Visual Sample Plan (VSP)
Briefing

Pacific Northwest National Laboratory (PNNL)

Brent Pulsipher, John Wilson, Lisa Newburn, Landon
Sego, J. Hathaway, Lisa Bramer, Bret \:?//

Pacific Northwest
NATIONAL LABORATORY




Outline

» DOE Support for Systematic Planning and Statistical

Evaluation Tools
» VSP Background Information
» VSP Applications and Capabilities
» Recent VSP Additions

» Wishlist tems Generated by DOE Users

~7

Pacific Northwest
NATIONAL LABORATORY



DOE HS SPADAT Program VSP

Visual Sample Plan

» All DOE sites obtain samples for variety of purposes

» If you don’t get the right type, quality, and number of
samples, perfect analytical quality still won’t provide
data to support confident decisions

» Systematic Planning and Data Analysis Tools and

Training (SPADAT) Exists To:
o Meet the continuing need for maintenance and development

of new statistically defensible sampling methods to support

all DOE needs
o Improve VSP tool in response to DOE user requests

o Continually train new and existing VSP users

Primary Objective: Decrease Costs, Increase \z/
Defensibility/Acceptability While Managing Uncderfalprtiyrest



~What is Visual Sample Plan

(VSP)?

Data Quality Objectives (DQO)
based systematic planning
software

Determines the number and
location of samples/transects

Ensures confident, statistically
defensible decisions

Performs statistical and data
qguality assessment in support of
decision making process.

»Sponsored by DHS, DOE, EPA,

DoD, UK, CDC

»Free VSP Download at
http://vsp.pnl.qov/

»>5000 Users

1963 Finng Fans

Anomaly Density (anomalies per acre)
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http://vsp.pnl.gov/vsp
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Environmental Remediation .=

v

Health and Safety Assessment

Decontamination and
Decommissioning (incld MARSSIM)

» Long-Term Legacy and
Groundwater Monitoring

» Identification, Delineation, and
Remediation of UXO Sites

Natural Disaster Assessments

Within-Building Bio/Chem/Rad
Terrorist Event or Manufacturing

» Outdoor Bio/Chem/Rad Terrorist
Event

» [tem audits and surveillance.
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Wherever Sampling Is Used to Support
Decisions
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VSP Sponsors

» U.S. Environmental Protection Agency (EPA)
m Office of Solid Waste and Emergency Response
m Office of Environmental Information
» U.S. Dept. of Energy (DOE)
m HSS, LM, EM
» U.S. Dept. of Defense (DoD)
m Navy & Army Corp. of Engineers
m SERDP/ESTCP
» U.S. Dept. of Homeland Security (DHS)
m Technical Support Working Group (TSWG)
m Chemical and Biological Countermeasures
» United Kingdom
m Atomic Weapons Establishment
m Government Decontamination Services
» U.S. Centers for Disease Control (CDC/NIOSH)

» U.S. Intelligence Community

Tools Integration and Leveraging Off All Investments \V/
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History of Long Term VSP

Related Support

VP

Agency
DOE

EPA

DoD
DHS-S&T
CDC/NIOSH
NRC

UK & Intel

FY97 FY98 FY99 FYO0 FY10 FY02 FY03 FY04 FY05 FY06 FYO7 FYO08 FY09 FY10 FY11 FY12 FY13

$200-300K/yr

$100-200K/yr

$300-550K/yr

$200-750K/yr

$80K/yr

$50K

$70K/yr (training)

» Most Agencies Sponsor
m New Developments
® Maintenance
m Training
m Applications/Demonstrations

» Continued VSP Investments By Multiple Agencies Are Planned
» Added Three New Agencies in FY13 (UK-GDS, DNDO, Intel)
» Currently On VSP Version 6.8; New X.0 Releases Every 2-3 Years:

$370K

Pacific Northwest
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=2 VSP User Profile

