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C.1 BACKGROUND

C.1.1 A qualitative risk assessment was conducted to evaluate explosive hazards to
human receptors. A risk from explosive hazards exists at an MRS if there is a complete MEC
exposure pathway, consisting of a receptor that can come near or into contact with MEC and
interact with the item in a manner that might result in its detonation. For this reason, the risk
depends upon the presence of three critical elements, all of which must be present for a risk to exist
from explosive hazards (i.e., there is no risk if any one of these three elements is absent). These
three critical elements are:

(1) A source of MEC (i.e., an explosively hazardous item);
(2) A receptor (i.e., a person); and

(3) The potential for harmful outcome resulting from interaction between the MEC source and
the receptor (i.e., the possibility a receptor encounters the MEC item and causes energy to
be imparted on it resulting in an unintentional detonation).

C.l1l2 The qualitative risk assessment technique presented here follows the “Decision
Logic to Assess Risks Associated with Explosive Hazards, and to Develop RAOs for MRSs”
(USACE, 2017), hereafter referred to as the “Decision Logic to Assess Risks.” The Decision Logic
to Assess Risks provides an assessment of the explosive hazards associated with MEC at an MRS
by analyzing MRS-specific conditions and human issues that affect the likelihood that a MEC
accident will occur. The Decision Logic to Assess Risks focuses on risks to human receptors and
does not directly address environmental or ecological concerns that might be associated with MEC.
The Decision Logic to Assess Risks is described in a final study paper that was established as
interim guidance by USACE on January 3, 2017 for a two-year trial period. The method uses input
data based on historical documentation, field observations, and results of previous studies and
removal actions. Most importantly, the Decision Logic to Assess Risks provides a means to
evaluate site-specific factors with regard to explosive hazards at an MRS and differentiate
acceptable versus unacceptable conditions.

C.13 The risk assessment presented below was conducted to evaluate the baseline
conditions for the MRS regarding risks associated with explosive hazards and to evaluate the
changes to the risks that would result from implementation of the response alternatives presented
in the FS Report. This baseline risk assessment provides the basis for the evaluation and
implementation of effective management response alternatives for mitigating unacceptable risks.
The risk assessment also supports hazard communication among stakeholders by organizing MRS
information in a consistent manner for the hazard management decision-making process.

C.2 ADDRESSING MULTIPLE RISK SCENARIOS

C.21 The Decision Logic to Assess Risks is applied to all portions of an MRS. However,
the MEC-related characteristics of discrete areas within an MRS may differ regarding the
munitions types and quantities, land uses, receptors, and other factors. If these factors differ
significantly, the qualitative risks associated with explosive hazards in the discrete areas are also
likely to vary. For example, the characteristics of a range impact area and its safety fan are likely
to differ regarding the amount of MEC potentially present or different land use activities may exist
that create differing potentials for MEC interaction with human receptors within a large maneuver
area. Additionally, the current and future land uses at an MRS or part of an MRS may differ, which
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might also affect the qualitative risks associated with explosive hazards. Finally, different levels
of risk may also result in different response alternatives being appropriate for these discrete areas.

C.2.2 For these reasons, there may be multiple possible risk scenarios within the MRS
and it may be appropriate to evaluate them separately. In such cases, two or more distinct risk
scenarios may be identified, each of which will be the subject of a separate application of the
Decision Logic to Assess Risks. However, if a project site is likely to be the subject of only one
response alternative (e.g., the MRS is small), it may be evaluated using a single risk scenario
despite the potential for differing risk-related characteristics. In this event, the most conservative
input factors (see below) should be selected for purposes of the Decision Logic to Assess Risks.
A determination regarding risk scenarios is made for each MRS subject to the risk assessment.

C.3 OVERVIEW OF INPUT FACTORS FOR DECISION LOGIC TO ASSESS RISKS
FROM EXPLOSIVE HAZARDS

C.3.1 The Decision Logic to Assess Risks (USACE, 2017) uses three matrices
(Matrices 1 through 3) to support the risk evaluation for each risk scenario. To complete the
baseline risk assessment for the explosive hazards under each risk scenario, input factors for the

three matrices are reviewed and suitable categories are selected based on historical documentation
and data results. These matrices are related to the three critical elements noted previously and are:

e Likelihood of Encounter (Matrix 1), which is based on the input factors:

o Amount of MEC (i.e., how much MEC is there at the site?).

o Accessibility (i.e., how likely are human receptors to contact MEC at the site
based on access conditions and frequency of use?).

o Severity of Incident (Matrix 2), which is based on the input factors:

o Likelihood of encounter (see first bullet above).

o Severity Associated with Detonation of Specific Munitions (i.e., if someone
encounters MEC and it detonates, how many people might be injured and how
seriously?).

o Likelihood of Detonation (Matrix 3), which is based on the input factors:

o Sensitivity/Susceptibility to Detonation (i.e., how sensitive is the fuzing of the
MEC?).

o Likelihood to Impart Energy on an Item (i.e., what are the activities involved
that might result in human receptors encountering MEC at the site?).

C.3.2 A fourth matrix (Matrix 4) combines the results of the other matrices to differentiate
acceptable versus unacceptable conditions regarding risk from explosive hazards.
e Matrix 4: Acceptable and Unacceptable Site Conditions, which is based on the:
o Severity of Incident (i.e., output of Matrix 2).
o Likelihood of Detonation (i.e., output of Matrix 3).
C.33 The four risk matrices and the input factors required to complete the risk assessment

are described below, though more complete details and explanations are provided in the Decision
Logic to Assess Risks (USACE, 2017).

C34 Matrix 1, Likeliliood of Encounter: This is dependent on two input factors, the
amount of MEC items known or suspected to exist, and access conditions (e.g., accessibility and
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frequency of use). “Amount of MEC” is determined using site specific characterization data or
anticipated or completed results of a remedial action. Although the scale emphasizes the results of
distribution, the selection may also include consideration of available historical information, such
as former uses. “Access Conditions” are selected based on considerations of the access and
frequency of use for the MRS. The selection considers “Accessibility” (i.e., how easily human
receptors can gain access to the area), but also considers other relevant conditions, such as
topography, terrain, specific land use, and specific potential receptors via defined pathways to
establish access conditions as a frequency of use. Matrix 1 is shown in Table C.1.

Table C.1

Decision Logic to Assess Risks, Matrix 1: Likelihood of Encounter

Likelihood of Encounter

(Amount of MEC versus Access Conditions)

Access Conditions (frequency of use)

Regular
(e.g., daily use,

open access)

Often
(e.g., less regular
or periodic use,
some access)

Intermittent
(e.g., some
irregular use, or
limited access)

Rare
(e.g., very limited
use, access
prevented)

I

MEC are visible on surface and detected in
subsurface

Frequent

Frequent

Likely

Occasional

MEC are known (i.e., confirmed) or suspected
(e.g., MD indicative of MEC is identified) to be
present on surface and in subsurface

Frequent

Likely

Occasional

Seldom

I

There is physical evidence of MEC, or
MEC concentration (e.g., MEC/acre) is
below a project-specific threshold that
supports this selection

Likely

Occasional

Seldom

Unlikely

v

Amount of MEC

MEC presence is based on isolated historical
discoveries (e.g., Explosive Ordnance
Disposal report) prior to investigation, or

A DERP response action has been conducted
to physically remove MEC and known or
suspected MEC remains to support this
selection (e.g., surface MEC removal where
subsurface MEC has not been addressed), or
MEC concentration (e.g., MEC/acre) is
below a project-specific threshold that
supports this selection

Occasional

Seldom

Unlikely

Unlikely

MEC presence is suspected based on
historical evidence of munitions use only, or
A DERP response action has been conducted
to physically remove surface and subsurface
MEC (evidence some residual hazard
remains to support this selection), or

MEC concentration (e.g., MEC/acre) is
below a project-specific threshold that
supports this selection

Seldom

Seldom

Unlikely

Unlikely

VI

Investigation of the area did not identify
evidence of MEC presence, or

A DERP response action has been conducted
that will achieve unrestricted use/unlimited
exposure (UU/UE)

Unlikely

Unlikely

Unlikely

Unlikely
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C3.5 Matrix 2, Severity of Incident. This factor relates "Likelihood of Encounter" from
Matrix 1 (see above) to the severity of an unintentional detonation. Unlike the two factors affecting
the likelihood of encounter in Matrix 1, the “Severity” factor in Matrix 2 is a static characteristic
of each of the munitions known or suspected to exist at the site. Matrix 2 is shown in Table C.2.

Table C.2
Decision Logic to Assess Risks, Matrix 2: Severity of Incident

Likelihood of Encounter (from Matrix 1)
Severity of Explosive Incident
(Severity versus Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical:
May result in one or more deaths,
permanent total or partial disability, B a B = .
or hospitalization
£E
_: =2 | Modest:
w) 3 . .
% £ May'rfasult 1n one or more injuries B B B C D
5 £ | requiring emergency medical
§ £ | treatment, without hospitalization
<=
_E‘ & | Minor:
% i May.r.esult in one or more injuries B c C C D
& & | requiring first aid or medical
treatment, without hospitalization
Improbable:
No injury anticipated . P L o i
C.3.6 Matrix 3, Likelihood of Detonation: This factor relates the sensitivity of site specific

munitions items to the likelihood of energy being imparted on an item, such that the interaction
results in detonation (i.e., a MEC incident). MEC sensitivity and the likelihood for energy imparted
during an encounter are both specific to the CSM. The “sensitivity” of a munitions item is inherent
to the known or suspected munitions present at the site. The “likelihood to impart energy” is
selected based on the known activities at the site that may cause an interaction that results in energy
being imparted on a munitions item by human activity. Matrix 3 is shown in Table C.3.

Table C.3
Decision Logic to Assess Risks, Matrix 3: Likelihood of Detonation

Likelihood to Impart Energy on an Item
Lik.el.ihood of Pf’t?m‘ﬁ‘m High Modest Inconsequential

(Munitions Sensitivity versus (e.g., areas planned for (e.g., undeveloped (e.g., not anticipated,
Likelihood of Energy to be Imparted) development, or seasonally tilled) wildlife refuge, parks) prevented, mitigated)
& High (e.g., classified as 1 i 3
3 sensitive)
o=
@ £ | Moderate (e.g., HE or
s 8 technics) ) & 3
&5 pyrotechnic
L)
.‘g % Low (e.g., propellant or bulk 1 3 3
& = | secondary explosives)
[
]
@ Not Sensitive 2 3 3
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Co3w Matrix 4, Acceptable and Unacceptable Site Conditions: The final matrix
represents the overall risk for the site and differentiates “acceptable” from “unacceptable”
conditions. This is determined based on the likelihood of an encounter (Matrix 1), with
consideration given to the severity of the incident (Matrix 2), combined with the likelihood of an
interaction that results in detonation (Matrix 3). For example, a result of “A” from Matrix 2 and
“3” from Matrix 3 indicates “Unacceptable™ site conditions for risks when cross-referenced on
Matrix 4. The overall risk for this selection is driven by a “frequent” or “likely” encounter
(Matrix 1) with a potentially catastrophic munitions item (Matrix 2), even though the likelihood
of a detonation (Matrix 3) is low (“3™) based on sensitivity and likelihood to impart energy on the
item. Matrix 4 is shown in Table C 4.

Table C.4

Decision Logic to Assess Risks, Matrix 4: Acceptable and Unacceptable Site Conditions
Acceptable and Result from Matrix 2

Unacceptable

Site Conditions A B C D
E A, 1 Unacceptable Unacceptable Unacceptable Acceptable
Ko
% E« 2 Unacceptable Unacceptable Acceptable Acceptable
g =
& 3 Unacceptable Acceptable Acceptable Acceptable

C.3.8 At the end of characterization, the result from Matrix 4 is used to differentiate

unacceptable from acceptable risk conditions. If an acceptable risk scenario is identified and
concurred by the project team and stakeholders, then it may be possible to recommend no further
action to address explosive hazards at the site. Where an unacceptable risk scenario is identified
as the baseline condition, a remedial response is required to address risks from explosive hazards.
In these situations, the matrices is used as part of the FS to identify remedial responses that will
ultimately achieve acceptable conditions. A summary of this process is depicted in Figure C.1.

C.4 BASELINE RISK SCENARIOS

C.4.1 Description of Risk Scenarios — OD Ground MRS

C4.1.1 Overview: A qualitative baseline risk assessment of hazards posed by MEC was
developed for OD Hill by reviewing each of the input factors for the Decision Logic to Assess
Risks described in Subchapter C.3 above. Historical data available from prior studies were used to
determine the appropriate categories for each input factor. Selection of these categories for the OD
Hill is discussed in the following paragraphs.

C4.1.2 Risk Scenarios: The CSM for the OD Grounds MRS identifies two separate areas
related to MEC contamination and planned future remediation: “OD Hill,” and the “Kickout Area.”
Potential contamination related to UXO and DMM was identified in both the OD Hill and Kickout
Area of the OD Grounds MRS. However, the amount of contamination related to UXO and DMM
is higher for the OD Hill than the Kickout Area of the OD Grounds MRS and this is likely to
influence the relative explosives hazards in both areas. For this reason, separate baseline risk
scenarios will be evaluated for the OD Hill and Kickout Area.
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C4.13 Additionally, it is the ultimate goal of the Army to transfer the property containing
the OD Grounds MRS out of DOD control; therefore, it is also anticipated that the land uses and
associated receptors will change between the current use conditions at the property (i.e., under
DOD control), and the planned future property use (as a Conservation/Recreation Area). For this
reason, baseline risk scenarios will be evaluated for both current and future conditions at both the
OD Hill and Kickout Area.

C.4.2 Baseline Decision Logic to Assess Risks from Explosive Hazards — OD Hill Area

C4.2.1 Matrix 1, Likelihood of Encounter: Based on the CSM, MEC in the form of UXO
and DMM are almost certain to exist subsurface and can be suspected to be present on the surface
at the OD Hill. Therefore, the “Amount of MEC” for the OD Hill is determined to be
“Category II”. A “Category I’ rating is not considered appropriate for this area because the surface
of the OD Hill has been cleared during previous investigations; therefore, no MEC is anticipated
to be visible on the surface. The OD Grounds MRS is located on a closed installation and Army
operations at the site have ceased. A fence is present around the property containing the MRS,
however, the fence is not monitored. Hunting is performed in the area. The deer hunting season
begins in mid-November and ends during the second week of December. Based on these land uses,
the “Access Conditions” for the OD Hill is determined to be “Intermittent” (i.e., some irregular
use, or limited access) under current conditions with a possible change to “Often” (i.e., less regular
or periodic use, some access) in the future during planned use as a conservation/recreation area.
Evaluating these input factors on Matrix 1 results in a “Likelihood of Encounter” of
“Occasional” for current and “Likely” for future conditions at the OD Hill.

C4.22 Matrix 2, Severity of Incident. Evidence of UXO/DMM presence at the OD Hill
included 2.36” High Explosive Anti-Tank (HEAT) Rocket Warhead (UXO), 75mm, 57mm, and
40mm projectiles (UXO), and M72 LAW Rocket Warheads (UXO). A MEC incident involving
any of these munitions may result in one or more deaths, permanent total or partial disability, or
hospitalization, and so the “Severity Associated with Specific Munitions Items” is determined
to be “Catastrophic/Critical” for the OD Hill. The “Likelihood of Encounter” from Matrix 1 (see
above) was determined to be “Occasional” for current use, and “Likely” for future use. Evaluating
these input factors on Matrix 2 results in a “Severity of Incident” of “B” for current use, and a
“Severity of Incident” of “4” for future use.

C423 Matrix 3, Likelihood of Detonation: As described above, evidence of UXO/DMM
presence at the OD Hill included 2.36” HEAT Rocket Warhead (UXO). The “Sensitivity:
Susceptibility to Detonation” for the OD Hill is determined to be “High” based on the presence
of HEAT munitions. The “Likelihood to Impart Energy on an Item” for the OD Hill is
determined to be “Inconsequential” under current site conditions for three reasons: (1) intrusive
activities are currently restricted to those following appropriate safety protocols; (2) the only
allowed activity that could impart energy to UXO or DMM is walking over the site, but the
previously completed surface clearance has removed all UXO and DMM that might have been
susceptible to detonation via walking activities; and (3) current site access procedures include
UXO safety education which stress the 3Rs. If the land is transferred without use restrictions in
place, future land use could include plowing/tilling of food plots as part of the habitat development
at the conservation/recreation area; therefore, the “Likelihood to Impart Energy on an Item” for
the OD Hill must be conservatively assumed to be “High” under future site conditions. Based on
the categories described above, the “Likelihood of Detonation” for the OD Hill is determined to
be “3” under current conditions and “I” under future conditions.




Seneca Army Depot Activity MEC Risk Assessment for OD Grounds, Rev. |

C424 Matrix 4, Acceptable and Unacceptable Site Conditions: As described above, the
“Severity of Incident” (Matrix 2) for OD Hill was determined to be “B” for current use, and a “4™
for future use while the “Likelihood of Detonation” (Matrix 3) was determined to be “3” under
current conditions and “/” under future conditions. Evaluating the inputs of “B-3"" and “4-/” on
Matrix 4 indicates the overall risk from explosive hazards is “Acceptable” at the OD Hill under
current conditions but is “Unacceptable” under future conditions. Exhibits C.1 and C.2
summarize the matrix inputs and outputs for the OD Hill current and future conditions risk
scenario, respectively.

C.4.3 Baseline Decision Logic to Assess Risks from Explosive Hazards — Kickout Area

C4.3.1 Matrix 1, Likelihood of Encounter: Based on the CSM, MEC in the form of UXO
and DMM have been confirmed on the surface and subsurface at the Kickout Area. Therefore, the
“Amount of MEC” for the Kickout Area is determined to be “Category I’. A “Category I’ rating
is appropriate for this area because the surface has not been completely cleared; and UXO/DMM
have been confirmed on the surface during prior actions. The OD Grounds MRS is located on a
closed installation and Army operations at the site have ceased. A fence is present around the
property containing the MRS, however, the fence is not monitored. Hunting is performed in the
area. The deer hunting season begins in mid-November and ends during the second week of
December. Based on these land uses, the “Access Conditions” for the Kickout Area is determined
to be “Intermittent” (i.e., some irregular use, or limited access) under current conditions with a
change to “Often” (i.e., less regular or periodic use, some access) in the future during planned use
as a conservation/recreation area. Evaluating these input factors on Matrix 1 results in a
“Likelihood of Encounter” of “Likely” for current and “Frequent” for future conditions at the
Kickout Area.

C432 Matrix 2, Severity of Incident. Many different types of UXO/DMM items have been
identified at the Kickout Area including a 7Smm HE projectile, 2.75-inch rockets, 106mm HEAT
projectiles along with MD from munitions types including bombs, grenades, mines, mortars,
rockets, projectiles, and fuzes. A MEC incident involving many of these munitions may result in
one or more deaths, permanent total or partial disability, or hospitalization, and so the “Severity
Associated with Specific Munitions Items” is determined to be “Catastrophic/Critical” for the
Kickout Area. The “Likelihood of Encounter” from Matrix 1 (see above) was determined to be
“Likely” for current use, and “Frequent” for future use. Evaluating these input factors on Matrix 2
results in a “Severity of Incident” of “4” for current use and for future use.

C433 Matrix 3, Likelihood of Detonation: As described above, evidence of UXO/DMM
presence at the Kickout Area included 106mm HEAT projectiles. The “Sensitivity: Susceptibility
to Detonation” for the Kickout Area is determined to be “High” based on the presence of HEAT
munitions. The “Likelihood to Impart Energy on an Item” for the Kickout Area is determined
to be “Modest” under current site conditions, because while intrusive or high energy activities are
restricted to those following appropriate safety protocols, items may remain on the surface where
receptors may impart energy on the item. A rating of “Modest” is typically selected for
undeveloped wildlife refuges and parks. Future land use would include plowing/tilling of food
plots as part of the habitat development at the conservation/recreation area; therefore, the
“Likelihood to Impart Energy on an Item” for the Kickout Area is determined to be “High”
under future site conditions. Based on the categories described above, the “Likelihood of
Detonation” for the OD Hill is determined to be “3” under current conditions and “/* under future
conditions.
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C4.3.4  Matrix 4, Acceptable and Unacceptable Site Conditions: As described above, the
“Severity of Incident” (Matrix 2) for Kickout Area was determined to be “4” for both current and
future use while the “Likelihood of Detonation” (Matrix 3) was determined to be “3” under
current conditions and “/” under future conditions. Evaluating the inputs of “4-3” and “4-1” on
Matrix 4 indicates the overall risk from explosive hazards is “Unacceptable” at the Kickout Area
under current and future conditions. Exhibits C.3 and C.4 summarize the matrix inputs and
outputs for the Kickout Area under current and future conditions risk scenario, respectively.

C.4.4 Summary of Results for OD Ground MRS

C4.4.1 A summary of the results for the subareas and use scenarios at the OD Grounds
MRS are presented in Table C.5. As described in the previous subchapters, the evaluation
conducted using the Decision Logic to Assess Risks indicates the overall risk from explosive
hazards is “Acceptable” at the OD Hill and “Unacceptable” in the kickout area under current
conditions. The main difference between the OD Hill area and the Kickout Area is that in the OD
Hill Area no MEC are expected on the surface while MEC are expected on the surface in the
Kickout Area. The indicated overall risk from explosive hazards is “unacceptable” in both the OD
Hill and the Kickout Area under the anticipated future land use conditions.
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Table C.5
Decision Logic to Assess Risks, Summary of Results for OD Grounds Current and Future Conditions
Baseline Risk | Risks from
Condition Explosive
MRS/Area Risk Scenario | UXO and DMM Receptors Exposure Pathways (Matrix 4) Hazards
OD Hill Current UXO and DMM likely Current: Potentially Complete B-3 Acceptable
conditions To many munitions types to Site workers
list.
Future UXO and DMM likely Future: Potentially Complete A-1 Unacceptable
conditions To many munitions types to Site workers, site visitors,
list. and possible plowing of
feed plots by site workers
Kickout Area Current UXO and DMM likely Current: Potentially Complete A-3 Unacceptable
conditions To many munitions types to Site workers
list.
Future UXO and DMM likely Future: Potentially Complete A-1 Unacceptable
conditions To many munitions types o Site workers, site visitors,
list. and possible plowing of
feed plots by site workers

10
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Exhibit C.1
Summary of Decision Logic Evaluation Results for the OD Hill Area
Current Use Conditions Risk Scenario

Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)
Likelihood of Encounter
(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Frequent Likely Occasional
8 Category I1 Frequent Likely Seldom
§ Category III Likely Occasional Seldom Unlikely
-
E Category IV Occasional Seldom Unlikely Unlikely
E Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter (from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical A A B
£ | Modest B B C D
(4
& | Minor B c C D
Improbable D D D D
Matrix 3: Likelihood of Detonation
Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 1
=
‘s Moderate 1 2
=}
w
g Low 1 3 3
@
Not Sensitive 2 3 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B C D
g - 1 Unacceptable Unacceptable Unacceptable Acceptable
)
_E 'E 2 Unacceptable Unacceptable Acceptable Acceptable
17
& = 3 Unacceptable m Acceptable Acceptable

i1
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Exhibit C.2
Summary of Decision Logic Evaluation Results for the OD Hill Area

Future Use Conditions Risk Scenario
Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)
Likelihood of Encounter
(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Frequent Likely Qccasional
LEJ Category Il Frequent m Occasional Seldom
> Category 111 Likely Occasional Seldom Unlikely
-
E Category IV Occasional Seldom Unlikely Unlikely
5 Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter (from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical A B B D
£ | Modest B B B c D
@
2 | Minor B C C D
Improbable D D D D D
Matrix 3: Likelihood of Detonation
Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 3
Z
:E Moderate § 2 3
‘@
) Low 1 3 3
W
Not Sensitive 2 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B C D
=3 1 Unacceptable Unacceptable Unacceptable Acceptable
=
% ‘E 2 Unacceptable Unacceptable Acceptable Acceptable
<3
& = 3 Unacceptable Acceptable Acceptable Acceptable

12
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Summary of Decision Logic Evaluation Results for the Kickout Area

Exhibit C.3

Current Use Conditions Risk Scenario
Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)
Likelihood of Encounter
(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Frequent Occasional
E Category 11 Frequent Likely Qccasional Seldom
s Category III Likely Occasional Seldom Unlikely
E Category IV Occasional Seldom Unlikely Unlikely
5 Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter (from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical
£ | Modest B B C D
[ d
& | Minor B c c D
Improbable D D D D
Matrix 3: Likelihood of Detonation
Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 1
&z
:E Moderate 1 2 3
‘A
= Low 1 3 3
@
Not Sensitive 2 3 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B (o] D
E = 1 Unacceptable Unaceeptable Unacceptable Acceptable
S
% 'g 2 Unacceptable Unacceptable Acceptable Acceptable
v
& = 3 Unacceptable Acceptable Acceptable Acceptable
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Exhibit C.4
Summary of Decision Logic Evaluation Results for the Kickout Area
Future Use Conditions Risk Scenario
Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)

Likelihood of Encounter
(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Likely Occasional
(é Category II Frequent Likely Occasional Seldom
“ Category III Likely Occasional Seldom Unlikely
-
E Category IV Occasional Seldom Unlikely Unlikely
5 Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter (from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical A B B D
.‘E' Modest B B B C D
b
& | Minor C c C D
Improbable D D D D D
Matrix 3: Likelihood of Detonation
Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 3
=]
:g Moderate { 2 3
‘@
g Low 1 3 3
w
Not Sensitive 2 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B C D
g . 1 Unacceptable Unacceptable Unacceptable Acceptable
L]
% 5 2 Unacceptable Unacceptable Acceptable Acceptable
g
[~ = 3 Unacceptable Acceptable Acceptable Acceptable
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C.5 ALTERNATIVE RISK SCENARIOS FOR THE OD GROUND MRS

C.5.1 Description of Alternatives — OD Grounds MRS
In addition to providing a technique to evaluate baseline MEC risks, the Decision Logic to
Assess Risks (USACE, 2017) matrices may be used to evaluate the anticipated MEC risk
conditions that would remain following implementation of a remedial action. This is done by
evaluating how the assumptions made regarding the future conditions at the site would change
from the baseline conditions using the three matrices (Matrices 1 through 3) to support the risk

evaluation for each hypothetical future risk scenario.

The land use at the OD Grounds MRS is anticipated to change with a land transfer out of DOD
control following implementation of an appropriate remedial action alternative. Therefore, the
comparison of the anticipated risk scenario of each potential remedial action alternative will use
the future land use risk scenario as the baseline condition. This analysis will evaluate each potential
remedial action alternative to determine if implementation would achieve acceptable MEC risk
conditions base on the planned future land use.

The remedial action alternates considered at the OD Ground MRS are described in detail in
the FS Report. The following alternatives were retained for analysis in the FS Report and were
therefore evaluated as part of this Risk Assessment.

e Alternative 1: No Action

e Alternative 3: Consolidate and cap with surface and subsurface clearance to 2 feet bgs
outside the cap and LUCs

e Alternative 4. Excavate OD Hill to grade and perform surface/subsurface clearance to
2 feet bgs over site, and LUCs; and

o Alternative 5: Excavate entire site to 1foot below grade and perform

surface/subsurface clearance to 2 feet bgs

This Risk Assessment will focus on describing the specific aspect of each alternative that
will change the assumptions presented in the Decision Logic to Assess Risks (USACE, 2017)
categories. Figure C.1 shows a diagram summarizing the structure of the MEC Risk Evaluation.
Within the Decision Logic to Assess Risks the following five risk factors are evaluated base on
site conditions (note that only three will change based on implementation of a remedial action):

o Amount of MEC (i.e., how much MEC is there at the site?).
o This element may change due to physical removal of MEC during a remedial
action.
o Access Conditions (i.e., how likely are human receptors to contact MEC at the site
based on accessibility and frequency of use?).
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o This element may change through the implementation of LUCs or barriers that
alter future use of the site.

o Severity Associated with Detonation of Specific Munitions (i.e., if someone
encounters MEC and it detonates, how many people might be injured and how
seriously?).

o This element does not change based on implementation of any of the
alternatives because all may leave deep-buried UXO or DMM that, if

unintentionally detonated by an uninformed future user, could result in severe
or catastrophic harm.

o Sensitivity/Susceptibility to Detonation (i.e., how sensitive is the fuzing of the
MEC?).

o This element does not change based on implementation of any of the
alternatives because all may leave deep-buried UXO or DMM that might have
sensitive fuzing.

o Likelihood to Impart Energy on an Item (i.e., what are the activities involved that
might result in human receptors encountering MEC at the site?).

o This element may change if remedial actions are implemented that affect
behavioral modifications or changes that will affect the likelihood or ability of
imparting energy on a munitions item.

