Page 3 of 128 of DAOSE02582

SGW-34760 %
Revision 0

Pipeline Removal vs.
Characterization Study

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

| Project Hanford Management Contractor for the
. U.S. Department of Energy under Contract DE-AC06-86RL13200

FLUOR,

P.O. Box 1000
Richland, Washington

Approved for Public Release;
Further Dissemination Unlimited



Page 4 of 128 of DADS602582

SGW-34760

Revision 0

EDC #: HNF-EDC-07-34761
FMP #: N/A

Pipeline Removal vs. Characterization
Study

Project No: N/A Document Type: TR Program/Prgject: SGWRP
! W. G. Jasen M. J. Hickey
i Project Enhancement Corporation Fluor Government Group
; W. Gaul C. Urland

Chesapeake Nuclear Services Project Enhancement Corporation

September 2007
Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

! Project Hanford Managsment Contractor for the
U.S. Department of Energy under Conlract DE-AC06-56RL13200

FLUOR,

P.Q. Box 1000
Richland, Washington

|
0 Date Published
|

Jeleasa Approval DaEe E Relgase Stamp

Approved for Public Release;
Further Dissemination Unlimited



Page 5 of 128

of DAO5602582

SGW-34760
Revision 0

TRADEMARK DISCLAIMER

Referenca herein 10 any specific commarcial product, process,
o service by trade name, trademark, manufacturer, or
otherwisa, does not necessarily conshilute or imply its
endorsement, recommendation, or favoring by the United
Slates Governmert or any agency thereof or ils contractors or
subcontractors.

This report has bean reprduced from the best available copy.

Printed W Iha Unilad Sta'as of America

Tota! Pages: 13 &



Page 6 of 128 of DADS602582

SCW-347¢0 fev. O

Executive Summary
The purpose of this document is to provide a decision support tool for comparing pipe excavation/removal costs with the costs to
characterize a pipeline. Characterizing a pipeline involves obtaining and analyzing the number of samples required at different
confidence levels to determine if action levels for contaminants are not exceeded, The decision support tool can be used to help
predict the break point at which one method exceeds the cost of the other method. Determining which method is more cost effective
results in the polential for cost avoidance.

The first part of this activity provides & statistical evaluation of the number of samples to demonstrate, at several confidence intervals,
that action levels for contaminants ere not exceeded. A range of confidence intervals is used to allow for the potential for
demonstrating ability to meet action levels (AL) at levels of varying statistical rigor, with resulting potential for cost avoidance, The
confidence levels of 80, 85, 90, and 95 percent upper confidence level are used and summarized from section 2.8 below.

Confidenc | Width of Alpha Beta Number of Samples
FEe rf;; 1sample | 1sample | Wilcoxon | 2sample | 2sample | Wilcoxon
1-test Proportion | Sign test t-test Proportion | Rank Sum
80% 5%of AL | 1% 20 % 380 104] 245 255 1526 106
B5% 5%ofAL | 1% 15% 428 1179 276 287 1719 119
90% 5%of AL | 1% 10% 492 1366 318 330 1979 137
95% 5%ofAL 1% 5% 596 1667 386 399 2398 166

The statistical evaluation provides an estimate for the number of samples and costs needed to enable the stated confidence levels. As
an example, the cost for analyzing 403 samples is $4,608,305 (see Table 4 at a 95% confidence level).

The second part of this activity provides a cost estimate in dollars per linear foot for excavating pipeline types (materials of
construction) and sizes and depths. Pipe materials include stainless and carbon steel, concrete and reinforced concrete, and vitrified
clay pipe. Depths evaluated include 5, 10, 15, 20, and 25 feet below ground surface. For example, pipe excavation/removal costs
range from $2,608 to 513,027 per foot (338.24 to $8.49 per cubic foot) for vitrified clay pipe at different depths and diameters.

Pipe excavation/removal costs are compared to sampling and analysis costs. For the examples presented in this document, the cost to
excavate vitrified clay pipe is compared to the cost for taking and analyzing a number of samples at various confidence levels.
Excavation costs for the other pipe types, steel and concrete are similar to vitrified clay pipe. Based on the scenarios and examples
presented in this document, the cost for sampling i3 more than the cost for excavation/removal. If the contaminated region is not
known, the number of characterization samples required is independent of pipe length. This decision support tool can be used to help
predict the break point at which the cost of sampling exceeds the cost for excavation.

The decision support tool is only as good as the inputs used in the Excel® spreadsheets. As described below the tool has limitations
and areas for improvement. Further, the assumption that the contaminated volume is restricted to 2 pipe diameters from the pipe
could be significantly different than actual conditions. This situation does not account for leaking pipelines and the possible need to
chase or clean up the contaminated soil associated with a leak. Finally, the tool used for estimating the cost associated with the
number of samples does not take into account the depth of the buried pipe, it only accounts for the contaminated region around the
pipe. Samples taken at 25 foot depth are considerably more expensive than samples taken at a 5 foot depth, In some cases it might be
necessary to exhume much of the waste site just to obtain the required samples. Finally, recent experience by Fluor Hanford has
found that the costs of removing all types of piping 2 feet in diameter or below costs about the same, due to the physical realities of
doing excavation and the fact that piping of any material of that diameter or below is easy to shear or size reduce, This experience
implies that the estimate for pipes 2 feet in diameter and less (2 inches, 6 inches, 12 inches and 24 inches) can be combined into one
estimate. ' '

The decision support tool provides a method for comparing excavation/pipe removal costs with characterization sampling and
analysis costs to aid in deciding whether to remove the pipe or leave it in place. While the actual costs will be situatien-specific, the
generalizations in this study provide good approximations for alternative analysis and can indicate where more detailed analyses are
needed. The pipe excavation estimate spreadsheet developed for this study can easily be modified to evaluate situations on a case-by-
case basis and provide more detailed cost estimates. Ultimately, the decision will be influenced by factors such as regulatory
requirements, stakeholder interests, safety concerns, programmatic decisions, and risk reduction in addition to cost. The decision
support tool does not assign values to these factors.

® Excel is a registered trademark of Microsoft Inc.
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1. Introduction

The Hanford Site is a former weapons-production complex managed by the U.S. Department of Energy (DOE). The
580 mi’ Site, located in southeastern Washington State, produced about 60 percent of the United States' phitonium
from the mid-1940s to the Jate 19805 to support national defense. In 1989 the DOE announced that the production
facilities were being shut down and the Site mission was changing to environmental restoration. The Central Plateau
portion of the Hanford Site covers approximately 75 mi’ near the center of the Site. The legacy waste and
contaminated materials from the Hanford Site defense production mission remain on the Central Flateau in canyon
buildings, underground tanks, waste sites, and other structures. The waste and contaminated materials present a risk
to remediation workers and the environment.

As a result of former waste disposal practices, high volumes of contaminants were discharged to more than 800
waste sites on the Central Plateau, including cribs, ponds, trenches, and burial grounds. Some of these contaminants
present a risk to the underlying groundwater and the nearby Columbia River. Other contaminants present are not
mobile enough to be considered groundwater concerns, but are present in sufficient quantities to present a hazard to
human health and the environment.

Many of the waste sites include sections of buried pipeline of varying depths, piping materials, and contamination
levels. Several hundred miles of pipeline are within these waste sites, resulting in significant work scope for
whatever remediation methods are chosen. The overall remediation goal is to protect niman health and the
environment,

It is desired to minimize the costs associated with remediation efforts, Knowing the relative costs between removal
and sampling to assess contamination extent to guide remediation paths may allow one or the other to be’
substantially avoided during remediation and thereby reduce costs, while achieving the same remediation goals. This
study provides a Decision Support Tool to aid evaluating breakpoints where it becomes more cost effective to
remove a subsurface pipeline rather that to characterize it sufficiently to prove that leaving in place is protective of
human health and the environment.

11 Project Scope

Praject scope for this report is in two parts. The first part provides a statistical evaluation of the number of samples
for a given length of pipeline to demonsirate, at several confidence intervals, that action levels for contaminants are
not exceeded. A range of confidence intervals is used to allow for the potential for demonstrating ability to meet
action levels at levels of varying staristical rigor, with resulting potential for cost avoidance. The confidence levels
of 80, 85, 90, and 95 percent upper confidence teve] are used. The statistical evaluation provides an estimate for the
number of samples needed to enable the stated confidence levels,

The second part of this activity provides a cost estimate in dollars per linear foot for excavating various pipeline
types (materials of construction) and sizes and depths. Depths evaluated include 5, 10, 15, 20, and 25 feet below
ground surface. Pipeline materials of construction inclnde:

Vitrified clay

Stainless and carbon steel

Concrete masonry

Reinforced concrete

Pipeline sizes vary from 2 to 48 inches in diameter. Table 1 provides a list of pipeline types and diameters.
Combinations shaded in gray are excluded from this study because these combinations of diameter and material do
not exist in the piping industry and therefore dao not exist at the Hanford site. The combinations of diameter and
material (shaded in yellow), while not explicitly determined to exist at tho Hanford site, represent combinations used
in the piping industry and therefore have a potential to exist at the Hanford site (potentially applicable). The
combinations of diameter and material (shaded in green) are known to exist at the Hanford site as confirmed by site
drawings/documents (definitsly applicable). The cost estimate focused on the cost associated with clean and
contaminated soil excavation and pipeline removal. Other costs such as fixed costs associated with mobilization and
demobilization are inclnded but shonld be tailored or modified to fit specific remediation jobs.

152416.doc 1
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Table 1 - Probable Underground Pipe Combinations

fin
Vitreous Clay
Steel (stainless /carbon)

Finally, the two estimating techniques are compared to provide a decision support tool to aid evaluating breakpoints
where it becomes more cost effective to remove a subsurface pipeline rather that to characterize it sufficiently to
prove that Jeaving in place i8 protective of human health and the environment.

1.2 Project Goals

The goal of this study is to provide & decision support tool addressing the question: for a given length, type of
pipeline, and depth, will it be more ost effective to sample the piping to determine contaminant levels or to simply
excavate and dispose of the piping (and any associated contaminated soil)?

It is desired to minimize the costs associated with remediation efforts. Knowing the relative costs between removal
and sampling may allow one or the other to be substantially avoided during remediation and thereby reduce costs,
while achieving the same remediaticn goals.

The goal of this task is to provide a decision support ool to allow objective cost evaluations of the separale pipeline
remediation /closure activities of 1)} removal and 2) sampling and characterization. The tool should be applicable to
any section of subsurface pipeline on the Hanford Site. The objective of this task is to allow defensible comparisons
of the costs associated with remediation of a site by 1) removal of subsurface pipeline sections (with subsequent
disposal) versus 2) sampling and characterization of the pipeline (to support a range of possible remediation
activities from no action to disposal}.

13 Assumptions
The following list comprises assumptions used in the development of the Decision Support Tool. These assumptions
form the basis for the Excel spreadsheets nsed in the statistical analysis to define the mumber of samples needed at
various confidence intervals to remein below action levels for remediation and the Excel spreadsheets used to
estimate the cost for excavating and removing various size buried pipe lines.

*  All activities are governed by RCRA or CERCLA and applicable regulatory agreements, although some
sites will be governed by ma integrated RCRA/CERCLA approach.

» Wastes generated from sanipling, eharacterization and excavation activities will be disposed at the
Environmental Restoration and Disposal Facility (ERDF).

+  Sampling will be for alpha, beta, gamma, and chemiral constituents,

» Pipe excavation cost inchules excavation, removal and placement of the pipe in an ERDF roll off burial box
or ERDF can. The point of termination for excavation ¢ost is filled ERDF cans with soil or broken clay
pipe or pipe debris. The standard ERDF can or roll off box will be used for disposal of contaminated waste
at ERDF. The ERDF dispnsal box holds 13 bank cubic yards of soil. Excavated soil expands when it is
loaded in the box and the ERDF box will hold 13 — 15 cubic yards. The ERDF box will hold larger
volumes but is limited to 13 bank cubic yards due to weight limits.

» Contaminated pipe debris and soil will be disposed at ERDF. Clean excavated soil will be placed in spoil
piles near the excavation and may be used for backfill after pipe removal. The trench volume excavated

152416.doc 2
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14

will be assumed to be clean soil down to a point two pipe diameters above the top outer diameter of the
pipe. Below that point, all soil (plus piping) to a point two pipe diameters below the bottom outer diameter
of the pipe will be considered contaminated and be removed.
Tt is assumed that metal piping types will require in-trench size reduction (cut lengthwise), with heavy
equipment to fit in disposal containers, while vitrified clay piping is assumed to be readily mechanically
broken within the trench for disposal. Cost estimation includes these operations.
Transuranic (TR waste has been excluded from the scope of this study
Remote handled waste is not expected from pipe excavation (excluded from svope).
Candidate piping systems include steam condensate, cooling water, process condensate, process waste, and
chemical sewer lines.
Excavated trench will include side sloping necessary to remove the pipe or provide personnel access to the
trench for sampling and characterization Slope will be 1.5 to 1 for Hanford soils. This slope is assumed 10
be adequate for safe persormel access and trench boxes or shoring will not be required.
Costs for sampling need to be mcluded in the cost estimate totals. Laboratory analytical cost per soil
sample will be assumed for the purposes of this study to be $11,385 per single soil sample. Any costs for
sampling of actual piping or contaminated soil can also be provided (but is excluded from the scope). Itis
assumed that one pit and sampling collection (labor and materials) would cost $12500 for the first sample,
with $600 for every additional sample. Note that one pit would take ~1 day but 3 pits could be done in 2
days due to economy of already mobilized forces. Therefore for example a 100" pipeline would take 3 pits
and 2 days or $25000 for the first sample in each of the 3 pits. On a per foot basis, the costs for the first
sample would be $250/foot, with a minimum of $12500.
Sampling may occur by bore hole, test pit or other means,
Internal space of pipe will be sampled.
Assume pipe systems are single pipe lines (no multiple line systems or encased systems).
The following pipe sizes may be excluded since these are not known to exist on the Hanford site.
Stainless Steel pipe greater than 12 inches diameter
Carbon steel pipe greater than 24 inches
Concrete pipe less than 12 inches diameter
Vitrified clay pipe less than 12 inches and greater than 36 inches
An excavation length of 100 ft was chosen for this evaluation for the following reasons:
o It allows meaningful comparison between excavation and sampling activities.
o Itrepresents & median length of typical pipe runs.
o Itprovides a good balance between fixed costs (i.e., mobilization and demobilization) and unit
costs without inflating (or deflating) the fixed costs.

The ultimate result of the excavation estimate i8 to provide a cost per linear foot of pipe removed. The
spreadsheet can be modified to input the exact pipe length if the scenario dictates a higher level of estimate
fidelity.
The estimate assumes that any crushing or flattening of pipe to eliminate void space will be performed at the
disposal site. Cost associated with this is included in the waste disposal charge line item.
Statistical analysis for sampling confidence will be performed based on the following references:

1. EPA QA/G-9S, “Data Quality Assessment: Statistical Methods for Practitioners”

2. EPA QA/G-9R, *“Data Quality Assessment: A Reviewers Guide”

3. EPA QA/G-5S, “Guidance on Choosing a Sampling Design for Eavironmental Data Collection”
Upper confidence levels evaluated are 80, 85, 90, and 95%.
Action levels for specific contaminants of concem ars not used in this analysis. If needed, reference 6.9
provides examples of action levels.

Contributors

Principal contributors to this study include:

Wayne Gaul, Ph.D., CHP, CHMM Chesapeake Nuclear Services

Charles Urland Project Enbancement Corporation
William G, Jasen, PMP Project Enhancement Corporation

152416.doc 3
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2. Statistical Sampling Evaluation

The purpose of this section is to provide a statistical evaluation of the number of samples required for a given length
of pipeline to demonstrate, at several confidence levels, that the action levels for contaminants are not exceeded. A
range of confidence levels is desired to allow for the potential for demonstrating ability to meet the action levels at
varying levels of statistical rigor, with resulting potential for cost avoidance. The confidence levels of 80, 85, 90,
and 95% upper confidence levels should be used, althongh alternate statistical treatments may be performed subject
to approval by Fluor Hanford. The statistical evaluation should be representative of the number of samples needed
to enable the stated confidence levels.

The purpose of this decision support tool is to provide decision-makinp activities as they pertain to the potential
remedial action (RA) activities associated with pipe removal, sampling and characterization at the Hanford site and
potential removal of contaminated soils. The former weapons production complex includes sections of buried
pipeline of varying depths, piping materials and contamination levels. This study supports, and results in, a Jogical
systematic approach to sampling the residual soils, and decision making. Data from this sampling effort will be used
to minimize the costs associated with remediation efforts and comparison to regulated soil clean up levels to
determine if additional s0il remediation is required prior to formal site closure. The sections which follow provide
the necessary information and decisions made by the site owner and regulators that result in a sampling approach that
will satisfy all decision needs.

21 Action Levels
Action levels, if needed, will be consistent with Decisional Draft DOE/RL-2007-02, Rev 0, Appendix E Acticn
Levels and DOE/RL-2002-14, Rev | Work Plan. Specific action Jevels have not been applied to the development of
the decision support tool.

2.2 Preliminary Activities

Preliminary activities affecting any area of concern are initially identified and investigated in the scoping or
determining no information is availzble, efc, which are explained in more detail below. These preliminary activities
provide an informed identification of the initial scope and bound of the activities needed to characterize the pipe
identified. The information and data obtained during these preliminary activities is essential o establishing the
correct statistical parameters vsed to characterize the site.

2.2.1  Scoping Process

The scoping process is conducted by assigning responsibilities and completion target dates in the scoping checklist,
Table 2. The ohjective of the scoping checklist is to provide a comprehensive tool that ensures that all relevant and
available project information is obtained, analyzed, evaluated, and summarized This checklist requires the
investigator to determine information such as site history, risk drivers, operational concerns, safety concems,
radionuclides present, hazardous materials present and waste designations. The table allows tracking by providing
space to put a check in column one when a task is completed. The scoping process results provide the basis for
much of the statistical analysis decisions.

152416.doc 4
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Table 2 - Scoping Checklist

Completed Item Responsibility Completion Date

Historical site assessment

Swudy areas defined

W

Summary of existing data, surveys, lab
results, monitoring results

bl Lo |

Summary of recorded spills

Current facility conditions

Current environmental conditions

Current safety conditions

Radionuclides present

Hazardous materinls present

Waste on site

bl Sl Baad ol Dl ol S B

pr e

Additional issues

2.2.1.1 Historical Site Assessment (HSA) or Inltisl Assessment

Provide a brief description of the history of the facility, sile, or study area. Discuss when and why the facility, site,
or study area was originally developed and how it has been used over the years to the present. Describe the general
design and dimensions of the facility or survey area, year of construction, types of improvements, and reference
facility drawings. Describe the process history for facility operations from the time the facility began operations
until the time it ceased operations. Categorize the survey areas as impacted or non-impacted.

Identify all regulatory crileria pertirent to the site, including action level criteria or regulatory limits, which may be
dose, risk or activity based. Identif; applicable administrative limits associated with disposal site Waste Acceptance
Criteria (WAC). Identify applicable Depariment of Transportation (DOT) requirements for shipping waste material.

22.1.2 Study Area Defined

Describe any previous areas which have been identified as needing investigation, remediation of further action,
Provide specific information such as location, blue print or map reference, Also clearly identify areas which will not
be included.

2.2.1.3 Summary of Existing Data

Discuss any existing data that is relevant to the facility, site, or study arca and that might influence the way this study
will be developed. Provide a summary of sll existing analytical data, survey data, laboratory results or relevant
information. A thorough understanding of these data is essential to the statistical process since it is the basis for
defining the conceptual model. An understanding of the variance and other statistical parameters for the existing
data may also be valuable to the sampling design. Identify all derived concentration guideline levels (DCGL) which
have been developed for the site.

2.2.1.4 Summary of Recorded Spills

The historical site assessment and existing data review may cover this area in sufficient detail, however, if possible
interview individuals who worked at the area prior to the initial acceptance of RCRA. This may bring to light
previous activities in arcas long forgotten.

