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1.0 INTRODUCTION

This Remedial Action Plan (RAP) presents the remedial activities that will be implemented at the
Adair Park Archery Range (site) located at 4760 South US Highway 95 and is accessed via Adair
Park Road, approximately 12 miles north of Yuma, Arizona (Figure 1). In August 2000, an initial
site assessment of the Adair Park Archery Range revealed the presence of elevated lead
concentrations in the soil within the archery range. The subsequent investigation of the site
discovered the site had previously been used for silver mine ore processing and that residual lead
was discarded on site in the tailings from the silver ore mill. Remediation of the site performed in
2006 included excavation of contaminated soil, moving it to another area of the site that contained
lead impacted soil and placing a gravel and double chip seal cap over the stockpiled contaminated
soil (Figure 2). Yuma County entered the Voluntary Remediation Program (VRP) to address
Arizona Department of Environmental Quality (ADEQ) concerns of residual lead contamination
remaining at the site and the adequacy of the existing stormwater conveyance to protect the
existing capped area of the site. Additional site characterization was performed in 2018 and 2019
in order to seek a No Further Action (NFA) letter from the ADEQ and having a Declaration of
Environmental Use Restriction (DEUR) placed on the site.

2.0 SITE BACKGROUND

The site consists of 24 acres that was dedicated to Yuma County by the United States Bureau of
Reclamation (USBR) in 1967 for rifle, pistol, and archery range uses. The archery range site is
located in a dry ephemeral wash that is surrounded by the Gila River to the south, desert hills to
the north and west and a shooting range to the east (Figure 2). The site currently consists of an
archery range, several buildings, a shade structure, elevated shooting structures, archery targets
and materials, and maintenance equipment.

2.1 PREVIOUS INVESTIGATIONS

An investigation of the site was performed in 2000. The investigation discovered that the site was
formerly used as a silver ore mill during the late 1800s and early 1900s. The silver ore was brought
to the site from the mine and processed at the mill. The tailings from the silver ore processing,
which contained elevated lead concentrations, were placed in a tailings pond located on the site.
The silver ore processing and associated tailings resulted in lead contaminated soil migrating
throughout the site via stormwater runoff and wind-borne transportation.

Subsequent investigations by Yuma County and the ADEQ, through its Brownfields Site Cleanup
Grant awarded by the US Environmental Protection Agency (USEPA) in 2004, revealed lead
contaminated soil was present in the archery range and the archery practice area. Laboratory
analytical results indicated that lead was present in the soil at concentrations up to 38,000
milligrams per kilogram (mg/kg). No other metals were detected in the soil that exceeded their
respective soil remediation levels (SRLs). The lead contaminated soil was limited to an area within
the boundaries of the site. In 2006, Yuma County entered the VRP and performed remedial
activities at the site.

In 2006, the site was divided into three (3) areas of concern (AOCs) (Figure 2). Soil excavated

from AOC 2 and AOC 3 was placed in AOC 1 where it was capped with a gravel base and a double
1
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chip seal surface (Kleinfelder 2006) . Fill from a nearby source was used to backfill the excavated
areas in AOC 2. Soil excavated from AOC 3 created two stormwater retention basins currently
used as part of the stormwater management system at the site. Additionally, engineering controls
were constructed to divert stormwater around the capped area toward drainage channels on both
sides of the capped area, into drainage channels through AOC 2 and into the retention basins
located in AOC 3.

Following completion of the remediation, Yuma County intended to pursue an NFA and DEUR
for the site. However, a reversion clause in the USBR dedication resulted in delaying the
preparation of the NFA and DEUR. The archery range reopened in 2007 and Yuma County began
inspection and maintenance of the engineering controls constructed to protect the integrity of the
capped area.

ADEQ conducted a site inspection on March 5, 2014 and conducted a subsequent file review by
the ADEQ VRP on March 7, 2014. The site inspection and file review indicated that several issues
remain to be addressed at the site. Based on the ADEQ site inspection, the following
recommendations were presented in a letter to Yuma County dated June 4, 2014:

1. An analysis of the stormwater conveyance should be prepared prior to application for a
DEUR. The analysis should include an assessment of the stormwater flow and whether it is
adequately diverted around the capped area or if peak flows result in flow across the top of
the capped area.

2. Rip rap was used as a protective wall upstream (north) of the capped area instead of the
originally designed concrete cutoff wall. The stormwater conveyance assessment should also
evaluate the protectiveness of the rip rap wall and ensure the cap will not be undermined
during a peak storm event.

3. An engineering control or calculation of a site specific alternate soil remediation standard
should be prepared for the uncapped areas where lead may be present in concentrations
greater than the established non-residential (NR) SRL.

4. Repair areas where the stormwater drainage channels have been eroded. All repairs or
modifications to the erosion control system should be prepared and performed under the
direction of an Arizona Professional Engineer.

5. Develop an alternate GPL for the site to evaluate potential impact to groundwater at the site.

Based on the file review conducted by ADEQ VRP, the ADEQ recommended the following in a
letter dated March 7, 2014

1. Approximately 35,000 to 40,000 cubic yards of fill material was used to replace the soil
removed from AOC 2. The fill material was not certified clean and documentation that the
fill material is free of environmental contaminants was not provided. Therefore, the ADEQ
requested that the soil used as fill material be sampled and analyzed for Resource
Conservation and Recovery Act (RCRA) eight (8) metals.

2. Protectiveness of groundwater was not evaluated during any of the assessments or remedial
actions. Therefore, the ADEQ recommended eight (8) soil samples be collected and analyzed

2
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for RCRA 8 total and leachable metals concentrations to enable the calculation of an alternate
GPL for the site.

3. AOC 3 still contains lead in concentrations that exceed the NR SRL of 800 mg/kg. The
ADEQ recommended the entire AOC 3 area be evaluated for RCRA 8 metals.

4. Based on previous investigations, lead contamination remains in the soil and engineering
controls have been constructed to minimize exposure to the employees and users of the
archery range. The ADEQ recommends a DEUR be submitted for approval. The DEUR
should include the DEUR fee, an Engineering Control Plan (ECP), and proof of financial
assurance.

5. The Phase II Environmental Site Assessment report did not document sample location or data
used for background concentrations that were used to calculate the alternate background
concentration cleanup levels. The ADEQ recommends conducting sampling to establish
background concentrations for lead.

Based on this cap inspection and file review, Nicklaus Engineering, Inc. conducted additional site
characterization and performed a stormwater conveyance evaluation for the site in 2019. The
stormwater conveyance evaluation concluded several locations have experienced minor erosion
that will be required to be repaired. Additionally, the channels downstream of the capped area will
also require repair or upgrading in order to prevent stormwater overflow and erosion of the
adjacent soil.

The distribution of lead in soil indicates that the top one feet of soil in several areas outside the
capped area contain lead in concentrations greater than the NR SRL of 800 mg/kg. Additionally,
the former tailings pile location contains lead in concentrations greater than 800 mg/kg and one
location contains lead and cadmium in toxicity characteristic leaching procedures (TCLP)
concentrations above their respective regulatory limit making the soil in the immediate area around
this sample a characteristic hazardous waste due to its lead and cadmium toxicity.

Groundwater was encountered only on the southern third of the site, approximately along the
northern edge of the detention basins located in AOC 3A and AOC 3B. The depth to groundwater
in the southern area of the site is approximately 15 feet below ground surface (bgs). The portion
of the site north of the detention basins, including the capped area and the former tailings pile area
is underlain by shallow granitic bedrock and no groundwater is present in the alluvium. An
alternate site-specific GPL of 50,899 mg/kg was calculated for lead at the site. No soil sample
results exceeded the site specific GPL by the x-ray fluorescence (XRF) analyzer or by laboratory
analysis.

The first attempt to evaluate groundwater quality resulted in sand heaving into the borehole
preventing collection of a groundwater sample. A temporary groundwater monitoring well was
installed at the site on November 6, 2019 and a groundwater sample was collected from the well
on November 18, 2019. Lead was not detected in the groundwater at a concentration exceeding
its laboratory reporting limit.
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3.0 EXTENT OF CONTAMINATION

3.1 REMEDIATION GOALS

Soil remediation goals for the site are the non-residential SRL established by the ADEQ for metals.
The arsenic non-residential SRL is 10 mg/kg and the non-residential (NR) SRL for lead is 800
mg/kg. To ensure that any existing soil contamination will not cause an exceedance of the aquifer
water quality standard (AWQS), a site-specific GPL was calculated for lead utilizing 4 Screening
Method to Determine Soil Concentrations Protective of Groundwater Quality (ADEQ 1996)
methodology. The analytical results, in this case the method detection limit of 0.019 mg/L, for the
SPLP analysis were entered into the model to calculate a site-specific GPL. The calculated site-
specific GPL supersedes the minimum GPL for lead. A site-specific GPL of 50,899 mg/kg was
calculated.

Table 1 Site Specific Remediation Goals

Residential Non-Residential
GPL
Constituent SRL SRL Comments
(mg/kg)
*Calculated site
Lead 400 800 50,899° specific ~ GPL
value
Arsenic 10 10 290" “Minimum GPL

3.2 EXTENT OF LEAD IN SOIL

3.2.1 Background Soil

Eight (8) background soil samples were collected from areas surrounding AOCs 1, 2 and 3 (Figure
3). The background samples were collected from a depth of 0.0 feet (ft) to 0.5 ft bgs at each
location. Each location was screened for lead using the portable x-ray florescence (XRF) analyzer
prior to sample collection for comparison purposes (Table 2). Arsenic was detected in all samples
and range in concentration from 10 mg/kg to 15 mg/kg, all above the NR SRL of 10 mg/kg. The
arsenic is believed to be naturally occurring and not related to the silver milling activities. Lead
ranged in concentrations from 16 mg/kg to 620 mg/kg, below the NR SRL of 800 mg/kg. The
results of the background soil sampling are summarized in Table 3.

3.2.2 AOC?2EXTENT

At the time the soil was removed from AOC 2, the non-residential SRL for lead was 2,000 mg/kg
but has subsequently been lowered to 800 mg/kg. Therefore, removal of contaminated soil may
have only addressed lead to 2,000 mg.kg. Additionally, the backfill soil used to replace the soil
that was removed from AOC 2 was not documented and the source of the fill material was not
certified clean prior to backfilling. The objective of the soil sampling effort in AOC 2 was to
assess the fill soil, both depth of fill and whether it contained any constituent of concern, and to
assess the soil left in place below the fill.
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Based on the estimated total area of AOC 2, approximately 13,000 square yards, and the estimated
amount of fill material reported to be between 35,000 and 40,000 cubic yards of soil, the depth of
fill was estimated to be between 2.5 and 3 feet in thickness in AOC 2. Based on the results of the
soil sampling in AOC 2, the depth of fill ranged between 1 and 3.5-feet bgs, for an average depth
of 2.2 feet bgs. Additionally, none of the samples collected from the fill in AOC 2 exceeded the
residential SRL for lead of 400 mg/kg, ranging from 38 mg/kg to 370 mg/kg.

Eight (8) soil sample locations were sampled and a total of 16 soil samples and one duplicate
sample were collected in AOC 2 for submission to the analytical laboratory (Figure 3). Each
location was drilled using hollow stem auger (HSA) drilling techniques and were continuously
sampled to a total depth of 6 feet bgs. The soil samples were screened every 6-inches from the
surface to 5 feet bgs for lead using a portable XRF analyzer (Figure 3 and Table 2). Soil samples
in AOC 2 were collected from the fill material at the surface, 0.0 ft to 0.5 ft bgs, and from the
natural soil below the fill material with the highest XRF reading at each location and submitted to
the laboratory for confirmation analysis.

The results of the laboratory analysis of the soil below the fill were compared to the current NR
SRL for lead of 800 mg/kg and the site-specific GPL (Figure 4 and Table 2). Only one sample
from AOC2, AOC2-6-4.0, a sample collected from the natural soil at 4 feet bgs, contained lead at
a concentration of 1,600 mg/kg (Figure 4). No other sample from AOC 2 contained lead at a
concentration greater than the NR SRL of 800 mg/kg. The laboratory analytical results for the soil
sampling in AOC 2 are summarized in Table 4. The boring logs for each sample location are
presented in Appendix A.

3.2.3 Soilin AOC3

Based on historical soil data, the lead contamination was limited to the surface in AOC 3. Large
parts of AOC 3 were excavated to create the stormwater detention areas on either side of the
primary operating area of the Archery range. Yuma County subdivided AOC 3 into the following
areas: the eastern detention pond area is identified as AOC 3A, the area between the two detention
ponds, where no soil was excavated, is identified as AOC 3B, and the western detention pond area
is identified as AOC 3C (Figure 2).

Thirty-two (32) soil samples were collected from 24 locations within AOC 3. Nine (9) samples
from eight locations within AOC 3A, 13 samples from eight locations within AOC 3B and 11
samples and one duplicate sample were collected from eight locations within AOC 3C (Figure 4).
Each location was drilled using HSA drilling techniques and were continuously sampled to a total
depth of 6 feet bgs. The soil samples were screened every 6-inches from the surface to 6 feet bgs
for lead using a portable XRF analyzer (Table 2). Soil samples from the surface, 0.0 ft to 0.5 ft
bgs, at each location were submitted to the laboratory for analysis and a total of seven additional
soil samples were collected in AOC 3 from deeper soil when the XRF screening indicated the lead
concentration was above 800 mg/kg. Additionally, selected soil samples from seven locations in
AOC 3B were used for lead leachability analysis using the synthetic precipitation leaching
procedure (SPLP) and the results were used to calculate a site-specific GPL for lead.

Five soil samples collected from AOC 3 contained lead in concentrations greater than the NR SRL
for lead of 800 mg/kg. Sample AOC3A-4-1 contained lead at a concentration of 1,800 mg/kg,
5
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AOC3A-5-2 at 930 mg/kg, AOC3B-2-1 at 820 mg/kg, AOC3B-8-0.5 at 820 mg/kg and AOC3C-
6-0.5 at 1,000 mg/kg. None of the samples collected for SPLP analysis contained lead at a
concentration exceeding the method detection limit (MDL) of 0.019 mg/L. The laboratory
analytical results for total metals in soil at AOC 3 are summarized in Table 4 and the SPLP results
are summarized in Table 5. The boring logs for each sample location is presented in Appendix A.

3.2.4 Soil in Former Tailings Pile Area

During XRF screening for background sample locations, the former tailings pile area was also
screened. Based on the initial screening, 13 locations were selected to be screened with the XRF
analyzer (Figure 5). Eight (8) XRF screening locations contained lead ranging from 1,316 parts
per million (ppm) to 15,000 ppm (Figures 5 and 6) . Based on those readings, a soil sample was
collected from the surface, 0.0 to 0.5 ft bgs, at the locations with the two highest readings, location
TP-8 with a reading of 7,995 ppm and location TP-13 with a reading of 15,000 ppm. These
samples were submitted for conformational laboratory analysis. In addition, both samples were
submitted for TCLP analysis to test if the samples were a characteristic hazardous waste due to its
lead toxicity. Sample TP-8 contained lead at a concentration of 5,800 mg/kg but was not detected
above the TCLP analysis reporting limit of 0.5 mg/L. Sample TP-13 contained lead at a
concentration of 12,000 mg/kg and TCLP analysis indicated lead was detected at a concentration
of 57 mg/L, above the regulatory limit of 5 mg/L for lead, and cadmium was detected at a
concentration of 1.4 mg/L, above the regulatory limit of 1 mg/L, making this sample a
characteristic hazardous waste due to its lead and cadmium toxicity. The laboratory analytical
results for the soil sampling in tailings pile area are summarized in Table 4.

3.3 EXTENT OF CONTAMINATION IN GROUNDWATER

The extent of groundwater at the site is limited. Based on the results of the drilling, it appears that
only the southern third of the site is underlain by groundwater. Groundwater was not encountered
on the northern portion of the site due to elevated bedrock (Figure 7). The results of the
groundwater sample analysis from the temporary well indicated that the COCs were not present in
concentrations exceeding their respective method detection limits and that groundwater was not
impacted by the constituents of concern at the site.

3.4 RISK ASSESSMENT

The ADEQ obtained the assistance of The Fehling Group, LLC (TFG) to evaluate the reported
concentrations of arsenic and lead in the soil, specifically in AOC 2 and AOC 3, and to perform a
Human Health Risk Assessment on the residual concentrations of metals in the soil (TFG 2019).
TFG concluded the background concentrations of arsenic and lead exceeded their respective
calculated background concentration and further evaluation was warranted. Therefore, a human
health risk assessment was performed to assess whether the residual concentration of arsenic and
lead were protective of human health. TFG concluded that the residual concentrations of arsenic
and lead in AOC 2 and AOC 3 where protective of human health and the ADEQ concluded that
no additional remediation was warranted in these two areas. The risk assessment conclusions do
not apply to the former tailing area. The Risk Assessment prepared by TFG is presented in
Appendix B.
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3.5 STORMWATER CONVEYANCE EVALUATION

The stormwater conveyance evaluation was performed to assess the current condition of the
conveyance system and to evaluate whether additional engineering controls would be required to
comply with stormwater management regulations. The stormwater conveyance system evaluation
included an evaluation of the following:

e A topographic survey of the area was conducted to evaluate stormwater flow over and
around the capped area and through the rest of the site.

e The capacity of the stormwater conveyance around the capped area was evaluated.

e The upstream protective wall, the stormwater drainage channels, and the retention basins
were evaluated.

e Proposed modifications to the stormwater conveyance system were prepared, including
recommended upgrades to the stormwater conveyance system

¢ Proposed maintenance that should be performed on a regular basis to protect the integrity
of the stormwater conveyance system.

e Preparation of construction drawings for the proposed modifications and/or maintenance
to be implemented; and,

The updated stormwater conveyance evaluation report is presented in Appendix C. Based on the
results of the evaluation the following conclusions and recommendations were presented.

3.5.1 Stormwater Runoff - Volume

The existing stormwater retention basins have the capacity to retain approximately 16% of the
stormwater runoff generated by the watershed that flows through the site and into the Gila River
during a 100-year, 2-hour storm event. However, the storm water retention capacity of both
existing retention basins combined is approximately 5 times the capacity required to retain the
storm water runoff from the capped surface. A portion of the excess storm water runoff generated
by the watershed for the entire site leaving the existing retention basins is retained by Adair Park
Road at the southern boundary of the site. Using an AutoCAD — Civil 3D surface model to
calculate the stormwater storage capacity of the site with a low point of Adair Park Road as an
outfall elevation; the percentage of storm water runoff from the entire site retained on site before
overflow into the Gila River is approximately 30% (Appendix C). Adding additional stormwater
retention for the site was not deemed practical as there are no viable options for significantly
increasing the stormwater retention capacity of the site.

3.5.2 Stormwater Runoff — Capped Area Drainage Channels
The cap drainage channel that is located on the western side of the caped area does not have the
capacity to carry the storm water runoff for a 100-year storm (Figure 2). The cap drainage channel
that is located on the eastern side of the caped area does have the capacity to carry the storm water
runoff for a 100-year storm. The western side of the cap is slightly lower than the eastern side
and thus receives a higher volume of stormwater per event. The western bank of the western
channel could potentially erode and undermine the capped area in a high flow storm event. It is
recommended that at least an additional 6-inches of 6-inch rip-rap rock be installed on the top
7
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portion of the west bank to increase the storm water carrying capacity of western cap drainage
channel and minimize the potential for erosion and undermining of the capped area.

An inspection of the western cap drainage channel showed little signs of erosion through the
majority of the channel. However, the north (upstream) end of western cap drainage channel near
the protective rip-rap wall showed signs of erosion. To repair the erosion of the drainage channel,
it is recommended that new 6-inch rip-rap rock be installed at the upstream ends of both the
western and eastern drainage channels to protect the cap from potential damage during a high flow
storm event.

3.5.3 Stormwater Runoff — Drainage Channels Downstream of Capped Area

The western and eastern drainage channels at the south end of the capped surface was also
evaluated. It was determined that neither of the drainage channels had the capacity to carry the
storm water runoff for a 100-year storm. Also, a site inspection of both downstream drainage
channels showed significant signs of erosion outside of the channels indicating that the stormwater
was not contained within the channels.

To repair the erosion and increase the storm water carrying capacity of both drainage channels, it
is recommended that the drainage channel be reconstructed. The channels should be deepened,
and the deepened channels should be lined with 6-inch rip-rap to prevent erosion of the channels.

3.5.4 Protective Rip-rap Wall

Rip-rap protective walls consist of a layer or facing of rock, dumped or hand-placed on channel
and structure boundaries to limit the effects of erosion and is the most common type of erosional
countermeasure due to its general availability, ease of installation and relatively low cost. Rip-rap
design must account for several possible modes of failure. These include rip-rap particle erosion,
substrate material erosion and mass failure.

3.5.4.1 Rip-Rap Wall Failure Modes

Particle Erosion

Particle erosion is the most common erosional mechanism for rip-rap walls. Particle erosion
occurs when individual particles are dislodged by the hydraulic forces generated by the flowing
water. Particle erosion can be initiated by abrasion, impingement of flowing water, eddy
action/reverse flow, local flow acceleration, freeze/thaw action, ice, or toe erosion. Probable
causes of particle erosion include: (1) stone size not large enough; (2) individual stones removed
by impact or abrasion; (3) side slope of the bank so steep that the angle of repose of the rip-rap
material is easily exceeded; and (4) gradation of rip-rap too uniform. (DOT 2009a)

Rip-rap particle erosion is minimized by sizing the rip-rap to withstand hydraulic and turbulence
forces. Calculations for sizing the rock for the rip-rap wall can be found in Section 11.2 of the
Stormwater Conveyance report (Appendix C). A site inspection to assess the steepness of the
bank, gradation of rip-rap and inspect for missing stones is discussed below.

Substrate Particle Erosion
Substrate particle erosion occurs when the base material erodes and migrates through the rip-rap
voids causing the rip-rap to settle. Substrate particle erosion is limited by placing a granular or
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geotextile filter between the rip-rap and the base material. A site inspection to evaluate the existing
filter of the rip-rap wall is discussed below.

Mass Failure

Mass failure occurs when large sections of the rip-rap and/or base material slide or slump due to
gravity forces. Mass failure can be caused by excess pore water pressures, bank steepness and loss
of basal support through scour or channel migration. Also, a filter fabric that is too fine can clog
and cause the buildup of pore water pressures in the underlying soil. Rip-rap that is large enough
to resist all the hydraulic forces can fail if channel migration or scour undermines the toe support.

The following calculations estimate the scour depth of a transverse structure. Stormwater flow
characteristics for the channel north of the protective rip-rap wall are used to determine the scour
depth. A worse case water depth is estimated to be 1.0 feet.

Q =355 cfs, Depth = 1.00 ft., Velocity = 2.45 ft/s

Several commonly used countermeasures for channel instability or scour protection project
transversely into the flow (e.g., spurs, dikes, and jetties) or intercept overbank flow as it returns to
the main channel (e.g., guide banks). Estimating scour at the nose of these structures is critical to
successful design. The following equation is used when the projecting embankment/abutment
length is large in relation the flow depth (DOT, 2009b).

a

Use: — >25
y1

Where: a = structure length projecting normal to the flow = 85 ft
y; = average upstream flow depth in the main channel or on the
overbank outside the influence of the structure = 1.0 ft

85
F_85

Calculate Froude Number:

v
Use: E =———
5¢ T (gyn)”

Where: V= average velocity = 2.45 ft/s
g = gravity =32 ft/ ¢
y; = depth of flow = 1.00 ft

E =—2% __ —0433]

~ (32x 1.00)%

Since — > 25 use Equation 4.1 (DOT 2009, Vol. I)

Y1

Use: s = 4F, 033
V1
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Where: ys = equilibrium depth of scour (measured from the mean bed level to the bottom
of the scour hole), ft
y; = average upstream flow depth in the main channel or on the

overbank outside the influence of the structure = 1.0 ft
F. = upstream Froude Number outside the influence of the structure = 0.4331

= =4(0.4331°%) =3.03 fi.

Overtopping

Standard design criteria for protective rip-rap walls recommends that the rip-rap to be placed on
the bank to an elevation at least 2.0 feet greater than the design high water level. As stated above
a worse case water depth is estimated to be 1.0 feet. Therefore, a rip-rap wall height of 3.0 feet is
recommended. The majority of the protective wall is greater than three feet in height and
overtopping is not expected to represent a significant failure mode. However, the potential for
overtopping will be evaluated as discussed below..

3.5.4.2 Rip-Rap Protective Wall Inspection
The protective capped area shown in Figure 3 is protected from erosion caused by stormwater
runoff with a protective rip-rap wall located at the north end of the capped area. The design
specifications of the rip-rap protective wall were not documented at the time of construction and
therefore a detailed engineering structural analysis cannot be performed. In order to completely
evaluate the structural adequacy of the rip-rap protective wall, a detailed inspection will be
performed that will consist of the following tasks.

Inspection of rip-rap placement typically consists of visual inspection of the installation procedures
and the finished surface. A previous visual inspection of the existing wall observed a dense, rough
surface of well-keyed, graded rock, placed such that voids were minimized. Further inspection is
required to evaluate the thickness of the rip-rap blanket, average size of the rip-rap, the slope it
was placed on, what type of material the subbase is composed of, and the depth of the rip-rap into
the stream bed.

The inspection will require a portion of the wall to be dismantled so that a detailed as-built can be
prepared with sufficient detail that will allow for the structural analysis to be completed following
the guidance for inspecting rip-rap protective walls presented in the National Highway Institute
(NHI) training course 135047, “Stream Stability and Scour at Highway Bridges for Bridge
Inspectors” (DOT 2009a).

3.54.3 Rip-Rap Protective Wall Design Recommendations
Since the rip-rap wall was installed without documentation, the evaluation of the rip-rap wall will
include an inspection to determine how the wall was built. The results of the inspection will be
compared to the minimum design criteria for a protective rip-rap wall The following presents
the minimum design requirements for a protective rip-rap wall:

e The rip-rap wall shall be a minimum of 3 feet in height, including the portion of the
wall that is adjacent to the eastern and western drainage channels.
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e The thickness of the rip-rap blanket shall be a minimum of 16 inches.
e The size of the rip-rap rock shall be a minimum of D5y = 10 inches

e The base of the rip-rap blanket shall have either a granular or geotextile fabric filter
material installed.

e The maximum slope of the rip-rap wall and subbase shall be a slope no greater than
1:1.5

e The toe of the rip-rap wall shall be protected with either of the following:

o Buried toe consisting of a rip-rap rock of D = 10 inches with a geotextile fabric
filter material installed and shall be constructed 16 inches deep x 6.5 feet wide
along the length of the toe of the protective rip-rap wall.

o Mounded toe consisting of rip-rap rock that is a minimum of D5, = 10 inches
constructed 32 inches deep x 3 feet in height along the length of the toe of the
protective rip-rap wall.

If the visual inspection of the existing protective rip-rap wall identifies portions of the wall that do
not meet at least the minimum requirements presented above, designs to remedy the deficiencies
of the portions (or all) of the existing protective rip-rap wall that do not meet these requirements
will be evaluated. The design remedy that best addresses any or all of the deficiency will be
prepared and submitted to ADEQ for approval prior to implementation.

4.0 SUMMARY OF REMEDIAL ACTION

The analytical results indicated that metal constituents lead and cadmium are present in
concentrations that are characteristic of hazardous waste in the tailings area of the site. The tailings
area has not been completely characterized and therefore additional characterization will be
performed to define the nature and extent of the impact to the soil by lead and cadmium. Following
completion of the additional characterization of the tailings area, the tailings area will be capped
to prevent exposure to the contaminated soil. Additionally, portions of the stormwater conveyance
system require an upgrade and/or maintenance to maintain the protectiveness of the capped area..

4.1 PRE-REMEDIATION ACTIVITIES

Prior to the beginning of remedial activities, a site inspection will occur to document the existing
conditions at the site. The results of this site inspection will be compared with the results of the
remedial actions described below to evaluate the effectiveness of the remedial actions.

4.1.1 Permits

It is not anticipated that any permitting will be required to perform the characterization and
remedial action activities. The soil borings will not penetrate ground water, therefore no drilling
permit will be required.

11
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4.1.2 Notice of Commencement
The ADEQ VRP will be sent written notification at least 7 days prior of the commencement of
field activities to allow for the ADEQ to schedule a site visit during remedial activities.

4.1.3 Utility Clearance

Prior to any subsurface activities, the locations for the excavation area and each proposed ISCO
injection location will be surveyed for underground utilities. Each cleared location will be marked
and staked for utility clearance. Arizona 811 will be notified a minimum of 48 hours prior to
excavation and injection activities to mark known existing underground utilities. In addition, an
independent utility locator service will be used to ensure that each boring and injection location is
clear of existing underground utilities.

4.1.4 Site Security and Mobilization

All equipment and field personnel will be mobilized to the site. Mobilization will include delivery
of fencing for the laydown area, excavation and soil moving equipment, portable sanitary facilities,
and other supplies as necessary.

A laydown area will be established to stage excavation-related equipment and stockpile equipment
and other supplies, such as clean backfill and a stockpile of 6-inch rip-rap. The location of the
laydown area has not been established. The laydown area will be secured with temporary fencing
with a clearly marked entrance that may be secured with a chain and padlock. A notice will be
posted on the fence next to the gate to provide the contact information for the corrective action
contractor. Upon completion of the project, the laydown area will be returned to its original
condition. The laydown area should also be used for portable sanitary facilities.

4.1.5 Clearing and Grubbing

Clearing and grubbing will be minimal at the site. Any vegetative growth within the drainage
channels south of the capped area will be removed. The existing cobbles that line the two drainage
channels south of the capped area will also be removed. Those materials will be reused, if possible.

4.1.6 Protection of Existing Site Features

No existing features at the site, primarily the Archery Range facilities, will be impacted by
remedial activities. In the event that archery targets or other archery range object will be required
to be moved, the objects will be replaced during site restoration activities.

4.1.7 Stockpile Area Construction

Any materials that will be brought on site for the construction of the cap, modification of the
drainage channels or repair/maintenance of the existing cap will be stored at adjacent to the
laydown area. Since the construction area is less than 1 acre, a Stormwater Pollution Prevention
Plan (SWPPP) will not be required. However, best management practices will be implemented to
prevent the stockpiled materials from impacting the site of the nearby Gila River during a storm
event. Best management practices will include siting the stockpile area in an area that will not be
impacted by flash flooding and will utilize berms, straw waddles and/or silt fences to prevent the
materials from migrating away from the stockpile area during a storm event.
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4.1.8 Establishment of Work Support and Decontamination Areas
Work areas will established to prevent public exposure to potentially lead impacted soil. The areas
in which excavation of soil is occurring will be delineated with traffic barriers and caution tape.

4.2 TAILINGS PILE DELINEATION

Samples collected from the tailings pile area contained lead in concentrations that were
characteristic of a hazardous waste. Therefore, the tailings pile area will be further characterized
to define the extent of the area impacted by lead contaminated soil. Once the extent of the lead
contaminated soil has been established, an engineered cap will be designed to prevent future
exposure to the users of the archery range.

In order to fully characterize the tailings pile area, the entire area will be screened at the surface
utilizing an XRF analyzer for lead in soil. The areas that contain the highest XRF readings will be
further characterized by advancing up to four soil borings using a hollow stem auger drilling rig.
Each soil boring will be continuously sampled from the surface to a total depth of six feet begs or
refusal, whichever occurs first, with a California-modified split spoon sampler. Soil samples will
be screened, collected and analyzed by the laboratory as described in the following sections.

4.2.1 Soil Sample Screening and Collection
A total of nine soil samples will be collected from 4 soil borings advanced in the tailings area and
submitted to the laboratory for analyses. The following soil sampling procedures will be used.

e Soil samples will be collected from each soil boring continuously to a depth of 6 ft bgs by
driving a California-modified split spoon sampler 18-inches into the soil to obtain 4 discrete
soil samples per boring.

e The soil will be screened every 6-inches utilizing an XRF analyzer for lead content.

e Two soil samples from each boring with the highest XRF reading will be placed into 4-ounce
glass jars.

e [Each soil sample will be labeled and placed into a plastic baggie and stored in a cooler
containing ice to maintain the sample at approximately 4° Celsius pending delivery to the
laboratory.

e The split spoon sampler will be decontaminated prior to use. The split spoon sampler will be
washed in tap water containing a non-phosphate detergent, such as Alconox®, with a scrub
brush, followed by a tap water rinse and a second rinse in deionized water. The split spoon
sampler will be allowed to air dry prior to use. The decontamination water will be
containerized for disposal as described in Section 3.2.5 below.

e A field duplicate soil sample will be collected at a frequency of one duplicate per twenty
samples. Based on the estimated number of samples to be collected from the tailings area, one
(1) duplicate soil samples will be collected. One duplicate soil sample will be collected from
the sample with the with the highest XRF reading.

e Anequipment blank will be collected from the spilt spoon sampler by pouring deionized water
through the sampler into the appropriate sample containers supplied by the laboratory.
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e One field blank sample will be collected from the water used for the second rinse in the
decontamination procedure for the hand auger and hand sampler.

e A temperature blank sample will accompany each sample container shipped to the laboratory.
The temperature blank will be used to ensure the temperature of the samples is maintained at
approximately 4°Celcius.

e FEach sample collected will be labeled with a unique sample identifier, date and time the sample
was collected, preservation used, the sampler’s initials and the analysis to be performed. Each
sample will then be logged onto a chain—of—custody form for delivery to the laboratory.