» ;
Total Recent Users Pacific Northwest




General Benefits of Using VSP VSP

Visual Sample Plan

» Statistically defensible sampling designs

» Statistical rigor hidden... designed for non-
statistician

» Quantified confidence

» Real-time cost/benefit tradeoff evaluations
» Just enough sampling

» Visualization supports communication

» Streamlined acceptance by regulators

» Leveraging off multi-agency investments

~7
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Some Comments from the Field

Site Name Application Comments
Rocky Flats Jody Vegetation Monitoring | saved me a great deal of time
Oak Ridge Mike Scrap Metal Recyling | VSP greatly speeded the process
Facility
Pantex Bill Railroad ballast VSP allowed us to collect useful data
material on site and communicate uncertainty to the
compared to customer (DOE) with few samples
background
Hanford Dave Radiological Surveys | find VSP extremely useful as a time
and money saver; readily accepted
ORNL Kevin Beryllium facility great time saver; useful for industrial
characterization hygiene as well as environmental
applications and should continue to
be funded by DOE.
LANL Brett Many Environmental VSP allows us to pinpoint (GPS)

Restoration Sites

every sample and place it on map
with ease

VP

RY



Comments (continued) VSP

Site Name Application Comments

ORAU/ORISE | Teresa D&D Independent VSP is an invaluable tool for planning
Verification our survey; saves us many hours

INL and Cliff Burial Ground Post- VSP has become “part of the

Hanford retrieval character. culture”; should not only be

maintained...it should be enhanced

Paducah Ken Often used for VSP has proven to be an instructive
Subsurface Soils tool

Oak Ridge Andrejs Surveys for D&D of provides greater defensibility;

Y12 buildings excellent tools to document and

communicate; saves time and money

Nevada Test Thomas Atmospheric Test Site | using VSP at both the front end of
Site the DQO process (planning) as well
as the back end
Hanford Wendy 50-75 Waste Closeout | very easy to use and results in
Sites substantial savings; regulators very

supportive of VSP use. RY




VSP Features

Supports Various Statistical Sampling Options;
Many are in EPA’s G-5S Guidance and MARSSIM
Simple Random Sampling

Systematic Grid Sampling

Sequential Sampling

Multiple Increment Sampling

Collaborative Sampling

Stratified Sampling

Rank-Set Sampling

Adaptive Cluster Sampling

Continuous Transect Sampling

ltem Sampling

Judgmental Sampling \;/
Combined Judgmental and Probabilistic Sampling:..isic northwest
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Number and placement of samples
depends on selection of one of 30+
VSP modules

Maps, Photos/Images
Maintains Coordinate System
Output For GPS

Multiple Analytes and Sample




Indoor Surface Sampling and
Analysis VSP
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ACcurate o-D Representations

Zoning of Areas |
Indoor Coordinate System 5

Furniture Placement/Sampling -
Sample Results Visualized

Wipe or Point Samples

dxf or shp files |mported/exported
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Helps Answer:

>
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Do | have significant
linear or nonlinear
trends?

Can | sample less
frequently?

Is my treatment
process effectively
reducing
contamination?

How often do | need
to sample to detect a
trend?

Are there seasonal
effects?
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Helps Answer:

What does my contamination
look like spatially?

Are samples close together more
alike than samples further apart?

Can | reduce the number of
samples or wells?

Where is the best place to add a
well or sample location?

Geostatistical Analysis

Where is there a

Variogram Calculation  Variogram Model IKriging Options I Post-Processing Mapping I Data Entry |

hlgh prObablllty Of Semivariogram of Normal Scores and Fitted Mo
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Helps Answer:

» What transect
spacing is needed
to detect hotspots?

How can | map
spatial
contamination
patterns?

Where are the
hotspots and how
can | delineate
them?

What will hotspot
remediation cost?
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Helps Answer:

» What transect
spacing will ensure
target area
detection?

» Where are high

magnetic or
geophysical anomaly
density areas?

» What does the
anomaly density
spatial map look like?

» How can | verify that
remediation has
wbeen effective?




ltem Sampling

» How Many ltems
Should | Sample?

» Drums, Folders,
Property, Equipment,
Widgets....