Table C.6 presents a summary of the appropriate input factors selected to complete the
Decision Logic to Assess MEC Risk for each of the five alternatives evaluated in the FS. As noted
above, only three input factors are influenced by implementation of a remedial action (4mount of
MEC, Access Conditions, and Likelihood to Impart Energy on an Item). Alternative 1, the no action
alternative, assumes no remedial action element are implemented, therefore this alternative would
not change any input factors from the baseline future risk conditions. Alternative 2 is
implementation of LUCs only. This alternative would not change the amount of MEC or access
conditions (LUCs under Alternative 2 do not restrict access or activities). The Likelihood to impart
energy would be changed from high to modest due to the influence of educational awareness which
would change behavior to reduce the likelihood that a person would impart energy on an MEC
item. Evaluation of Alternative 2 shows the following implementation of Remedial Action
Alternative 2 would not achieve acceptable MEC risk conditions.

For each of Alternatives 3, 4 and 5. the Amount of MEC rating will change to Category V in
both the OD Hill and the Kickout Area following implementation of the remedial action. The
Category V rating applies to sites where “A DERP response action has been conducted to
physically remote surface and subsurface MEC”. If Alternative 3 were implemented MEC would
not be physically removed from the subsurface at the OD Hill; however, the MEC remaining on
site would be secured under a cap. Because the cap will include 18 inches of clean soil over the
top of any remaining MEC, this alternative is considered equivalent to a surface and subsurface
MEC removal. And has been scored as if surface and subsurface response action were complete.
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A surface and subsurface MEC removal would be conducted within the Kickout Area under
Alternative 3 so this area is also scored as Category V. Both the Kickout Area and the OD Hill
under Alternatives 4 and 5 would include a surface and subsurface MEC removal; therefore,
Category V for Amount of MEC is appropriate for both the OD Hill and Kickout Area under each

of these alternatives.

At the OD Ground MRS the future site use conditions are well known. As such the remedial
alternatives evaluated in the FS were developed to achieve acceptable use conditions based on
planned future use. Access Conditions used in the Future Risk Use Conditions are consistent with
the future use under all of the alternative scenarios. The access conditions in all cases is “Often
(e.g., less regular or periodic use, some access)’. The intended future land use is for
conservation/recreation; while driving tours may visit the site daily, persons accessing the site on
foot where access with MEC could occur would be only periodic.

Under the future use risk conditions, the Likelihood to Impart Energy on an Item was rated as
“High (e.g., areas planned for development, or seasonally tilled).” This category was selected
because future land use would include plowing/tilling of food plots as part of the habitat
development at the conservation/recreation area and MEC are anticipated to be present at the
depths that would be impacted by tilling and intrusive activity. Under Alternatives 4 and 5 surface
and subsurface MEC removal will be conducted to depths appropriate to meet the RAOs in both
the Kickout Area and OD Hill. In both areas after remedial action implementation under
Alternatives 4 and 5 it would no longer be expected that seasonal tilling or other allowed intrusive
activities would result in interaction with subsurface MEC. In these cases, the Likelihood to Impart
Energy on an Item has been rated as Inconsequential because interaction is no longer anticipated
as the intrusive depth no longer overlaps with the depth interval where MEC might exist. LUCs
will further mitigate any unforeseen interactions with MEC by teaching land users to obey the 3Rs
of explosive safety in the unlikely event they discover UXO or DMM. Under Alternative 3 the
Kickout area has the same remedial action as under Alternative 4 and in the OD Hill intrusive
activity restrictions in the cap would prevent interaction with MEC that may remain below the cap.
Therefore, Alternative 3 is also scored as Inconsequential (e.g., not anticipated, prevented,
mitigated) for the same reasons described above for Alternatives 4 and 5.

Exhibits C.5 and C.6 summarize the matrix inputs and outputs for Alternative 2 within the
OD Hill and Kickout Area, respectively. Exhibit C.7 summarizes the matrix inputs and outputs
for the Kickout Area and OD Hill for post remedial action conditions following implementation
of Alternatives 3, 4 or 5.
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Figure C.1
Summary of Decision Logic to Assess MEC Risk Evaluation Factors and Structure
Seneca Army Depot Activity, Open Detonation Grounds

T o | o] Three input factors are influenced by assumptions that

can change based on implementation of a Remedial
Action: Access Conditions, Amount of MEC and
Likelihood to Impart Energy.

Severity of
Incident
MATRIX 2 Aieoeﬁtahle or
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Seneca Army Depot Activity MEC Risk Assessment for OD Grounds, Rev. 1
Table C.6
Analysis of Alternatives nsing the Decision Logic to Assess MEC Risk
Seneca Army Depot Activity, Open Detonation Grounds
Likellhood of Severity A with | S Ity Susceptibllity | Likelthood to Impart | Likelihood of | Severity of
Risk Scenario Access Conditions Amount of MEC Encounter Specific Munitions items to Detonation Energy Detonation Incident Rating
Future Baseline - OD Hill Often Category I1 Likely Catastrophic/Critical High High 1 A Unacceptable
Future Baseline - Kickout Often Category I (Most) req C yphic/Critical High High 1 A Unacceptable
Alternative 1 No Action
lﬁtemaﬁve 1 would results in no change from the Future Baseline Conditions Risk Scenario
Alternative 2 LUCs only
Alternative 2 - OD Hill Often Category I Likely Catastrophic/Critical High Modest 2 A Unaccoptable
Alternative 2 - Kickout Often Category I (Most) Frequent Catastrophic/Critical High Modest 2 A Unacceptable
Educational Awareness
Rationale LUCs would not prevent This alternative does not remove MEC. - - - w;la:ednceleﬂl;i:lﬂtiemﬁ:;od - - -
energy on an item
Alternative 3
Alternative 3 - OD Hill Often Category V Seldom Catastrophic/Critical High Inconsequential & B
Alternative 3 - Kickout Often Category V Seldom Catastrophic/Critical High Inconsequential 3 B
The cap at the OD Hill would be equivalent to a
Rationale LUCs would not prevent |  surface and subsurface MEC removal. Surface . _ - Removal depth below - _ -
access and subsurface MEC removal would be anticipated intrusive depth.
conducted in the kickout area.
Alternative 4
Alternative 4 - OD Hill Often Category V Seldom Catastrophic/Critical High Inconsequential 3 B
Alternative 4 - Kickout Often Category V Seldom Catastrophic/Critical High Inconsequential 3 B
Rationale LUCs would not prevent Surface and subsurface MEC removal would be i [ - Removal depth below = ¥ -
access conducted in the OD Hilt and kickout area. anticipated intrusive depth.
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Alternative §

Alternative 5 - OD Hill Often Category V Seldom Catastrophic/Critical High Inconsequential 3

Alternative § - Kickout Often Category V Seldom Catastrophic/Critical High Inconsequential 3

Rationale LUCs would not prevent | Surface and s.ubmrfane MEC remwa.l wouldbe g A _ l.lqnoval.dcpth. below " _
access conducted in the OD Hill and kickout area. anticipated intrusive depth,
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Exhibit C.5

Summary of Decision Logic Evaluation Results for the OD Hill Area
Alternative 2 Use Conditions Risk Scenario

Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Likelihood of Encounter

Access Conditions (frequency of use)

(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Frequent Likely Occasional
Q Category I1 Frequent Occasional Seldom
% Category 111 Likely Occasional Seldom Unlikely
% Category IV Occasional Seldom Unlikely Unlikely
E Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter {from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical B B D
£ | Modest B B B c D
§ Minor B C C C D
Improbable D D D D D

Matrix 3: Likelihood of Detonation

Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 1 3
> .
5 Moderate 1 3
2
S Low 1 3 3
v
Not Sensitive 2 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B C D
g - 1 Unacceptable Unacceptable Unacceptable Acceptable
= X
£ E 2 Unacceptable Unacceptable Acceptable Acceptable
2
& 3 Unacceptable Acceptable Acceptable Acceptable
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Exhibit C.6

Summary of Decision Logic Evaluation Results for the Kickout Area
Alternative 2 Use Conditions Risk Scenario

Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)
Likelihood of Encounter
{Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Likely Occasional
Q Category I1 Frequent Likely Occasional Seldom
=
%S Category Il Likely QOccasional Seldom Unlikely
§ Category IV Qccasional Seldom Unlikely Unlikely
£
e Category V Seldom Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter {from Matrix 1)
Severity of Explosive Incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Seldom Unlikely
Catastrophic/Critical A B B
£ | Modest B B B C D
[
3 | Minor c c c D
Improbable D D D D D
Matrix 3: Likelihood of Detonation
Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to Impart Energy) High Modest Inconsequential
High 1 3
fg Modecrate 1 2 3
§ Low 1 3 3
vy
Not Sensitive 7) 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A 8 c D
g = 1 Unacceptable Unacceptable Unacceptable Acceptable
= X
:_:; % 2 Unacceptable Unacceptable Acceptable Acceptable
3 =
& 3 Unacceptable Acceptable Acceptable Acceptable
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Exhibit C.7

Summary of Decision Logic Evaluation Results for the OD Hill and Kickout Area
Alternative 3, 4 and 5 Use Conditions Risk Scenario

Seneca Army Depot Activity, Open Detonation Grounds

Matrix 1: Likelihood of Encounter

Access Conditions (frequency of use)
Likelihood of Encounter
(Amount of MEC versus Access Conditions) Regular Often Intermittent Rare
Category I (Most) Frequent Frequent Likely Occasional
g Category II Frequent Likely Occasional Seldom
3
5 Category III Likely Occasional Seldom Unlikely
§ Category IV Occasional Seldom Unlikely Unlikely
E
< Category V Seldom Unlikely Unlikely
Category VI (Least) Unlikely Unlikely Unlikely Unlikely
Matrix 2: Severity of Incident
Likelihood of Encounter (from Matrix 1)
Severity of Explosive incident
(Severity vs. Likelihood of Encounter) Frequent Likely Occasional Unlikely
Catastrophic/Critical A A B
.g Modest B B B D
@
& | Minor B C C D
Improbable D D D D D

Matrix 3: Likelihood of Detonation

Likelihood to Impart Energy on an Item
Likelihood of Detonation
(Sensitivity vs. Likelihood to impart Energy) High Modest Inconsequential
High 1 1
;‘;’ Moderate 1 2
=
S Low 1 3 3
wn
Not Sensitive 2 3 3
Matrix 4: Acceptable and Unacceptable Site Conditions
Result from Matrix 2
Acceptable and Unacceptable Site Conditions A B C D
S I 1 Unacceptable Unacceptable Unacceptable Acceptable
b3
:_-5 .E 2 Unacceptable Unacceptable Acceptable Acceptable
RS
& 3 Unacceptable Acceptable Acceptable
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Alt1 Alt2 Alt3 Aha Alt5
- Partial Excavation X ’
: Cap with MPPEH = Full Excavation with
Title: No Action LUCs Only with MPPEH
Removal MPPEH Removal
Removal
ire si
Consolidate and Cap with | Excavate OD Hill to grade and E:c;:a:g:;:a::;te:firf:nm
Description: No Action LUCs Only Surface and Subsurface y perform surface/subsurface S T aT
Clearance to 2 feet bgs clearance to 2 feet bgs over to 2 feet bgs (total of 3 feet
the cap and LUCs site, and LUCs &
removal)
Total Cost: $0 $271,680 $18,494,249 $13,546,296 $69,120,588
Estimated Field Durration: 0 Days 10 Days 42 Months 40 Months 115 Months
No Action $0 - = = E;
s
o
£ Jwes - $ 271,680} $ 271,680 $ 271,680| $ 271,680
3
Grubbi d Vegetation Cl i
e ru '|n'g and Vegetation Clearance with UXO _ - $ 1,081,240] $ 1,081,240| $ 1,081,240
g = Technician Support
o o
A" [site Re-grading and Re-vegetation - - S 1,041,267 $ 1,041,267 $ 2,597,402
Annual Grqundwater Sampling at Landfill Inspection $ 4,500,000
and Reporting
E Land Fill Maintenance S 900,000
Post RA Groundwater Confirmation Sampling S 400,000 $ 400,000
Consolidate High Metal Content Soil at QD Hill and
= Cover with Engineered Cap. Remove Visible MPPEH - - S 3,278,595 - -
g During Earthwork.
Install Slurry Wall around Cap - - $ 353,378 — -
£
|Backfill with clean soil - - S 1,239,206 — -
'§ Ravate, Clear soil of MPPEH, and Return as Fill or
& Haz waste off-site disposal after - - - $ 4,757,118| $ 61,137,485
g Surface/Subsurface Clearance
=
Surface/Subsurface Clearance - - S 5,603,882| $ 5,819,991| $ 3,457,780
w Work Planning - - $ 150,000 $ 100,000] $ 100,000
&  [Final Reporting - - $ 75,000| $ 75,000| $ 75,000
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\imabos07fs01\pit\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds RI

Alt 2 LUCs Only
3 :

Year Capital Cost (§) Ayl ?;;M =ty Periodic Costs ($) Total’r(;c‘?;;- L Dlscou(; t;*'/‘e:ctor gt Present Value at 3%
0 $42,468.00 $4,000 $46,468.00 1.00 $46,468.00
1 $0.00 $4,000 $4,000.00 0.99 $3,976.14
2 $0.00 $4,000 $4,000.00 0.99 $3,952.43
3 $0.00 $4,000 $4,000.00 0.98 $3,928.86
4 $0.00 $4,000 $18,202 $22,202.06 0.98 $21,677.11
3 $0.00 $4,000 $4,000.00 0.97 $3,882.13
6 $0.00 $4,000 $4,000.00 0.96 $3,858.98
& $0.00 $4,000 $4,000.00 0.96 $3,835.96
8 $0.00 $4,000 $4,000.00 0.95 $3,813.08
9 $0.00 $4,000 $18,202 $22,202.06 0.95 $21,038.34

10 $0.00 $4,000 $4,000.00 0.94 $3,767.73
11 $0.00 $4,000 $4,000.00 0.94 $3,745.26
12 $0.00 $4,000 $4,000.00 0.93 $3,722.92
13 $0.00 $4,000 $4,000.00 0.93 $3,700.72
14 $0.00 $4,000 $18,202 $22,202.06 0.92 $20,418.39
15 $0.00 $4,000 $4,000.00 0.91 $3.,656.71
16 $0.00 $4,000 $4,000.00 0.91 $3.634.90
17 $0.00 $4,000 $4,000.00 0.90 $3,613.22
18 $0.00 $4,000 $4,000.00 0.90 $3,591.67
19 $0.00 $4,000 $18,202 $22,202.06 0.89 $19,816.71
20 $0.00 $4,000 $4,000.00 0.89 $3,548.95
21 $0.00 $4,000 $4,000.00 0.88 $3,527.79
22 $0.00 $4,000 $4,000.00 0.88 $3,506.75
23 $0.00 $4,000 $4,000.00 0.87 $3,485.83
24 $0.00 $4,000 $18,202 $22,202.06 0.87 $19,232.77
25 $0.00 $4,000 $4,000.00 0.86 $3,444.38
26 $0.00 $4,000 $4,000.00 0.86 $3,423.83
27 $0.00 $4,000 $4,000.00 0.85 $3,403.41
28 $0.00 $4,000 $4,000.00 0.85 $3.383.11
29 $0.00 $4,000 $18,202 $22,202.06 0.84 $18,666.02
Total $42,468 $120,000 $109,213 $271,680 $251,722
Total Cost + 0% Tax($) $271,680

Lower end of TPV Range $163,619

Upper end of TPV Range $377,583
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Alt3 Cap with MPPEH Removal
= -

Year Capital Cost ($) et ?;)LM (Eosts Periodic Costs ($) TotalTS:(s;)-l- £ D1scou(;2£2wtor e Present Value at 3%
0 $3,675,724.76 $154,000 $3,829,724.76 1.00 $3,829,724.76
1 $3,675,724.76 $154,000.00 $3,829,724.76 0.99 $3,806,883.46
2 $3,675,724.76 $154,000.00 $3,829,724.76 0.99 $3,784,178.39
5 $1,837,862.38 $154,000.00 $1,991,862.38 0.98 $1,956,434.84
4 $0.00 $154,000.00 $18,202 $172,202.06 0.98 $168,130.47
5 $0.00 $154,000.00 $154,000.00 0.97 $149,462.01
6 $0.00 $154,000.00 $154,000.00 0.96 $148,570.59
7] $0.00 $154,000.00 $154,000.00 0.96 $147,684.48
8 $0.00 $154,000.00 $154,000.00 0.95 $146,803.66
9 $0.00 $154,000.00 $318,202 $472,202.06 0.95 $447,451.59

10 $0.00 $154,000.00 $154,000.00 0.94 $145,057.74
11 $0.00 $154,000.00 $154,000.00 0.94 $144,192.59
12 $0.00 $154,000.00 $154,000.00 0.93 $143,332.59
13 $0.00 $154,000.00 $154,000.00 0.93 $142,477.72
14 $0.00 $154,000.00 $18,202 $172,202.06 0.92 $158,367.70
15 $0.00 $154,000.00 $154,000.00 0.91 $140,783.26
16 $0.00 $154,000.00 $154,000.00 0.91 $139,943.60
17 $0.00 $154,000.00 $154,000.00 0.90 $139,108.94
18 $0.00 $154,000.00 $154,000.00 0.90 $138,279.27
19 $0.00 $154,000.00 $318,202 $472,202.06 0.89 $421,469.59
20 $0.00 $154,000.00 $154,000.00 0.89 $136,634.73
21 $0.00 $154,000.00 $154,000.00 0.88 $135,819.81
22 $0.00 $154,000.00 $154,000.00 0.88 $135,009.75
23 $0.00 $154,000.00 $154,000.00 0.87 $134,204.53
24 $0.00 $154,000.00 $18,202 $172,202.06 0.87 $149,171.83
25 $0.00 $154,000.00 $154,000.00 0.86 $132,608.45
26 $0.00 $154,000.00 $154,000.00 0.86 $131,817.55
27 $0.00 $154,000.00 $154,000.00 0.85 $131,031.36
28 $0.00 $154,000.00 $154,000.00 0.85 $130,249.86
29 $0.00 $154,000.00 $318,202 $472,202.06 0.84 $396,996.28
Total $12,865,037 $4,620,000 $1,009,213 $18,494,249 $17,911,881
Total Cost + 0% Tax($) $18,494,249

Lower end of TPV Range $11,642,723

Upper end of TPV Range $26,867,822

\\mabos07fs01\pit\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Final FS\Ver4_040318\cost\Draft FS Cost Book_063018.xIsx

Page 2 of 4
7/30/2018



Alt 4

Partial Excavation with MPPEH Removal

o ;
Year Capital Cost (3) AnmE] ?:;M S5t Periodic Costs ($) TotalTZ::z;;- o Dlscou(;x. t;/:lctor gl Present Value at 3%
0 $3,995,125.20 $4,000 $3,999,125.20 1.00 $3,999,125.20

1 $3.995,125.20 $4,000.00 $3,999,125.20 0.99 $3,975,273.56
2 $3,995,125.20 $4,000.00 $3,999,125.20 0.99 $3,951,564.17
3 $1,331,708.40 $4,000.00 $1,335,708.40 0.98 $1,311,951.30
4 $0.00 $4,000.00 $18.202 $22,202.06 0.98 $21,677.11
S $0.00 $4,000.00 $4,000.00 0.97 $3,882.13
6 $0.00 $4,000.00 $4,000.00 0.96 $3.858.98
y’ $0.00 $4,000.00 $4,000.00 0.96 $3.835.96
8 $0.00 $4,000.00 $4,000.00 0.95 $3,813.08
9 $0.00 $4,000.00 $18,202 $22,202.06 0.95 $21,038.34
10 $0.00 $4,000.00 $4.000.00 0.94 $3,767.73
11 $0.00 $4,000.00 $4,000.00 0.94 $3,745.26
12 $0.00 $4,000.00 $4,000.00 0.93 $3,722.92
13 $0.00 $4,000.00 $4,000.00 0.93 $3,700.72
14 $0.00 $4,000.00 $18,202 $22,202.06 0.92 $20,418.39
L $0.00 $4,000.00 $4,000.00 0.91 $3,656.71
16 $0.00 $4,000.00 $4.000.00 0.91 $3,634.90
17 $0.00 $4,000.00 $4,000.00 0.90 $3,613.22
18 $0.00 $4,000.00 $4,000.00 0.90 $3,591.67
19 $0.00 $4,000.00 $18,202 $22,202.06 0.89 $19,816.71
20 $0.00 $4,000.00 $4,000.00 0.89 $3,548.95
21 $0.00 $4,000.00 $4,000.00 0.88 $8:527.79
22 $0.00 $4,000.00 $4,000.00 0.88 $3,506.75
23 $0.00 $4,000.00 $4,000.00 0.87 $3,485.83
24 $0.00 $4,000.00 $18,202 $22,202.06 0.87 $19.232.77
25 $0.00 $4,000.00 $4,000.00 0.86 $3,444.38
26 $0.00 $4,000.00 $4,000.00 0.86 $3,423.83
21 $0.00 $4,000.00 $4,000.00 0.85 $3,403.41
28 $0.00 $4,000.00 $4,000.00 0.85 $3,383.11
29 $0.00 $4,000.00 $18,202 $22,202.06 0.84 $18,666.02

Total $13,317,084 $120,000 $109,213 $13,546,296 $13,431,311

\\mabos07fs01\pit\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds RI-

Total Cost + 0% Tax($) $13,546,296
Lower end of TPV Range $8,730,352
Upper end of TPV Range $20,146,966

suments\FS\03 - Final FS\Verd4_040318\cost\Draft FS Cost Book_063018.xIsx

Fe

Fof 4
p18



Alt 5

Full Excavation with MPPEH Removal

3 ;
Year Capital Cost ($) e (():)LM S Periodic Costs ($) TotalT(aJ)c:(s;)-l- b Dlscou(; t61;z)1ctor at Present Value at 3%
0 $7,188,665.23 $4,000.00 $7,192,665.23 1.00 $7,192,665.23
1 $7,188,665.23 $4,000.00 $7,192,665.23 0.99 $7,149,766.63
2 $7,188,665.23 $4,000.00 $7,192,665.23 0.99 $7,107,123.89
2 $7,188,665.23 $4.,000.00 $7,192,665.23 0.98 $7.064,735.48
4 $7,188,665.23 $4,000.00 $18,202 $7,210,867.29 0.98 $7.,040,371.56
3 $7,188,665.23 $4,000.00 $7,192,665.23 0.97 $6,980,715.58
6 $7,188,665.23 $4,000.00 $7,192,665.23 0.96 $6.939,081.10
7 $7,188,665.23 $4,000.00 $7,192,665.23 0.96 $6,897,694.93
8 $7,188,665.23 $4,000.00 $7,192,665.23 0.95 $6,856,555.60
9 $4,193,388.05 $4,000.00 $18,202 $4,215,590.11 0.95 $3,994,629.92
10 $0.00 $4,000.00 $4,000.00 0.94 $3,767.73
11 $0.00 $4,000.00 $4,000.00 0.94 $3,745.26
12 $0.00 $4,000.00 $4,000.00 0.93 $3,722.92
18 $0.00 $4,000.00 $4,000.00 0.93 $3,700.72
14 $0.00 $4,000.00 $18,202 $22,202.06 0.92 $20,418.39
15 $0.00 $4,000.00 $4,000.00 0.91 $3,656.71
16 $0.00 $4,000.00 $4,000.00 0.91 $3,634.90
17 $0.00 $4,000.00 $4,000.00 0.90 $3,613.22
18 $0.00 $4,000.00 $4,000.00 0.90 $3,591.67
19 $0.00 $4,000.00 $18,202 $22,202.06 0.89 $19,816.71
20 $0.00 $4,000.00 $4,000.00 0.89 $3,548.95
21 $0.00 $4,000.00 $4,000.00 0.88 $3,527.79
22 $0.00 $4,000.00 $4,000.00 0.88 $3,506.75
23 $0.00 $4,000.00 $4,000.00 0.87 $3,485.83
24 $0.00 $4,000.00 $18,202 $22,202.06 0.87 $19,232.77
25 $0.00 $4,000.00 $4,000.00 0.86 $3,444.38
26 $0.00 $4,000.00 $4,000.00 0.86 $3,423.83
247, $0.00 $4,000.00 $4,000.00 0.85 $3,403.41
28 $0.00 $4,000.00 $4,000.00 0.85 $3,383.11
29 $0.00 $4,000.00 $18,202 $22,202.06 0.84 $18,666.02
Total $68,891,375 $120,000 $109,213 $69,120,588 $67,358,631
Total Cost + 0% Tax(8) $69,120,588
Lower end of TPV Range $43.783,110
Upper end of TPV Range $101,037,947
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Table:
Element:
Date:
Contract:

1.1_LUCs and 4K per year annual inspections

LUCs
July 31, 2018

W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site: Seneca Army Depot Activity, Romulus, New York
Assumptions
Implementation elements include:
1 LUCs RD Plan
2 Environmental Easement
3 S5-year Reviews
4 Educational Awareness
1 LUCs RD Plan Linit Unit Cost
Project Manager hour s 146.00
Engineer Il hour s 97.00
Scientist | hour s 72.00
Administrative {Home Office) hour s 62.00
$ 19,896.00
2 Environmental Easement
Project Manager hour $ 146.00
Engineer I hour $ 97.00
Scientist | hour $ 72.00
Administrative {Home Offlce) hour $ 62.00
$ 10,936.00
3 5-year Reviews Hrs per Review Total Reviews Total Hours
Project Manager hour $ 146.00 8 6 48
Engineer Il hour $ 97.00 64 6 384 include planning time (16), site visit (16), and reporting (24) for each review
Scientist | hour $ 72.00 64 6 384 include planning time (16), site visit (16), and reporting {24) for each review
Administrative (Home Offica) hour $ 62.00 16 6 96 planning and reporting
Newspaper ad each s 100.00 1 6 6 one per review
Airfare: HSV-SYR plus webfee (1 week notice) RT s 848.75 2 6 12 2 per review {2 people}
Truck Rental (week) weekly s 400.00 1 6 6 one per review
Misc Field lies (b , fire ) each s 2,268.00 1 6 6 half per review
M&IE Travel Day (75%) day s 44,25 a4 6 24 4 per review (2 people 2 travel days)
M&IE Fult Day day $ 59.00 2 6 12 2 per review (2 people}
Lodging + 13% SYR Tax night $ 116.39 4 6 24 4 per review {2 people 2 nights)
$ 109,212.36
4 Educational Awareness
Project Manager hour s 146,00 Manage task
Engineer 1| hour $ 97.00 Review prepared material
Scientist | hour s 72,00 Develop materials and assist distribution
Administrative (Home Office} hour s 62,00 12 forgeneral prep assistance, 20 for finding addresses and mailing
Printing {color on gloss white per sheet) each . $ 0.40 500 pamphlets
$  11,636.00
\\mal ] it\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Final F$\Verd_040318\cost\Draft F5 C; 3018.xisx
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Table: 2.1_Veg_Clear
Element: Grubbing and Vegetation Clearance with UXO Technician Support
Date: July 31, 2018
Contract: 'W912DY-08-D-0003 Task Order 0013
Document: FS Report for OD Grounds MRA
Site: Seneca Army Depot Activity, Romulus, New York
Assumptions
implementation elements include:
1 Vegetation Removal Subcontractor
2 UXO Escort
production - 1 acre/day for light and medium and S for heavy
1 | Sub tor Unit Unit Cost Production = 0.5 acres/crew/day for heavy (141.05) and 1 acre/crew/day medium and light over {201.5+60.45) = 806 crew days. Assume 4 crews and 137 work day
Project Manager hour s 146.00 2 hrs per week duration of 203 work days or 51 weeks
Scientist | hour s 72.00 3 hrs per week duration of 203 work days or 51 weeks
Brush Clearing - Heavy acre S 3,500.00 35% 141.05 Percentage of total site acres and acres
Brush Clearing - Medium acre S 2,400.00 15% 60,45 Percentage of total site acres and acres
Brush Clearing - Light acre s 500.00 50% 201.5 Percentage of total site acres and acres
Brush C Mob/Demob {f and Equi ) each S 750.00 2 Mobs and 2 Demobs per crew due to duration
$ 769,285.00
2 UXO Escort
Project Manager hour - 5 146.00 5taff Management 0.5 hr per week.
Scientist | hour 5 72.00 Coordination 1 hr per week
UXO Tech [l w/8% HPD hour s 56.00 Production = 0.5 acres/crew/day for 403 acres = 806 crew days. Assume 4 crews and 203 work days
$ 311,955.00
W\ fs01\pk\Projects\| Cont W912DY-08-D-0003\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Finsl F5\Verd_040318\cost\Draft FS Cost Book_063018.xlsx

544.1 crew days

137 days
35 weeks
4 crews

137 days
35 weeks
4 crews
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Table:
Element:
Date:
Contract:

2.2_Site_Restoration

Site Re-grading and Re-vegetation
July 31, 2018

W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site:

\\mabg :

Seneca Army Depot Activity, Romulus, New York

Assumptions

p itation el 1ts include:
Regrading
Reseeding/Restoration

1 Regrading uom Units Unit Cost Production = 1.5 acres/crew/day for 403 acres = 267 crew days. Assume 2 crews and 134 work days
Project Manager hour 5 146.00 2 hrs per week duration
Scientist | hour S 7200 3 hrs per week duration
Grading acre $ 4,000.00 100% 403 Percentage of total site acres and acres
Brush Contractor Mob/Demob (Personnel and Equipment) each $ 750.00 1 Mob and 1 Demob due to duration per crew
5 76,137.04
2 Reseeding/Restoration Production = 1.5 acres/crew/day for 403 acres = 267 crew days. Assume 2 crews and 134 work days
Project Manager hour $ 146.00  Staff Management 0.5 hr per week.
Scientist | hour $ 7200  Coordination 1 hr per week
UXO Tech It wi8% HPD hour H 56.00  Production = 0.5 acres/crew/day for 403 acres = 806 crew days. Assume 4 crews and 203 work days
Brush Contractor Mob/Demob {Personnel and Equipment) each S 750.00 1 Mob and 1 Demob due to duration per crew
Seeding acre $ 2,000.00 100% 403 Percentage of total site acres and acres
$  965,130.00
pit\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Final FS\Ver4_040318\cos" ' Cost Book_063018.xlsx
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Table: 2.2_5ite_Restoration

Element: Site Re-grading and Re-vegetation

Date: July 31, 2018

Contract: W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site: Seneca Army Depot Activity, Romulus, New York

Implementation elements include:
1 Regrading
2 Reseeding/Restoration

1 Regrading
Project Manager
Scientist !
Grading
Brush Contractor Mob/Demob {Personnel and Equipment)

2 Reseeding/Restoration
Project Manager
Scientist |
UXO Tech Il w/8% HPD
Brush Contractor Mob/Demob {Personnel and Equipment)
Seeding

UomM
hour
hour
acre
each

hour
hour
hour
each
acre

Units

Assumptions

Unit Cost

S
s
$
5
$

v »vnn

W

146.00

72.00
4,000.00
750.00
1,632,272.00

146.00
72.00
56.00

750.00

2,000.00

965,130.00

Production = 1.5 acres/crew/day for 403 acres = 267 crew days. Assume 2 crews and 134 work days
2 hrs per week duration
3 hrs per week duration
100% 403 Percentage of total site acres and acres
1 Mob and 1 Demob due to duration per crew

Production = 1.5 acres/crew/day for 403 acres = 267 crew days. Assume 2 crews and 134 work days
Staff Management 0.5 hr per week.
Coordination 1 hr per week
Production = 0.5 acres/crew/day for 403 acres = 806 crew days. Assume 4 crews and 203 work days
1 Mob and 1 Demob due to duration per crew

100% 403 Percentage of total site acres and acres

\\mabos07fs01\pit\Projects\Huntsville Cont W912DY-08-D-DD03Y\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Final FS\Ver4_040318\cost\Draft FS Cost Book_063018.xIsx

135 days
34 weeks
2 crews

135 days
34 weeks
2 crews
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Table:
Element:
Date:
Contract:

3.1_Cap

Consolidate High Metal Content Soil at OD Hill and Cover with Engineered Cap. Remove Visible MPPEH During Earthwork.