4.2.2 Soil Sample Laboratory Analysis
Nine (9) soil samples will be analyzed for the following:

e RCRA 8 Metals using EPA Test Method 6010C/7471B.

e The Synthetic Precipitation Leaching Procedure (SPLP) extraction using EPA Test Method
1312 and analyzed for Lead using EPA Test Method 6010C. An alternative to the SPLP
extraction is the Toxicity Characteristic Leaching Procedure (TCLP) extraction using EPA
Test Method 1311. The analytical method for TCLP lead will remain the same.

The quality assurance/quality control procedures are presented in the abbreviated QAPP presented
in Appendix D.

4.2.3 Record Keeping

Field notes and measurements will be recorded in a field notebook, which will be maintained by
the Sampling Team Leader. Original copies of Chain of Custody forms, raw data, and analytical
results will be maintained by the respective laboratories performing the analyses.

4.2.4 Laboratory Confirmation Analyses

Eight (8) soil samples and one duplicate soil sample will be collected from four soil borings
advanced in the tailings area. The samples will be selected by after screening with an XRF
analyzer for lead in soil.

4.2.5 Laboratory QA/QC

An equipment blank sample will be collected from the California-modified split spoon sampler and a
field blank will be collected from the water used to decontaminate the sampler. Each sample container
will

4.3 SITE RESTORATION
Site restoration activities will include deepening the drainage channels south of the capped area, repair of
damaged portions of the stormwater conveyance in the capped area and capping the tailings pile area.

4.3.1 Stormwater Conveyance Upgrade and Maintenance

The stormwater drainage channels south of the capped area are not deep enough to contain water
from a storm event. Inspection of the channels after a storm event indicated that water overflowed
and eroded the soil surrounding the channels. Therefore, the channels will be deepened to ensure
containment of future stormwater and to prevent erosion of the areas around the channels.
Additionally, a small amount of damage to the cap has occurred where stormwater flows into the
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drainage channel on the capped area and cap drainage channel that is located on the western side
of the caped area does not have the capacity to carry the storm water runoff for a 100-year storm.

New 6-inch rip-rap rock will be installed at the upstream ends of both the western and eastern
drainage channels to protect the cap from potential damage during a high flow storm event. Also
a minimum of 6-inches of 6-inch rip-rap rock be installed on the top portion of the west bank of
western cap drainage channel to increase the storm water carrying capacity over the capped area.

4.3.1.1 Stormwater Conveyance Upgrade

The stormwater conveyance upgrade to the western and eastern channels south of the capped area
will provide the flow capacity required for each to contain stormwater flow from a 100- year storm.
Each channel will be over excavated to provide the required drainage capacity as presented below.
Since the soil in the drainage channels may contain lead above the NR SRL of 800 mg/kg, the
excavated soil will be placed in the tailings pile area and capped with the tailings.

Western Channel Design

The existing western drainage channel is configured to manage 6.14 cfs. A 100-year storm could
create as much as 325.41 cfs of flow within the channel. The existing stormwater carrying capacity
is significantly less than the required storm water carrying capacity required for a 100-year storm
and must therefore be upgraded to manage greater stormwater flow.

A new drainage channel has been designed to have the storm water carrying capacity required for
the above referenced storm. The revised drainage channel cross-section, using 6 rip-rap rock,
(Figure 8) and calculations are as follows:

Water depth
225

Figure 8 Cross-Section, Proposed Western Drainage Channel
(Looking North)
Use:
Q =325.41cfs
B = bottom width of channel =26’
Z =side Slopes =4
S, = channel bottom slope = 0.0122 ft/ft
Ys = unit weight of rip-rap rock = 165 lbs./sf
Y = unit weight of water = 62.4 1bs./sf

Assume Dgy = 0.50°
Assume water depth =2.25°
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Using geometric properties of a trapezoid:

A =Bd+ Zd*
=26(2.25) +4 (2.25%)
=58.50 +20.25
=78.75 sf

P=B+ 2d /ZZ +1

26 +2(2.25) [4% +1

26+ 18.55
= 4455

R = A/P = 78.75/44.55 = 1.7677
T=B+ 2dZ =26 +2 (2.25) (4) = 44

do =A/T="78.75/44 =1.7898

a 17898

Relative depth ration: Dd— oo 3.5796
50 .
Determine Manning’s N value:
(HEC 15, 2005, Equation 6.1)
ad°'1667
Use: N = e
2.25+5.23log(D—50)
Where: N = Manning’s roughness coefficient

d, = average flow depth in the channel = 1.7898 ft
Ds, = median rip-rap size = 0.50 ft
@ = unit conversion constant = 0.262

add1667 (0.262)1.7898°%-1667

N = = =
da 1.7898
2-25*'5-23109(0_50) 2.25+5.23log( T )

0.2887 _ 0.2887

= =0.0561
2.25+5.23l0g(3.5796)  5.1466

Use Manning’s equation to determine maximum flow for rip-rap D5y = 0.50’:
S =1.22%, A =50.00 sf, R =1.4930, N =0.0561

Q = 1.49/N (A)(R)*?S!?
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Q = 1.49/0.0561 (78.75) (1.7677)*3 (0.0122)'2
Q = 26.46 (78.75) (1.4620) (0.1105)
Q =336.63 cfs

Capacity
336.63 cfs

Therefore, the new design would provide a flow capacity of 336.63 cfs. This design represents
the minimum design capacity for the western drainage channel to control the flow from a 100-year
storm event, 325.41 cfs. Additionally, a foot path will be installed over the western channel to
allow archers a means to retrieve errant arrows.

Eastern Channel Design

The existing eastern drainage channel is configured to manage 19.69 cfs. A 100-year storm could
create as much as 43.52 cfs of flow within the channel. The existing stormwater carrying capacity
is less than the required storm water carrying capacity required for a 100-year storm and must
therefore be upgraded to manage greater stormwater flow.

A new drainage channel has been designed to have the storm water carrying capacity required for
the above referenced storm. The revised drainage channel cross-section, using 6 rip-rap rock,
(Figure 9) and calculations are as follows:

Water depth
1.50°

Figure 9 Cross-Section, Propose Eastern Drainage Channel
(Looking North)
Use:
Q =43.52cfs
B = bottom width of channel = 8’
Z =side Slopes =4
S, = channel bottom slope = 0.0115 ft/ft
Y = unit weight of rip-rap rock = 165 1bs./sf
Y = unit weight of water = 62.4 lbs./sf
Assume Dgy = 0.50°
Assume water depth = 1.50’

Using geometric properties of a trapezoid:
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A =Bd+ Zd*?
= 8(1.50) + 4 (1.50%)
=12+9
=21.00 sf

P=B+ 2d /ZZ +1

=8+2(150) [4% +1

=8+12.37
=20.37

R = A/P = 21.00/20.37 = 1.0309
T=B+ 2dZ =8+2 (1.50) (4) =20

dq, =A/T=21.00/20.00 = 1.0500

da 1.0500

Relative depth ration: YT 2.100
50 .
Determine Manning’s N value:
(HEC 15, 2005, Equation 6.1)
ad°'1667
Use: N = e
2.25+5.23log(D—50)
Where: N = Manning’s roughness coefficient

d, = average flow depth in the channel = 2.6042 ft
D5 = median rip-rap size = 0.50 ft
a = unit conversion constant = 0.262

N = adQ1667 _ (0.262)1.0500%1%%7

—_— 1.0500 -
2.25+5.23log(_§5‘1) 2.25+5.23log( — )
- )

0.2641 02641
2.25+5.2310g(2.100)  3.9352

=0.0671

Use Manning’s equation to determine maximum flow for rip-rap D5y = 0.50’:
S=1.15%, A =21.00 sf, R=1.0309, N=0.0671

Q = 1.49/N (A)(R)*?S!?

Q =1.49/0.0671 (21.00) (1.0309)*3(0.0115)"?

Q=22.21(21.00) (1.0205) (0.1072)
Q=51.02 cfs
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Capacity
51.02 cfs

Therefore, the new design would provide a flow capacity of 51.02 cfs. This design represents the
minimum design capacity for the eastern drainage channel to control the flow from a 100-year
storm event, 43.52 cfs.

The design specifications for both drainage channels will be prepared with any design changes
implemented on the rip-rap wall and the cap design for the tailings pile area following completion
of the tailings pile area evaluation. .

4.3.1.2 Stormwater Conveyance Maintenance

A maintenance plan will be prepared as part of the ECP to define procedures for maintain the
drainage channels in the future. The old drainage channels will be required to be periodically
cleared of vegetation and other potential obstructions that may impede flow through the channels.
Additionally, maintenance protocols will be established to repair any portion of the drainages that
may be damaged by stormwater flow or for other reasons.

4.3.2 Tailings Pile Area Cap Installation

Following the completion of the tailing pile assessment and the extent of the area has been defined,
a cap for the tailings pile area will be designed to prevent human contact with the impacted soil
and to prevent erosion onto the Archery facility. Ata minimum, the cap will include the following:

e (Grading the area to be capped so that the stormwater run-off flows toward the eastern
drainage channel.

¢ A minimum of 1 foot certified clean soil will be placed over the top of the lead impacted
soil.

¢ A minimum of 2 inches asphalt chip seal will be placed over the clean fill.

Following the completion of the tailings pile area delineation, the cap design will be modified as
necessary and will incorporate the design of the eastern drainage channel improvements to
facilitate drainage from the capped area. The cap design will be submitted for approval by ADEQ
and upon approval the cap will be installed following the approved design.

4.3.3 IDW Disposition

Auger cuttings will be placed back into each boring. Therefore, no soil investigative derived
wastes (IDW) will be produced. Decontamination water and purge water will be containerized
and disposed of following Federal, State and local regulation.

Soil removed from the drainage channels during deepening will be placed into the tailings area
and capped with the tailings.

4.3.4 Demobilization

All equipment and field personnel will be demobilized from the site. Demobilization will include
removal of fencing for the laydown area, excavation and soil moving equipment, portable sanitary
facilities, and other supplies brought on the site. The laydown stockpile areas will also be restored
to their original condition.
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5.0 REPORTING

A Remedial Action Report will be prepared to document the result of the soil sampling in the
tailings area, the modifications to the stormwater drainages and protective dam, and the capping
of the tailings area. The Remedial Action Report will include as-built drawings for the tailings
cap and the stormwater conveyance system and an engineering control plan to document the
inspection/maintenance schedule. Following approval of the Remedial Action Report by ADEQ
VRP and no further investigation and/or remediation is required, a no further action (NFA) letter
will be prepared following the requirements of Arizona Revised Statute (A.R.S.) § 49-181. A
DEUR, as required by A.R.S § 49-151 through 49-159, for the site will also be prepared by ADEQ
following approval of the NFA letter..
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Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (ppm)| Pb + 26 | Lab (mg/kg)] Lab Dup (mg/kg)
1250] 1/24/2019| AOC2-1 0-0.5 102 11 100 150
1252] 1/24/2019 AOC2-1 0.5-1 822 30 460
1254| 1/24/2019| AOC2-1 1-1.5 473 23
1257] 1/24/2019 AOC2-1 1.5-2 148 13
1300] 1/24/2019| AOC2-1 2-2.5 504 22
1302| 1/24/2019 AOC2-1 2.5-3 19 7
1304| 1/24/2019| AOC2-1 3-3.5 245 15
1306| 1/24/2019 AOC2-1 3.54 18 7
1309| 1/24/2019| AOC2-1 4-4.5 24 8
1311] 1/24/2019| AOC2-1 4.5-5 134 14
1337]| 1/24/2019| AOC2-2 0-0.5 273 17 370
1339] 1/24/2019 AOC2-2 0.5-1 26 7
1341{ 1/24/2019| AOC2-2 1-1.5 30 8
1343| 1/24/2019 AOC2-2 1.5-2 163 13
1345( 1/24/2019| AOC2-2 2-2.5 15 7
1347| 1/24/2019 AOC2-2 2.5-3 22 7
1349( 1/24/2019| AOC2-2 3-3.5 94 13 73
1351| 1/24/2019 AOC2-2 3.54 15 7
1353] 1/24/2019| AOC2-2 4-4.5 17 7
1355] 1/24/2019 AOC2-2 4.5-5 55 9
1420] 1/23/2019 AOC2-3 0-0.5 74 15 58
1422] 1/23/2019 AOC2-3 0.5-1 70 11
1424( 1/23/2019| AOC2-3 1-1.5 32 11
1426] 1/23/2019 AOC2-3 1.5-2 40 11
1429{ 1/23/2019| AOC2-3 2-2.5 40 10
1431] 1/23/2019 AOC2-3 2.5-3 29 10
1433] 1/23/2019 AOC2-3 3-3.5 112 15 43
1435] 1/23/2019 AOC2-3 3.54 35 8
1437] 1/23/2019 AOC2-3 4-4.5 24 10
1440( 1/23/2019| AOC2-3 4.5-5 93 14
1305] 1/23/2019| AOC2-4 0-0.5 59 9 34
1307| 1/23/2019| AOC2-4 0.5-1 33 8
1309| 1/23/2019| AOC2-4 1-1.5 22 7
1311] 1/23/2019| AOC2-4 1.5-2 59 9
1313] 1/23/2019| AOC2-4 2-2.5 1861 49
1315 1/23/2019| AOC2-4 2.5-3 4947 99
1317] 1/23/2019| AOC2-4 3-3.5 432 22 330
1320] 1/23/2019| AOC2-4 3.54 4287 85 1600
1322] 1/23/2019| AOC2-4 4-4.5 4477 87
1325( 1/23/2019| AOC2-4 4.5-5 1271 51




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
1055] 1/24/2019 AOC2-5 0-0.5 74 15 68
1057| 1/24/2019 | AOC2-5 0.5-1 70 11
1059] 1/24/2019 AOC2-5 1-1.5 32 11
1101{ 1/24/2019| AOC2-5 1.5-2 40 11
1103| 1/24/2019 AOC2-5 2-2.5 40 10
1105] 1/24/2019| AOC2-5 2.5-3 29 10
1107| 1/24/2019 AOC2-5 3-3.5 112 15
1110{ 1/24/2019| AOC2-5 3.54 35 8
1112] 1/24/2019 AOC2-5 4-4.5 24 10 31
1114] 1/24/2019 AOC2-5 4.5-5 93 14
1146| 1/24/2019| AOC2-6 0-0.5 307 19 150
1148| 1/24/2019| AOC2-6 0.5-1 44 9
1150] 1/24/2019| AOC2-6 1-1.5 39 8
1152]1/24/2019| AOC2-6 1.5-2 144 13
1154| 1/24/2019| AOC2-6 2-2.5 93 13
1156] 1/24/2019| AOC2-6 2.5-3 17 7
1158] 1/24/2019| AOC2-6 3-3.5 249 17 94
1200] 1/24/2019| AOC2-6 3.54 0 13
1202] 1/24/2019| AOC2-6 4-4.5 0 12
1204| 1/24/2019| AOC2-6 4.5-5 93 10
1430| 1/24/2019 | AOC2-7 0-0.5 577 25 150
1432{ 1/24/2019| AOC2-7 0.5-1 25 7
1434| 1/24/2019 AOC2-7 1-1.5 62 10
1436( 1/24/2019| AOC2-7 1.5-2 103 11 46
1438| 1/24/2019 | AOC2-7 2-2.5 13 6
1440( 1/24/2019| AOC2-7 2.5-3 14 7
1442| 1/24/2019 AOC2-7 3-3.5 79 10
1444( 1/24/2019| AOC2-7 3.54 20 7
1446| 1/24/2019 AOC2-7 4-4.5 15 7
1448| 1/24/2019 AOC2-7 4.5-5 28 8
1218] 1/23/2019 AOC2-8 0-0.5 200 14 38
1220{ 1/23/2019| AOC2-8 0.5-1 29 8
1222] 1/23/2019 AOC2-8 1-1.5 22 7
1224{ 1/23/2019| AOC2-8 1.5-2 52 8
1226] 1/23/2019 AOC2-8 2-2.5 17 7
1228] 1/23/2019 AOC2-8 2.5-3 0 15
1230] 1/23/2019 | AOC2-8 3-3.5 337 18 14
1232] 1/23/2019 | AOC2-8 3.54 20 7
1324] 1/23/2019 AOC2-8 4-4.5 28 7
1236] 1/23/2019 AOC2-8 4.5-5 89 10




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
940( 1/24/2019 | AOC3A-1| 0-0.5 171 15
942(1/24/2019 | AOC3A-1| 0.5-1 15 8
944(1/24/2019 | AOC3A-1 1-1.5 17 7
946(1/24/2019 | AOC3A-1| 1.5-2 53 9
948(1/24/2019 | AOC3A-1| 2-2.5 42 8
950( 1/24/2019 | AOC3A-1| 2.5-3 52 9
952(1/24/2019 | AOC3A-1| 3-3.5 50 8
954(1/24/2019 | AOC3A-1| 3.5-4 44 8
956(1/24/2019 | AOC3A-1| 4-4.5 0 18
958(1/24/2019 | AOC3A-1| 4.5-5 81 10
1004| 1/24/2019 | AOC3A-1| 10-10.5 19 7
1006| 1/24/2019 | AOC3A-1[10.5-11.0 0 20
1008| 1/24/2019 | AOC3A-1| 11-11.5 129 14
1010] 1/24/2019 [ AOC3A-1| 15-15.5 0 20
1013] 1/24/2019 [ AOC3A-1|15.5-16.0 34 9
1016{ 1/24/2019 | AOC3A-1| 16-16.5 0 12
1018] 1/24/2019 | AOC3A-1| 20-20.5 35 10
1020{ 1/24/2019 | AOC3A-1| 20.5-21 0 18
1022{ 1/24/2019 | AOC3A-1| 21-21.5 18 7
1117( 1/22/2019 | AOC3A-2| 0-0.5 112 14 70
1119] 1/22/2019 | AOC3A-2| 0.5-1 146 16
1121( 1/22/2019 | AOC3A-2| 1-1.5 13 4
1123]1/22/2019 | AOC3A-2| 1.5-2 174 15
1125(1/22/2019 | AOC3A-2| 2-2.5 19 9
1126] 1/22/2019 [ AOC3A-2| 2.5-3 15 8
1128] 1/22/2019 | AOC3A-2| 3-3.5 65 6
1130] 1/22/2019 | AOC3A-2| 3.5-4 24 8
1131{ 1/22/2019 | AOC3A-2| 4-4.5 0 7
1133] 1/22/2019 | AOC3A-2| 4.5-5 47 10
1155] 1/22/2019 | AOC3A-3| 0-0.5 335 22 130
1157 1/22/2019 | AOC3A-3| 0.5-1 49 6
1159] 1/22/2019 | AOC3A-3| 1-1.5 0 7
1201] 1/22/2019 | AOC3A-3| 1.5-2 97 6
1203| 1/22/2019 | AOC3A-3| 2-2.5 31 5
1205] 1/22/2019 [ AOC3A-3| 2.5-3 28 5
1207| 1/22/2019 | AOC3A-3| 3-3.5 95 7
1209] 1/22/2019 | AOC3A-3| 3.5-4 14 4
1211( 1/22/2019 | AOC3A-3| 4-4.5 284 2
1213] 1/22/2019 | AOC3A-3| 4.5-5 63 12




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
810( 1/22/2019 | AOC3A-4| 0-0.5 378 21
812 1/22/2019 | AOC3A-4| 0.5-1 3298 67 1800
814|1/22/2019 | AOC3A-4| 1-1.5 40 6
816 1/22/2019 | AOC3A-4| 1.5-2 677 30
818 1/22/2019 | AOC3A-4| 2-2.5 20 5
820( 1/22/2019| AOC3A-4| 2.5-3 19 9
821 1/22/2019 | AOC3A-4| 3-3.5 539 27
8221 1/22/2019 | AOC3A-4| 3.5-4 804 32 370
8241 1/22/2019 | AOC3A-4| 4-4.5 31 10
826( 1/22/2019 | AOC3A-4| 4.5-5 234 18
842 1/22/2019 | AOC3A-5| 0-0.5 177 16
844|1/22/2019 | AOC3A-5| 0.5-1 347 22 680
846( 1/22/2019 | AOC3A-5| 1-1.5 16 5
847 1/22/2019 | AOC3A-5| 1.5-2 2152 53 930
849( 1/22/2019 | AOC3A-5| 2-2.5 14 4
851 1/22/2019| AOC3A-5| 2.5-3 19 4
853 1/22/2019 | AOC3A-5| 3-3.5 369 20
8551 1/22/2019 | AOC3A-5| 3.5-4 23 5
856( 1/22/2019 | AOC3A-5| 4-4.5 20 5
858 1/22/2019 | AOC3A-5| 4.5-5 252 18
1022] 1/22/2019 | AOC3A-6| 0-0.5 649 27 47
1023] 1/22/2019 | AOC3A-6| 0.5-1 17 8
1025] 1/22/2019 [ AOC3A-6| 1-1.5 19 8
1027] 1/22/2019 | AOC3A-6| 1.5-2 23 8
1029] 1/22/2019 [ AOC3A-6| 2-2.5 18 7
1031] 1/22/2019 | AOC3A-6| 2.5-3 17 8
1032] 1/22/2019 | AOC3A-6| 3-3.5 20 9
1034| 1/22/2019 | AOC3A-6| 3.5-4 0 10
1036] 1/22/2019 | AOC3A-6| 4-4.5 0 8
1038] 1/22/2019 | AOC3A-6| 4.5-5 39 10
932(1/22/2019 | AOC3A-7| 0-0.5 244 18 280
933(1/22/2019 | AOC3A-7| 0.5-1 13 4
935(1/22/2019| AOC3A-7| 1-1.5 0 4
936(1/22/2019 | AOC3A-7| 1.5-2 42 11
938 1/22/2019 | AOC3A-7| 2-2.5 143 15
939(1/22/2019 | AOC3A-7| 2.5-3 0 7
941(1/22/2019 | AOC3A-7| 3-3.5 45 10
942(1/22/2019 | AOC3A-7| 3.5-4 16 8
944(1/22/2019 | AOC3A-7| 4-4.5 17 8
945(1/22/2019 | AOC3A-7| 4.5-5 36 9




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
915(1/22/2019 | AOC3A-8| 0-0.5 1141 38 540
917(1/22/2019 | AOC3A-8| 0.5-1 23 9
918 1/22/2019| AOC3A-8| 1-1.5 22 5
920(1/22/2019 | AOC3A-8| 1.5-2 434 22
922(1/22/2019 | AOC3A-8| 2-2.5 129 13
923(1/22/2019| AOC3A-8| 2.5-3 21 9
925(1/22/2019 | AOC3A-8| 3-3.5 213 16
927(1/22/2019 | AOC3A-8| 3.5-4 215 16
929(1/22/2019 | AOC3A-8| 4-4.5 16 8
930( 1/22/2019 | AOC3A-8| 4.5-5 159 22
1150 1/21/2019 [ AOC3B-1| 0-0.5 217 15 61
1152{1/21/2019 | AOC3B-1| 0.5-1 794 29
1154 1/21/2019 | AOC3B-1 1-1.5 26 7
1156| 1/21/2019 | AOC3B-1 1.5-2 199 15
1157| 1/21/2019 [ AOC3B-1| 2-2.5 37 8
1159( 1/21/2019 | AOC3B-1| 2.5-3 24 10
1200] 1/21/2019 [ AOC3B-1| 3-3.5 82 10
1202{ 1/21/2019 | AOC3B-1| 3.5-4 0 18
1203 1/21/2019 [ AOC3B-1| 4-4.5 23 7
1205 1/21/2019 [ AOC3B-1| 4.5-5 53 11
820 1/21/2019 | AOC3B-2| 0-0.5 1093 36 820
8221 1/21/2019| AOC3B-2| 0.5-1 812 29 640
8231 1/21/2019| AOC3B-2| 1-1.5 265 17
8251 1/21/2019| AOC3B-2| 1.5-2 205 15
8291 1/21/2019| AOC3B-2| 2-2.5 101 11
830 1/21/2019| AOC3B-2 | 2.5-3 35 8
831 1/21/2019| AOC3B-2| 3-3.5 87 11
832|1/21/2019| AOC3B-2| 3.5-4 0 14
833(1/21/2019 | AOC3B-2| 4-4.5 16 7
834 1/21/2019 | AOC3B-2| 4.5-5 56 9
1245]1/21/2019 | AOC3B-3| 0-0.5 604 26 570
1246( 1/21/2019 | AOC3B-3| 0.5-1 2034 60 770
1248] 1/21/2019 | AOC3B-3| 1-1.5 35 8
1250( 1/21/2019 | AOC3B-3| 1.5-2 196 14
1251 1/21/2019 | AOC3B-3| 2-2.5 34 8
1252 1/21/2019 | AOC3B-3| 2.5-3 19 7
12541 1/21/2019 | AOC3B-3| 3-3.5 386 19
1256| 1/21/2019 | AOC3B-3| 3.5-4 19 7
12571 1/21/2019 | AOC3B-3| 4-4.5 14 7
1259]1/21/2019 | AOC3B-3| 4.5-5 212 15




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
1010] 1/21/2019 [ AOC3B-4| 0-0.5 593 27 200
1012{ 1/21/2019 | AOC3B-4| 0.5-1 66 10
1014 1/21/2019 [ AOC3B-4| 1-1.5 59 9
1016| 1/21/2019 | AOC3B-4| 1.5-2 56 12
1018] 1/21/2019 [ AOC3B-4| 2-2.5 30 8
1020] 1/21/2019 | AOC3B-4| 2.5-3 26 8
1022] 1/21/2019 [ AOC3B-4| 3-3.5 125 17
1024| 1/21/2019 | AOC3B-4| 3.5-4 24 10
1026] 1/21/2019 [ AOC3B-4| 4-4.5 23 9
1028] 1/21/2019 [ AOC3B-4| 4.5-5 56 13
921(1/21/2019| AOC3B-5| 0-0.5 572 24 230
923(1/21/2019| AOC3B-5| 0.5-1 530 26
927(1/21/2019| AOC3B-5| 1-1.5 293 17
930(1/21/2019| AOC3B-5| 1.5-2 412 22
932(1/21/2019| AOC3B-5| 2-2.5 33 8
935(1/21/2019| AOC3B-5| 2.5-3 21 7
937(1/21/2019| AOC3B-5| 3-3.5 298 17
939(1/21/2019| AOC3B-5| 3.5-4 24 7
940( 1/21/2019 | AOC3B-5| 4-4.5 21 7
941(1/21/2019 | AOC3B-5| 4.5-5 92 11
1106| 1/21/2019 [ AOC3B-6| 0-0.5 1031 35 750
1108| 1/21/2019 | AOC3B-6| 0.5-1 334 25
1110 1/21/2019 [ AOC3B-6| 1-1.5 305 18
1111{1/21/2019| AOC3B-6| 1.5-2 773 28
1113 1/21/2019 [ AOC3B-6| 2-2.5 530 23
1114( 1/21/2019| AOC3B-6| 2.5-3 0 19
1116] 1/21/2019 [ AOC3B-6| 3-3.5 206 15
1118]1/21/2019 | AOC3B-6| 3.5-4 2048 53
1119 1/21/2019 [ AOC3B-6| 4-4.5 37 9 17
1120] 1/21/2019 [ AOC3B-6| 4.5-5 349 19
1330] 1/21/2019 | AOC3B-7| 0-0.5 189 14 120
1332 1/21/2019 | AOC3B-7| 0.5-1 891 30 200
13341 1/21/2019 | AOC3B-7| 1-1.5 24 8
1336| 1/21/2019 | AOC3B-7| 1.5-2 268 16
1338] 1/21/2019 | AOC3B-7| 2-2.5 18 7
1340| 1/21/2019 | AOC3B-7| 2.5-3 16 6
13421 1/21/2019 | AOC3B-7| 3-3.5 50 12
1344| 1/21/2019 | AOC3B-7| 3.5-4 19 7
1346] 1/21/2019 | AOC3B-7| 4-4.5 21 7
1348] 1/21/2019 | AOC3B-7| 4.5-5 115 12




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)

14221 1/21/2019 [ AOC3B-8| 0-0.5 398 20

14241 1/21/2019 | AOC3B-8| 0.5-1 2081 54 820
1426| 1/21/2019 [ AOC3B-8| 1-1.5 88 12

1428( 1/21/2019 | AOC3B-8 | 1.5-2 1110 35

1430 1/21/2019 [ AOC3B-8| 2-2.5 27 7 15
1432] 1/21/2019 | AOC3B-8| 2.5-3 17 7

14341 1/21/2019 [ AOC3B-8| 3-3.5 1073 34

1436| 1/21/2019 | AOC3B-8| 3.5-4 27 7

1438] 1/21/2019 [ AOC3B-8| 4-4.5 54 10

1440| 1/21/2019 [ AOC3B-8| 4.5-5 253 23

1148] 1/23/2019 [ AOC3C-1| 0-0.5 48 9 660
1150] 1/23/2019 | AOC3C-1| 0.5-1 28 8
1152]1/23/2019 | AOC3C-1 1-1.5 32 8

1154] 1/23/2019 | AOC3C-1 1.5-2 338 18

1156| 1/23/2019 [ AOC3C-1| 2-2.5 0 13

1158] 1/23/2019 [ AOC3C-1| 2.5-3 0 12

1200] 1/23/2019 [ AOC3C-1| 3-3.5 430 21 470
1202] 1/23/2019 | AOC3C-1| 3.5-4 14 6

1204| 1/23/2019 [ AOC3C-1| 4-4.5 22 8

1206| 1/23/2019 [ AOC3C-1| 4.5-5 351 19
923(1/23/2019| AOC3C-2| 0-0.5 93 11 56 56
925(1/23/2019 | AOC3C-2| 0.5-1 18 7
927(1/23/2019 | AOC3C-2| 1-1.5 19 7
929(1/23/2019 | AOC3C-2| 1.5-2 16 6
931(1/23/2019 | AOC3C-2| 2-2.5 21 7
934(1/23/2019| AOC3C-2| 2.5-3 16 8
937(1/23/2019 | AOC3C-2| 3-3.5 29 7

940( 1/23/2019 | AOC3C-2| 3.5-4 25 14
942(1/23/2019 | AOC3C-2| 4-4.5 0 7
945(1/23/2019 | AOC3C-2| 4.5-5 25 5
856(1/23/2019 | AOC3C-3| 0-0.5 356 19 230
858 1/23/2019 | AOC3C-3| 0.5-1 22 7