X% Confident that Y%
Are Acceptable

» 4 Options Available
m Using Prior Knowledge
® Judgment w/ Random
m Probabilistic Only
m Allow Some Unacceptable

\ 4
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Item Sampling (beta)

Item Sampling | Arrangement |

INone v| of the items in my sample can be unacceptable

I Idon't want vI to account for prior beliefin my design

I need to sample I 1000 items.
I want to be I a5 % confident that at least I a3 % of all the

items are acceptable,

Mumber of items that must be examined and found
to be acceptable to achieve desired confidence: 138

Therefore, if 133 of the 1000 items are selected using simple random sampling frem-52 frem-33 frarn-34
and all 133 are acceptable, then you will be 95% confident that at least 98% of

all the items are acceptable. ’q W W
Pacific Northwest

NATIONAL LABORATORY




Process Monitoring Control Charts

(Effluent Monitoring)

» Monitoring
processes or wells
over time

» Detects out-of-the-
ordinary changes

» Flexible setup
options

» Individual and
moving range charts

21
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’ Shewhart Chart for Individuals (I-Chart) (beta) Bi
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FY13 VSP Courses

2 DOE-Sponsored Courses Completed Given Limited FY13 Funds

» Brookhaven National Lab & NYC-DEP Aug 2013

» Hanford- CHPRC Nov 2012

» DoD UXO Courses (Albuquerque, Boston) Oct 2012, Mar 2012
» NRC (Harrisburg, Chicago) Jan 2013, Jan 2014
» EPA/DHS Jul 2013

» UK-AMEC/Magnox May 2013

Will be offering VSP courses through
DOE National Training Center
Registration Fee for Each Participant
Anticipate starting at Oak Ridge: April
2-4 offerings per year

Hosting Interest? Contact Brent

vvyyvyy




What’s New and Exciting VSP

» Piles and 3-D Volume Sampling

» VSP Process Workflow Guidance System Framework
» Discovery Sampling

» New Proportion Upper Confidence Limit Module

» Expert Mentor for Buildings

» Revamped HTML Based Online Help

» Addition of Many Case Studies to Training Materials
» Many Minor Improvements

m Grid cell outputs, data entry mappings, multiple layer
rasters, visualization enhancements

~7
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» Allows creation and
sampling of uneven 3-D
piles, ponds, lakes, etc.

» Can define contour
shapes and number of
contours

» Can sample surfaces or
within volume

» Sample placement on
each layer, randomly,
systematically

24
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VSP Process Workflow Guide
- :
troduction Delineate Verify Munitions Finish
Areas Remediation Free Areas
My site contains
~ Areas with known or suspect target areas that | need to identify and delineate
~ Areas where some TOIl may be present but target area discovery/delineation is not a design objective
~ Areas that are believed to be free of targets of interest (presumptively clean) but additional
confirmation is required
# Areas that have already undergone remediation and | need to demonstrate effectiveness of that
remediation

[] Areas where transect surveys have been performed and where anomalies were dug for some grids
and | need an improved estimate of remediation efforts that may be required

BACK




® e Gase

Vi
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& » Design Driver
an = The effectiveness of site
remediation needs to be
Tr evaluated.
o » Data/Information Needs
s Geophysical survey of random
; transects and dig results from
< R all identified anomalies.
N T — . _ . » Additional Information
5| [E— - ; = Want to show that you are X%
AR | = ' ' confident that at least Y% of all
| L e oot - - - possible transects do not
s 2 ' ; contain targets of interest.
2 : ' ; = VSP will determine how many
Cr i* 1% ' ' transects are required.
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» Want high

27

confidence of
getting at least 1
unacceptable
sample if at least
Y% of area (or
items) are
unacceptable.

VSP determines #
of samples needed
to achieve desired
confidence.

Visual Sample Plan - [BuildingA vsp]

# Fie Map Edit Sampling Goals Tools Options Room Vi
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@ (8] &9 9ic] Si Bls(sle]
|

Laper Contrud

AX

1 Seetings

=5 Map

« m

Property

Area Color

3D Helght

Indude ...
Area Type

Catling 5.
Base Area

Perimeter
Volume

Below Gr..
Indude A,
Indude C... |
Roor Surf...
Default W...

