consequences.

SmartSampling generates graphic displays of cost consequences for different
levels of uncertainty as well as different action levels.
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Geostatistics
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Samples of contaminants, sediments, porosity, etc. tend to be more similar
when the samples are closely spaced and less similar as the distance between
the sample locations increases.
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Variography provides a quantitative means of predicting concentrations
between samples.
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There are multiple modelsto fit a smooth function to the data created by the

equation.

This variogram shows that you cannot make a prediction of the Close Value

beyond a three month period with any accuracy.

A nugget can be arepresentation of measurement error or property correlation

at distances smaller than the sample spacing.



EStimation
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* Kriging is essentially the process of determining the expected value of
concentration at a given location by calculating a weighted least-sgquares
mean of other surrounding data points.

» The weights used in the least-squares estimation are calculated using the
model of spatial correlation as defined by the variogram. These weights
account for the distance each data point is away from the location being
estimated and the clustering of the data points.

* Since kriging is an estimation technique, the concentration map derived from
kriging will contain less variability than the actual sample data (lower
variance).

* This smoothing effect will also ensure that the minimum and maximum of
the estimated map do not fall outside the bounds of the sample data.

* A kriged estimate of concentration along the transect would look very
similar to the best guess drawn by hand.
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Estimation

20 samples have been collected from aline across the site.
 Need a continuous model of concentration between all data points

* Straight lines or optimally smooth curves are commonly put through the
points.

Some of the problems with Estimation are:

» No quantifiable range of uncertainty in the estimates (no error bars along the
lines connecting the points)

. Estimation assumesthat the samples include the absplute minimum and

 Estimation isaform of interpolation. Intérpolation is a smoothing process.
The histogram of the estimated concentrjtions will have much less
variability than the histogram of the original data points.
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Geodtatistical Simulation is an alternative to traditional estimation techniques.
Many different maps, al of which honor the sample data, can be generated.
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Siimulaen Example

Y ou can generate 2, 100, or 1,000 possible values connecting the data points.
These will create a“cloud” of potential realities.

This multiple map technique allows you to do post-processing of the data.

A vertical dlice across the cloud gives arange of possible concentrations at that
point.

Rubber Band Analogy: |magine a peg board with pegs at the data points.
Rubber bands stretched between the pegs represent the best-fit line of
estimation. When the rubber bands are plucked, causing them to vibrate, the
vibrations represent the cloud of linesin simulation.
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Probability mapping is the use of geostatistical simulation to determine the
probability of exceeding a specified level of a contaminant at each location in
the simulation domain.

For 100 realizations of a contaminant distribution with an action level of 25
pCi/g, if 30 of the 100 realizations show concentrations greater than 25 pCi/g
at agiven location, then the probability of exceeding the action level at that
location is 0.30, or 30%.
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IgeelsiiAlVIaepIng Example

Location 1

Location 2

With geostatistical simulation, we can easily create many two- or three-
dimensional maps of concentration.

Stack all those maps up and at any point “ drill through” the realizations to get
adistribution of concentrations at that point.

Of the distribution obtained by “drilling though” the maps, all we're really
interested in is how many of those realizations exceeded the action level at that
point. The output of doing this at every location is a single map that shows the
probability of exceeding the action level.
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ENSiegran eff Data

Need a good, short definition of histogram here.

The histogram of the data is often log-normally distributed with lots of very
small activity levels, tailing off as the activity level increases.
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QUESTION: Do we want to use a variogram without fitted model to show the
variability at the first sample?

Because the sampling was performed on a grid with 100 ft spacing, we don’'t
have any points below 100" and almost 80% of the total variability is reached
by the first point. Asaresult, thereis quite abit of variability in how the
model fits through those points.

We need to look at the method of deposition of the contaminants. Wasit a
guy with awheelbarrow randomly dumping (“random”)? Or was it deposited
evenly asif settling out of the discharge of a smokestack (“continuous’)? If
you move 5 ft from a sample, how well can we predict the level of
contamination?

For the purpose of this training, we will run both models all the way through
the case study and note differences as we go.
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Viedeling
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In practice, you never have enough information. Fitting a variogram through
the pointsis very much an art.

In order to effectively fit amodel you need to take into account all that you
know about the site and the contaminant distribution.

In the case of this study, the single or multiple process of deposition are
unknown.

21



([EEesiansHcal Simulation

Trigsitals diseratizecd irte 18,380 ecllss ezien) [SeN€lo)

- Asslrrgtior) rrizcethiz the srrzllest sif ezl ednlslelefeeliie)s
repriedizition 15 0010, ine sigor odrmzie size of el cloZss
glzlcle)

Cloplecuitizllzec) 52 (18,880 gaieniizl szlrrioles an) LU fga:
Centers

SNglszioles Were rlat collected zis corfgosties il Oss Elr)Y
area

100 realizations Created o PRSErS

22



ExemipleiRealizations
Randen Depesition M odel

These are 2 of the 100 equally probable images of the concentration across the
site created by geostatistical simulation

Based on what we know about the site, either of these could be the actua
concentration distribution
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ExempleiRealizations
EoRvRUGYS Deposition Model

These are 2 of the hundred realizations created by simulation. Y ou can see the
smoothing effect caused by the zero nugget.