900( 1/23/2019 | AOC3C-3| 1-1.5 19 7
902(1/23/2019 | AOC3C-3| 1.5-2 84 10

904 1/23/2019 | AOC3C-3| 2-2.5 23 8

906( 1/23/2019 | AOC3C-3| 2.5-3 0 13

908 1/23/2019 | AOC3C-3| 3-3.5 50 8

910 1/23/2019 | AOC3C-3| 3.5-4 20 7
912(1/23/2019 | AOC3C-3| 4-4.5 17 7
915(1/23/2019 | AOC3C-3| 4.5-5 33 7




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
953(1/23/2019 | AOC3C-4| 0-0.5 22 7 29
955(1/23/2019 | AOC3C-4| 0.5-1 27 8
957(1/23/2019 | AOC3C-4| 1-1.5 19 7
959(1/23/2019 | AOC3C-4| 1.5-2 22 7
1002| 1/23/2019 [ AOC3C-4| 2-2.5 26 7
1004| 1/23/2019 [ AOC3C-4| 2.5-3 28 8
1006| 1/23/2019 [ AOC3C-4| 3-3.5 35 8
1008| 1/23/2019 | AOC3C-4| 3.5-4 31 7
1010] 1/23/2019 [ AOC3C-4| 4-4.5 16 7
1012] 1/23/2019 [ AOC3C-4| 4.5-5 16 6
1043| 1/23/2019 [ AOC3C-5| 0-0.5 147 12 120
1045] 1/23/2019 | AOC3C-5| 0.5-1 129 13
1047| 1/23/2019 [ AOC3C-5| 1-1.5 24 9
1050] 1/23/2019 [ AOC3C-5| 1.5-2 28 7
1052] 1/23/2019 [ AOC3C-5| 2-2.5 17 6
1054| 1/23/2019 [ AOC3C-5| 2.5-3 0 13
1056| 1/23/2019 [ AOC3C-5| 3-3.5 29 8
1058| 1/23/2019 [ AOC3C-5| 3.5-4 19 6
100| 1/23/2019 | AOC3C-5( 4-4.5 16 6
1103] 1/23/2019 [ AOC3C-5| 4.5-5 18 8
826(1/23/2019 | AOC3C-6| 0-0.5 1560 43 1000
828 1/23/2019 | AOC3C-6| 0.5-1 722 27 450
832 1/23/2019 | AOC3C-6| 1-1.5 571 23
8351 1/23/2019 | AOC3C-6| 1.5-2 616 24
837 1/23/2019 | AOC3C-6| 2-2.5 423 20
840( 1/23/2019| AOC3C-6 | 2.5-3 431 20
842 1/23/2019 | AOC3C-6| 3-3.5 433 20
8441 1/23/2019 | AOC3C-6| 3.5-4 28 8
846(1/23/2019 | AOC3C-6| 4-4.5 32 8
848 1/23/2019 | AOC3C-6| 4.5-5 163 13
1341| 1/22/2019 [ AOC3C-7| 0-0.5 276 17 26
1344| 1/22/2019 | AOC3C-7| 0.5-1 234 16
1346| 1/22/2019 [ AOC3C-7| 1-1.5 0 15
1348| 1/22/2019 | AOC3C-7| 1.5-2 231 17
1350] 1/22/2019 [ AOC3C-7| 2-2.5 27 7
1352] 1/22/2019 [ AOC3C-7| 2.5-3 30 8
755(1/23/2019 | AOC3C-7| 3-3.5 105 12
800[ 1/23/2019 | AOC3C-7| 3.5-4 14 7
802| 1/23/2019 | AOC3C-7| 4-4.5 16 7
803| 1/23/2019 | AOC3C-7| 4.5-5 30 8




Table 2 Summary of XRF Data with Labortory Data Comparison - Adair Memorial Park

Time Date Borehole | Depth |Pb (Ppm) Pb + 26 | Lab (mg/kg)| Lab Dup (mg/kg)
1238] 1/22/2019 [ AOC3C-8| 0-0.5 127 14 140
1240| 1/22/2019 | AOC3C-8| 0.5-1 45 6
1242| 1/22/2019 [ AOC3C-8| 1-1.5 20 5
1245] 1/22/2019 | AOC3C-8| 1.5-2 36 5
1248| 1/22/2019 [ AOC3C-8| 2-2.5 15 8
1251] 1/22/2019 [ AOC3C-8| 2.5-3 17 4
1253] 1/22/2019 [ AOC3C-8| 3-3.5 17 4
1255 1/22/2019 | AOC3C-8| 3.5-4 59 13
1258] 1/22/2019 [ AOC3C-8| 4-4.5 24 9
1300| 1/22/2019 [ AOC3C-8| 4.5-5 24 5
730( 1/25/2019 BG-1 0.5 37 8 16
745(1/25/2019 BG-2 0.5 85 10 620
815( 1/25/2019 BG-3 0.5 109 11 87
832| 1/25/2019 BG-4 0.5 24 7 23
855( 1/25/2019 BG-5 0.5 318 17 250
914( 1/25/2019 BG-6 0.5 151 13 90
934(1/25/2019 BG-7 0.5 35 8 34
959 1/25/2019 BG-8 0.5 167 14 85

Former Tailings Area

1030| 1/25/2019 1 Surface 1524 8
1034 1/25/2019 2 Surface 448 10
1036| 1/25/2019 3 Surface 626 11
1038 1/25/2019 4 Surface 1626 7
1042{ 1/25/2019 5 Surface 388 17
1046| 1/25/2019 6 Surface 1316 13
1053 1/25/2019 7 Surface 3277 8
1057{ 1/25/2019 8 Surface 7995 14 5800
1059] 1/25/2019 9 Surface 3427 7
1105 1/25/2019 10 Surface 347 17
1110{ 1/25/2019 11 Surface 583 13
1115 1/25/2019 12 Surface 2212 8
1120( 1/25/2019 13 Surface | 15000 14 12000




Table 3: Summary of Background Soil

Sample Name Date

BG-1-0.5
BG-2-0.5
BG-3-0.5
BG-4-0.5
BG-5-0.5
BG-6-0.5
BG-7-0.5
BG-8-0.5
Non Residential SRL

1/25/2019
1/25/2019
1/25/2019
1/25/2019
1/25/2019
1/25/2019
1/25/2019
1/25/2019

Unit

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg

Note: mg/kg - milligram per kilogram

Arsenic

10
10
10
14
15
13
12

14
10

Barium

63
53
99
60
110
170
120

110
170,000

Samples - Adair Memorial Park

Cadmium

<0.49

<0.49
<0.5
<0.5
0.84

<0.49
<0.5

<0.49
510

Chromium

13
12
15
11
17
23
22

25
65

Lead

16
620
87
23
250
90
34

85
800

Mercury

<0.092
<0.099
<0.098
<0.098
<0.1
<0.09
<0.099

<0.1
310

Selenium

<4.9

<4.9
<5
<5
<5

<4.9
<5

<4.9
5,100

Silver

<2.5
<24
<2.5
<2.5
<2.5
<2.5
<2.5

<2.5
5,100
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Table 4: Summary of Total Metals in Soil - Adair Memorial Park

Sample Name Date

AOC2-1-0.5
AOC2-1-0.5
AOC2-1-1
AOC2-2-0.5
AOC2-2-3.5
AOC2-3-0.5
AOC2-3-3.5
AOC2-4-0.5
AOC2-4-3.0
AOC2-5-0.5
AOC2-5-4.5
AOC2-6-0.5
AOC2-6-3.5
AOC2-6-4.0
AOC2-7-0.5
AOC2-7-2
AOC2-8-0.5
AOC2-8-3.5
AOC3A-2-0.5
AOC3A-3-0.5
AOC3A-4-1
AOC3A-4-4
AOC3A-5-0.5
AOC3A-5-2
AOC3A-6-0.5
AOC3A-7-0.5
AOC3A-8-0.5
AOC3B-1-0.5
AOC3B-2-0.5
AOC3B-2-1

1/24/2019
1/23/2019
1/24/2019
1/24/2019
1/24/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/24/2019
1/24/2019
1/23/2019
1/23/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/22/2019
1/21/2019
1/21/2019
1/21/2019

Non Residential SRL

Unit
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/Kg
mg/Kg
mg/kg

Arsenic

14
15
15
15
13
20
14
13
22
17
15
17
16
19
14
9.l
16
13
13
17
23
16
18
19
15
14
17
14
14

19
10

Barium Cadmium Chromium

76
120
140
140
120

83
130

86

85

59
130
120
120
180
110

62

62
120
110
120
310
170
200
220
140
160
190
130
180

230
170,000

<0.5
<0.49
1
0.67
<0.5
<0.49
<0.5
<0.5
<0.49
<0.5
<0.5
0.77
<0.49
3.4
<0.49
<0.49
<0.49
<0.49
<0.49
<0.49

1.2
1.4
1.7
<0.49
0.66
1.5
<0.49
1.3

1.6
510

16
21
17
21
26
19
25
15
57
15
24
21
22
25
19
14
9.1
20
19
16
29
25
25
26
21
24
26
21

Lead
100
150
460
370
73
58
43
34
330
68
31
150
94
1600
150
46
38
14
70
130
1800
370
680
930
47
280
540
61
640

820
800

<0.091
<0.095
0.11
<0.097
<0.095
<0.1
<0.094
<0.097
<0.095
<0.089
<0.087
<0.094
<0.095
<0.09
<0.099
<0.095
<0.099
<0.095
<0.088
<0.086
0.26
<0.098
0.22
0.15
<0.092
<0.089
0.18
<0.088
0.18

0.12
310

Mercury Selenium

<5
<4.9
<4.9
<4.9
<5
<4.9
<5
<5
<4.9
<5
<5
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<5
<5
<4.9
<4.9

<4.9
5,100

Silver
<2.5
<2.4
<2.5
<2.5
<2.5
<24
<2.5
<2.5
<2.4
<2.5
<2.5
<2.5
<24
<2.5
<2.5
<2.4
<2.5
<2.5
<2.4
<2.5
<24
<24
<2.5
<2.5
<2.5
<2.5
<2.5
<2.5
<2.5
<24

5,100

Page 1 of 2



Table 4: Summary of Total Metals in Soil - Adair Memorial Park

Sample Name Date

AOC3B-3-0.5
AOC3B-3-1
AOC3B-4-0.5
AOC3B-5-0.5
AOC3B-6-0.5
AOC3B-6-4
AOC3B-7-0.5
AOC3B-7-1
AOC3B-8-0.5
AOC3B-8-2
AOC3(C-1-5
AOC3C-1-3.5
AOC3C-2-0.5
AOC3C-2-0.5

AOC3C-2-0.5-D

AOC3C-3-0.5
AOC3C-4-0.5
AOC3C-5-0.5
AOC3C-6-0.5
AOC3C-6-1.0
AOC3C-7-0.5
AOC3C-8-0.5
TP-13-0.5
TP-8-0.5

1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/23/2019
1/23/2019
1/23/2019
3/8/2019

3/8/2019

1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/23/2019
1/22/2019
1/22/2019
1/29/2019
1/29/2019

Unit
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/kg
mg/Kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/Kg
mg/Kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Note: mg/kg - milligram per kilogram

Non Residential SRL

Arsenic

16
15
15
11
13
8
12
18
19
8.5
18
18
150
14
14
18
19
17
20
12
15
13
31
47

10

Barium Cadmium Chromium

190
150
120
110
120
120
130
150
210
120
160
190
1700
140
140
140
150
140
180
140
110
130
610
1100

170,000

1.8
0.54
<0.49
0.52
1.1
<0.49
<0.49
<0.5
1.1
<0.49
1.3
1.3
<4.9
<0.49
<0.49
0.78
<0.5
<0.49
21
<0.49
<0.49
1.8
39
75

510

23
24
20
13
18
18
21
26
25
23
24
24

240
20
20
24
24
26
25
26
20

7.8
6.1

65

Lead
570
770
200
230
750
17
120
200
820
15
660
470
580
56
56
230
29
120
1000
450
26
140
5800
12000

800

<0.087
<0.095
<0.096
<0.092
<0.092
<0.091
<0.1
<0.091
0.097
<0.098
<0.094
<0.09
<0.098

<0.1
<0.096
<0.098
<0.093
<0.095
<0.087

13
1.8

310

Mercury Selenium

<5
<4.9
<4.9
<4.9
<4.9
<4.9
<4.9
<5
<4.9
<4.9
<4.9
<4.9
<49
<4.9
<4.9
<4.9
<5
<4.9
<5
<4.9
<4.9
<4.9
<5
<9.9

5,100

Silver
<2.5
<2.5
<2.5
<2.5
<24
<2.5
<24
<2.5
<2.5
<2.4
<2.5
<24
<24
<2.5
<2.5
<2.5
<2.5
<2.5
<2.5
<24
<24
<2.5

6.5
6.8

5,100

Page 2 of 2



Table 5: Summary of SPLP and TCLP Metals in Soil - Adair Memorial Park

Sample Name ollection Date

AOC3B-1-1
AOC3B-3-1
AOC3B-4-1
AOC3B-5-1
AOC3B-6-2.0
AOC3B-7-1
AOC3B-8-1
TP-13-0.5
TP-8-0.5
TCLP Limit

Note: mg/L - milligram per liter

1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/21/2019
1/29/2019
1/29/2019

Unit
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

Arsenic
<0.028
<0.028
<0.028
<0.028
<0.028
<0.028
0.031
<0.028

<0.028
5.0

Barium
0.046
0.13
<0.0035
<0.0035
<0.0035
0.11
0.11
<0.0035

<0.0035
100

Cadmium
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003

1.4
1.0

Chromium
<0.0055
<0.0055
<0.0055
<0.0055
<0.0055
<0.0055
<0.0055
<0.0055

<0.0055
5.0

Lead
<0.019
<0.019
<0.019
<0.019
<0.019
<0.019
<0.019
<0.019

57
5.0

Mercury
<0.00008
<0.00008
<0.00008
<0.00008
<0.00008
<0.00008
<0.00008
<0.00008

<0.00008
0.2

Selenium
<0.026
0.035
<0.026
<0.026
<0.026
0.031
<0.026
<0.026

<0.026
1.0

Silver
<0.007
<0.007
<0.007
<0.007
<0.007
<0.007
<0.007
<0.007

<0.007
5.0

Page 1of 1



Adair Park Archery Range
Draft Remedial Action Plan
VRP SiTE CODE 505354-00

APPENDIX A
Boring Logs



GENERAL BH /TP / WELL - GINT STD US LAB.GDT - 3/14/19 13:40 - N:\2018\018-0069 YUMA COUNTY ADAIR ARCHERY RANGE\TECHNICAL\BORING LOGS\ADAIR PARK ARCHERY RANGE.GPJ

Nickiaus Engineering
1851 W. 24th Street

4 Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/24/19 COMPLETED 1/24/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD
NOTES
gn: f 7 m S
. 4 0§ 253 8 Io
aE 4YE > 953 g %o
Ia) [0 B} Q r.nO> g m"’
=z O oz =G
< | <
by o
0.0

BORINGN BER AOC2-1

PAGE 1 OF 1
PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING -
AFTER DRILLING -
2
|_
=z
i
S
MATERIAL DESCRIPTION Zo
[o)a)
x
>
z
w

(Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4}, loose, damp, gravel 25%, to 1
inch, subangular to subrounded, no odor, no stain.

5-8-10
SS 100 (18)

XRF =102

XRF = 822

XRF =473

XRF = 148

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, clay XRF =504
soft to medium stiff, damp, low plasticity, clay 20%, no odor, no stain.

7-7-6
25 1%y 25
6-5-5
SS 100 (10)
ML
5.0
4-813
SS 100 @1
6.0

XRF =19

XRF = 245

XRF =18

XRF = 24

XRF =134

Bottom of borehole at 6.0 feet.



GENERAL BH / TP/ WELL - GINT STD US LAB.GDT - 3/14/19 13:40 - N:\20181018-0069 YUMA COUNTY ADAIR ARCHERY RANGE\TECHNICAL\BORING LOGS\ADAIR PARK ARCHERY RANGE.GPJ

Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/24/19 COMPLETED 1/24/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC2-2

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING -—-
AFTER DRILLING ---

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, slightly damp, gravel 20%,
to 1 inch, subangular to subrounded, no odor, no stain.

NOTES
gn: a: ym .0
. H F 252 8 Io
&5 as > 9:)< v <9
== O oz 2 6
3 i =
7)) o
0.0
SS 100 8?;31
20
7-79
100
25 (16)
3-4-4
SS 100
® oL
ML
5.0
Ss  100 2£f

an

(CL-ML) Silty Clay - Moderate yellowish brown (10YR 5/4), damp, soft to stiff, low
plasticity, no odor, no stain.

of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =273

XRF =26

XRF =30

XRF = 163

XRF =15

XRF =22

XRF =94

XRF =15

XRF =17

XRF =55



GENERAL BH/ TP/ WELL - GINT STD US LAB.GDT - 3/14/19 13:40 - N:2018\018-0068 YUMA COUNTY ADAIR ARCHERY RANGE\TECHNICAL\BORING LOGS\ADAIR PARK ARCHERY RANGE.GPJ

Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Count De artment of Public Works

PROJECT NUMBER 018-0069

DATE STARTED 1/23/19

DRILLING CONTRACTOR Nicklaus En ineerin

COMPLETED 1/23/19

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
ul
S
T g
EEg wa
= =
4~ 23
=2
<
(%3}
0.0
Ss
SS
2.5
3
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

8-8-9
(17

9-7-8
(15)

7-7-8
(15)

5-7-8
(15)

U.s.CsS.

ML

CHECKED BY MLD

GRAPHIC
LOG

3.5

6.0

BORING NU BER AOC2-3

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING -
AT END OF DRILLING ---
AFTER DRILLING --
<
'_
b4
i
=i
MATERIAL DESCRIPTION Zg
Oon
x
>
z
(i}
(Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, slightly damp, gravel 30%,
to 2 inches, subangular to subrounded, no odor, no stain.
XRF =74
XRF =70
XRF =32
XRF =40
XRF =40
XRF =29

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose to soft, low plasticity, XRF =112

no odor, no stain.

XRF = 35

XRF =24

XRF =93

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering BOR'NG NUMBER AOCZ-4

1851 W. 24th Street

Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374

Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT NUMBER 018-0069 PROJECT LOCATION Yuma AZ
DATE STARTED 1/23/19 COMPLETED 1/23/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING ---
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING ---
NOTES AFTER DRILLING -
-l
woox =
> > o . Z
. L8 0§ 253 8 Io =<
oEr Ws > 05z L Te) MATERIAL DESCRIPTION Z<
w= g Q ®md> @ g3
Fa) 2 0Q 4 [o¥a)
== O oz 20 14
& = =
0.0 w
(ML) (Filt) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, dry, gravel 25%, to 2
inches, subangular to subrounded, no odor, no stain.
XRF =273
7-10-10
SS 100 (20)
ML XRF = 26
XRF =30
2.0
7-8-8 (ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no  XRF = 163
SS 100 (16) odor, no stain.
2.5
XRF =15
XRF =22
XRF =94
8-8-7
SS 100 (15)
ML XRF =15
XRF =17
5.0
XRF =55

2-5-9
SS 100 (14)

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering

BORING NUMBER AOC2-5

1851 W. 24th Street
Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374
Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT NUMBER 018-0069 PROJECT LOCATION Yuma AZ
DATE STARTED 1/24/19 COMPLETED 1/24/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING ---
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING ---
NOTES AFTER DRILLING --
<
& ;\c-’ [y @) =
T rE = =P8 4 3 T
= m w pra| o o0 =
oE Y > B85¢ : &0 MATERIAL DESCRIPTION 2
T} =3 ot v < <
a oas (o] moO~> ) - [oFa)
=2z Q oz 2 o© x
< w ~ =
7] 4 Z
0.0 1}
(ML) (Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, damp, gravel 30%, to
2.5 inches, subangular to subrounded, no odor, no stain.
XRF =164
6-12-12
SS 100 (24)
ML XRF =67
XRF =38
2.0
10-11-12 (ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, clay XRF =47
05 8S 100 (23) soft to medium stiff, damp, low plasticity, no odor, no stain.
' XRF =0
XRF =0
XRF =0
6-10-9
SS 100 (19)
ML XRF =17
XRF =40
5.0
XRF = 25
4-6-8
SS 100 (14)
6.0

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering BORING NUMBER AOC2-6
1851 W. 24th Street PAGE 1 OF 1
Yuma, AZ 85364

Telephone: (928)344-8374

Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT NUMBER 018-0069 PROJECT LOCATION Yuma AZ
DATE STARTED 1/24/19 COMPLETED 1/24/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING --
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING ---
NOTES AFTER DRILLING -
<
o * _ o E
I_FhE O 383 4 %, b
aE W § o057 ¢ 2o MATERIAL DESCRIPTION zhk
u S © @mo> @ - oFa)
sz ©O oz 2 ¢ x
< ] ~ >
(/] 14 Zz
0.0 i
(ML) (Fill) Gravelly Silt - Pale yellowish brown {10YR 6/4), loose, dry, gravel 25%, to 2
inches, subangular to subrounded, no odor, no stain.
XRF =307
13-25-44
SS 100 (69)
XRF = 44
ML
XRF =39
XRF = 144
ss 100 210
2.5 (22)
28 XRF =93
(ML) Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, damp, no
odor, no stain. _
XRF =17
XRF =249
4-4-4
SS 1
00 ®)
XRF =0
ML
XRF =0
5.0
XRF =93
2-3-4
s§S 100 @)
6.0

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering

PROJECT NUMBER 018-0069

DATE STARTED 1/24/19

LOGGED BY BC

BORING NUMBER AOC2-7

1851 W. 24th Street
Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374
Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
COMPLETED 1/24/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING -
CHECKED BY MLD AT END OF DRILLING -
NOTES AFTER DRILLING ---
-}
gz ~ £
£ B8 & 2B 4 5o R
ng 42 ¥ 957 O 2o MATERIAL DESCRIPTION 1=
w a5 O @mo> @ gp-o [eFa)
==z 0O oz =2 O x
< ] ~ =
w 14 b4
0.0 L
(ML) (Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, dry, gravel 30%, to 3
inches, subangular to subrounded, no odor, no stain.
7-10-9 M XRF =577
SS 100 (19)
1.0 -
(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, XRF =25
damp, clay 20%, soft, low plasticity, no odor, no stain.
XRF =62
XRF =103
SS 100 6('161')5
25
XRF =13
XRF = 14
2-3-3 M XRF =74
S8 100 (6)
XRF =20
XRF =15
5.0
XRF =28
ss 100 43

Q)

Bottom of borehole at 6.0 feet.



Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364

Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/23/19

COMPLETED 1/23/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
S
'J_: t i
o E wl
w= g2
o =2
<
%]
0.0
SS
Ss
2.5
SS
5.0
SS
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RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

7-8-12
(20)

7-10-15
(25)

6-8-9
(17)

3-4-4
(8)

us.Cs.

ML

CHECKED BY MLD

GRAPHIC
LOG

20

BORING NUMBER AOC2-8

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) (Fill) Gravelly Silt - Pale yellowish brown (10YR 6/4), loose, dry, gravel 25%, to 2
inches, subangular to subrounded, no odor, no stain.

(SC) Clayey Sand - Moderate yellowish brown (10YR 5/4), loose to soft, damp, fine
sand, 70%, clay 30%, low plasticity, no odor, no stain, well sorted.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =200

XRF =29

XRF =22

XRF =52

XRF =17

XRF =0

XRF =337

XRF =20

XRF =28

XRF =89
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/24/19 COMPLETED 1/24/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3A-1

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) Silt - Moderate yellowish brown (10YR 5/4), loose, slight damp, no odor, no stain.

(SM) Silty Sand w/gravel - Moderate yellowish brown (10YR 5/4), ioose, damp, very
fine to fine, gravel 10%, to 1 inch, subangular to subrounded, no odor, no stain.

(ML) Clayey Silt - Moderate yeliowish brown (10YR 5/4), soft, damp, no odor, no stain,

(CL) Clay - Moderate yellowish brown (10YR 5/4), damp, soft to medium stiff, low

plasticity, no odor, no stain.

NOTES
W
> > i m O
T “w (4 ED 9 F
e wf & 523 o £
ws #2 3 @a> 9 g3
o =2 O oz =)
4 w =
Py 4
0
2-10-8
SS 100 (18) L
SS  100 %ﬂﬁ
SS 100 4£f
5
SS 100 32253
low plasticity.
ML
10
SS 100 32335 11.0
cL
15

14-50-50
Ss 83 (100)

17.0

Degraded bedrock w/ gravel, sand and clay - Light greenish gray (GLEY1 7/1), loose,
soft to medium stiff, damp, fine sand 20%, moderately sorted, clay 70%, low plasticity,
Iron oxide staining at 15ft, gravel 10%, to 1 inch, subangular to subrounded, no odor.

20

SS 39  31-50

No groundwater encountered.
Auger refusal due to bedrock at 21.5.

Bottom of borehole at 21.5 feet.

ENVIRONMENTAL
DATA

XRF =171
XRF =15

XRF =53
XRF = 42
XRF = 52
XRF = 50
XRF = 44
XRF =0
XRF = 81

XRF =19
XRF =0
XRF =129

XRF=0
XRF =34
XRF =0

XR - =35
XRF =0
XRF = 18
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19 COMPLETED 1/22/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

BORING NUMBER AOC3A-2

PAGE 1 OF 1
PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING ---
|
<
|_
z
i
s
MATERIAL DESCRIPTION Z<
on
ox
>
zZ
w

(ML) Silt - Moderate yellowish brown (10YR 5/4), loose, very slightly damp, no odor, no

LOGGEDBY BC CHECKED BY MLD
NOTES
gnﬁ ;\f 7ym .0
X o [72] =
he wd & 323 o &g
) [+ B Q nQ 1 4
=z O oz 2 ¢
2 o =
1) 14
0.0
stain.
SS 100 %ﬂﬁ
556
100
25 ss (n
ML
SS 100 4gf
5.0
SS 100 %34

XRF =112

XRF = 146

XRF =13

XRF = 174

XRF =19

XRF =15

XRF =65

XRF =24

XRF =0

XRF = 47

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364

Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19

DRILLING CONTRACTOR Nicklaus En ineerin
DRILLING METHOD Hollow Stem Au er

LOGGED BY BC

NOTES
w
S
I Fuw
g wo
= a=
W= g3
==
<
%)
0.0
S8
SS
2.5
SIS
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

13-12-2
(14)

3-4-4
(8)

3-35
C)

us.cs.

ML

CL-
ML

BORING NUMBER AOC3A-3

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

COMPLETED 1/22/19 GROUND ELEVATION HOLE SIZE 8inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
CHECKED BY MLD AT END OF DRILLING ---
AFTER DRILLING ---
<
o &
To U
5 9 MATERIAL DESCRIPTION % E
(] x °
>
&
(ML) Gravelly Silt - Moderate yellowish brown (10YR 5/4), ioose, damp, gravel 10%, to
.5 inches, subangular to subrounded, no odor, no stain.
XRF = 335
XRF =49
XRF =0
XRF =97
XRF = 31
XRF =28
XRF =95
4.0

{CL-ML) Silty Clay - Moderate yellowish brown (10YR 5/4), soft to medium stiff, damp, XRF = 14
low plasticity, no odor, no stain.
XRF =284

XRF =63

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994

BORING NUMBER AOC3A-4

PAGE 1 OF 1

CLIENT Yuma Count De artment of Public Works PROJECT NAME Adair Park Arche Ran e

PROJECT NUMBER 018-0069

DATE STARTED 1/21/19

DRILLING CONTRACTOR Nicklaus En ineerin
DRILLING METHOD Hollow Stem Au er

LOGGED BY BC

NOTES

w

S
I 1w
Fg wo
= =
a 5

<:Z

w)
0.0

sSs

ss
2.5

ss
5.0

sSS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

7-11-8
(19)

3-4-4
(8)

u.s.cs.

ML

PROJECT LOCATION Yuma AZ

COMPLETED 1/21/19 GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
CHECKED BY MLD AT END OF DRILLING ---
AFTER DRILLING ---
Q
To
& o] MATERIAL DESCRIPTION
e
O
(ML) Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, very slightly
damp, no odor, no stain.
2.0

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), damp, soft, low plasticity, no
odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF = 398

RF =329

XRF = 40

XRF =677

XRF =20

XRF =19

XRF =539

XRF =804

XRF = 31

XRF =234
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Nicklaus Engineering

BORING NUMBER AOC3A-5

1851 W. 24th Street
Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374
Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT NUMBER 018-0069 PROJECT LOCATION Yuma AZ
DATE STARTED 1/22/19 COMPLETED 1/22/19 GROUND ELEVATION HOLE SIZE 8inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING ---
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING -
NOTES AFTER DRILLING ---
Z
a * — o E
I FE B 323 9 %o Ls
ag w8 ¥ 852 9 g MATERIAL DESCRIPTION se
ase = o] Py <
B o> O @mo~> 2 é - oo
=Z [&] oz 2 0 14
< ] = =
(%) 14 Z
0.0 [}
(SM) Silty Sand - Moderate yeliowish brown (10YR 5/4), loose to occasional medium
dense, slightly damp, moderately sorted, fine sand, no odor, no stain.
XRF =177
5-9-9
S8 100 (18)
XRF =317
XRF =16
4-4-4 (SP) Fine Sand - Moderate yellowish brown (10YR 5/4), loose, slightly damp, well RF =215
8S 100 sorted, no odor, no stain.
25 )
XRF =14
XRF =19
3.3.5 (CL) Silty Clay - Moderate yellowish brown (10YR 5/4), soft to medium stiff, damp, low XRF = 369
S8 100 (8) plasticity, no odor, no stain.
XRF =23
XRF =20
CL
5.0
XRF = 252
3-4-4
SS 100
8

6.0

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364

Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19

COMPLETED 1/22/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
S
I 1w
Fg wo
= a=
4= g3
==
<
%)
0.0
8S
SS
25
SS
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

3-5-5
(10)

1-3-2
(5)

3-4-4
G)]

2-2-3
®)

0
o
@
>

CL

CHECKED BY MLD

GRAPHIC
LOG

BORING NUMBER AOC3A-6

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING ---

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(SP) Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine grained, well
sorted, no odor, no stain.

(CL) Silty Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no
odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF = 649

XRF =17

XRF =19

XRF =23

XRF =18

XRF = 17

XRF =20

XRF =0

XRF=0

XRF =39
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19 COMPLETED 1/22/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3A-7

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING -
AT END OF DRILLING --
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) Silt w/occasional gravel - Pale yellowish brown (10YR 6/4), loose, slightly damp,
gravel (<5%) to 0.5 inches, subangular to subrounded, no odor, no stain.

NOTES
W
14 > wig )
I FL B 383 9 %,
oE u Y 052 © oy
o [ Q mO L o 4
=2 O oz 2 0
2 A2 =
o ['4
0.0
SS 100 ?%f
ML
4-7-5
SS 100
25 (12)
SS 100 38f
sM *
5.0

4-33
ss 100 g

(SM) Silty Sand w/occasional gravel - Medium yellowish brown (10YR 5/4), damp, fine
sand, gravel (<5%) to 0.5 inches, subangular to subrounded, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF = 244

XRF =13

XRF =0

XRF = 42

XRF = 143

XRF =0

XRF =45

XRF = 16

XRF = 17

XRF = 36
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Nicklaus Engineering
1851 W. 24th Street

Yuma. AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19

COMPLETED 1/22/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
& 14
I ﬁ T}
= o~ w o
LE 5 =
6 E3
Z pza
7]
0.0
8S
SS
2.5
SS
5.0
88

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

3-5-4
(9)

3-5-6
(11)

(10)

U.sS.CS.

ML

CHECKED BY MLD

GRAPHIC
LOG

6.0

BORING NUMBER AOC3A-8

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING -—-
AT END OF DRILLING ---
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) Silt - Pale yellowish brown (10YR 6/4), loose, slightly damp, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

RF = 1141

XRF =23

XRF = 22

XRF =434

XRF =129

XRF =21

XRF =213

XRF =215

XRF =16

XRF =159
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works

PROJECT NUMBER 018-0069

DATE STARTED 1/21/19

COMPLETED 1/21/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
CHECKED BY MLD

LOGGED BY BC
NOTES

w ®
n- [=)
>
r i o
ag 4Wf 2
a as o
== Q
< w
P 4

0.0
100
100

25
100

5.0
100

BLOW
COUNTS
(N VALUE)

3-4-3
)

3-3-3

3-3-3
(6)

2-2-3
®)

U.s.C.s.

ML

GRAPHIC
LOG

AN

BORING NUMBER AOC3B-1

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

GROUND ELEVATION

GROUND WATER LEVELS:

AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING ---

MATERIAL DESCRIPTION

HOLE SIZE 8 inches

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose, soft clay, damp, low

plasticity, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =217

XRF =794

XRF =26

XRF =199

XRF =37

XRF =24

XRF = 82

XRF =0

XRF =23

XRF =53
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Nicklaus Engineering
1851 W. 24th Street

4 Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/21/19 COMPLETED 1/21/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3B-2

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING -
AFTER DRILLING -

MATERIAL DESCRIPTION

(SM) Silty Sand - Moderate yellowish brown (10YR 5/4), loose, slight damp, 90% fine
sand, well sorted, no odor, no stain.

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), damp, soft, low plasticity, no

NOTES
& R -
= ig E §§§ a %w
5€ 43 2z 952 g 9
Ia) o> Q m O S+ 4
=z O oz =]
2 | =
%) o
0.0
SM =
SS 100 ?ﬁf
odor, no stain.
5-4-5
SS 100
25 ©)
ML
SS 100 ﬁ;4
5.0
SS 100 33?

Bottom of borehole at 6.0 feet.

HOLE SIZE 8 inches

ENVIRONMENTAL
DATA

RF =109

XRF =812

XRF =265

XRF = 205

XRF =101

XRF =35

XRF =87

XRF =0

XRF =16

XRF = 56
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Nicklaus Engineering

18561 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/21/19 COMPLETED 1/21/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3B-3

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ~-
AT END OF DRILLING ---
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(SM) Silty Sand - Moderate yellowish brown (10YR 5/4), loose, slightly damp, well
sorted, fine sand, no odor, no stain.