2.2.1.5 Current Conditions

Discuss any steps that are currently being taken to maintain the facility, site, or study area, to prevent further
contamination from occurring, and/or to minimize risk to human health and the environment. Identify the current
housekeeping practices such as mopping or vacuuming floors to prevent dust buildup. This information is important
to understand the potential migration of contaminant. Identify any outdoor actions which are present to prevent
contaminant migration to the soil and to water pathways, such as silt fences and collection areas. Identify all safety
concemns involved with the facility, building(s), and area. These should be useful in incorporating into job hazard

152416.dcc 5
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analyses. Identify personnel protective equipment and measures needed to protect workers. Identify industrial
hygiene sampling requirements,

2.2.1.6 Materials Present
Identify the scope of radionuclides present on the site from the HSA. Determine all hazardons materials on site and

the associated quantities. Provide an inventory of waste on site by types and quantities.

2.2.1.7 Scoping Issues

Scoping issues are unresolved questions that surface while conducting the scoping process and that need to be
resolved before the project can proceed. For example, historical documents may differ in their descriptions of the
processes, radionuclides or chemicals used at a given site, or in a given area. If there are unceriainties regarding the
processes or chemicals that were used, it will be difficult to develop a list of contaminants of concern.

222 Conceptual Model

If during the above steps information is not sufficient to support a complete decigion of reuse, recycle, disposal or
maintain as current, a conceptual model to support activities should be developed. This model describes the
radioactivity suspected for the project. The determination of impacted or non-impacted should be supported by the
model. The determination of data gaps and potential disposition strategies should be given.

223 Summary
At this step a summary of an area of concern is developed which ties all of the above items into a document that is

useful for further planning. This document can cover one single area or may cover a group of related areas having
similar characteristics. In developing areas of concern the Multi-Agency Radiation Survey and Assessment of
Materials and Equipment Manual (MARSAME), Draft for comment, NUREG 1575, Supplement 1, EPA 402-R-06-
002, DOE-EH-707, December 2006 uses the term categorization to determine if material or equipment are impacted
or not impacted. This leads to an appropriate level of survey for disposition of the material from a survey unit. The
survey unit provides the spatial boundaries for the disposition decision similar to the MARSSIM (NUREG 1575,
Multi Agency Radiation Survey and Site Investigation Manual (MARSSIM), Rev. 1, August 2000). Guidance on
classifying areas based on the potential level of residual radicactive material to provide the appropriate level of
survey cffort relative to the established the action level criteria. Survey and size requirements are specific to each
class, Table 3, with more detailed requirements for those areas with potentially higher levels of contamination. The
classifications and associated survey requirements are:

e Class 1 areas are: (1) those where residual contamination, prior to any remediation, are likely to exceed
applicable vnrestricted action level eriterda; (2) have the hiphest potential for small areas of elevated
contamination; and (3) insufficient evidence is available to reclassify the area as Class 2 or Class 3.

e Class 2 arcas arc: (1) those where the potential for residual contamination exists, but is unlikely to exceed
the applicable unresiricted action level criteria; and (2) little or no potential for small areas of elevated

5

® Class 3 areas are: (1) those where measurable levels of residual contamination are unlikely above

background; and (2) insufficient evidence to support categorization as non-impacted.

Table 3 - Area Classification Requirements

Classification Area Size Percent of Total Area
Class 1 structures up 1o 100 m* surface area 100%

Class 1 land areas up 102,000 m* 100%

Class 2 land areas 2,000 m* to 10,000 m* 10%! to 100%
Class 3 areas 2.000 m” to 10,000 m* May be less than 10%

23 Decision Criteri
At this point arcas of potentia contamination have been determined and the question needs fo be developed to
determine what actions are needed. Consequences of these actions also need to be identified such that decision
levels may start to be developed which are based on statistical decisions. The decision point of this study is to

I This percentage depends on the DQO process, reference 6.10.
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determine 1if it is more cost effective to remove a section of pipe without sampling or characterize the pipe without
remediation and achieve the same remediation goals. These decision criteria will be developed for 4 separate
decision levels (0%, 85%, 90%, 95% confidence level) based on statistical modeling.

The mull hypothesis (H,) tested for in this plan is that contamination exceeds the action level. The alternative
hypothesis (H, or H;) is that residual contamination meets the acticn level crterion. The statistical tests used will
attempt to reject the null hypothesis.

Type 1 decision error: A decision error that occurs when the null hypothesis is rejected when it is true. The
probability of making a Type J decision error is called alpha (o). This is termed a false positive error.

Type Il decision error: A decision error that occurs when the null hypothesis is accepled when it is false. The
probability of making a Type I decizion error is called beta (B). This is termed a false negative error.

If the action level (AL) for the contaminant is not zero, the surveys are designed to provide sufficient evidence about
the contaminant concentration (X) to disprove H,, with H: X > AL (see section 2.1 on action levels). Any decision
criteria will require a combination of accepting a probability for both error types. The risk of deciding a contaminant
is not present when it truly is present provides a more severe problem because the potential consequences of this
decision error include risk to human health and the environment. Therefore, a more stringent limit is typically set for
the o parameter than the B parameter.

23.1 Develop Limits on Decisiom Errors

The decision process starts with determining the region where relatively large decision error rates are considered
tolerable. This is referred to as the gray region. The amount of data available influences the width of the gray
region. This region can be revised depending on the power of the hypothesis test. A limit must be set for a talerable
false negative decision error rate and a tolerable false positive decision error rate. The combination of these limits
will be very close to the 4 separate decision levels (80%, 85%, 90%, 95% confidence level) used here. The lower
bound of the gray region (LBGR) is selected depending on data availability for the site. Further information on the
IBGR can be found in References 6.3, 6.5, 6.7, and 6.8.

Determine data user’s objectives for the contaminant of concern and relate it to a possible background level.
Translate the data nser's objectives into limits on Type I or Type II decision errors. If Data Quality Objectives
{DQO's) have not been developed, document the probable tolerable limits on decision errors, width of gray region,
and estimated preliminary values. [f DQQ’s were developed, confirm the Limits on decision errors.

23.2 Information Needs

The relevant information needed 10 make the decision will be tabulated and analyzed for usability. This information
include items such as radionuclides of concern, chemicals of concern, standard deviation, lower and upper bound of
the gray region, and other data collected in the DQO process, Additional samples may be required. The arcas of
concern will be isolated into individual survey mnits that will be treated as separate cases. Each individual case will
be uniquely identified. Spatial and temporal components will be identified such that data collection and use will be
representative of the population. It is very important to define the population clearly and exactly. The population is
the total area, volume, and/or time taterval that apply to the decision (once made). If the population is not well
defined, it will be unclear to what the decision applies. Time is included to take into account potential migration into
or out of the area.

233  Preliminary Data Review _

The action levels for radionuclides and chemicals must be established and clearly identified prior to any sampling or
remediation. These criteria assist in establishing decision levels with the statistical parameters vsed to test the
hypothesis. These criteria may be regulatory or risk based parameters. The relationship of the data received to the
action Jevel needs to be established. This asks the question of whether the action level is “equal to” or “less than”
the numerical value. This study uses confidence interval statistics at 0%, 85%, 90% and 95%.

When there is existing data it will be analyzed for applicability by determining the following statistical parameters
for each radionuclide or chemical of concemn:

s  Measure of relative standing
e Measure of centrul tendency
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e  Measure of dispersion
e  Measures of association, where applicable

2.33.1 Measures of Relative Standing

Sometimes the analyst is interested in knowing the relative position of one or several observations in relation to all of
the observations. Percentiles or quantiles are measures of relative standing that are nseful for summarizing data. A
percentile is the data value that is greater than or equal to a given percentage of the data values. Stated in
mathematical termns, the p% percentils is a data value that is greater than or equal to p% of the data values and is less
than or equal to (1-p)% of the data values. Therefore, if 'x' is the p* percentile, then p% of the values in the data set
are less then or equal to x, and (100-p) % of the values are greater than x. A sample percentile may fall between a
pair of observations. For example, the 75th percentile of a data set of 10 observations is not uniguely defined.
Therefore, there are several methods for computing sample percentiles, the most common of which is described
below.

Let Xy, X3, ..., X, represent the » data points. To compute the p® percentile, ¥(p), first rank the data from smallest to
largest and label these points Xy, Xp), - . .. Xiy 50 that Xy, is the smallest, X,y is the second smallest, and Xy is the
largest). Let t= ap/100, and multiply the sample size n by t. Divide the result in to the integer part and the fractional
part, i.e., let nt = j + g where j is the integer part and g is the fraction part. Then the p™ percentile is calculated by:

ifg=0, y(p) = (K + Ky s )12 (1)
otherwise, yip) =Xj+1)

23.3.2 Measures of Central Tendency
Measures of central tendency characterize the center of a data set. The three most common estimates are the mean,
median, and the mode. Directions for calculating these quantities are given below.

The most commonly used measure of the center of a data set is the sample mean, denoted by X . The sample mean
can be thonght of as the "center of gravity™ of the data set. The sample mean is an arithmetic average for simple
samopling designs; however, for complex sampling designs, such as stratification, the sample mean is a weighted
arithmetic average. The sample mean is influenced by extreme values (large or small) and the treatment of non-
detects,

The sample median is the second mnst popular measure of the center of the data. This value falls directly in the
middle of the ardered data set. ‘This means that % of the data are smaller than the sample median and % of the data
are larger than the sample median. ‘The median is another name for the 50th percentile. The median is not
influenced by extreme values and cen easily be used if non-detects are present,

Another method of measuring the center of the data is the sample mode. The sample mode is the value that occurs
with the greatest frequency. Since the sample mode may not exist or be unique, it is the least commonly used
measure of center, However, the mode is useful for qualitative data.

Let X3, X3, ..., X, represent the n data points.
Sample Mean: The sample mean, X , is the sum of the data points divided by the sample size, :

¥=13%, @

L=

Sample Median: The sample median, X , is the center of the ordered data set. To computs the sample median, sort
the data from smallest to largest and label these points Xy, X, . - . X Then,
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g -
'E[sz) + X{(.rzhn] if nis even
(3)

L
I

Xy if nis odd

Sample Mode: The sample mode is the value in the sample that occurs with the greatest frequency, The sample
mode may not exist or be unique. Count the mumber of times each value occurs. The sample mode is the value that

occurs most frequently.

2333 Measures of Dispersion

Measures of central tendency are more meaningful if accompanied by a measure of the spread of values about the
center. Measures of dispersion in a data set include the range, variance, sample standard deviation, coefficient of
variation, and the interquartile range. Directions for computing these measures are given below.

Let X, X3, ..., X, represent the n data points.

Sample Range: The sample range, R, is the difference between the largest and smallest values of the data set, i.e,, R =
max{X)) - min(X}).

Sample Variance: To compute the sample variance, &, compute:

2
A 1 n
ZX-’——(ZX:]
2 _ =l AN
S =
n—1
Sample Standard Deviation: The sample standard deviation, s, is the square root of the sample variance,

=¥ ®

Coefficient of Variation: The coefficient of variation (CV) is the sample standard deviation divided by the sample
mean ie., CV=s/X . The CV is often expressed as a percentage.

Interquartile Range: The interquartile range (EQR) is the difference between the 75th and the 25™ percentiles, i.e.,
IQR = ¥(75) - ¥(25).

The easiest measure of dispersion to compute is the sample range. For small samples, the range is casy to interpret
and may adequately represent the dispersion of the data. For large samples, the range is not very informative
because it only considers extreme values and is therefore greatly influenced by outliers.

Generally speaking, the sample variance measures the average squared distance of data points from the sample mean.
A large sample variance implies the data are not clustered close to the mean. A small sample variance (relative to
the mean) implies most of the data &re near the mean. The sample variance is affected by extreme values and by a
large number of non-detects.

The sample standard deviation is the square root of the sample variance and has the same unit of measure as the data.
The coefficient of variation (CV) is & measure having no uaits that allows the comparison of dispersion across
several sets of data. The CV (also known as the relative standard deviation) is often used in envirommental
applications because variability (when expressed as a standard deviation) is often proportional to the mean.

‘When extreme values are present, the interquartile range may be more representative of the dispersion of the data
than the standard deviation. This statistical quantity is the difference of the 75th and 25th percentiles and therefore,

is not influenced by extrems values,

(S

23.3.4 Measures of Association
Data sets often include measurements of several characteristics (variables) for each sampling point. There may be
interest in understanding the relationship or level of association between two or more of these variables. The
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: relationship between two variables may not be applicable in all situations for this project. One of the most common
measures of association is the correlation coefficient. The correlation coefficient measures the relationship between
two variables, such as a linear relationship between two sets of measurements. It is very important to note that the
correlation coefficient does not imply cause and effect. The analyst may say the correlation between two variables is
high and the relationship is strong, but may not say an increase or decrease in one variable causes the other variable
to increase or decrease without further evidence and strong statistical controls. .

The Pearson corrclation coefficient measures the strength of the linear relationship between two variables. A linear
association implics that as one variable increases, the other increases or decreases linearly, Values of the comrelation
coefficient close to +1 {positive correlation) imply that as one variable increases, the other increases nearly linearly.
On the other hand, a correlation coefficient close to —1 implies that as one variable increases, the other decreases
nearly linearly. Values close to 0 imply little linear correlation between the variables. When data are truly
independent, the correlation between data points is zero (note, however, that a correlation of ¢ does not necessarily

imply independence).

The correlation coefficient does not detect nonlinear relationships 8o it should be vsed only in conjunction with a
scatter plot. A scatter plot can be used to determine if the correlation coefficient is meaningful or if some measure of
nonlinear relationships should be used. The correlation coefficient can be significantly influenced by extreme values
so a scatter plot should be usex first to identify such values.

Pearson’s correlation may be sensitive to the presence of one or two extreme values, especially when sample sizes
are small. Such values may result in a high correlation, snggesting a strong linear trend, when only moderate trend is
present. This may happen, for instance, if a single (X.Y) pair has very high values for both X and ¥ while the
remaining data values are uncorrelated. Extreme values may also lead to low correlations between X and ¥, thus
tending to mask a strong linear trend. This may happen if all the (X.¥} pairs except one (or two) tend to cluster
tightly about a straight line, and the exceptional point has a very large X value paired with a moderate or small ¥

, value {or vice versa). As influences of extreme values can be important, it is again suggested to use a scatter plot in

: conjunction with a correlation coefficient.

An alternative to the Pearson correlation is Spearman’s rank correlation coefficient. It is calculated by first replacing

each X value by its rank (i.e., 1 for the smallest X value, 2 for the second smallest X value, etc.) and each ¥ value by

its rank. These pairs of ranks are then treated as the (XY) data and Spearman’s rank correlation is calculated using

the same formulae as for Pearson’s corrslation.

Since meaningful {i.¢., monotonic increasing) transformations of the data will not alter the ranks of the respective
variables (e.g., the ranks for log (X) will be the same for the ranks for X), Spearman's correlation will not be altered
by nonlinear increasing transformations of the Xs or the ¥s. This desirable property, and the fact that Spearman’s

| correlation is less sensitive 10 extrerne values, makes Spearman’s correlation a good altemative or complement to

' Pearson's correlation coefficient.

- 234 Identify Survey Units

' To make a decision concerning the disposition of the pipe and associated surrounding so0ils the total must be divided

. into segmeants of the total that will be used to make an individual decision. This separate amount of material or
equipment will require a scparate disposition decision. These separate decision pieces are termed survey units with
boundaries clearly defined to make data interpretations straightforward.
Typically the survey unit dimensions are not given in a regulation 80 the decision maker must make assumptions to
develop action levels and survey unit boundaries based on physical characteristics such as physical dimensions,
complexity, accessibility and inherent value. The size is primarily related to the scale of decision making defined by
length, width and depth of soils or 3 related volume of material. This may sllow the separation into impacted and

24 Select the Siatistical Method

The intent here is to choose a statistical method and define the assumptions used to determine this method.
Typically, there is existing data to support the method determination, however, if no data is available a determination
may still be made.
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One division in the methods of this section is between parametric and nonparametric hypothesis tests. Parametric
tests typically concern the population mean or quantile, use the actual data values, and assume data values follow a
specific probability distributiont, normal or lognormal. Nonparametric tests typically concem the population mean or
median, use data ranks, and don’t assume a specific probability distribution. Parametric tests will have more power
than a nonparametric counterpart if the assumptions are met. However, the distributional assumptions are often strict
or undesirable for the parametric tests and deviations can lead to misleading resuits. These will be discussed for
cach test.

The intent is to provide good siatistical validity to defend the hypothesis testing being done at the end to determine
the number of samples required to provide a reasonable statistical confidence the site is correctly represented. If the
contaminant is present in the background, the multiple population method tests will be used to compare data to the
release criteria or action level. If the contaminant is not present in the background the single population tests will be
used.

The gray region is a range of values of the parameter of interest for a survey unit where the consequences of making
a decision error are relatively minor. The upper bound of the gray region is set equal to the action level, and the
lower bound of the gray region (L B(GR) is a site-specific variable. The decision maker has the ability to select the
width of the region. The lower bound of the gray region (LBGR) is initially set at 50% of the action level. A
change in the L BGR will affect the relative shift and number of samples taken in 8 survey unit. This is reflected in
the two types of errors associated with the data quality process:

Type I decision error: A decision error that ocours when the null kypothesis is rejected when it is true. The
probability of making a Type I decision error is called alpha (o).

Type Il decision error: A decision error that occurs when the mull hypothesis is accepted when it is false. The
probability of making a Type IT decision error is called beta (B).

The IBGR is subtracted from the action level and represents the width of the gray region and is referred to as the
shift, delta (A). This can also be bound by the specified false rejection decision error limit minus the specified false
acceptance decision error limit. The shift is used with the standard deviation, o, of the measured values in the survey
umit or the reference area to determine the relative shifi, A/c. The relative shift is an expression of the resolution of
the measurement in units of measurement uncertainty. Expressed this way it is easy to see that relative shifis of less
than one standard deviation, Afo < 1, will be difficult to detect. Conversely, relative shifts preater than 3 standard
deviations, A/c > 3, will be easy to detect. The number of measurements required to achieve the two errors above
depends on the value of the relative shift.

The standard deviaticn will be determined from existing survey data, as available, and estimated otherwise. Surveys
may be done to establish a better standard deviation. Different types of surfaces, soils or reference areas will require
different standard deviations be determined. When preliminary data is not available MARSSIM allows an assumed
standard deviation on the order of 30% of the DCGL. These concepts are used to determine the number of samples
needed to determine a specific statistical accuracy,

241 Single Population Methods

The methods of this section concern comparing a sinple population parameter to a regulatory value (i.e. a fixed
number) or the estimation of the population parameter. If the regulatory or action-value was estimated, then a one-
sample method is not appropriate and a two-sample test should be selected. An example of a one-sample test would
be to determine if 95% of all soil samples of Pu-239 from the area are below a fixed regulatory level. For this
example, the population parameter is a proportion and the threshold value is 95% (0.95). Comparing the mean
contaminant concentration of a contaminated site to the mean concentration of a background area would be a
considered a two-sample test.

The hypothesis tests discussed in this section may be used to determine if there is evidence that 6 < 6, 8> &, or 87
8, where & represents the populatior. mean, median, proportion, or quantile, and £, represents the threshold value.
There are also confidence/tolerance mterval procedures 1o estimate 8.

24.1.1 Omne Sample Student t-Test

This one sample test is used to compare the mean of the population to a threshold value or regulatory limit. This test
assumes the contaminant being compared is not present in background. The test also assumes there is no variability
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in the regulatory limit. The test assumes independence of the data and the mean 18 approximately 2 normal
distribution. A statistical test for normality of the data should also be done prior to performing this test. Consulta
statistician to determine 1o what degree the data meets the normal distribution. Note that if the sample size does not
meet the normal distribution this test may still be applied in a limited fashion. The t-test should be used with caution
when outliers are present because the mean and standard deviation are sepsitive to outliers.

If the data set has a large number of values that have been reported as Jess than the detection limit caution should be
. taken. Large mumbers of values reported as less than the detection limit may canse the decision maker to throw out
| the data set or reguire additional samples be taken. Replacing the less than data with 50% of the detection limit has
been considered acceptable in some cases.
The decision maker must determine the appropriate proportion for the parameters associated with this test. This
information includes:
The null and altemative hypothesis, typically:
H, = p > regulatory limit
H, = p < regulatory limit
The gray region bound by 2 tolerable false negative decision error rate
and a iolerable false positive decision error rate,
The false rejection error rate, «,
The false acceptarce error rate, .