Total Surf...

»

& Background T =

Lines (ind

= ¥ Default ¥

B% Defa

5§06 Sample Areas
5 @% Default M

Senphe Aves Propaties 4 X0

Value

Area Name Room 10

Transpar... 0%
Room Hei...

OIS g

Undefined
Undefined
Undefined
Undefined
20583.9200
944713400
565.2400
1976056....

A

[}
LR}

Wi

@ Discover Unacceptable Grid Cells With High Probabilty (beta)

u | Discovery Samping | Sampie Placemant | Costs | Data Analyss | Araiytes |

1 need to sample from & population of | 11392 arid cells.

I want to be {95 % confident that I will discover at least one unaceptable grid coll
fatleast [2 %ofall of the orid cels ave unacceptable.

Number of grid cells that must be sampled to achleve
desired condidence; 148

If 148 of the 11392 1-foot square grid cells are sanpled wsing random sampliing and at lesst
2% (228) of the 11392 grid cells are unacceptable, you will be 95% confident of discovering
at least one unacceptable grid ool In your sample of 148 grid ceds.

T all 148 of the selected grid cells are idertified & acceptable, then you vl dso be 05%
confickent that a least 58% of the grid calls In the dedslon ares are acoeptable,

® Caculate number of samples
" Caaulate % confidence based on number of samples
" Calculate % unacoeptable based on number of samples aod % confidence
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» Want to estimate the proportion of contaminated area to
within desired + . UCL calculation also performed.

= — —— 'E_E:: = S
4B Construct Confidence Interval on a Proportion R —— E
Confidence Interval | Sample Placement | Costs Calculate UCL IAnalytesl
Analyte Number of Number of Desired Estimated Upper
Samples Unacceptable | Confidence (%) | Proportion | Confidence
Obtained Samples Limit (UCL)
Lead 46 1 95 0.022 0.099
Arsenic 0.000 0.067
Old Lace ___ 0.167
'Inputs:

Column 2: Number of samples obtained
Column 3: NMumber of those samples that were contaminated or deemed unacceptable

| Column 4: Desired confidence level
Outputs:
Column 5: The estimated proportion that is unacceptable
Column 6: The Upper Confidence Limit (UCL) on the unacceptable proportion ’
|
For |Lead LI
I provided you have taken 46 samples and found 1 unacceptable (contaminated) samples, the estimated -
28 proportion of unacceptable (contaminated) samples is 0.022 and you can be 95% confident that the true

proportion of unacceptable (contaminated) samples in the sample area is less than 0.099.



What’s New and Exciting VSP

vV vy
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» Expert Mentor for Buildings

» Revamped HTML Based Online Help

» Addition of Many Case Studies to Training Materials
» Many Minor Improvements

m Grid cell outputs, data entry mappings, multiple layer
rasters, visualization enhancements
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—\ What's on the Wishlist? VSP

» Revised MARSSIM VSP Support and Workflow
Guidance

» Designs Supporting Sum/Ratio of Analytes Decision
Rules

Sample Location Photo Registration

Multiple Decision Objectives — Automatically
Generated Reports

More VSP Training Courses

Stream and Piping Sampling (sampling along a line)
Collaborative Sampling for UTL Objective

Contour Lines for GeoStats Spatial Models

Requested High Priority VSP Enhancements ”W/
. » VSP 7.0-Early CY14 Pacific Northwest

vy
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DOE VSP Support

» DOE-HS Budget is Dwindling
» Need for New VSP Developments and Maintenance

» DOE Benefits

e Decreased costs for sampling/analysis
¢ Increased defensibility
e Streamlined regulator acceptance

» Seeking support from other DOE offices

~7
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Questions?

Thank you for your attention and Thanks
to George Detsis and Josh Silverman
(DOE-HS) for continued support

Additional interest or questions to
Brent.Pulsipher@pnnl.gov
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