(ML) Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, damp, no

(SM) Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, damp, no

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no

NOTES
é o ;\f o m . Q
= Fu o 2ED @ T,
oEg wd g 024 9 gy
o o | mO N 1 4
=Z Q oz NG
< | =
) 1’4
0.0
$S 100 5?23;0
odor, no stain.
SS 100 42253 odor, no stain.
2.5
SS  100 4@?
odor, no stain.
5.0

S§§ 100 @) ML

6.0

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =604

RF =203

XRF = 35

XRF =196

XRF = 34

XRF =19

XRF = 386

XRF =19

XRF = 14

XRF =212
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CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER

Nickiaus Engineering
1851 W. 24th Street

DATE STARTED 1/21/19

DRILLING CONTRACTOR Nicklaus En ineerin
DRILLING METHOD Hollow Stem Au er

LOGGED BY BC

NOTES
w
S
L ﬁ L
g wo
w> g %
fa]
<§: z
o
0.0
SS
SS
2.5
SS
5.0
8S

RECOVERY %

100

100

100

BORING NUMBER AOC3B-4

Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374
Fax: (928)726-6994
PROJECT NAME Adair Park Arche Ran e
018-0069 PROJECT LOCATION Yuma AZ
COMPLETED 1/21/19 GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
CHECKED BY MLD AT END OF DRILLING ---
AFTER DRILLING --
|
<
o =
2 E% 3 Zo S<
95T 5 &O MATERIAL DESCRIPTION Z%
mo> @ g~ Co
6z =2 O x
~ >
=
w
(SP) Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine sand, well
sorted, no odor, no stain.
4-8-7 XRF =593
(13)
XRF =66
(ML) Sandy Silt - Moderate yellowish brown (10YR 5/4), loose, damp, 20% fine sand, XRF =59
no odor, no stain.
6-5-6 R XRF =56
(11) ML - -
ol XRF =30
RRMREY
(CL-ML) Silty Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, XRF =26
no odor, no stain.
3-34 XRF =125
(7)
XRF =24
CL-
ML XRF =23
3-3-3 XRF = 56

100

(6)

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

BORING NUMBER AOC3B-5

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

DATE STARTED 1/21/19 COMPLETED 1/21/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING -—-
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING ---
NOTES AFTER DRILLING ---
n ®
> m S
Eo LB OB 23 4 5
o€ 42 Y 837 9 &g MATERIAL DESCRIPTION
'-é-' as [o] @m0~ @ -
=2 O oz =)
< 1] ~
(%] r
0.0
(SP) Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine grained, well
sorted, no odor, no stain.
SS 100 %$$
4-4-3 (ML) Clayey Sandy Silt - Moderate yellowish brown (10YR 5/4), loose sand, soft clay,
§S 100 @ damp, low plasticity, 20% fine sand, no odor, no stain.
25 ML
3.0
(CL-ML) Silty Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity,
no odor, no stain.
SS 100 32354
CL-
ML
5.0
ss 100 334

Q)

AN

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =572

XRF =530

XRF =293

XRF =412

XRF =33

XRF =21

XRF =298

XRF = 24

XRF = 21

XRF =92
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/21/19

DRILLING CONTRACTOR

COMPLETED 1/21/19

Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
S
T ~uw
he wl
= a1=
2= g3
=Z
<
%)
0.0
SS
SS
2.5
S8S
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

4-5.8
(13)

4-55
(10

4-3-3
6)

3-3-4
(7)

%
O
@
o)

ML

CHECKED BY MLD

GRAPHIC
LOG

6.0

BORING NUMBER AOC3B-6

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING -—-
AT END OF DRILLING -
AFTER DRILLING ---

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

ENVIRONMENTAL
DATA

(SM) Silty Sand - Moderate yellowish brown (10YR 5/4), loose, damp, well sorted, fine
sand,

RF =1031
XRF =334
(ML) Ciayey Silt - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no  XRF = 305
odor, no stain.
XRF =773
XRF =530
(SP) Sand - Pale yellowish brown (10YR 6/4), damp, loose, fine to very fine, no odor, XRF =0
no stain, well sorted.
XRF = 206
RF =204
(ML) Ciayey Silt - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no ~ XRF =37

odor, no stain.
XRF = 349

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

4 Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/21/19 COMPLETED 1/21/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3B-7

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING ---

HOLE SIZE 8inches

MATERIAL DESCRIPTION

(SM) Silty Sand - Moderate yellowish brown (10YR 5/4), loose, slightly damp, fine

sand, well sorted, no odor, no stain.

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), soft, low plasticity clay, no

NOTES

W x

S > ol s O
T w [ ES> @© =
e wd 4 323 ¢ 29
=) [0 ] o} mO N © 4

=2 O oz =G

< | =

n ['4
0.0

SS 100 3;*13;31)0

odor, no stain.
5-5-5

SS 1

25 % o

4-3-4
ML
ss 100 Y

o
=

2-3-4
ss 100 S5

6.0

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF = 189

XRF = 8§91

XRF =24

XRF = 268

XRF =18

XRF =16

XRF =50

XRF =19

XRF =21

XRF =115
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Coun De artment of Public Works

PROJECT NUMBER 018-0069

DATE STARTED 1/21/19

COMPLETED 1/21/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
&
L i i}
Ay wo
w> g %
a
<§t b4
7]
0.0
SS
SS
2.5
Ss
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

8-15-14
(29

6-4-4
(8)

3-3-4
(M

3-2-4
(6)

U.sS.C.s.

ML

CHECKED BY MLD

GRAPHIC
LOG

4.0

sC .

6.0

BORING NUMBER AOC3B-8

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING --
AT END OF DRILLING --
AFTER DRILLING —

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) Silt - Moderate yellowish brown {(10YR 5/4), loose to medium dense, slightly
damp, no odor, no stain.

(SC) Clayey Sand - Moderate yellowish brown (10YR 5/4), loose, damp, low plasticity,
70% fine sand, well sorted, soft clay, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =398

RF = 2081

XRF =88

RF =111

XRF =27

XRF =17

RF =107

XRF =27

XRF = 54

XRF =253
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Nicklaus Engineering BORING NUMBER AOC3C-1
1851 W. 24th Street PAGE 1 OF 1
Yuma, AZ 85364

Telephone: (928)344-8374

Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works PROJECT NAME Adair Park Arche Ran e
PROJECT NUMBER 018-0069 PROJECT LOCATION Yuma AZ
DATE STARTED 1/23/19 COMPLETED 1/23/19 GROUND ELEVATION HOLE SIZE 8 inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er AT TIME OF DRILLING ---
LOGGED BY BC CHECKED BY MLD AT END OF DRILLING -
NOTES AFTER DRILLING ---
<
¢ ;\f m o =
z_ Fhog =23 4 3, s
aE Y€ 5 283z 9 g MATERIAL DESCRIPTION 2k
W= g5 § @mg> ¢ - o=
=z O oz 2 0 x
<€ L =~ >
7] 14 z
0.0 w
(SM) Silty Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine sand, well
sorted, no odor, no stain.
XRF =48
4-4-4
SS 100
(8)
XRF =28
XRF =32
XRF = 338
ss 100 ¥aS
25 ©
XRF =0
(CL) Clay - Moderate yellowish brown (10YR 5/4), soft to medium stiff, damp, low XRF =0
plasticity, no odor, no stain.
XRF =430
5-4-2
100
SS (6)
XRF = 14
CL XRF =22
5.0
XRF = 351
ss 10 &34

)

6.0

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/23/19 COMPLETED 1/23/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3C-2

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING --

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(ML) Sandy Silt - Moderate yellowish brown (10YR 5/4), loose, damp, fine sand, well
sorted, no odor, no stain.

(CL-ML) Clayey Silt/Silty Clay - Moderate yellowish brown (10YR 5/4), damp, soft, low
plasticity, no odor, no stain.

NOTES
woox
> m Y]
E_ tg i EEUBJ 3 o
AE HE 2z 93T 4 %9
a as Q @0 4
== O oz =2 @
< w =
[75] i
0.0
SS 100 ng
ML
2-4.4
SS 100
25 ®)
3.0
SS 100 2@?
CL-
ML
5.0
SS 100 22%4

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =93

XRF =18

XRF =19

XRF =16

XRF =21

XRF =16

XRF =29

XRF =25

XRF=0

XRF =25
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CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER (018-0069

Nicklaus Engineering
1851 W. 24th Street

DATE STARTED 1/23/19

DRILLING CONTRACTOR Nicklaus En ineerin
DRILLING METHOD Hollow Stem Au er

LOGGED BY BC

NOTES
W
S
E ﬁ [}
oE wa
W= g
o ==
<
%)
0.0
SS
Ss
2.5
S8s
5.0
SS

RECOVERY %

100

100

100

100

BORING NUMBER AOC3C-3

Yuma, AZ 85364 PAGE 1 OF 1
Telephone: (928)344-8374
Fax: (928)726-6994
PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
COMPLETED 1/23/19 GROUND ELEVATION HOLE SIZE 8 inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
CHECKED BY MLD AT END OF DRILLING ---
AFTER DRILLING ---
<
—~ o E
z25 9 I, np
65z @ Lo MATERIAL DESCRIPTION =k
aQ> 2 g~ fofa)
oz =2 0o x
~ >
i
(SC) Clayey Sand - Moderate yellowish brown (10YR 5/4), damp, fine sand, clay 30%,
soft, low plasticity.
4-4-5 XRF = 356
(9)
XRF =22
XRF =19
oay O XRF = 84
(8)
XRF =23
XRF =0
2-3-3 e XRF =50
(6) . 4.0
(CL) Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no odor, XRF =26
no stain.
XRF =17
2.2.3 ot XRF =33
(5)
6.0

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364

Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER (18-0069

DATE STARTED 1/23/19

DRILLING CONTRACTOR

COMPLETED 1/23/19

Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
w
g P
T
Fe wo
~— = E
o &3
==
<
%]
0.0
SS
SS
2.5
8S
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

3-3-4
(7)

2-3-2
(5)

2-4-5
(9)

2-4-4
(8)

U.s.CS.

CL-
ML

CH

CH

CHECKED BY MLD

GRAPHIC
LOG

1.5

BORING NUMBER AOC3C-4

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION HOLE SIZE 8inches
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING -
AFTER DRILLING --

MATERIAL DESCRIPTION

(CL-ML) Clayey Silt/Silty Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low
plasticity, no odor, no stain.

(CH) Clay - Moderate yellowish brown {10YR 5/4), soft to medium stiff, medium
plasticity, no odor, no stain.

(SP) Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine grained, well
sorted, no odor, no stain.

(CH) Clay - Moderate yellowish brown (10YR 5/4), soft to medium stiff, medium
plasticity, no odor, no stain.

(SP) grades to 6" sand lense at 5.5 ft, pale yellowish brown (10YR 6/4), loose, damp,
fine grained, well sorted, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

XRF =22

XRF =27

XRF =19

XRF =22

XRF = 26

XRF =28

XRF =35

XRF =31

XRF =16

XRF =16
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364
Telephone: (928)344-8374

Fax: (928)726-6994
CLIENT Yuma Count De artment of Public Works

PROJECT NUMBER 018-0069

DATE STARTED 1/23/19

DRILLING CONTRACTOR Nicklaus En ineerin

COMPLETED 1/23/19

DRILLING METHOD Holiow Stem Au er
LOGGED BY BC

NOTES
L
S
I Fw
b wo
= a=
A~ L3
Z =z
w
0.0
SS
SS
2.5
SS
5.0
SS

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

4-6-7
(13)

3-2-4
(6)

2-4-4
(8)

U.S.C.S.

ML

CH

CHECKED BY MLD

GRAPHIC
LOG

3.0

BORING NUMBER AOC3C-5

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

GROUND ELEVATION HOLE SIZE 8 inches

GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING ---
-
<
}.—
pd
We
==
MATERIAL DESCRIPTION Z<
on
4
>
z
]
(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), damp, soft clay, low plasticity,
no odor, no stain.
XRF =147
XRF =129
XRF = 24
XRF =28
XRF =17

(CH) Clay - Moderate yeliowish brown {(10YR 5/4), high plasticity, soft to medium stiff, XRF =0
no odor, no stain.
XRF = 29
XRF =19
XRF =16
(SP) Sand - Moderate yellowish brown (10YR 5/4), damp, loose, fine grained, well XRF =18

sorted, no odor, no stain.

Bottom of borehole at 6.0 feet.
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Nicklaus Engineering
1851 W. 24th Street

Yuma, AZ 85364

Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER (18-0069

DATE STARTED 1/23/19

COMPLETED 1/23/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er
LOGGED BY BC

NOTES
L
S
I
Ee 1y
= a=
a &5
2 =
o
0.0
SS
S8
2.5
SS
5.0
S8

RECOVERY %

100

100

100

100

BLOW
COUNTS
(N VALUE)

4-6-7
(13)

5-5-5
(10)

3-3-4
(N

2
O
@
>

CL

CHECKED BY MLD

GRAPHIC
LOG

BORING NUMBER AOC3C-6

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING ---
AFTER DRILLING -—-

HOLE SIZE 8 inches

MATERIAL DESCRIPTION

(SC) Clayey Sand - Moderate yellowish brown (10YR 5/4), loose, damp, fine sand,
well sorted, clay 30%, soft, low plasticity, no odor, no stain.

(SM) Silt - Pale yeliowish brown (10YR 6/4), loose, slightly damp, no odor, no stain.

(SP) Sand - Pale yellowish brown (10YR 6/4), icose, slightly damp, very fine to fine
sand, well sorted, no odor, no stain.

(CL) Silty Clay - Moderate yellowish brown (10YR 5/4), soft to medium stiff, damp, low
plasticity, no odor, no stain.

Bottom of borehole at 6.0 feet.

ENVIRONMENTAL
DATA

RF = 156

XRF =722

XRF =571

XRF =616

XRF =423

XRF =431

XRF =433

XRF =28

XRF =32

XRF =163
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Nicklaus Engineering

1851 W, 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19 COMPLETED 1/23/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Hollow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORING NUMBER AOC3C-7

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING -
AT END OF DRILLING --
AFTER DRILLING ---

MATERIAL DESCRIPTION

(ML) Silt - Moderate yellowish brown (10YR 5/4), loose to medium dense, damp, no

(ML) Sandy Silt - Moderate yellowish brown (10YR 5/4), loose, damp, fine sand,
moderately sorted, no odor, no stain.

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no

(CL) Silty Clay - Moderate yellowish brown (10YR 5/4), soft, damp, low plasticity, no

NOTES
HS i ;\f 7y S}
FoooE % 253 8 To
L€ 43 > 952 3 %9
=Z O oz 2 G
< ] ~
P o
0.0
odor, no stain.
SS 100 ?ﬁ§
ML
4-4-6
05 SS 100 (10)
. 3.0
ML
ss 100 %30 o
4.0
ML odor, no stain.
4.5
odor, no stain.
5.0 cL
§S 100 3gf

(SP) Sand - Moderate yellowish brown (10YR 5/4), damp, loose, fine, well sorted, no
odor, no stain.

Bottom of borehole at 6.0 feet.

HOLE SIZE 8inches

ENVIRONMENTAL
DATA

XRF =276

XRF =234

XRF=0

XRF =231

XRF =27

XRF =30

XRF =105

XRF = 14

XRF =16

XRF =30
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Nicklaus Engineering

1851 W. 24th Street
Yuma, AZ 85364
Telephone: (928)344-8374
Fax: (928)726-6994

CLIENT Yuma Count De artment of Public Works
PROJECT NUMBER 018-0069

DATE STARTED 1/22/19 COMPLETED 1/22/19
DRILLING CONTRACTOR Nicklaus En ineerin

DRILLING METHOD Holiow Stem Au er

LOGGED BY BC CHECKED BY MLD

BORINGN BER AOC3C-8

PAGE 1 OF 1

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ
GROUND ELEVATION
GROUND WATER LEVELS:
AT TIME OF DRILLING ---
AT END OF DRILLING --
AFTER DRILLING -

MATERIAL DESCRIPTION

(ML) Silty - Moderate yellowish brown (10YR 5/4), loose, damp, no odor, no stain.

(SP) Sand - Pale yellowish brown (10YR 6/4), loose, slight damp, fine grained, well

(ML) Clayey Silt - Moderate yellowish brown (10YR 5/4), loose, damp, soft clay, low
plasticity, no odor, no stain.

NOTES
w x
S > %3m . Q
£ W B oz£3 2 Io
aE Y3 > 951 4 %9
) a5 0O @mo> ;-
==z o oz =)
2 e =
75 o
0.0
SS 100 %fg?
ML
,s S5 100 Yo se sorted, no odor, no stain.
SS 100 3éf
ML
5.0
SS 100 32354

6.0

Bottom of borehole at 6.0 feet.

HOLE SIZE 8 inches

ENVIRONMENTAL
DATA

XRF =127

XRF =45

XRF =20

XRF = 36

XRF =15

XRF =17

XRF =17

XRF =59

XRF =24

XRF =29
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CLIENT Yuma Coun De artment of Public Works
PROJECT NUMBER 018-0069

Nickiaus Engineering BORING NUMBER DeepBH-2
1851 W. 24th Street PAGE 1 OF 1
Yuma, AZ 85364

Telephone: (928)344-8374

Fax: (928)726-6994

PROJECT NAME Adair Park Arche Ran e
PROJECT LOCATION Yuma AZ

DATE STARTED 3/6/19 COMPLETED 3/6/19 GROUND ELEVATION HOLE SIZE 8inches
DRILLING CONTRACTOR Nicklaus En ineerin GROUND WATER LEVELS:
DRILLING METHOD Hollow Stem Au er Y AT TIME OF DRILLING 14.70 ft
LOGGED BY MLD CHECKED BY MLD AT END OF DRILLING --
NOTES AFTER DRILLING ---
H'J 14 ;\j [} m . O
E. BB 283 4 I
ag W 5 B85g 9 &g MATERIAL DESCRIPTION
a eS © @9z 2 p-
== o oz )
< u =~
) 74
0
Cover Soil
5 _ 50 _ _ _ _
(CL-ML) Silty Clay - Dark reddish brown 10YR 3/4, damp, soft, <5% fine sand, slightly micaceous,
8S 40 26‘2152 no odor, no stain.
CL-
ML
10
(CL-ML) Silty Clay - Dark reddish brown 10YR 3/4, damp, soft, <5% fine sand, slightly micaceous,
SS 100 22%33 no odor, no stain, groundwater 14.7ft.
CL-
ML
B B T ,——_——,————
(SP-SM) Sand With Silt - Dark reddish brown 10YR 3/4, loose, saturated, fine to occasional
SS 100 3-6-6 medium grained, moderately sorted, no odor, no stain, flowing sands heaved in auger, unable fo
(12) get sample.
20 L1200

Bottom of borehole at 20.0 feet.
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December 16, 2019

Scott Green

Manager, Voluntary Remediation Program Unit

Arizona Department of Environmental Quality

Remedial Projects Section, Voluntary Remediation Program
1110 West Washington Street, 6th Floor '
Phoenix, AZ 85007

RE: - Summary of Findiligs at Adair Park Archery Range, Yuma, Arizona, Site
' Code 505354-00

Dear Mr. Green:

At your request, the Fehling Group, LLC (TFG) reviewed the “Summary of Findings at Adair Park
Archery Range, Yuma AZ” (hereafter referred to as the “Report of Findings”) submitted by
Nicklaus Engineering Inc. (NEI) June 2019. NEI prepared the report on behalf of the Yuma
County Department of Public Works to present the results of the investigations and voluntary
remediation activities that have been conducted at the Adair Memorial Park Archery Range. This
investigation was conducted to address the Arizona Department of Environmental Quality’s
(ADEQ) concerns to the No Further Action (NFA) request. The purpose of our analysis provided
herein, is to document our assessment of potential human health risks associated with residual
levels of inorganics, specifically arsenic and lead in the top 6 to 12 inches of soil at the site. It
should be noted that these two chemicals are the only chemicals of potential concern (COPCs)
addressed herein as they were detected in site soils at concentrations greater than the Arizona Non-
Residential Soil Remediation Levels (SRLs) and/or site background (Table 1).

Summary of Site Backgromid and Soil Investigation Data

As summarized in the Report, the Adair Memorial Park Archery Range is 24 acres dedicated to

Yuma County by the United States Bureau of Reclamation (USBR) in 1967 for the expressed use
as a rifle, pistol and archery range, thus only non-residential exposures would occur on site. The
site is located at 4760 South US Highway 95 and is about 12 miles north of Yuma, Arizona (Figure

1). :
The archery range is located in a dry ephemeral wash built on top of tailings surrounded by the
Gila River to the south, desert hills to the north and west and a shooting range to the east (Figure

2). The site currently consists of an archery range, several buildings, a shade structure, elevated
shooting structures, archery targets and materials and maintenance equipment.

The site was formerly used as a silver ore mill during the late 1800s and early 1900s. The taih'ﬁgs
from the silver ore processing were placed in a tailings pond and the silver ore processing and
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associated tailings resulted in lead contanunated soil via stormwater runoff and wind-borne
transportation.

~ As shown in Figure 2, the site was divided into three areas of concern (AQCs) for the purpose of
the environmental investigation: AOC 1 (area to the north) received impacted soil from AOCs 2
and 3 and was capped; AOC 2, and AOC 3, which was further broken into AOC 3a (archery
haybales), 3b (archery parking), and 3¢ (drainage from AOC 1). Investigation sampling locations
are provided in Figures 3 and 4. Soil analyses for metals by USEPA Method 6010C was used for
this investigation. It should be noted that XRF samples collected for the purpose of approximately
identifying areas of elevated metals concentrations were not included in this analysis because
USEPA Method 6010C provides a higher degree of accuracy for soil concentrations.

Soil Investigations

Eight background soil samples were collected outside the AOCs (Figure 3). Background lead
concentrations detected ranged from 16 to 620 mg/kg, and arsenic concentrations detected ranged
from 10 to 15 mg/kg. A statistical analysis of site background by Neptune and Company, Inc.
compared site background concentrations of metals to site metals data in AOCs 2 and 3. This
analysis indicated that site metals concentrations were above background for only arsenic and lead
(analysis not shown) indicating that further evaluation of AOC arsenic and lead concentratlons
was warranted. A

AOC 2
In AOC 2, 10 soil samples were collected between 6 and 12 inches below ground surface (bgs) .
(Figures 2 and 4). Arsenic was detected ranging from 13 to 20 mg/kg, with a 95% upper
confidence limit (UCL)' of 17 mg/kg. All of the arsenic soil concentrations are above the ADEQ
non-residential SRL of 10 mg/kg. Lead was detected at concentrations ranging from 38 to 460,
with a 95% UCL of 242 mg/kg, and all are below the ADEQ non-residential SRL of 800 mg/kg. .

AOC 3a

In AOC3a, seven soil samples were collected from 6 a:nd 12 inches bgs. Arsenic concentrations
ranged from 3 to 23 mg/keg, while lead was detected at concentrations ranging from 47 to 1800
mg/kg. Both arsenic and lead are present in this AOC at concentrations in excess of their respective
ADEQ non-residential SRLs.

AOC 3b

In AOC3b, 11 soil samples were collected from 6 and 12 inches bgs. Arsenic was detected at
concentrations ranging from 11 to 19 mg/kg, with a 95% UCL of 16 mg/kg. All of the arsenic
detected concentrations are greater than the ADEQ non-residential SRL of 10 mg/kg. Lead was
detected ranging from 61 to 820 mg/kg, with a 95%UCL of 639 mg/kg. Although the maximum
lead result of 820 mg/kg is detected above the ADEQ non-residential SRL of 800 mg/kg, the
95%UCL is below that SRL. :

{ All UCLs in this analysis were calculated using ProUCL version 5.1.1; USEPA, 2015.



Mr, Scott Green
December 16, 2019
Page 3

AOC 3¢

In AOC3c, 10 soil samples were collected from 6 and 12 inches bgs.? Arsenic was detected at soil
concentrations ranging from 12 to 20 mg/kg, with a 95% UCL of 18 mg/kg. All of the arsenic
detected concentrations are above the ADEQ non-residential SRL of 10 mg/kg. Lead was detected
at soil concentrations ranging from 26 to 1000 mg/kg, with a 95%UCL of 505 mg/kg. Although
the maximum value is above the ADEQ non-residential SRL of 800 mg/kg, the 95%UCL is below
that SRL. A

The ProUCL output files for each AOC is provided as Appendix A.

Exposure Assessment ‘

Because arsenic and lead have been detected in one or more AOCs at concentrations above ADEQ
non-residential SRLs, this technical memorandum further evaluates the potential health effects
related to adolescent and adult exposures to arsenic and lead in surface soils at AOCs 2 and 3a, 3b,
and 3c.

Exposure Assumptions
The ADEQ non-residential SRLs, and the USEPA regional screening levels (RSLs), are two sets

of published soil risk-based soil screening criteria that may be used to assess potential health risks
from exposures to soils that contain elevated levels of hazardous chemicals. Both SRLs and RSLs
assume a non-residential (that is, commercial or industrial land use) exposure frequency of 225 to
250 days per year. However, a reduced exposure frequency of 45 days per year (approximately
one visit per week) for an adolescent/adult was selected as a more appropriate value for the Adair
Memorial Park Archery Range. This value presumes that park visitors do not go to the park more
than once per weck, averaged over many years of park visits. The Archery Range does not
routinely have any park employees in the AOC areas, so the typical commercial/industrial
exposure frequency (225 to 250 days per year) is not applicable to park employees. In addition, it
was assumed that an adolescent/adult visitor is not exposed to ore tailings in AOC 1 (which is
capped) or to the tailings pile located on a hillside above AOC 3c, as this area is above grade to all
park use areas and is cordoned off to prevent exposure in this area.

The primary route of exposure for chemicals like arsenic and lead in soil is through incidental soil
ingestions. The USEPA Adult Lead Model uses a default outdoor soil and indoor dust ingestion
rate is 50 mg/day (USEPA, 2003). However given that the site is used for archery, it is likely that
park users would be picking up arrows, targets, and other items off the ground and, as such, it is
entirely likely that the soil contact rate and subsequent outdoor soil ingestion rate, may be higher
(with no “indoor dust” ingested). Thus, twice the “normal” ingestion rate of 100 mg/day was used
as a conservative, health protective, measures and that it was derived from on-site soil. This rate
is consistent with that used by USEPA in the industrial/commercial Regional Screening Level

2 Tt was noted in the laboratory report that USEPA Method 6010C required confirmation because the initial analysis produced a
significant negative result for [one or more metals] (absolute value exceeded the reporting limit; Test America Job ID 550-116386-
1, Revision 1; 3/18/19). In addition, the original preparation batch was reviewed, and it was noted that there was a data entry error
in the weight of one of the soil samples. The weight was mistakenly listed as 1/10% of the actual wdight. In the initial analysis, the
arsenic detection was 150 mg/kg; however, the re-analyses indicated an arsenic concentration of 14 mg/kg and the duplicate analysis
confirmed the 14 mg/kg. Therefore, this analysis used the data from the re-analysis reported in March 2019.
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(RSL) for arsenic (although it is recognized this latter value is once again inclusive of indoor dust
and outdoor soil).

Arsenic RSL Adjustment

The USEPA risk-based, industrial/commercial (RSL) of 3 mg/kg (USEPA, 2019) was adjusted to
account for the differences to the exposure frequency as noted above using a simple ratio approach
(45 days/year versus 250 days/year). With this exposure parameter adjustment, the
commercial/industrial RSL would increase to 17 mg/kg at a risk level of 1x10.

Adult T ead Model ' _ ~ .

The USEPA adult lead model (USEPA, 2019) was used to calculate a soil RSL for the site. This
model focuses on estimating fetal blood lead concentrations in pregnant women exposed to lead-
impacted media and uses a fetal target lead blood level of 5 pg/dL as the threshold at which adverse
health effects might be observed. It is noted that the ADEQ still relies upon the previous blood
lead target of 10 pg/dL; however, the more protective newer level currently recornmended by
USEPA was used here. The adult lead model was set to calculate a target soil lead level such that
there is a 95% probability that the fetal blood lead level will not exceed the 5 pg/dL threshold.

As noted above, the exposure frequency and soil ingestion rate parameters were modified from the
adult lead model defaults of 250 days/year and 50 mg/day to 45 days/year and 100 mg/day;
respectively. The resultant RSL from the USEPA Adult Lead Model is 2,556 mg/kg as shown in
Table 2. This value is compared to the 95%UCL of soil lead concentrations in each AOC.

Risk Characterization Summary

Arsenic
AOC 95% UCL Site-Specific RSL | [CL Exceeds Site-Specific
| (mg/ke) (mg/kg) | RSL? |
AOC3a 17 , 17 No
AOC 3b 16 17 ‘ No
AOC 3c 18 17 Yes

In all but AOC3c, the 95% UCLs for arsenic are at or below the site-specific RSL of 17 mg/ke.
For AOC3c, the 95% UCL of 18 represents a risk of 1.06 x 10°5; essentially 1 x 10°° as well such
that this slight exceedance of the site-specific RSL. may be considered equivalent to said RSL.
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Lead
AOC 95% UCL Site-Specific RSL | [CL Exceeds Site-Specific
(mg/ke) (mg/kg) RSL?
AOC 3a 242 2,556 No
AOC 3b 820 : 2,556 No
AOC3c 1,000 2,556 No

None of the lead 95% UCLS for AOCs 2, 34, 3b, and 3¢ exceed the site-specific lead soil screening
level of 2,556 mg/kg. It is worth noting that none of the detected concentrations individually
exceed this RSL either. '

Closing

This analysis assessed residual arsenic and lead levels in the top 6 and 12 inches of soil in which
adolescents/adults may come into contact at the Adair Memorial Archery Range site. Several
conservative (e.g., health protective) assumptions were relied upon as part of this analysis most
notably, an outdoor soil ingestion rate that is at least twice that of the standard, default assumption.
Based on this analysis, it does not appear that there would be significant exposure to lead and
arsenic in soil above site-specific, health-based levels. It should be noted that the UCL for arsenic
in AOC 3c is 18 mg/kg as compared to the site-specific RSL of 17 mg/kg. It is likely that this
exceedance will not appreciably increase risk above the de minimis level of 10 but, ultimately,
that is a decision for the site risk managers and regulators. It is recommended that the ore tailings
locations in AOC 1 and the tailings pile located on the hillside above AOC 3¢ be posted with “No
Trespassing” signs if they are not already.

We appreciate the opportunity to provide a review of the subject document. If you have any
questions, please contact Kurt Fehling at (707) 478-3484.