July 31, 2018
W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site:

nwos W oR

\\mabest

Seneca Army Depot Activity, Romulus, New York

Implementation elements include:
Mob/Demob

Earthworks

Confirmation and Borrow Area Sampling
Cap Construction

Borrow Earthwork

Task

ARt3

Mob/Demob

Earthworks

Confirmation and Borrow Area Sampling
Cap Construction

Borrow Earthwork

Counts  Units

1 Mob/Demob Unit
Senior UXO Supervisor hour
UXO Quality Control Specialist hour
UXO0 Safety Officer hour
UXO Tech I hour
Engineer Il hour
Project Manager hour
Misc Field Supplles {b: fire ) each
Conex Delivery and Pickup each
Office Traller Mob/Demob each
Alrfare: HSV-SYR plus webfee (1 week notice} RT
MAIE Travel Day (75%} day
Lodging + 13% SYR Tax night

2 Earthworks
Senlor UXO Supervisor hour
UXO Quality Control Specialist hour
UXO0 Safety Officer hour
UXO Tech Il hour
Engineer Il hour
Project Manager hour
Misc Field Supplles (batterles, fire extingulshers, cameras) each
Armor an Excavator each
Armor a Dozer each
Armor a Haul Truck each
PC-200 Excavator day
Dozer day
Haul Truck day
Operator day
Perdlem day
Pickup Truck Rental Jweek
Radio - 2 way (set of 20} /month
Sanitation /month
Full Day Per Diem {Lodging, 13% Tax + M&IE} day

rejects\Huntsville Cont W9120Y-08-D-0003\TO#13 - OD Grounds RI-FS\Documents\FS\03 - Flnal FS\Vera_040318\cost\Draft FS Cost Book_063018.xIsx
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Production

0.5
200

300
300

Unit Cost

82.00
73.00
78.00
52.00
125.00
146,00
2,268.00
1,392.00
2,162.00
848.75
44.25
116.39

34,720.21

82,00
73.00
78.00
52.00
125.00
146.00
2,268.00
16,000.00
24,000.00
6,000.00
1,360.00
900.00
800.00
1,145.00
146.00
300.00
725.30
78.70
175.39

1,481,202.36

Assumptions

Units

round trips per day
CY/day/team
day/day/team
CY/day/team
CY/day/team

Teams

Work Days

88
12
16
16

Work
Weeks
(4 day)

N O
N

apw

PerDiem Persons Total Staff

Days/person
3.5 7 SUX0S, Safety, UXO QC, Excavation Sub, Tech )l Escort, Engineer |1l
154 6 SUXO0S, Safety, UXO QC, Excavation Sub, Tech Il Escort, Engineer |l
21 1 1Geo
28 6 SUXOS, Safety, UXO QC, Excavation Sub, Tech Il Escort, Engineer I}
8 6 SUXOS, Safety, UXO QC, Excavation Sub, Tech |l Escort, Engineer Il

102
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Table: 3.1_Cap

Element: Consolidate High Metal Content Soil at OD Hill and Cover with Engineered Cap. Remove Visible MPPEH During Earthwork.
Date: July 31, 2018

Contract: W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site: Seneca Army Depot Activity, Romulus, New York
3 Confirmation and Borrow Area Sampling Unit Unit Cost
Sclentist || hour 120 $ 85.00
GPS Handheld [week 3s 300.00
Misc Field Supplies (batteries, fire extinguishers, cameras) each .2 2,268.00
Pickup Truck Rental fweek 3 300.00
Full Day Per Diem (Lodging, 13% Tax + M&IE) day 21§ 175.39
FED Exp Package (50 lbs) each 6 S 309.78
Soil Sample Set each 12§ 170.00
S 24,117.87
4 Cap Construction
Senior UXO Supervisar hour 160 $ 82.00
UXO Quality Control Specialist hour 160 $ 73.00
UXO Safety Officer hour 160 $ 78.00
UXO Tech Il hour 320 § 52.00
Project Manager hour 16 § 146.00
Engineer Il hour 160 $ 125.00
Misc Field Supplies (batteries, fire extinguishers, cameras) each 25 2,268.00
Armor an Excavator each 28 16,000.00
Armor a Dozer each 2 24,000.00
Armor a Haul Truck each 28 6,000.00
Pickup Truck Rental /week 24 S 300.00
Radio - 2 way (set of 10} /month 158 725.30
Sanitation /month 15 78.70
Full Day Per Diem (Lodging, 13% Tax + M&IE} day 168 $ 175.39
Solid Waste Landfill Cap with HDPE acre 4 s 300,000.00
$ 1,410,261.52
5 Borrow Earthwork
Senior UXO Supervisor hour 160 S 82.00
UX0 Quality Control Specialist hour 160 S 73.00
UXO Safety Officer hour 160 S 78.00
UXO Tech Il hour 320 § 52.00
Project Manager hour 16 S 146.00
Misc Field Supplies {batteries, fire extinguishers, cameras) each 28 2,268.00
Armor an Excavator each 25 16,000.00
Armor a Dozer each 25 24,000.00
Armor a Haul Truck each 25 6,000.00
PC-200 Excavator day 328 1,360.00
Dozer day 32 s 900.00
Haul Truck day 328 800.00
Operator day 32 S 1,145.00
Perdiem day 32 % 146.00
Pickup Truck Rental [week 20 $ 300.00
Radio - 2 way {set of 10) /month 15 725.30
Sanltation /month 18 78.70
Full Day Per Dlem (Lodging, 13% Tax + M&IE) day 168 175.39
S 328,293.52

\\mabos07f01\pit\Projects\Huntsville Cont W912DY-08-D-0003\TOA13 - OD Grounds RI-FS\Dacuments\FS\03 - Final F§\Verd_040318\cost\Draft FS Cost Book_063018.xisx
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Table:
Element:
Date:
Contract:

3.2_Slurry

Instal! Sturry Wall around Cap

July 31, 2018

W912DY-08-D-0003 Task Order 0013

Document: FS Report for OD Grounds MRA

Site:

[LRE RN

\\mabesi

Seneca Army Depot Activity, Romulus, New York

Implementation elements include:
Mob/Demob

Earthworks

Slurry Wall Installation

Well installation

Design

Task Counts

Alt3

Mob/Demob
Earthworks

Slurry Wall Installation
Well Installation

1 Mob/Demob
UXO Tech it hour
Engineer Il hour
Sclentist Il hour
Project Manager hour
Misc Fleld Supplies (batteries, fire extingulshers, cameras} each
Alrfare: HSV-SYR plus webfee {1 week notice} RT
M&IE Travel Day {75%) day
Lodging + 13% SYR Tax night

2 Earthworks
Senlor UXO Supervisor hour
UXO Quality Control Specialist hour
UXO Safety Officer hour
UXO Tech 1f hour
Engineer I hour
Sclentist Il hour
Project Manager hour
Armor an Excavator each
PC-200 Excavator day
Operator day
Perdiem day
Pickup Truck Rental Jweek
Radlo - 2 way {set of 10) Jmonth
Sanftation /month
Full Day Per Dlem {LodgIng, 13% Tax + M&IE} day
Senlor UXO Supervisor hour
UXO Quality Control Specialist hour
UXO Safety Officer hour
UXO Tech It hour
Englneer Il hour
Sclentlst Il hour
Project Manager hour
GPS Handheld Jweek
Pickup Truck Rental Jweek
Full Day Per Diem {Lodging, 13% Tax + M&IE) day
Shurry Wall Install square foot

Unlts

Unit

150
190
190
190
180

19
4.75
4.75

199.5
1812

Production

05
300

Unit Cost
$ 52.00
$ 125.00
$ 85.00
$ 146.00
$ 2,268.00
$ 848.75
$ 4425
$ 11639

$  13,476.12

82,00
73.00
78.00
52.00
125.00
85.00
146.00
16,000.00
1,360.00
1,145.00
146.00
300.00
72530
78.70
175.39

VBB VBVBBLBBLBBLLLY LG

$ 4581654

82.00
73.00
78.00
52.00
125.00
85.00
146.00
300.00
300.00
175.39
20.00

VBB BBBBBB®Bn

$ 170,904.31

Assumptions
Units Teams Work Days
round trips per I= 1 2
CY/day/team 1 3
ft2/day/team = 19
well/day/team 1 10

rojects\Huntsvilie Cont W912DY-08-D-0003\TOR13 - OD Grounds RI-FS\Documents\F5\03 - Final FS\Verd_040318\cost\Draft FS Cost Book_063018 xlsx

Work
Waesks
(4 day)

05
075
4.75

Per Diem
Days/person

35
5.25
33.25
17.5

Persons

noeow

Total Staff

Excavation Sub, Tech Il Escort, Engineer Iif, Sclentist Il

SUXOS, Safety, UXO QC, Excavation Sub, Tech Il Escort, Engineer I, Scientlst ||
SUXOS, Safety, UXO QC, Excavation Sub, Tech il Escort, Engineer IIl, Scientist ||
SUXOs, Safety, UXO QC, Excavation Sub, Tech Il Escort, Sclentist Il

=21of2
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Table:
Element:
Date:
Contract:
Document:
Site:

3.2_Slurry

install Slurry Wall around Cap

July 31, 2018

W912DY-08-D-0003 Task Order 0013

FS Report for OD Grounds MRA

Seneca Army Depot Activity, Romulus, New York

Senior UXQ Supervisor

UXO Quality Control Specialist

UXO Safety Officer

UXQO Tech Il

Project Manager

Sclentist Il

Mise Field Supplies (batteries, fire extinguishers, cameras)
PC-200 Excavator

Radio - 2 way (set of 10}

Sanitation

Full Day Per Diem (Lodging, 13% Tax + M&IE)
Drums for MD stnrape

FED Exp Package (50 lbs)

Soll Sample Set

Project Manager
Englneer I

Scientist Il

Administrative (Home Office)

hour
hour
hour
hour
hour
hour
each
day
/month
/month
day
each
each
each

hour
hour
hour
hour

Unit
100
100
100
100

100

125
0.625
0.625

87.5

10

14

0
160
160

20

Unit Cost

MUBWBALUV LB DV ®D

w

Vv o

82.00
73.00
78.00
52.00
146.00
85.00
2,268.00
1,360.00
72530
78.70
17539
111.11
309.78
170.00

85,421.13
146.00
125.00

85.00
62.00

37,760.00

used as replacement for drilling rig cost.

as cost for IDW drums

\\mabos07fs01\pit\Projects\Huntsville Cont W312DY-08-D-0003\TOR 13 - OD Grounds RI-FS\Documents\FS\03 - Final F$\Verd_040318\cost\Draft FS Cost Book_063018.xlsx
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Table:
Element:
Date:
Contract:
Document:
Site:

\\mab,

3.3_Backfill

Backfill with clean soil

July 31, 2018

W912DY-08-D-0003 Task Order 0013

FS Report for OD Grounds MRA

Seneca Army Depot Activity, Romulus, New York

Implementation elements include:
Regrading
Fill Material

1 Regrading
Project Manager
Scientist |
Grading
Brush Contractor Mob/Demob (Personnel and Equipment)

2 Fill Material
Clean Backfill Material

UoM
hour
hour
acre
each

Assumptions
Units Unit Cost
s 146.00
5 72.00
$ 4,000.00
1 750.00
S 75,653.04
T 28089 4000
$ 1,163,552.83

1\pit\Projects\Huntsville Cont W912DY-08-D-0003\TO#13 - OD Grounds Ri-FS\Documents\FS\03 - Final FS\Vera

Production = 1.5 acres/crew/day for 18 acres = 13 crew days. 13 days
2 hrs per week duration 4 weeks
3 hrs per week duration 1 crews

The Area outside the OD Hill that is contaminated.
1 Mob and 1 Demob due to duration per crew

cost\Draft FS Cost Book_063018.xIsx
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3.4_Mech_Remove

Lucs

July 31, 2048

WS912DY-08-D-0003 Task Order 0013

F5 Repart for OD Grounds MRA

Seneca Army Depot Activity, Romulus, New York

AK 3 Alt 4 Alt 5
3 Sorting uite Unkt Coxt Unit Unit Cost unie Unit Cost
Semior UXO Supervisor hour H 8200 510 § 8200 6320 § 8200 [ 1 Jrenson
UXO Gusiity Control Specialist hour s .00 s10 § 73.00 6320 § 7200 |3 |eenon
UXO Saluty Officer hour s .00 510 5 o0 120 .00 I Person
5O Tech M hour s £100 120 § 6300] 25280 § &100 4 SortingTeam Leeders
WOTech hour s 5200 3060 § s200)  7s8a0 § 52.00 6 12 SortingTeams = 3 per team
U0 Tach | hour s 4800 3060 § 00| TSR0 S 4400 € 12 SortingTaams =3 perteam
Sclemtist N hour $ 85.00 510 § 85.00 6220 § 85.00 1 1 Geos
Project Managsr hour s 145.00 6§ 14600 16§ s[5 1 Redviis
Project Manager haur s 146.00 515 146.00 s 146.00 The per day Office Time
comerss}  axch 5 226800 25 226800 as 2,268.00 1 per toam
Siftig Operation Buikd Out oxch $ 2000000 28 20,000.00 as 20,00000 1 per toam
Armor an Eecator each 5 1600000 28 16,000.00 45 16,00000 1 per trem
PC-200 Excavator day S 136000 02 5 136000 2528 § 1,360.00 1 per trem
Oporator day S 1us00 1025 1,45.00 2% § 114500 1per team
Perdiem day s 14600 02 8 146.00 2528 § 148,00 1 per toam
Fickup Truck Rental fosk s 300.00 U5 S 300.00 s 300,00 2 per team plus 3 for Site Management
Radio - 2 way {aetof 10} Imonth s 725.30 31875 § 72530 95 8 72530
Generator Poweic s 600.00 51§ 600.00 198 5 600.00 2 per team
Generator Moby/Demab aach $ 85,00 48 85.00 2 S 85.00 2 per taam per week
Full Day Per Dien {Lodging, 13% Tax + MRIE} day s 17539 151725 § 1739|4286 5 17539
H 2] $ 1.210,707.37 § 24,680,998.89
4
Senior UXO Supervieor hour s 8200 510§ 3200 6320 § 8200 T peron
X0 Qualtty Control Speciallst hour s 7300 510 § 73.00 6320 5 73200 Porsan
KO Sty Officer hour $ .00 510 § 78,00 6320 § 78.00 Paron
UXO Tach Il howr s 5200 100 § 5200| usus0 s 52.00 2 based on number of teams sbove
Project Mansger hour 2 148,00 518 146,00 &2 8 14500 [ Fed Viams
averas)  oach s 22000 28 2,260.00 as 126800
Armnoe an Excavator asch $ 1500000 18 16,000.00 45 16,000.00
Arenor 2 Dozer oach $ 240000 28 24,000.00 45 24,000.00
Arrnor 2 Haul Truck och $ 500000 zs 6,000.00 48 5,000.00
PC-200 Excavator day $ 135000 @ s 1350.00 5 5 1360.00
Dozer day s 900.00 10 s 900,00 2528 § 900.00
Haul Truek dry B 20000 1028 80000 258 5 800.00
Operator day s 1145.00 102 § 1,145.00 258 § 114500
Perdiam day s 14600 102 $ 146.00 %8 5 14600
Pickup Truck Rental Porwek s 200,00 6.75 § 300.00 1106 § 200.00 1 per trem pitm 3 for site manegement
Radio - 2 wary (set of 10) Jmonth $ 72530 31875 § 72530 355 72530
Sanitation Imonth s .70 3875 5 78.70 35S 770
Full Day Per Diem {Lodging, 13% Tax + MASE) day B 17539 “s3s § 17539 ™y S 17539
s g §  819,609.54 $ 15,793,219.38
5 Waste Characterization
Sclentist I hour s 5.00 w s 25.00 5310 § 25.00
GPS Handheid fwosk s 300.00 55 § 30000 13275 § 300,00
Mo ) each 5 226800 s 2,268.00 25 2.268.00
Pickup Truck Reral fwosk s 300,00 55§ 30000 13275 § 200.00
Ful Doy Per Diem {Lodging, 13% Tax + MAJE) day s 175.39 s $ 175.33] 92925 § 175.29
FED Exp Package {50 be) sach s am.7 ns 309.78 2655 § 305.78
Sol Sample Set eoch B 17.00 ns 170.00 52§ 170.00
H - s 40,282.62 s 870,889.52
6 Soll Stabiilzation and Offsite Disposal
Engineer hour s 97.00 405 97.00 405 97.00
Sclentist{ hour s 72.00 “0s 72,00 405 7200 Atavolume  portion of OD Hil
Senior UKD Sugervisor hour s 2200 40 8200 40 S 8200 1 Penon P Hiland 1 i
O Quay Comrol Specafist hour s 7200 “0s 73.00 405 72.00 1 feson
LUXO Safety Officer hour s 700 40§ 78.00 40 S 78.00 1 Penon
UXOTech K hour s 52.00 205 52.00 60§ 5200 2 4 besed on number of teams above
Project Manager hour s 14600 4 146.00 48 146,00 1 Reldvis
camerss}  wach 5 226800 15 226800 45 226800
Armor an Exzavtor each $ 1600000 28 16,000.00 43 16,000.00
Armor a Dozer och § 2400000 1 24,000.00 45 24,000.00
Armor a Haul Truck each S 600000 28 5,000.00 43 6,000.00
PC-200 Excavator day $ 13000 85 1,360.00 165 1,360.00
day s 900.00 L33 900,00 16 5 900.00
Haul Truck day s 800, 25 800.00 165 £00.00
Operator day $ 11500 X 114500 165 114500
Pardiom day s 146.00 85 148.00 165 14600
Pickuep Truck Rental ] s 300.00 5% 300,00 75 300.00
Radic - 2 way {set of 10} Jmonth $ 72530 025§ 7530 025 § 725.30
Santation Imonth s 770 025 § 770 025 S 7270
Full Dwy Per Dlem {Lodging, 13% Tiex + MAIE) day H 175.39 ELR 175.39 95 175.39
Adsmirisirats {Home Office) hour $ 62.00 05 6200 05 62.00 Crofscll  Densityg/omd Toms/CY
2undM  Ton s 4200 35396.65715 S 4200 6976 5 4200 28000 57089 15 116
Soll Sarmpie Set cach B 170.00 $ 170,00 s 170.00
H Q $ 165130725 S 3,337.731.24
P 2013
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WorkOsys  WorkWesks (4cay) PerDiem Penoms  Tolstaff
b/

Table:  3.5_DGM_lntrusive
Element:  LUCs
Date: luly 32, 2018
Contract  W912DY-08-D-0003 Task Order 0013
Document: F$ Report for OD Grounds MRA
She: Seneca Army Depot Activity, Romuius, New York
Assumptions
Implamentation slemants include:
1 Mobllizatlon/Demobilization
2 Dynamic Data Collection
3 Cued Data Collection
4 Intrusive
5 15 Setup
Tosk Courts Unin Production unis Teams
Ard
Moblikzation/Demobillzation T{persoms 0,5 round trips per day 2 a5
Dynamic Data Coflection 353|Acres 1 18 25
Cued Data Colection anomalies s 258 645
Imtrusive 101 125 TOW/day/team % 19
L] 3oy 1 3 (X4
and4
Mobilzstion/Demobllization 3] parsons 0.5 round trips per day 2 o5
Dynamic Data Coflection (Acres 1 135 17
Cued Data Coflection anomabes 275 258 645
Intrusive 7ol 125 7% 13
L] Coys 1 3 (¥
ans
Mobization/Demoblization 1] persors. 0.5 round trips per day 2 05
Dynamic Data Collection ) acres 1 screa/day/team 15 urs
Cund Data Collection 57,217 | nomalies s 105 625
Intrushe iTot 125 E 7
ws Days 1 3 o
AR 3 Al 4 AR S
1 Moblzation/Demoblitration Unit Unit Cost unie Unit Cost it Unit Cost
Senior UXO Supervisor hour “s 5200 “@s 82.00 “as 2200
UNLD Cualtty Control Specialist hour as 73.00 s 7300 4 nw
UXO Safety Officar hour “@s 78.00 “ s 78.00 “s 7800
UXO Tech Il hour s 63.00 s 63.00 “s £00
UXOTech hour 14 5 5200 1 5 5200 s 5200
VX0 Tech | hour % S 44.00 % 44,00 9% § ]
Scientt I hour a5 85.00 45 5,00 “s 85,00
Sclentist I} Pour 15 5 115.00 65 115.00 16 5 1500
Project Mamager hour 45 146.00 645 145,00 64 5 146,00
Mise ] cach 5 2,268.00 | 5 2,268.00 s 226800
Conex Dalivary and Pickup each s 139200 | 5 129200 |5 139200
Office Tralier anch $ 216200 |5 215200 (] 216200
Aiefare; HSV-5YP plus webéee (1 week notice) RT 2% 5 84875 55 4875 PR s
MAIE Travel Day (75%) day ™8 s ™5 “ws LB #4.25
Lodging + 17% SYR Tax night s 116,29 ns 11639 o3 11639
H 83,129.55 s 83,129.55 1 83,129.55
2 Dynsmic Data Collection
Senior ULO Supervisor hour 1150 $ 82.00 1350 § 8200 1350 § 32.00
0D Quaiity Control Specialist hour 80 5 73.00 135 $ 73.00 1350 § 730
UXOSafety Officer hour 10 § 1350 § .00 1350 § 78.00
Scerrtit 1| hour 3540 § 85.00 4050 § 8500 4050 § 25.00
Sciyrtiet Pl hour 1130 § 115,00 1350 5 115.00 1350 § 215,00
Projeer hour s § 46.00 135 § 146.00 135 5 800
Fie [ cameras) esch a5 226800 s 226800 315 226800
GPS Handheid ot B35S 500.00 ISR 300.00 s S 300,00
GPS - RTK Gase Station fornat 25§ 400.00 875 S 400.00 N5 s 400.00
GPS Network over Only fornat nss 450.00 10025 § 450,00 10025 5 430.00
| Survey Instruments funeh s $ 550,00 1025 5 560.00 10035 § 580.00
Mabiltzation - Geophysical Instrumentation (80 fix) wach 65 15000 [ 150,00 65 15000
Pickup Truck Remtal Fwwek 58S s 300.00 10125 § 300,00 10025 § 300.00
fadio - 2 wry (set of 20) Jmonth 737 5 725,30 84375 5 735,30 a7 § 72530
Computer Forek A5 S s s § 75 275 S ans
Saniation /month 737 5 7o 84375 5 o 24375 5 ™
Gator /month 7.375 § 908.00 84375 § 908,00 84375 § 908.00
Gator Mob/Demob cech [ s 20.00 3s 8000 $ 0w
Genenator Jweek 285 S 600.00 EER ) 600.00 3T S 600.00
Generator Mob/Demob. ench s 25.00 s 25.00 85.00
Tractor/skicsteer fwwek EX 952.00 675 5 953.00 675 § 953.00
Tractor MobyDamob ench 25 #5.00 15 25.00 23 85.00
Full Bay Per Dium {Lodging, 1% Tax + MAJE) 085 § 17539 23625 § 175.39 3625 § 17539
$ 1320,72298 § 151014144 $ 1,510,14144
0630185t

person

208.5
4515

525
35
2625
4515

5.25

23625
75

525

25 SUXOS, Safety, UXO QC, Geo Leed, 3 Geos, 3 UKD Tech |l {gec), 2 UXO Tech Iil, 4 UXO Tech |, snd 4 UXO Tech |

10 SUXDS, Safoty, UXO QC, Geo Lead, 3 Geas, 3 UXO Tech Il
8 SUXDS, Safety, UXO OC, Geo Lead, 2 Geos, 2 UXO Tech Il

19 SUXCS, Ssfety, UXO QC, 1 Geo, 2 UXO Tech (ll, 4 IO Tech Il, and £ UXO Tech |

5 SUXOS, Safety, UXO QC, 2 Geo

Acres minu
See Compliiation Report Calcs for ratws.
This s assumed at 80% reduction due to small kems

18 SUXOS, Safety, UXO QC, Geo Lead, 3 Geos, 3 UXO Tech | {geo}, 2 IO Tech i, 3 UXO Tech 1, and 3 UXO Tech |
n Fulla

10 SUXDS, Safety, UXO OC, Geo Laad, 3 Geos, 3 UXO Tech
8 SUXOS, Satety, UXO QC, Geo Leed, 3 Gons, 3 UXQ Tech 1
19 SUXOS, Safety, UXO QC, 1 Geo
5 SUXOS, Safety, UXO OC, 2 Geo

cros of doe.

This ks asaumed at 50% reduction dus to small Rems

18 SUXOS, Safety, UXO QC, Geo Lead, 3 Geos, 3 UXO Tech ) (geoj, 2 UXO Tech Iil, 3 UXO Tach I, and 3 UXO Tech |

10 SUXOS, Safety, UXO €, Geo Lead, 3 Geos, 3 UXD Tach I
8 SUXOS, Safety, UXO O, Geo Lead, 3 Geos, 3 UXO Tach I
19 SUNCS, Safety, UXD O, 1 6eo
5 SUXDS, Satety, UXO QC, 2 Geo

1] Multiple mob/demobs due to long duration

3 Intrusiva team leaders
9 3for tasks.

& & for Intrusive
2 Geos.