This test is to be used when there ar: potential statistical outliers in the data. Qutliers may represent hot spots in the
distribution of contaminant. There are numerous statistical tests for outliers that may be appropriate to use at the
start of the process.

Calculate the number of samples necded for the one sided # test using:

| 2
= +
| nm— (Z} ip) +0.5z, (6)
Where:
n = the nurober of samples,
Stow = estimated standard deviation, total population,
Ziq = where z, , is the z statistic for the false rejection emror rate, a,
Table A-1 of Reference 6.3,
Zip = where 2,5 is the z statistic for the false acceptance error rate, B,
Table A-1 of Reference 6.8,
A = width of the gray region (the specified false rejection decision error limit

minus the specified false acceptance decision error limit).
It is customary to round sample size up to the next highest whole number.

2.4.1.2 One Sample Proportion Test '

The one smnplepmpomontestmwaedtocompareapopulauonpmpomonorpcmenuletnaﬂnesholdwlucor

regulatory limit. The population proportion is the ratio of the mumber of elements of a population that has some
specific characteristic to the total number of elements. A population percentile is the percentage of elements of a
population having values less than some threshold or regulatory limit.

This test assumes the contaminant being compared is not present in background. The test also assumes there is no
variability in the regulatory limit. Note that for P = (.5 this test is equal to the Sign test, however, this test is more
powerful than the Sign test for symunetric distributions. The Wilcoxon signed rank test is preferred test when testing
the median. The test is used to determine if the parameter being tested is & percentage (proportion) of the threshold
value. The only assumption is that the samples represent a random sample. The distribution shape is valid far any
underlying distributional shape.
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The decision maker must determine the appropriate proportion for the parameters associated with this test. This
information includes:
The null and altemative hypothesis, typically:
H, = P 2 regulatory limit,
H, =P < regulatory limit,

The pray region, bound by a tolerable false negative decision efror rate
and a tolerable false positive decision error rate,

The false rejection. error rate, a,
The false acceptance error rate, B,
Additional false rejection and acceptance exror rates may be chosen.

This test is to be used when there ar¢ potential statistical cutliers in the data. Outliers may represent hot spots in the
distribution of contaminant. There are numerous statistical tests for outliers that may be appropriate to use at the
start of the process, Reference 6.8.

Calculate the number of samples necded for the one sided test using:

i
f 2
| oo Ze Ji%a—&}+z,-,Jﬂa-ﬁ)J -

R-hK
Where:
n = the nurnber of samples,
Zi = where 2, , is the z statistic for the false rejection error rate, a,
Table A-1 of Reference 6.8,

23 =where z,g is the z statistic for the false acceptance ecror rate, B,
Table A-1 of Reference 6.8,
Py = the false rejection rate,
P, = the false acceptance rate.
Round the sample size up to the next highest whole number.

2.4.13 Wilcoxon Signed Rank Test
This test is good to test the mean or median of the population. The data are assumed 1o constitute a random sample
from a symmetric population. If the population is not symmetric or normal consult a statistician for assistance, For
populations where the sample size i3 greater than 50 the #-test is more robust than the Wilcoxon signed rank test.
Sampling results should be reported with sufficient accuracy such that a large number of equal values are avoided.
Negative numbers and estimated values for data below the detection limit (0.5 the detection limit) are used because
the test relates the relative magnitude to the rest of the data.

To calculate the number of samples needed for the Wilcoxon signed test use:

2
= (2;-_,, +z:-p) — where Sign P= Q[i] (8)
4(Sign P-0.5) .
Where:
n = the number of samples,
Z).q =where z,, is the z statistic for the false rejection error rate, «,
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Table A-1 of Reference 6.8,
Zip = where 2. is the 2 statistic for the false acceptance error rate, B,
Table A-1 of Reference 6.8,
y ¥ 5
@  =cumulative standard normal distribution function, [e7ax
Jix 2,
A = width of the gray region (the specified false rejection decision error limit

minus the specified false acceptance decision error limit)
Sram = estimatex total standard deviation.

Round the sample size up to the next highest whole number.
242 DMaultiple Population Methods
For two sample tests the hypothesis considered are different from the one sided test since a comparison is used. The
comparison is between the reference area characteristics and the survey arca characteristics. Multiple population
methods are appropriate when the comparison population of the reference area has the constitnent of concem
naturally present. This is the case for radium, thorium and uranium in soil. It is important to be able o evaluate the
variability of the background material in relation to the contaminant concentration. Multiple population methods
allow this comparison. The decision maker must select the test to use.

For the hypothesis testing let &, represent the mean for population 1 and p, represent the mean for population 2 the
hypotheses considered are:

Case 1: Hy py-p2 S 8 vs. Hal Wy -2> 3, and

Case2: Ho: py-p2=> 8 vs. Hy - 2< §,

Where 8, is a specified value.

2421 Two Sample Student t-Test

This test is robust for testing the means of two populations. This test assumes & random sample is drawn from each

population and they are independent: samples. The means for each population are assumed to be approximately
normally distributed.

The decision maker must select the appropriate criteria and hypothesis case 1o test,
The gray region, bound by a tolerable false negative decision error rate and a tolerable false
positive decision &ror rate,
The false rejection error rate, a at §,,
The false acceptance error rate, p at §,,
Additional false rejection and acceptance error rates may be chogen.
To calculate the number of samples needed for the two sample t-test use:

L 2s? (zH + z,_,)z

G o +(025) 2], (9)
Where:
n = the number of samples,
g = estimated standard deviation,
2l = where 2.4 is the  statistic for the false rejection error rate, o,

152416.doc 14



Page 23 of 128 of DA05602582

SGW-~34760 Rey, 2

Pipeline Removal Vs, Characterization Study - Decision Support Tool

Table A-1 of Reference 6.8,
Zip = where 2,4 is the z statistic for the false acceptance error rate, B,
Table A-1 of Reference 6.8,
(i = the false rejection decision error rate,
By = the false acceptance decision error rate,
Round the sample size up to the next highest whole pumber.
24.2.2 Two Sample Proportion Test
This test considers hypotheses concerning two population proportions or percentiles. The population proportion is
the ratic of the number of elements in a subset of the total population to the total munber of elements, where the

subset has some specific characteristic that the rest of the elements do not. A population percentile represents
percentage of elements of a population having vatues less than some threshold value C.

The decision maker must decide on the hypothesis to vse. If the decision is made to let Py represent the tue
proportion for population 1 and P, represent the true proportion for population 2 the hypotheses considered are:

Casel: Hy P,-P;< §, va Hy: P;-P,> §,and
Case2: H: Pi-P22 8, vs. Hy: Py -P2< B,
Where &, is a specified valne. An equivalent mull hypothesis can be written for percentiles
Additional information required includes:
The gray region, bound by a tolerable false negative decision error rate and a tolerable false
positive decision error rate,
The false rejection error rate,  at &g,
The false acceptance error rate, B at 8y,
Additional false nzjection and acceptance error rates may be chosen.

This test assnmes a random sample is drawn from each population and they are independent samples. The test is
robust for any underlying distributional shape and is valid to outliers

To calenlate the number of samples needed for the two sample test for proportions use;

B+5

n= 2(21"-* +% s )2 }_J(l _—P—)z

10
@& By e

where P=
Where:
n = the munber of samples,
Z)o = where z; _ is the 2 statistic for the false rejection error rate, o,
Table A-1 of Reference 6.8,
Zrp = where z;.y is the z statistic for the falss acceptance emror rate, B,
Table A-1 of Reference 6.8, '
| 3 = the proportion from samptle population 1,
Py = the preportion from sample population 2.

Round the sample s:zeup to the next higheé.t whole number.

2.42.3 Wilcoxon Rank Sum Test .
This test is a distribution free test that compares the shape and location of the two distributions instead of a statistical
parameter such as mean or median. The Wilcoxon Rank Sum Test uses the oull hypothesis:

H,: the distribution of population 1 and population 2 are identical (or the site is not more contaminated than
background).
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The alternative hyvpothesis is:
H,: part of the distribution of population | is located to the right of the distribution of population 2 (or the site is
more contaminated than background).

This requires care in labeling populations 1 and 2 because of the structure of the hypotheses. This test, when applied
with the Quantile test, results in the most powerful for detecting true differences between two populations. Random
sampling and data independence are required for this test. This test is robust for outliers.

To determine the mumber of data points required use:

1

n=—(z'—""if-‘:-’i where sz[—&—] (11)

3(}: - 05)2 ’ 'Jz'gj'u‘j

n = the number of samples in the reference and survey areas,

Zig = where z; is the z statistic for the false rejection error rate, o,
Table A-1 of Reference 6.8,

Zip = where i1.p is the z statistic for the false acceptance error rate, j,
Table A-1 of Reference 6.8,

o = the cumulative standard normal distribution function,
Staa = the estimated total standard deviation
A = width of the gray region (the specified false rejection decision error limit

minns the specified false acceptance decision error limit).

Round the sample size up to the next highest whole number.

2.5 Sampling Designs

The number of samples needed to accurately determine the characteristics of an area were determined using the
methods in Section 2.4 above, It must be determined where to take these samples to benefit the most from the daia
received. Environmental sampling includes not only the number of samples but the geographic positioning of the
samples and/or the time frame of sampling. All of this comes together to minimize the expenditure of resources

associated with sample collection, analysis, and interpretation.
Environmental sampling designs are a complex subject which is dealt with in extensive detail m References 6.1, 6.3,
6.5,and 6.8. A simple listing of common sampling designs is given below:

Judgmental sampling

Simple random sampling

Stratified sampling

Systematic and grid sampling

Composite sampling _
More imnovative sampling designs inclide ranked set sampling and adaptive cluster sampling, Reference 6.5.
251 Judgmental Sampling
Here the selection of where to take the samples is based on knowledge of the features or condition under
investigation. This method is based on professional judgment not statistical probability based sampling. For this
study the restriction has been placed at two pipe diameters outside the pipe under investigation.
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252 Simple Random Sampling

In this sampling method the sampling locations are selected using random numbers that designate where to take the
sample. This design is good for uniformly distributed contamination but is likely to miss *hot spots” of
contamination. The results are statistically unbiased estimates of the mean, proportion and variability within the
survey unit. Difficulty in defining the precise random location may cause difficulties with this method.

253  Stratified Sampling

This sampling design separates the target population into non-overlapping strata or sub populations that are known
or thought to be homogeneous. The strata may be chosen on the basis of preexisting information or judgment about
the site. This method may achieve greater precision in estimating the mean and variance and it also allows
computation of reliable estimates for population subgroups of special interest

254  Systematic and Grid Sampling

This sample design uses regularly spaced intervals over space and time. It starts with a random location and
rigorously defines the remaining locations over 2 grid, which may be square, rectangular, triangular or radial. This
technique is good to determine hot spots and spatial patterns,

255 Composite Sampling

Composite sampling uses volumes of material from several selected sampling units in combination to obtain a mixed
homogeneous sample. It is very cost effective by reducing the number of analyses required. It is used in conjunction
with other sampling designs to estimate the population mean when spatial information is not needed.

256 Sampling Strategy

No single sampling strategy is adequate for the project outlined here so the combination of several different sampling
strategies will be employed to provide the best sampling methodology. Judgmental sampling will be used to sample
near the pipe and preferentially toward any suspected area such as a joint, leak, curve, or close to the building.
Stratified sampling will be employed to get to the depth of the pipe of concern. Five foot itervals have been
initially proposed, but professional judgment will be considered in this decision. A systematic or grid system will be
used sample within two pipe diametsrs of the pipe

26 Impact of Gray Region and Standard Deviation

Variation in the width of the gray region and the standard deviation can significantly affect the number of samples.
These parameters may not be known until & site is identified and some level of data gathering has been
accomplished. Variation in these parameters is described in the following sections,

2.6.1 Efiect of Different Widths of the Gray Region

There are two important statistical parameters that have significant impact on the costs associated with the number of
samples, 1) the width of the gray region and 2) the standard deviation used. The width of the gray region is typically
the upper bound of the gray region rminus the lower bound of the gray region. The upper bound of the gray region is
typically set at the action level while the lower bound of the gray region is somewhat subjective. The wider the
width of the gray region the more error may be accepted. This is used in conjunction with the false positive and
negative rates.

For example, if the contaminant was in the background and the proportion of the reference area activity is being
tested, a two sample proportion test would be chosen. If we choose different widths of the gray region the number of
samples changes, see Table 4 for results from the two sample proportion test. All variables are able to be changed in
the spreadsheet and roll up to a total cost. The combined probability represents addition of the false positive and
negative rates. You cannot choose a zero rale 8o one is used as a placeholder to get the percentages close to the
specified B0%, 85%, 90%, and 95%.
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Table 4 - Example of Cost Variability with Different Statistical Parameters
(from Two Sample Proportion Test)

Width of
Gr Analytical [Costof S fin .
Regi?n, Alpha Beta g::}z:: '::] Cost per Design fao:lp{)neg Pﬁ'::‘:;?;;
(UBGR- d Sample Area
LBGR)

0.1 0.01 0.01 553 $11.43500]  $6,323,555.00
_ 0.1 0.05 0.01 403 $11,435.G0] $4,608,305.00 95%
| 0.1 0.01 0.05 403 $11,435.00] $4,608,305.00 95%
! 0.1 0.1 0.01 332 $11.435.00] $3,796.420.00 0%
0.1 0.01 0.1 332 $11.435.000  $3,796,420.00 90%
0.1 0.05 0.05 276 $11,435.00 $3,156,060.00 90%
0.1 0.2 0.01 256 $11,435.00 $2,927.360.00 80%
0.1 0.01 0.2 256 $11,435.00 $2,927,360.00 30%

0.15 0.01 0.01 246 $11,435.00 $2.813.010.00
0.1 0.1 0.05 219 $11.435.008 $2,504.265.00 35%
Q.1 0.05 {1 219 $11,435.00 $2,504,265.00 35%

0.1 0.3 0.01 208 $11,435.000  $2,378,480.00)

Q.1 0.01 0.3 208 $11.435.00 $2,378,480.0608
5 179 $11,435.000  $2,046,865.00 95%
179 $11.435.00 $2,046,865.00 95%
168 $11,435.000  $1,921,080.00 80%

158 $11,435.000  $1,806,730.00

158 $11.,435.00 $1,806,730.00
148 $11.435.000 - $1.692 380.00 90%
148 $11,435000  $1,692,380.00 90%

This table shows the impact of changing the width of the gray region from 0.1 1o 0.15 at the 95% and 80% level.
The number of samples is 403 samples required at the 95% level with a width of 0.1 going down to 179 samples by
widening the gray region width 10 0.15. The effect of false positive and false negative rate is illustrated with the

| mamber of samples decreasing from 403 at 95%, 332 at 90%, and 256 at 30%.

If the contaminated region is not kmown, the number of characterization samples required is independent of pipe
length. For the purpose of cost comparison with the excavation estimate, a method of comparing the assumed
contaminated soil volume along the pipe length with the number of characterization samples is proposed.

2.6.2 Effect of Different Stn_ndard Deviations

If previous sampling data is available the simple sample standard deviation may be calculated. If data is not
available MARSSIM uses suggested standard deviations. Choosing the appropriate standard deviation will have an
influence on the number of samples and therefore the cost.

When actual data is used the effect of outliers on the mumber of samples may have significant cost implications.
Qutliers are values which lie so far away from the mean that one may suspect that the case in question is not
representative of the population measured. A convenient definition of an outlier is a point which falls more than 1.5
times the interquartile range above the third gquartite or befow the first quartile. Using a histogram, box and whiskers
plot, or scatterplot may be useful in visually identifving outliers. Justification for discarding outliers should be
included in the data evaluation.
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An example of the effect of changing the standard deviation is given in Table 5. Table 5 i8 based on the two sample
student t-test. Ag can be seen the tighter the distribution, i.e. the smaller the standard deviation the fewer number of
samples needed for the same false positive or false negative rate. In the table the width of the gray region for the
example remains the same.

Table 5— Effect of a Different Standard Deviation on the Number of Samples and the Cost

Number off Cost of Sampling Number ofl Cost of Sampling

Samples,| Design for One Samples, Design for One
Alpha Beta SD n Area sD n Area
0.01 0.01 1.9 1628 § 18,816,180.00 1.1 547 |$ 6,254,94500
0.01 0.05 1.9 1187 [$ 13,573,345.00 1.1 399 [$ 4,582,565.00
0.05 0.01 1.9 1186 % 13,561,910.00 1.1 398 |$ 4,551,130.00
0.01 0.1 1.9 980 |5 11,206,300.00 1.1 330 |$ 3,773,550.00
0.1 0.01 1.9 979 I§ 11,194,865.00 1.1 329 |$ 3,762,115.00
0.05 0.05 1.9 814 & 9.308,090.00 1.1 274 |$ 3,133,190.00
0.01 0.2 1.9 756 5 8.644,860.00 1.1 255 |$ 2,015925.00
0.2 0.01 1.9 765 [ 8,633,425.00 1.1 253 |$ 2,893,055.00
0.05 0.1 1.9 645 B 7.375575.00 1.1 217 |$ 2,481,395.00
0.1 0.05 1.9 644 | 7,364,140.00 1.1 217 __|$ 2.481,395.00
0.01 0.3 1.9 612 |5 6,998,220.00 1.1 207 |$ 2,367,045.00
0.3 0.01 1.9 611 % 698678500 1.1 205 {$ 2,344,175.00
0.1 0.1 1.9 494 § 5,648,800.00 {7 166 |$ 1,808.210.00

2.7 Excel Spreadsheet Insiructions

Each Excel spreadsheet (see attachments in Section 7) is set up the same way so the description given here applics to
all of the sheets. These calculations are dependent upon a knowledgeable person choosing the appropriate variables
used in these calculations. They should use available data and decision criteria based upon the proper regnlatory
guidance, This individual should choose the null and alternative hypothesis to be tested. These calenlations assume
the null hypothesis (H,) tested for is that residual contamination exceeds the action level criterion. The alternative
bypothesis (H,) is that residual contamination meets the action level criterion. It is suggested to make a copy of the
folder containing the spreadsheets and save each Rev 0 as the template 1o be used later.

Each Excel file has four worksheets;
Calculations
Size Formuia Sheet
Cost
Totals

The worksheets are set up to interlink and provide the analysis for the “Totals” worksheet, The “Fotals” workshest
provides the results for comparison of costs at different tevels of risk which is determined through the mumber of
samples needed. All worksheets have input cells surrounded with colored borders. Input variables should be chosen
carefully with the appropriate level of justification and documentation.

Start with the “Calculations” worksheet where the level of the false positive error rate {(alpha value,a) and the false

negative error rate (beta value,p) are entered into the appropriate colored fislds. The Action Level, Estimated
Standard Deviation and the EBGR should be entered from existing data or with the appropriate guidance. This
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allows the calcnlation of the width of the gray region (A), the percentage of the Action Level and the number of
samples using the appropriate z statistic.

The “Size Formula Sheet” is a 1abular version of the “Calculations” worksheet in a manner that is easier to follow.
The formula used in the calculation is shown along with references. No input is needed for this worksheet.

The “Cost’* worksheet is a tabulation of costs associated with each sample. The sample collection cost (USCS) is a
single cell and should include all administrative, labor, materials and miscellaneous items associated with collection
of the sample. The sample analysis cost (USAS) table is set up to be a compilation of analytical costs summed at the
top. These two costs are summmed te give the aggregate nnit sample collection and analysis cost (AUSCSAS), which
is used in the “Totals™ worksheet.

The “Totats” worksheet provides the total sampling cost associated with the mumber of samples at a specified false
positive and false negative rate for three different widths of the gray region. A sampling cost budget cell is used to
differentiate the decision level of the total cost between in the red border or blue. Highlighted fields differentiate
different gray regions.

28 Sampling Statistics Results

Statistical techniques can be chosen that determine the number of samples needed for different confidence levels of
false positive or falsc negative rates. The number of samples can be used with the MARSSIM terminology to
determine the volume of material that must be sampled. This allows the decision maker to determine a sample
design that best suits the needs of the user. Historical data can be used to assist in a volume classification to change

the number of samples required dep2nding on known or suspected contamination.