Sincerely,
Kurt A. Fehling ‘ Joanne M. Otani

Principal Health Scientist Senior Health Scientist
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Table 1: Summary of Total Metals in Soil - Adair Memorial Park

Sample Name Date Unit Arsenic Barium Cadmium Chromium Lead Mercury Selenium  Silver

AOC2-1-0.5  1/24/2019  mg/ke 76 <0.5 16 100  <0.091 <5 <2.5
AOC2-1-05  1/23/2019  mg/kg 120 <0.49 21 150  <0.095 <49 <4
AOC2-1-1- 1/24/2015  mg/ke 140 1 17 460 0.1 <49 <2.5
AOC2-2-05  1/24/2019  mg/ke 140 0.67 21 370 <0.097 <49 <2.5
AOC2-2-3.5  1/24/2019  mglkg 120 <05 26 73 <0095 <5 <25
AOC2-3-0.5  1/23/2018  mg/kg 83 <0.49 19 58 <01 <48 <24
ADC2-3-35  1/23/2019  mg/kg 130 <0.5 25 43 <0.094 <5 <25
AOC2-4-05  1/23/2019  me/ke 86 <0.5 15 34 <0097 <5 <2.5
AOC2-4-3.0  1/23/2019  mg/ke 85 <0.49 57 330 <0.095 <49 <2.4
AOC2:5-05  1/23/2019  mg/ke 59 <0.5 15 68  <0.089 <5 <25
AQOC2-5-4.5  1/23/2018  mg/kg 130 <0.5 24 31 <0.087 <5 <25
AOC2-6:0.5  1/23/2018  ‘mg/ke 120 0.77 21 150  <0.094  <4.9 <25
AOC2-6-3.5  1/23/2019  mg/kg 120 <0.49 22 94  <0.095 <49 <2.4
AOC2-6-4.0  1/23/2019  mg/kg 180 3.4 25 " <009 <49. <25
AOC2-7-05  1/24/2019  mg/kg 110 <049 19 150  <0.099  <4.9 <2.5
AQC2-7-2 1/24/2019  mg/kg 62 <0.49 14 46 <0.095 <49 <2.4
AQC2-8-0.5  1/23/2019  mg/kg 62  <0.49 9.1 38 <0099 <49, <25
AOC2-8-35  1/23/2019  mg/kg 120  <0.49 20 14 <0.095  <4.9 <2.5
AOC3A-2-0.5 1/22/2019  mg/kg 110  <0.49 19 70  <0.088  <4.9 <24
AOC3A-3-05 1/22/2019  mg/kg | 120  <0.49 16 130  <0.086  <4.9 <2.5
AOC3A-4-1  1/22/2019  mg/kg 310 3 29 0.26 <49 <2.4
AOC3A-4-4  1/22/2019 .  mg/kg 170 1.2 25 370 <0.098 <49 <24
AOC3A-5-0.5 1/22/2019  mg/kg 200 1.4 25 680  0.22 <4.9 <2.5
AOC3A-5-2  1/22/2019  mg/ke 220 1.7 26 0.15 <4.9 <2.5
AOC3A-6-0.5 1/22/2019  mg/kg 140  <0.49 21 47  <0.092 <49 <2.5
AOC3A-7-0.5 1/22/2019  mg/kg 160 0.66 24 280  <0.089 <5 <2.5
AOC3A-8-0.5 1/22/2019  mg/kg 190 15 26 540 0.18 . <5 <2.5
AOC3B-1-0.5 1/21/2019  mg/Kg 130  <0.49 21 61  <0.088  <4.9 <2.5
AOC38-2-0.5 1/21/2019  mg/Kg 180 13 18 640  0.18 <4.9 <2.5
AOC3B-2-1 1/21/2019 mg/fkg - 230 1.6 24 0.12 <4.9 <2.4
Non Residential SRL 170,000 510 65 800 310 5,100 5,100

Page 1 of 2



Table 1: Summary of Total Metals in Soil - Adair Memorial Park

Sample Name Date Unit Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
AOC3B-3-0.5 1/21/2019 me/Kg 190 1.8 23 570 <0.087 <5 <2.5
AOC3B-3-1 1/21/201§ mg/Ke 150 0.54 24 770 <0.095 <4.9 <25
AOC3B-4-0.5 1/21/2019 mg/Ke 120 <0.49 20 200 <0.096 <4.9 <25
AQC3B-5-0.5" 1/21/2019 me/Ke 110 ‘ 0.52- 13 230 <0.092 <49 <2.5
AOCSB-G—O.S _ 1/21/2019 mg/Kg 120 1.1 18 750 <0.092 <4.9 2.4
AOC3B-6-4 1/21/2019 mg/Ke 120 <0.49 18 17 <0.091 <4.9 <2.5
AOC3B-7-0.5 1/21/2019 & mg/Kg 130 <0.49 21 120 <0.1 <4.9 <24
AOC38—7—1 1/21/2019 mg/kg 150 <0.5 26 | 200 <0.091 <5 <25
AOC3B-8-0.5 1/21/2019  mg/Kg 210 1.1 25 0097 <4.9 <2.5
AOC3B-8-2 1/21/2019  mg/kg 120 <0.49 23 15 <0.098 <49 - <24
AOC3C-1-5 1/23/2019 mg/kg 160 1.3 24 660 <0.094 <4.9 <2.5
AQC3C-1-3.5 1/23/2019 mg/kg 190 1.3 24 470 <0.09 <4.9 <2.4
ADC3C-2-0.5 1/23/2019 mg/kg 1700 -<4.9 240 580 <0.098 <49 <24
AOC3C-2-05 - 3/8/2019 ‘mg/Ke 140 <0.49 20 56 <4.9 <2.5
AOC3C-2-0.5-D 3/8/2019 me/Kg 140 <0.49 20 56 | <4.9 <25
AOC3C-3-0.5 1/23/2019 mg/kg 140 '0.78 24 230 <0.1 <4.9 <2.5
ADC3C-4-0.5 1/23/2019 mg/kg ' 150 <0;5 24 29 <0.096 <5 <2.5
ADC3C-5-05 1/23/2019 mg/kg 140 <0.49 26 <0.098 <4.9 <2.5
AOC3C-6-05 1/23/2019  mg/ke 180 21 25 <0093 <5 <2.5
AOC3C-6-1.0 1/23/2019  mg/kg 140 <0.49 26 450  <0.095  <4.9 <2.4
ADC3C-7-0.5  1/22/2019 mg/kg 110 <0.49 20 26 <0.087 <4.9 <2.4
AOC3C-8-0.5  1/22/2019.  mg/ke 130 1.8 22 140 <4.9 <2.5
Note: mg/kg - milligram per kilogra_m

Non Residential SRL 10 170,000 510 65 800 310 5,100 5,100

Page 2 of 2



Table 2: 'Calculations of Preliminary Remediation Goals (PRGs) for Soil in Nonresidential Areas

" U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee
Adair Memorial Archery Park

ab Descripti Ll

PbBeets, 0.n Target PbB in fetus {e.qg., 2-8 pg/dL) Mg/dl.

Reetalfmatemnal Fetal/maternal PbB ratio --
BKSE Biokinetic Stope Factor pg/dL per Jg/day 0.4
GSD; Geometric standard deviation PbB -
PbBy Baseline PbB pagfdL

1Rg Sail ingestion rate (including soil-derived indoor dust) g/day
AFs o Absorption fraction (same for soil and dust) ’ -
EFsp Exposure frequency {same for soil and dust) days/yr
ATs p Averaging time (same for soil and dust) daysfyr
PR®G in Soii for no more than 5% probability that fetal PbB exceeds target PbB | ppm (mg/kg) 2 556
'y

Note: all ingut parameters zre Mode! defaults with the exceplion of the Exposure frequency and Soil ingestion rate; see text for discussion.
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9
10
11 JAGC20.5tbgs Py
12
13 General Statistics
14 Totat Nomber of Cb i 9 Numbar of Distinct Observations| 7
15 Mumber of Missing Observations; 2
16 Minimum; 34 Mean| 124.2
17 Maximum| 370 - Madizn| 100
18 8D 1037 Std. Errer of Mean! 3458
19 Coefficient of Varlation|  0.835 Skewness| 1.877
20
21 Note:: Sample size s smali (.., <10), if deta are coilected using ISM approech, you shauld use
22 guidence provided In TRC Tech Reg Gulda on 1S4 (TRC, 2012) to compurie statistics of interest,
23 For sxampla, you may ¥ant 1o use Chebyshey UCL to eatimate EPC (ITAC, 2012},
N Chebyshev UCL can be uslng the Nonp it and All UCL Ogtions of ProUCL 5.1
25
28 Nomal GOF Test
27 Shapiro Wik Test Statistic| - 0.786 Shupirn Wik SOF Test
28 5% Shapira Wilk Criical Valus] 0,828 Pata Net Mormal at $% Significance Lavel
29 Liflefors Test Statistic| 0281 Lilisfars GOF Test
20 5% Lilliefors Criticai Value| 0274 | - Data Not Normal at 5% Significance Lave!
31 Data Not Normal st 5% Sigafficance Level
32
33 ‘Assuming Normal Distribution
o 5% Normal UL = 5% UGLS (Adjusiod ior Skewnsss)
a5 B5% Student's-t UCLI 188.5 95% Adjustad-CLT UCL (Chen-1895) 2042
28 | 95% Morifiad-¢ UCL (Johnson-1678) 192.1
37
38 Gamma GOF Test
2g AeD Tost Statisticy  0.356 Anderson-Dazling Gamma GOF Test
40 B% A-D Criticai Value| 0.73 Datected data appear Gamma Distributed at 5% Significance Lavel
41 K3 Test Statistlc| 0.194 Koimogerav-Smimay Samma GOF Test
£ 5% K-8 Criical Valus;  D.282 - Detected data appear Gamma Distributad a1 5% Significance Leve!
43 Dotected data appear Gamma Digirtbuted 21 5% Significance Level
44
45 Gamma Statistics
46 KPat{MLE)|  2.023 k ooy (oims conecied MLEY]  1.422 |
a7 Theta kat (MLE)|  61.42 Theta star (bias corectad MLE}  87.33
T nu hat {MLE)|  36.41 nu star (bias correctad)|  25.6
%9 MLE Mean (bles eorremad?{ 124.2 MLE 5d (bims corrected); 104.2
50 Approximate Chi Square Valus {0.05)  15.07
51 Adjusted Lavel of Sign}ﬁnzncai 0.0231 Adjusted Chi Square Valua] 134
52
53 Asguming Gamma Digtribution
55 095% Approxmate Gamma UCL (usa when n>=5mt X t 95% Adjustad Gamma UCL [use when n<50)l 2374
55
26 Lognoemal GOF Tast
57 Shapiro Wik Test Statistic] 0,945 Shapiro Wilk Lognomal GOF Test
58 5% Shapho Wik Critcal Valus|  2.829 Data appaar Lﬁgmrmal at 5% Significance Lavel
5% Lifefors Test Statistic| 0,168 i Liliisfors Lognarmal GOF Test
50 5% Lilliefors Critical Vaiue|  0.274 - Data appaar Loghormal at 5% Significance Level
51 Data sppear Lognormal 61 5% Skinificance Leval
a3 Lognommal Statistics
54 Minimum of Logged Data|  3.526 - . Mean of logged Data|  4.555
55 Maximum of Logged Data|  5.914 8D of logged Datal  0.769
66
57 Assuming Legnormsl Distribution

_68 §5% H-UCL| 269.9 . 90% Chebyshev (MVUE) UCL| 2158
59 95% Chebyshev (MVUE} UCL| 2639 97.5% Chebyshay (MVUE) UCL; 324.5
P 89% Chebyshev (MVUE) UCL| 444.7
al
72 Noriperametric Distribution Free UCL Stetistics
73 Daty appear to follew a Discem|bie Diatibuton at 5% Sigrificance Level
74
% Nonparametric Distribution Fras UCLs.
% 95% CLT LCL 1811 95% Jackknite uci} 1285
T 95% Standard Bootstrap UCL, 177.4 85% Bootstrap-t UCL| 2322
8 95% HaEl‘? Buootstrap UCL| 4138 95% Percentile Boolstrap UCL| 18C.7
79 95% BCA Bootstrap UCL| 2104
a0 80% Chabyshev{Mean, 5d} UCL| 228 95% Chabyshev{Mean, Sdj UCLI 275
a1 97.5% ChebysheviMean, Sd) UCL 3402 93% Chebyshev(Mezn, Sd) UCL| 468.3
. b
1 Suggssied UCL to Use
81 85% Adjusted Gamma ucq 2ara |
BS
a5 Nota: Suggestions ragarding the selection of a 95% UCL are provided to help the user to selsct the mosl sppropriate 95% UCL.
a7 ARecommendations ara based upon dzta size, date distibulicn, and skewness.
88 Thess recommendations ara basad upon tha results of the simulstion studies summarizad in Singh, Maichle, and Lea (2006).
89 Howaver, simulations resuits will not cover all Real World data sets; for additional insight tha usar may want to cohsult 2 statistician.
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a3
a4 Genera] Statistics
o5 Total Number of Obsarvations| 10 Number of Distinct Obsarvations| 8
9% Numbar of Missing Observations| 1
a7 Minimum| 34 Mean| 157.8
98 Maxmum: 460 Median{ 125
9g SD| 1444 Stid. Eiror of Mean|  45.85
100 Coefficdent of Vasiation]  0.915 Skevness| 145
™
102 Nomal GOF Test
103 Shapire Wilk Test Statistic|  0.792 . Shapira Wik GOF Test
104 5% Shapiro Wilk Critical Velual  0.842 Bata Not Normal at 5% Significanca Level
106 Lilliefors Test Statistic]  0.322 Litllefors GOF Test
106 8% Liltefors Crifcal Value] 0,262 Data Not Normal at 5% Significance Level
107 Datar Not Karmal at 5% Significance Leval
108
109 Assiming Norul Distribution

oy 95% Normat UCL 953 UCLE (AdjLsted for Shewness)

111 95% Shudent’st UCL| 241.5 05% Adjusted-CLT UCL {Chen-1995) 2554
112 95% Modified-t UCL {Johnsen-1978) 245
13

114 Gamma GOF Test

115 A-D Test Statistic] 0423 Anderson-Darling Gamma GOF Test

18] 5% A-D Critical Value}  0.73% Dotected data appear Gamma Distributed at 5% Significance Level
17 K-8 Test Statistic] 0.218 Kotmagonov-Smimov Gamma GOF Test

118 5% K-8 Critical Value] 0271 Detected data appear Gamma Distibuted at 5% Significanca Level
119 Detected date appear Gamma Distributed st 5% Significance Levet

120 -

121 Gamma Statigics

122 khat (MLE)| 158 k star (blas correctad MLE)| 1,172
123 Theta hat (MLE)| 93.89 Thata star (bias correctad MLE) 134.6
128 nuhat{MLE)| 3158 nu star {bias ccﬂectsci] 23,45
125 MLE Mezn (bias corracted)| 157.8 MLE Sd (bias carracted)] 1457
126 Approximate Chi Square Valua {0.05)| 1343
127 Adjusted Leveiof Slgniﬁmnuel 0.0267 Adjustad Chi Sguare Value| 1233
128 -

198 Assuming Gamma Distribution

130 95% Approximata Gamma UCI (use when n>=5ﬂ_57§.5 [ '95% Adjustad Gamma UCL (use when n<§u)5 305
131

152 . l.ognormal GOF Test

133 Shapiro Wilk Test Statistic;  0.941 Shaplro Wik Lognornzl GOF Test

134 5% Shapiro Wilk Critical Valuej  0.842 Data appaar Logromal at 5% Significanca Level

125 Liliefors Test Stetistic] 0167 Lillefars Lognormal GOF Test

136 5% Lilliefors Critcat Velua 0262 Cata appaar Lagnormal at 5% Significance Level

137 Data appear Lognarmal at 5% Significance Level

138

139 Lognommal Statistics

140 Minimum aof Logged Data! 3.526 Mean of logged Data|  4.713
141 Maximum of Logged Datai 8131 5D of logged Dataj  0.88
142

143 Assuming Lognormat Distribution

144 85% H-UCL| 379.4 90% Chebyshev (MVUE) UCL, 291.9
145 95% Chebyshev {MVUE) UG 3534 97.5% Chebyshev (MVUEj UCL] 4387
146 99% Chebyshav (MVUE) UCL| 6064

147

148 irie O Frea UCL

149 Data appear to foliew # D Ibia DI at 5% Signii Leval

160

151 Nonparametric Distibution Fres UCLs

152 85% CLT UCL| 2328 95% Jackknife UCL] 241.5
153 85% Standard Boolstrap UCL| 231 95% Bootstrapt UCL! 365.8
154 85% Hall's Baotstrap UCL, 717.7 95% Percentiie Hooisirap LCL| 233.6
155 95% BCA 2oofstrap UCL; 246.2

156 90% Chebyshev(Maan, 8d) UCY 294.8 95% Chabyshev{Mean, Sd) LIGL 356.8
157 97 5% Chebyshev{Mean, 5d) UCL] 4429 99% Chabyshov(Mean, Sd) UCH 612
158

159 Suggested UCL 10 Use

160 5% Adjusted Gamma UCL] 308 |

161 -

162 Note: Suggestions regarding tha sefection of a 95% UCL are provided to halp the user fo select the most appropriate 85% UCL.

163 Recommendations s7e based upon data size, data distribution, and skewnass.

164 These racommendations are based upon the results of tha simutation studies summarized In Singh, Maichie, and Lee (2006).

165 ‘However, simuiations results will not cover all Rea! Wotld data sats; for additional insight the user may want 1o-consult a statistician,
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189
170 General Statistics
171 Toial Number of Observations| & Number of Distinct Obsarvations| 6
172 Numbar of Misaing Observations 2
173 Minimue| 47 Mean| 2912
<74 Maximum: 680 Madian| 205
{15 SD| 2637 Std. Error of Maan)  107.7
175 Confficient of Variation| 0,908 Bkawness| 0.73
177 ' '
178 Nots: Sampia aize Is amall {s.g., <10}, F cata are collected wsing 1SM spproach, you should uae
178 guldanca previded In fTRC Tech Reg Guide on I1SM (ITRC, 2012) to compute statiatics of intsreer,
180 For example, you may wart to use Chebyshev UCL to estimate EPC (ITRC, 2612).
181 Chebyshev UCL can be puted using the N ic and Al UCL Opﬂn-mu of ProUCL 5.1
182
183 Nomal GOF Test
184 Shaplro Witk Test Statistic| 0,877 Shapim Wik GOF Test
185 E% Shapiro Wik Critieal Value|  0.788 Data appear Normal at 5% Significance Lavel
186 Lilliefors Test Stztistic|  0.220 Lifiafors GOF Test
187 5% Liliafors Crifcal Value;  0.325 Dala appeat Nermal at 5% Significance Leval
188 Datp appear Namal at 5% Significanca Lavet
189 -
180 Astumbry Notmal Distribution
10 . 95% Normal UCL 5% UCLs (Adjested for Skewmeas)
192 95% Studants-t UCL 508.1 . 85% Adiustad-CLT UCL {Chan-1 BSS)i s02.5
193 i : 95% Modlfiad-t LiCL {Juhnsnn~1978}! 5135
194 : ]
195 . Gemma GOF Test .
196 A-D Tost Statistic| 0,297 Anderson-Derling Gamme GOF Test
107 B% A Crifieal Value| 0717 Datected data appaar Gamma Distributed at 5% Significance Laval
198 K-S Test Statistic]  0.18% Kelmoagorov-Smimov Gemma GOF Test
199 5% K-8 Ciifical Valua} 0,339 Dstactad datza appear Gamma Distributed at 5% Significance Level
200 Detected data appear Gamma Distributed at 5% Significance Level
201
205 Gamma Stafistics
203 k hat {MLE) 1.282 « star (bfas carractad MLE) 0.752
204 Thata hat (MLE)| 2271 Theta star {bias corrected MLE)| 387.1
205 nu hat {MLE)| 16,39 nu star {bias corrected)]  9.027
206 MLE Mean {bias corrected)} 261.2 MLE Sd {blas corrected)y 3357
207 - Appioximate Chi Square Value (U.D—E_l] 3.343
208 - Adjusted Level of Signiﬁrznmi 0022 | Adjusted Chi Square \Isluel 2223
209
210 Assuming Gamme Distibution
241 §5% Approximate Gamma UCL {use when n>=50))L 786.2 | 95% Adjusted Gamma UCL (usa when n<5l‘l‘)§
212 ‘
213 Lognonmal GOF Test
214 Shapiro Wilk Test Statistic| 0.934 Shepire Wilk Lognome? GOF Test
245 6% Shapira Wilk Critical Value| 0.788 Data appear Lognormal at 5% Slgnificance Lavel
218 . Liffefors Test Statistic| 0.167 Litigfors Lognommal GOF Test
297 . 5% Lilliefors Criical Valua|  0.325 Data appear Lognormat at 5% Significance Level
218 Deta eppear Lognorme! et 5% Significance Laval
21g
230 Logricrimel Stetistics
221 Minimum of Logged Data; ~ 3.85 Mean of logged Data| -5.236
229 Maximum of Logged Data|  6.522 8D of logged Dataj  1.092
223
294 Aszuming Lognome! Distribustion
205! * 95% H-UCL] 2992 90%-Chebyshey (MVLIE) UCL| 690.6
296 85% Chehyshev (MVUE) UCL; B67.9 97.5% Chebyshay (MVUE) UCL, 1114
257 99% Chebyshav (MVUE) UCt] 1587
228
299 D Free UG,
230 Data appaarto follow a Discamible Distribution &t 5% Signtficances Level
231
732 Nonparametric Distrituion Fres UCLs
233 95% CLT UCL} 4683 85% Jackknife UCL| 508.1
234 B85% Standard Bootstrap UC\L 449.2 95% Boatstrapt UCL] 8514
235 95% Hall's Bootstrap UCL] 638.2 95% Percentita Beotsirap UCL! 461.2
236 95% BCA Boofstrap UCL] 465
237 90% Chabyshav{Mean, 5d} UCL 614.2 : 95% ChebysheviMaan, Sdj UGl] 760.5
238 97.5% Chabyshev{Mean, Sd} UCL: 963.5 §59% Chebyshev{Mean, 5dj tICL] 13562
239
240 Suggested UCL ta Use
241 95% Student's-t UCL] GOB.1 1]
242
243 . Note: Suggestons ragarding the selection of a 95% UCL are provided to help the user to selact the most appropriate 85% UCL.
244 Recommandations ara based upon data size, data distribution, and skewnass,
248 Thesa racommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee {2008).
248 However, simulatichs results will nat cover all Real World data sets; for additionat insight the user may want la consultz stalstician.
247
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%1 - Gonerml Statistcs
52 Tatal Number of Observatons| 7 Number of Distinct Observations| 7
53 Number of Missing Chsetvations 1
54 Minimum} 47 Mean| 506.7
255 Maximum| 1800 Median| 280
156 sD} 818 Std. Error of Mean| 234
157 Coatficiant of Vartation]  1.222 Skewness|  1.892
258 *
50 Note: Sample alze ix emall (e_;;.. <10), If data ana collectsd using ISM approach, you should use
280 guldencs provided In ITRG Tech Heg Gulda on ISM {ITRC, 2012) o compube statistics of interest,
261 For example, you: may want o usa Chebyshev UCL to estimate EPC (ITRC, 2012).
262 Chisbyehev UCL can 2e compl usirng the Nonp ric and Al LUJCL Optlons of ProUCL 5.1
263
264 Norma!l GOF Tast
65 . Shapiro Wilk Tast Sietistic]  0.775 Shapiro Wik GOF Test
366 5% Shapiro Wilk Critical Valuef  0.803 Data Not Normat at 5% Significanca Level
267 Liltefors Test Statistic]|  0.247 Lilllefors GOF Test
268 5% Litlefors Criical Valua|  0.304 Data appear Normal at 5% Significance Lavel
269 Data appear Approximete Normial at 5% Significance Lewvas
70
271 Assuming Normal Distribution . ]
272 55% Normal UCL 95% UCLs (Adjusted for Skewness)
273 95% Student's-t UCL| 8614 95% Mjustad-CLT‘lJCL {Chan-1595) 1070
74 95% Medified-t UCL (Johnsun-1s?8)[ 289.2
273
o76 Gamma GOF Test
277 AD Test Statistic] 0.25 . Anderson-Darfing Gamma GOF Test
278 ' 5% AcD Crifical Valee]  G,733 Detected data appear Gamma Distributed at 5% Significance Level
279 K-5 Test Statistic] 0,173 Kelmogorov-Smimov Gamme GOF Test
280 . . §% K-35 Crilical Value| 0,321 Detacted dat appear Garmwma Distributed at 5% Significznce Leve!
281 Detected data appear Gamma Distibuted at 5% Synificance Lavel
282
283 Gamma Statistics
288 khat(MLE)] 0.676 K star (bias corrected MLE)  0.585 |
285 Thata hat (MLE)] 5782 Theta star (bias correcied MLE)| 8502 |
266 nuhat{MLE)j] 1227 nu star {hias corrected);- 8344
287 MLE Mean (bias correctad)] 5067 MLE &d {bias correctad)| 656.4
288 Approximate Ghi Square valus [0.05)  2.536 |
289 Adjusted Level of Slgniﬁcaneal 0.0188 Adjusted Chi Square Valua]  2.058
280
261 L Aszuming Gamma Cistribution
262 95% Approximate Gamma 1/, (use whan n¥=50))| 1440 | 95% Adjusted Gamma UCL {use when n<50) 2055
293 . )
294 ‘ Lognomal GOF Test
295 Shapiro Wilk Test Statistic] 0967 Shapiro Wilk Lognormal GOF Test
298 5% Shapirc Wik Critical Value} 0,803 Data appear Lognormal at 5% Significanca Lavel
297 Liffefors Test Statistic|  G.14 Llllsfore Lognommal GOF Test
288 5% Liliefors Critical Valua]  0.304 Date appear Lognoimal at 5% Significanca Leve!
289 Dnta appear Lognarmal 8! 5% Biinificancs Level
3
301 Lognarmeal Statistics
302 . Minimur of Logged Data| 385 |. Mean of logged Data) 5,559
203 Maximum of Logged Datal 7,486 “TBDof togged Data|  1.312
304
305 i Asguming Eogrormal Distribution
306 85% H-UCLj 7270 90% Chebyshev (MVUE) UCL 1268
307 $5% Chehyshev (MVUE) UCL] 1610 97.9% Chebyshey {MVUE) U(_:F. 2085
<08 99% Chabysher (MVUE) UCL) 3018
309
310 . Norspetremeric Dlstritwtlon Free UCL Stetistics
311 Data appenr to foliow a D Distribution at 55% & Level
312
13 ‘Nonparzmaetric Distribation Free UCLa
314 85% CLT UCL| Ba1.6 95% Jaciknife UCL} 961.4
315 95% Standard Beotstrap UCH 8673 5% Bootstrapt UCL} 1570
316 46% Hali's Bootstrap UCL| 2286 I 95% Parcantile Bootstrap UCL] 9124
a7 95% BCA Boolstrap UCL] 1004
318 90% Chebyshav{Mean, Sd) UCL 1209 - 95% Chebyshev(Maan, 8d} UCL 1527
210 97.5% Chebyshev{Mean, Sd)y UCL| 1968 99% Chebyshev{Maan, 8d) UCL{ 2835
320 .
221 Sugpested UCL to Usa
P 95% Btudents UGL] 8614 |
323
324 When a data set follows an approximete {e.q.. narmal) distribution passing one of the GOF test
395 Whan applicable, it is suggestad to use a UCL basad upon a distribution {8.g., gamma) passing both GOF tests in ProliCL
326
337 Note: Suggastions ragarding the selection of a 95% UCL are providad to help tha usar to selact the most appropriate 95% UCL,
378 i Recommendations are based upon dat tize, data distributien, and skewness.
328 Thasa racommendations ars bases upon the resulls of tha simulstion studles summarized in Singh, Maichle, and Lee (2006).
330 Howavar, simulations results wiil not cover afl Real World data sets; for additional insight the user may want to consull a statistician,
331
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334

235 General Statisics

336 Total Numbar of Cbsorvations; 8 Number of Distinct Observations| 8

33y Mumber of Missing Ob i 4

338 Minimumi &3 Mean| 4239

339 Maximurn| 820 Madian| 400

340 8D 3031 Std. Errer of Mean| 107.2

341 Cosfficient of Variaion}  0.715 Skewness| 0.107

342 )

243 Nota: Sampls alze Is amall (8., <10), i data are collecied ualng ISM approach, you should use

344 guidanss provided In TTHG Tech Reg Guids on ISM {ITRC, 20H2) to computs statistics of Intensst,

345 For example, you tney went to usa Chebyshev UCL ‘o estimate EPC {ITRC, 2012).

346 Chebyshev UCL can be d uaing the ic and All UICL Options of PraliGL 5.1

347

248 Nomal GOF Tast

a4a Shapiro Wilk Test Sletistic| 0,885 Shapiro Wilk GOF Test

asn 5% Shapiro Wilk Critical Value| 0,818 Data appear Normal at 5% Significance Level

351 Littiefors Test Statistic|  0.239 Lllllefars GOF Test

352 5% Lilliefors Critical Valuej  0.283 Datr appear Normal at 5% Significance Lavel

353 Data appear Norreal at 5% Significance Lavsi .

354 -

358 Assuming Noremal Distriintion

356 95% Nemai UCL 85% UCLs (Adjusted for Skewness):

357 95% Studente-t UCL] 6269 45% Adjustec-CLT UCL (Chen-1695] 6045
358 55% Modified-t UCL (Jchnsnn-w?B]! 6215

359

60 . Gamma GOF Test

261 AD Tost Statistic]  0.431 Anderson-Derling Gemma GOF Test

362 5% AD Critical Valus; G727 Detected data appear Gamma Distributed at 5% Significance Levei

263 K- Tast Swistio|  0.044 Koimogorov-Smimay Gamime GOF Tosl

264 5% K-8 Critical Valus] 0,208 Detecled data sppear Gomma Distributed at 5% Significance Laval

285 Detectad data appear Gamma Distributed #15% SignHicance Level

388

367 Gamma Statistics

368 k hat {MLE) 1671 % star (blas cortectad WLE] 1128

369 Thata hat (MLE); 253.6 Theta ster (blas corrected MLE}- 375.8

a7 nuhat {MLE} 2674 nu star {bias cortected)| 18,06

art MLE Mean (bias corracted)|  423.9 MLE 8d (bias corrected)] 399.%

72 Approximate Chi Squate Value {0.05) BEXEN

73 Adjusted Lave! of ElgniﬁmnceE 0.0185 Adjustad Chi Squa}a Valua] 7.5

374

375 Assuming Gemma Distribution

376 85% Approxhnate Gamma UCL (use when n>=50))| 8116 i 95% Adjusted Garnma UCL {use when n<50)‘ 868.4

377 ‘ i

78 Lognomnal GOF Test

379 Shapiro Wilk Test Statistc| 0.898 Shapiro Wilk Lognomal GOF Test

380 5% Shapiro Witk Critical Valwe] 0,818 Data appaar Lognammal at 5% Significancs Level

381 Liliefors Test Statistic| 0242 LIiliefars Lognormal GOF Test

382 5% Litflafors Crilicai Valua| 0,283 Data appear Loegnormal at 5% Significance Level

383 Diata appeat Lognsnal at 5% Significance Lavel

384

385 Lognormel Statistics

386 Winimum of Logged Data|  4.111 Mean of logged Dalal 5.72%

387 Maxirum of Logged Date| 6709 5D of logged Datai 0.9

388

arg Assuming Lagnormal Distribution

390 95% H-UCL] 1617 0% Chehyshev (MVLE} UCL: 916.3

391 95% Chebyshev (MVUE) UCL| 1128 §7.5% Chebyshev (MVUE) UCL] 1421

302 85% Chabyshay (MVUE) UCL| 1998 .

383

304 ol Free LICL Statist

295 Deta apperr to foliow a Discemible Distribution 2t 5% Significance Level -

308 )

367 Nonparametric Distribution: Frea UCLs

398 95% CLT UGt} 6001 95% Jacitknife UCL| 626.9

350 95% Standard Goolstrap UGL 5892 85% Hootetrapt UGLE 6423

400 5% Hali‘:tz Bootstrap UCL) 558.7 95% Percentiie Bootstrap UCL{ - 5869

a0l 95% BCA Bootstrap LICL| 6063

S0z 90% Chebyshev{Mesn, Sd) UG| 7454 . 95% Chebyshev(Mean, Sdj UCL| 831

403 §7.5% Chebyshev{Mean, $dj UCL; 1083 §0% Chebyshev{Maan, 5d} UCL{ 1480

404

405 Suggested UG ta Uge

e S5% Studantst UCL 6268 |

407

408 Note: Suggestions regarding the selection of a 95% UCL are provided to help tha usar t sefect the most appropriate 85% UCL.

409 Recormendations ate based upon data siza, data distribution, and skewness.

410 These recommendations ara based upon tha results of the simvlation studles summarized ih Stngh, Maichle, and Lee (2006).

e Howaver, simulations results will not cover all Raal World data sets; for additonal insight the user may want 10 consuit a statistician.