Geo Lead
Fiekd Visits

Person
Person

Person
besed on mumber of taams above
Person

[ howed toams

[

Fullscres of it
Should sastame 97% remave) owtvide cantar, and 60% In center
This is asxmed at BO% reduction due to small items

Pageiol2
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Table: 3.5_DGM_Intrusive

Element:  LUCs

Date: luly 31, 2018

Contract  W912DY-08-D-0003 Task Order 0013
Document: FS Report for OD Grounds MRA

She: Seneca Army Depot Activity, Romulus, New York
3 Cued Data Collection
Sanior UXO Supervisor hour 520 § 2.0 2500 5 22.00 10% § 52,00 Person
UXO Cucaliy Control Specialist hour 50 § 73.00 2580 5 73.00 1050 § 73.00 Ferson
UIXO Safety Officer hour 2580 $ 7200 2580 5 78.00 1050 5 78O0 Person
KO Toch 1) hour 5150 $ 52.00 5160 5 s2.00 2100 § 52.00 bursrd an number of tesms above
Sclentist Il hour 5180 § 85.00 5160 § 85.00 2100 § 8500 based on number of tsams above
Scientist Il hour 2580 § 115.00 2580 5 115.00 1050 115.00 | 1
Project hour s 1500 258 5 145.00 105 § 14600
fre ) each $ 226800 s 226200 s 236800
GPS Hancheld Foraak 645 5 300.00 645 5 300.00 2625 S 300.00
GPS - ATK Base Station ook B3 S 400.00 s 5 400.00 2625 5 400.00
GPS Network Rover Only Fornak 1 s 450.00 129 5 450.00 525 § 450.00 1 per team
Geophysical Survey Instruments ] 138 560.00 s 560.00 525§ 560,00 1 per team
Mobiization - Geophyalcal nstrumentation (80 Ibs] esch 43 150.00 45 150.00 45 150.00 2 pet taam
Pickup Truck Rental Foromt 19 5 300.00 129 5 300.00 528 § 300.00 1 pat tram
Radio - 2 way (et of 10} Jmonth 16125 $ 72530 1615 5 72530 65625 § 725,30
Comp formek 645 S 2878 85 5 375 2625 § pre)
Santration Imonth 16125 $ 7 1615 5 7870 6.5625 § o
Generator Forenk 645 § 600,00 645 5 500.00 2625 5 €00.00
Gamarator each s 85.00 s 85.00 | 35 85.00
Tractor/dikistrer Fornak 19 § 953.00 128 5 953.00 525 S 953.00 [ 3lAGC cusd tmams
Tractor esch o d)s 25.00 FIE 85.00 s 25.00
Full Dy Per Diern {Lodging, 1% Tax + MAIE) dy 3812 § 17539 3612 5 175.39 1470 5 175,39
$ 2,671686.06 $ 2671,686.06 $ 109055149
4 Intrusive
Sanior UDXO Supervisor hour 0 s 2.0 70 S 8200 310 § 1200 Person
UXO Quality Control Spedlelist hour LK 72,00 70 5 73.00 30§ .00 Person
U0 Safuty Officar howr 70 5 7800 760 5 78.00 30 8 700 Person
UXOTech I hour 0 § 6100 2280 5 63.00 930 § €200 1per tesm
UXO Tach Il hour 4560 $ 5200 4560 5 5200 1860 S 5200 2 per taam
UXO Tach | hour 4560 § 44,00 4560 § 44.00 1850 4400 2 per toam
Projact Manager howr 228 § 146,00 228 5 146,00 9 s 146,00
fire camerss)  each 2 s 226800 s 226800 2s 226800
GPS Handheid Fweek IS 300.00 19§ 300.00 775 S 300,00
GPS Natwark Rover Only Foront 518 450.00 576 450,00 325 § 450.00
Geophysical Survey Instruments Feroak 578 560.00 575 560.00 225§ 580,00
- Geaphysical tnstrumentation (30 fbs) each iCE 150.00 8 s 150.00 | €s 150.00
Pickup Trick Remtal ook 578 300.00 57 6 300.00 2225 5 300.00
Radio - 2 way (set of 10} Jmonth ans 725.30 ars s 725.30 19575 § 725.30
Sanitation fmonth ATS S mn ars s 0 19375 § R
Fol Duy Per e {Lodging, 1.3% Tax + MAIE) doy Wy $ 175 =5 17539 103075 $ man
$ 132460353 $ 1,324,603.53 $ 54351749
5 IVS Setup
Senior LXO Supervisor hour 08 8200 205 22.00 0s 200 Person
XD Guaality Control Specielist hour 08 7200 206 73.00 05 73.00 Person
DM Safety Officar hour 08 7800 05 .00 208 7800 Person
UKO Tach hour E ) 6100 305 62.00 05 6100 based on number of taams above
UXOTach Il howr 0 52.00 05 52.00 08 52.00 based on number of trams above
UXOTech hour 0 44,00 05 4400 0 44,00 " "ijperson
Projac Mansger hour 3s 145.00 3s 16600 3 146.00
cameras) each s 226200 25 2268.00 s 228800
GPS Handheid Frwek a7 s 300,00 075 5 300.00 075 § 300.00
GPS - RTK Base Station foroch 075 $ 400.00 0.75 § 400,00 075 § 400.00
GPS Netwark Rover Only ook ars s 450.00 o7 § 450.00 [ 450.00
Geophysical Survey Irstruments Jweek 075 § 560.00 075 § 560.00 075 § 560,00
Mabiization - Geophysical instrumentation (80 fis} each s 150.00 25 150.00 3s 150.00
Pickup Truck Rental Fereak ors s 300.00 075 § 300.00 075 § 300.00
Radio - 2 way {set of 10} Jmonth 0875 5 725.30 01675 § 72530 01875 5 725.30
Foreek o B o7 § 2178 o7 s 75
Sanitation /month 01573 § nmn 01875 § Ll 01875 $ o
Gator fmonth s 908.00 01875 § 500.00 01875 § 908,00
Gator Mob/Demob auch 35 sao0| 25 8000 2)s 2000
Genenator Foroek 075 § 600.00 075 § 600.00 075 s ©00.00
Genevator Mob/Demob each 5 85.00 2s 8500 s 25.00
Tractorfukidstaes fwenk $ 953.00 [R3 953.00 [ X3 953.00
Tractor Mos/Demob each 25 8500 2 85.00 23 2500
Full Day Per Diem (Lodging, 19% Tax + MALE) day 0 175.39 0s 17539 05 175.39
$ 19,660.06 H 1983031 s 1983031

Pege20f2
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Sencca Army Depot Activity Final Feasibility Study Report OD Grounds

APPENDIX E
COMPILATION OF PREVIOUS INVESTIGATIONS
AND STUDIES

November 2018






Appendix C2
Munitions and Explosives of Concern Risk Assessment (MEC RA)
and Alternatives Analysis
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LEGEND:
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Open Detonation (OD) Grounds — OD Hill
Seneca Army Depot Activity (SEDA)
Baseline Ecological Risk A t

UCL Statistics for Uncensored Full Dats Sets

User Selected Options

Date/Time of Computation !I_"'roUCL 5.17/25/2018 6:53:11 PM

From File |Surfsoll_ProUCL_temp.xis

Full Precision |OFF

Confidence Coefficient |95%

Number of Bootstrap Operations  |2000

Aluminum
General Statistics
Total Number of Observations| 55 Number of Distinct Observations| 37
Number of Missing Observations| [
Minimum| 5310 Mean| 18346
Maximum| 35000 Median| 17800
SD| 4206 Std. Error of Mean| 567.2
Coefficient of Variation|  0.228 Skewness| 1.883
Normal GOF Test
Shapiro Wilk Test Statistic|  0.755 Shapiro Wik GOF Test
5% Shapiro Wik P Value 9.842E-12 Data Not Normal at 5% Significance Lavel
Lifliefors Test Statistic|  0.237 Lillefors GOF Test
5% Lilliefors Critical Valus| 0.119 Data Not Normal at 5% Significance Leval
Data Not Normal at 5% Significance Level

‘Assuming Normai Distribution
95% Normal UCL 95% UCLs (Adjusted for Skewness)
95% Students{ UCL] 19295 95% Adjusted-CLT UCL (Cheww
| 5% Modified-t UCL (Johnson-1978)| 18319
Gamme GOF Test
A-D Test Statistic] _ 4.081 Anderson-Daring Gamma GOF Test
5% A-D Critical Value|  0.749 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.208 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|

0.12

Data Not Gamma Distributed at 5% Significance Level

Deta Not Gamma Distributed at 5% Significance Level

Qamma Statieties
Khat(MLE)| 20.42 k star (blas corected MLE)]  19.32 |
Theta hat (MLE)| 898.3 Theta star (blas corrected MLE}| 948.5
nu hat {MLE)| 2246 nu star (bias 2125
MLE Mean (blas corrected) | 18346 MLE Sd (bias corrected)| 4174
. Approximate Chi Square Value (0.05)| 2019
Adjusted Chi Square Value| 2016

Adjusted Levsl of Slgnmcam:el 0.0456

Assuming Gamma Distribution

5% Approximate Gamma UCL {use when n>=50})( 19310 |

95% Adjusted Gamma UCL {use when n<50) | 18336
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Lognoimal GOF Test

Shapiro Wilk Test Statistic|  0.773 Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk P Value|6.041E-11 Data Not Lognormal at 5% Significance Level
Uillafors Test Statistic]  0.205 Uliefors Lognormal GOF Test
5% Lilliefors Critical Value{  0.119 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics

Minimum of Logged Data| 8.684

Mean of logged Dam| 9.792

Maximum of Logged Dala] 10.46 |

SD of logged Datal 0.23

Assuming Lognormal Distribution

85% H-UCL| 19398

90% Chebyshev (MVUE) UCL | 20101

5% Chebyshev (MVUE) UCL | 20885

97.5% Chebyshev (MVUE) UCL/ 21873

99% Chebyshev (MVUE) UCL | 24110

Nonparametric Distribution Free UCL Statistics

Datta do not follow a Discemible Distribution (0.05)

Nonperametric Distribution Free UCLs

95% CLT UCL| 19279

95% Jackknife UCL | 19295

95% Standard Bootstrap UCL | 19267

95% Bootstrap-t UCL | 19584

95% Hall's Bootstrap UCL| 19929

5% Percentile Bootstrap UCL | 19257

85% BCA Bootstrap UCL | 19489

80% Chebyshev{Mean, Sd) UCL | 20047

95% Chebyshev(Mean, 5d) UCL | 20818

§7.5% Chebyshev(Mean, Sd) UCL | 21888

99% Chebyshev(Mean, Sd) UCL | 23989

Suggested UCL to Use

5% Student's-t UCLl 19295 |

or 95% Modified-t UCL[ 19319

Note:

garding the

of a 85% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statisticlan,

Total Number of Observations| 55

Number of Distinct Observations| 41

Number of Missing Observations 2]

Minimum|  0.02

Mean| 1.929

Maximum| 134

Median; 026

SD| 3.564

Std. Error of Mean|  0.481

Coefficient of Variation| 1,848

Skewness| 2.107

Normal GOF Test
Shapiro Wilk Test Statistic|]  0.552 Shapiro Wik GOF Test
5% Shapiro Wilk P Value| 0 Data Not Normal at 5% Significance Level
Lilefors Test Statistic|  0.369 Limefors GOF Test
5% Lilliefors Critical Value 0.118 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level
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Assuming Normal Distributien
95% Normal UCL. 85% UCLs (Adjusted for Skewness)
95% Student's-t UCL| 2733 95% Adjusted-CLT UCL (Chen-1995} 2.865
I 95% Meodified-t UCL (Johnson-1978) 2.756
- Gamema GOF Test
A-D Test Statistic]  5.953 Andersor-Dariing Gamma GOF Test
5% A-D Critical Valus|  0.817 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.239 Kotmogonw-Smimov Gamma GOF Test
5% K-S Critical Value| 0.127 Data Not Gamma Distributed at 5% Significance Level
Deta Not Gamma Distributed &t 5% Significance Lavel
Gamma Statietics
khat (MLE)]  0.491 X star (blas corrected MLE)|  0.476 |
Theta hat (MLE) 3.928 Theta star (bias corracted MLE) 4.049
nu hat (MLE)| 54.01 nu star (bias corrected)| 52.4
MLE Mean (bias cotrected) 1.929 MLE Sd (bias corrected)| 2.795
e Approximate Chi Square Value (0.05)| 36.77 |
Adjusted Level of slgnmmnce[ 0.0456 Adjusted Chi Square Value| 36.42
‘Assurning Gamema Distibution
95% Approximate Gamma UCL (use when n>=50))‘ 2.748 l 95% Adjusted Gamma UCL (use when n<50)[  2.775
= Lognormal GOF Test
Shaplro Wilk Test Statistic]  0.829 ‘Shapira Wik Lognormal GOF Test
5% Shapirc Wik P Value|2.7805E-8 Data Not Lognormal at 5% Slgnificance Level
Uiliiefors Test Statistic|  0.194 Liftsfors Lognormal GOF Test
5% Lilliefors Critical Value|  0.119 Data Not Lognormal at 5% Significance Level
Data Not Lognormal st 5% Significance Level
Lognormal Strtistics
Minimum of Logged Dalal -2.408 Mean of logged Data| -0.64
Maximum of Logged Datal 2585 l SD of logged Data] ~ 1.489
Assuming Lognormal Distribution
95% H-UCL| 2938 90% Chebyshev (MVUE) UCL]  2.767
95% Chebyshev (MVUE) UCL 3.326 $§7.5% Chebyshev (MVUE) UCL|  4.101
99% Chebyshev (MVUE) UCL 5.624
Nonparametric Distribution Free UCL Statistics
Data do al Dk (0.05)
Nonparametric Distribution Free UCLs
95% CLTUCL| 2719 95% Jackknife UCL|  2.733
95% Standard Bootstrap UCL 2706 95% Bootstrap-t UCL 2804
95% Hall's Bootstrap UCL|  2.79 95% Percentile Bootstrap UCL|  2.693
95% BCA Bootstrap UCL. 2.836
90% Chebyshav(Mean, Sd) UCL, 337 95% Chebyshev(Mean, Sd) UCL| 4.024
97.5% Chebyshev(Mean, Sd) UCL}  4.93 89% Chebyshev(Mean, Sd) UCL| 6.711
Suggested UCL to Use
95% Chebyshev (Mean, Sd) ucu.] 4.024 | l
Page 3 of S6
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Note: the of a95% UCL are provided to help the user to sefect the most appropriate 95% UCL.
Recommendations are based upon data size, data distibution, and skewness. ==
These racommendations are based upon the resuits of the simulation studies summarized in Singh, Maichle, and Lee (2006).
Howaver, simulations resutts will not cover all Real World data sets; for additional insight the user may want to consult a statistician,
Qeneral Statietics
Total Number of Observations| 55 Number of Distinct Observations| 25
Number of Missing Observations| 0
Minimum{ 4 Mean| 5578
124 Median| 5.2
sD 1.462 Std, Error of Mean 0.187
Coefficient of Variation|  0.262 Skewness|  3.036
Normal GOF Test '
Shapiro Wilk Test Statistic]  0.687 Shapiro Wk GOF Test T T T
5% Shapiro Wik P Value|1.277E-14 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic] ~ 0.258 Lilefors GOF Test
5% Lilliefors Critical Valus| 0.119 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level
Assuming Normai Distribution =
95% Normai UCL 85% UCLs (Adjusted for Skewness)
95% Studentst UCL[  5.908 95% Adjusted-CLT UCL (Chen-1685)| 5989 |
| 95% Modified-t UCL (Johnson-1978)l 5.921
Gamma GOF Test
A-D Test Statistic|  3.425 Anderson-Derling Gamma GOF Test
5% A-D Critical Value 0.749 Data Not Gamma Distributed at 5% Slgnificance Level
K-S Test Statistic|  0.227 Kolmogorov-Smimov Gamma GOF Teat
5% K-S Critical Value| 0.12 Data Not Gamma Distributed at 5% Significance Leval
Data L 5% Si Lovel ===
Gamma Statistics
Khat (MLE)] 20,58 K star (blas corrected MLE)|  19.48 |
Theta hat (MLE)| 0.271 Theta star (blas conrected MLE)|  0.286 |
nu hat (MLE}| 2265 nu star (blas comected)| 2142
MLE Mean (bias corrected) 5.578 MLE Sd (bias cormrected) | 1.264
Approximate Chi Square Value (0.05)| 2036 |
Adjusted Leval of Slgnlﬂmnoai 0.0456 Adjusted Chi Square Value| 2033
‘Assuming Gamma Distibution
95% Approximate Gamma UCL {use when n>=50))l 5.87 I 85% Adjusted Gamma UCL (use when n<50) | 5.878
Lognormal GOF Test =
Shapliro WIlk Test Statistic] 0,828 Shapiro Wik Lognormal GOF Test
5% Shapiro Wik P Value|2.3344E-8 Data Not Lognormal at 5% Significance Lavel
Lillefors Test Statistic|  0.208 Liflefors Lognommal GOF Test
5% Lilliefors Critical Value| 0,118 Data Not Lognormal at 5% Significance Level
Data NotLognorma at 5% Significance Leel |
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Lognarmal Statistics
Minimum of Logged Dah' 1.386 Mean of logged Data] 1.694
Maximum of Logged Data| 2518 | SD of logged Data| _ 0.208
Assuming Lognormal Distribution

9% HUCL) 584

90% Chebyshev (MVUEy UCL| 6.033

95% Chebyshev (MVUE) UCL| 6247

97.5% Chebyshev (MVUE) UCL|  6.543

99% Chebyshev (MVUE) UCL|  7.127

Nonparametric Distribution Free UCL Statistics

Deitn do not foliow & Discemibie Distrbuion (0.05)

Nonparametric Distribution Free UCLs

95% CLTUCL| 5.902

|
95% Jackknife UCL|  5.908

95% Standard Bootstrap UCL|  5.896

85% Bootstrap-tUCL| 6.071

95% Hall's Bootstrap UCL 6.404

95% Percentile Bootstrap UCL|  5.911

95% BCA Bootstrap UCL|  5.993

90% Chebyshev(Mean, Sd) UCL 6.169

95% Chebyshev(Mean, Sd) UCL|  6.437

97.5% Chebyshev(Mean, Sd) UCL|  6.809

99% Chebyshev{Msean, Sd} UCL| 7.539

Suggested UCL to Use

95% Smdent‘s—tUCL[ 5.908 ‘

or 95% Modified-t UCLI 5.921

Note:

the of a 85% UCL are providad to help the user to select the most appropriate $5% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upan the results of the simulation studies summarized in Singh, Maichle, and Lea (2006).

Howaver, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Total Number of Observations| 55

Number of Distinct Observations| 45

Number of Missing Observations| 0

Minimum| 27.9 Mean| 178.2
Maximum| 365 Median| 170
SD| 5378 Std. Error of Mean|  7.248

Coefficient of Variation|  0.302

Skewness| 0.912

Normal GOF Test
Shapira Wilk Test Statistic|  0.911 Shapiro Wik GOF Test
5% Shapiro WIlk P Value|3.8416E4 Data Not Normal at 5% Significance Level
Lilllefors Test Statistic/  0.196 Lillsfors GOF Test

5% Liliiefors Critical Value|  0.119

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

‘Assuming Normal Distrbution
95% Normal UCL 95% UCLs (AdJusted for Skewnees)
95% Students-tUCL] 190.4 95% Adjusted-CLT UCL (cmm@rE
| 5% Modified-t UCL {Johnson-1978)| 190.5
Gamma GOF Test
AD Tost Statistic]  1.957 Anderson-Darling Gamma GOF Test
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5% A-D Critical Value| 0.75 Data Not Gamma Distributed at 5% Significance Lavel
K-S Test Statistic| 0,165 Kolmogorov-Simimay Gamma GOF Test
5% K-S Critical Value|  0.12 Data Not Gamma Distributed at 5% Significance Level
Data Not Gamma Distributed at 5% Significance Level
Qamma Stathatics
k hat (MLE) 9.97 k star (bias corrected MLE) 2.438
Theta hat (MLE)| 17.88 Theta star {blas correctad MLE)|  18.89
nu hat {(MLE)| 1097 nu star (bias corrected}| 1038
MLE Mean (bias coracted)| 178.2 MLE Sd (blas corrected){ 58.02
Approximate Chi Square Valua (0.05)| 964.4
Adjusted Level of Significance| 00456 Adjusted Chi Square Valus| 962.5
Assuming Gamima Distribution
95% Approximate Gamma UCL (use when n>=50))| 181.9 | 95% Adjusted Gamma UCL {use when n<50) | 192.3
Lognomal GOF Test
Shapiro Witk Test Statistic|  0.819 Shapiro Wik Lognormal GOF Test
5% Shapirc Wilk P Value (8.2731E-¢ Data Not Lognormal at 5% Significance Level
Lilltefors Test Statistic!  0.172 Lillefora Lognormal GOF Test
5% Lilliefors Critical Value|  0.119 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics
Minimum of Logged Daﬁ} 3.328 Mean of logged Da|a| 5.132
Maximum of Logged Daaa| 58 | SD of logged Datal 0.353
Assuming Lognormal Distribution
95% H-UCL| 196.1 30% Chebyshev {(MVUE)} UCL| 206.5
95% Chebyshav (MVUE) UCL| 2185 97.5% Chebyshev (MVUE} UCL| 235,1
99% Chebyshev (MVUE) UCL| 267.7
Nonparametic Distribution Free UCL Statistics
Dsta do not folow a Discernibls Distribution (0.05)
Nonparametric Distribution Fres UCLs
95% CLTUCL| 180.2 95% Jackknife UCL| 190.4
95% Standard Bootstrap UCL| 190.4 95% Bootstrap-t UCL| 192
95% Hall's Bootstrap UCL| 193.3 95% Percentile Bootstrap UCL| 190
95% BCA Boatstrap UCL| 191.1
90% Chabyshev(Mean, Sd) UCL| 200 95% Chebyshev(Mean, Sd) UCL| 2098 |
97.5% Chebyshev(Mean, Sdj UCL| 223.5 99% Chebyshev{Mean, Sd) UCL| 250.4
Suggested LICL to Use
95% Student's-t UCLI 180.4 [ or 95% Modified-t UCLI 180.5
Note: the salection of a 95% UCL are provided to help the user to selact the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are based upon the results of the simulation studies summarized In Singh, Maichle, and Lee {2006).
However, simulations results will not cover all Real World data sets; for additicnal insight the user may want to consult a statistician.
Beryfium
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General Sttistics
Total Number of Observations| 55 Number of Distinct Observations| 28
Number of Missing Observations [}
Minimum|  0.43 Mean 0.786
Maximum| 1.4 Median| 0.79
§ SD| 0.124 Std. Error of Mean|  0.0167
Coefficient of Varlation|  0.158 Skewness|  1.765
Normal GOF Test
Shapiro Wik Test Statistic| _ 0.829 Shapiro Wik GOF Teet
e 5% Shapiro Wik P Value|2.7815E-3 Data Not Normal at 5% Significance Level
Lillefors Test Statlstic]  0.167 Liilefors GOF Test ]

5% Lilliefors Critical Value|  0.119

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution
95% Normai UCL 959% UCLs (Adjusted for Skewness)
95% Students-tUCL]  0.814 95% Adjusted-CLT UCL (CM»WE!E
| 95% Modified-t UCL (Johnson-1978)|  0.815
Gamma GOF Test
A-D Test Statistic]  2.267 Anderson-Dariing Gamma GOF Test
. 5% A-D Critical Value|  0.748 Data Not Gamma Distributed at 5% Significance Leval
K-S Test Statistic|  0.149 Kolmagorov-Smimav Gamma GOF Test

5% K-S Critical Value|  0.12

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significence Level

Gamma Statistics
khat{MLE)| 43.58 k star (bias corrected MLE}|  41.22
Theta hat (MLE)] 0.018 Theta star (bias corrected MLE)|  0.0191 |
nu hat (MLE)| 4794 nu star {(bias corracted)| 4534
MLE Mean {blas corrected) 0.786 MLE Sd {bias corrected) 0122
Approximate Chi Square Value {0.05)| 4378
— — Adjusted Lavel of Slgnlncanoe| 0.0456 Adjusted Chi Square Vaiue| 4374
Assuming Gamina Disriouton
5% Approximate Gamma UCL (use when n>=50))|  0.614 | 95% Adjusted Gamma UCL {use when n<W
Lognormal GOF Test
i~ Shapiro Wik Test Statistic]  0.873 Shapiro WIK Lognormnal GOF Test
5% Shapiro Wik P Value|4.3362E-6 Data Not Lognormal at 5% Significance Level
Liliefors Test Statistic|  0.146 Likisfors Lognormal GOF Test
5% Lililefors Critical Valus| 0.118 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Lavel

Lognormal Statistics
Minimum of Logged Dam[ 084 ] Mean of logged Datal -0.252
Maxirmurn of Logged Data| 0.336 \ SD of logged Dm| 0.153
N —
95% H-UCL| 0815 90% Chebyshev (MVUE) UCL| 0.835
95% Chebyshev (MVUE) UCL|  0.858 | 57.5% Chebyshev (MVUE) UCL| ~ 0.888
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99% Chebyshev (MVUE) UCI:I 0.949 I

Nonparametric Distribution Free UCL Statistics

Data do nat follow & Discemible Distribution (0.05)

Nonparametric Distribution Fres UCLs
95% CLTUCL| 0.814 o 95% Jackknife UCL|  0.874
95% Standard Bootstrap UCL 0.813 95% Bootstrap-t UCL 0319
95% Hall's Bootstrap UCL|  0.832 95% Percentile Bootstrap UCL|  0.814
95% BCA Bootstrap UCL 0.817
80% Chebyshev(Mean, Sd) UCL|  0.837 95% Chebyshev(Mean, Sd) UCL 0.859
97.5% Chebyshev{Mean, Sd) UCL|  0.891 99% Chebyshev(Mean, Sd) UCL|  0.953
Suggested UCL 1 Use
95% Student's-t UCL[ 0.814 l or 95% Modified-t UCLI 0815
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 85% UCL. |
Recommendations are based upon data size, data distribution, and skewness. —
These recommendations are based upon the results of the simulation studies summarized in Singh, Maichie, and Lee (2006).
Howevar, simulations results will not caver all Real World data sets; for additional insight the usar may want te consult a statistician.
General Statistics
Total Number of Observations| 55 Number of Distinct Observations| 42
Number of Missing Observations| 0
0.46 Mean 7.023
Maximum| 23.6 Wedian| 7.4 |
SD|  3.806 Std. Error of Mean|  0.513 |
Coefficient of Variation{  0.542 Skewness| 1.4
Nommal GOF Test
Shapiro Wilk Test Statistic|  0.872 Shapiro Wik GOF Test
5% Shapiro Wilk P Valus (3.5672E-6 Data Not Normal at 5% Significance Level :
Lillietors Test Statistic|]  0.167 Lillefors GOF Test
5% Lilliefors Critical Value|  0.119 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level
Assuming Normal Distribution
95% Normal UCL 85% UCLs (Adueted for Skevness)
95% Student's-t UCL| 7.882 95% Adjusted-CLT UCL {Chen-1995} 7871
| 5% Modified-t UCL (.uohnson-wTs)|W
Gemna GOF Test 7
A-D Test Statistic]|  3.185 Anderson-Daring Gamma GOF Test —
5% A-D Critical Value|  0.76 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic]  0.194 Kotmogorov-Smimov Gamma GOF Test
5% K-S Critical Value|  0.121 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distrbuted st 5% Significance Level

Gamma Statistics

Khat (MLE)| 2.624 1

k star (blas corrected MLE)L 2.493
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Theta hat (MLE) 2677 Theta star (blas corrected MLE) 2.817
nu hat (MLE)| 288.6 nu star (blas corrected)| 274.2
MLE Mean (bias corrected)|  7.023 MLE $d {bias corrected) 4.448
Approximate Chi Square Value {0.05)| 236.9
Adjusted Level of Significance| 0.0456 Adjusted Chi Square Value| 235.9
Assuming Gamma Distribution
85% Approximate Gamma UCL (use when n>=50))| 8131 | 95% Adjusted Gamma UCL (use when n<W
Lognormal GOF Test
Shapiro Wilk Test Statisic| 0.8 Shapiro Wik Lognormal GOF Teet
5% Shapiro Witk P Value|1.1594E-8 Data Not Lognormal at 5% Significance Leve!
Lilisfors Test Statistic| 0233 Lilisfors Lognormai GOF Test
5% Lilliefors Critical Value| 0,119 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Stetistics
Minimum of Logged Datal 0.777 Mean of logged Data 1747
Maximum of Logged Datn| 3.161 ] SD of logged Daua| 0.763
Assuming Lognormal Distribution
95% H-UCL| 9.532 90% Chebyshev (MVUE) UCL| 10.24
95% Chebyshev (MVUE) UCL| 11.43 97.5% Chebyshev (MVUE) UCL| 13.07
99% Chebyshev (MVUE) UCL| 163
Nonparametric Distribution Free UCL Statistics
Data do not follow a Discemible Disttibution (0.05)
Nonparametric Distribution Free UCLs
95% CLTUCL| 7.867 95% Jackknife UCL!  7.882
95% Standard Bootstrap UCL 7.868 95% Bootstrap-t UCL 8.001
95% Hall's Bootstrap UCL|  8.175 95% Percentile Bootstrap UCL|  7.857
95% BCA Bootstrap UCL 7.956
80% Chebyshev{Mean, Sd) UCL 8.563 95% Chebyshev(Mean, Sd) UCL 8.26
97.5% Chebyshev{Mean, Sd) UCL| 10.23 89% Chebyshev(Mean, Sdj) UCL| 12,13
Suggested UCL to Use
95% Chebyshev (Mean, Sd) UCL| 9.26 | |
Note: g g the of a 85% UCL are provided to help the user to select the most appropriate 95% UCL.
Recommeandations are based upon data slze, data distribution, and skewness.
These recommendations are based upon the results of the simulation studles summarized in Singh. Maichle, and Lee (2006).
However, simulations results will not cover all Real World data sats; for additional insight the user may want to consult a statistician.
General Statistics
Total Numnber of Observations| 55 Numnber of Distinct Observations| 48
Number of Missing Observations| 0
Minimum/{ 10.6 Mean| 44,14
484 Median| 28
SD| 8273 Std. Error of Mean| 1116
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Coefficient of Variation 1.874 Skewness| 5.081
Notmal GOF Test
Shapiro Wilk Test Statistic!  0.244 Shapiro Wik GOF Test
5% Shapiro Wik P Value| 0 Data Not Normal at 5% Significance Level
Uiliefors Test Statistic|  0.469 Lilsfors GOF Tost B
5% Lilliefars Critical Value 0.119 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normai Distribution
85% Normal UCL 85% UCLs (Adjusted for Skewness)
95% Student's-t UCLl 62.81 95% Adjusted-CLT UCL (Chen-1985)|  70.66
| 95% Modifled-t UCL (Johnson-1978)| 64.08 |
Gamms GOF Test