The number determined can be correlated with sampling and analysis costs to get an idea of the cost and relate this to
simple digging and disposal costs. Tables are set up in Excel spreadsheets to investigate different decision Jevels at
different false positive and false negative error rates. The results for the four confidence Jevels B0, 85, 90, and 95
percent are summarized below in Table 6. Note that the number of samples identified in Table 4 and Table 6 differ
due to & change in the percent of the action level used for the width of the gray region and the estimated proportion
in the survey unit and the reference area.

Table 6 - Comparison of Sample Numbers by Confidence Level

80% Confidence Level
Widthof | Alpha | Beta | 1sample 1 sample Wilcoxon | 2 sample 2 sample Wilcoxon
Gray 2-test Proportion Sign test t-test Proportion | Rank Sum
IC 1
5 %xolgAL i% | 20% 380 1041 245 255 1526 106
20 % 1% 378 1106 245 253 1526 106
10% | 10% 248 703 161 166 999 70
5% 15% 272 758 176 182 1093 76
15% 5% 271 780 176 182 1093 76
10 % of 1% | 20% 97 268 68 65 382 30
AL
20% 1% 95 299 63 64 3382 30
10% | 10% 63 185 45 42 250 21
5% 15% 69 198 48 46 274 2
15% 5% 69 208 48 456 274 22
20 % of 1% { 20% 27 70 23 18 96 12
AL
20% | 1% 24 83 23 16 96 12
16% | 10% 17 50 15 11 63 9
5% 15% 19 53 17 12 69 9
15% 5% 18 57 17 12 69 9
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Table 6 (Continued)
85% Confidence Level
Widthof | Alpha Beta 1 sample 1 sample Wilcoxon | 2 sample 2 sample Wilcoxon
Gray I-test Proportion Sign test t-test Proportion | Rank Sum
region
5% of 1% 15 % 428 1179 276 287 1719 119
AL
15% 1% 426 1240 276 286 1719 119
5% 10 % 324 908 200 217 1302 90
10% 5% 323 923 209 217 1302 920
10 % of 1% 15% 109 305 76 73 430 34
AL
15% 1% 107 333 76 72 430 34
5% 10% 82 238 57 55 326 27
10% 5% 82 245 57 55 326 27
20 % of 1% 15% 30 80 26 20 108 14
AL
15% 1% 28 02 26 19 108 14
5% 10 % 22 64 20 15 82 11
10% 5% 21 67 20 14 82 11
90% Confidence Level
Widthof | Alpha Beta | 1 sample 1 sample Wilcoxon | 2 sample 2 sample Wilcoxon
Gray i-test Proportion Sign test t-test Proportion | Rank Sum
region
5%of 1% 10% 492 1366 318 330 1979 137
AL
10 % 1% 490 1418 318 329 1979 137
5% 5% 408 1157 264 274 1645 114
10 % of 1% 10% 125 355 87 84 495 40
AL
10 % 1% 124 379 87 83 495 40
5% 5% 103 305 72 69 412 33
20 % of 1% 10 % 34 94 29 22 124 16
AL
10 % 1% 32 104 29 21 124 16
5% 5% 27 82 24 18 103 14
95% Confidence Level
Widthof | Alpha Beta 1 sample 1sample | Wilcoxon | 2sample | 2sample | Wilcoxon
Gray i-test Proportion Sign test -test Proportion | Rank Sum
n
ﬁpof 1% 5% 596 1667 386 399 2398 166
AL
5% 1% 594 1705 386 398 2398 166
10 % of 1% 5% 151 436 105 101 600 47
AL
5% 1% 150 453 105 100 600 47
20 % of 1% 5% 40 116 35 27 150 18
AL
5% 1% 39 124 35 26 150 18
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3. Pipe Excavation and Removal Cost Estimate

The pipe excavation and removal cost estimate is summarized in dollars per linear foot for excavating pipeline types
(materials of construction) and sizes and depths. Bxcavation depths, summarized in section 1.2 and shown in section
3.1 are §, 10, 15, 20, and 25 feeet below ground surface. Pipeline materials of construction include a) vitrified clay,
b) stainless steel and carbon steel, ¢} concrete masonry, and d) reinforced concrete. Pipeline sizes vary from 2 to 48
inches in diameter. The cost estimate includes various combinations of depth, diameter, and materials of
construction deemed applicable to the Hanford site. For the excavation estimate, it is assumed that the pipeline and
surrounding soil within two pipe diameters from the outside surface of the pipe are contaminated with radionuclides
or other hazardous substance in exciss of action levels that require personnel protection in accordance with
Occupational Safety and Health Administration (OSHA) level D standards (29 CFR 1910.120 Appendix B). Soil
types surrounding the pipeline will range from fine sand to coarse gravel and sand/grave!l mixtures.

The pipe excavation and removal cost estimate Excel™ Spreadsheet (see section 7) consists of numerous parameters
that include the varions elements associated with soil excavation and pipe removal. These parameters are
summarized in Table 7. The focus of this study has been on excavation of clean soil down to the pipe, contaminated
soil excavation around the pipe, and pipe sectioning and removal. The other parameters in Table 7 can bs tailored to
specific job sites. The advantage of the Excel spreadsheet is that these parameters can be modified (cost elements
added or deleted as necessary) to fit a particular pipe excavation and removal job.

Table 7 - Cost Estimate Parameters

Mobilization Mobilization of personnel and equipment includes relocation of resources to
the job site,

Pipeline / Interference Location Pipe excavaticon can start after the buried pipe and any interference such as
buried utilities are identified to ensure the correct site is located.

Install Silt Barrier Installation of a silt barrier provides runon / runoff control of silt and
construction debris.

Paved Road Trenching Cutting of asphalt or concrete paving prior to excavation of underlying seil.
Estimate assumes no paved arcas will require excavation.

Clean Excavation to Pipe Clean excavation includes removal of soil overburden down to the
contaminated zone.

Contaminated Soil Excavation Contaminated soil excavation includes removal of the contaminated soil around
the pipeline.

Pipe Section and Removal Removal of the pipeline includes cutting or shearing metal pipe into sections or
crughing or crumbling clay or concrete pipe and loading the resulting debris
into ERDF cans for disposal.

Backfill, Compact and Grade Once excavation is complete, this parameter provides the elements needed to
: backfill the excavated hole.

Demobilization Demobilization of persommel and equipment includes relocation of resources
away from the job site once the job is complete, Also includes removal of silt
barrier and other project fencing.

3.1 Input Parameters

Juput Parametery to the Tool:
e  Excavation depths in 5 foot increments (5, 10, 15, 20, and 25 feet below grade)

¢  Pipeline materials of construction (vitrified ciay, stainless and carbon steel, concrete masonry, and
reinforced concrete)

¢ Pipe dinmeters from 2 to 48 inches (the estimate assumes 6 sizes e.g,, 2, 6, 12, 24, 36 and 48 inches) in
conjunction with the exclusions noted above.
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The decisian support tool (Excel spreadsheet) is configured to allow a different input from each of the bullets above
to result in a different cost estimate per lineal foot of pipe.

[ 3.2 Excavation

' Assumptions, any items specifically excluded, and methodology for excavated volume is included in the section on
assumptions and the Excel spreadsheets (see section 7). Typical crew configurations and fiscal year (FY) 2007 labor
costs by labor category for Fluor Hanford are given in Table 8 (based on the attachment to SOW).

Table 8 - Costs Associated with Pipe Excavation

i Craft $/hr #in Crew Craft $/hr
' 'Other’ craft 67.96 1 67.96
1aborer 54.14 6 324.84
Teamster (light
vehicle driver) 54.35 5 271.75
Heavy Equipment
Operator 64.86 2 129.72
Health Physics
Technician 68.17 6 409.02
TOTAL 20 $1203.29
Other assummptions:

1) 10 hour work day per crew for purposes of cost estimation
2) Estimate is based on 4 boxes per day at start, ramping up to 30 boxes per day at day &
3) Soil and air sampling during excavation is assumed to be 25 % of the excavation costs.

3.3 Waste Packaging

The cost estimate is based on contareinated soil being placed or loaded inte ERDF cans or roll-off containers for
disposal at ERDF. Clean soil is placed in spoil piles and is assumed will remain at the excavation site for use in
backfill of the excavation. ERDF waste handling and disposal fees are assumed to be 45 % of the excavation costs.

| 3.4 Caleulations

| The volume of clean and contaminared excavated soil is based om Figure 1. The excavated area is basedona 1.5to

' 1 slope. This results in a trapezoidal volume above the buried pipeline es the clean soil region. The contaminated
region is based on the assumption that the contaminated volume ig within 2 pipe diameters around the buried
pipeline. The top of this 2 pipe diameter region is assumed to be a flat plane and forms another trapezoidal volume
for the contaminated region.
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Figure 1 - Excavation Model
Madel for trapezoid contamination zone 2 diameters beyond pipe
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3.5 Pipe Excavation Cost Estimate

The decision support tool provides a cost estimate for each of the parameters listed as an input for the estimate.
Vitrified clay is used as an example and the results are summarized in Table 9 and Figure 2. Similar cost curves are
obtained for the different pipe types, stainless and carbon steel, concrete and reinforced concrete, and are included in

section 7.2. Each estimate includes 30%, contingency ns noted in section 7.2,

Table 9 - Vitrified Clay Pipe Fxcavation Cost per Lineal Foot
Depth 6 in Diameter 12 in Diameter 24 in Diameter
5 ft $2,607.64 $2,866.94 $3,794.76
10 ft $4,104.32 $4,433.26 $5,814.85
15 ft $5,763.51 $6,476.57 $7,614.11
20 ft $7,900.46 $8,659.96 $10,250.49
25t $10,175.93 $11,005.08 513,026.94

Figure 2 - Excavation Cost per Lineal Foot for Vitrified Clay Pipe

Vitrified Clay
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Cost per Linear Foot of Pipe Removed
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4, Decision Support Tool and Cost Comparison

For the examples presented in this document, the cost to excavate vitrified clay pipe is compared to the cost for
taking a nuimber of samples at the 95 % confidence level. This comparison can be made at the different confidence
levels or different pipe types and depths. Excavation costs range from $2,608 to $13,027 per foot for vitrified clay
pipe at different depths and diameters (from section 3.5). From Table 4 it is shown 403 samples are required for a
55% confidence level. The cost for analyzing 403 samples is $4,608,305 (from section 2.6).

41 Decision Support Tool Results

Results of the decision support tool for vitrified clay are summarized in Table 9. The Excel spreadsheets in section
7.2 summarize the costs per foot for excavation for the different pipe types. These results for each pipe type at 12
inch diameter and 15 foot depth are summarized in Table 10,

Table 10 - Excavation Costs per Foot at 12 inch diameter and 15 Foot depth

Pipe Type Costs per foot at 12 inch diameter and 15 foot depth
Vitrified clay pipe $6477
Steel and stainless steel $6,517
Reinforced concrete $6,576
Concrete masonry $6,477

From Table 4 sampling costs range from $4,608,305 @ 95 % confidence (403 samples) to $1,921,080 @ 80%
confidence (168 samples). Note the number of samples varies depending on the width of the gray region and the
alpha and beta values. As noted in the assumptions the cost to obtain samples is $25,000 for the first sample in each
of three sample pits over & 100 foot length. Additional samples cost $600 each. The cost for 403 samples over a
100 foot length is $266,800 and 168 samples $125,800. For rough comparison, the cost to excavate 100 feet of pipe
{taken from Table 10) is about $660,000 compared with a cost range of $4,375,000 (@95% confidence to $2,050,000
{@80% confidence for sampling and analysis. Based on the scenarios and examples presented in this document, the
cost for sampling and analysis is more than the cost for excavation.

4.2 Issues and Limitations of the Tool
The decizion support tool is only as good as the mputs used in the EXCEL spreadsheets. As described below the
tool has limitations and areas for improvement.

421 Waste Area Vs. YVolume

MARSSIM is designed for evaluation of contaminants on surfaces and surface arcas. A method is proposed to use
the concepts of MARSSIM and MARSAME to relate the number of samples required at various confidence iniervals
for a given waste volume associated with a pipe line. Further, the assumption that the contaminated volume is
restricted to 2 pipe diameters from the pipe could be significantly differcnt than actual conditions. This situation
does not account for leaking pipelines and the possible need to chase or clean up the contaminated soil associated
with the leak. In some cases it might be necessary 1o exhume much of the waste site just to obtain the required
samples. The concept for relating the number of samples to a given length of pipe is outside the scope of this study
and is a topic for future evatuation.

422  Cost Parameters, Inputs, and Comparison

The costs for sampling arc based on the costs to obtain the samples and analytical costs and the pipe removal costs
are based primarily on excavation costs per the Statement of Work (SOW). A better comparison of sampling
compared to pipe excavation and removal will rely on 2 more comprehensive cost evaluation. For example,
sampling costs will be more realistic and comparative if the costs can be related on a per kineal foot basis. In that
manner the costs of sampling can be: related or compared to the costs of excavation based on a common basis, e.g.,
costs per foot.
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423  Excavation of Piping Less than Two Foot Diameter

Recent experience by Fluor Hanford has found that the costs of removing all types of piping 2 feet in diameter or
below costs about the same, due to the physical realities of doing excavation and the fact that piping of any material
of that diameter or below is easy to shear or size reduce. This experience implies that the estimate for pipes 2 feet in
diameter and less (2 inches, 6 inches, 12 inches and 24 inches} can be combined into one estimate.
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5. Conclusions

Choosing the statistical tool, allows for different types of statistical models to be used to evaluate the regulatory
parameter of concen. The first section of this document compares a single population parameter to a regulatory
value {i.e. a fixed number) or the estimation of the population parameter. If the regulatory or action-vale was
estimated, then a one-sample method is not appropriate and a two-sample test should be selected. For two sample
tests the hvpotheses considered are different from the one sided test since a comparison is used. The comparison is
between the reference area characteristics and the survey area characteristics. Multiple population methods are
appropriate when the comparison population of the reference area has the constituent of concemn naturally present.
There are six different statistical tes's evaluated in this document.

The decision process starts with determining the region where relatively large decision error rates are considered
tolerable. This is referred to as the gray region. The effect of varying the gray ares provides a tool to determine the
mumber of samples at different confidence interval and tolerable decision errors. The gray region is a range of values
of the parameter of interest for a survey unit where the comsequences of making a decision error are relatively mmor.
The upper bound of the gray region is set equal to the action level, and the lower bound of the gray region {LBGR) is
a site-specific variable. The decision maker has the ability to select the width of the region. This section is useful at
evahuating the impact of varying the decision error on the number of samples.

For the examples presented in this document, the cost to excavate vitrified clay pipe iz compared to the cost for
taking a number of samples at the 95 % confidence level for a 100 foot section of pipe. Excavation/removal costs
range from $2,608 to $13,027 per foot for vitrified clay pipe at different depths and diameters. Results of the
decision sapport tool for vitrified clay are summarized in Table 9 and Table 10. Sample and analysis costs to
characterize a pipeline range from a few million to more than 20 million dollars. Based on the scenarios and
examples presented m this document, the cost for sampling and analysis is more than the cost for excavation/removal
(see section 4.1). The decision support tool can be used to predict the point at which the cost of sampling exceeds
the cost for excavation.

The decision support tool provides a quick method for comparing excavation/pipe removal costs with
characterization sampling and analysis costs to aid in deciding whether to remove the pipe or leave it in place. While
the actual costs will be situation-specific, the generalizations in this study provide good approximations for
alternative analysis and can indicate where more detailed analyses are needed. The pipe excavation estimate
spreadsheet developed for this study can easily be modified to evaluate situations on a case-by-case basis and
provide more detailed cost estimates. Ultimately, the decision will be influenced by factors such as regulatory
requirements, stakeholder interests, safety concerns, programmatic decigions, and risk recdtuction in addition to cost,
The decigion support tool does not assign values to these factors,
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7. Attachmenis

7.1 Statistical Calculations
The following pages contain a copy of the statistical spreadsheets used to determine the mmmber of samples at
various confidence intervals. The statistical tests or methods used include six tests below as described in section 2 4.

+ One Sample Student t-Test
e Onpe Sample Proportion Test
» Wilcoxon Signed Rank Test
e Two Sample Student t-Test

¢ Two Sample Proportion Test
+ Wilcoxon Rank Sum Test

152416.doc 30



Page 35 of 128 of DAOSGOZ2582

S -2HT¢ 0 Rev. O

Pipelinc Removal Vs. Characterization Study - Decision Support Tool

7.1.1  One Sample Student r-Test

Calculations for One-Sample t-Test Sampling Design

User inputs are shaded areas. Null = Contaminated

For Delta = 0.31,
(5% AL)

Alpha Values

Beta Values

al |oa2 |a3 (a4
594 378
408 323 233
324 248 170 123
234 171 107 71
179 124 71 42

Delta as percent of AL

Delta 0.31
5%

Ziyapna) 2.326348 1644854 1.2815516
0.5 (Zn.apha)’ 2.705947 1.352772 0.8211872 0.354163 0.137498
Zi1ea) 2.326348 1644854 1.2815516 0.841621 0.524401

0.62
10%

1.24
20%

0.841621 0.524401

For Delta = 0.62, Alpha Values
(10% AL) a l a2 |3 |a4d
§ B1 = 207 | 150| 124 g5 77
E B2= 151 103| 82 50| 45
= B3= 125 82 63 43 31
g B4= o7 60 44 27 18
B5= 80 46 32 18 11
For Delta = 1.24, Alpha Values
(20% AL) | 3 |la4 5
S [p1= 54 | 39 | 32 24
§ B2= 0 | 27 | 21 15
= | B3= 34 | 22 | 17 | 11
2 | B4= 27 | 16 | 12 | 8
p5=03 22 | 13 9 5
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Size-Sample Equation for One-Sample {-Test

Null = Contaminated

2 2
_ STowl (zl—a 4 Zl—ﬁ)

2
n= Az +0.5z,
Values are rounded upwards (EPA 2800, p. 3-8). The equation is from {(EPA 2000, p. 3-7).
Mistakenly Concluding < Action Level
a=1%|a=5%ja=10%|a=20%|a= 30%
Estimated Std. Dey = 1.9 s=19 |[s=19 [s=19 s=19 5= 19
Width of the Gray Region (&) = 0.31 (5% of AL)
B=1% 816 594 490 378 306
Mistakenly P =5% 596 408 323 233 177
Canclnting >= B = 10% 492 324 248 170 123
Ao Lo B = 20% 380 234 171 107 71
B = 30% 308 179 124 71 42
Width of the Gray Region (A) = 0.62 (10% of AL)
B=1% 207 150 124 g5 77
Mistakenly B=5% 151 103 82 59 45
Concluding > = B = 10% 125 82 63 43 31
Ao lev] B = 20% 07 60 44 27 18
B = 30% 80 48 32 18 11
Width of the Gray Region {A) = 1.24 (20% of AL)
B = 1% 54 39 3z 24 20
gﬁsmm B=5% 40 27 21 15 12
, e B = 10% 34 22 17 11 8
Bt Pecet B =20% 27 18 12 8 5
B = 30% 22 13 9 5 3
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NULL = Contsminatsd Sampling Collection and Analysis Costs
Unit Sample Unit Sample User inputs are shaded areas.
Collection Analysis
Cost Cost
Dollars Dollars
USC$ + USA$(Sum) = AUSCSAS
$50.00+ $11,385.00 = $11,435.00)
Definitions:

USCS$Unit sample collection cost in dollars
USASUnit sample analysis cost in dollars
USAS$ (SUM)Unit sample analysis cost for all analytical methods in dollars
AUSCSAS$Aggregate unit sample collection and sample analysis cost in dollars

USC$ Summed from cells below
Enter costs associated with each item for taking the sample
USAS Summed from cells below

Enter analytical cost for each analytical method in the cells in column C
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NULL =
Contaminat

Width of

ed Total Costfor One-Sample t-Test Sampling Design

User inputs are shaded

-$2,000,000.00

Gray

Region, Alpha Beta SD

(UBGR-

LBGR)
0.31 1% 1% 1.9
0.31 1% 5% 1.9
0.3 5% 1% 1.9
0.31 1% 10% 1.9
0.31 10% 1% 1.9
0.31 5% 5% 1.9
0.31 1% 20% 1.9
031  20% 1% 1.9
0.31 10% 5% 1.9
0.31 5% 10% 1.9
0.31 1% 30% 1.9
0.31 30% 1% 1.9
031 10% 10% 1.9
0.31 5% 20% 1.9
031 20% 5% 1.9
0.62 1% 1% 1.9
0.31 5% 30% 1.9
0.31 30% 5% 1.9
031 20% 10% 1.9
0.31 0% 20% 1.9
0.62 1% 5% 1.9
0.62 5%:1% 1.9
031 10% 30% 1.9
0.31 30% 10% 1.9
0.62 1%  10% 1.9
062 10% 1% 1.9
0.31 20% 20% 1.9

152416.doc

Number
of
Samples,
n

816
596
594
492
490
408
380
378
323
324
308
306
248
234
233
207
179
177
170
171
151
150
124
123
125
124
107

dareas.