There are similarities between the two, but the realizations are different.
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ieialf@encentration

Legend

— Continuous Deposition
--~"  Random Deposition

Thisisthe total Curies of plutonium for each realization plotted against the
realization (1-100), showing values for both the continuous and random
deposition models.

The random model gives us alittle higher total activity than the continuous
model on average. For some idea of the variability, note that any single
realization is somewhere between 1.1 and 1.6 curies of activity for either set of
models.

If we were to design a remediation process, (e.g., soil on a conveyer belt
moving into a processor) that was able to remove the plutonium, we'd want to
have some idea what capacity, in terms of plutonium activity, we would need
the processor to be able to handle.
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ISESRss VIV erst Case
Randenm Depesition M odel

It can be useful to look at the realizations by total activity, pulling the best and
worst cases.
The top realization images the “Best Case” with the lowest total curies.

The bottom “ Worst Case” realization displays the highest total curies.
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iSESss VoSt Case
EoRvRUBYS Depostion M odel

Aswiththe“ random” realizations, what drives the difference between the best
and worst cases, the area of large uncertainty, is the data hole around -1000.
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REV
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stabilize.

A dlice of sandstone under a microscope looks something like this:

A randomly located tiny sample

will either have a porosity of 1 (grain)
ﬁn or O (pore) as the sampler moves
0 Sample size around the dlice.

Asthe sampler increasesin size, the sampled porosity becomes an average of both grains and
pores.

A plot of theresultsit looks like this:

representative elementary volume (REV)
1
<> 2 e
1 mm -8
E Sample size E

At some point the average is over abig
enough area that the porosity estimate
stabilizes. Asthe sample size continues to
increase, at some point another soil type
gets averaged in and the estimate changes again.

I ncreasing scale
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Legend
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Legend
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Randem Caoplilntions

* With just a couple smulations, the average concentration can be quite

variable, but as the running average contains more realizations, the average
concentration value begins to stabilize.

» Different points may need a different number of realizations to stabilizeto a
constant mean concentration.

* Thistechnique provides an easy way to make a defensible argument on
whether or not you’ ve done enough realizations
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Achieniteveis & Reliability
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RIReIeliny M aps
Randen Depesition M odel

10pCi/g
Action
Leve

25 pCi/g
Action
L evel

The probability of exceeding an action level is shown in %.

The sample locations show up as 100% or 0% probability of failure, because
they are exact values and they are honored by every simulation. They are
either above or below the action level.
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RIReIeliny M aps
EoRURUBUSDEpestion Model
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The sample values influence the values of surrounding cells here so they

appear as blobsinstead of isolated dots.

At the low action level, thereis alarge area of the site that has a good chance
of being over 10 pCi/g. If the action level rises to 25pCi/g, the chances of
being higher than the action level occur in amuch smaller area of the site.
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Reiediiatien Maps
25 pCI/g

99%
reliebillity
(p(fail) = 0,01)

95%
reliability
(p(fail) = 0.05)

Per the decision rule, the red colored cells require remediation. Each squareis
a10x10 cell.
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(GESHE Remediation
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Cost Curves

Legend

A.L. =10, Random
A.L. =25, Random
A.L. = 50, Random
A.L. =10, Continuous
A.L. =25, Continuous
" AL. =50, Continuous

The plot shows the cost of remediation in thousands of dollarsvs. the
probability of failure for both deposition models

The decision on which model to use for the final remediation design must be
based on knowledge of the site history and deposition method, not just cost.

At the 10pCi/g action level, backing off on the reliability won't make much

difference, but dropping the action level to 25pCi/g makes a substantial change
in cost.
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difference:

At locations with 50% reliability, you know as much about contaminant
concentration as you would by flipping a coin 100 times. Other areas are
either basically above or below the reliability level, and more sampling data
will not change the remediation maps.

The point of geostatistical simulation isto use the spatial continuity
information to help make predictions into unsampled areas to prevent too
much sampling.

Additional sampling has no “ worth” or “ information content” if it does not: @)
change the decision or b) reduce uncertainty.

Examples of “ worthless’ additional sampling:

» continued sampling in the immediate vicinity of several samplesall of
which are markedly over the relevant action level.

« continued sampling in regions of extensive background levels.
Additional sampling should emphasize regions of maximum uncertainty.



Samplineitecations
Action level = 25pCilg

Legend
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These maps show a few different methods for determining where to sample

Standard deviation technique does not look at an action level, but at areas
where the greatest variability occurred between realizations.

*The other techniques take the action level and uncertainty into account, and
are different ways of hitting the “ green zone” of 50% uncertainty.
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