A-D Test Statistic!  14.58 ‘Anderson-Datiing Gemma GOF Test
5% A-D Critical Value| 0.768 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic|  0.425 Kolmogorov-Sinimov Gamma GOF Test

5% K-S Critical Value|

0.122

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
khat(MLE)| 1.534 Kk star (bias comacted MLE)|  1.462 |
Theta hat (MLE)| 28.78 Theta star (bias corrected MLE)|  30.19 |
nu hat (MLE)| 168.7 nu star (bias corected}| 160.8
MLE Mean (blas corrected)| 44.14 MLE Sd (blas comected)| 365
Approximate Chi Square Value (0.05)| 132.5 |
Adjusted Level of Slgnlﬂcancel 0.0456 Adjusted Chi Square Value| 131.8
95% Approximate Gamma UCL (use when n>=50))|  53.57 | 95% Adjusted Gamma UCL (use when nGW
Lognormal GOF Test
Shapiro Wilk Test Statistic| 0,468 ‘Shapiro WIK Lognormai GOF Test
5% Shapiro Wilk P Value| 0 Data Not Lognormal at 5% Sgnificance Level
Lilllefors Test Statistic|  0.355 Lillisfors Lognormal GOF Test
5% Lilliefors Critical Value|  0.119 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognarmal Statistics
Minimum of Logged Data| 2.361 ] Mean of logged Datal 3427
Maximum of Logged Datal 6.182 I SD of logged Datal 0.565
Assuming Lognormal Distribution
95% H-UCL| 41.88 90% Chebyshev (MVUE) UCL| 44.74
95% Chebyshav (MVUE)} UCL{ 48.71 87.5% Chebyshev (MVUE) UCL| 54.21
99% Chebyshev (MVUE) UCL|  65.02

Nonparametric Distrbution Fres UCL Statistics

Data do not follow a Discernibls Distribution (0.05)

Nonperamedric Distribution Free UCLs

95% curucr.; 62.49 |

95% Jackknife UCL| 62.81
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95% Standard Bootstrap UCL| 62.67

95% Bootstrapt UCL| 3284

95% HalPs Bootstrap UCL| 208.2 95% Percentile Bootstrap UCL| &1.49
95% BCA Bootstrap UCL| 76.4
90% Chebyshev(Mean, Sd) UCL| 77.61 95% Chebyshev(Mean, Sd) UCL| 82.77
97.5% Chebyshev{Mean, Sd) UCL) 113.8 99% Chebyshev{Mean, Sd) UCL| 155.1
‘Suggested UCL to Use
95% Chebyshev (Mean), Sd) UCL| 9277 , |
Note: tha salaction of a 35% UCL ara pravided to help the user to salact the mast appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
T These recommendations are based upon the results of the simulation studles summarized in Singh, Maichie, and Lee (2006).
Howaever, simulations results will not cover all Real World data sats; for additional Insight the user may want to consult a statistician,
Cobait
== 1 - o General Statistics
Total Number of Observations| S5 Number of Distinct Observations| 33
Number of Missing Observations! 0
Minimum| & Mean| 1233
Maximum| 243 Medilan| 122
v B 7T Std. Eror of Mean|  0.319
Coefficient of Variation 0.192 Skewness 2974
Normal GOF Test
Shapirc Wilk Test Statistic| ~ 0.736 Shapiro Witk GOF Test
——— 5% Shapiro Wilk P Value|1.529E-12 Data Not Normal at 5% Significance Level
Lifliefors Test Statistic|  0.226 Liefors GOF Teat
5% UNiefors Critical Value| 0,119 Data Not Normal at 5% Significance Level
Data Not Normel at 5% Significance Level

Assuming Normal Distribution

85% Normal UCL
95% Students-t UCL] 1286

85% UCLs (Adjusted for Skewnees)

85% Adjusted-CLT UCL {Chen-1985) 1

2.99
| 95% Modified-t UCL (Johnson-1978);  12.88

Gamma GOF Test
A-D Test Statistic|] 2.658 Anderson-Darling Gamma GOF Test
= o 5% A-D Critical Value|  0.748 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic| 0192 Kotmogorov-Sminov Gamma GOF Test

5% K-S Critical Value| 0,12 Data Not Gamma Dlstributed at 5% Significance Lavel

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
khat (MLE)| 35.08 k star (blas corrected MLE)]  33.19 |
Theta hat (MLE} 0.351 Theta star (bias corrected MLE) 0371
nu hat (MLE)| 3860 nu star (blas correctad); 3651
MLE Moan (blas corrected)|  12.33 MLE Sd (bias corrected)|  2.139
Approximate Chi Square Value {0.05)| 3512
= ‘Adjusted Level of S|gnn|cance] 0.0456 ‘Adjusted Chi Square Value| 3508
‘Assurning Gamma Distribution
Page 11 of 56
7/25/2018

95% Approximate Gamma UCL {use when n>=50))| 12.81 |

95% Adjusted Gamma UCL (use when n<50) | 12.83

Lognormal GOF Test
Shapiro Wilk Test Statistic] 0,859 ‘Shepiro Wik Lognormal GOF Test
5% Shapiro Wik P Value|7.8543E-7 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic|  0.176 Liftiefors Lognermal GOF Test —
5% Lilliefors Critical Value|  0.118 Data Not Lognormal at 5% Significance Level |
Datn Not Lognormal at 5% Significance Level
Lognormal Statistics

Minimum of Logged Data] _ 2.187

Mean of logged Da'a| 2.497

Max!mumofLoggedDaml 319 |

SD of logged Datal 0163

Assuming Lognormal Distribution

95% H-UCL| 1279

90% Chebyshev (MVUE) UCL| _ 13.12

95% Chebyshav (MVUE) UCL| 13.49

97.5% Chebyshev (MVUE) UCL| 14

99% Chebyshev (MVUE) UCL|  15.01

Nonparametric Distribution Free UCL Statistics

Data da ot follow a Discemible Distribution (0.05)

Nonparametric Distribution Fres UCLs

95% CLTUCL| 12385

95% Jackknife UCL] 12.86

95% Standard Bootstrap UCL|  12.85

95% Bootstrap-t UCL|  13.14

95% Hall's Bootstrap UCL|  13.78

95% Percentlle Bootstrap UCL|  12.86

95% BCA Bootstrap UCL|  13.08

30% Chebyshev{Mean, Sd) UCL|  13.28

95% Chebyshev(Mean, Sd) UCL| 13.72

97.5% Chebyshev(Mean, Sd) UCL| 14.32

99% Chebyshev(Mean, Sd) UCL| 155

Suggested UCL to Use

95% Student's-t UCL| 12.86 |

or 95% Modified-t UCLI 12.88

Note: Suggestions regarding the salection of a 95% UCL are provided to help the usar to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional

insight the user may want to consult a statistician.

Total Number of Observations| 55

Number of Distinct Observations| 52

Number of Missing Observations. 0

Minimum| 315 Mean| 458.4
Maximum| 4180 Median| 411
SD| 556.1 Std. Error of Mean|  74.98 |

Coefficient of Variation 1213

Skewness|  5.736 |

Normal GOF Test
Shapiro Wilk Test Statistic|  0.477 ‘Shapiro Wilk GOF Test
5% Shapirc Witk P Value| 0 Data Not Normal at 5% Significance Level =
Uilliefors Test Statistic|  0.298 Lilefors GOF Test T

5% Liliefors Critical Value{  0.119

Data Not Normal at 5% Significance Level
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Data Not Normal at 5% Significance Level

‘Assuming Normal Distrbution

95% Normal UCL.

95% UCLs (AdJusted for Skwwness)

95% Student's-t UCL| 583.9

5% Adjusted-CLT UCL (Chen-1995)| 643.7
95% Modifiact UCL (Johnson-1978)| 5935 |

Gamma GOF Test
A-D Test Statistic|  2.06 Anderson-Dariing Gamma GOF Test
5% A-D Critical Valus|  0.768 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic}  0.173 Koimogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.122

Data Not Gamma Distributed at 5% Sgnificance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Strietics
khat(MLE)|  1.537 K star (bias corrected MLE)|  1.465 |
Theta hat (MLE)| 298.2 Theta star (bias corrected MLE}| 312.8
nuhat{MLE)| 168.1 nu star (bias carrected)| 161.2
MLE Mean (blas corrected)| 458.4 MLE Sd (bias corrected) | 378.7
Approximate Chl Square Value {0.05)| 132.8 |
Adjusted Chi Square Value| 132.1

Adjusted Level of SIgnMcance{ 0.0456

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50))| 556.2 ‘

95% Adjusted Gamma UCL {use when n<50)| 558.1

Lognormal GOF Test
Shapiro Wilk Test Statistic|  0.875 Shapiro Wik Lognoimal GOF Test
5% Shapiro Wilk P Valua (4,9394E-6 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic|  0.175 Lilisfors Lognormal GOF Test

5% Ullistors Critical Value|  0.112

Data Nat Lognarmal at 5% Significance Level

|-
Data Not Lognormal at 5% Significance Lavel
Lognormal Stetistics
=
Minimum of Logged Data|  3.45 ] Mean of logged Data|  5.768
Maximurm of Logged Da'a| 8338 I SD of logged Data| 0.806
Assuming Lognormal Distribution
95% H-UCL| 6344 90% Chebyshev (MVUE) UCL| 679
95% Chebyshav (MVUE} UCL| 770.3 97.5% Chebyshev (MVUE) UCL| 897
99% Chaebyshev (MVUE)} UCL| 1146
Nonparametric Distribution Frae UCL Statistics
Data do not foliow & Discemible Distribution (0.05)
Nonparsmetric Distribution Fres UCLs
95% CLTUCL| 581.7 95% Jackknife UCL| 583.9
95% Standard Bootstrap UCL| 578.4 95% Bootstrapt UCL| 727.4
95% Hall's Bootstrap UCL| 1093 95% Percentile Bootstrap UCL.| 582.6
95% BCA Bootstrap UCL| 686
90% Chebyshev(Mean, Sd) UCL| 683.3 95% Chebyshev(Mean, Sd) UCL| 785.2
97.5% Chebyshev{Mean, Sd) UCL.| 926.7 99% Chebyshev(Mean, Sd) UCL| 1204
Suggested UCL to Use
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95% Chebyshev (Maan, Sd} UCL| 785.2

Note: g the

of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommeandations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (20086).

Howavar, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Total Number of Observations| 55

Number of Distinct Observations| 42

Numnber of Missing Observations| []

Minimum| 7600 Mean| 28815
Maximum| 75700 Median| 26700
SD| 8107 Std. Eror of Mean| 1228

Coefficlent of Variation| 0,316

Skewness|  3.067

Normael GOF Test
Shapiro WIlk Test Statistic| 0,652 Shapiro Wik GOF Test
5% Shapiro Wik P Value [4.441E-16 Data Not Normal at 5% Significance Lavel
Lilliefors Test Statistic|  0.285 Lillefors QOF Test

5% Lilliefors Critical Value|  0.118

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Aasuming Normel Distribution
85% Normal UCL §5% UCLs (Adjusied for Skewness)
5% Student’s-t UCL| 30870 95% Adjusted-CLT UCL (Chen-1985}| 31377
| 95% Modified-t UCL (Jonnson-wTs)’W
Gamma GOF Test
A-D Test Statistic]  5.633 ‘Andaerson-Darling Gamma GOF Test

5% A-D Critical Value|  0.75

Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic|  0.241

Kolmogorov-Smimov Gamma GOF Teat

5% K-S Critical Value|  0.12

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

khat (MLE)| 13.07

k star (bias corrected MLE)| 12.37

Theta hat (MLE) | 2204

Theta star {bias corrected MLE)| 2329

nu hat (MLE)| 1438

nu star (bias corracted)| 1361

MLE Mean (bias corrected) | 28815

MLE Sd (blas comrected)| 8193

Approximate Chi Square Value (0.05)| 1276

Adjusted Level of Slgnlﬁcanoe[ 0.0456

Adjusted Chi Square Value| 1274

Assuming Gamma Dietribution

95% Approximate Gamma UCL (use when n>=50)) | 30726 |

95% Adjusted Gamma UCL {use when n<50) | 30779

Lognormel GOF Teet
Shapiro Witk Test Statistic|  0.736 Shapiro Wik Lognormal GOF Test
5% Shapiro Wik P Value|1.505E-12 Data Not Lognormal at $% Signfficance Level
Lilliefors Test Staistic| 0.225 LiNlefors Lognonmal GOF Test

5% Ulliefors Critical Value|  0.118

Data Not Lognormal at 5% Significance Level
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Data Not Lognormal at 5% Signiicance Level

Lognormal Statistica

Minimum of Logged Data[ 8.936 Mean of logged Dava| 10.23

Maximum of Logged Da?a| 1123 ‘ SD of logged Dalal 0.279

Assurning Loghormal Distibution

95% H-UCL| 30758 90% Chebyshev (MVUE) UCL | 32109

95% Chebyshev (MVUE) UCL| 33607 97.5% Chebyshev (MVUE) UCL | 35687

99% Chebyshev (MVUE) UCL| 39772

Nanpearametric Distribution Free UCL Statistics

Data do not follow a Discemible Distribution {0.05)

Nonparametic Distibution Fres UCLs

95% CLT UCL| 30834 95% Jackknife UCL | 30870

95% Standard Bootstrap UCL | 30846 95% Bootstrap-t UCL | 32185

95% Hall's Bootstrap UCL| 34218 95% Percentits Bootstrap UCL | 30931

95% BCA Bootstrap UCL | 31435

90% Chebyshev(Mean, Sd) UCL| 32498 95% Chebyshav(Mean, Sd) UCL| 34167

97.5% Chebyshev({Mean, Sd) UCL | 36483

89% Chebyshev{Mean, Sd) UCL.| 41033

Suggested UCL to Use
95% Students-t UCL[30870 ‘ or 95% Modiflad-t UCL| 30954
Naote: the sek of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These racommendations are based upon the resuits of the simulation studies summarized in Singh, Maichle, and Les (2006).

Howevar, simulations results will not cover all Real World data sets; for additional insfght the user may want to consult a statistician.

Total Number of Observations| 55 Number of Distinct Observations| 54

Number of Missing Observations| 0

Minimum| 119 Mean| 67.35
Maximum| 352 Median| 59.9
8D| 5135 Std, Emror of Mean!  6.924

Coefficlent of Variation|  0.762 Skewness|  3.202

Normal GOF Test
Shapiro Wilk Test Statistic]  0.592 Shapiro Wik GOF Test
5% Shapiro Wilk P Value [i] Data Not Normal at 5% Signlificance Level
Lilliefors Test Statistic|  0.298 Ulliefors GOF Test

5% Lidiefors Critical Value| 0,119 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

‘Assuming Normal Distribution
95% Normal UCL 85% UCLs (Adjusted Tor Skewness)
95% Students-t UCL! 78.94 95% Adjusted-CLT UCL (cnen-m
| 5% Modifled-t UCL (Johnson-1978)| 79,54
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Gamma GOF Test
A-D Test Statistic|  3.287 Andereon-Dariing Gamma GOF Test i
5% A-D Critical Value 0.757 Data Not Gamma Distributad st 5% Significance Level
K-S Test Statistic| 0.213 Kotmogorov-Smimov Gamma GOF Test
5% K-S Critical Value|  0.121

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributad at 5% Significance Level

Gamma Statistics
k hat (MLE) 3221 k star (bias corracted MLE) 3.057
Theta hat (MLE)| 20.91 Theta star (blas corrected MLE)|  22.03 |

nu hat (MLET 354.3 nu star (blas comected)| 336.2

MLE Mean {blas comrected)| 67.35 MLE Sd (blas comrected)| 38.52
Approximate Chi Square Value (0.05)| 294.8
Adjusted Lovel of Significance| _ 0.0456 Adjusted Chi Square Value| 293.8

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50})| 76.83 I

95% Adjusted Gamma UCL {use when néO)]—ﬁf i

Lognormal GOF Test
Shapiro Wilk Test Statistic]  0.896 Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk P Value|6,3055E-5 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistc|  0.188 Liftiefors Lognormal GOF Test
5% LiNiefors Critical Valua 0.119 Data Not Lognarmal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics
Minimum of Logged Dam| 2477 | Mean of logged Dala] 4.047
Maximum of Logged Dan| 5.864 l SD of logged Data| 0549 |
‘Assuming Lognormal Distribution — S
95% H-UCL| 76,76 S0% Chebyshev (MVUE) UCL| 81.94
95% Chebyshev (MVUE) UCL| 89.02 §7.5% Chebyshev (MVUE} UCL| 98.8%
89% Chebyshev (MVUE) UCL] 118.1
Nonparametric Distribution Free UCL Staistics —=— = il
Dsta do not follow a Discemible Distribution (0.05)
Nonparametric Distribution Fres UCLs
95% CLTUCL| 78.74 95% Jackknife UCL| 78.24
85% Standard Bootstrap UCL| 785 95% Bootstrapt UCL| 8857
95% Hall's Booistrap UCL| 132.7 95% Percentile Bootstrap UCL|  78.77
95% BCA Bootstrap UCL|  82.33
0% Chebyshev(Mean, Sd) UCL| 88.12 95% Chebyshev{Mean, Sd) UCL| 97.53
97.5% Chebyshev{Mean, Sd) UCL| 110.6 99% Chebyshev(Mean, Sd) UCL| 136.2
Suggestsd UCL to Use
95% Chebyshev (Mean, Sd) UCL] §7.53 | [
Note: Suggestions regarding the selaction of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
Thess recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult 2 statistician.
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General Statistics
Total Number of Observations| 55 Number of Distinct Observations| 47
Number of Missing Observations| 0
Minimum| 336 Mean| 597.8
Maximum| 1080 Median| 582
SD[ 1332 Std. Emor of Mean|  17.97
Coefficient of Variation|  0.223 Skewness| 1.313
Normal GOF Test
Shapiro Wilk Test Statistic|  0.894 Shapiro WKk GOF Teet
5% Shapiro Wik P Valua (4,924 1E-5 Data Not Normal at 5% Significance Level
Liliefors Test Statistic]  0.133 Liiefors GOF Test
5% Ufliefors Critical Value| 0.119 Data Not Normal at 5% Significance Level
Dafa Not Normal at 5% Significancs Level
Assuming Normai Distribution
95% Normal UCL. 95% UCLs (Adjusted for Skewness)
5% Studentst UCL[ 627.7 95% Adjusted-CLT UCL (Chsn-mTﬂ\:E
| 95% Modified-t UCL (Johnson-1978)| 628.2
Qamma GOF Test
A-D Test Statistic| 1.096 ‘Anderson-Dariing Gamma GOF Test
5% A-D Critical Valus|  0.748 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic| 0,109 Kolmogorov-Smirnov Gamma GOF Test
5% K-S Critical Value|  0.12 Detectad data appear Gamma Distributed at 5% Significance Level
Detncted data follow Appr. Gamma Distribution at 5% Significance Level
Gamma Statistics
khat (MLE)[ 22.12 k star (bias comected MLE)| 20.93
Theta hat (MLE)|  27.02 Theta star (blas corrected MLE)|  28.56 |
nu hat (MLE}| 2433 nu star (bias corrected)| 2302
MLE Mean (bias corrected)| 597.6 MLE Sd ({blas corrected)| 130.6

Approximate Chi Square Value (0.05){ 2191

Ad]ustedLevsIolSlgnmwnos| 0.0456 }

Adjusted Chi Square Value| 2188

Assuming Gamma Distribution
95% Approximate Gamma UCL {use when n>=50)| 627.7 T 95% Adjusted Gamma UCL (use whan n<50)( 6285 ]
Lognormal GOF Test
Shapiro Wilk Test Statistic|  0.947 Shapiro Witk Lognormal GOF Test
5% Shapiro Wik P Value| 0.0305 Data Not Lognarmal at 5% Significance Level
Liliefors Test Statistic|  0.115 Lilefors Lognonmal GOF Test
5% Lillietors Critical Value|  0.119 Data appear Lognarmal at 5% Significance Laval
Deta appear L #5% Sk Lovel
Lognomal Statistics
Minimum of Logged Data| 5817 Mean of logged Datal 6.37
Maximum of Logged Datal 6.985 [ SD of logged Da'al 0214
Assurming Lognormal Distribution
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95% H-UCL| 628.5 90% Chebyshev (MVUE) UCL| 649.7
95% Chebyshev (MVUE) UCL| 673.4 97.5% Chebyshev (MVUE) UCL| 706.3
99% Chebyshev (MVUE) UCL| 770.9
Nonparametric Distribution Free UGL Statistics
Darta appesr to folow a Di Dh 5% S¥ Lovel
Nonperametric Distribution Free UCLs
85% CLTUCL| 627.1 95% Jackknife UCL| 627.7
95% Standard Bootstrap UCL| 626.5 95% Bootstrap-t UCL| 632.1
95% Hall's Bootstrap UCL| 6352 95% Percentile Bootstrap UCL| 627.6
95% BCA Bootstrap UCL| €31.9
90% Chebyshav(Msan, Sd) UCL] 651.5 95% Chebyshav(Mean, Sd) UCL W‘
97.5% Chebyshev(Mean, Sd) UCL| 709.8 95% Chebyshev(Mean, Sd) UCL| 776.4
Suggestad UCL to Use
95% Approximate Gamma ucL|—é‘27.7 |
When a data set follows an app {e.g., normal) passing one of the GOF test
‘When applicable, itis suggested to use a UCL based upon a distribution {e.g., gamma} passing both GOF tests in ProUCL
Noter: the of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
Racommandations are based upon data size, data distribution, and skewness.
These recommendations ara based upon the results of the simulation studies summarized in Singh, Malchle, and Lee (2006).
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
Ganeral Statistics
Total Number of Observations| 55 Number of Distinct Observations| 40
Number of Missing Observations []
Minimum|  0.03 Mean| 3.192
Maximum| 7 Median 34
SD| 1814 Std. Emor of Mean|  0.245 |
Coefficient of Varlation|  0.567 Skewness| 0.139 |
Normal GOF Test
Shapiro Wilk Test Statistic|  0.963 ‘Shapiro Wik GOF Test
5% Shaplro Wilk P Value|  0.174 Data appear Normal at 5% Significance Level
Ulllefors Test Statistic|  0.0568 Lifisfors GOF Test
5% Lilllefors Critical Value| 0.119 Data appear Normal at 5% Significance Level
Data appear Normal at 5% Significance Level
Assuming Normal Distribution
95% Normal UCL 85% UCLs (Adjusted for Skewness)
95% Student's-t UCL| 3.608 85% Adjusted-CLT UCL (Chen-1935) 3606
I 95% Modified-t UCL (Johnson-1978) 3.609
Qamma GOF Test
A-D Test Statistic|  2.083 Anderson-Darfing Gamma GOF Test T
5% A-D Critical Value 0.767 Data Not Gamma Distributed at 5% Slgnificance Levsl
K-S Test Statistic;  0.174 Koimogorov-Smimov Gamma GOF Test
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5% K-S Critical Value'l 0.122 Data Not Gamma Distributed at 5% Significance Level

Deta Not Gamma Distribused at 5% Significance Level

Gamma Statistics

Khat(MLE)]  1.647
Theta hat (MLE})|  1.942

k star {blas corrected MLE) 157
Theta star (blas corrected MLE}| 2,038

nu hat (MLE}| 181.2 nu star (bias corracted)| 172.6

MLE Mean (bias comected)|  3.199 MLE Sd (bias comected)|  2.553

Approximate Chi Square Value (0.05)| 143.3

Adjusted Lavel of Slgnlllcance| 0.0456 Adjusted Chi Square Value| 1425

Assuming Gamma Distribution

95% Approximate Gamma UCL (use whan n>=50)) 3.855 ‘ 95% Adjusted Gamma UCL (use when n60)| 3.874

Loghormal GOF Test
Shapiro Wilk Test Statistic]  0.745 ‘Shapire Wik Lognormal GOF Test
= 5% Shapiro WIlk P Value|3.681E-12 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic|  0.201 Lillefors Lognormal GOF Test
5% Lilliefors Critical Valua|  0.119 Data Not Lognormal at 5% Significance Leval

Deta NotLognarmal 81 5% Sighfficance Level

Lognommal Statietics
Minimum of Logged Data| -3.507 Mean of logged Data 0.83
m— Maximum of Logged Data| 1946 | SD of logged Data|  1.127
Assuming Lognormal Distribtion

95% H-UCL| 6.346 $0% Chebyshev (MVUE) UCL|  E.607

95% Chebyshev (MVUE) UCL|  7.676 §7.5% Chebyshev {MVUE) UCL| 9.16

99% Chebyshev (MVUE) UCL; 12.08

Nonparamstric Distribution Free UCL Statistica

Data appear o foliow & [ 5% S Lovel

Nonparametric Distrbution Free UCLs

95% CLTUCL|  3.601 95% Jackknife UCL|  3.608

95% Standard Bootstrap UCL|  3.581 95% Bootstrapt UCL|  3.609

95% Hall's Bootstrap UCL| 3.607 95% Percentile Bootstrap UCL 3.604

95% BCA Bootstrap UCL|  3.62

80% Chebyshev(Mean, Sd) UCL|  3.932 85% Chebyshev(Mean, Sd) UCL|  4.265

97.5% Chebyshev(Mean, Sd) UCL|  4.726 99% Chebyshev(Mean, Sdj) UCL!  5.632

Sugpested UCL 1o Use

95% Student's-t UCL{ 3.608 " |

Note: the selection of a 85% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These racommendations are based upon the rasults of the simulation studies summarized in Singh, Maichle, and Lee (2006),

However, simulations results will not cover all Real World data sets; for additional insight the usar may want to consult a statistician.
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Total Number of Observations| S5

Number of Distinct Observations; 44

Number of Missing Observations| ©

Minimum| 23.3 Mean| 39.7
Maximum| 67.7 Median| 396
sD| 7.01 Std. Error of Mean|  0.945

Coefficient of Variation| 0,177

Skewness| 1.423

Normal GOF Test
Shapiro Wilk Test Statistic|  0.872 Shapiro WIk GOF Test
5% Shapiro Wilk P Value (3.5532E-6 Data Not Normal at 5% Significance Level
Lillefors Test Statistic|]  0.195 Lilefors GOF Teat

5% Lilliefors Critical Value|  0.119

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

85% Normal UCL

95% UCLs (Adjusted for SKawmess)

95% Student's-t UCL| 4128

95% Adjusted-CLT UCL (Chen-1995) 41,44 |

1

95% Modified-t UCL (Johnson—1978)| 4131 |

Gamma GOF Test

A-D Test Statistic|  1.989

Anderson-Dariing Gamma GOF Test

5% A-D Critical Value|  0.748

Data Not Gamma Distributad at 5% Significance Level

K-S Test Statistic|  0.17

Kotmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.12

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

Khat(MLE)| 3536

K star (bias corrected MLE)| _ 33.45

Theta hat (MLE);  1.123

Theta star (blas corrected MLE) 1.187

nu hat (MLE)| 3880

nu star (blas correctad)| 3679 |

MLE Mean (blas corrected)| 39.7

MLE Sd (bias corrected)|  6.864

‘Approximate Chi Square Value (0.05)| 3539

Adjusted Lavel of Slgniﬂl:ancol 0.0456

Adjusted Chi Square Value| 3535

Assurning Gamme Distribution

95% Approximate Gamma UCL (use when n>=50))l 4127 I

95% Adjusted Gamma UCL {use when n<50)I 41.31

Lognormsal GOF Test
Shapire Wilk Test Statistic|  0.921 Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk P Value| 0.0014 Data Not Lagnormal at 5% Significance Level
LiNiefors Test Statistc|  0.161 Liltefors Lognormal GOF Test
5% Lilllefors Critical Value|  0.119 Data Not Lognommal at 5% Significance Level
Datta Not Lognormal at 5% Significance Lavel
Lognormal Statistics

Minimum of Logged Dala| 3.17

Mean of logged Dalal 3.667

Maximum of Logged Data| 4215 |

SD of logged Datal 0.168

Assuming Lognormal Distribution

95% H-UCL| 41.28

90% Chebyshev (MVUE) UCL!  42.41

95% Chebyshev (MVUE) UCL| 43.64

$7.5% Chebyshev (MVUE) UCL| 4535 |

53% Chebyshev (MVUE) UCL] _ 48.72
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Nonparamatric Distribution Free UCL Statistics

Darta do not follow a Discemible Distributon (0.05)

Nonperametric Distribution Free UCLs

95% CLTUCL| 4125 95% Jackknife UCL| 41.28

95% Standard Bootstrap UCL|  41.22 95% Bootstrapt UCL) 4162

95% Hall's Bootstrap UCL|  41.81 95% Percentile Bootstrap UCL|  41.21

95% BCA Bootstrap UCL| 41,55

90% Chebyshev(Mean, Sd) UCL| 4253 95% Chebyshev(Mean, Sd) UCL| 43.82

97.5% Chebyshev{Mean, Sd) UCL| 456 99% Chebyshev(Mean, Sd) UCL| 49.1

Suggested UCL o Use

95% Student's-t UCLI 41.28 | or 95% Modifledt UCL| 4131

Note: el g the

of a 95% UCL. are provided 1o help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Les {2006).