Total Cost of
Sampling
Design

AUSCA §

$11,435.00 $9,330,960.00
$11,435.00 $6,815,260.00
$11,435.00 $6,792,380.00
$11,435.00 $5,626,020.00
$11,435.00 $5,603,150.00
$11,435.00_$4,665,480.00
$11,435.00 $4,345,300.00
$11,435.00 $4,322,430.00
$11,435.00 $3,693,505.00
$11,435.00 $3,704,940.00
$11,435.00 $3,521,980.00
$11,435.00 $3,499,110.00
$11,435.00 $2,835,880.00
$11,435.00 $2,675,790.00
$11,435.00 $2,664,355.00
$11,435.00 $2,367,045.00
$11,435.00 $2,046,865.00
$11,435.00 $2,023,995.00
$11,435.00 $1,943,950.00
$11,435.00 $1,955,385.00
$11,435.00 $1,726,685.00
$11,435.00 $1,715,250.00
$11,435.00 $1,417,940.00
$11,435.00 $1,406,505.00
$11,435.00 $1,429,375.00
$11,435.00 $1,417,940.00
$11,435.00 $1,223,545.00

95%
85%
90%
90%
90%
80%
80%
B85%
85%

80%

95%
95%

90%
90%

34

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the aclion level criterion

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the aclion level critarion

5% confident volume meels the action level criterion and 5% confident exceeds

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

10% confident volume exceeds the action level criterion and 5% confident volume meets criterion
5% confident volume exceeds the action level criterion and 10% confident volume meets criterion

10% confident volume exceeds the action level criterion and 10% confident volume meets criterion

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion

<

confident residual contaminant meels (he aclion leveal criterion
confident residual contaminant exceeds the action level criterion
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062 1%

0.62

0.62
0.31  30%
031 .20

06200 10
0.62
0.62
1.24
0.62
0.62
0.62
0.62

1%
20%

1 0.62
0.62

30%

10%

10% 30%

20%

062 20%

124 1%  30%

124 30% 1%

062 30% 20%

062 20% _ 30%

124 5%  20%
152416.doc

1.9
1.9
1.9

1.9

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
19
1.9
1.9
19
1.9
1.9
19
1.9
19
1.9
1.8

il 19

19

103

97
95
82
82
80
77
7
71
63
60
59
54
46
45
43
44
42
40
39
34
3
32
32
27
27
27
24
22
21
22
20
18
18
17
16

$11,435.00 $1,177,805.00
$11,435.00 $1,109,195.00
$11,435.00 $1,086,325.00

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$937,670.00
$937,670.00
$914,800.00
$880,495.00
$811,885.00
$811,885.00
$720,405.00
$686,100.00
$674,665.00
$617,490.00
$526,010.00
$514,575.00
$491,705.00
$503,140.00
$480,270.00
$457,400.00
$445,965.00
$388,790.00
$354,485.00
$365,920.00
$365,920.00
$308,745.00
$308,745.00
$308,745.00
$274,440.00
$251,570.00
$240,135.00
$251,570.00
$228,700.00
$205,830.00
$205,830.00
$194,395.00
$182,960.00

90%
80%
80%
85%
85%

80%

95%
95%
90%

90%
90%
80%
80%

85%
85%

80%

35

5% confident volume meets the action level criterion and 5% confident volume exceeds criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level crilericn

10% confident volume exceeds criterion and 5% confident volume meets criterion

5% confident volume exceeds the action level criterion and 10% confident valume meets criterion

10% confident volume exceeds the action leval criterion and 10% confident volume meets criterion

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion
confident residual contaminant meeats the action level criterion

confident residual contaminant exceeds the action level criterion
5% confident volume meets the action level criterion and 5% confident volume exceeds criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level critericn

5% confident volume exceeds the action level criterion and 10% confident volume meets criterion
10% confident volume exceeds criterion and 5% confident valume meets criterion

10% confident volume exceeds the action level criterion and 10% confident volume meets criterion
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1.24
1.24
1.24
1.24
1.24
0.62
1.24
1.24
1.24
1.24
1.24
i.24

152416.doc

20%

3%
30%
20%
10%
0%
10%
30%
20%
20%
30%
30%

5% 1.9
0% 1.9
£% 1.9
10% 1.9
20% 1.9
30% 1.9
30% 1.9
10% 1.9
20% 1.9
30% 19
20% 19
30% 1.9

15
13
12
1"
12
11

WO oh 0O

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$171,525.00
$148,655.00
$137,220.00
$125,785.00
$137,220.00
$125,785.00
$102,915.00
$91,480.00
$91,480.00
$57,175.00
$57,175.00
$34,305.00

35
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7.1.2

Calculations for One-Sample Proportion Test Sampling Design

One Sample Proportion Test

User inputs are shaded areas. Null = Contaminated

For Dclta = (.04, Alpha Values
9 ' 3 4
(10% AL) a2 a3 |a Fl
£ [pr=0m 2.326348
3 B2=0 1.644854
= p3= 1.281552
2 fd= 0.841621
B5=0. 1210 | 699 | 484 | 276 162 | 0.524401
Delta  0.04 0.08 0.12
Delta as percent of AL 10% 20% 30%
Sqrt{Po(1-P)) 0.489898 0.489898 0.4898979
Sqrt(Ps(1 - P4)) 0.48 0.466476 0.4489989
Ziaphy 2326348 1.644854 12815516 0.841621 0.524401
For Delta = 0.08, pha Values
a
(20% AL) Zos e
£ [ p1= 774 | 550 | 450| 351| 282 | 2.326348
L B2= 569 | 387 | 305| 218 164 |  1.644854
3 B3= 472 | 308| 235| 160 115 |  1.281552
2 4= 367 | 225| 163 | 102 66 | 0.841621
Bs5= 300 173| 119 68 40 |  0.524401
For Delta = 0.08, Alpha Values
(30% AL) al [e2 |03 [ad |ab 7.
{1 - Bela)
S [ p1= 2.326348
E B2= 245| 166| 130| 92 69 | 1.644854
3 B3 205 | 133| 101 68 49 | 1.281552
& B4 160 98 71 44 28 |  0.841621
ps5 132 76 52 30 17 | 0.524401
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Size-Sample Equation for One-Sample Proportion Test

i [ 5 RA-B) +2,,JRA-B) |

R-F )
Null = Contaminated

Values are rounded upwards (EPA 2000, p. 3-8). The squation is from (EPA 2000, p. 3-19).

Mistakenly Concluding < Action Level
a=1%la=5% [a=10% [a=20% |a=30%

Width of the Gray Region (&) = 0.04 (10% of AL)
B=1% 3182 2310 1902 1462 1180
Mistakenly B=5% 2327 1591 1256 903 685
Concluding > = B = 10% 1925 1262 066 660 4768
Action Level B = 20% 1490 915 666 417 273
B = 30% 1210 599 484 276 162

Width of the Gray Region (A) = 0.08 (20% of AL)
B = 1% 774 550 458 351 282
Mistakenly f=5% 569 387 305 218 164
Concluding > = = 10% 472 308 235 160 115
Astion Leyel B = 20% 367 225 163 102 66
B = 30% 300 173 119 88 40

Width of the Gray Region (A) = 0.12 (30% of AL)
B= 1% 332 238 105 148 118
Mistakenly B = 5% 245 166 130 92 69
Concluding > = P = 10% 205 133 101 68 49
Action Level B = 20% 160 98 7 44 28
B = 30% 132 76 52 30 17

References
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NULL = Bontaminated Sampling Collection and Analysis Costs

Unit Sample Unit Sample User inputs are shaded areas.

Collection Analysis

Cost Cost
Dollars Dollars
USC$ + USA$(Sum) = AUSCSA$
$50.00+ $11,385.00 = $11,435.00
Definitions:
USC3Unit sample collection cost in dollars
USASUnit sample analysis cost in dollars
USAS$ (SUM)Unit sample analysis cosl for all analytical methods in dollars
AUSCSAS$Aggregate unit sample collection and sample analysis cost in dollars
USC$ $50 Summed from cells below

Enter costs associated with each item for taking the sample

USAS$ $11,385.00 Summed from cells below
Enter analytical cost for each analytical method in the cells in column G
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NULL =

Width of
Gray
Region,
(UBGR-
LEGR)
0.04

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.08
0.04
0.04
0.04
0.04
0.08
0.08
0.04
0.04
0.08
0.08
0.04

152416.doc

Contaminated

Alpha

1%
1%
5%
1%
10%
5%
1%
20%
5%
10%
1%
30%
10%
5%
20%
1%
5%
30%
10%
20%
1%
5%
10%
30%
1%
10%
20%

Total Cost for One-Sample Proportion Test Sampling Design

User Inputs are shaded

Beta

1%
5%
1%
10%
1%
5%
20%
1%
10%
5%
30%
1%
10%
20%
5%
1%
30%
5%
20%
10%
5%
1%

30%

10%
10%

1%
20%

Number
of
Samples,
n

3182
2327
2310
1925
1902
1591
1490
1462
1262
1256
1210
1180
966
915
903
774
699
685
666
660
569
569
484
476
472
459
417

AUSCA S

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

areas.

Total Cost of

Sampling Design

$36,386,170.00
$26,609,245.00

$26,414,850.00

$22,012,375.00

$21,749,370.00

$18,193,085.00

$17,038,150.00

$16,717,970.00

$14,430,970.00

$14,362,360.00

$13,836,350.00
$13,493,300.00

$11,046,210.00

$10,463,025.00

$10,325,805.00

$8,850,690.00

$7,993,065.00

$7,832,975.00

$7,615,710.00

$7,547,100.00

$6,506,515.00

$6,392,165.00

- —r

$5,534,540.00
$5,443,060.00

$11,435.00
$11,435.00

$11,435.00

$5,397,320.00

$5,248,665.00

~ $4,768,395.00

95%
95%
90%
90%
90%
80%
80%
85%
85%

80%

95%
85%

80%
90%

40

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds Lthe aclion level criterion

5% confident volume meets action level crilerion and 5% confident volume exceeds criteric
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

5% confident vol, exceeds action level criterion and 10% confident volume meets criterion
10% confident vol. exceeds action level crilerion and 5% confident volume meets criterion

10% confident vol. exceeds action level criterion and 10% confident volume meets criterior

confident residual contaminant meels the action level criterion
confident residual contaminant exceeds the aclion level criterion

conlident residual contaminant meets the action level criterion
conflident residual contaminant exceeds the action lavel criterion
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004 20% 20%
0.08 5% 5%
0.08 1%  20%
008 20% 1%
0.12 1% 1%
0.08 5% 10%
0.08 1%  30%
0.08 10% 5%
004 20% 30%
004 30% 20%

1%

20%

20% 5%

wi. it . ..I..' :
2042 0%, 1%
0.08

5% 30%
004 30% 30%
10%

0.08 20%

A%, 2%

0.08  30% 5%
20%  10%

0.08 10% 30%

0.08 30% 10%

0.12 30% 1%

0.08 20%  20%

0.42 £, 10%. . 10%

a.12 5%  20%
152416.doc

417
387
367
351
332
308
300
305
276
273
282
245
235
238
225
218
205
195
173
162
163
166
160
164
160
148
132
133
130
119
1156
118
102
1M

98

$11,435.00
$11,435.00
$11,435.00
$11,435.00

$11,435.00 |

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$11.435.00 |

$11.435.00
$11.435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$4,768,395.00

$4,425,345.00

$4,196,645.00

$4,013,685.00

$3,796,420.00
$3,521,980.00

$3.430,500.00

$3.487,675.00

$3,156,060.00

$3,121,755.00

$3,224,670.00

$2,801,575.00

$2,687,225.00

$2,721,530.00

$2,572,875.00 |

$2,492,830.00

$2,344,175.00

$2,229 825.00

$1,978,255.00
$1,852,470.00
$1.863,905.00
$1,898,210.00
$1,829,600.00
$1,875,340.00
$1,829,600.00
$1,692,380.00
$1,508,420,00
$1,520,855.00
$1,486,550.00
$1,360,765.00
$1,315,025.00
$1,349,330.00
$1,166,370.00
$1,154,935.00
$1,120,630.00

90%
80%
80%
85%

85%

95%
80%
95%

90%

90%
80%
80%

85%
85%

80%

41

5% confident vol. meets action level criterian and 5% canfident volume exceeds criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

5% confident vol. exceeds action level criterlon and 10% confident volume meets criterio

10% confident vol. exceeds action level criterion and 5% confident volume meets criterio

confident residual contaminant mests tha action level criterion
10% canfident vol. exceeds actian level criterion and 10% confident vol. meets criterion
confident residual contaminant exceeds the action lavel criterion

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion

5% confident vol. meets action level criterion and 5% confident volume exceeds criterion
confident residual contaminant meets the action level criterion

QN Q9L

confident residual contaminant exceeds the action level criterion

5% confident vol. exceeds action level criterion and 10% confident vol. meets criterion
10% confident vol. exceeds action level criterion and 5% confident vol. meets criterion

10% confident vol. exceeds action level critarion and 10% confident vol. meets eriterion

-Mos
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0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.12
0.08
0.12
0.12
0.12

152416.doc

10%
20%
30%
20%

10%
20%
20%

30%
30%

20%
30%

5%
10%
20%
30%
10%
20%
30%
30%
20%
30%

e |
—

B8ERERBEER

—
-

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$811,885.00
$777,580.00
$789,015.00
$777,580.00
$754,710.00
$594,620.00
$560,315.00
$503,140.00
$457,400.00
$343,050.00
$320,180.00
$194,395.00
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7.1.3  Wilcoxon Sign Test

Calculations for MARSSIM Sign Test Sampling Design

User inputs are shaded areas. Null = Contaminated

For Delta — 0.31, Alpha Valucs
(5% AL) al /a2 |a3 o 4

21 | — Bela)

1547 | 1127 930 718 581 2.326348
1127 774 612 443 338 1.644854
930 612 471 323 234 1.281552
718 | 443 323 203 135 0.841621
581 338 234 135 80 0.524401

Beta Valuces

Delta 0.31 0.62 1.24

Delta as percent of AL 10% 20%

Z MARSSIM default is 20%
Z1.Alpha) 2.326348 1.644854 1.2815516 0.841621 0.52440°

Sign P 0.564803 0.627907 0.743003
For Delta = 0.62, Alpha Values
10 % AL 4
(0% AL) g 3 Z(| - Beta)
S | p1 2.326348
g g2 290 200 158 114 87 1.644854
= B3 239 | 158 | 122| 83 60 | 1.281552
2 [ p4 185| 114| 83| 53 35 | 0.841621
B5 150 87| 60| 35 21 | 0.524401
For Delta = 1.24, pha Values
o,
(20% AL) Zo b
S [ p1 2.326348
E B2 81| 56| 45| 33 24 | 1.644854
8 p3 68 45 34 24 17 1.281552
2 [ p4= 52| 33 24| 15 10 | 0.841621
p5 42 24 17, 10 6 0.524401
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Size-Sample Equation for MARSSIM Sign Test
Null = Contaminated
(z,,a +2z_, )2

n=
4(Sign P-0.5)’
where @ is the cummulative stand. norm. dist. function.

where Sign P = (D( 4 }
Stotal

Values are rounded upwards (EPA 2000, p. 3-8). The squation Is from (EPA 2000, p. 5-33).

Mistakenly Concluding < Action Level
a=1%|la=5% |e=10%a=20% |a = 30%

Estimated Std. Dev = 1.9 s=19 [s5=19 [s=19 s=19 s=19
Width of the Gray Region (A) = 0.31 (5% of AL)

B=1% 1547 1127 930 718 581
Mistakealy B=5% 1127 774 612 443 338
m%‘ B = 10% 930 612 471 323 234

B=20% 718 443 323 203 135

B = 30% 581 338 234 135 80
Width of the Gray Region (A) = 0.62 (10% of AL)

B=1% 398 200 239 185 150
Mistakenly B=5% 290 200 158 114 87
m= B = 10% 239 158 122 83 80

B = 20% 185 114 83 53 a5

B = 30% 150 87 35 21
Width of the Gray Region (A) = 1.24 (20% of AL}

B=1% 111 81 68 52 42
Mistakenly B=15% 81 56 45 33 24
Congluding > = B =10% 68 a5 34 24 17
Actioa Level B = 20% 52 33 24 15 10

B =30% 42 24 17 10 6
References

EPA. 2000. Guidance for Data Quality Assessment.
PA QA/G-9, U.S. Environmental Protection Agency, Washington DC.
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NULL = Confaminated Sampling Collection and Analysis Costs

Unit Sample Unit Sample User inputs are shaded areas.
Collection Analysis
Cast Cost
Dollars Dollars
USC$ + USA$(Sum) = AUSCSAS

$50.00+ $11,385.00 =  $11,435.00

Definitions:
USC$Unit sample collection cost in dollars
USA$Unit sample analysis cost in dollars
USAS$ (SUM)Unit sample analysis cost for all analytical methods in dollars
AUSCSAS$Aggregate unit sample collection and sample analysis cost in dollars

Summed from cells below
Enter costs associated with each item for taking the sample

Uscs

USAS $11,385.00 Summed from cells below
Enter analytical cost for each analytical method in the cells in column C
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NULL =
Contaminated

Total Cost for MARSSIM Sign Test Sampling Design

Width of
Gray
Region, Alpha
(UBGR-
LBGR)
0.31 1%
0.31 1%
0.31 5%
0.31 1%
0.31 10%
0.31 5%
0.31 1%
0.31 0%
0.31 5%
0.31 10%
0.31 1%
0.31 30%
0.31 10%
0.31 5%
0.31 20%
0.62 1%
0.31 5%
0.31 30%
0.31 10%

152416.doc

Beta

1%
5%
1%
10%
1%
5%
20%
1%
10%
5%
30%
1%
10%
20%
5%
1%
30%
5%
20%

1.9
1.9
1.9
1.9
19
1.9
1:8
1.9
1.9
1.9
1.9
1.9
19
1.9
19
1.9
129
19
1.9

Number
of
Samples,
n

1547
1127
1127
830
830
774
718
718
612
612
581
581
471
443
443
398
338
338
323
323
290
290
239
234
239
234
203
200

SD

AUSCA $

User inputs are shaded areas.