412
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115
18 Goriemi Statistics
"7 Total Numbar of Obsarvations: 11 Number of Distnet Observations| 9
HB Number of Missing Obsarvatons| 1
119 ' Minimmuin| 61 Moan] 471
20 Maximum| 820 Madian] 570
121 8D; 2075 - Sid. Enor of Mean|  92.71
122 Coefficient of Variationj  0.653 Skawness| 0,112
123
24 Norme! GOF Test
125 Shapiro Wilk Test Statistic| 0.844 Shaplrm Witk GOF Test
26 5% Shapiro Wilk Criticat Value 085 Data No_t Nosmal at 5% Sigrificance Lavel
27 Lilliefors Test Statistic|  0.238 ) Lillefors GOF Test
w8 5% Lillefors Crifical Value|  0.251 Data appaar Normal at 5% Significance Level
199 Data appear Agproximate Narmal et 5% Significance Laval
130
131 Assuming Normai Distribution
132 45% Normal UCL 95% UCLa {Adjueted for Skewneas)
" 95% Studsnt'st UCL, 638 95% Adjusted-CLT um(cmmi‘?)*_sﬁ'
134 95% Modified-t UCL, (Johnson-1078)) 6385 -
435
136 Gamme GOF Test
137 A-D Tast Statistic 0.743 Anderson-Darllng Gemma GOF Test
138] 5% A-D Crifical Valus| 0,74 Data Not Gamma Distributad at 5% Sigrificance Leval
138 K-8 Tmst Statistic| 0.241 Kolmogorov-Smimov Garama GOF Teat
140 5% K-S Critical Value| 0258 Datactad data appear Gamma Distributed at 5% Significance Level
41 Detectad data %ollow Appr. Gemme Distribution et 5% Sighificance |evel
442
143 . Gamma Statistics
144 khat (MLE}| 1.827 , kstar (bias cotracted @
145 Theta et (MLE}| 257.8 Thetn star (bias coredted MLE)| 339.1
446 nu hat {MLE)} 4019 nu star {bias correced}|  30.56
447 MLE Mean [bias corracted)] 471 MLE $d {hias comecied)| 359.6
48 Approximate Chi Square Valua (0,05) 1893
449 Adjustad Level of Slgniﬁcanoa| 0.0278 Adjusted Chi Square Value{ 17.48
150 '
51 Assuming Gaméma Distribution
52 B35% Approximate Garntma UCL {use when n>=50))| 760.2 95% Adjusted Gamma UGL {use when n<50]| 8246
453 i
454 Eognonmal GOF Test
455 Shepiro Wilk Test Statistic|  0.855 . Shepira Wilk Lognomal GOF Test
456 5% Shapiro Witk Critica! Value|  0.85 Dats appear Lognormal at 5% Significanca Lavel
457 Litiafors Test Statistic 0.256 Lifllsfers Lognarmal GOF Test
458 j 5% Lilliafors Critical Velue  0.251 Data appaar Legnormal at 5% Significance Lavel
459 Deta appear Lognormal at 5% Significance Leval i
460 ]
461 Lognarmsl Statistics .
462 Minimum of {egged Data| 4111 Mean of logged Datal ~ 5.857
463 Maxfmum of Logged Da!al 6.709 &D of logged Data|. 0.509
464
165 Assuming Lognormal Distribeution
466 85% H.UGCL] 1190 90% Chebyshev (MVUE) UCL| 9389
a5 55% Chebyshey (MVUE) ICL] 1136 97.5% Chebyshey (MVUE) UCL{ 1410
68 99% Chebyshay (MVUE) UCL| 1948
469 -
470 p t Froe UCL
M [ata appeer to follow a Discemibie DI at 5% S Leval
472
an ] Nonparameiric. Distribution Frea UCLa
416 95% CLT UCL| &23.5 5% Jackinifa UCL| 638
a15] - 55% Standard Boowstrap UCL] &616.4 95% Bootstrap-t UCL{ 6362
476 85% Hall's Bootstrap UCL) 594.1 95% Parcentile Bootstrap UCL] 612.7
477 95% BCA Bootstrap UCL| 814.5
478 90% Chebyshev(Mean, Sd} UCl{ 746.1 95% Chebyshev{Mean, Sd} UCL{ 875.1
&7 97.5% ChebysheviMean, Sd) LGl 1050 49% Chebyshev(Mean, Sd) UCL 1393
4B0
481 Suggested UCL to Use
482 6% Student'st UCL] 633 t }
483
484 When a data sot fallows an approximata (e.g., nomal} distributicn passing one of the GOF test .
AB5 When applicatila, 1t is suggested ta 1se a UCL basad upen a distibutien {e.g., gamma) passing both GOF tests in ProliCL
486
187 Note: Suggestions regarding the selection of 2 95% UCL are provided to help the user 1o selact the most appropriate 95% UCL.
488 FRecommendations ara based upon data size, data distribution, and skewness.
480 These recommendations are based Upan e results of the simulation studias summarized in Singh, Maichia, and Les {2008).
480 However, simulations results will not cover all Real Warld data sets: for additicnal insight the user may want to consuit a statlsticlan.
491 - i
402 Mote: Far highty negativaly-skewed dats, corfidence fimits (e.g., Chen, Johnsen, Lognormal, and Gamma) may not ba
493 relfable. Chan's and ¥ provide for ly skewed datn sats.
484 i
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487
458 Genernl Statistics
489 Total Number of Observations] 9 Number of Distinct Dbservations] &
500 MNumber of Missing Observatons| 3
501 . Minimum| 26 Mear| 2574
502 Meximum| 1000 Meadian| 120
503 sDl 3416 Std, Errar of Meanj 113.9
504 Coefficiant of Variation| 1327 Skewness| 1.732
505 .
505 Note: Sample siza Is smail {a.p., <14, if cata am collectsd using ISM approach, you shauld vsa .
507 guldance pravided in TTHC Tech Reg Guide on ISM {TRC, 2012) ta compute statistics of Interest,
508 For example, yous mey want to use Chebyshev LICL 1o estimate EPC (ITRC, 2012}
500 Chabyshev UCL can be p walng the A " ic and All UCL Options of ProlCL 5.1
510 )
511 Narmat GOF Test
512 Shapira Witk Test Statistic] 0721 Shapiro Wilk GOF Test
513 5% Shapire Wilk Critical Value|  0.829 Drata Not Normat at 5% Significance Level
514 Liflstors Test Statistic]  0.31 Lliiiatars GOF Test
515 5% Uililefors Crhtical Valus| 0274 Data Not Marmal at 5% Significance Level
516 Cata Not Notnel et 5% Significance Level
517
518 Assuming Normal Disiritastion
579 95% Nomal UGL i 95% UGCLs (Adfusted for Skawness)
520 - 95% Studantst UGL] 469.2 95% Adjustad-CLT UCL (Chen-1985] 515
521 95% Wodifiad-t UCL (johnson-1578)] 4502
522
535 Gamma GOF Tast
524 A-D Test Statistic|  0.518 Anderson-Dariing Gamma GOF Test.
525 5% A-D Crifical Value] 075 Detacted data appear Gamma Distributed at 5% Significance Level
526 K-S Test Swiste] 0.207 Kolmogarav-Smimav Gamma GOF Test
537 5% K-S Critical Vaiue| 0289 Datected data appear Gamma Distributed at 5% Significanca Lavel
538 ~ Detected datn appesr Gamma Distributed at 5% Significance Level
520 i _
530 Gemma Statistica
531 khat (MLE)} 0796 k star (bias corrected MLE)|  D.605
533 Theta hat (MLE)] 3234 Theta star (bias corracted MLE)| 425.7
z3 nehat(MLEY — 14.33 ny star (bias g 10.88
534 MLE Mean (bias corrected)| 2574 MLE Sé (bias carrected)| 331
535 Approximate Chi Square Value (O,D?){ 4,503
538 Adjusted Level of Signiﬁancal 0.0231 Adjustad Chi Square Valua| 3.677
537
539 Axsuming Gamma Distribution
539 95% Approximate Gamma UCL {use when n>=50)| 5224 i 95% Adjusted Gamma UCL (use when n<5l)ii 7622
540
541 Lognomal GOF Test
42 Shapiro Wik Test Statistic| 0,832 Shapiro Wilk Lognormal GOF Test
543 5% Shapiro Wik Crtical Value]  0.829 Data appear Lognormal st 5% Significance Level
544 Lifefors Test Smtistie| 0171 Lllliefors Logrormel GOF Test
545 5% tilliefois Criticaf Velue| 0.274 Data appear Lognormal at 5% Significance tevel
546 Data appaar Lognormal at 5% Significance Level
547
548 . l.ognormal Statistics d
548 Minfmum of Logged Data|  3.268 Mean of logged Date; ~ 4.805
550 Maximum of Logged Datz{ 6908 8D of logged Data|  1.292
551
552 Assurning Lognomal Distrieation
553 - §5% H-UCL] 1690 90% Chebyshev (MVUE) UCL, 5728
554 95% Chebyshav (MYUE) UCL| 721.% 97.5% Chebyshey (MVUE) UCL| 927.5
585 99% Chabyshav (MVUE) UCL] 1333
556
557 ) Nonparemetric Distribution Frea UCL Steistics
55 Data appear to foliow 2 DI te £ at5% Si Leves
558
560 ‘Nonparametric Distribution Frea UCLa
561 95% CLT UCL| 4448 95% Jackknite UGL] 469.2
562 95% Standard Bootstrap UCL  436.6 95% Boolstrap-t UCL| 7094
563 . 95% Hal's Bootstrap UCL] 1470 5% Percantile Bootstrap LICL| 454.9
564 ° 95% BOGA Bootstrap UCL] 479.4
565 90% Chebyshav(Mezn, Sd) UCL 559.1 95% Chebyshev{Mean, Sd) UCL) 7538
56 R 97.5% Chebyshev{Mean, 6d) UGL! 8686 98% Chebyshev(Mean, Sd) UCL] 1391
567
568 Suggested UCL to Usa .
560 95% Adjusted Gamma UC LI 7622 - |
5%
571 Note: ions regarding the selection of a 95% HICL are provided to help the user to selact tha most appropriate 95% UCL.
572 Recommendations are based upon deta slze, daia distibution, end skewness,
573 These recommandations are based upon the resuits of tha simulation studies summarized is Singh, Meichle, and Los (2005).
574 However, simulations ra_;ulu: will not sover all Real Worid data sets; for additional insight the user may want to consult a statistician.
575
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578
579 Genersl Stetistics
580 Total Mumber of Observations| 10 Number of Distinct Observations| 9
581 Number of Missing Obsarvetions} 2
582 Minimum| 26 Mean| 276.7
583 Maximurn| 1000 Median| 130
584 SDj 3278 Std. Error of Maan| 103.7
585 Coofficient of Varigtion| 1,185 Skewnass] 1502
585
Sg} Normed GOF Test
588 Shapiro Wilk Test Statistic| 0,788 Shapira Wilk GCF Test
589 5% Shapiro Wilk Criical Valus|  0.842 Data Not Narmal &t 5% Significance Level
590 Lilliefors Test Slatistic|  0.262 Lifllefors GOF Teat
591 5% Lifefors Critical Value| 0,262 Data Not Normal at 5% Sfgnificanca Level
502 Datn Not Kormef 81 5% Significance Levsl
593
504 Assuming Nomal Distribution:
595 95% Mormal UCL 85% UCLe (Adiustad for Skewress)
596 95% Smdant's-tUCL| 466.7 95% Adjusted-CLT UCL {Chen-1955)f 439.8
547 95% Modified-t UCL (Johnsen-1978) 4749
558 )
559 Gamma GOF Test -
500 A-D Test Statistic] 0379 Andaneon-Darling Gemma GOF Test
601 5% A-D Critical Vaiue| 0.753 Detected data appear Gamma Distributed at 5% Significanca Level
602 K-$ Test Satistic)  0.182 Kolmogarow-Smimov Gamme GOF Test
603 5% K-5 Critical Vaiue|  0.275 Detucted dala appear Gamma Diswibuted at 5% Significance Lavel
804 Detectad data appesr Gamma Distributed at 5% Significance Level 4
605
505 Gamma Statistics
807 khat{MLE)] 0.B56 k star (hias coracted MLE)| 0666
608 Theta hat [MLE}| 323.4 Theta ster {hias conectad MLE)| 4157
&0 nuhat (MLE) 17.11 nu star (bias correctad); 13,31
&l0 MLE Mean {bias carrected)| 276.7 MLE Sd {bias corrected)| 339.2
13 Approximate Cht Square Value {0.05) 6,103
512 ‘Adjusted Level of Signiﬁmncal 0.0267 ‘Adjusted Chi Square Valua} 5.278
613 .
514 Assuming Gamma Distiiiuaion
615 95% Approximate Gamma UCL (use when n>=50)| 8036 | 95% Adjusted Gamma UGL {use whan n<50)% 637.8
616 )
517 Lognormai GOF Test
518 Shapiro Wilkk Test Staistic] 0.943 Shapira Wik Lognarmal GOF Test
B19 5% Shapiro Wilk Crical Valua|  0.842 Data appear Lognormal at 5% Significance Level
520 Liliefors Test Stafistic]  0.15 Lilfisfors Legnetmat GOF Test
821 5% Lilliefors Crifeal Vaive]  0.262 Data appear Lognormal at 5% Significance Level
822 Dt appaar Lognommal at 5% Significance Lavel
523
524 Lognormal Statistics
525 Minimum of 1.ogged Daiag 3.258 Mean of laggad Dalai 4935
528 Maximum of Legged Datai 5.908 5D of Iogged Dami 1.286
627
628 Assuming legnormal Bletribution
629 95% H-UCL{ 1569 90% Chebyshay (MVUE) UCL, 6421
630 95% Chebyshsy (MVUE) UCL{ 805.9 ©7.5% Chebyshev (MVUE} UCL; 1033
B3t 9% Chehyshay (MVUE) UCL} 1480
632
533 T [l Frea UCL
634 Cats appear %o follow 8 Discarnible Distributon at 5% Signifcance Level
635
838 Nonp Di Frea UCLs
a7 95% CLT UCL} 447.2 95% Jackknlfe UCL] 466.7
538 95% Standard Boolstrap UCLj 4448 85% Boowsvapt UCL| 654.5
639 95% Hall's Beclstrap LCL| 537.8 85% Parcentile Bootstrap UCL| 444.4
B40 95% BCA Bootstrap UCL) 494.8
641 §0% Chebyshev{Maan, Sd) UCL] 587.7 95% Chebyshev{Maan, $dj UCL: 728.8
542 97.5% Ghebyshev(Mean, &d) UCL] 924.1 99% Chebyshev{Mean, Sd) UCL: 1308
643
544 Suggested UCL to Use
545 6% Adjusted Gamma UCL] 697.8 I
G46
647 Nota: Sugge ding tha ion of a $5% UCL ara provided o help the user to select the most appropriate 95% UCL.
548 Racommendations are based upen data size, data distibution, and skewnass,
549 These recommendatons are based upon the results of the simulation studies summarized in Singh, Meichle, and Lee (2006).
650 Howevar, simulations results wii not covar all Real World data sets; for additional insight the user may want to consult a statisticlan,
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652

653 IAOCZ 0.5t bos As

654

655 Genernt Statiztics

656 Total Number of Chservations; 9 Number of Distinct Obsarvations| 6
g57 Number of Missing Observations! 2
858 Minimum| 13 Mozn] 1567
659 Maximum| 20 Medizn] 15
560 SD) 2124 . Std. Eror of Mean o707
561 Coafficdent of Vasiation]  0.135 Skewnass| 0.95%
662

553 Nata: Sampie slzn is smal (8.G., <10}, if data are callected vzing ISM approach, you should use

654 guidence provided [n ITRC Tech Reg Gulde on ISM {ITRC, 2012} to compute statistics of intarest.

B85 For la, you may want 1o use Chabyshev UCL 1o sstimate EPC (ITRC, 2012).

568 Cheby UCL, can be computod uaing the Nonp and All UCL Options of ProliCL 5.1

B6E7

668 Noemal GGOF Test

469 Shapiro Wilk Test Statistic] 0929 Shepiro Wilk GOF Test

&0 5% Shapiro Wilk Critcal Value| 0,829 Data zppazr Normal at 5% Significanca Lave!

&1 Litkefors Test Statisti o179 Llitetors GOF Test

612 5% Lilliefors Critical Value| 0274 Dsta zppear Nomal at 5% Significance Level

673 Data appear Normai at 5% Slgnificanca Level

674

675 Aszuming Normal Bistribution ]

676 85% Normal LICL 95% UCLs {Ad|usted for Skewnsss)

677 95% Students-t UCE] 1698 05% Adjusted-CLT UCL (Chen-1595)  17.07
578 95% Modified-t UCL (Johnson-1978) 17.02
570

580 Gamma GOF Test

581 A-D Test Statistic] 0265 Andersorr-Bafing Gamima GOF Test

582 5% AL Critical Value| 072 Detectad dat= appear Gamma Distributed at 5% Significance Level
583 K-S Test Stztistic| 0,175 Gammea GOF Test

584 5% K-& Critical Valus| 0279 Dstecied data appaar Gamma Distributed at'5% Significance Leval
585 Detecter data appear Gamma Distrbuted at 5% Significanca Level

686

687 Gamma Statatics

688 khat (MLE)] 64.54 k star {bfas correctad MLE)I 431
689 Theta hat {MLE) 0.243 . Theta star (bfas comected MLE) 0.363
690 nu hat {MLE){ 1162 nu star (bias mzra.ctadil 7158
691 MLE Mean {bias corrected)|  15.67 MLE Sd {(bias corrected))  2.386
692 - Approximate Chi Square Valua (0.05)) 7122
693 Adjusted tavel of Signiﬁmnml c.0231 Adjusted Chi Squara Valuai 69%.3
B84

835 Assuming Gamma Distribution

e 05% Approximata Gamma UCL (use when n>:5{l))l 17.07 l 95% Adjusted Gamma LIGL {use whan H<W§——
657

Bon Lagnomal GOF Test

699 Shapiro Wilk Test Statistic]  0.852 Shaplre Wilk Lognoensl GOF Test

00 5% Shapiro Wilk Critical Value| 0.828 Data appear {.ognermal at 5% Significanca L.avel

70t Liliators Test Statistic| 0.163 Lifefors Lagnormal GOF Test

702 5% Lilliefors Critica} Value| 0,274 Data appear |.ognormal at 5% Significance Level

703 Pate appear Lognomal at 5% Slgnificance Level

704

706 Loghomal Statstics

06 Minirum of Logged Datay  2.585 Mean of leggad Dataj 2744
7 Maximum of Logged Data]  2.596 8D of legged Dawi 0,129
708 .

708 Assuming Lognormal Distribution

710 85% H-UCL] 17.08 80% Chabyshav {MVUE} UCL] 1771
711 95% Chabyshav (MVUE} UCLT  18.54 97.6% Chebyshav (IMVUE) UCL| 1593
T2 88% Chabyshay (MVUE) UCU 2246

713

714 Nenparametric Distribution Frea UCL Stefistics

715 Date appear to follow a DI Ibie DI at 5% Signfi Lavel

716

717 Nonparamstric Distribution Free UCLs

718 9t% CLT UCL| 16.83 95% Jackknife UCL| 16.98
718 95% Standurd Bootstrap UCL]  18.79 65% Boolstrap-t UCL{ 17.39
720 95% Hall's Bootstrap LICL{  17.53 95% Parcantile Boctsirap UCL[ 1678
o 95% BCA Boolstap UCL;, 16,78

723 O, Chabyshev(idean, &d) UGL| 17,79 §5% Chabyshev{Mean, Sd) UGL| 18,75
23 97.5% Chebyshev{Maarn, Sd) UCL{ 20.08 99% ChebysheviMean, S} UCL} 227
724

425 Supgested UCL o Uve

726 85% Studenfs- (LG 16.98 T

727

798 Note: Suggestions regarding the selaction of 2 95% LUCL are provided to help the user In select the most appropriato 95% UCL.

720 Recommendations ara based upon dats size, data distribution, and skewness.

730 These racommendations are based upen the results of tha simulation studies summarizad in Singh, Maichla, and Lea {2008).

731 Howevar, simulations results will not cover all Real Worid data sats; for addfional insight the user may want to consult a stafisticlan.
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735
i Gonerel Statistics
737 Totat Number of Observations| 10 Number of Distingt Obsarvations| B
738 ] Number of Missing Observations| 1
938 Minimum] 13 Mean| 154
740 Maximumi 20 Median| 15
741 EVIEIE Sid. Exror of Moan| 0,636
743 Gosfficient of Variation|  0.129 Skewness|  1.098
743
744 Normal GOF Test
745 Shapiro Witk Test Statistic;  0.914 Shapira Wilk GOF Test
46 5% Shapiro Wilk Critical Valusj 0,842 Data appear Normal a15% Significance Leve!
747 itefors Test Slatistic;  0.217 Lilkefars GOF Test
748 5% Lilliefors Crifical Yalua|  0.262 Data appoar Normal 8t 5% Significanca Level
749 Datm appaar Normal at 5% Significanca Lavel
750
751 Aszuming Nomnal Distribution
752 95% Normel UCE 95% UCLs {Adjusted for Skewness)}
753 95% Smdent's-t UCL] 16,77 95% Adjustad-CLT UCL (Chen-1995}1 16.88
754 S5% Modified t LICL (Johrson-1678)] 168
755 ' .
755 Gamma GOF Test
757 A-D Test Statistic]  0:357 Anderson-Dating Gamma GOF Test
58 5% A-D Critical Value] 0.724 Detected data appear Gamma Distributed at 5% Significanca Leval
750 K-$ Test Statistic{  0.213 Kolmogarov-Smimov Gamana GOF Test
750 E% K-8 Critical Value|  0.268 Detacted data appear Gamma Distribulad at 5% Skgnificance Level
761 Dalectad data appasr Gamma Distributed at 5% Significance Level
762
763 Gamma Statistics
764 khat (MLE)| 70.84 k star (bias cotrected MLE}  49.66
785 Theta hat (MLE)| Q.22 Theta star (bias correcled MLE)| 0314
768 nu hat (MLEY 1417 nu star {bias corrected)| 983.1
767 MLE Mean (blas corractad)| 156 MLE Sd (bias carrected); 2214
788 Approximate Chi Square Vajue {0.05): 921
788 Adjusted Level of Slgn!tilznca| 00267 Adjusted Chi Square Valuei S08.9
P .
¥ Assuming Gamma Distibulion
12 95% Approximate Garmma UCE (use when n>=50])[ 16.82 §5% Adjustad Gamma UCL {use when n<50)| 17.05
773 ]
TH Lognomsal GOF Test .
775 Shapiro Wilk Test Statistici  0.943 Shapire Wilk Lognommal GOF Test
776 5% Shapiro Wilk Critical Value|  0.842 Data appaar Logrormal at 5% Significance [Laval
777 Litielors Test Statistc|  0.202 Llilefors Lognommat GOF Fest
78 5% Liliefors Critical Value|  0.262 Data appsar Lognormat at 5% Significance |avel
79 Data eppear Lognarmal et 5% Significance Level
780
731 Lognommal Stetistics
782 Minimum of Logged Data] 2,865 Mean of logged Data| 274
783 Maximum of Logged Data]  2.996 SDcoflogged Data|  0.124
784
785 Assuming Logrormal Disiibution
786 95% H-UCL) 16.82 30% Chebyshey (MVUE) UCL:  17.43
787 95% Chebyshav (MVUE}UCL| 18.26 97.5% Chebyshev [MVUE) UCE] 1841
788 99% Chehyshav (MVUE) UCL}  21.68
782
780 pe Distribtion: Frea UCL
291 Data appaer to follow B Discernible Distribwlon at §% Significance Levet
792
703 Nonparamatric Distribution Free UCLs .
294 B 85% CLTUCL| 16.65 95% Jackknife UCL} 18.77
785 95% Standard Bootstrap UCL, 166 95% Bootstrap-t UCL|  17.31
108 5% Hall's Bocistrap LICL;  17.67 95% Percentile Bootstrap UCL]  16.5
757 85% BCA Bootstrap UICLY 168 .
48 90% Chebyshev{Masn, $d) UCL] 17.51 95% Chebyshev{Mean, Sd) UCL|  18.37
799 97.5% Chebyshev{pean, Sd) UCY 1857 99% Chebyshev([Mean, Sd) UCL| 2153
800 ) )
gt Suggestd UCL 1 Use
502 95% StudontstUCL] 1677 |
a0
804 Nole: Suggesticns ragerding the selection of a 95% UCL are provided 1o help the user to select the most approptiate 95% UCL.
805 Racommendations are besed upen data size, data distribution, and skewness. '
BOG “These recommaendations are based upon the results of the simufation studies summiarized In Singh, Maichie, and Lee (2006).
a07 However, simulations resulls will not cover all Real World data sets; for additonal Insight the user may want fo consult a statiztician.
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811
812 General Statistics
213 Total Number of Observations] & Numbar of Distinct Observations; 5
814 Number of Missing Ob i 2
815 Minimum| 13  Mean| 1867
816 Maximum| 18 Median] 16
817 ' SDf 1,966 Std. Error of Mean|  0.803
B8 Coefficient of Varleionj  0.126 Skowness| -0.254
g1g ]
820 |. .Note: Sampla sizs Is amall {a.g., <10}, ¥ data ame coliected Laing IGM approach, you shoulf usa
a2t guidence pravided In ITRC Tech Heg Gulda ar iSM {ITRC, 2012) to tompue stetistics of Interest.
P For exarnple. you may wan 1o usa Chehyshev UCL to estimate £FC (ITRC, 2012).
823 Chabyahev UCL can: ba camputed ueing the Nonparametric and All UCL Options of ProUCL 5.1
a4 )
825 Noemel GOF Test
826 Shapiro Wilk Test Statistic] 0927 Shapiro Wilk GOF Test
837 5% Shapirc Wilk Cridead Value) 0.788 Data appear Nermal at 5% Significance Level
828 Lhiisfors Test Statisiic| 0251 Lilllefars GOF Test
829 5% Lillefors Crifical Valus| 0,335 Dats appear Normal at 5% Significance Leve!
830 Datz appesr Nomval at 5% Significanca Level
831
B3Z Assuming Nommal Distribusion
813 85% Normal LIGL 95% UCLs (Adjusted for Skawness)
93 95% Swdantat UCL  17.28 85% Adjusted-CLT UCL (Chan-1995)| 16.9
835 95% Modified-1UCL l.!ohnsnn-19‘ra)l 17.27
836
837 Gamma GOF Test o
58 A-D Test Statistie]  0.347 Andsrson-Darting Gamme GOF Test
g3y 5% A-D Crifcal Value]  0.697 Detactad data appear Gamma Distributed at 5% Significance Level
40 K-8 Tost Siafiste|  0.274 Kolmogurov-Smimov Gamme GOE Test
841 5% K-8 Critical Value| 0.332 Detected data appear Gamima Distributed at 5% Significance Level
R42 Detacted data appear Gemma Distributed at 5% Significance Level
843
844 Gamma Statistics
845 khat (MLE); 745 k star [bias cofrectad MLE)Y  37.36
848 ‘Thets hat {MLE} 0.21 Theia star (bigs corracted MEE)|  0.419
347 nuhet {(MLE)| 894 nu star {bias 4483
848 . MLE Mean [blas comected);  15.67 WL Sd {bias cormected)]  2.563
343 Approxjmate Chi Square Valus (nAas—)| 4003
250 Adjusted Lovel of Significenca] 00122 Adjasiad Chi Square Value| 3837
251 . i
852 Assuming Gamma Disiribution
853 95% Approximate Garmma UCL (use whan n>=50])| 17.55 I 85% Adjusted Gamma UCL (use when n<5ﬂﬂ 13,31
854 N
855 Logrorma! GOF Test
856 Shapiro Wilk Test Statistic]  0.524 Shapiro Wilk Logrormal GOF Test
85T 5% Shapiro Wilk Critical Value|  0.788 Data appaar Lognommal at 5% Significance Leve!
858 Lilfefors Test Statlstie]  0.255 Lilefors Lognormal GOF Test
859 % Lilliafors Critical Value 0.325 Data appear Lognormai at 5% Significance Level
860 Dpta appear Legnormal at 5% Significance Level )
861
862 Loghamal Sietistics
863 Minimwum of Logged Data| ~ 2.566 Mean of Iogged Data; 2,745
BG4 Maximur of Logged Catal  2.8% SDoflogged Data) G128
B8E5 .
R66 Assuming Lognorms! Distributian
i ggy 85% H-UCLl 17.56 80% Chebyshev (MVUE) UCL) 1812
i gon 95% Chebyshev (MVUE) UCL;  18.23 . 97.5% Chebyshev (MVUE} UCL|  20.77
a5e 989% Chebyshev (MVUE} UCL] 23.8
g/0
871 D y Frea UCL ]
872 Cate 2ppear to follow a Di D ut 5% Sig Level
873
74 Nonparametiric Distribution Frea UCLa
a75 95% CLTUCL] 16.99 95% Jackknite UCL| 1728
576 95% Standard Bootstrap UCL]  16.87 95% Bootstrap-tUCL| 17,29
877 95% Hall's Bootstrap UCL}  16.71 95% Percentile Bootstrap UCL|  16.83
878 95% BCA Bootsyyap UCL!  16.67 )
879 a0% Chebyshav(Mean, Sd) UCL] 18.07 95% Chebyshev{Mear, Sd) UCY  19.37
ag0 97.5% Ghebyshav{Mean, Sd) UCL| 20.68 958% Chebyshav{Mean, 5S¢} UCL] 23.65
aa1 i :
8oz Suggestsd UCL te Usa
363 95% Student's-t UCL{ 1728
284
885 Ngta: Suggestions regarding the sslection of a 95% LIC1, are providad to halp tha user o selact the most appropriate 55% LICL.
856 Recommendations are based upon data size, data distribution, and skewness.
a7 Thesa recommandations are based upon the resutis of the simulation stidies summarized in Singh, Maichle, and Lee (2005).
538 Howaver, simulations resuits will not cover ali Rea! World data sets; for addional insight the user may want to conetit & s!atilsﬁcian‘
889
890 Nate: For highly negetively-skenwed dats, confidence limits {e.g., Chen, Johnson, Lognormal, and Gemma) may not be
ga1 eliable, Chen's and Johnson's methods provide adjustments for posively skewed data sets.
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k] .
BOG General Statlstics
897 Total Number of Observations; 7 Number of Distinct Obsarvations| &
o8 i Number of Missing Obsarvaions] 1
Bag Minimum{ 13 Mean| 1871
800 Maximum| 23 Median| 17
o SD{ 3302 Std. Error of Mean| 1248
902 Confficient of Varlaton| 0,198 Skewness|  1.128
903
904 Note: Sampls slza s smel (e.g., <10), if date are using ISM h, you should uea
905 puiance provided in TTRE Tech Reg Guide on 1SM (ITRC, 2072) to campute staistics of fntsst,
Q06 For example, you may win % usa Chetyshav UCL 1o estimaie EFC.{TRG, 2012).
307 Chebyshev UCL can bs comp uslng the Non and All UCL OpYons of ProUCL 5.3
08 - " .
909 Normal GOF Teat
910 Shapiro Witk Tast Statistic| 812 Shapire Witk GOF Test
911 5% Shapfra Wilk Critical Valua|  0.802 Data appear Nomnal at 5% Significance Level
912 Liltefors Test Statistic|  £.206 Liflefore GOF Test
a1 5% Liliefors Csldcal Velua|  0.304 Pata appaar Normal at 5% Significance Level
914 Datn eppear Narmal at 5% Significancs Lavel
915 . "
916 . Aszuming Normal Distribution
917 ] 55% Normal UCL B5% UCLs (Adjusted for Skewness)
918 95% Students-tUGCL| 1814 95% Adjusted-CLT UCL (Chen-1995)] 1934
§18 95% Modified-t UCL (Johnson—1ﬁ~ 19.23
o20 : i
921 Gamma GOF Test
n22 A-D Test Stalistic]  0.288 Anderson-Dariing Gamma GOF Test .
923 5% A-D Criticat Value;  0.707 Detectad data appear Gamme Distibuted at 5% Significanca Level
024 K-S Tast Statisic{ 0171 Holmogorov-Smimay Gemma GOF Test
925 5% K-8 Crltical Valua|  0.311 Datacted data appaar Gamma Distrtbuted at 5% Significance Laval
a6 ) Peatacted deta appear Gamma Distributed at 5% Slgnificance Leve!
927
928 Gamma Statistics
929 khat{MLE}; 3213 k star (blas corrected MLE)|  18.46
930 Thetahat{MLE)| 0.52 Theta star (bias corrected MLE)|  0.506
531 nuhat {MLE)| 4408 nu star [bias corrected), 258.4
930 MLE Mean (blas correcied)| 16,74 MLE 5d [bias corrected)] 3891
533 Approximate Chi Square Vaiue (0.05)] 222.2
934 Adjusted Lovel of Signiﬁc.anos[ 00158 Adjusted Chi Squara Value] 212
235 .
536 ' Assuming Gamma Distribution.
937 959 Approximate Garnma UCL {use when n>=50))! 19.44 | 85% Adjusted Garna UGCL {usa when n<B0)  20.37
938
539 lognomal GOF Yest
o Shapiro Wik Tesl Siagsic]  0.65 Ghupira Wk Logrormal GOF Tast
a41 5% Shapia Wilk Crliical Valua|  0.803 ) Data sppear |Legnarmal at 5% Significance Leve!
942 Liliefors Test Statistict  0.174 Lilefars Lognammel GOF Test
043 5% Lilliefors Crhical Valuef — 0.304 Data appear Legaormal at 5% Significance Leval
944 Pats appear Logrormal at 5% Significanca Lave!
945 i
948 Lognormal Statistics
a47 Mnimum of Logged Data) 2.565 I . Mean of [ngged Data) 2801
S48 . Maximarn of Logged Datel 3,135 I 8D oflogged Data|  D.188
249
950 Assuming Lognoemal Blstrition
551 . 95% H:UCL] 19.49 - 90% Chabyshey (MVUE) UCY  20.27
952 95% Chebyshev (MVUE) UCL| 21.89 - §7.5% Chabyshev (MVUE} UCLl  24.13
953 99% Ghebyshev (MVUE) UCL| "23.54
954 :
9585 Nonpamematric Distribation Fres UGL Statistics
956 Detn eppear to follow a Discemthle Distihution at 5% Sgnificance Level
957
958 Nonperamséric Distribution Frea UCLs.
958 95% CLTUCL| 1877 95% Jackknife UGL| 1914
s60 55% Siandard Boolstrap UCL} 1861 95% Boatstrap-1 UCL]  12.92
o8] 95% Hall's Boolstrap LIGL] 22,65 $5% Perceniils Boolstrap JGL]  18.86
962 5% DCA Bootstap LCL 19
963 80% ChebysheviMean, Sd) UCL; 2046 - 95% Chebyshev(Mazn, Sd) UCL  22.15
9845 97.5% Chebyshev(Maan, Sd) UCL|  24.51 99% Chebyshev{Mesn, Sd) UCH 29,13
959
456 . Suggested UCE ta Lise
057 "95% Studented T 1 J
968
069 Nate: Suggestons ragarding e sefoction of a 85% UCL are provided to hels the user to selsct tha mastappropriata 95% UCL.
970 Racommendaticns are based upon data size, dats distribution, and skewness. .
871 Thesa recommendations are based upon the rasults of the si studies ized in Singh, Maichte, and Lea (2006).
§72 Howaver, simulations results will not cover all Real World dats sets; for zdditional insight the user may want to consult 2 statistician,
973
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o786 .