Howevar, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Genenal Statistics
Total Number of Observations| S5 Number of Distinct Observations| 34
Number of Missing Observations| 0
Minimum!  0.18 Mean! 0.471
Maximum| 1.7 , Median| 0.4
SD| 0313 Std. Error of Mean D.Oﬂl
CoeMicient of Variation|  0.863 Skewness|  2.365
Normal GOF Test

Shapiro Wilk Test Statistic|  0.752 Shapiro Witk GOF Test

5% Shapiro WIKk P Value|6.947E-12 Data Not Normal at 5% Slignificance Level

Lilliefors Test Statistic]  0.241 ilefore GOF Test

5% Lilllefors Critical Value|  0.119 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

85% Normal UCL 85% UCLs (Adjusted for Skewness)

95% Student's-t UCLl 0.542 95% Adjusted-CLT UCL (Chen-1995}|  0.555

| 95% Modffied-t UCL (Johnson-mfa')] 0544

Gamma GOF Test
A-D Tost Statistic] 1312 Anderson-Darling Ganima GOF Teet
5% A-D Critical Value|  0.756 Data Not Gamma Distributed at 5% Significanca Level
K-S Test Statistic| 0,172 Kolmagorov-Smimov Gamma GOF Test

5% K-S Critical Valua|  0.121 Data Not Gamma Distributed at 5% Significance Level

Data Not Gammae Distributed at 5% Significance Level

k star {blas corrected MLE)|  3.186

khat {(MLE)| 3.357

Theta star (bias corrected MLE} 0.148

l
Theta hat (MLE)| 044 |
nuhat (MLE)| 3663 |

nu star (bias comected)| 350.5
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MLE Mean (blas correaed)| 0.471 MLE Sd {blas corrected) 0264
Approximate Chi Square Value (0.05)| 308,1
Adjusted Level of Slgnlﬁwnoal 0.0456 Adjustad Chi Square Value| 307
Assuming Gamma Distribution
95% Approximate Gamma UCL (use when n>=5T»1T35 [ 95% Adjusted Gamma UCL (use when n<50} 0,538
Lognormal GOF Test
Shapiro Wilk Test Statistic|  0.94 Shapiro Witk Lognormal GOF Test
5% Shapiro Wik P Value| 0.0131 Data Not Lognormal at 5% Significance Level
Liliefors Test Statistic|  0.13 Lilliefore Lognormal GOF Test
5% Lillisfors Critical Value|  0.118 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistica
Minimum of Logged Dala| -1 .71_5_[ Mean of fogged Data’ -0.909
Maximum of Logged Da'a| o.sTT SD of logged Data[ 0.537
Assuming Lognormal Distribution
85% H-UCL{ 0.535 90% Chebyshev (MVUE) UCL|  0.571
95% Chebyshev (MVUE} UCL|{ 0.619 97.5% Chebyshev (MVUE) UCL OAGT{
99% Chabyshev (MVUE) UCL|  0.818
Nonparametric Distribution Free UCL Statistics )
Data do not foliow a Discernible Distribution (0.05)
Nonparametric Distribution Free UCLs
95% CLTUCL| 0.54 95% Jackknife UCL|  0.542
95% Standard Bootstrap UCL 0.542 95% Bootsrap-t UCL|  0.568
55% Hall's Bootsrap UCL|  0.581 95% Percentile Bootstrap UCL. 0.543
95% BCA Bootstrap UCL 0.557
90% Chebyshev(Mean, Sd) UCL 0.588 95% Chebyshev(Mean, Sd) UCL 0.655
97.5% Chebyshev{Mean, Sd) UCL| 0.734 95% Chebyshev(Mean, Sdj UCL 0.89
Suggested UCL o Use
95% Chebyshev (Mean, Sd) UCLl o.sT[ [
Nate: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are basad upon the results of the simulation studies summarized In Singh, Maichle, and Lee (2006},
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consuit a statistician,
General Statistics
Total Number of Observations| 55 Number of Distinct Observations| 35
Number of Missing Observations| 0
0.04 Mean| 2.821
Maximum; 8.7 Medlan| 3
SD| 165 Std, Error of Mean|  0.222
Ci {ent of Variati 0.585 0513
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Nonmal GOF Test

Shapiro Wilk Test Statistic|  0.935 Shapiro Wik GOF Test
5% Shaplro Wik P Value| 0.0071 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic|  0.128 Lilefors GOF Test

5% Lilllefors Critical Value|  0.119

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

‘Assuming Normal Distribution

85% Normal UCL

5% UCLs (Adjusted for Skewness)

95% Student'st UCLI 3.193

95% Adjusted-CLT UCL (Chen-1995)|  3.203

95% Modifled-t UCL (Johnson—1978)| 3.196

‘Gamma GOF Test
A-D Test Statistic|]  3.755 Anderson-Darling Gamma GOF Test
5% A-D Critical Valua|  0.768 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic| 0226 Koimogorov-Smimov Gamma GOF Test

5% K-S Criical Value|  0.122

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distribuied at 5% Significance Level

Gamma Statietics

K hat (MLE) 149

k star (blas corrected MLE) 1.421

Theta hat (MLE)| 1,893

Theta star (bias corrected MLE)| _ 1.985

nuhat (MLE)| 163.9

nu star {bias corrected)| 156.3

MLE Mean (blas correctad) 2,821

MLE sd (bias corrected) 2.366

Approximata Chi Square Value (0.05)| 128.4

Adjusted Level of SIgnmcanesl 0.0456

Adjusted Chi Square Value| 127.7

Assuming Gamma Distribution

" 85% Approximate Gamma UCL {use when n>=50))] 3434 ]

5% Adjusted Gamma UCL (use when n<50)| _ 3.452

Lognormal GOF Test
Shapiro Wik Test Statistic]  0.735 ‘Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk P Valus [1.309E-12 Data Not Lognormal at 5% Significance Level
Litliefors Test Statistic|  0.268 Liisfors Lognormal GOF Test

5% Liliefors Critical Value|  0.119

Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Lognormal Statistics
Minimum of Logged Daml -3.219 Mean of logged Data| 0.665
o Maximum of Logged Data| 2163 | SD of logged Data|  1.183
Assuming Lognormal Distribution

95% H-UCL|  5.943

80% Chebyshev (MVUE) UCL| _ 6.108

95% Chebyshev (MVUE) UCL|  7.138

97.5% Chebyshev (MVUE) UCL|  8.566

99% Chebyshev (MVUE) UCL| 11,37

Nonperamatric Distribution Free UCL Sintistics

Data do not foilow a Discemible Distrbution (0,05)

Nenparamatric Distribution Fres UCLs

95% CLTUCL| 3.187

95% Jackknife UCL! 3,193

95% Standard Bootstrap UCL|  3.186

95% Bootstrapt UCL|  3.212

95% Half's Bootstrap UCL 3.224

95% Percentile Bootstrap UCL 3.198
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§5% Chebyshev (Mean, Sd) UCLI

[ Sm——

§5% BCA Bootstrap UCL| 3,234
0% ChebysheviMean, Sd) UCL|  3.488 95% Chebyshev(Mean, Sd) UCL[ 379
97.5% Chebyshev(Mean, Sd) UCL| _ 4.21 99% Chebyshev(Mean, 58) UCL|  5.034
Suggesied UCL to Use
EXZ) =

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 85% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Malchie, and Lee (2006).

Howaever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 Thalllum
General Statistics
Total Number of Observations| 55 Number of Distinct Observations| 23
Number of Missing Observations| 0 |
Minimum|  0.08 Mean| 0.208
Maximum|  0.38 Medlan| 0.18
SD| 0.078 Std, Errorof Mean|  0.0105
Coefficient of Variation|  0.373 Skewness| 0.512
Normal GOF Test
Shapiro Wilk Test Statistic|  0.939 Shapiro Wik GOF Test
5% Shapiro Wilk P Value| 0.0111 Data Not Normal at 5% Significance Level
Liiefors Test Statistic|  0.183 Lisiefors GOF Test
5% Llillisfors Critical Valuse| 0.118 Data Not Normal at 5% Significance Lavel
Datn Not Normal at 5% Significance Lavel ——%

‘Assuming Normal Distribution
85% Normal UCL 95% UCLs (Adjusted for Skewness)
95% StudenfstUCL]  0.227 95% Adjusted-CLT UCL (Chen-1885)]  0.227
i §5% Modifled-t UCL (Johnson-1978)| 0227
Gamma GOF Test
AD Test Statistic]  0.545 ‘Anderson-Deriing Garmma GOF Test
5% A-D Critical Value|  0.752 Detacted data appear Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.134 Kolmogorov-Smimov Gamma GOF Test
5% K-S Critical Value|  0.12 Data Not Gamma Distributed at 5% Significance Level ==]

Detected data follow Appr. Gamma Distribulion at 5% Significance Level

Gamma Statistics
k hat (MLE) 7.257 k star (bias corrected MLE}
Theta hat (MLE)| 0.0288 Theta star (blas corrected MLE)| O
nu hat (MLE}| 798.3 nu star (blas corrected)
MLE Mean (blas corractad) 0.209 MLE Sd (blas comracted)
Approximate Chi Square Value {0.05)
Adjusted Level of Slgnlﬁcanca| 0.0456 Adjustad Chi Squara Valua
‘Assuming Gamma Distribution

95% Approximale Gamma UCL (use when n>=50)] 0228 |

85% Adjusted Gamma UCL (use when n60)| 0.229
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Lognormal GOF Test
Shapiro Wilk Test Statistic]  0.959 [ Shapiro Witk Lognomal GOF Test
5% Shapiro WIlk P Valuel  0.112 Data appear Lognormal at 5% Significance Lavel
Lilliefors Test Statistic| ~ 0.109 Lillefors Lognormal GOF Test
5% Uilliefors Criical Valus|  0.119 Data appear Lognormal at 5% Significance Level

Data appsar Lognormal at 5% Significance Level

Tognormal Sttistics
Minimum of Logged Data| 2526 ‘ Mean of logged Data' -1.635
Maximum of Logged Data| 0,968 ‘ SD of logged Dau\| 0.386
Assuming Lognanmal Distribution
95% H-UCL| 0231 90% Chebyshev (MVUE) UCL 0243
95% Chebyshev (MVUE) UCL| 0.258 97.5% Chebyshev (MVUE) UCL 028
99% Chebyshev (MVUE) UCL| 0.321

Nonparametric Distribution Free UCL Ststistics

Data appear to follow a [ at 5% Sk Level
Nonparametric Distribution Free UCLs
95% CLT UCL| 0226 95% Jackknife UCL 0.227
95% Standard Bootstrap UCL 0.226 95% Bootstrap-t UCL, 0.228
B 95% Hall's Bootstrap UCL 0.227 95% Percentile Bootstrap UCL| 0.226
95% BCA Bootstrap UCL | 0226
80% Chebyshev(Mean, Sd) UCL 0241 95% Chebyshev(Mean, $d) UCL 0.255
§7.5% Chebyshev(Mean, Sd) UCL 0.275 99% Chebyshev(Mean, Sd) UCL 0.314
Suggested UCL to Use
95% Approximate Gamma UCL| 0228 [ |
‘When a data set follows an {e.g., normal) passing one of the GOF test

‘When applicable, It is suggested to use a UCL based upon a distribution {e.g., gamma) passing both GOF tests in ProUCL

Note: g the

of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upen the rasults of the simulation studies sumnmarized in Singh, Maichle, and Les (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician,

General Statietics
Total Number of Observations| 55 Number of Distinct Observations| 43
Number of Missing Observations [}
Minimum| 16.6 Mean| 29.54
53.7 Median| 287
SD| 5744 Std. Emar of Mean 0.775
Coefficlent of Variation|  0.194 Skewness|  2.577
Normal GOF Test
Shapiro Wik Test Statistic]  0.723 Shapiro Wik GOF Test
5% Shapiro Witk P Value|3.997E-13 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic]  0.231 Litbefors GOF Test
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5% Lilliefors Critical Valuel 0.119 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significsnce Level

Assumning Normal Distribution

95% Normal UCL 985% UCLs (Adjusted for Skewness)

95% Studants-t UCLI 30.84

5% Adjusted-CLT UCL (Chen-1985)|  31.11
| 95% ModHfied-t UCL (Johnson-1978) Al

Gamma GOF Teat
A-D Test Statistic;  3.497 Anderson-Dariing Gamma GOF Test
5% A-D Critical Value| 0.748 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.198 Kolmogorov-Smimov Gamma GOF Test

5% K-S Crdtical Value| 0.12 Data Not Gamma Distributed at 5% Significance Lavel

Data Not Gamma Distributed at 5% Significance Level

Gamma Siatistics
Khat (MLE)] 32.56 k star {bias corrected MLE)|  30.79
Theta hat (MLE}|  0.607 Theta star (bias corrected MLE)|  0.959 |
nu hat (MLE}| 3581 nu star (blas corracted)| 3387
MLE Mean (bias corrected)|  29.54 MLE Sd (blas comacted)|  5.324
‘Approximate Chi Square Value (0.05)| 3253 |
Adjusted Chi Square Valus| 3250

Adjusted Level of Slgnlflmnce[ 0.0456

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50))[  30.76 I

95% Adjusted Gamma UCL (use when n<50)( 30.8

Lognormnal GOF Test
Shapiro WIIk Test Statistic]  0.831 ‘Shapiro Wik Lognermal GOF Test
5% Shapiro Wilk P Value [3.4284E-8 Data Not Lognormal at 5% Significance Level
LUilliefors Test Statistic|  0.188 Lillefors Lognormal GOF Test
5% Lilliefors Critical Value|  0.119 Data Not Logniormal at 5% Significance Level

Data Not Lognormai at 5% Significance Level

Lognormal Statistics
Minimum of Logged Data| 2.809 Mean of logged Data|  3.37
Maximum of Logged Data| 3.983 | SD of logged Daa' 0.172
Assuming Lognormal Distribution
95% H-UCL| 30.73 90% Chebyshev (MVUE) UCL| 31,58
85% Chebyshev (MVUE) UCL|  32.51 §7.5% Chebyshev (MVUE) UCL| 33.81
99% Chebyshev (MVUE) UCL| 36.35 '
Nonparametric Distribution Free UCL Statistics
Data do not follow a Discemible Distribution (0.05)
Nonparamefric Distribution Free UCLs
95% CLTUCL| 30.82 95% Jackknife UCL| 30.84
95% Standard Bootstrap UCL|  30.81 95% Bootstrap-t UCL|  31.52
95% Hall's Bootstrap UCL| 32.89 95% Percentile Bootstrap UCL|  30.84
95% BCA Bootstrap UCL| 31,16
90% Chebyshev(Mean, Sd) UCL| 31.87 95% Chebyshev(Mean, Sd) UCL{ 32.82
97.5% Chebyshev{Mean, Sd) UCL| 34.38 99% Chebyshev(Mean, Sd) UCL| 37.25
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Suggested UCL to Use

95% Student's-t UCLI 30.84 l or 85% Modified-t UCL| 30.88

Note:

g the of @ 95% UCL are provided to help the user to selsct the most appropriate 95% UCL.

Recommaendations are based upon data size, data distribution, and skewness.

These racommendations are based upon the results of the simulation studies summarized In Singh, Maichle, and Lee (2006).

However, simulations resuits will not covar all Real World data sets; for additional insight the user may want to consult a statistician.

Zinc
-y Qenaral Statietics
Total Number of Observations| 55 Number of Distinct Observations| 49
Number of Missing Observations| 0
Minimum] 6€6.8 Mean| 3475
Maximum| 1350 Median| 327
SD| 1989 Std. Error of Mean|  26.82
Coefficient of Variation|  0.572 Skewness| 2.876
Normal GOF Test
Shapiro Wilk Test Statistic]  0.706 Shapiro Wilk GOF Test
5% Shapiro Wilk P Value |8.005E-14 Data Not Normal at 5% Significance Level
i Liliiefors Test Statistic]  0.248 Lifliwfors GOF Test

5% Lilliefors Critical Value 0.119 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Nommal Distribution

95% Normal UCL 85% UCLs (Adjusted for Skewmees)
95% Student’s-t ucn.] 3924 95% Adjusted-CLT UCL (Chenﬁw
[ 95% Modifled-t UCL (Johnsan-1978)| 2841
Gamma GOF Test
A-D Test Statistic] _ 3.899 ‘Andsreon-Darling Gamma GOF Test
5% A-D Critical Value| 0.754 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.223 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  D.12 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statietics

k hat (MLE) 3.863 k star (bias corrected MLE} 3.665

Theta hat (MLE)|  89.86 Theta star (bias corrected MLE)|  94.83

nu hat (MLE)| 424.9 U star (bias corrected)| 403.1

MLE Mean (blas corrected)| 347.5 MLE $d (bias correctad); 1815

Approximate Chi Square Value (0.05){ 357.6

Adjusted Leve] of SIgnMcaneel 0.0456 Adjusted Chi Square Value| 356.4

‘Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50))( 391.8 [ 95% Adjusted Gamma UCL (use whan n<50)| 393

Lognofmel GOF Tewt

Shapiro Wilk Test Statistic| 0.834 Shapiro Wik Lognommal GOF Test

5% Shaplro Wilk P Value (4.4633E-8 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic|  0.257 Lillefors Lognormal GOF Test
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5% Lilliefors Critical Valua| 0.118 Data Not Lognormal at 5% Significance Levsl
Data Not Lognormal st 5% Significance Level =
Lognormal Statistica
Minimum of Logged Data] 4.202 Mean of logged Data[ 5.716
Maximurm of Logged Data| 7.208 | SD of logged DataL 0.547
Assuming Lognormal Distribution
95% H-UCL| 406.7 S0% Chebyshev (MVUE) UCL | 434.2
95% Chebyshev (MVUE) UCL| 471.6 97.5% Chebyshev (MVUE) UCL| 523.5
89% Chebyshev (MVUE) UCL| 625.4
Nonparametric Distrfbution Free UCL Statistics —
Data do not follow a Discemible Distribution (0.05)
Nonparamstric Distribution Free UCLs
95% CLTUCL| 391.6 95% Jackknife UCL| 392.4
85% Standard Bootsrap UCL| 391.8 95% Bootstrap-t UCL| 413.6
95% Hall's Bootstrap UCL| 487.1 95% Percentile Bootstrap UCL| 390.7
95% BCA Bootstrap UCL| 404.2
80% Chebyshev(Mean, Sd) UCL| 428 95% Chebyshev(Mean, Sdj UCL| 464.4
97.5% Chebyshev{Msan, Sd) UCL| 515 99% Chebyshev{Mean, Sd) UCL| 614.3
Suggested UCL to Use
95% Chebyshev {Mean, Sd) UCLI 464.4 | I
Note: Suggestions regarding the selection of a 95% UCL are provided to halp the user to select the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness. il 7
These recommendations are basad upon the results of the simulation studies summarized in Singh, Maichle, and Lee {2006).
Howaever, simulations results will not cover all Real World data sats; for additional insight the user may want to consult a statistician,
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Open Detonation (OD) Grounds — Kickout Area
Seneca Army Depot Activity (SEDA)
Baseline Ecological Risk Assessment

UCL Statistics for Data Sets with Non-Detacts

Lognormal GOF Test

User Selected Options

Dats/TIme of Computation IE}UCL 5.17/25/2018 12:45:51 PM

From File |Surfsoll_ProUCL_temp.xis

Full Precision  |OFF

Confidence Coefficlent [95%

Numbsr of Bootstrap Operations  |2000

Aluminum
General Statietics
Total Number of Observations| 25 Number of Distinct Observations| 22
Number of Missing Observations| 0
Minimum| 14200 Mean| 18304
Maximum| 25000 Madian| 18800
SD| 2509 Std. Error of Mean| 501.7
Coefficient of Variation|  0.133 Skawness| 0.24
Notmal GOF Test
Shapiro Wilk Test Statistic|  0.985 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data appear Normal at 5% Significanca Level
Lillisfors Test Statistic|  0.068% Ullisfors GOF Test
5% Uliefors Criical Value|  0.173 Data appear Normal at 5% Significance Level
Data appear Normal at 5% Significance Lovel
Assuming Normai Distribution
95% Normal UCL 85% UCLs (Adjusted for Skevwness)
95% Students-t ucv.[ 19762 95% Adjusted-CLT UCL (cnemlw_a’ﬁ
| 95% Modified-t UCL (Johnson-1978) [ 19766
Gammea GOF Test
A-D Test Statistic]  0.14 Anderson-Dariing Gamma GOF Test
5% A-D Critical Value|  0.742 Detected data appear Gamma Distributed at 5% Significance Level
K-S Test Statistic| 0.0842 Koimogorov-Smimov Gamma GOF Test
5% K-S Critical Value 0.174 Detected data appaar Gamma Distributed at 5% Significance Level

Defected data 2ppear Gamma Distributed st 5% Signfficance Level

Gamma Siatistics

khat{MLE)| 59

Theta hat (MLE)| 320.4

k star (blas corrected MLE)|  51.95
Theta star (bias corrected MLE)! 363.9

nu hat (MLE)| 2950

T star {bias 2597

MLE Mean (bias corrected) | 18904

MLE Sd (bias correctad)| 2623

Approximate Chi Square Value (0.05)| 2480

Adjusted Level of stgnlﬂcancel 0.0385

Adjusted Chi Square Value| 2472

‘Assuming Gamma Distribution

95% Approximate Gamma UCL {use when n>=50))| 19798

1 95% Adjusted Gemma UCL {use when n<50)| 19861
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Shapiro Wilk Test Statistic|  0.984 Shapiro Wilk Lognommal GOF Test
5% Shapliro Wilk Critical Value|  0.918 Data appear Lognormal at 5% Significance Level
Ufietors Test Statistic|  0.093 Liliefors Lognonmal GOF Test
5% Lilliefors Critical Value| 0,173 Data appear Lognormal at 5% Slignificance Level

Data appear Lognormal at 5% Significance Level

Lognormal Statistics
Minimum of Logged Data| 9.561 | Mean of logged Data] 9.839
Maximum of Logged Data|  10.13 | SD of fogged Data|  0.134
Assuming Lognormai Distribution
95% H-UCL| 19822 80% Chebyshev (MVUE) UCL] 20424
95% Chebyshev (MVUE) UCL| 21112 97.5% Chebyshev (MVUE) UCL| 22067 |
5% Chebyshev (WVUE) UCL | 23943 .

Nonparamatric Distribution Fres UCL Statistics

Data appear to follow a DI at 5% S Lavel
Nonparametric Distribution Free UCLs
95% CLT UCL] 19729 95% Jackknife UCL | 19762
95% Standard Bootstrap UCL. | 19720 95% Bootstrap-t UCL| 19771
95% Hall's Bootstrap UCL| 19816 95% Percentile Bootstrap UCL | 19688
95% BCA Bootstrap UCL| 19692
90% Chebyshev(Mean, Sd) UCL | 20409 95% Chebyshev(Mean, Sd) UCL | 21091
97.5% Chebyshev(Mean, Sd} UCL | 22037 99% Chebyshev(Mean, Sd) UCL | 23896
Suggested UCL 2o Use

95% Student's-t UCL|

19762 l

Note: g

g the selection of a 85% UCL are provided to help the user to selact the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upen the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Howaver, simulations results will not cover all Real World data sets; for additional insight the user may want o consult a statistician,

General Statistics
Total Number of Observations| 25 Number of Distinct Observations| 18
Number of Missing Observations| @
Minimum|  0.09 Mean| 3.122
1.7 Median| 0.18
SD| 454 Std. Error of Mean|  0.908
Coefficient of Variation|  1.454 Skewness| 1.087
Normal GOF Test
Shapiro Wilk Test Statstic]  0.663 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data Not Normal at 5% Significance Level
Lifiiefors Test Statistic|  0.329 Lillefors GOF Test
5% Lilllefors Critical Value|  0.173 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level
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Assurning Normal Distribution
85% Normal UCL. 85% UCLs (Adjusted for Skewmess)
95% Studentst UCL]  4.675 95% Adjusted-CLT UCL (cnemsi)'—E
) 95% Modifled-t UCL (Johnson-1978) 4.708
Gamma GOF Test
A-D Test Statistic|  2.681 Anderson-Darling Gamma GOF Test
5% A-D Critical Value 0.829 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic] 0.28 Kolmogorov-Smimov Gamma GOF Teet
5% K-S Critical Value|  0.187 Data Not Gamma Distributed at 5% Significance Level
Data Not Gamma Distributed at 5% Sknificancs Level
Gamma Statistics
khat (MLE}| 0.403 k star (bias corrected MLE) 0.381
Theta hat (MLE) 7.755 Theta star {bias corected MLE) 8.195
nuhat{MLE)| 20.13 nu ster (bies corrected)| 19.04
MLE Mean (blas corrected) 3.122 MLE Sd (blas corrected) 5.058
Approximate Chl Square Value (0.05)| 10.15 |
Adjusted Level of Slgnlﬂcanesl 0.0395 Adjusted Chi Square Value 9.708
Assuming Gamma Distribution
95% Approxirate Gamma UCL (use when n>=50))| 5.857 l 95% Adjusted Gamma UCL (use when n<S0) | 6.124
Lognormal GOF Test
Shapiro Wilk Test Statistic| 0,779 Shapira Wik Lognormal GOF Test
5% Shapiro Wilk Critical value|  0.918 Data Not Lognormal at 5% Significance Level
Lilllefors Test Statistic|  0.251 Liiefors Lognormal GOF Test
5% Liliefors Critical Value|  0.173 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics
Minimum of Logged Data| -2.408 Mean of logged Da«nl -0.485
Maximum of Logged Dml 246 | SD of logged Datal 1.978
Assuming Lognormal Distiiwrtion
95% H-UCL| 21.16 90% Chebyshav (MVUE) UCL|  9.001
95% Chebyshev (MVUE) UCL|  11.47 97.5% Chebyshav (MVUE) UCL| 14.8
99% Chebyshev (MVUE) UCL| 21.63
Nonparsmetric Distribution Free UCL Statistics
Dafia do not follow a Discemible Distribution (0.05)
Nonparametric Distifbution Free UCLs
85% CLTUCL| 4.615 95% Jackknife UCL]  4.675
95% Standard Bootstrap UCL 4.615 95% Bootstrap-t UCL 4.954
85% Hall's Bootstrap UCL|  4.585 95% Percentile Bootstrap UCL.|  4.63
85% BCA Bootstrap UCL|  4.826
0% Chebyshev(Mean, Sd) UCL!  5.845 95% Chebyshev(Mean, Sdy UCL| 7.079
§7.5% Chehyshev{Mean, Sd) UCL 8792 89% Chebyshav{Mean, Sd) UCL| 12.16
Suggested UCL ® Use
——— 95% Chebyshev (Mean, Sd) UCL| 7.079 ' [
Page 3 of 56
7/25/2018

Note: Suggestions regarding the selection of a 85% UCL are provided to help the usar to select the mast appropriate 85% UCL.

Recommendations are based upon data size, data distribution, and skewness,

These recommendations are based upon the resuts of the simulation studies summarized in Singh, Malchle, and Lea {2006).