Total Cost of

Sampling Design

$11,435.00

$17,689,945.00

$11,435.00
$11,435.00

$12,887,245.00
$12,887,245.00

$11,435.00

$11,435.00

$10,634,550.00
$10,634,550.00

$11,435.00

$8,850,690.00

$11,435.00]

$8,210,330.00

$11,435.00,
$11,435.00

$8,210,330.00
$6,998,220.00

$11,435.00

$6,998,220.00

$11,435.00

$6,643,735.00

$11,435.00

$6,643,735.00

$11,435.00
$11,435.00

$5,385,885.00
$5,065,705.00

$11,435.00

$5,065,705.00

$11,435.00]

$4,551,130.00

$11,435.00

$3,865,030.00

$11,435.00

$3,865,030.00

$11,435.00

$3,693,505.00

$11,435.00

$3,693,505.00

$11,435.00

$3,316,150.00

$11,435.00

$3,316,150.00

$11,435.00

$2,732,965.00

$11,435.00

§11,435.000

$11,435.00]

| $2,675,790.00
$2,732,965.00
$2,675,790.00

$11,435.00

$2,321,305.00

$11,435.00,

$2,287,000.00

95%
95%
90%
90%
90%
80%
80%
85%
85%

80%

95%
95%
90%

90%

90%

46

confident residual contaminant meets the action level criterian

confident residual contaminant exceeds Lhe action level criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminanl meets the action level criterion

5% confident volume meets the action level criterion and 5% confident volume exceeds o
confident residual contaminant exceeds the action level criterion

canfident residual contaminant meets the action level criterion

5% confident volume exceeds the action level criterion and 10% confident volume meets
10% confident volume exceeds the action level criterion and 5% confident volume meets

m9e

10% confident volume exceeds the action level criterion and 10% confident volume meels,

AN QILKE

confident residual contaminant meets the action level criterion
confident residual contaminanl exceeds the action level criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criteriun

% confident volume meets the action level criterion and 5% confident volume exceeds ci
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062
0.62
0.62
0.62
0.62
0.62
0.62
0.31
0.31
0.62
0.62
0.62
1.24
0.62
0.62
0.62
0.62
0.31
1.24
1.24
1.24
0.62
1.24
0.62
1.24
1.24
0.62
1.24
1.24
1.24
1.24
1.24
0.62
0.62
1.24
1.24

152416.doc

5%
1%
20%
5%
10%
1%
30%
20%
30%
10%
5%
20%
1%
5%
30%
10%
20%
30%
1%

%

1%
10%
10%
30%

1%

5%
20%

20%

1%
5%
10%
30%
20%
30%
10%
5%

5%
20%
1%
10%
5%
30%
1%
30%
20%
10%
20%
5%
1%
30%
5%
20%
10%
30%
- 5%
1%
- 10%
30%
1%
10%
20%
5%
20%
1%
30%
10%
5%
1%
30%
20%
10%
20%

1.9
19
19
19
1.9
1.9
1.9
1.8
19
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.8
1.9
1.9
1.9
1.9
1.9
1.9
19
1.9
1.9
1.9
18
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9

200
185
185
158
158
150
150
135
135
122
114
114
111
87
87
83
83
80
81
81
68
60
68
60
52
56
53
52
42
45
45
42
35
35
34
33

$11,435.00 $2,287,000.00
$11,435.00 $2,115,475.00
$11,435.00 $2,115,475.00
$11,435.00 $1,806,730.00
$11,435.00 $1,806,730.00
$11,435.00 $1,715,250.00
$11,435.00 $1,715,250.00
$11,435.00 $1,543,725.00
$11,435.00 $1,543,725.00
$11,435.00 $1,395,070.00
$11,435.00 $1,303,590.00
$11,435.00 $1,303,590.00
$11,435.00 $1,269,285.00

$11,435.00 $994,845.00
$11,435.00 $994,845.00
$11,43500 $949,105.00
$11,43500 $949,105.00
$11,435.00 $914,800.00
$11,435.00 $926,235.00
$11,435.00 $926,235.00
$11,435.00 $777,580.00
$11,435.00 $686,100.00
$11,435.00 $777.580.00
$11,435.00 $686,100.00
$11,435.00 $594,620.00
$11,435.00 $640,360.00
$11,435.00 $606,055.00
$11,435.00 $594,620.00
$11,435.00 $480,270.00
$11.43500 $514,575.00
$11,435.00 $514,575.00
$11,43500 $480,270.00
$11,435.00  $400,225.00
$11,43500 $400,225.00
$11,435.00 $388,790.00
$11,43500 $377,355.00

90%
80%
80%
85%
B5%

80%

95%
95%
90%
90%

80%
90%

80%

85%
85%

80%

5% confident vol. meets action level criterion and 5% confident vol. exceeds criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

5% confident vol. exceeds action level criterion and 10% confident vol. meets criterion
10% confident vol. exceeds actian level criterion and 5% confident vol. meets criterion

10% confident vol. exceeds action level criterion and 10% confident vol. meets criterion

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion
5% confident vol. meets action level criterion and 5% confident vol. exceeds criterion

confident residual contaminant exceeds the action level criterion

5% confident vol. exceeds action level criterion and 10% confident vol. meets criterion
10% confident vol. exceeds action level criterion and 5% confident vol. meels criterion

10% confident vol. exceeds action level criterion and 10% confident vol. meets criterion
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1.24
1.24
1.24
124
0.62
1.24
i.24
1.24
124
1.24
1.24

152416.doc

5%
10%
30%
20%
30%
10%
30%
20%
20%
0%
30%

30%
20%

5%
10%
30%
30%
10%
20%
30%
20%
30%

1.9
1.9
19
1.9
1.9
1.9
19
19
1.9
19
1.8

24
24
24
24
21
17
17
15
10
10

6

$11,435.00
$11,435.00
$11,435.00
$41,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11.435.00
$11,435.00

$274,440.00
$274,440.00
$274,440.00
$274,440.00
$240,135.00
$194,395.00
$194,395.00
$171,525.00
$114,350.00
$114,350.00

$68,610.00
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7.1.4  Two Sample Student -Test

Calculations for Two-Sample t-Test Sampling Design

User inputs are shaded areas.

Null = Contaminated

For Delta=0.31,
(5% AL)

pha Values
a 3 o 4

Beta Yalues
==
| 3* ]

Delta 0.31 0.62 1.24
Delta as percent of AL 5% 10% 20%

Ziraphs 2.326348 1.644854 1.2815516 0.841621 0.524401
0.5 (Zpaphy)® 2.705947 1.352772 0.8211872 0.354163 0.137498
Z1 o 2.326348 1.644854 1.2815516 0.841621 0.524401

For Delta = 0.62, Alpha Values
(10% AL) 2 3 4
2
=
-3
>
8 246 162 124 85 62
é’ 190 117 86 54 36
154 90 62 36 21
For Delta = 1.24, Alpha Values
(20% AL) 23 |ond
£ [pi-
-
s | 3=
é 4= 49 30 22 14 9
Bs= 40 23 16 9 6

152416.doc 49
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Size-Sample Equation for Two-Sample f-Test

Null = Contaminated

m=n

23‘1‘.&, (zlmu +z_, )z

&2

+0.2522,

Values are rounded upwards (EPA 2000, p. 3-8). The equation Is from (EPA 2000, p. 3-24.

Mistakenly Concluding < Action Level

0=1% |a=5% |a=10%|[a = 20% | a = 30%

Estimated Std. Dev = 1.9 s=19 [s=19 [a=19 s=19 s=19
Width of the Gray Region (A) = 031 (5% of AL)

B = 1% 1628 1186 979 755 611
Mistakenly B = 5% 1187 814 644 485 354
Concluding > = B = 10% 980 645 494 339 246
Aehion Livel B = 20% 756 466 340 214 141

B = 30% 612 355 246 141 83
Width of the Gray Region (A) = 0.62 (10% of AL)

B = 1% 408 297 245 189 153
Mistakenly B=5% 208 204 162 17 89
Concluding >= B = 10% 246 162 124 85 62
cdion Lol B = 20% 190 117 86 54 36

B = 30% 154 90 62 36 21
Width of the Gray Region (A) = 1.24 (20% of AL)

B = 1% 104 75 62 48 30
Mistakenly p=35% 76 52 A1 30 23
Concluding > = B = 10% 63 41 a2 2 16
Action Level B = 20% 49 30 a2 14 9

B = 30% 40 23 16 g 6
References

EPA. 2000. Guidance for Data Quality Assessment. - _
EPA QA/G-9, U.S. Environmental Protection Agency, Washington DC.
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NULL = Contaminated Sampling Collection and Analysis Costs
Unit Sample )it sample User inputs are shaded areas.
Caollection Analysis
Cost Cost
Daollars Dollars

uscs$ + USA$(Sum) = AUSCSAS

$50.00+ $11.385.00 = $11,435.00
Definitions:

USCS$Unit sample collection cost in dollars
USAS$Unit sample analysis cost in dollars
USAS (SUM)Unit sample analysis cost for all analytical methods in dollars
AUSCSASAggregate unit sample collection and sample analysis cost in dollars

USC$ Summed from cells below
Enter costs associated with each item for taking the sample
USA$ $11,385.00 Summed from cells below

Enter analytical cost for each analytical method in the cells in column C

152416.doc 51
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Total Cost for Two-Sample t-Test Sampling Design

Uset inputs are shaded

1628 $11,435.00 $18,616,180.00
1187 $11,435.00 $13,573,345.00

1186 $11,435.00
280 $11,435.00
979 $11,435.00
814 $11,435.00

$13,561, 91000
$11,206,300.00:

756 $11,435.00] $8,644,860.00,
755 $11,435.00 $8,633,425.00

645 $11 .435.00__$7.375,57§.03

_|

644 §11,435.00, $7,364,140.00
612 $11,435.00_$6,998,220.0

611 $11,435.00, $6,986,785.0

494 $11,435.00, $5,648,890.00

466 $11,435.00,
465 $11,435.00,
408 $11,435.00

$5,328,710.00,
$5,317,275.00
$4,665,480.00

NULL. =
Contaminated
Sampling-Cosﬂ
Budget] $2,000,000.00
Width of
Gray
Reglon, Alpha Beta SD
{UBGR-
LEGR)
0.31 1% 1% 1.9
0.31 1% 5% 1.9
0.31 5% 1% 18
0.31 1% 10% 1.9
0.31 10% 1% 1.9
0.31 5% 5% 1.9
0.31 1% 20% 1.9
0.31 20% 1% 1.9
0.31 5% 10% 1.9
0.31 10% 5% 1.9
0.31 1% 30% 1.9
0.31 30% 1% 1.9
0.31 10% 10% 1.9
0.31 5% 20% 1.9
0.31 20% 5% 1.9
0.62 1% 1% 1.9
0.31 5% 30% 1.9
0.31 30% 5% 1.9
0.31 10% 20% 1.9
0.31 20% 10% 1.9
.62 1% 5% 1.9
0.62 5% 1% 1.8
0.62 1%  10% 1.9
0.31 10%  30% 1.9
.62 10% 1% 1.9
0.31 30% 10% 1.9
152416.doc

355 $11,435.00 $4,059,425.00
354 $11,435.00 $4,047,990.00

340 $11 ,435.08r $3,887,900.00
339 $11,435.00 $3,876,465.00
208 $11,435.00_$3,407,630.00
297 $11 ,435.005___ $3,396,1 95.00
246 $11,435.00, $2,813,010.00
246 $11 ,435.00| $2,81 ;ﬂmi
245 $11,435.00, $2,801,575.00

Bl Sl
246 $11,435.00._$2,813,010.00

areas.
Nuronfber Total Gost of
AUSCA § Sampling
Sam'f:les, Design

s S

80%

95%
95%
90%

80%

52

confident residual contaminant meets the action level criterion

resrfied raci mtnminant saveaoade the astiom laaral Adbaed e
UUUUUU fdontrecidual contaminant eacosdidhs sebamdousi pidaian

confident residual contaminant mests the action level criterion

cenfident residual contaminant exceeds the action level criterion

5% cornfident vol. meels action level criterion and 5% confident volume exceeds criterion
confident residual contaminant meets the action level ¢riterion

confident residual contaminant exceeds the action level criterion

10% confident vol. exceeds action level criterion and 5% confident volume meels chterion ¢
5% confident vol. exceeds action level ¢riterion and 10% confident volume meets criterion G

mog

€

10% confident vol. exceeds action level criterion and 10% confident vol. meets ¢riterign

QN QDA

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level eriterion
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o _30%

20%
5%
1%

20%
5%

10%
1%

30%

20%

30%

10%
5%

20%
1%
5%

30%

10%

20%

10%

30% 1%

20%
5%
20%
1%
10%
5%
30%
1%
30%
20%
10%
20%
5%
1%
30%
5%
20%
10%

20%  30%
30% _ 20%
0% 10%

1.9
1.9
1.9
1.8
1.9
1.9
1.9
1.9
1.9
19
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
19
1.9
1.8
1.9
1.9
1.9
1.8
1.9
1.9
1.9
1.9
1.0
1.9
1.9
1.2

214 $11,435.00_$2,447,090.00

204 $11,435.00
190 $11,435.00

_$2,332,740.00
_$2,172,650. 00

189 $11,435.00 $2 161,215.00

162 $11,435.00
162 $11,435.00
154 $11,435.00
183 $11,435.00
141 $11,435.00
141 $11,435.00
124 $11,435.00
117 $11,435.00

117 $11,435.00.

104 $11,435.00
90 $11,435.00
89 $11,435.00
86 $11,435.00
85 $11,435.00
83 $11,435.00
76 $11,435.00
75 $11,435.00
63 $11,435.00
62 $11,435.00
62 $11,435.00
62 $11,435.00
49 $11,435.00
52 $11,435.00
54 $11,435.00
48 $11,435.00
40 $11,435.00
41 $11,435.00
41 $11,435.00
39 $11,435.00
36 $11,435.00
36 $11,435.00
32 $11,435.00

$1,852,470.00
$1,852,470.00
$1,760,990.00
$1,749,555.00
$1,612,335.00
$1,612,335.00
$1.417,940.00
$1,337,895.00
$1.337,895.00
$1,189,240.00
$1,029,150.00
$1,017,715.00
$983,410.00
$971,975.00
$949,105.00
$869,060.00
$857,625.00
$720,405.00
$708,970.00
$708,970.00
$708,970.00
$560,315.00
$594,620.00
$617,490.00
$548,880.00
$457,400.00
$468,835.00
$468,835.00
$445,965.00
$411,660.00
$411,660.00
$365,920.00

90%
80%
80%
85%
865%

80%

95%
95%
90%
0%

80%
90%

80%

85%
85%

80%

6% confidant vol. meets action level criterion and 5% confident volume exceeds criterion
confident residual eontaminant meets the action level criterion

confident resldual contaminant exceeds the action level criterion

5% confident vol. exceeds action level eriterion and 10% confident volume meels criterion
10% confident vol. exceeds action level criterlon and 5% confident volume meels critarion

10% confident vol. exceeds action levei criterion and 10% confident vol. meels eriterian

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion
confident residual cantaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion
5% confident vol. meets action level criterion and 5% confident volume exceeds criterion

confident residual contaminant exceeds the action leve! criterion

5% confident vol. exceeds action leve! criterion and 10% confident volume meats criterion
10% confident vol. exceeds action lavel criterion and 5% confident volume meets critarion

10% confident vol. exceeds action |evel criterion and 10% confident vol. meets criterion
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1.24
1.24
1.24
1.24
1.24
0.62
1.24
1.24
1.24
1.24
1.24
1.24
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20%

5%
10%
30%
20%
30%
10%
30%
20%
20%
30%
30%

5%
30%
20%

5%
10%
30%
30%
10%
20%
30%
20%
30%

1.9
1.9
1.9
1.8
1.9
1.9
1.9
1.2
1.9
1.9
1.9
1.9

30 $11,435.00
23 $11,435.00
22 $11,435.00
23 $11,435.00
22 $11,435.00
21 $11,435.00
16 $11,435.00
16 $11,435.00
14 $11,435.00

9 $11.435.00

9 $11,435.00

6 $11,435.00

$343,050.00
$263,005.00
$251,570.00
$263.005.00
$251,570.00
$240,135.00
$182,960.00
$182,960.00
$160,090.00
$102,915.00
$102,915.00

$68,610.00
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7.1.5  Two Sample Proportfion Test

Calculations for Two Sample Proportion Test Sampling Design
User inputs are shaded areas. Null = Contaminated

[ For Delta — 0.04, Alpha Values
% AL 3

(10% AL) a3 |u ¥ @S op oo
$ [ p1= 553 | 403 | 332 | 256 | 208 | 2326348
= 2= 403 | 276 219| 158 | 120 | 1.644854
& ]3 3= 332 219 168 115 84 1.281552
2 | B4= 256 | 158 | 115| 73 48 | 0.841621
5= 208 | 120| 84| 48 29 | 0.524401

Delta as percent of AL 20% 30% 40%
Poaled
Proportion 0.15
PBar(1 - PBar) 0.1275
Z1.a1pha) 2.326348 1.6448541.2815516 0.841621 0.524401
For Delta = 0.08, Alpha Values
o "
(20% AL) o3 |a4 .
-]
= | pl= 2.326348
g B2 179 123 98 71 54 1.644854
= [3 3 148 98 75 52 37 1.281552
:3 B4 114 71 52 33 22 0.841621
g5 93 54 37 22 13 0.524401
For Delta = 0.08, Alpha Values
30% AL
(30% ) Z{1 - Beta)
o
o 2.326348
g 1.644854
& 1.281552
o4 0.841621
0.524401
152416.doc 55
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Null = Contaminaied

|
| Size-Sample Equation for Two-Sample Proportion Test

. 2(21_‘; +zl_ﬁ)2 ﬁ(l —F) e B +P

(%-a)

Values are rounded upwards (EPA 2000, p. 3-8). The equation is modified from (EPA 2000, p. 3-29).
See Gilbert et al. 2000 pp 3.14, 3.15

Mistakenly Concluding < Action Ievel
0a=1%le=5% Jloa=10% [a=20% |a=30%
Width of the Gray Region (A) = 0.1 (20% of AL)
B = 1% 653 403 332 256 208
i Mistakenly B =S% 403 276 219 158 120
Concluding >= 5"~ "199% 332 219 168 115 84
: Sehion Level B = 20% 256 158 115 73 48
e_ 8 =30% 208 120 84 48 29
:‘ Width of the Gray Region (A) =0.15 (30% of AL)
B=1% 246 179 148 114 93
Mistakenly B=5% 179 123 g8 71 54
Concluding > = B - 10% 148 a8 75 52 a7
ARtk B = 20% 114 71 52 33 22
B = 30% 93 54 37 22 13
Width of the Gray Region (A} = 0.2 (40% of AL)
B = 1% 139 101 83 64 52
Mistakenly B = 5% 101 69 55 40 30
iﬁ?{iﬁ;c 8 = 10% 83 55 42 29 21
B = 20% 64 40 29 19 12
B = 30% 52 30 21 12 8
References

EPA. 2000. Guidance for Dala Quality Assessment. EPA QAIG-9,

U.S. Envircnmental Protection Agency, Washington DC.

Gilbert, RO, JR Davidson, JE Wilson, BA Pulsipher. 2001. Visual Sample Plan {VSP) Models and Code Verification.
PNNL-13450, Pacific Northwest National Laboratory, Richland, Washington.
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NULL = Cartainliated Sampling Collection and Analysis Costs
Unit Sample (it Sample User inputs are shaded areas.
Collection Analysis
Cost Cost
Dollars Dallars

USC$ + USAS(Sum) = AUSCSA$S

$50.00+ $11,385.00 = $11,435.00
Definitions:

USC$Unit sample collection cost in dollars
USA$Unit sample analysis cost in dollars
USAS$ (SUM)Unit sample analysis cost for all analytical methods in dollars
AUSCSAS$Aggregate unit sample collection and sample analysis cost in dollars

USC$ Summed from cells below
Enter costs associated with each item for taking the sample
USA$ $11,385.00 Summed from cells below

Enter analytical cost for each analytical method in the cells in column C

152416.doc 57
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Total Cost for Two-Sample Proportion Test

e Sampling Design

Contaminated

User inputs are
shaded areas.