art General Stistcs

978 Total Number of Cbservations] 8 Numberof Distinct Chservations| 7
979 Numiber of Missing Observations| 4
980 Minimumi 11 Maan| 1425
a8t Maximum{ 15 Madian} 14
982 8D 2483 Sid. Ertor of Maan| G881
983 Coeffident of Variation| 0,175 : Skewness] 0.802
584

GRS Note: Sarmple size is sl (8.0, <10),  data an collecied ysing ISM approach, you should use

986 quidance pravided in {TRC Tech Reg Gulds on ISM (ITRC, 2012) tn compiie statistcs of imsnest,

087 Far exampie, you may want ta use Chebyshev UCL to estimate EPC (ITRC, 2012),

088 Chebyshev UCL can be d using tha N tric and All UCL Optiars of ProlJCL 5.1

989

280 Nommal GOF Test

991 Shapiro Wilk Test Statistic| - 0988 Shapim Wilk GOF Test

agz . 5% Shapfra Wilk Critical Valua| 05818 Data appaar Normal at 5% Significance Lavel

203 Tifiators Tost Siatete|  0.168 Tiietors GOF Teat '

994 5% Ulliefors Criteal Value] 0283 Datax appear Normal at 5% Significance Level

™ Data appear Nomel 1 5% Significance Laval

956

087 Assuming Norma! Distibution

908 95% Normat UCL 95% UCLs (Adjusted for Skewtiess) -
999 95% Student's-tUCL|  15.92 95% Adjusted-CLT LICL (Chen-1955) 1597
1000! . 95% Modiffad-t UCL (Johnson-1578) 1596
1001
l1002| Gamma GOF Test

1003 A-D Test Statistic] 0,181 Andsrecir-Dariing Gamma GOF Test

1004 5% A-D Critical Value a2.716 Detected data appaar Gamma Distributed at 5% Significance Level
10gs| K-S Tast Statistic]| 0,148 |7 oy Gamma GOF Test

1008] 5% K-g Crifical Value|  0.264 Deotacted data appear Gamma Distributed at 5% Significanca Level
1OD7| Detected data appear Gemma Distributed at 5% Significance Lovel

1008]

1009) Gamma Stetistics

1010) khat {MLE)} 38.96 k star {bias corracted MLE)}  24.43
1011 Thet hat (MLE)| 0,386 Tha_ra star {bias corected MLE)]  0.583
12| nu hat (MLE)| 623.3 nu star (bias comected)] 330.9
1013 MLE Mean (bias correcied)] 14,25 MLE Sd (bias corrected)]  2.883
1014] Approximate Chi Square Value (D.05)) 3451
1015 Adjusted | svel of Signiﬁtanne‘ 00185 Adjusted Chi Square Valua| 3354
1016

1017 Asguming Gamma Distribution

1018 §5% Approximate Gamma UCL {use whan n>=50))i E A 95% Adjusted Gamma UCL (use when n=50‘,i 1661
1019 )

1620 Lognome) GOF Test

1021 Shapiro Wilk Tast Statistic]  0.983 Shapico Wik Lognomal GOF Test

1022] 5% Shapiro Witk Critical Value 0818 Data appear Lognormmal at 5% Significance Level

1023 Liflinfors Test Statistic| 0,136 Liillafors Lognommel GOF Test

1024] 5% Lilliafors Critical Value 0,283 Data appear Lognomma| at 5% Significance Level

10385 Datn appear Lognarmal at 5% Significance Leve!

1026

1027] Lognarmes Statistics

1028] Minimum of Logged Data]  2.398 Maean of logged Data]  2.644
1029 Maximum of Logged Data] 2944 SD of logged Data|  0.17
1030)]

1031 Assuming Logronmal Distribution

1032 85% H-UCL, 16,14 80% Chebyshev (MVUE) UCL} 15,82
1033 95% Chebyshev (MYUE) LCLY  17.98 87.5% Chaebyshev (MVUE) UCL! 18,81
1034] 98% Chebyshev (MVUE) UCL) - 228

1035)

1038] Norperamatric Distribution Free UCL Stetistcs

1037 Data appear to foliow a D [= at 5% S Level

1038 -

1039 Nonparacatric Distribution Frae UCLs

1040 95% CLT UCLE 167 95% Jackknlfe UCL] 15.92
1044 84% Standard Bootstrap UCL}  15.6 95% Bootstrap-t UCL|  16.19
1042 95% Hail's Bootsirap UCL] 1722 95% Percentile Bootstrap UCL]  15.63
043 - 95% BCA Bootstrap UCL] 16,63

044 90% Chebyshev{Mean, Sdy UCL{ 16.89 a5% Chebyshev(Mean, Sd) UCL| 18.08
1045 97.5% Chebyshev(Mean, Sd) UCL] 19.75 898% Chebyshev(Mean, Sd) UCL} 23.02
1044]

047 Suggesiod UCL to s

1048 95% Students UGL] 7552 ]

1048
| 1o50f Note: Suggestions regarding the selection of a 95% UCL are provided to halp the user 1o select tha most appropriate 95% UCL.

1051 Recomimendations are based upon data size, dale distTbution, and skewness.

1059 Thaese rocommandalions ara based upon the results of the simulstion studies summarized in Singh, Mzichle, and Les {2006}

1053 Hawaver, simulaticns rasylts will not cover all Real World data sets: for additional Insight the user may want ' consult a statlsticlan.
1054
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Ja56A0CI 0.5-1 bos A
1057,
1058 Goenerl Statistics
1058 Total Number of Obsarvations] 11 Number of Distinct Observations| 8
1060, Mumber of Missing Observations| 1
10861 Mimimum| 11 Maapn| 1508
1062} Maximum| 15 Median] 15
1063 sh| 27 Std. Ener of Mesn] 0814
1064 Coofficlent of Varlation| 0,179 Skewnsss|  0.218
1665;
- . Nommal GOF Test
\067 . Shapiro Wiik Teet Statistle| 0,942 Snapino Witk GOF Test
1068 5% Shapiro Witk Critical Value|  0.85 Data appear Normal at 5% Significance Level
1069 Liliefers Test Statistic] 015 Liliiefors GOF Test
1070 5% [Mhefors Gritcal Valua| 025 Data appear Normal at 8% Significanca Level
10T ) eppaar Nomsl at 5% Significance Leval
1072
1073 Assuming Nommal Distribution .
1074 85% Normal UCL 85% UCL% (Adjusted for Skewnass)
10751 95% Student's-t LICL}  18.57 95% Adjusted-CLT UCL (Chanu1955)l 16.49
1078 95% Modified-£ [iCL. {Johnson-1978) 3658
1077 ) ]
1078 Gamma GOF Test
1079 AD Tost Siatste]  0.250 Angerson-paring Gamme GOF Test
1080 5% A-D Crilical Value|  0.728 Detected data appear Gamma Distibuted at 5% Significanca Leval
1a81 K-§ Test Statistic| 0,141 Kolmogorov-Smimov Gammae GOF Test
108z} 5% K-8 Crilical Valua;  0.255 Detectad data appear Gamma Distributed at 5% Significanca Lavel
1083 Petaciad data sppear Gamma DI d at 8% 8l Level
1084)
1085 Gamma Statistics
1086 khat{MLE)| 34.28 k star (bias cotrected MLEY 24,59
1087 Theta hat {MLE} 0.44 Theta star {bias corectad MLE) 0.604
1088 nuhat (MLE)| 754.2 nu star {bias 549.8
1080 MLE Mean {bfas corrected)] 1509 MLE 8d {bias correctad)|  3.019
1000 Approximate Chi Bquare Value (2.05) 496.5
095 Adjusted Laval of S[gniﬁcanael 0.0278 Adjustad Chi Square Valuel 488.2
1082
1083 Aseuming Gemma Distribution
1084 95% Approximate Gamma UCL {uss when n>=50)}1 16.71 65% Adjusted Gamma UGL. (use when n<§6ﬂ 17
1085]
1088 Lognoma GOF Teat .
1007, Shapiro Wik Tast Statistic]  0.953 Shapiro Wilk Lognomnal GOF Test
1008 5% Shapira Wik Crilical Valus; 085 Data appear Lognomal at 5% Signincancs Leval
1099 Lilfiafors Test Stststic] 0.128 Liitisfars Lognomal GOF Teet
1100 5% Lilisfors Crilical Valua| — 0.261 Data appear Lognormai at 5% Significance Lavel
1101 Dats appear Lognommal at 5% Significance Level
1102]
1103 Lognormae! Statistcs
1404 Minimum of Logged Data|  2.398 Mean of logged Data|  2.699
1105 Maximum of Logged Data(  2.844 SDof logged Data|  0.18
1106
107 Assuming Lognormal Distritilon
1108| 95% H-UCL] 16.79 90% Chebyshev (MVUE} LICL;  17.56
1408 95% Chabyshev (MYUE) UCL]  18.67 97.5% Chebyshey (MVUE UCL] 2023
1110 95% Chebyshev (MVUE) UCL] 23.27
1111
1142 Nonparsmetric Distibution Free UCL Stetistics
1113 Data appear f fofiow o Discemible Distribution at 5% Significance Levsl
1114
1115 Nonpsrametric Dlistribution Frea UCLs
1118 85% CLTUCL| 1642 5% J_adﬂknifs Lucly, 1657
1117 95% Standard Bootstrap UCL] 1637 95% Bootstrap-tLICL) 16,65
1118 95% Hall's Bootstep UCL|  16.47 95% Parcentile Bootstrap UCL| 1536
1119 95% BCA Bootstrap UCLE 1627
1120 90% Chebyshev{Mean, Sd) ICL} - 17.53 95% Chebyshev{Mean, Sd} UCL 18.64
121 97.5% Chebyshev(Msaﬂ, sdyucl 2018 99% Chabyshev{Mean, Sd) UCL 23.1%
1122]
123 Suggested UC. ta Usa
1124 95% Studant's-t UCL{ 16.57 }
1125
1izel Nota: Suggestions regarding the salaction of a 95% UCL are provided to help the user to select the most appropriate 85% UCL.
1127 Recommandatons are based upon data size, data distibution, and skewness.
1128 These recommandations are based upon the rasults of the simulation studies summarized in Singh, Maichle, and Lee (2005).
1129 However, simulations resulis will not covet all Real World datz sets; for addiianal insight the user may want o consult 2 statistician.
1130)
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1131

1132]A0C3c 0.5 tbys An B

1133

1134 General Statistics

1138 Total Number of Observations| 9 Numbar of Distinct Observations] 7
1136 Mumber of Missing Chservations| 3
1137 Minimum; 13 Maan| 16.44
1138 Maximum; 20 R Median| 17
1139) sb| 2505 5, Error of Mean|  0.835
‘1140 Coefficient of Variation|  0.152 Skewness| -0.0383
1144 R
11142 Noeta: Sample slze I8 small (8.g., <10}, If data ara eollectad using 1SM approach, you should uses
1143 Guigance pmvld!f:l In [TRC Tech Rag Gulde an ISM (ITRC, 2012) to compute siatjstcs of Interest.
1144 Faor exsmpie, yols may went to use Chabyshey UCL to extimate EPC {ITRC, 2012},
14148 Chebyshev UCL can ba puted xing the N and Al UCL Dpticns of ProlICL 5.1
L4148

11471 Normal GOF Teat -

1148} Shapiro Wilk Test Statistic]  0.926 Shapiro Wilk GOF Test

1149 5% Shapiro Witk Criical Valus|  0.829 Data appear i\furrnal at 5% Significancs Leval

1450 Uilliofors Test Statistic]  0.177 Liiefors GOF Teet

1151 §% Liliiafors Critical Value;  0.274 Data appear Nermmal at 5% Significance Level

1452 Detn appear Narmsl st 5% Significance Level

1153,

1154 Assuming Normal Distribution

1155 95% Normal UGL 5% LiGLz (Adjusied for Skewness)

l‘.ﬁ.ﬁj 55% Swidenfs-t UCL) 18 95% Adjusted-CLT UCL (Chen-1995)[ 17.8%
1157 §5% ModifiedtUCL (Juhnsan-w?&)l 18
1158

ME:] Gamme GOF Test

1160 A-D Test Statistic|  0.406 Anderson-Darling Gamme GOF Test

1181 5% A-D Criticat Valual 0,727 Detectad data appear Gamma Distibuted st 5% Significance Laval
1162 K-5 Test Stafistic] 0197 Kolmogorow-Smimav Gamma GOF Test

EI 5% K-5 Criticai Value| 0279 Datacted deta appear Gamma Distributed at $% Significanca Lavel
1164] Detected data appesr Gamme Distibuted at 5% Significance Level

1165

1165 Gamma Statistics

1167 khat (MLE}; 47.71 k star {bias corrected MLE)|  31.38
1168 Theta hat (MLE)] 0345 Theta star (bfas comected MLE)| - 0.516
1168] nu hat (MLE){ 358.8 . nu star (bias 5713.2
1170) MLE Mean (bias corracted)|  15.44 MLE Sd (bias corectad) 2912
17 Approximata Chi Squara Value (D.OS‘)I 519.3
172 Adjusted Level of Signlﬁmnce| 0.0231 Adjusted Chi Square Valuei k]
1173}

1174 Asguming Gamma Distribution

1175 95% Approximate Gamma UCL, (uss when n>=s_nﬁ! 18.17 | ) 85% Adjusted Gamma UCL {use when n<50)|  18.56
1176

1771 Lognomes GOF Test

|1178] Shapira Witk Test Statistic|  0.821 Shwpirs Wik |Legnormsl GOF Test

1179 5% Shapiro Wik Critical Value|  (.82% Data appear i.ognamal 4t 5% Significanca Lavel

1120) iiliefors Test Statistic|  .188 Liliefers Lognemel GOF Test

18t - 5% Lifilafors Critical Valus,  0.274 Data appear | ognomal st 5% Significance |Level

1182 )ata appear Lognemmal at 5% Significance Level .

1183 -

1184 Lognormel

[1185) Minimum of Loggad Data|  2.585 © Meanof logged Datsf]  2.789
1186 Maximum of Logged Data|  2.896 8D of logged Data|  0.155
1187

1188] Assuming Lognonnal Distribution

1189 95% H-UCL| 18.24 90% Chebyshev {MVUE) UCL{ 18.99
180 §5% Chebyshev (MVUE) UCLi  20.15 97.5% Chebyshav [MVUE) UCL| 21.75
191 99% Chebyshev (MVUE) UCL] 24.8%

|1192|

1193 Nonparametric Distibutien Free UCL Statistics

11541 Date appesr to fellow & Discomibie Distribuion at5% Significanca Lavel

1105

1198 Nonparametsic Distibutinn Free LCLs.

1197] ab% CiTuCL] 1782 05% Jackkmfe UCL| 18
1198] 95% Standard Bootstap UCL|  17.73 95% Beotstap-t UCL] 717.89
1159) 95% Hall's Bootstrap UCL|  17.84 95% Percantile Bootstrap UCL}  17.78
1200 95% BCA Boolstrap UCL| 1767 .
1204 50% Chebyshev(Mean, 5d) UCL| 1885 95% Chehyshey{Maan, Sd) UCL;  20.08
1202 87.5% Chebyshev{Mean, Sdj UCL} 2166 98% Chebyshev{Mean, Sd)UCL| 2475
1203

1204 Suggested UCL to Use

1205 95% Students-t ucl.i 18 i

1208

{207 Note: i gerding the ion of a 35% UCL are provided to heip the user to select the mest appropriate 95% UCE.

1208 Racommendations ara based upon data stze, data distibution, and skewness.

1209 Thase recemmendations are based upon the results of the simuiation studies summatized in Singh, Maichie, and Lea (2006).

1210 However, simulafions rasults will not caver all Real World data sels; for addiional insight the user may want to consuit a etalistician.

12171 -

1212 Nats: Fer highly negatively-skewad data, confidence limits {e.g., Shen, Johnson, Lognormal, snd Gamma) may nat ba

1213 rellable. Chen's and Johnson's provide i for posttvaly skewad dein sens,

1214
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215
218 AOC3c 0.5-1 ftbgs As
217
218 Ganeral Statistics
214! Total Numbar of Observations{ 10 Number of Distinct Observations| 8
220 . Nurmber of Missing Obsarvations| 2
221 Mipimum) 12 Mean| 16
P ) Maximum] 20 Median| 16
P 8D| 2748 Std. Etior of Mean!  0.869
224 Coefficient of Variatien] 0172 Skawness{ 0
225]
206 Normel GOF Test
227 Shapiro Wik Test Stetistic|  0.539 Shapiro Wilk GOF Test
298] 5% Shapiro Wilk Critical Value|  0.842 Date appoar Normal at 5% Significance Level
229 Lillefors Test Statistic]  0.167 Lllliefors GOF Test
230 5% Lilliefors Critieal Value}  3.262 Data appaar Normal at 5% Significance Level
231 Dsta appssar Normal at 5% Sigrificance Loves!
232 -
233 Assuming Noymal Distribution
234 : 95% Normal UCL ] 95% VCLx (Adlusted for Skawness)
535 95% Swdantst UG 1758 95% Adjusted-CLT LICL gcmm@
230} i : 95% Modiliedt UCL {Johnscn-1078)]  17.59
237
238 Gemma GOF Test
23g| : A-D Test Statistic| ~ 0.356 Anderson-Darting Gamma GOF Test
240 §% A-D Criticai Value; 0724 Detected data appear Gamma Distributed at 5% Significance Leve!
241 K-8 Tost Statistic] 0,184 Kolmogarav-Smimav Gamma GOF Test
242) 5% K-S Critical Value!  0.266 Detected data appear Gamma Distributed at 5% Significance Level
243 Detected dats appear Gemma Distributed ot 5% Significance Lovet
244
245] Gamena Statistics
248 khat(MLE)] 37 k star (blas cotracted MLE)|  25.57
247 Thata hat (MLEY| 0432 | - Theta star (blas corrected MLE)|  0.616
248 nu hat (MLEY 740 nu siar {bias correctad); 519.4
249 MLE Mean (blas carrected)| 16 MLE $d (bias corectad);  3.14
2501 Approximete Chi Square Valua (0,05)] 4675
261 y Adjusted Leve! of Slgnlﬁeancel 0.0267 Adjustad Chi Square Vafue| 4589
252
253 Assuming Gamma Distributior:
254] 55% Approximata Gamma UCE {use whan n>=50)]l 777 ] 95% Adjusted Gamma UCL {use when n<50.‘|J 18.11
255]
ﬁ' Lognomal GOF Test
257' Shapiro Wik Test Statistic}] 0.928 Shapim Wilk Legnommal GOF Test
258 5% Shapiro Wiik Criticel Value|  0.842 Data appeat Legnormal &t 5% Significance Leval
250l Lifiafors Test Statisfic]  0.174 Lillsfars Logrormal GOF Test
260 5% Lilliefors Crifical Valuej  0.282 Data appear Lognommal st 5% Significance Leval
261 Data sppear Lognarmal et 5% Significsnce Leve)
262
263 TLognormal Stetsties
264 Minimum of Logged Data| 2,485 WMean of logged Date]  2.759
265 Maximum of Logged Data]  2.996 SO cflogged Data|  0.175
266
267 Assuming Logromal Distribution
68| ab% H-UCL] 17.88 0% Chabyshey (MVUE) UCL] 18,65
1269 95% Chebyshev [MVLUIE} UCL! 15,86 97.5% Chebyshey (MVUE} UCL| 21.54
1270 99% Chebyshev {MVLIE) UCL!  24.82
124
1272 Nonparametric Distribution Free UCL Statistics
1273 Data appesr to feliow a Discemibla Distribution at 5% Significance Level
1274
z7sl . Nonparamatric Digtritution Frea UCLs
1276 SE% CLT UCL| 1743 5% Jackknife UCL| 17.69
\277] $5% Standerd Bootstrap UGL) 17,34 95% Bootswrap-t UCL|  17.63
1274 95% Hall's Bootstrap UGL[ NA 85% Percentila Bootstrap UCL{ 17.4
1279 95% BCA Bootstrap UCL|  7/3
1280) 90% Chabyshev(Mean, 5d) UCL] 18.61 95% Chabyshev{laan, Sd) UCY 18.7%
1081 97.5% ChebysheviMaan, Sd} UCL 2143 99% Chabyshev({Maan, Sd) UCL] 24.65
1282
1283 Suggested UCE to Usa
26d 95% Studenes-t UCL! 17.59 [
1286
|286] Note: Suggastians regarding tha ion of a $6% UCL are provided to halp the usar o selact the most appropriate 95% UCL.
1287 Recommendaticns are hased upon dats size, data distribution, and skewness. )
1288 Thase racommendations are based upon the results of the simufation studias summatized in Singh, Maichie, and Lee {2006).
|289] Hawever, simulalions results will not cover all Real World data sels; for additonal Insight the user may want ta consult a statisticlan.
£290)
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1.0 Objective

In August 2000, an initial site assessment of the Adair Park Archery Range revealed the
presence of elevated lead concentrations in the soil and tailings within the archery range.
In 2006 Yuma County entered the Arizona Department of Environmental Quality’s
(ADEQ) Voluntary Remediation Program (VRP) and prepared a work plan to remediate
contaminated soil. Remediation activities in the work plan included excavating and
relocating contaminated soil to an area within the site and capping it with a gravel base
and a double chip seal surface. ADEQ conducted a subsequent field review of the project
site to determine if additional characterization and remedial activities are necessary to
meet the requirements for a No Further Action Determination (NFA). ADEQ made
recommendations in their letter dated June 4, 2014 and September 2017 Summary. The
Yuma County Department of Public Works retained Nicklaus Engineering Inc. to prepare
a Stormwater Conveyance Evaluation Report that addresses the ADEQ site inspection
recommendations.

This report analyzes the current conditions and the effects of stormwater runoff on the
current upstream protective rip-rap wall, the protective capped surface, drainage
channels, and the southern retention basins. Furthermore, upon the found conditions this
report proposes recommendations and modifications to the current stormwater
conveyance system.

2.0 Project Location

The Adair Park Archery Range is situated in the western portion of Adair Park which is
located at 4760 South US Highway 95 at the intersection of Highway 95 and Adair Park
Road in Yuma County, Arizona. The site is located approximately 12 miles northeast of
Yuma, Arizona on the southern base of the Laguna Mountains. It can be described as
being located within Section 5, Township 8 South, Range 21 West of the Gila and Salt
River Base and Meridian in Yuma County, Arizona.

The site comprises mostly undeveloped desert with several improvements and structures
suitable for rifle, pistol and archery ranges.

The area of analysis falls in within a dry ephemeral wash that drains into the Gila River.
The watershed area of analysis is enclosed on the North, East and West by mountain
ridge lines and bordered in the south by Adair Park Road. An aerial image with
boundaries is depicted in Figure 2.0.
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Figure 2.0 Aerial image with site boundaries

3.0 Geohydrology

The existing terrain of the watershed area is undeveloped desert, it is a dry ephemeral
wash enclosed by mountain ridges. The soil condition as defined by the U.S. Department
of Agriculture Soil Conservation Service is of the Laposa-Rock outcrop classification for
the mountain area and of the Indio-Ripley-Lagunita classification for the dry wash area.
The Laposa-Rock outcrop classification is moderately deep steep, well drained, extremely
gravelly soils, and rock outcrops on hills and mountains. The Indio-Ripley-Lagunita
classification is deep, nearly level to gently sloping, well drained and somewhat
excessively drained, silty and sandy soils on flood plains, low terraces and alluvial fans
and in drainageways.

According to the Federal Emergency Management Agency (FEMA), Flood Insurance
Rate Map No. 04027C1245F, with an effective date of January 16, 2014, for Community
No. 040099, in Yuma County, Arizona; approximately 600 feet of the southernmost
portion of the site is located within Flood Zone AE and the remainder of the site is located
within Flood Zone X. Flood Zone AE is described as “special flood hazard areas subject
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to inundation by the 1% annual chance flood”. Flood Zone X is described as “areas
determined to be outside the 0.2% annual chance floodplain”.

According to the January 2018 revision of the U.S. Bureau of Reclamation Depth to
Groundwater Map for the Wellton — Mohawk Valley, the average depth to groundwater at
the area of the bottom of the existing retention basins is approximately 10 feet. On March
06, 2019 soil borings were performed at the site and groundwater was encountered at a
depth of 14.70 feet. Additionally, a second soil boring at the middle of the site indicated
that groundwater is only present under the southern portion of the site, primarily due to
the presence of shallow bedrock under the site.

4.0 Methodology

The methodology used to obtain the stormwater quantification and movement is based
upon calculations utilizing the rational method with input data from the Public Works
Standards for Yuma County Volume Ill, Storm Drainage Facilities, August 21, 2006 along
with the Drainage Policies and Standards Manual for Maricopa County, Arizona, August
22, 2018 Revision. On the other hand, the water dynamics around the areas of interest
was modeled utilizing the geographic data from the topographic survey and using the
HEC RAS US Army software.

5.0 Area Definition

The terrain was divided into four areas based upon changes in topography, and
geomorphic compositions. Figure 5.0 shows the areas enclosed within the site. Based
upon steepness for times of concentration purposes; Area A is denoted entirely as
mountainous and having a steepness of more than 20%. Areas B/B1 are also labeled as
mountainous with an approximate steepness of 5% and ends north of the protective
capped surface. Areas C/C1 contains the existing capped surface that was built based
on a previous environmental evaluation. This area consists of relocated in-site material,
imported aggregate base course and a double chip seal surface. Areas D/D1 are desert
range land with several structures and rip rap channels. Area E is desert range land with
several structures and the existing retention basins. The purpose of the splitting the
terrain was to quantify the generation of stormwater runoff and its effects on the protective
wall, stormwater drainage channels, capped surface, and the stormwater retention
capacity of the existing retention basins.
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Figure 5.0 Areas Within the Site.

6.0 Storm water Runoff Volume Calculations
Storm Water Drainage Areas:
To quantify the storm water runoff water imputed to the existing retention basins, rainfall

from the entire site (Areas A, B/B1, C/C1, D/D1 and E as shown in Figure 5.0) and a 100-
year, 2-hour storm was used.

Figure 6.0 denotes the terrain types present at the site and they are differentiated with
distinct colors.
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Figure 6.0: Site Terrain Types.

Table 6.0 summarizes the distinct types of terrains and characteristics obtained from the
calculated areas shown in Figure 6.0. The “C” Factor for the Desert/Range Land has
been determined from Appendix C, Runoff Curve Numbers by Soil Type & Zoning
Classification, Public Works Standards for Yuma County, Volume lll, Storm Drainage
Facilities, August 21, 2006. The remaining terrain types are not shown in the Public
Works Standards for Yuma County. The Drainage Policies and Standards for Maricopa
County, Arizona, August 22, 2018 was used to determine the “C” Factor for the
Mountainous, Hillslope and Cap Surface terrain types. The “C” Factor for Cap Surface
was determined from Table 6.3, Rational Method Developed Condition C Coefficients.
The “C” Factors for the Mountainous and Hillslope terrain types was determined from
Table 6.4, Rational Method Natural Condition C Coefficients. The “C” Factor for the Rip-
Rap terrain type was estimated.
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TYPE OF TERRAIN "C" FACTOR | AREA (ACRE) CxA
MOUNTAINOUS 0.95 88.89 84.45
HILLSLOPE 0.69 12.28 8.47
CAP SURFACE 0.88 3.71 3.26
DESERT/ RANGE LAND 0.88 9.00 7.92
RIP-RAP 0.90 0.62 0.56
TOTAL N/A 114.50 104.66

Table 6.0 Terrain Characteristics and Areas for the Entire Site.
A “C” factor of the various terrains was weighted with the result shown in the following

calculation:
Y(C xA)

W_Z—A

__104.66__091
w1145

The storm water runoff — Entire Site for a 100-year, 2-hour storm is as follows:

The Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities,
August 21, 2006, Section 3.2.6 Retention and Detention Basins, Paragraph B, states if
the rational method is used, the 100-year, 2-hour storm or 2.44 inches of total rainfall shall
be used.

Use Rational Method: Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)

C = Weighted “C” as shown above (unitless)

| = Rainfall Intensity for 100-year, 2-hour storm as specified by Appendix A
“Rainfall Intensity-Duration-Frequency Relationship for Yuma, Arizona” of Public Works
Standards for Yuma County, Volume lll, Storm Drainage Facilities, August 21, 2006

A = Runoff Area in acres

Q = CiA

C =091

i=1222
hr

A = 114.50 acres
Q = CiA =1(0.91)(1.22)(114.50) = 127.12 CFS

Storm water Runoff Volume — Entire Site:

The storm water runoff volume for the entire site (Areas A, B/B1, C/C1, D/D1 and E -
Figure 5.0) was calculated to analyze current retention basins conditions and verify
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capacities. This volume was obtained considering a 100-year, 2hr-storm. The equation
shown in Appendix E, Rational Method, Retention and Detention Basin Volume Design
Data Sheet, Public Works Standards for Yuma County, Volume Ill, Storm Drainage
Facilities, August 21, 2006 was used to calculate the storm water runoff volume as
follows:

sec

Use: V =%(2tc)Q X 3’600F

Where: V = volume in cubic feet
Q = Discharge in cubic feet per second(shown below)
tc = time of construction in hours

V =%(2x2)127.12 x 3,600 = 915,264 ft3

The storm water runoff — entire site for a 100-year, 2-hour storm is as follows:
Use Rational Method: Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)

C = Weighted “C” as shown above (unitless)

| = Rainfall Intensity for 100-year, 2-hour storm as specified by Appendix A
“Rainfall Intensity-Duration-Frequency Relationship for Yuma, Arizona” of Public Works
Standards for Yuma County, Volume lll, Storm Drainage Facilities, August 21, 2006

A = Runoff Area in acres

Q = CiA

C =091

i=1222
hr

A = 114.50 acres
Q = CiA =(0.91)(1.22)(114.50) = 127.12 CFS

Storm water Runoff Volume - capped surface:

The two existing retention basins were constructed as a part of Yuma County’s
remediation activities conducted in 2006. The existing retention basins were designed to
accommodate the storm water runoff from the capped surface (Areas C/C1- Figure 5.0)
constructed during those remediation activities. Calculations to analyze the capacities of
the current retention basins compared to the capped surface were conducted. This
volume was obtained considering a 100-year, 2hr-storm. The equation shown in
Appendix E, Rational Method, Retention and Detention Basin Volume Design Data Sheet,
Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities, August
21, 2006 was used to calculate the storm water runoff volume as follows:
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sec

Use: V =%(2tc)Q X 3’600F

Where: V = volume in cubic feet
Q = Discharge in cubic feet per second (shown below)
tc = time of construction in hours

V =%(2x2)3.98 x 3,600 = 28,656 ft3
The storm water runoff — capped surface for a 100-year, 2-hour storm is as follows:
Use Rational Method: Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)

C = Weighted “C” as shown above (unitless)

| = Rainfall Intensity for 100-year, 2-hour storm as specified by Appendix A
“Rainfall Intensity-Duration-Frequency Relationship for Yuma, Arizona” of Public Works
Standards for Yuma County, Volume lll, Storm Drainage Facilities, August 21, 2006

A = Runoff Area in acres

Q = CiA
C =0.88
i=1222
hr
A = 3.71 acres

Q = CiA = (0.88)(1.22)(3.71) = 3.98 CFS

7.0 Current Retention Basins Capacities

Considering the topographic survey, it was possible to calculate the volume of both
existing retention basins found on site. The calculation is as follows:

Use: v =h(Azortaser )
Where:

h = depth of water, ft

Arop = area at top of retention basin, ft?2

Agor = area at bottom of retention basin, ft?

East Retention Basin:

Average Top Elevation =162.28
Average Bottom Elevation =159.74
Average h = 254

Nicklaus Engineering, Inc.
Stormwater Conveyance Report 8
May 28, 2020



Stormwater Conveyance Evaluation
Adair Memorial Park Archery Range - Update

Arop = 41,515 ft?
Agor = 23,690 ft?
41,515+23,690
V= 2.54( ) = 82,810 ft2
West Retention Basin:

Average Top Elevation =163.08

Average Bottom Elevation = 160.61

Average h = 247

Arop = 37,238 ft?