Howevar, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statisticlan,

General Statiatics
Total Number of Observations| 25 Number of Distinct Observations| 18
Number of Missing Observations| 0
Minimum| 3.9 Mean| 5.732
Maximum|  16.1 Median| 5.1 |
SD! 2332 Std. Error of Mean|  0.466
Coefficient of Variation|  0.407 Skewness| 3.954
Normal GOF Test = 1
Shapiro Wilk Test Statistic| 0,524 ‘Shapiro Witk GOF Teat
5% Shapiro Wilk Critical Value|  0.918 Data Not Normal at 5% Significance Level
Lifiefors Test Statistc|  0.305 LiNlefora GOF Toet

5% Lillisfors Critical Value|  0.173

Data Not Normal at 5% Significance Level

Data Not Nommal at 5% Significance Level

Assuming Normat Distribution

5% Normal UCL

95% UCLS (Adjusted for Skewness)

95% Students-t UCL| 6.53

95% Adjusted-CLT UCL (Chen-1995)(  6.883
85% Modffied-t UCL (Johnsen-1978)|  6.591

Gamma GOF Test T
A-D Test Statistic|]  2.759 Anderson-Datiing Gamma GOF Test
5% A-D Critical Value|  0.745 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.274 Kotmogorov-Smimov Gamma GOF Test

5% K-S Critical Value| 0,174

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
khat(MLE)] 11.02 k star (blas corrected MLE)|  9.725
Theta hat (MLE)|  0.52 Theta star (bias corrected MLE)|  0.589 |
nu hat (MLE)| 551 nu star (bias corrected)| 486.2
MLE Mean (blas correctad} 5.732 MLE 5d (bias comected} 1.838
Approximate Chi Square Value (0.05)| 436.1 |
Adjusted Leval of Slgnlﬁcance[ 0.0395 Adjusted Chi Square Value| 432.9
Assuming Gamma Distribution
95% Approximate Gamma UCL {use when n>=50T[T91 ] 95% Adjusted Gamma UCL (use when n<50)|  6.43% =
Lognormal GOF Test ]
Shapiro Wilk Test Statistic|  0.72 ‘Shapiro Wilk Lognonmal GOF Test
5% Shapira Wilk Critical Value|  0.818 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic|  0.253 Liiefors Lognormai GOF Test
5% Uilllefors Critical Valus|  0.173 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level -
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Lognormal Statistics
Minimum of Logged Da'al 1.361 Mean of logged Datal 17
Maximum of Logged Datal 2.779 I SD of logged Data[ 0.274
Assuming Lognonmai Distribution

95% H-UCL| 6283 90% Chebyshev (MVUE} UCL| 6618

85% Chebyshev (MVUE} UCL|  7.046 §7.5% Chebyshev (MVUE) UCL|  7.639

99% Chebyshev (MVUE) UCL|  8.805

Nonparamsfric Distribution Free UCL Statistics

Data do not foliow a Discemible Distribution (0.05)

Nonparametric Distibution Free UCLs

95% CLTUCL| 6.499 95% Jackknite UCL|  6.53

95% Standard Bootstrap UCL|  6.459 95% Bootstrapt UCL| 7.73

95% Hall's Bootstrap UCL| 9,447 95% Percentile Bootstrap UCL| 6.58

95% BCA Bootstrap UCL|  7.076

90% Chebyshev(Mean, Sd) UCL|  7.131 85% Chebyshev(Mean, Sd) UCL|  7.765

97.5% Chebyshav(Mean, 5d) UCL|  8.645 99% Chebyshev(Mean, 5d) UCL| 1037

‘Suggested UCL to Use

95% Student's-t UCL] 653 ‘ or 95% Modified-t UCL| 6.501

Note: g the of a 95% UCL are provided to help the user o select the most appropriate 85% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are basad upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Howaver, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Genaral Statistics

Total Number of Observations| 25 Nurmber of Distinct Observations| 23

Number of Missing Obsesvations [

Minimum|  55.4 Mean| 151.9

Maximum| 287 Median| 140

SD| 56.54 Std. Error of Mean| 11,31

Coefficient of Variation|  0.372 ‘ Skewness| 0.866

Normal GOF Test
Shapirc Wilk Test Statistic|  0.926 Shapiro WIk GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data appear Nomal at 5% Significance Level
Lillisfors Tast Statistic|  0.137 Lilisfors GOF Test

5% Ulliefors Critical Value 0173 Data appear Normal at 5% Significance Level

el —
Data appser Normel at 5% Significance Level

Assuming Normal Distribution

95% Normal UCL. 95% UCLs (Adjusted for Skewnees)

95% Students-t UCLl 1713 95% Adjusted-CLT UCL (Chen-1995)1 172.6

| 95% Modified-t UCL (Johnson-1878)| 171.6

Gamma GOF Test

Anderson-Darling Gamma GOF Test

A-D Test Statistic|  0.396 i
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5% A-D Critical Value| 0,746

Detactad data appsar Gamma Distributed at 5% Significance Lavel

K-S Test Statistic|  0.13

Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.175

Detected data appear Gamma Distributed at 5% Significance Level

Detected data appesr Gamma Distributed at 5% Significance Level

khat (MLE)| 7.846

k star {bias corrected MLE) 6.931

Theta hat (MLE)| 19.36

Theta star {bias corrected MLE)| 21.92

nu hat (MLE)| 392.3

nu star (bias corrected)| 346.6

MLE Mean (blas corrected)| 151.9

MLE Sd (bias comected)| 57.7

Approximate Chi Square Value (0.05)| 304.4

Adjusted Level of Slgnlﬂwncal 0.0395

Adjustad Chi Square Value| 301.7

Assuming Gamma Distribution

85% Approximate Gamma UCL {use when n>=50))| 172.8 —I

95% Adjusted Gamma UCL {use when n<50) | 174.5

Lognormal GOF Test
Shapiro Wik Test Statistic| 0,965 ‘Shapiro Wik Lognormal GOF Test
5% Shapire Wilk Critical Valus|  0.918 Data appear Lognormal at 5% Significance Level
Lilliefors Tast Statistic|  0.141 Lillefors Lognormal GOF Test

5% Lilliefors Critical Value|  0.173

Data appear Lognormal at 5% Significance Level

Data appear Lognommel st 5% Significance Level

Statietics

Lognormal
Minimum of Logged Dara[ 4015

Mean of logged Datal 4.358

Maximum of Logged Data‘ 5,659

SD of logged Data| 0.372

‘Assusming Lognormeal Distribution

95% HUCL| 175.7

90% Chebyshev (MVUE) UCL| 186.8

85% Chebyshev (MVUE) UCL| 202.5

97.5% Chebyshev (MVUE) UCL| 224.4

989% Chebyshev (MVUE) UCL| 267.3

Nonparametric Distribution Fres UCL Statietics

Data appear to follow a Df

at5% Sk Lavel

Nonperametric Distribution Free UCLs

95% CLTUCL| 170.5

95% Jackknife UCL| 171.3

95% Standard Bootstrap UCL| 170.5

95% Bootstrap-t UCL| 174.4

95% Hall's Bootstrap UCL| 172.9

95% Percentile Bootstrap UCL| 171.1

95% BCA Bootstrap UCL| 172.2

90% Chebyshev(Mean, Sd) UCL| 185.8

$5% Chebyshav(Mean, Sdy UCL| 201.2

§7.5% Chebyshev(Mean, Sd) UCL| 222.5

89% Chebyshev{Maan, Sd) UCL| 264.4

Suggestsd UCL o Use

95% Student's-t UCLI 1713

| l

Note: the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upen the results of the sim

wiation studies summarized in Singh, Maichle, and Les (2006).

Howaver, simulations results will not cover all Real World data sets; for additiona] insight the user may want to consult a statistician.

i
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Gensral Statistics

Total Number of Observations| 25

Number of Distinct Observations| 16

Number of Missing Observations| 0

Minimum|  0.62 Mean| 0.816
Maximum 1 Median| 0.8
SD| 0.102 Std. Emor of Mean|  0.0204

Cosfficient of Variation|  0.125

Skewness)  0.172

Notmal GOF Test
Shapiro Wilk Test Statistic|  0.96 Shapiro Witk GOF Test
5% Shapiro Wilk Critical Value| 0918 Data appear Normal at 5% Significance Level
LUiiefors Test Statistic|  0.107 Litlefors GOF Test

5% Lilliefors Critical Valus|  0.173

Data appear Normal at 5% Significance Leval

Data appear Normal st 5% Significance Level

‘Assuming Normal Distribution
95% Normal UCL 95% UCLs (Adjusted for Skewnese)
5% Students-tUCL]  0.851 95% Adjusted-CLT UCL (Chen-mj!ﬂ
| 95% Modified-t UCL (Johnson-1978)|  0.851
Gamma GOF Test
A-D Test Statistic] 0,311 Anderson-Daring Gemma GOF Test

5% A-D Critical Value| 0,742

Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic;  0.101

Kolmogorev-Smimov Gamma GOF Test

$% K-S Critical Value|  0.174

Detected data appear Gamma Distributed at 5% Significance Level

Detacied data sppear Gamma Dhtiibuted at 5% Significance Level

Gamma Statistics

khat{MLE)| €639

k star (blas corrected MLE}|  58.45

Theta hat (MLE)| 0.0123

Theta star (blas corrected MLE)|  0.014

nu hat (MLE)| 3320

nu star (bias corrected)| 2923

MLE Mean (bias corrected) 0.816

MLE Sd (blas correctad)|  0.107

Approximate Chi Square Value (0.05)| 2798

Adjusted Level of slgnlncanee| 0.0395

Adjusted Chi Square Valus | 2730

Assumning Gamma Distribution

95% Approximate Gamma UCL (use when n>=50)) 0.853 ‘

95% Adjusted Gamma UCL {use when n<50) 0.855

Lognormel GOF Test
Shapiro Wilk Test Statistic]  0.964 Shapiro Wik Lognormal GOF Test
5% Shapiro Wik Critical Value;  0.918 Data appear Lognormal at 5% Significance Level
Liliefors Test Statistic; 0.1 Lillefors Lognormal GOF Test
5% Lilliefors Critical Value;  0.173 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

Lognormal Stastics

Minimum of Logged Dam[ 0.478 |

Mean of logged Dam| -0.21

Maximum of Logged Datal ) 1

SD of logged Data| _ 0.126

Assumning Lognormal Distribution

QS%H—UCL[ 0.854 ‘

90% Chebyshev (MVUE) UCL] 0.878

95%Chebyshw(MVUE)UcL[ 0.806 ‘

97.5% Chebyshev {(MVUE) UCLl 0.945
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99% Chebyshev (MVUE) UCLI 1.021

Nonparametric Distribuion Free UCL Statistics

Deta appear 1o folow a C [ a15% S Tavel

Nonperamatric Distribution Free UCLs

95% CLTUCL| 0.85

95% Jackknife UCL|  0.851
95% Standard Bootstrap UCL|  0.849 95% BootstraptUCL| 0.85
95% Hall's Bootstrap UCL|  0.853 95% Percentile Bootstrap UCL|  0.851
95% BCA Booistrap UCL|  0.85
80% Chebyshev(Mean, Sd) UCL 0.878 95% Chebyshev(Mean, Sd) UCL 0.905
97.5% Chebyshev(Mean, Sd) UCL|  0.944 99% Chebyshev{Mean, Sd) UCL|  1.019
Suggested UCL I Use
95% Student's-t UCL| 0.851 | ’ .
Note: g the of a 95% UCL are provided to help the user to selact the most appropriate 95% UCL. — |
Recommendations are based upon data size, data distribution, and skewnass.
These recommendations are based upon the results of tha simulation studies summarized In Singh, Maichle, and Les (2006).
However, simulations results will not cover all Real World data sets: for additional Insight the user may want to consult a statistician.
Genersl Striiics
Total Number of Observations| 25 Number of Distinct Observations| 21
Number of Missing Observations| 0
Minimum| 0,62 Mean| 325
Maximum| 256 Median| 1.6
SD| 5.04 Std. Error of Mean 1.008
Coefficient of Varl 1.851 Skewness| 3.953
Normal GOF Test
Shapiro WIlk Test Statistic]  0.493 ‘Shapiro Wik GOF Test
5% Shapiro Wik Critical Value]  0.918 Data Not Normal at 5% Significance Level
Uilliefors Test Statistic|  0.301 Lilefors GOF Test

5% Lilflefors Critical Value|  0.173

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

85% Normal UCL

§5% UCLs (Adjusted for Skewnees)

85% Student's-t UCLl 4.975

§5% Adjusted-CLT UCL (Chen-1995)] _ 5.76
95% Modified-t UCL (Johnson-1978)| _ 5.108

Qamma GOF Test
A-D Test Statistic]  1.863 Anderson-Dariing Gamma GOF Test S |
5% A-D Critical Value|  0.77 Data Not Gamma Distributed at 5% Slgnificance Lavel
K-S Test Statistc]  0.238 Kolmogorovw-Smimov Gamma GOF Test
5% K-S Critical Value|  0.179 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distrbuted at 5% Significance Level

Gamma Statistics

Kkhat (MLE)I

1.144 ]

k star (bias corrected MW
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Theta hat {MLE) 284 Theta star {(bias corrected MLE) 3.144
nuhat {(MLE}| 57.22 nu star (bias corrected)|  51.68
MLE Mean (bias correctad);  3.25 MLE Sd (bias corrected) 3197
Approximate Chi Square Value (0.05)| 36.18
Adjusted Level of Slgnmmnoe| 0.0395 Adjusted Chi Square Value| 3529
Assuming Gammae Distribution
95% Approximate Gamma UCL (use when n>-4~20))| 4.6444{ 95% Adjusted Gamma UCL (use when n<50)[  4.761
Lognormel GOF Test
Shapiro Wilk Test Statistic|  0.891 Shapiro Wik Lognormal GOF Test
5% Shapliro Wilk Critical Value 0.918 Data Not Lognormat at 5% Significance Level
LiHefors Test Statistic] 0,186 Lillstors Lognomal GOF Teet
S% Lifllefors Critical Value|  0.173 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics
Minimum of Logged Daral -0.478 [ Mean of lagged Daml o.saﬂ
Maximum of Logged Dm; 3243 ‘ SD of fogged Data| 0.872
Assuming Lognormal Distribution
95% H-UCL| 4.383 90% Chebyshev (MVUE} UCL|  4.479
85% Chebyshev (MVUE) UCL| 5224 | 97.5% Chabyshev (MVUE) UCL|  6.258
99% Chebyshev (MVUE) UCL| 8289 ‘
Nonparametric Distribution Free UCL Statistics
Data do not follow a Discemible Distribution (0.05)
Nenparamesric Distribution Free UCLs
95% CLTUCL| 4.909 95% Jackknife UCL|  4.975
95% Standard Bootstrap UCL 4,852 95% Bootstrap-t UCL|  8.118
95% Hall's Bootstrap UCL| 10.86 95% Percentile Bootstrap UCL 4.956
95% BCA Bootstrap UCL{  5.953
90% Chebyshev(Mean, Sd) UCL| 6.275 95% Chebyshev(Mean, Sd) UCL|  7.645
§7.5% Chebyshev(Mean, Sd) UCL 9.546 | 99% Chebyshev(Mean, Sd) UCL| 13.28
Suggestmd UCL 1 Use
95% Chebyshev (Mean, Sd} UCL[ 7.645 ‘ I
Note: the of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are based upon the results of the simulation studies summarized In Singh, Maichle, and Les (2006).
However, simulations results will not cover all Real World data sats; for additional insight the user may want to consult a statisticlan.
General Statistics
“Total Number of Observations| 25 Number of Distinct Observations| 21
Number of Missing Observations| 0
Minimum| 224 Mean| 27.43
393 Medlan| 27.4
sD| 379 Std, Error of Mean|  0.758
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Cosfficlent of Variation|  0.138

Skewness 1.198

Natmal GOF Test
Shapiro Wilk Test Statistic|  0.912 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data Not Normal at 5% Significance Level
Lillefors Test Statistic|  0.0924 Lilsfore GOF Test

5% Lilliefors Critical Value|  0.173

Data appear Normal at 5% Significance Lavel

Data appear Approximats Normal ot 5% Significaccs Lave]

Assuming Normal Distribution
95% Normal UCL 85% UCLs (Adjusted for Skevwness)
85% Student's-t UCLI 28.72 95% Adjusted-CLT UCL (Chen-1995)| 28.87
j 95% Modfied-t UCL (Johnson-1978)| 28.76 |
Gamma GOF Teat
A-D Test Statistic] 0.36 Anderson-Darling Gamma GOF Test
5% A<D Critical Value{  0.742 Detectad data appear Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.101 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value| 0.174

Detected data appear Gamma Distributed at 5% Significance Lavel

Detected data appear Gemma Distributed at 5% Significance Lavel

Gamma Statistics

khat (MLE)| 58.61

k star (bias corrected MLE)|  51.61

Theta hat (WLE)| _ 0.468

Theta star {bias corrected MLE) 0.531

nu hat (MLE)| 2931

nu star (blas corected)| 2580

MLE Mean {bias corracted)| 27.43

MLE Sd (blas comected) 3818

Approximate Chi Square Value (0.05)| 2463

Adjustad Level of Slgnlﬂcancsr 0.0395

Adjusted Chi Square Value| 2456

Assuming Gamma Distribution

5% Approximate Gamma UCL (use when n>=50))( 28.73 |

95% Adjusted Garmma UCL {use when n<50)| 28.82

Lognormal GOF Test
Shapiro Wilk Test Statistic] 0,948 Shapiro WIk Lognormal GOF Test
5% Shapiro Wilk Critical Value|  0.818 Data appear Lognormal at 5% Significance Level
Lidiefors Test Statistic| 0.0971 LiNefors Lognormal GOF Test

5% Llllefors Critical Value|  0.173

Data appear Lognormal at 5% Significance Level

Data appear Lognommal at 5% Significance Level

Minimum of Logged Da'a[ 3.109 |

Mean of logged Da'a| 3.303

Maximum of Logged Dala| 3.671 I

SD of logged Datn| 0.132

Assuming Lognormal Distribution

95% H-UCL|] 28.73

90% Chebyshev (MVUE) UCL| 29.59

5% Chebyshev (MVUE) UCL| _ 30.57

97.5% Chebyshev (MVUE) UCL| 31.94

59% Chebyshev (MVUE) UCL| 34.62

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Di ibie [ at5% Sk Level
Nonparametric Distrilxion Free UCLs
95% CLTUCL] 28.67 | 95% Jackknife UCL| 28.72
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95% Standard Bootstrap UCL.| 28.65 95% Bootstrapt UCL|  28.96

95% Hall's Bootstrap UCL|  29.26 95% Percentile Bootstrap UCL;  28.72

95% BCA Bootstrap UCL|  28.84

90% Chebyshev(Mean, Sd) UCL| 29.7 95% Chebyshav(Mean, Sd) UCL| 30.73

97.5% Chebyshev{Mean, Sd) UCL| 3216 99% Chebyshev(Mean, Sd) UCL| 34.97

Suggeswsd UCLIo Uas

95% Sludenl’s-tUCLl 2872 ‘ |

‘When a data set folows an approximate {e.g., normal) distribution passing one of the GOF test

When applicable, it is suggested to use a UCL based upen a distribution (e.g., gammaj passing both GOF tests in ProUCL

Note: the selection of a 95% UCL are provided to help the user t select the most appropriate 5% UCL.

Recommendations are based upen data size, data distribution, and skewness.

These recomimendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Les {2006).

Howaver, simulations results will not cover all Real World data sats; for additional insight the user may want to consult a statistician.

Cobalt
General Statistics
Totat Number of Observations| 25 Number of Distinct Of 22
Number of Missing Observations| 0
Minknum{ 7.7 Mean| 12.32
26.8 Median| 11.2
SD|  4.361 Std. Error of Mean 0.872
Coefficilent of Variation|  0.354 Skewness|  2.455
Normal GOF Test
Shapiro Wil Test Statistic|  0.701 Shapiro Wik GOF Test
5% Shapiro Wik Critical Value|  0.918 Data Not Normal at 5% Significance Leve!
Lilliefors Test Statistic|  0.26 LiMefors GOF Test
5% Lilliefors Critical Valus| 0.173 Data Not Normal at 5% Slgnificance Level
Data Not Normal at 5% Significance Level

Assuming Normal Distribution
95% Normal UCL '95% UCLs (Adjusted for Skewness)
95% Student's-t UCLl 13.81 $5% Adjusted-CLT UCL (Chen-1995)|  14.21
| 95% Modified-t UCL (Johnson-1 97?)’W
Gamma QOF Test
A-D Test Statistic|]  1.577 Anderson-Darling Gamma GOF Test
5% A-D Critical Valua|  0.745 Data Not Gamma Distributed at §% Significance Level
K-S Test Statistic|  0.209 Koimogorov-Smimov Gamma GOF Test

5% K-S Critical Value 0.174 Data Not Gamma Distributad at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Gamme Statistics

khat (MLE)| 11.81 k star (bias corrected MLE)| 10,24

Theta hat (MLE)| _ 1.062 Theta star (blas corrected MLE)|  1.203

nu hat {(MLE)| 580.3 nu star (bias corrected}| 512

MLE Mean (blas correcied)| 12.32

MLE 5d (bias corrected) 3.85

“Approximate Chi Square Value (0.05)| 460.5
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Adjusted Lavel of slgnlm:ance| 0.0385 I Adjustad Chi Square Valua] 457.2
Assumning Gamma Distribution
95% Approximate Gamma UCL (use when n>=50))| 137 1 95% Adjusted Gamma UCL (use when n<50)l 138
Lognormal GOF Test
Shapiro Wilk Test Statistic]  0.85 ‘Shapire Wik Lognofnal GOF Test R
5% Shapiro Wilk Critical Value|  0.918 Data Not Lognormal at 5% Significance Level
Lifiefors Test Statistic| 0.184 Lililefors Lognormal GOF Test
§% Liliefors Critical Value| 0.173 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level
Lognormal Statistics I -
Minimum of Logged Data‘ 2.041 | Mean of logged Dala] 2.468
Maximum of Logged Daual 3.288 l SD of logged Data| 0.281
Assuming Lognormal Distribution
5% H-UCL| 13.6 90% Chebyshev (MVUE) UCL| 14.34
95% Chebyshev (MVUE) UCL| 1529 97.5% Chebyshev (MVUE) UCL| 16.6
89% Chebyshev (MVUE) UCL| 19.19
Nonparametric Distribution Free UCL Statistics
Data do not foliow a Discemible Distribution (0.05) ——— |
Nonparametric Distribution Free UCLs
95% CLTUCL] 13.75 5% Jackknife UCL| 13.81
95% Standard Bootstrap UCL|  13.74 95% Bootstrap-t UCL| 15,6
95% Hall's Bootstrap UCL| 22.22 5% Percentile Bootstrap UCL|  13.86
95% BCA Bootstrap UCL|  14.08
90% Chebyshev({Mean, Sd) UCL| 14.94 95% Chebyshev(Mean, Sd) UCL|  16.12
§7.5% Chabyshev({Mean, Sd) UCL| 17.77 99% ChebysheviMean, Sd) UCL| 21
Suggested UCL to Use
95% Student's-t UCL] 13.81 I or 95% Modified-t UCLI 13.88
Note: the sall of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
Thesa recommendations are based upan the results of the simulation studies summarized in Singh, Maichle, and Lee (2005).
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
Genenal Statisfics
Total Number of Observations| 25 Number of Distinct Observations| 25 P
Number of Missing Observations| 0 N
Minimum| 20 Mean| 1001
Maximum| 323 Median| 63.9
SD| 823 Std. Emmor of Mean|  17.86
Coefficient of Variation 0.892 Skewness|  1.173
Normsl GOF Test
Shapiro Wilk Test Statistic|  0.819 Shapiro Wik GOF Test
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5% Shapiro Wilk Critical Value|  0.918

Data Not Normal at 5% Significance Level

Lilliefors Test Statistic;,  0.218

URiefors GOF Test

5% Llllisfors Critical Value|  0.173

Data Not Normal at 5% Slgnificance Level

Data Not Normal at 5% Significance Level

Assuming Norme! Distribution

5% Normal UCL

§5% UCLs (Adjusted for Skewness)

5% Student's-t UCLl 130.7

§5% Adjusted-CLT UCL (Cher-1995) 734

95% Modified-t UCL (Johnson-1 978)1 131.4

Gamma GOF Test
A-D Test Statistic]|  0.829 Andareon-Darling Gamma GOF Test
5% A-D Critical Value]  0.762 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic]| 0,148 Koimogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.178

Detectad data appear Gamma Distributed at 5% Significance Lavel

Detacied data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statietics

k hat (MLE) 1.483

k star (blas corrected MLE) 1.332

Theta hat (MLE)| 67.53

Theta star (bias corrected MLE)| 75.2

nu hat (MLE)| 74.14

nu star (bias corrected)| 66.58

MLE Mean (blas corrected)| 100.1

MLE §d (blas corrected)| 86.78

Approximate Chi Square Value (0.05)| 48.8

Adjusted Level of slgnll'lcanael 0.0395

Adjusted Chi Square Value| 47.76

Assuming Gamma Distribution

95% Approximate Gamma UCL. (use when n>=50)| 136.6 |

95% Adjusted Gamma UCL (use when n<50)| 133.6

Lognommal GOF Test
Shapira Wilk Tast Statistic|  0.928 Shapiro Witk Lognormal GOF Test
5% Shapiro Wik Critical Valus]  0.918 Data appear Lognormal at 5% Significance Lavel
Liltefors Test Statistie;  0.116 Lillefore Lognormal GOF Test

5% Liliefors Critical Value|  0.173

Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

Lognonmal Statistics

Minirum of Logged Data| 2.996

Mean of logged Daml 4233

Maximum of Logged Daval 5.778 [

SD of logged Dala| 0.836

Assuming Lognormal Distribution

§5% H-UCL| 156.2

0% Chebyshev (MVUE} UCL| 159

95% Chebyshev (MVUE) UCL| 185.8

97.5% Chebyshev (MVUE) UCL| 222.9

-
89% Chebyshev (MVUE) UCL| 295.9

Nonpsrametric Distribution Free UCL Statistics

Dats appear i foliow a [ L

at5% Si Level

Nonparametric Distribution Free UCLs

95% CLT UCL] 1295

95% Jackknife UCL| 130.7

95% Standard Bootstrap UCL| 128.9

85% Bootstrap-t UCL| 138

95% Hall's Bootstrap UCL| 133.5

95% Percentile Bootstrap UCL| 129.9

95% BCA Bootstrap UCL| 133

90% Chebyshev(Msan, $d) UCL| 153.7

95% Chebyshev(Mean, Sd) UCL| 178
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97.5% Chebyshev{Mean, Sd) UCLI 211.7 I

99% Chebyshev(Mean, Sd) UCLl 2779

Suggested UCL to Use

95% Adjusted Gamma UCL| 139.6 |

‘When a data set follows an {e.g., narmal)

passing ane of the GOF test

‘When applicabls, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing bath GOF tests in ProUCL

Note: the sal of a 95% UCL are provided to help the user to select the most appropriate 85% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studles summarized in Singh, Maichle, and Lea (2006).

However, simulations resuits will not cover all Real World data sats; for additional insight the user may want to cansult a statistician,

General Statistics

Total Number of Observations{ 25

Number of Distinct Observations| 23

Number of Missing Observations| 0

Minimum| 20400

Mean| 28352

Maximum| 75700

Median| 25800

SD| 10838

Std. Eror of Mean| 2128

Coefficlent of Variation|  0.375

Skewness| 3.934

Normal GOF Test
Shapiro Wik Test Statistic|  0.549 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Valus|  0.918 Data Not Normal at 5% Significance Level
Liliiefors Test Statistic|  0.244 Lillefors GOF Test

5% Lliliefors Critical Value| 0,173

Data Not Normal at 5% Significance Level

Data Not Normel at 5% Significance Level

5% Normal UCL

5% UCLs (Adusted for Skewness)

95% Students-t UCL| 31992

95% Adjusted-CLT UCL (Chen-1895) | 33641

|

95% Modified-t UCL (Johnson-1978) | 32271

Gamma GOF Test

A-D Test Statistic|  2.025

Anderson-Darling Gamma GOF Test

5% A-D Critical Value|  0.744

Data Not Gamma Distributed at 5% Significance Lavel

K-S Test Statistic| 0.2

Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.174

Data Not Gamma Distributed at 5% Significance Lavel

Data Not Gemma Distributed st 5% Significance Level

Gamma Statistics

Khat(MLE)| 12.49

K star (bias carracted MLE)|  11.02

Theta hat (MLE)| 2269

Theta star (bias corrected MLE)| 2573

fu hat (MLE)| 624.7

nu star (blas correctad}| 551

MLE Mean {bias corrected) | 28352

MLE Sd (blas corrected)| 8540

‘Approximate Chi Square Value (0,05)| 497.6

Adjusted Level of Slgnlﬁeanoel 0.0395

Adjusted Chi Square Value| 494.1

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50))| 31397 l

5% Adjusted Gamma UCL (use when n<50) 31617
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Lognormel GOF Test
Shapiro Wilk Test Statistic]  0.754 ‘Shapiro Wik Lognormal GOF Test
5% Shaplro Wilk Critical Value! 0.918 Data Not Lognosmal at 5% Significance Level
Lilliefors Test Statistic]  0.174 LEllsfors Lognormal GOF Test
5% Lilliefors Critical Value|  0.173 i Data Not Lognormal at 5% Significance Level
Datn Not Lognormad at 5% Significance Lavel

Lognormal Statistics

Minimum of Logged Data] 9.923 [

Mean of logged Data| 1021

Maximum of Logged Data| 1123 |

SD of logged Datal 0.259

Assuming Loghormal Distribution

95% H-UCL.| 30948

90% Chebyshev (MVUE) UCL | 32539

95% Chebyshev {MVUE) UCL | 34542

97.5% Chebyshev (MVUE) UCL | 37323

99% Chebyshev (MVUE) UCL | 42785

Assuming Normal Distribution

95% Normal UCL

95% UCLs (Adjusted for Skewness)

95% Student's-t UCL| 66.19

95% Adjusted-CLT UCL (Chen-1995)|  70.25

I

95% Modified-t UCL {Johnson-1978) l 66.93

Gamma GOF Test
A-D Test Statistic 1.463 Anderscn-Darling Gamma GOF Test
5% A-D Critical Value|  0.76 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.21 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.177

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distribuied at 5% Significance Level

Gamma Statistics

khat (MLE)| 1.637

K star (bias corrected MLE)| 1,468

Theta hat (MLE)| _ 29.93

Theta star (bias correctad MLE}| 33.4

nu hat (MLE}| 81.87

nu star (bias conected)| 73,38

Nonparametric Distriution Free UCL Statistics

Data do not follow & Discetnible Distribution (0.05)

MLE Mean (blas corected)|  49.02

MLE Sd (bias comactad)| 40.46

‘Approximate Chi Square Value (0.05)| 54.65

Nonparametric Distribution Free UCLs

895% CLT UCL| 31852

95% Jackknife UCL|

31992

Adjusted Level of Slgnlﬂcance[

0.0395

Adjusted Chi Square Value| 53.55

Assuming Gamma Distribution

95% Standard Bootstrap UCL | 31756

95% Bootstrap-t UCL | 36557

95% Hall's Bootstrap UCL | 45963

95% Percentile Bootstrap UCL | 32332

95% BCA Bootstrap UCL.| 34608

90% Chebyshev(Mean, Sdj UCL! 34735

95% Chebyshev(Mean, Sd) UCL| 37627

97.5% Chebyshev(Mean, 5d) UCL | 41640

99% Chebyshev({Mean, Sd) UCL| 49523

Suggeeisd UCL 1o Use

95% Student's-t UCLI 31992 |

or 95% Modifled-t UCL] 32271

Note: the of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations a7e based upon data size, data distribution, and skewness.