Z852Z08G60vad JFo BT Jo 99 =bea

Width of
Gray Number
Region, Alpha Beta ¢ of  auscas  Total Costof
amples, Sampling Design
(UBGR- 3
LBGR)
0.1 1% 1% 553 $11,435.00 | $6,323,555.00
0.1 1% 403 $11,435.00 $4,608,305.00 95% confident residual contaminant exceeds the action level criterion
0.1 1% 5% 403 $11,435.00 $4,608,305.00 95% confident residual contaminant meets the action level criterion
0.1 10% 1% 332 $11.435.00 $3,796,420.00 90% confident residual contaminant exceeds the action level criterion
0.1 1% 10% 332 $11,435.00 | $3,796,420.00 | 90% confident residual contaminant meets the action level criterion
6% confident volume meets the action level criterion and 5% confident volume
0.1 5% 5% 276 $11,435.00 $3,156,060.00 90% exceeds criterion
0.1 20% 1% 256 $11,435.00 | $2,927,360.00 | 80% confident residual contaminant exceeds the action level criterion
0.1 1% 20% 256 $11,435.00 | $2,927,360.00 | 80% confident residual contaminant meets the action level criterion
0.15 1% 1% 246 $11,43500 | $2,813,010.00
10% confident volume exceeds the action level criterion and 5% confident volume
0.1 10% 5% 219  $11,435.00 | $2,504,265.00 | 85% meets criterion
5% confident volume exceeds the action level criterion and 10% confident volume
0.1 5% 10% 219 $11,435.00 $2,504,265.00 85% meets criterion
0.1 30% 1% 208 $11,435.00 | $2,378,480.00
0.1 1% 30% 208 $11,43500 | $2,378,480.00
15 179 $11,435.00 $2,046,865.00 95% confident residual contaminant exceeds the action level criterion
179 $11,435.00 | $2,046,865.00 | 95% canfident residual contaminant meets the action level criterion
10% confident volume exceeds the action level criterion and 10% confident volume
168 $11,435.00 $1,921,080.00 80% meets criterion
158 $11,435.00  $1,806,730.00
158 $11,435.00 $1,806,730.00
148 $11,43500  $1,692,380.00 90% confident residual contaminant exceeds the action |evel criterion
148 $11,435.00 $1,692,3380.00 90% confident residual contaminant meets the action level criterion
139 $11,435.00  $1,589,465.00
123 $11,435.00 $1,406,505.00

152416.doc
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0.1 30% 5% 120

0.1 5% 30% 120

0.1 20% 10% 115

01  10% 20% 115

ir = 114

114

101

101

98

98

018 30% 1% 93

0.15 1% 30% 93

0.1 30% 10% B4

84

83

83

015 10 75

0.1 20% 20% 73

0.15 20% 5% 71

4l

69

64

64

55

A B ' 55

0.15 30% 5% 54

0.15 5% 30% 54

0.2 30% 1% 52

0.2 1% 30% 52

0.15  20% 10% 52
152416.doc

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$11,435.00

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$11,435.00
$11,435.00
$11,435.00
$11,435.00

$11,435.00
$11,435.00
$11,435.00

$11,435.00

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$1,372,200.00
$1,372,200.00
$1,315,025.00
$1,315,025.00
$1,303,590.00
$1,303,590.00
$1,154,935.00
$1,154,935.00

$1,120,630.00

$1,120,630.00
$1,063,455.00
$1,063,455.00
$960,540.00
$960,540.00
$949,105.00
$949,105.00

$857,625.00
$834,755.00
$811,885.00
$811,885.00

$789,015.00
$731,840.00
$731,840.00

$628,925.00

$628,925.00
$617,490.00
$617,490.00
$594,620.00
$594,620.00
$594,620.00

90%

80%
80%
95%
95%
85%

85%

90%
90%

80%

90%
80%
80%
85%

85%

59

5% confident volume meets the action level criterion and 5% confident valume exceeds
criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion

10% confident volume exceeds the action level criterion and 5% confident volume meet
criterion

5% confident volume exceeds the action level criterion and 10% confident volume meel
criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion

10% confident volume exceeds the action level criterion and 10% confident volume
meets criterian

83 oL E- MO S

5% confident volume meets the action level criterion and 5% confident volume exceed
criterion

confident residual contaminant exceeds the action level criterion

confident residual contaminant meets the action level criterion

10% confident volume exceeds the action level criterion and 5% confident valume meet
criterion

5% confident volume exceeds the action level criterion and 10% confident valume meet
criterion
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0.15
0.1
D.1

0.2
0.2
0.15
0.15
0.15
0.2
0.2
0.2
0.2
0.1
0.15
0.15
0.2
0.2
0.2
0.15
0.2
0.2
0.2
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10% 20%
30% 20%
20% 30%

20% 5%

5% 20%
30% 10%
10% 30%
20% 20%
30% 5%

5% 30%
20% 10%
10% 20%
30% 30%
30% 20%
20% 30%
30% 10%
10% 30%
20% 20%
30% 30%
30% 20%
20% 30%
30% 30%

52
48
48

42
40
40
37
37
33
30
30
29
29
29
22
22
21
21
19
13
12
12

8

$11,435.00
$11,435.00
$11,435.00

$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11.435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$594,620.00
$548,880.00
$548,880.00

$480,270.00
$457,400.00
$457,400.00
$423,095.00
$423,095.00
$377,355.00
$343,050.00
$343,050.00
$331,615.00
$331,615.00
$331,615.00
$251,570.00
$251,570.00
$240,135.00
$240,135.00
$217,265.00
$148,655.00
$137,220.00
$137,220.00

$91,480.00

10% confident volume exceeds the action level criterion and 10% confident volume
meets criterion
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7.1.6  Wilcoxon Rank Sign (WRS) Test

Calculations for MARSSIM WRS Test Sampling Design

User inputs are shaded areas. Null = Contaminated

For Delta — 0.31, Alpha Values
5% AL 2
( . ) a o 3 o 4 i)
< 166 2.326348
§ 114 1.644854
s 90 1.281552
2 65 0.841621
51 0.524401

Delta 0.31 0.62 1.24
Delta as percent of AL 5% 10% 20%

MARSSIM default is 20%

Zoapha  2.326348 1.644854 12815516  0.841621
P, 0638163 0.76025 0.92135
For Delta = 0.062, pha Values
L}
(10 % AL) a3 [n4 7
e [ pl= 40 2.326348
g I] 2= 27 20 1.644854
S 3= 21 15 1.281552
é ﬁ 4= 15 9 6 0.841621
B5= 11 6 4| 0.524401
For Delta = 1.24, Alpha Values
a
(20% AL) [V 4 AN
W
2 2.326348
3 1.644854
s 1.281552
= 0.841621
0.524401

152416.doc 6l
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Size-Sample Equation for MARSSIM WRS Test

Nuli = Contaminated

N=n+m=

(zl_a + Z_g )2

3(P, -0.5)

where F, = @ N and
ﬁsf’ora!

Joe.

. 3 5 l = ——
® (z) = the cummulative std. normal dist. function, 727—_{03 ey

I

H

A

m=N/2
number of samples in a sample area, i.¢., survey unit

m = number of samples in the reference arca
Values are rounded upwards (EPA 2000, p. 3-8). The equation is from (EPA 2000, p. 5-28).

Mistakenly Concluding < Action Level
o =1% [0 =5% [0 =10%|o=20% |oa=30%
Estimated Sil. Dev = 0.62 s=062 |s=062 [s=062 |s=062 8 = 0,62
Width of the Gray Region (A) =0.31 (3% of AL)
B = 1% 228 186 137 106 86
Mistakenly B = 5% 166 114 90 85 51
Comelodimg = p = 10% 137 a0 70 48 35
petuon Levsl B = 20% 106 85 48 30 21
B = 30% 86 51 35 21 12
Width of the Gray Region (A) = (.62 (10% of AL)
B=1% 65 47 40 30 24
Mistakenly B=5% 47 33 27 20 15
Concluding >= B = 10% 40 27 21 15 11
Action Level B = 20% 30 50 15 g 5
8 = 30% 24 15 11 8 4
Width of the Gray Region (A} = 1.24 {(20% o[ AL)
B = 1% 26 18 16 12 10
Pélista]kquy B=5% 18 14 11 8 6
OnERAE == b= 10% 16 11 9 6 5
Action Level B = 20% 12 3 6 a 3
B = 30% 10 6 5 3 3
References

EPA. 2000a. Guidance for Data Quality Assessment. EPA QA/G-9, U.S, Environmental Protection Agency,

Washington DC.

EPA. 2000b. Mulfi-Agency Radiaton Survey and Site Investigation Manual (MARSSIM). EPA 402-R-97-016, Rev.1.

Environmental Protection Agency, Washington BC.

Note an Rounding

After N is calculated using the above equation, the following equation is used ta divide N by 2, round up (celling
functian}, increase the size by 20%, and round up to the nearest integer. Using the ceiling function first on the initial
sample size and then on the inflated sample size follows the method used by Visual Sample Plan 1.0 and 2.0.

Final Sample Size = ceiling(1.2 * ceiling(A/2))

152416.doc
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NULL =Contaminated Sampling Collection and Analysis Costs

Unit Sample it Sample User inputs are shaded areas.
Collection  pnaivsis
Cost Cost
Dollars Dollars
USC$ + USA$(Sum) = AUSCSAS
$50.00+ $11,385.00 =  $11,435.00f
Definitions:

USCS$Unit sample collection cost in dollars
USAS$Unit sample analysis cost in dollars
USAS (SUM)Unit sample analysis cost for all analytical methods in dollars
AUSCSA$Aggregale unit sample collection and sample analysis cost in dollars

Summed from cells below
Enter costs associated with each item for taking the sample

Summed from cells below
Enter analytical cost for each analytical method in the cells in column C

USA$

152416.doc 63
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NULL =
Contaminated
Sampling-Cost Budget $2,000,000.00
Width of
Gray N":'fb"' Total Cost of
Region, Alpha Beta SD Samples AUSCA S Sampling
(UBGR- = . Design
LBGR)
031 1% 1% 0.62 228 $11,435.00, $2,607,180.00
0.31 1% 5% 0.62 166 $11,435.00 31,296,210.00
0.31 5% 1% 0.62 166 3$11,435.00 $1,898,210.00
0.31 1% 10% 0.62 137 $11,43500 %1 584 59500
0.31 10% 1% 0.62 137 $11,435.00 $4.566,555.00
0.31 5% 5% 0.62 114 $11,435.00 $7.303,590.00
0.31 1% 20% 0.62 106 $11,435.00 $1.212,110.00
0.31 20% 1% 0.62 106 $11,435.00 $1.212,110.00
031 5% 10%0.62 90 $11,435.00 $1.029,150.00
031 10% 5% 0.62 90 $11.,435.00 $1.029,150.00
031 1% 30%0.62 86 $11,435.00 $983,410.00
0.31 30% 1% 0.62 86 $11,43500 S$983,410.00
031 10% 10% 0.62 70 $11,435.00 5800,450.00
0.31 5% 20% 0.62 65 $11,43500 S5743,275.00
031 20% 5% 0.62 65 $11,435.00 S§743,275.00
062 1% 1% 0.62 65 $11,435.00 5743,275.00
0.31 5% 30% 0.62 51 $11435.00 $583,185.00
031 30% 5%0.62 51 $11,435.00 $583,185.00
031 10% 20% 0.62 48 $11,435.00 5$548,880.00
031 20% 10% 0.62 48 $11.,435.00 $548,830.00
0.62 1% 5%0.62 47 $1143500  $537,445.09
0.62 5% 1% 0.62 47 $11,435.00 $537.445,00
062 1% 10%0.62 40 $11,435.00 3457,400.00
031 10% 30% 0.62 35 $11,435.00 $400,225.00
0.62 10% 1% 0.62 40 $11.43500 3457 400.00
0.31  30% 10% 0.62 35 8511,.435.00 $400,225.00
0.31 20% 20% 0.62 30 $11,43500 $343.050.00
0.62 5% 5% 0.62 33 $11,435.00 $377,355.00
15241 6.doc

Total Cost for MARSSIM WRS Test Sampling Design

User inputs are shaded areas.

85%
95%
an%
90%
90%
80%
80%
85%
85%

80%

g5%
95%
0%

90%

60%

64

confident residual contaminant meets the action level criterion

confident residual contaminan! exceeds Lhe action level criterion

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

5% confident vol. meets action lavel criterion and 5% confident volume exceeds criterion &)
confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action leve! criterion E
5% confident vol, exceeds action level eriterion and 10% confident volume meets criterion !
10% confident vol. exceeds action level criterion and 5% confident volume meets criterion©?

10% confident vol. exceeds action level criterion and 12% confident vol. meets criterion

0 an'a&f? agl )—r

confident residual conlaminant meets the action level criterion
confident residual contaminant exceads the action level criterion
canfident residual contaminant meets the action level criterion

confident restdual contaminant exceeds the action level criterion

5% confident vol. meels action level criterion and 5% confident volume exceeds criterion
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0.62
0.62
0.62
0.62
0.62
0.62
0.3
0.31
0.62
0.62
0.62
1.24
0.62
0.62
0.62
0.62
0.31
1.24
1.24

1.24 |1}

0.62

1.24 10

0.62
1.24
1.24
0.62
1.24
1.24
1.24

1.24

1.24
0.62
0.62
1.24
1.24
1.24
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20% 0.62
1% 0.62
10% 0.62
5% 0.62
30% 0.62
1% 0.62
30% 0.62
20% 0.62
10% 0.62
20% 0.62
5% 0.62
1% 0.62
30% 0.62
5% 0.62
20% 0.62
10% 0.62
30% 0.62

5% 0.62

1% 0.62

~10% 0.62

30% 0.62

1% 0.62

10% 0.62

. 20% 0.62

5% 0.62
20% 0.62
1% 0.62
30% 0.62

- 10% 0.62

5% 0.62
1% 0.62
30% 0.62
20% 0.62
10% 0.62
20% 0.62
5% 0.62

30
30
27
27
24
24
21
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21
20
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15
15
15
15
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11
12
14

9
12
10
11
1

10
6
6
9
8
8
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80%
80%
85%
85%

80%

95%
95%
90%
90%

B80%
90%

80%

85%
85%

80%

65

confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action leve criterion

5% confident vol. exceeds action level criterion and 10% confident vol. meets criterion
10% confident vol. exceeds action level criterion and 5% confident val. meets criterion

10% confident vol. exceeds action level criterion and 10% confident vol. meets criterion

confident residual contaminant meets the action level criterion
confident residual contaminant exceeds the action level criterion
confident residual contaminant meets the action level criterion

confident residual contaminant exceeds the action level criterion

canfident residual contaminant meets the action level criterion
5% confident vol. meets action level criterion and 5% confident volume exceeds criterion

Q Ny @P2LAHE—CIDS

confident residual contaminant exceeds the action level criterion

comb. of 10% conf. cont. meets action level criterion and 5% conf, cont. exceeds criterior
comb. of 5% conf. cont. meets action level criterion and 10% conf. cont. exceeds criterion

10% confidenlt vol. exceeds action level criterion and 10% confident vol. meets criterion
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1.24
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0.62
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5%
10%
30%
20%
30%
10%
30%
20%
20%
30%
30%

30% 0.62
20% 0.62

5% 0.62
10% 0.62
30% 0.62
30% 0.62
10% 0.62
20% 0.62
30% 0.62
20% 0.62
30% 0.62
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$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00
$11,435.00

$68,610.00
$68,610.00
$68,610.00
$68,610.00
$45,740.00
$57,175.00
$57,175.00
$45,740.00
$34,305.00
$34,305.00
$34,305.00

66

QMY Q9LhE- M98

Z8SZ09G0¥a Fo 8ZT IO pL =beg



Page 75 of 128 of DA05602582

Pipeline Removal Vs, Characterization Study - Decision Support Tool

~2 Excavation Cost Estimate Excel Spreadshests

The following pages contain a copy of the Fxcel Workhooks used to determine the cost for excavating and removing
various tvpes of pipe al vartous different diameters and depths. Types of pipe analyzed include the following.

[ e Vitrified Clay Pipe (5, 10, 15, 20, and 25 foot depths with 6, 12, and 24 inch diameter examplos).
e Steel and Stainless Seeel (3 and 15 foot depths with 2 and 12 inch diameter examples).
» Reinforced Concrete Pipe (5 and 15 foot depths and 12 inch diameter examples).
e Concrete Masonry (S and 15 foot depths and 12 inch diameter examples).

152416.doc 67
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input
Depth to 1op of pipe L] |n
Diameter [ in
Trench Slope el 1
ipe Length 100 |n
Excavation Voluma Rasults

sontaminated Volume
|ean Volume
[Total Volume

Input Plpe Diametar
Slope down angle
2.5/cos(alpha)

v

z
¥

X

Tolal Area

Pipe Area

Area 3

Area 2

Cuter coraminated Area
Net Contaminated Area
Non-Contaminated Area

0.5
kiR
3.00
1.50
276
8.756
0.25

68.30
0.20
0.10

11.38

11.27

11.07

57.12

ontaminated Volume
lean Volume
Jor scanario |nput Pipa Length)

““Excavation Duration Calculation Results

Calculated ERDF Dispasal Cost:

152416.doc

$1,204.93 /CY

Day 1 cans per day

Day 6 cans par day 0
yde per can
cY
Ciean vclumeg
Tolal Volume, 253
Contaminated Volume,

Boxes Per Yards Per Cumulative  Cumulative

Day Day Day Boxes Yards
1 4 52 4 52
2 B2 118.6 13.2 172
3 14.4 187.2 276 359
1 19.6 254.8 472 A14
5 24.8 322.4 72 936
6 30 390 102 1,326

Net Contaminated Area
Pipe Diameter

inch sqft |
2 0.600 111
6 05 11
12 1 44,3
24 2 1771
36 3 3%8.6
48 4 708.5

71

4

13 (bank velume)

Days
2.214
2433

0.219

Delta Yards
52
120
187
265
322
300

Roundup days
3.000
3.000

1.000
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Pipeline Removal Vs, Characterization Study - Decision Support Tool

Day 1 cans par day 4
Input Day 6 cans perday <]
Depth to 19p of pipe 20 |n yds per can
IPipe Diameter ] cy
Trench Slope 15 | Clean Vulurrle
IPipe Length 100 ft Total Volume, 2,626
Excavation Volume Results Conlaminated Volume 41
omtaminatad Volume Boxes Per Yards Per Cumuletive  Cumulative
lean Volume Day Day Day Boxes Yards
otal Volume 1 4 52 4 52
2 9.2 119.6 13.2 172
3 14.4 187.2 276 359
Input Pipe Diamelter 05 n 4 19.6 254.8 412 [AL]
Slope down angle 33.7 degrees 5 248 J224 72 938
2.5/cos(alpha) 3.00 6 30 380 102 1,326
v 1.50 #
z 275 # Net Contaminated Area
¥y 2175 n Pipe Diameter
X 025 # inch sq i
Tolal Area 0004 sqft 2 0.500 1.1
Pipe Area 020 sqft B 06 111
Area 3 010 sqft 12 1 443
Area 2 11.38 sqfl 24 2 1771
Outer contaminated Area 11.27 sqfi 38 3 398.8
Nst Contaminated Area 1107 sqfi 48 4 708.5
Non-Conlaminaled Area €0848 sqfl

Excavation Duration Calculation Resufts

ontaminated Volume
lean Volume
for scenano Input Pipe Length)

Calculated ERDF Disposal Cost:  $3,822.28 /CY

152416.doc 77

13 (bank volume)

Days
9.233
9.338

0.106

Delta Yards
52
120
187
266
322
390

Roundup days
10.000
10.000

1.000

O % Q9 L)E~-MDs
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Pipeline Removal Vs. Characterization Study - Decision Support Toal

Input
epth to top of pipe 25 :.ﬂ
ipe Diametar = -
Trench Slope i b el (R
Pipe Langth 100 |

Excavation Volume Results

Contaminated Volume
Clean Volume

Total Volume

Input Pipa Diameter s R
Slope down angle 33.7 degress
2 Sfcos(alpha) 3.00

v 1.50 ft

z 275 ft

¥ 26.75 ft

X 025 ft
Tatal Area 1073.53 sqht
Pipe Area 0.20 sqit
Area 3 0.10 sgh
Area 2 1136 sqft
Quter conlaminated Area 11.27 sght
Net Contaminated Area 11.07 sqft
Mon-Contaminated Area 1082.26 sgft

Excavation Duration Calculation Results

Contaminated Volume
Clean Volume
for scenario Inpul Pipe Length)

Calculated ERDF Disposal Cost:  $5,053.26 /CY

152416.doc

Boxes Per Yards Per

Day Day
1 4

2 9.2
3 14.4
4 196
5 24.8
L] 30

Met Cantaminated Area

Pipe Diameler

Day 1 cans per day
Day 6 cans per day

yds per can

cY

4
30

13 (bank volume)

Ciean Volume

3,975

Tolal Volume,
Contaminaled Volume
Cumulative
Day Boxes
52 4
119.6 13.2
187.2 276
2548 47 2
322.4 72
390 102

41

Inch
2
B

12

24
36
48

79

0.500

o
iy
£ R o

sqn
11
11.1

1774
398.6
708.5

52
172
339
B14
936

1,326

Cumulative
Yards

Days Roundup days

12.688 13.000
12793 13.000

0.105 1.000

Delta Yards

52

120
187
255
322
390

Q%Y Q2L e—(MIQ
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Day 1 cans per day 4
Input Day B cans per day n
Depth o top of pipe 5 Ift yus percan 13 [pank volume)
Pipe Diameater 12 |in cy Days Roundup days
Trench Slope 15 |1 Clean Volume 2338 3,000
Fipe Length 100 Ift Total Volumea, 298 3.157 4.000
Excavation Volume Resulls Conlaminaled Volume 164 0818 1.000

Contaminated Volume Boxes Per Yards Per Cumulative Cumulative
Clean Yolume Day Day Day Boxes Yards Delta Yards
ITotal Valume 1 4 52 4 652 52

2 92 1192.8 13.2 172 120

3 14.4 187.2 27.8 359 187
Input Pipa Diamater 1 ft 4 19.6 254.8 47.2 814 255
Slope down angle 33.7 degrees 5 248 3224 T2 336 322
2.5/cos(alpha) 3.00 6 30 390 102 1,326 390
% 3.00 ft
z 550 fi Net Contaminated Area
¥ B.50 ft Pipa Diamater
% 0.50 ft inch sq ft
Total Area 108,49 sgft X 0,500 114
Pipe Area 0.78 sqft 53 0.5 111
Area 3 0.38 sqflt 12 1 44.3
Area 2 4545 sqft 24 2 1774
Quter contaminated Area 4507 sqft 36 3 3e8.8
Net Contaminated Area 4428 sqlt 48 4 708.5
Mon-Conlaminatad Area 63.42 sqft

|IContaminated Volume
IClean Volume
Kfor scenario Input Pipe Length)

Days

Excavation Duration Calculalion Results

Boxes

Calculated ERDF Disposal Cost:

152416.doc

$355.92 [CY
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input

epth to top of pipe 10 n

ipe Diameter 12 In
Trench Sicpe 1.5 1

ipe Length 100 |t

Excavation Volume Results

ontaminated Volume

lean Volume

otal Volume
Inpul Pipe Diamatar 1 H
Slope down angle 33.7 degrees
2.5/cos(alpha) .00
v jon h
2z 580 n
¥ 1350 R
X 080 f
Total Area 27358 sqfl
Pipe Area 078 sqfl
Area 3 0.38 sqfl
Area 2 4545 sqft
Ouler contaminated Area 4507 sqfi
Net Contaminaled Area 4428 sqfl
Non-Contaminated Area 22848 sqfi

Excavation Duration Calculation Resuits

Da No. Boxes

amaminated Volume
lean Volume
tor scanarhe |nput Mpe Longtn}

Calculated ERDF Disposal Cost:  $550.38 /CY

152416.doc

= BT

Day 1 cans per day L}
Day 6 cans per day 30
yds per can
cY
Clean \mlume
Total Volume, 1,010

Contaminaled ‘Jalume

Boxes Per Yards Per Cumulative  Cumulative

¥ Day Day Boxes Yards
4 b2 4 52
9.2 1196 13.2 172
14.4 187.2 276 a58
19.8 254.8 47.2 g14
24.8 3224 T2 836
30 390 102 1,328
Net Contaminated Area
Pipe Diameter
inch sq ft
2 0.500 1M1
6 0.5 111
12 1 443
24 2 1774
kKl 3 3088
43 4 7085
B3

13 (bank voluma)

Days
4722
5.190

0.469

Delta Yards
52
120
187
266
322
360

Roundup days
5000
8.000

1.000
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Day 1 cans per day 4
Input Day 6 cans per day 30
epth 1o top of pipe 15 Irl yds per can 13 (bank volume)
Ipe Diamatar 12 |in CcY Days Roundup days
Trench Siope 15 |1 Clean Volume 7050 8.000
JPipe Length 100 |n Total Volume, 1,689 7.470 a.000
Excavation Volume Results Contaminated Volume 164 0.421 1.000
onlaminated Volume Boxes Per Yards Per Cumulative Cumulative
lean Velume Day Day Day Boxes Yards Delta Yards
Total Volume 1 4 52 4 52 52
2 8.2 118986 13.2 172 120
3 14.4 1872 276 359 187
Input Pipe Diametar 1 R 4 19.6 2548 471.2 G14 265
Slope down angle 33.7 degrees 5 24.8 3224 72 936 322
2.5/cos(alpha) 3.00 8 30 390 102 1,326 390 1%
v 300 f bR
2 550 H Net Contaminated Area 8
y 18650 H Pipe Diameter
x 050 # inch &g it {
Tolal Area 513.63 sqft 2 0.500 A W
Plpe Area 079 sqft 6 0.5 113 J:
Area 3 038 sqfi 12 1 443
Area 2 4545 sqft 24 2 177.1 ~)
Quter contaminated Area 4507 sqft 16 3 398.6 &~
Net Contaminaled Area 4428 sqft 43 4 708.5 o
Non-Conlaminated Area 46856 sqft
Excavation Duration Calculation Results a,
(g1
IContaminated Volume S
IClean Volume o
for scamario Input Pipe Length)

Calculated ERDF Disposal Cost:  §804.05 /CY

152416.doc 85
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input
Depth to top of pipe 20
Plpe Diameter 12
Trench Slope 1.8
Pipe Length 100

Excavation Valume Results

iContaminaled Volume

iClean Volume

(Total Volume

Input Pipa Diameter 1t
Slope down angle 337 degrees
2.5/cos(alpha) 3.00

v 3.00 ft

z 580 ft

y 23.50 ft

X 080 it
Total Area 820.70 sqh
Pipe Area 0.79 sqft
Area 3 0.38 sqft
Area 2 4545 sqft
Quter contaminated Area 4507 sqft
Net Contaminated Area 44,28 sqft
Nen-Coniaminated Area 783.63 sqft

IClean Volume [LA18
for scenario Input Pips Length)

Excavalion Duration Calculution Results

Contaminated Volume [ 1.0 [

Calculated ERDF Disposal Cosl:

152416.doc

$1.07511 fCY

Day

L= B T

Boxes Per Yards Per

Day 1 cans per day 4
DCay 8 cans per day 30
yds per can 13 (bank volume)
cy Days
Clean Volume 10.042
Total Velume, 3,066 10.462
Contaminated Volume 1 0.421

Cumulative  Cumulative

87

Day Day Boxes Yards Delta Yards
4 62 a 62 52
92 119.6 132 172 120
144 187.2 278 359 167
18.6 254.8 47.2 G614 255
248 322.4 12 038 322
30 390 102 1,326 390
Neot Contaminated Area
Pipe Diameter
inch s ft |
2 D800 11
6 0.5 1141
12 1 443
24 2 1771
36 3 388 6
48 4 T08.5

Roundup days
11.000
11.000

1.000
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Day 1 cans per day 4
Input Day € cans per day 30
Depth to top of pipe 25 |n yds per can 13 (bank volume)
ipe Diameter 12 |in cY Days Roundup days
Tranch Slope 1.5 |1 Clean ‘.fol 13,748 14,000
Pipe Length 100 |r Total Volume, 4511 14,167 15.000
Excavation Volume Resulls Conlaminated Volume 164] 0.421 1.000

(Contaminated Volume Boxes Per Yards Per Cumulative  Cumulative
Clean Volume Day Day Day Boxes Yards Delta Yards
Tolal Velume 1 4 52 4 52 52

2 9.2 1196 132 172 120

3 144 187.2 2716 358 187
Input Plpe Diameter 1 ft 4 19.6 2548 472 €14 255
Slope down angle 33.7 degrees 5 248 3224 72 836 322
2 Sfcos(alpha) 3.00 6 30 380 102 1,326 190
v 300 1t
z 550 ft Net Contaminated Area
y 28.50 ft Pipe Dlamatar
% 050 I inch sqit |
Total Area 1216.77 saqh 2 0.500 11.1
Pipe Area 0.7 sah ] 0.5 i1
Area 3 038 sqh 12 1 443
Area 2 4545 sqh 24 2 17714
Outer contaminated Area 4507 sqlt 38 3 3088
Net Contaminated Area 4428 sqh 4B 4 T08.5
Non-Conlaminated Area 117370 sqh

Excavalion Duration Calculation Ellultl

Da No. Boxes

Eamamlﬂates Volume
lean Volume
for scenaric Ingas Pipe Length)

Calculated ERDF Disposal Cost;  $1,3868.25 /CY
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Pipeline Removal Vs, Characterization Study - Decision Support Tool

Day 1 cans per day 4
Input Day 6 cans per day 30
Depth to top of pipe 8 it yds per can 13 (bank valume)
Pipe Diameter 24 lin cY Days Roundup days
Trench Slope 1.5 | Clean Votume 1.882 2.000
Plpe Length 100 |t Total Valume, 790 4,548 £.000
Excavation Valume Results Contaminated Volume 656 2.664 3.000
licontaminated Volume Boxes Per Yards Per Cumulative  Cumulative
Clean Volume Day Day Day Boxes Yards Dehta Yards
Tolal Volume 1 4 52 L] 52 52
2 9.2 119.6 13.2 172 120
x| 14.4 187.2 278 359 187
Inpul Pipe Diameter 2 h 4 198 2548 AT.2 814 285 U,
Slope down angle 337 degrees 5 248 3224 12 936 322
2.5/cos(alpha) 3.00 6 30 390 102 1,326 380 12}
v 801 fl o
z 11.01 1 Net Contaminated Area
¥ 1201 ft Pipe Diameter !
x 101 Inch sanh | w
Total Area 21633 senh 2 0.500 1.1 o
Pipe Area 3.14 sgh g 0.5 14 %
Area 3 153 sgh 12 1 44,3
Area 2 101.81 sqf 24 2 1774 L
Quler contaminatad Area 18028 sglt 36 3 368 6 Q
Net Contaminated Area 177.14 sgft 48 4 708.5
Nen-Contaminaled Area 36.06 sqft m
Excavation Duration Calculation Resulls g+]
-
o
ontaminated Volume (:)
lean Volume

for scenanie Input Pipe Length)

Calculated ERDF Disposal Cost:  $117.78 /CY

152416.doc 91
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

101 Sbea

I0

BZT

Day 1 cans per day 4
Input Day 6 cans per day 30
eptn lo top of pipe 10w yds per can 13 (bank volume)
Pipe Diameter o244 in CY Days Roundup days
[Trench Siope s 4 Clean Voiune 5009 6.000
IPipe Length 2100 I Total Volume, 1,508 B.691 7.000
Excavation Volume Results Contaminated Volume G5E| 1.682 2.000
ft* cY
ontaminated Volume Boxes Per Yards Per Cumulative  Cumulative
lean Volume Day Day Day Boxes Yards Delta Yards
[Total Volume 1 4 52 4 52 52
2 9.2 119.6 13.2 172 120
3 14.4 187.2 278 359 187
Input Pipe Diameter 2 ‘K 4 18.6 254.8 47.2 B14 255
Elope down angle 337 degrees 5 248 3224 72 8936 32z
2.5/cos{alpha) 3.00 (] 30 330 102 1,326 390
v 6.01 f -
z 101 Net Contaminated Area O
¥ 17.01 Plpe Diameter L]
X 1.01 # inch sqft
Tolal Area 433,97 sqfi £ 0.500 111 E
Plpe Area 314 sqft 5 0.5 1141 i
Area 3 153 sqft 12 1 443
Area 2 181.81 sqft 24 2 177.1 wl
Outer contaminated Area 180.28 sqft 36 3 398.6 s
Net Contaminated Area 17714 sgft 48 4 7OB.5 ol
Non-Conlaminated Area 25369 sgft &
Excavation Duration Calculalion Results Q)
Da Boxes
(Contaminaled Volume : b
Clean Volume T
for scenaria Input Pipe Length ) N

Calculated ERDF Disposal Cost: $180.47 /CY
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Pipeline Removal Vs, Characterization Study - Decision Support Tool

Input
epth to fop of pipe 18 n
ipe Diamater 24 in
rench Siope i, - st S
ipe Length 100 ft

Excavation Volume Results

ontaminated Volume

lean Volume

olal Volume
input Pipe Diameter 2
Slope down angle 33.7 degrees
2 5icos{alpha) 3.00
v a0 f
z 11.01 H
y 2201 f
% 100 N
Total Area 72661 sqft
Pipe Area 314 sqft
Area 3 1.53 sqft
Area 2 181.81 sqf
Quter contaminated Area 180.28 sqh
MNet Contaminated Area 177.14 sght
Non-Conlaminated Area 54633 saft

———— =
Excavation Duration Calculation Results

Da No. Boxe
|Centaminated Volume !
IClean Volume
K for scenano Input Pipe Langth)

Calculated ERDF Disposal Cost:  $238,32 /CY

152416.doc

Day 1 cans per day 4
Day 6 cans per day 30
yds par can
cy
Total Volums, 2,660
Contaminaled Volume, 656

Boxes Per Yards Per Cumulative  Cumulative

Day Day Day Boxes Yards
1 q 52 4 52
2 8.2 1186 13.2 172
3 14.4 1872 278 359
4 19.6 2548 A7.2 614
5 248 3224 72 936
g8 a0 390 102 1,320

Net Contaminated Area
Pipe Dlameater

inch sqft |
- 0.500 1.1
€ 0.5 11.1
12 1 443
24 2 1779
36 3 308.6
48 4 T708.5

95

13 (bank volume)

Days
7788
9471

1682

Delta Yards
52
120
187
255
azz
380

Roundup days
8.000
10.000

2.000

Q 19 QILMEe-MPS

€01 =beg

30
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Pipeline Removal Vs, Characterization Study - Decision Suppart Tool

Day 1 cans per day 4
Input ) Day 6 cans per day a0
epth 1o top of pipe 20 ft yds percan 13 (bank volume)
ipe Diameler 24 in cY Days
Trench Slope 1.5 & Clean Vuluma 11.280
FPlpe Lenglh 100 |n Total Volume, 4,041 12.962
Excavation Volume Results Contaminated Volume 656, 1.682
IContaminated Volume Boxes Per Yards Per Cumulative  Gumulative
Clean Volume Day Day Day Boxes Yards Delta Yards
Total Voluma 1 4 52 4 52 52
2 92 119.6 132 172 120
3 144 187.2 278 359 187
Input Pipe Diamater 2 f 4 19.6 2548 472 614 255
Sicpe down angle 3317 ocegrees 5 2458 3224 72 936 3zz
2 5/cos(alpha) 3.00 6 30 390 102 1,326 390
v 801 R
z 1101 h Net Contaminated Area
y 2101 R Plpe Diameter
x .01 1 inch sqft |
Total Area 108425 sqit 2 0.500 "
Pipe Area 314 sgh 6 0.8 1.1
Area 3 1.53 sqft 12 1 443
Area ¢ 181.81 sght 24 2 177.1
Quter conlaminated Area 180.28 sgh 36 3 3886
Nel Contaminaled Area 177.14 sgh 48 4 70BE
Non-Conlaminated Area 913.97 sqN

e = —=
Excavalion Duration Calculation Results

ontaminated Volume
lsan Volume
fer scenanio Inpul Pipe Leng

D No. Boxes

)

Calculated ERDF Disposal Cost:  $318.14 /ICY

152416.doc
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input
Depth to top of pipe 25 In
Pipe Diameter T in
(Trench Slope el UL B B
Pipe Length S0

Excavation Volume Results

Contaminated Velume
Clean Volume

Total Volume

Input Pipe Diameter 2 ft
Slope down angle 337 degrees
Z.5/cas{alpha) 3.00

v 6.01 ft

z 11.01 ft

¥ 3201 ft

X 101 f
Total Area 1536.89 sqft
Pipe Area 314 sgft
Area 3 153 =gt
Area 2 181.81 sgft
Outer conlaminated Area 180.28 sgft
MNel Contaminated Area 177.14 sgft
Non-Contaminated Area 1356.61 sqft

Excavation Duration Calculation Results

z Boxes
Conlaminated Volume 80|
Claan Velume

(fer scenare Input Pips Lergih)

Calculated ERDF Disposal Cost: $404.371 1CY

152416.doc

mm-pnuw—-.!

Day 1 cans per day 4
Cay 6 cans per day 30
yds per can 13 (bank volume)
CcY Days
Clean Valume 15.483
Total Vaolume, 5,681 17165
Contaminated Volume B56 1.B82
Boxes Per Yards Per Cumulative Cumulative
Day Day Boxes Yards Delta Yards
4 52 4 h2 52
9.2 119.8 132 172 120
14.4 187.2 27€ 359 187
19.6 2548 472 614 255
248 3224 72 938 32z
30 380 102 1.326 390
Nei Contaminated Area
Pipe Diamater
inch sq it |
2 0.500 1.1
B 05 11
2 1 44.3
24 2 1774
36 3 398.6
485 4 708.5
99

Roundup days
16.000
18.000

2.000

Q Ny QILHE -MS

LOT =bea

I0

BZT

Z8520950¥a  Jo
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Steel and Stainless Steel Pipe
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input
epth 1o top of pipe 5 ift
Ipe Diameter 12 lin
Trench Slope 1.5 L% |
IPipe Length 100 |n
Excavation Yolume Results
{encluding pipe debris)
|IContaminaled Volume
(Clean Volume
Total Volume
Input Flpe Clameter
Slope down angle

2.5/cos(alpha)
v

2
y

X

Tolal Area

Pipe Area

Area 8

Area 2

Outer contaminated Araa
Net Contaminaled Area
Non-Contaminaled Area

taminated Volume
n Volume

o scenano Input Pipe Length)

3.00
3.00
5.50
8.50
0.50
108.49
078
0.38
45.45
45.07
44,28
63.42

Excavation Duration Calculation Results

Pipe Debrls
(for szenaris Inpul Pipe Length)

Caleulated ERDF Disposal Cost:

152416.doc

$365.64 /CY

Day 1 cans per day 4
Day 6 cans per day 0
yds per can 13 (vank volume)
cY Days
Clean meeﬂ 2338
Tolal Volume ({including pipe debnis) 400 .62
Contaminated Volume (including pipe debris) 185 0.824
Boxes Per Yards Per Cumulsiive  Cumulative
ay Day Day Boxes Yards Delta Yards
1 4 52 4 52 62
2 9.2 119.6 13.2 172 120
3 144 1872 276 359 187
4 19.6 2848 47.2 614 255
] 248 3224 72 036 322
g a0 390 102 1,320 380
Net Contaminated Area
Pipe Diemeter
inch sqft |
2 0.500 11
6 0.5 111
12 1 443
24 2 1771
36 3 3086
48 ] 700.5
111

Roundup days
3.000
4.000

1.000

Q2L HE— MDS

o N2
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Input
Depth to top of pipe 15 In
Pipe Diameter AR in
Trench Slope 1.8 L
Pipe Length 100 |n
Excavation Volume Results
{exctuding plpe dabris) ! cY
laminaled Volume it 3
n Volume
Total Volume
Input Pipa Diameter 1 n
Slope down angle 33.7 degrees
2.5/cos(alpha) 3.00
v 300 o
z 550 #
Y 1880 1
x 0850 &
Tolal Area 51363 sqf
Pipa Area 079 sqf
Area 3 038 sqf
Area 2 4545 sqft
QOuter contaminaled Area 4507 sqft
Net Contaminaled Area 4428 sqft
Mon-Contaminaled Arsa 46856 sqfi

Excavation Duralion Calculation Results

Contaminated Volume
Clean Veolume
for scenario Input Pipe Lengtn)

Vol (CY) No. Boxes
Pipe Debris e 421 581 0,080.54 |
ifor szenanio Inoul Pipe Length)

Calculated ERDF Disposal Cost:  $810.61 /CY

152416.doc

Day 1 cans per day
Day 6 cans per day
yds per can

cY

4
30

13 (bank voluma)

Total Velume (including pipe debris) 1,901
Contaminated Volume (including pipe debris) 1685
Boxes Per Yards Per Cumulative  Cumulative
Day Day Day Boxes Yards
1 4 52 4 52
2 92 1198 13.2 172
3 14.4 187.2 276 359
4 18.6 2548 47.2 614
5 248 3224 72 936
6 a0 90 102 1,326
Net Contaminated Area
Plpe Diameter
inch sq fl
2 0.500 1.1
6 0.5 111
12 1 443
24 2 1771
36 3 308.8
48 4 708.5

113

Days
7.050
7.473

0.424

Delta Yards
52
120
187
255
322
380

Roundup doys
8.000
8.000

1.000

Q@ N°Y Q@7Lke-MIPgS

121 bea
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Pipeline Removal Vs. Characterization Study - Decision Support Tool

Concrete Masonry Pipe
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