These recommendations are based upon the resufts of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Howsver, simulations resufts will not cover all Real World data sets; for additional insight the user may want fo consult a statistician.

Total Number of Observations| 25

Number of Distinct Observations| 25

Number of Missing Observations| 0

Minimum| 12 Mean| 49.02
Maximum| 198 Median| 26.6
SD| s0.19 Std, Error of Mean| 10,04

Coafficlent of Variation|  1.024

Skewness, 2201

Notmal GOF Teet
Shapiro Wilk Test Statistic| 0.673 Shapiro Wik GOF Test
5% Shapiro Wilk Critica Value|  0.918 Data Not Normal at 5% Significance Level
Liliefors Test Statistic|  0.267 Lillefors GOF Test

5% Uliefors Critical Vaiue]  0.173

Data Not Normal at 5% Significance Level

Deta Not Normal at 5% Significancs Level
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95% Approximate Gamma UCL {use when n>=50))) 65.81 I

95% Adjusted Gamma UCL (use when n<50)| 67.16

Lognormel GOF Test
Shapiro Wilk Test Statistic|  0.91 Shapiro Wik Lognormal GOF Test
5% Shapire Wilk Critical Value|  0.318 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic| 0.177 Litliefors Lognormat GOF Test
5% Lilllefors Critical Value| 0.173 Data Not Lognormal at 5% Significance Level
Data Not Lognormal st 5% Significancs Level
Lognomal Statistics

Minimum of Logged Data|  2.485

Mean of loggad Data| 3557

Maximum of Logged Daual 5.288 l

SD oflogged Data| 0.7

Assuming Lognormal Distribution

95% H-UCL| 66.79

90% Chebyshev (MVUE) UCL|  69.78

25% Chebyshev (MVUE) UCL| 80.35

§7.5% Chebyshev (MVUE) UCL| 95.03

89% Chebyshev (MVUE) UCL| 123.8

Nonparametric Distribution Free UCL Statistics

Data do al

(0.05)

Nonparsmetric Distribution Free UCLs

85% CLTUCL| 6553

95% Jackknife UCL|  66.19

95% Standard Bootstrap UCL|  85.12

95% Bootstrap-t UCL| 82,14

95% Hall's Bootstrap UCL;  76.59

95% Parcantlle Bootstrap UCL|  67.71

95% BCA Bootstrap UCL|  71.19

90% Chebyshev(Mean, Sdj UCL| 79.13

95% Chebyshev(Mean, Sd) UCL| 92.77

§7.5% Chebyshev(Mean, Sd) UCL| 111.7

99% ChebysheviMean, Sd) UCL| 148.9

Suggestad UCL To Use

85% Chabyshev {Mean, Sd) UCL| 92.77
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Nots: garding the sal of a 85% UCL are provided to halp the user to select the most appropriate 5% UCL.

Recommendations are based upon data size. data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

Howaver, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician,

Total Number of Observations| 25 Number of Distinct Observations| 24

Number of Missing Obsaervations 0

Minimum| 256 Mean| 786
Maximum| 5040 Median| 562
SD| 917.8 Std. Emor of Mean| 183.6

Cosfficient of Varlation 1,168 Skewness| 4.475

Normai GOF Test
Shapiro Wilk Test Statistic|  0.429 ‘Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value 0.918 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic]  0.306 Uilefors GOF Teat

5% Uiliefors Criical Value|  0.173 Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Lavel

Assuming Normai Distribution

95% Normai UCL 95% UCLs (Adjusted for Skewness)

85% Students-t UCL| 1100 95% Adjusted-CLT UCL {Chen-1995)| 1263

| 95% ModHfied-t UCL (Jahnsan-197?)[ 127

Gamma GOF Test
A-D Test Statistic|  2.156 Andsrson-Dariing Gamma GOF Test
5% A-D Critical Value|  0.755 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic]  0.218 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.177 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Lavel

Gamma Statietics
khat(MLE}| 2232 k star (bias corrected MLE) 1.991
Theta hat (MLE)] 352.1 Theta star (blas corrected MLE)| 394.8

nuhat (MLE)| 111.6 nu star {blas corrected)| 99.54

MLE Mean (bias carrectad)| 786 MLE $d {blas corrected)| 557.1

Approximate Chi Square Value (0.05)| 77.52

Adjusted Chi Square Value| 76.2

Adjusted Level of Slgnlﬂmncel 0.0385

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50}) [ 1009 " 95% Adjusted Gamma UCL {use when n<50)| 1027

Lognormal GOF Test
Shapiro Wilk Test Statistic|  0.838 Shapirc Wik Lognormal GOF Test
5% Shapiro Wik Critical Value|  0.918 Data Not Lognormal at 5% Significance Leval
Lilfefors Test Statistic! ~ 0.17 Lifisfors Lognormal GOF Test
5% LiNiefors Critical Valua| 0,173 Data appsar Lognormal at 5% Significance Lavel

Data appear 1 2t 5% Sk Level

Page 17 of 56
7/25/2018

Minimum of Logged Dam] 5.545 Mean of logged Da|a| 6.427
Maximum of Logged Data| 8.525 L SD of logged Data| 0.578
Assuming Lagnormal Distribution
95% H-UCL| 927.6 90% Chebyshev (MVUE) UCL| 989.5
95% Chebyshev (MVUE) UCL| 1108 §7.5% Chebyshev (MVUE) UCL| 1276
99% Chebyshev (MVUE) UCL| 1603
Nonparametric Distribution Free UCL Statistics
Data appesr to follow a [: at5% Sk Level
Nonparamadtric Distribution Fres UCLs
95% CLT UCL| 1088 95% Jackknife UCL| 1100
95% Standard Bootstrap UCL| 1083 95% Bootstrap-t UCL| 1796
95% Hall's Bootstrap UCL| 2204 95% Percentile Bootstrap UCL| 1139
95% BCA Bootstrap UCL| 1313
90% Chebyshev(Mean, Sd) UCL| 1337 95% Chebyshev(Mean, Sd) UCL| 1586
97.5% Chebyshev(Mean, Sd) UCL| 1932 99% Chebyshev(Mean, Sd) UCL| 2612
Suggested UCL to Use
95% H-UCLI 9276 |
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the mast appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lse (2006).
Howaver, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician,
ProUCL compurtas and outputs H-statistic based UCLs for historical reasons only.
Fretatistic often resuits in unstable (both high and fow) values of UCLES as shown In exampies In the Technical Guide.
Itis therefore recommended to avoid the use of H-statialic based 85% UCLs.
Use of methods are p to compute UCLS5 for skewed data sets which do not follow a gamma distribution.
Mercury
Total Number of Observations| 25 Numbar of Distinct Observations| 19
Number of Missing Observations| 0
Minimum;  0.06 Mean 0.754
Maximum! 4.4 Median 0.38
SD| 0.954 Std. Error of Mean|  0.191
Caatficient of Varlation 1265 Skewness!| 2,655
Normal GOF Test
Shapiro Wilk Test Statistic|  0.594 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data Not Narmal at 5% Significance Level
Lifliefors Test Statistic|  0.233 Litiefors GOF Test
5% Lilliefors Critical Value|  0.173 Data Not Normal at §% Significance Level
Data Not Normal at 5% Significance Level J
Assuming Normal Distribution
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5% Normai UCL. 95% UCLs (Adjusted for Skewneses)
95% Student's-t UCL| 1.081 95% Adjusted-CLT UCL (Chen-1885)|  1.177
| 95% Modified-t UCL (Johnson-1 97§’W
Gamema GOF Test
A-D Tost Statistic]  0.49 Anderson-Darling Gamma GOF Test
5% A-D Critical Valus|  0.774 Detected data appear Gamma Distributed at 5% Significance Lavel
K-S Test Statistic| 0,145 Koimogorov-Smimov Gamma GOF Test

5% K-S Critical Valus|  0.18

Detected data appear Gamma Distributed at 5% Significance Lavel

Detacted data appear Gamma Distributed at 5% Significance Level

Gamema Statistics

khat (MLE)| 0.966

k star (bias corrected MLE) 0.876

Theta hat (MLE)|  0.781

Theta star (bias corrected MLE)|  0.861

U hat (MLE)|  48.28

nu star {bias corrected)| 43.82

MLE Maan (bias correctad) 0.754

MLE Sd (bias corrected)|  0.806

Approximate Chi Square Value (0.05)| 29.64

Adjusted Level of SlgnlflcancsI 0.0395

Adjusted Chi Square Value| 28.85

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50) 1115 l

85% Adjusted Gamma UCL (use when néﬂ)l 1.146

Lognormeal GOF Test
Shapiro Wilk Tast Statisic]  0.975 Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk Critical Value| 0.918 Data appear Lognormal at 5% Signficance Level
Lillefors Test Statistic]  0.0957 LiMefors Lognormal GOF Test

5% Lilliefors Critical Value!  0.173

Data appear Lognormal at 5% Significance Level

Deta appear Lognormel at 5% Significance Level

Lognormal Statistics
Minimum of Logged Dala] 2813 l Mean of logged Datal' -0.882
Maximum of Logged Dm| 1.482 | SD of logged Data\ 1.13
‘Assuming Lognormal Distribution

95% H-UCL| 1.448

0% Chebyshev (MVUE) UCL| 1,347

95% Chebyshev (MVUE) UCL|  1.616

§7.5% Chebyshev (MVUE) UCL| 189

99% Chebyshev (MVUE) UCL| 2.723

Nonparametric Distribution Fres UCL Statistics

Data appesr o follow a Di [: at5% Sk Lovel
Nonparametric Distibution Free UCLs
5% CLT UCL| 1.068 95% Jackknife UCL 1.081
95% Standard Boatstrap UCL 1.062 95% Bootstrap-t UCL | 129
95% Half's Bootstrap UCL|  2.353 95% Percentile Bootstrap UCL 1.066
95% BCA Bootstrap UCL 117
90% Chebyshsv{Mean, Sd) UCL 1327 95% Chabyshav(Mean, Sd) UCL, 1.586
97.5% Chebyshev({Mean, Sd) UCL 1.946 89% Chebyshev(Mean, Sd) UCL| 2.653
Suggested UCL to Use
95% Adjustsd Gamma UCLJ 1.146 l [
Note: g g the of a 85% UCL are provided to help the user to select the most appropriate 95% UCL.
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Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studles summarized in Singh, Maichle, and Lee (2006),

However, simulations resutts will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

[Packsi
Goneral Statislics
Total Number of Observations| 25 Numbsr of Distinct Observations| 22
Number of Missing Observations| 0
Minimum| 21.4 Mean
Maximum| 52.1 Median
SD{ 9.048 Std. Error of Mean
Coefficlent of Variation 0.256 Skewness
Normal GOF Test
Shapiro Wilk Test Statistic| 0.956 Shapiro Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data appear Normal at 5% Signfficance Level
Lilliefors Test Statistic|  0.132 Lifiefors GOF Test
S% Lilllefors Critical Value|  0.173 Data appear Normal at 5% Significance Lavel

Data appear Normal at 5% Significance Level

Assuming Normal Distibution
985% Normal UCL 85% UCLs (Adjusted for Skewness)
95% Students{ UCL]  38.49 95% Adjusted-CLT UCL (cnw@
| 95% Modified-t UCL (Johnson-1878)! 38.5
Gamma GOF Test
A-D Tost Statistic|  0.367 Anderson-Dariing Gamma GOF Test
5% A-D Critical Value| 0.744 Detacted data appear Gamma Distributed at 5% Significance Level
K-S Test Statistic|  0.121 Kolmogorov-Smimov Gamma GOF Test
5% K-S Critical Value|  0.174 Detected data appsar Gamma Distributed at §% Significance Level

Detacted data appeer Gamma Distributed at 5% Significance Level

khat(MLE)| 15.53 K star (bias corrected MLE)|  13.69
Theta hat (MLE)| 2278 “Theta star (bias corrected MLE)| 2585 |
nu hat (MLE}| 776.4 nu star (bias corected)| 684.5
MLE Mean (blas corrected}| 35,39 MLE Sd (bias correctad)|  9.565
Approximate Chi Square Value (0.05)| 624.5
Adjusted Level of SInnIfIcancal 0.0385 Adjusted Chi Square Value| 621 B

Aseuming Garmma Distibution

85% Approximate Gamma UCL {use when n>=50)}| 38.77 |

95% Adjusted Gamma UCL (use when néO)L 39.02

Lognormal GOF Test
Shapiro WIlk Test Statistic]  0.955 Shapiro Wik Lognormal GOF Test —
5% Shapiro Wilk Critical Value|  0.918 Data appesr Lognormal at 5% Significance Level
Unlefors Test Statistic|  0.125 Lifllefors Lognormal GOF Test

5% Lilllefors Critical Valus|  0.173

Data appear Lognormal at 5% Significancs Lavel

Dsta appeer Lognormal at 5% Significance Level

Lognommai Statistics
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Minimum of Logged Daml 3.063 | Mean of logged Data| 3.534

Maximum of Logged Daml 3.953 y SD of logged Data| 0.263

Assuming Lognormal Distribution

95% H-UCL| 39.05 90% Chebyshev (MVUE) UCL| 41.08

5% Chebyshev {MVUE) UCL| 43.65 97.5% Chebyshev (MVUE) UCL| 47.21

99% Chebyshev (MVUE) UCL| 542

Nonparametric Distribution Free UCL Statistics

Data appear o follow a 5% Sk Lovel

Nonparamatric Distribution Free UCLs

95% CLTUCL| 3837 85% Jackknite UCL|  38B.48

95% Standard Bootstrap UCL|  38.33 85% Bootstrap-t UCL| 38.44

85% Hall's Bootstrap UCL| 38.46 95% Percentile Bootstrap UCL| 38.29

95% BCA Bootstrap UCL|  38.29

90% ChebysheviMean, Sd) UCL| 40.82 85% ChebysheviMean, Sd) UCL| 43.28

89% Chabyshev(Mean, Sd) UCL| 53.4

97.5% Chebyshev(Mean, Sd) UCL| 46.69 J

Suggested UCL to Use
95% Student'st UCL] 3849 | T
Note: g the of a2 85% UCL are provided to help the user to select the most appropriate 85% UCL.

Recommendations are based upon data size, data distribution, and skewness.

Thesa recommendations are based upon the resuits of the simulation studles summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Realt World data sets; for additional insight the user may want to consult a statistician.

==
Qeneral Statistics
Total Number of Observations| 25 Number of Distinct Observations| 15
Number of Missing Observations| 0
Minimum|  0.18 Mean| 0.333
Maximum| 0.92 Median| 026
SD] 0203 Std. Error of Mean|  0.0405
Coefficlent of Variation|  0.608 ]7 Skewness|  2.193
Normal GOF Test
Shapiro Wik Test Statistic]  0.646 ‘Shapiro Wilk GOF Test 1
5% Shapiro Wilk Critical Value 0.918 Data Not Normal at 5% Significance Level
LUMliefars Test Statistic|  0.325 Lillefors GOF Test

5% Ulliefors Critical Value|  0.173 Data Not Normal at 5% Significance Level
—_—

Data Not Norma! at 5% Significancs Level

‘Assuming Norma) Distribution

95% Normal UCL 95% UCLs (Adjusted for Skewnees]
95% Students-{UCL]  0.402 95% Adjusted-CLT UCL (Chen-1995)]  0.419
| 95% Modifled-t UCL (Johnson-197?)FW
Gamma GOF Test
A-DTost Statistic] 2653 | Andarson-Darfing Gamma GOF Test

5% A-D Critleal Value]  0.748 [ Data Not Gamma Distributed at 5% Significance Level
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K-5 Test sraﬁsﬂc[ 0.297 Kolmogorov-Smimov Gamma GOF Test

5% K-S Critical Valus| 0.175 Data Not Gamma Distributed at §% Significance Lavel

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics

khat (MLE)| 4.437 k star (blas corrected MLE)|  3.931

Theta hat (MLE)| 0.0751 Theta star {blas corrected MLE)|  0.0848

nu hat (MLE)| 221.8 nu star (bias corrected}| 196.5

MLE Mean (blas carvacted}|  0.333 MLE Sd (blas comected) 0.168

Approximate Chi Square Value (0.05)( 165.1

Adjusted Chi Square Value| 163.1

Adjusted Leval of Significance| 0.0385

95% Approximate Gamma UCL {use when n>=50}) 0.397

95% Adjusted Gamma UCL {use when n<50) 0.401

Lognormal GOF Test
Shapiro Wik Test Statistic| 0.79 Shapiro Wik Lognormel GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data Not Lognormal at 5% Significance Leval 1
Liliefors Test Statistic|  0.271 Liltiefors Lognormal GOF Test
5% Lilllefors Critical Value| 0.173 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Minimum of Logged Data| -1.715 ‘ Mean of logged Data( -1.216

Maximum of Logged Datal -0.0834 SD of logged Datal 0.446

95% H-UCL| @38 90% Chebyshev (MVUE} UCL])  0.418

95% Chebyshev (MVUE) Uclj 0.457 97.5% Chebyshev (MVUE) UCL|  0.514

99% Chebyshev (MVUE) UCL|  0.625

‘Nenparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution (0.05)

Nonparametric: Distribution Fres UCLs

95% CLTUCL| 0.4 95% Jackknife UCL|  0.402

95% Standard Bootstrap UCL|  0.38% 95% Bootstrap-t UCL| 0,453

95% HaiP’s Bootstrap UCL|  0.42 95% Percentile Bootstrap UCL|  0.403

95% BCA Bootstrap UCL| 0.418

90% Chebyshev(Mean, Sd) UCL|  0.455 95% Chebyshev(Mean, Sd) UCL|  0.51

97.5% Chebyshev(Mean, Sd) UCL| 0.586 99% Chebyshev{Mean, Sd) UCL| 0.736

Suggested UCL to Use
95% Student’s-t UCIJ 0.402 or 95% Modifled-t UCL| 0.405
Nota: the salection of a 95% UCL are provided to halp the user to select the most appropriate 95% UCL.

Recammendations are basad upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized In Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional Insight the user may want to consult a statisticlan.

[Siver
[

Page 22 0f 56
7/25/2018




General Statistics

Total Number of Observations| 25 Number of Distinct Observations| 15
Number of Missing Observations| 0
0.06 Mean!  0.806
Maximum| 3.1 Median| 0.18
sD| 0822 Std. Error of Mean 0.184
Coefficlent of Variation 1144 0.985
Normal GOF Test
Shapiro Wilk Test Statistic| 0.787 Shapiro Wik GOF Test
5% Shapiro Wikk Critical Value|  0.918 Data Not Normal at 5% Significance Level
Liliefors Test Statistic]  0.279 Lilllefors GOF Test

5% Lilliefors Crifical Value|  0.173

Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance Lavel

‘Assuming Normal Distrbution
85% Normal UCL 95% UCLs (Adjusted for Skewnees)
95% Students-tUCL]  1.122 95% Adjusted-CLT UCL (Chen-1995)]  1.148
| 95% Modifiedt UCL (Jnnnsun-ﬁs_)‘w
Gamma GOF Test
AD Test Statistic] _ 1.865 Anderson-Dariing Gamma GOF Test

5% A-D Critical Value|  0.79

Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic|] 0.231

-Smimov Gamma GOF Test

5% K-S Critical Valus|  0.182

Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Lavel

Gamema Statistics

Khat (MLE)|  0.678

k star {bias corrected MLE) 0.624

Theta hat {MLE) 1.188

Theta star (blas corracted MLE) 1.292

nu hat (MLE)| 33.92

nu star (blas correctad)|  31.18

MLE Mean (bias correctad) 0.806

MLE Sd (blas corrected) 1.021

‘Approximate Chl Square Vaiue (0.05)| _ 19.43

AdJusted Level of Slgnlncanoel 0,0385

Adjusted Chi Square Value| 18.8

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when i>=50))| 1284 |

95% Adjusted Gamma UCL (use when n<50} 1337

Lognormal GOF Test
Shapiro Wilk Test Statistic| 0.834 Shapiro Wilk Lognomal GOF Test
5% Shapiro Wik Critical Value| 0.918 Data Not Lognormal at 5% Significance Level
Lilliefars Test Statistic|  0.225 Lilsfors Lognormal GOF Test
5% Lilliefors Critical Valus|  0.173 - Data Not Lognomal at 5% Significance Level
Datr Not Lognormal at 5% Significance Lavel

Lognommal Stistics

Minimum of Logged Dala| 2813 ‘

Mean of logged Datal 111

MaxlmumofLoggedDm| 1,131 ‘

SD of logged Dm| 1.468

Nenparametric Distribution Fres UCL Statistics

Data do not follow a Discemible Distribution (0.05)

Nonparametric Distribution Free UCLs
85% CLT UCL| 1.108 95% Jackknife UCL| 1122
95% Standard Bootstrap UCL 1.107 95% Bootstrap-t UCL 1,133
95% Hall's Bootstrap UCL 1.133 95% Percentile Bootstrap UCL 1.124
95% BCA Bootstrap UCL 1122
80% Chebyshav(Maan, Sd) UCL 1.359 95% Chebyshev(Mean, Sd) UCL 1.61
97.5% Chabyshev{Mean, Sd) UCL 1.958 99% Chebyshav(Mean, Sd) UCL| 2.641
Suggested UCL 1o Use
5% Chebyshev (Mean, Sd)UCL]  1.61 | [
Note: the selection of a 95% UCL are provided to help the user to selact the mast appropriate 95% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are based upon the resuits of the simulation studies summarized in Singh, Malichle, and Lee {2006).
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
Gensral Statistics
Total Number of Observations| 25 Number of Distinct Observations| 18
Number of Missing Observations| 0
Minimum|  0.08 Mean| 0.434
Meaximum| 2.6 Medlan| 0.2
SD| 0716 Std. Error of Mean 0.143
Coefficient of Variation 1.649 Skewness| 2.525
Normal GOF Test
Shapiro Wilk Test Statistic|  0.498 Shapiro Witk GOF Test
5% Shaplro Wilk Critical Value| 0.918 Data Not Normal at 5% Significance Level
Liliefors Test Statistic|  0.41 Lifiefors GOF Test
5% Lilllefors Critical Value]  0.173 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

Assuming Normal Distribution

95% Normsl UCL.

5% UCLs (Adjusted for Skewness)

85% Student's-t UCL| 0.679

95% Adjusted-CLT UCL (Chen-1995)(  0.747
95% Modified-t UCL (Johnson-1978);  0.691

Gamma GOF Test
A-D Test Statistic|  3.398 Anderson-Darfing Gamma GOF Test
5% A-D Critical Value|  0.779 Data Not Gamma Distributed at 5% Signlificance Level
K-S Test Statistic|  0.311 Kolmogorov-Smimov Gamma GOF Test
5% K-8 Critical Valus| 0.18 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL| 2485 90% Chebyshev (MVUE) UCL|  1.858
95% Chebyshev (MVUE) UCL| 2296 97.5% Chebyshev (MVUE) UCL|  2.903
99% Chebyshev (MVUE) UCL|  4.096
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khat(MLE}| 0.869 | k star {blas correctad MLE)| 0.781
Thata hat (MLE)| 0458 | Theta star (blas corrected MLE)|  0.548
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nu hat (MLE)]  43.45 nu star (blas corrected)| 3957
MLE Mean (bias novrecnad)l 0.434 MLE Sd (blas corrected) 0.488
Approximate Chi Square Value (0.05)| 26.16
Adjusted Level of slgnlﬂcance| 0.0395 Adjusted Chi Square Value| 25.42
Assuming Gamma Distribution
95% Approximate Gamma UCL (use whan n>=50)) 0.656 ‘ 95% Adjusted Gamma UCL {use when n<50)| 0.676
Lognommal GOF Test
Shapiro Wilk Test Statistic|  0.777 Shapiro Wik Lognormal GOF Test
5% Shapiro Wilk Criticat Value| 0918 Data Not Lognormal at 5% Significance Level
Lilltefors Test Statistic|  0.206 Lilisfors Lognormal GOF Test
5% Lilefors Crilcal Value|  0.173 Data Not Lognommal at 5% Significance Level
Data Not Lognommal at 5% Significance Level
Lognormal Statistics
Minimum of Logged Dam] -2.408 Mean of logged Data| -1.51
Maximumn of Logged Dalal 0.956 [ SD of logged Datal 0,989
Assuming Lognormal Distribution
95% H-UCL| 0.594 80% Chebyshev (MVUE) UCL|  0.586
95% Chebyshev (MVUE) UCL|  0.693 97.5% Chebyshev (MVUEy UCL|  0.841
99% Chebyshev (MVUE} UCL|  1.132
Nonparamatric Distribution Free UCL Stetistica
Datn do not follow a Discemibie Distribution (0.05)
Nonparametric Distribution Free UCLs
95% CLTUCL| 0.669 95% Jackknite UCL|  0.67¢
85% Standard Bootstrap UCL 0.669 85% Bootstrap-t UCL. 0.836
95% Hall's Bootstrap UCL|  0.624 95% Percentile Bootstrap UCL|  0.674
95% BCA Boaotstrap UCL 0.758
90% Chebyshev({Mean. Sd) UCL 0.863 55% Chebyshev(Mean, Sd) UCL 1.058
97.5% Chebyshev({Mean, Sd) UCL| 1328 99% Chebyshev({Mean, Sd) UCL. 1.858
Suggested UCL to Use
95% Chebyshev {(Mean, Sd) UCLI 1.058 |
Note: G g the sels of a 85% UCL are provided to help the user to select the most appropriate 85% UCL.
Recommendations are based upon data size, data distribution, and skewness.
These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Les (2006).
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
| Vanadium
General Statistics
Total Number of Observations| 25 Number of Distinct Observations| 25
Number of Missing Observations| 0
Minimum{ 225 Mean| 30,84
Maximum| 41.9 Median|  30.7
SD| 4.876 Std. Error of Mean 0.975
Coefficient of Variation|  0.158 Skewness| 0.216
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Normal GOF Test
Shapiro Wilk Test Statistic|  0.98 Shapire Wik GOF Test
5% Shapiro Wilk Critical Value|  0.918 Data appear Normal at 5% Significance Level
Liiefors Test Statisc|  0.0788 Uiiefors GOF Test

5% Lilfefors Critical Value|  0.173

Data appear Normal at 5% Significance Level

Data appear Normal at 5% Significance Lavel

‘Assuming Normal Distribution
85% Normal UCL 55% UCLs (Adjusted for Skewnees)
95% Students-t UCL| 32.61 95% Adjusted-CLT UCL WﬂE
| 95% Modified-t UCL (Johnson-1978)| 32.62
Gamma GOF Test
A-D TestStatistic] _ 0.189 ‘Anderson-Darling Gamma GOF Test

5% A-D Critical Value|  0.743

Detected data appear Gamnma Distributed at 5% Significance Level

K-S Test Statistic| 0.0861

Kotmagorov-Smimov Gamma GOF Test

5% K-S Critical Value|  0.174

Detected data appear Gamma Distributed at 5% Significance Level

Detacted data sppear Gamma Distributed at 5% Significance Level

Khat{MLE)] 41.78

K star (bias corrected MLE)| _ 36.79

Theta hat (MLE)|  0.741

Theta star (blas corrected MLE) 0.841

nu hat (MLE)| 2089

nu star (blas comrected)| 1840

MLE Mean (blas corrected)| 30.94

MLE Sd (bias comected)]  5.101

‘Approximate Chi Square Value (0.05)| 1741

Adjusted Level of SIgnIerance| 0.0395

Adjusted Chi Square Value| 1734

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50))[ 32.69 ]

95% Adjusted Gamma UCL (use when n<50)| 32.82 |

Lognormal GOF Test

Shapiro Wilk Test Statistic|  0.981

Shapiro Witk Lognermal GOF Test

5% Shapiro Wilk Critical Valus|  0.918

Data appear Lognormal at 5% Significance Level

Lilllefors Test Statistic;  0.0833

UNliefors Lognomal GOF Test

5% Lilliefors Critical Value|  0.173

Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Lavel

Lognormal Statfstics

Minimum of Logged Data 3.114

Mean of logged Data 342

Maximum of Logged Da