Agor = 15,487 ft?
37,238+15,487

V= 2.47( ) - 65,115 ft?

Therefore, the capacity of both retention basins is:

Retention Basins Volume = East Basin + West Basin = 82,810 ft3 + 65,115 ft3
= 147,925 ft3

Retention Basins Volume _ 147,925 ft3
Runoff — entire site 915,264 ft3

Retention Basins Capacity(entire site) =

= 0.1616 = 16.16%

Retention Basins Volume _ 147,925 ft3
Runoff — capped surface 28,656 ft3

Retention Basins Capacity(capped area) =

= 5.1621 = 516.21%

The storm water retention capacity of both existing retention basins combined equals
16.16% of the retention capacity required to retain 100% of the storm water runoff
generated by the entire site for a 100-year, 2-hour storm. However, the storm water
retention capacity of both existing retention basins combined is approximately 5 times the
capacity required to retain the storm water runoff from the capped surface. A portion of
the excess storm water runoff generated by the entire site leaving the existing retention
basins is retained by Adair Park Road at the southern boundary of the site. Therefore,
the stormwater storage capacity of the site was calculated using a low point of Adair Park
Road as an outfall elevation. Calculations from an AutoCAD — Civil 3D surface model are
as follows:
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Overfill Volume = 9674.39 yd3® = 261208.5 ft3

c = Overfill Volume  261208.5 ft*
ALY = Total Area Runoff 885,096 ft3

= 0.2951 = 29.51%

Considering the volume calculated with the surface model, the percentage of storm water
runoff from the entire site retained on site before overflow occurs at Adair Park Road is
approximately 30%.

8.0 Channel Analysis

The two existing channels found in this project are a vital component in the design as they
transport storm water runoff generated from most of the terrain into the existing retention
basins. Considering the difference in elevation at the north end of each of the channels
and based on flow models; the two channels were analyzed with different flow inputs.
Each channel was analyzed in two different areas. One, as they flow around the capped
surface and two, the desert area between the capped surface and the existing retention
basins. Figure 8.0 shows these four areas of analysis. Sections One and Two originate
at north end of the capped surface and run south to the south end of the capped surface
(Area C/C1, Figure 5.0). Sections Three and Four flow through the desert area between
the south end capped surface and the existing retention basins (Area D/D1, Figure 5.0).
The storm water runoff created by Areas A, B, and C shown in Figure 5.0 flow through
the channel in Section One (Figure 8.0), while the storm water runoff from Areas B1 and
C1 flow through the channel in Section Two. The storm water runoff created by Areas A,
B, C and D (Figure 5.0) flow through the channel in Section Three, while the storm water
runoff from Areas B1, C1 and D1 flow through the channel in Section Four. For that
reason, different times of concentration are calculated and used for the analysis of each
channel.
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Figure 8.0 Storm water Drainage Channels.

Time of Concentration:

Time of concentration represent the accumulation of water from the furthest location of
the tributary area to the point of interest. Due to changes in topography and geomorphic
compositions, the time of concentration for each area was calculated separately and then
combined for a total time of concentration.

The Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities,
August 21, 2006, Section 3.2.5 Rational Method, Paragraph A, states “The equation, Q =
CiA, may be used to compute peak runoff from urbanized areas up to 10 acres or non-
urbanized areas up to 80 acres”. Since the total area of the subject site is approximately
114.50 acres, this method was not used. However, Section 3.1 of the Drainage Design
Manual for Maricopa County, Hydrology, December 14, 2018 states that the Rational
Method can be used op to 160 acres. Equation 3.2 of this manual is used to calculate
the time of concentration as shown below:

(Maricopa Drainage Design, Equation 3.2)

TC — 11'4L0.5Kl()).525—0.31i—0.38
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Where: T, = time of concentration, in hours
L = length of the longest flow path, in miles
K, = watershed resistance coefficient
S = watercourse slope, in feet/mile

i rainfall intensity, in inches/hour.
8.1 Drainage Channel — Section One

Time of Concentration — Section One (Areas A, B, & C, Figure 5.0)

Area A:
L =557t (0.1055 mi)
K, = 0.05 (Table 6.6, Maricopa Co. Drainage Policies and Standards)
= 2 = 181991
1 =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)
T 4= 11 4L0'5Kl§)'525_0'31i_0'38
. .
T., = 11.4(0.1055)%5(0.05)%>2(1819.91)7031(2.17)7038
T.4 = 0.0567 hr = 3.40 min
Area B:
L =5535ft(1.0483 mi)
K, = 0.03 (Table 6.6, Maricopa Co. Drainage Policies and Standards)
S = 2T = 24611
i =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)
TCB — 11.4-L0'5Kl?'525_0'31i_0'38
T.p = 11.4(1.0483)°5(0.03)%52(246.11)7931(2.17)7038
T.gp = 0.2548 hr = 15.29 min
Area C:

L =436 ft (0.0826 mi)

K, =0.015 (Table 6.5, Maricopa Co. Drainage Policies and Standards)
171-168

S = ———=36.32

0.0826
1 =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)

ch — 11.4_L0.5KI§).525—0.31L'—0.38
T, = 11.4(0.0826)%5(0.015)%52(36.32)~0-31(2.17) 038
T.c = 0.0903 hr = 5.42 min

Adding the three the times of concentration shown above, give a total time of
concentration from the furthest part of the tributary at the north end of the site to the south
end of the capped surface. This total time of concentration is:

TC SECTION ONE — tCA + tCB + tCC = 340 min + 1529 min + 542 min = 24.11 min
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The rainfall intensity from a 100-year storm correlating to this time of concentration was
estimated to be 4.00 in/hr. using the Rainfall Intensity, Duration, Frequency Relationship
for Yuma. This correlation and graph are shown in Figure 8.1-1

Figure 8.1-1 Rainfall Intensity - Duration — Frequency Relationship for Yuma (Section One)

Storm water Runoff — Section One:

The Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities,
August 21, 2006, Section 3.8 Open Channel Standards, Paragraph 3.8.1, states that open
channels shall convey the 100-year storm peak runoff within the banks. The storm water
runoff for Section One with a 100-year storm, calculated Tc=24.11 minutes is calculated
using the Rational Method:

Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)
C = Weighted “C” as shown below (unitless)
| = Rainfall Intensity as shown in Figure 8.1
A = Runoff Area in acres

Figure 8.1-2 denotes the terrain types present at Section One and are differentiated with
distinct colors. Important to note that the hatched area, represents the drainage area for
the east channels.
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Figure 8.1-2 Types of Terrain Found for Section One.

Table 8.1-1 summarizes the distinct types of terrains and characteristics obtained from
the calculated areas shown in Figure 8.1-2. The sources for the “C” Factors are discussed
in the preparation of Table 6.0.

TYPE OF TERRAIN "C" FACTOR | AREA (ACRE) CxA

MONTAINOUS 0.95 82.79 78.65
HILLSLOPE 0.69 11.62 8.02
CAP SURFACE 0.88 1.86 1.64
DESERT/ RANGE LAND 0.88 0.10 0.09
RIP RAP 0.90 0.12 0.11
TOTAL N/A 96.49 88.51

Table 8.1-1 Terrain Characteristics and Areas for Section One

The weighted “C” factor is then:
_X(CxA)

W_Z—A
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Use Rational Method: Q = CiA

A =96.49 acres
Q = CiA = (0.92)(4.00)(96.49) = 355.08 CFS
Capacity Provided: Drainage Channel Section One

A worse case location for Drainage Channel Section One has been identified as being
located approximately 95 feet south of the protective rip-rap wall. At this location, the
east bank and bottom of the channel consist of a double chip seal surface and the west
bank is constructed out of 6” rip-rap rock. A cross-section of Drainage Channel Section
One at this location is shown in Figure 8.1-3.

4.7 e 10° . 5.67

water depth
varies

168.06
Fig. 8.1-3 Cross-Section Drainage Channel Section One, 95’ south,
Looking North

The high-water elevation was calculated at the top of the rip-rap on the west bank of the
drainage channel. Using the Manning’s Formula, the worst case, storm water carrying
capacity for the Drainage Channel Section One is as Follows:

A="%4.7x180)+ (10 x1.80’) + 2 (10’ x 0.54’) + /2 (5.67’ x 2.34) = 31.56 sf

WP =20.377 R=A/WP =31.56/20.37 = 1.5493 S=0.73% N =0.029 (N value weighted
from N values for double chip seal surface (asphalt) and 6” rip-rap rock as shown on
Tables 2.1 and 2.2, U.S. Department of Transportation, Federal Highway Administration,
Hydraulic Engineering Circular No. 15, Third Edition (Publication No. FWHA-NHI-05-114,
September 2005) Design of Roadside Channels with Flexible Linings.

1.49/N (A)(R)%3 §'2

1.49/0.029 (31.56) (1.5493)%3(0.0073)"2
51.38 (31.56) (1.3389) (0.0854)

185.41 cfs

OO
TR TR TR
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Velocity

185.41 cfs / 31.56 sf = 5.87 fps

Analysis

185.41 cfs provided < 355.08 cfs required.

Drainage Channel Section One (Option 1 — Additional 6” Rip-rap Rock, west bank)

The storm water carrying capacity provided at a worse case location of the Drainage
Channel Section One, with a high-water elevation at the top of the rip-rap on the west
bank of the drainage channel, is less than the required storm water carrying capacity
required for a 100-year storm, calculated Tc = 24.11 minutes.

The grade break that defines the eastern limits of the east bank of the drainage channel
is calculated to be approximately 11.33 feet east of the eastern edge of the calculated
high-water elevation. Adding rip-rap rock to the west bank of the drainage channel will
allow the high-water elevation to be raised. If the high-water elevation is raised by 0.85
feet, the drainage channel will have the storm water carrying capacity required for the
above referenced storm. This revision will contain the storm water runoff within the
drainage channel with the eastern edge of the high-water elevation calculated to be
approximately 9.27 feet east of the existing eastern edge of the existing drainage channel.
The revised drainage channel cross-section (Figure 8.1-4) and calculations are as
follows:

171.25

Newtopof  ~_ | 1T~ / water depth

rip-rap |, varies
N 68.0

Fig. 8.1-4 Revised Cross-Section, Drainage Channel Section One, 95’ south,
Looking North

Using the Manning’s Formula, the worst case, storm water carrying capacity for the
Drainage Channel Section One is as Follows:

A="%(6.92"x2.65")+ (10°'x2.65’) + /2 (10’ x 0.54°) + /2 (7.73’ x 3.19) = 50.70 sf
WP = 24.65’

R = A/WP = 50.70/24.65 = 2.0568

S=0.73%

N = 0.29 (As described above)

1.49/N (A)(R)?3 8172

1.49/0.029 (50.70) (2.0568)23 (0.0073)""2
51.38 (50.70) (1.6174) (0.0854)

359.81 cfs

OO0
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Velocity

359.81 cfs / 50.70 sf = 7.10 fps

Analysis

359.81 cfs provided > 355.08 cfs required.

8.2 Drainage Channel — Section Two

Time of Concentration — Section Two (Areas B1, & C1, Figure 5.0)

Area B1:

L =293 {t (0.0555 mi)

K, = 0.03 (Table 6.6, Maricopa Co. Drainage Policies and Standards)

174-171
S = EYT T 54.05
1 =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)
TCBI — 11.4LO'5K£'525_0'31i_0'38
T.p; = 11.4(0.0555)%°(0.03)%52(54.05)931(2.17)70-38
T.g1 = 0.0938 hr = 5.63 min

Area C1:

L =436 ft (0.0826 mi)
K, =0.015 (Table 6.5, Maricopa Co. Drainage Policies and Standards)

_ 171-168 — 36.32
0.0826

1 =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)

chl — 11.4L0'5Kl§)'52$_0'31i_0'38
T.c, = 11.4(0.0826)°5(0.015)52(36.32)~031(2.17) 038
T.c1 = 0.0903 hr = 5.42 min

The total time of concentration is:
TC SECTION TWO = tCBI + tCCl = 563 mln + 542 mln = 1105 mln

The rainfall intensity from a 100-year storm correlating to this time of concentration was
estimated to be 5.83 in/hr. using the Rainfall Intensity, Duration, Frequency Relationship
for Yuma. This correlation and graph are shown in Figure 8.2-1.
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Figure 8.2-1 Rainfall Intensity - Duration — Frequency Relationship for Yuma (Section Two)

Storm water Runoff — Section Two:

The Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities,
August 21, 2006, Section 3.8 Open Channel Standards, Paragraph 3.8.1, states that open
channels shall convey the 100-year storm peak runoff within the banks. The storm water
runoff for Section One with a 100-year storm, calculated Tc= 11.05 minutes is calculated
using the Rational Method:

Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)
C = Weighted “C” as shown below (unitless)
| = Rainfall Intensity as shown in Figure 8.5
A = Runoff Area in acres
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Figure 8.2-2 Types of Terrain Found in Section Two (hatched area).

Table 8.2-1 summarizes the distinct types of terrains and characteristics obtained from
the calculated areas shown in Figure 8.2-2. The sources for the “C” Factors are discussed
in the preparation of Table 6.0.

TYPE OF TERRAIN "C" FACTOR | AREA (ACRE) CxA
MONTAINOUS 0.95 4.75 4.51
HILLSLOPE 0.69 0.66 0.46
CAP SURFACE 0.88 1.85 1.63
DESERT/ RANGE LAND 0.88 0.08 0.07
RIP RAP 0.90 0.21 0.19
TOTAL N/A 7.95 6.86

Table 8.2-1 Terrain Characteristics and Areas for Section Two

The weighted “C” factor is then:
_X(Cx4)

6.86

Use Rational Method: Q = CiA
Cc =091

i=5832
hr
A =755 acres

Q = CiA = (0.91)(5.83)(7.55) = 40.06 CFS
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Capacity Provided: Drainage Channel Section Two

A worse case location for Drainage Channel Section Two has been identified as being
located approximately 260 feet south of the protective rip-rap wall. A cross-section of the
drainage channel at this location is shown in Figure 8.2-3.

. 629" | o v 3:20°

———————————————————— 7 depth 0.65’

Figure 8.2-3 Cross-Section, Drainage Channel Section Two, 260’ south,
Looking North

Using the Manning’s Formula, the worst case, storm water carrying capacity for the East
Drainage Channel (Section Two) is as Follows:

A=Y (6.29x 0.65) + (9’ x 0.65') + ¥ (3.20’ x 0.65) = 8.93 sf

WP =18.49’
R =A/WP = 8.93/188888.49 = 0.4830
S =0.70%

N = 0.016 (Tables 2.1, U.S. Department of Transportation, Federal Highway
Administration, Hydraulic Engineering Circular No. 15, Third Edition (Publication No.
FWHA-NHI-05-114, September 2005) Design of Roadside Channels with Flexible
Linings.

Q = 1.49/N (A)(R)¥3 82

Q = 1.49/0.016 (8.93) (0.4830)%3(0.0070)"?
Q =93.13 (8.93) (0.6156) (0.0837)

Q =42.85cfs

Velocity

42.85 cfs / 8.93 sf = 4.80 fps

Analysis

42.85 cfs provided > 40.96 cfs required

The storm water carrying capacity provided at a worse case location of Drainage Channel
Section Two, with a water depth of 0.65 feet is greater than the required storm water
carrying capacity required for a 100-year storm, calculated Tc = 11.05 minutes.

The existing drainage channel will contain the storm water runoff within the drainage
channel with the eastern edge of the high-water elevation calculated to be approximately
5.80 feet east of the eastern edge of the existing eastern edge of the existing drainage
channel.
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8.3 Drainage Channel — Section Three
Time of Concentration — Section Three (Areas A, B, C & D Figure 5.0)

Adding the time of concentration for Area D to the time of concentration calculated for
Section One, as shown above, gives the time of concentration for Section Three:

Area D:
L =3331t(0.0631 mi)

K, = 0.025 (Table 6.5, Maricopa Co. Drainage Policies and Standards)

§ = 1887164 _ ¢339
0.0631

1 =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)

T D= 11 4L0'5Kg'525_0'31i_0'38
c .
T,p = 11.4(0.0631)°5(0.025)°52(63.39)~031(2.17) 038
T, = 0.00866 hr = 5.20 min

Total time of concentration for Section Three is:
TC SECTION THREE = TC SECTION ONE + TCD = 24‘11 min + 520 mln = 2931 mln

The rainfall intensity from a 100-year storm correlating to this time of concentration was

estimated to be 3.58 in/hr. using the Rainfall Intensity, Duration, Frequency Relationship
for Yuma. This correlation and graph are shown in Figure 8.3-1.

Figure 8.3-1 Rainfall Intensity - Duration — Frequency Relationship for Yuma (Section Three)
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Storm water Runoff — Section Three:

The Public Works Standards for Yuma County, Volume Ill, Storm Drainage Facilities,
August 21, 2006, Section 3.8 Open Channel Standards, Paragraph 3.8.1, states that open
channels shall convey the 100-year storm peak runoff within the banks. The storm water
runoff for Section Three with a 100-year storm, calculated Tc=29.31 minutes is calculated
using the Rational Method:

Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)
C = Weighted “C” as shown below (unitless)
| = Rainfall Intensity as shown in Figure 8.8
A = Runoff Area in acres

Figure 8.9 denotes the terrain types present at the site and they are differentiated with
distinct colors.

Figure 8.3-2 Types of Terrain Found in Section Three
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Table 8.3-1 summarizes the distinct types of terrains and characteristics obtained from
the calculated areas shown in Figure 8.3-2. The sources for the “C” Factors are discussed

in the preparation of Table 6.0.

TYPE OF TERRAIN "C" FACTOR | AREA (ACRE) CxA
MONTAINOUS 0.95 83.5 79.33
HILLSLOPE 0.69 11.62 8.02
CAP SURFACE 0.88 1.86 1.64
DESERT/ RANGE LAND 0.88 1.58 1.39
RIP RAP 0.90 0.23 0.21
TOTAL N/A 98.79 90.59

Table 8.3-1 Terrain Characteristics and Areas for Section Three

The weighted “C” factor is then:

_X(CxA)
w ZA
90.59
w = 98.79 = 0.92
Use Rational Method: Q =CiA
C = 0.92'
i=242=
h

T
A = 98.80 acres

Q = CiA = (0.92)(3.58)(98.80) = 325.41 CFS

Capacity Provided: Drainage Channel Section Three

A worse case location for Drainage Channel Section Three has been identified as being
located approximately 195 feet south of the southern end of the capped section (Area C,
Figure 5.0). This drainage channel consists of loos cobble and rip-rap (see Figure 9.5).
A cross-section of the West Drainage Channel at this location is shown in Figure 8.3-3.

2 | 25 |
D 'l — water

depth 0.69’

Figure 8.3-3 Cross-Section, Drainage Channel Section Three, 195’ south,
Looking North
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Using the Manning’s Formula, the worst case, storm water carrying capacity for the West
Drainage Channel (Section Three) is as Follows:

A=7%(5.60"x0.69)+ (2" x0.69) + 2 (2.5 x0.60’) = 4.17 sf

WP =10.10’

R=A/WP =4.17/10.10 = 0.4129

S=122% N =0.062 (N value from Table7.7, Drainage Design Manual for Maricopa
County, Arizona, December 14 ,2018)

Q = 1.49/N (A)(R)¥3 82

Q =1.49/0.062(4.17) (0.4129)%3(0.0122)""2
Q =24.03(4.17) (0.5545) (0.1105)
Q=6.14 cfs

Velocity

6.14 cfs /1 4.17 sf = 1.47 fps

Analysis

6.14 cfs provided < 325.41 cfs required

Drainage Channel Section Three (Option 1 — 6” Rip-rap Rock)

The storm water carrying capacity provided at a worse case location of Drainage Channel
Section Three is less than the required storm water carrying capacity required for a 100-
year storm, calculated Tc = 29.31 minutes.

A new drainage channel has been designed to have the storm water carrying capacity
required for the above referenced storm. The revised drainage channel cross-section,
using 6” rip-rap rock, (Figure 8.3-4) and calculations are as follows:

9’ . 26’ . 9’

|
<«

Figure 8.3-4 Cross-Section, Drainage Channel
Section Three (Option 1 - 6” rip-rap rock) Looking North
Use:
Q =325.41 cfs
B = bottom width of channel = 26’
Z = side Slopes =4
S, = channel bottom slope = 0.0122 ft/ft
Y, = unit weight of rip-rap rock = 165 Ibs./sf
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Y = unit weight of water = 62.4 Ibs./sf

Assume Dg, = 0.50°
Assume water depth = 2.25’

Using geometric properties of a trapezoid:

A = Bd+ Zd?
= 26(2.25) + 4 (2.252)
= 58.50 + 20.25
= 78.75 sf

P=B+ 2d fZZ+1

=26 +2(2.25) [4* +1

=26 +18.55
= 44 .55

R = A/P = 78.75/44.55 = 1.7677
T=B+ 2dZ =26 + 2 (2.25) (4) = 44
d, = AIT = 78.75/44 = 1.7898

da 1.7898

Relative depth ration: — = = 3.5796
Dy 0.50

Determine Manning’s N value:
(HEC 15, 2005, Equation 6.1)

adg.1667
Use: N = aa
2.25+5.23lo (—)
g Dsgo
Where: N = Manning’s roughness coefficient

d, = average flow depth in the channel = 1.7898 ft
D5, = median rip-rap size = 0.50 ft
a = unit conversion constant = 0.262

adf1ee7 _ (0.262)1.7898%1°°7
da - 1.7898\
2.25+5.23log(D—50) 2.25+5.23log( )

N =

0.50

0.2887 0.2887
= = 0.0561
2.25+5.2310g(3.5796) 5.1466
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Use Manning’s equation to determine maximum flow for rip-rap D5, = 0.50’:
S =1.22%, A =50.00 sf, R =1.4930, N = 0.0561

Q =1.49/N (A)(R)¥3 82

Q = 1.49/0.0561 (78.75) (1.7677)%3(0.0122)"2
Q = 26.46 (78.75) (1.4620) (0.1105)

Q = 336.63 cfs

Velocity

336.63 cfs / 78.75 sf = 4.27 fps

Analysis

336.63 cfs provided > 325.41 cfs required

Drainage Channel Section Three (Option 2 — shotcrete)

The storm water carrying capacity provided at a worse case location of Drainage Channel
Section Three is less than the required storm water carrying capacity required for a 100-
year storm, calculated Tc = 29.31 minutes.

A new drainage channel has been designed to have the storm water carrying capacity

required for the above referenced storm. The revised drainage channel cross-section,
using shotcrete, (Figure 8.3-5) and calculations are as follows:

12,5’ @

| Water depth
1.50’

Figure 8.3-5 Cross-Section, Drainage Channel
Section Three (Option 2 - shotcrete) Looking North

Using the Manning’'s Formula, storm water carrying capacity for Drainage Channel
Section Three (Option 2) is as Follows:

A="% (6 x1.50) + (12.5' x 1.50') + ¥ (6 x 1.50) = 27.75 sf

WP = 24.50’
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R =A/WP = 27.75/24.50 = 1.1327

S=122%

Q =1.49/N (A)(R)¥3 82

Q =1.49/0.015(27.75) (1.1327)%3(0.0122)"2
Q =99.33(27.75) (1.0866) (0.1105)

Q =330.96 cfs

Velocity

330.96 cfs / 27.75 sf = 11.93 fps

Analysis

330.96 cfs provided > 325.41 cfs required

8.4 Drainage Channel — Section Four
Time of Concentration — Section Four (Areas B1, C1 & D1 Figure 5.0)

Adding the time of concentration for Area D1 to the time of concentration calculated for
Section Two, as shown above, gives the time of concentration for Section Four:

Area D1:
L =333t (0.0631 mi)
K, =0.025 (Table 6.5, Maricopa Co. Drainage Policies and Standards)

_ 168—-164 — 63.39
0.0631

i =2.17 in/hr. (100-year, 60-minute storm, NOAA ATLAS 14, April 21, 2017)

Tch — 11'4L0.5K8.525—0.31i—0.38
T.p, = 11.4(0.0631)%5(0.025)%52(63.39)~0-31(2.17)~0-38
T.p1 = 0.0866 hr = 5.20 min

Total time of concentration for Section Four is:
TC SECTION FOUR = TC SECTION TWO + tCDl = 1105 min + 520 mln = 1625 mln
The rainfall intensity correlating to the time of concentration was estimated to be 3.25

in/hr. using the Rainfall Intensity, Duration, Frequency Relationship for Yuma. This
correlation and graph are shown in Figure 8.4-1.
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Figure 8.4-1 Rainfall Intensity - Duration — Frequency Relationship for Yuma (Section Four)

Storm water Runoff — Section Four:

The storm water runoff for Section Four with a 100-year storm, calculated Tc= 16.25
minutes is calculated using the Rational Method:

Q=CIA

Where: Q = Peak Runoff Rate in cubic feet per second (CFS)
C = Weighted “C” as shown below (unitless)
| = Rainfall Intensity as shown in Figure 8.12
A = Runoff Area in acres

Figure 8.4-2 Types of Terrain Found in Section Four (hatched area)
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Table 8.4-1 summarizes the distinct types of terrains and characteristics obtained from
the calculated areas shown in Figure 8.4-2. The sources for the “C” Factors are discussed
in the preparation of Table 6.0.

TYPE OF TERRAIN "C" FACTOR | AREA (ACRE) CxA
MONTAINOUS 0.95 5.16 4.90
HILLSLOPE 0.69 0.66 0.46
CAP SURFACE 0.88 1.85 1.63
DESERT/ RANGE LAND 0.88 1.66 1.46
RIP RAP 0.90 0.39 0.35
TOTAL N/A 9.72 8.80

Table 8.4-1 Terrain Characteristics and Areas for Section Four.

The weighted “C” factor is then:
_2(Cx4)
8.80

C, =—— =091
w972

Use Rational Method: Q = CiA
C =091

i=4922
hr
A =9.72 acres
Q = CiA = (0.91)(4.92)(9.72) = 43.52 CFS
Capacity Provided: Drainage Channel Section Four
A worse case location for Drainage Channel Section Four has been identified as being
located approximately 90 feet south of the southern end of the capped section (Area C,
Figure 5.0). This drainage channel consists of loos cobble and rip-rap (see Figure 9.6).

This A cross-section of Drainage Channel at this location is shown in Figure 8.4-3.

5 9’ e 12’
[ -

' water
— depth 1.09’
A 4

Figure 8.4-3 Cross-Section, Drainage Channel Section Four, 90’ south,
Looking North
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Using the Manning’s Formula, the worst case, storm water carrying capacity for the East
Drainage Channel — Section Four is as Follows:

A=%(9x1.09)+ 7% (12" x1.09) = 11.45 sf

WP =271’

R =A/WP = 11.45/21 = 0.5452

S=1.15% N =0.062 (N value from Table7.7, Drainage Design Manual for Maricopa
County, Arizona, December 14 ,2018)

Q = 1.49/N (A)(R)¥3 82

Q = 1.49/0.062(11.45) (0.6674)%3(0.0115)"2
Q =24.03(11.45) (0.6674) (0.1072)

Q =19.69 cfs

Velocity

19.69 cfs / 11.45 sf =1.72 fps
Analysis

19.69 cfs provided < 43.52 cfs required

Drainage Channel Section Four (Option 1 — 6” Rip-rap Rock)

The storm water carrying capacity provided at a worse case location of Drainage Channel
Section Four is less than the required storm water carrying capacity required for a 100-
year storm, calculated Tc = 16.25 minutes.

A new drainage channel has been designed to have the storm water carrying capacity
required for the above referenced storm. The revised drainage channel cross-section,
using 6” rip-rap rock, (Figure 8.4-4) and calculations are as follows:

6’ . 8’ | 6’

|
<«

A

Figure 8.4-4 Cross-Section, Drainage Channel Section Four
(Option 1 - 6” rip-rap rock) Looking North
Use:
Q =43.52 cfs
B = bottom width of channel = 8’
Z = side Slopes =4
S, = channel bottom slope = 0.0115 ft/ft
Y, = unit weight of rip-rap rock = 165 Ibs./sf
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Y = unit weight of water = 62.4 Ibs./sf
Assume Dg, = 0.50°
Assume water depth = 1.50°

Using geometric properties of a trapezoid:

A = Bd+ Zd*
= 8(1.50) + 4 (1.502)
=12+9
=21.00 sf

P=B+ 2d /ZZ+1

=8+ 2(1.50) [4% +1

R = A/P = 21.00/20.37 = 1.0309
T=B+ 2dZ =8+2(1.50) (4) = 20

d, = A/T =21.00/20.00 = 1.0500

Determine Manning’s N value:
(HEC 15, 2005, Equation 6.1)

ad8'1667
Use: N = ia
2.25+5.23lo <—>
9\Dso
Where: N = Manning’s roughness coefficient

d, = average flow depth in the channel = 2.6042 ft
D5, = median rip-rap size = 0.50 ft
a = unit conversion constant = 0.262

add16¢7 _ (0.262)1.0500%%¢7
1.0500) -
0.50

N= 2.25+5.23log(;—;)) ~ 2.25+5.23l0g(

0.2641 __ 0.2641

= =0.0671
2.25+5.2310g(2.100) 3.9352
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Use Manning’s equation to determine maximum flow for rip-rap D5, = 0.50’:
S=1.15%, A=21.00 sf, R=1.0309, N = 0.0671

Q =1.49/N (A)(R)¥3 S"2

Q =1.49/0.0671 (21.00) (1.0309)%?(0.0115)"2
Q =22.21 (21.00) (1.0205) (0.1072)
Q=51.02 cfs

Velocity

51.02 cfs / 21.00 sf = 2.43 fps
Analysis

51.02 cfs provided > 43.52 cfs required

Drainage Channel Section Four (Option 2 — shotcrete)

The storm water carrying capacity provided at a worse case location of Drainage Channel
Section Four is less than the required storm water carrying capacity required for a 100-
year storm, calculated Tc = 16.25 minutes.

A new drainage channel has been designed to have the storm water carrying capacity
required for the above referenced storm. The revised drainage channel cross-section,
using shotcrete, (Figure 8.4-5) and calculations are as follows:

45

35 4!

[ Water depth
1.00°

Figure 8.4-5 Cross-Section, Drainage Channel Section Four
(Option 2 — shotcrete) Looking North

Using the Manning’'s Formula, storm water carrying capacity for Drainage Channel
Section Four (Option 2) is as Follows:

A=7%(4x1.00)+(3x1.00")+7% (4 x1.00") =7.0 sf

WP = 11’

R = A/WP =7.0/11.0 = 0.6364

S =1.15%

Q = 1.49/N (A)(R)?3 S172

Q = 1.49/0.015(7.0) (0.6364)%3(0.0115)!2
Q = 99.33(7.0) (0.7399) (0.1072)

Q =55.15 cfs
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Velocity

55.15 cfs / 7.0 sf = 7.88 fps

Analysis

55.15 cfs provided > 43.52 cfs required

9.0 Protective Rip-Rap Wall Analysis
9.1 Overview

Chapter 5 of the U.S. Department of Transportation, Federal Highway Administration,
Hydraulic Engineering Circular No. 23, Volume 1 - (Publication No. FWHA-NHI-09-111,
September 2009) Bridge Scour and Stream Instability Countermeasures: Experience,
Selection, and Design Guidance — Third Edition, states: rip-rap consists of a layer or
facing of rock, dumped or hand-placed on channel and structure boundaries to limit the
effects of erosion. It is the most common type of countermeasure due to its general
availability, ease of installation and relatively low cost. Rip-rap design must account for
several possible modes of failure. These include rip-rap particle erosion, substrate
material erosion and mass failure.

9.2 Failure Modes

Particle Erosion:

Particle erosion is the most considered erosion mechanism. Particle erosion occurs when
individual particles are dislodged by the hydraulic forces generated by the flowing water.
Particle erosion can be initiated by abrasion, impingement of flowing water, eddy
action/reverse flow, local flow acceleration, freeze/thaw action, ice, or toe erosion.
Probable causes of particle erosion include: (1) stone size not large enough; (2) individual
stones removed by impact or abrasion; (3) side slope of the bank so steep that the angle
of repose of the rip-rap material is easily exceeded; and (4) gradation of rip-rap too
uniform. (DOT 2009, Vol. I)

Rip-rap particle erosion is minimized by sizing the rip-rap to withstand hydraulic and
turbulence forces. Calculations for sizing the rock for the rip-rap wall can be found in
Section 11.2 of this report. A site inspection to assess the steepness of the bank,
gradation of rip-rap and inspect for missing stones is discussed in Section 10.0 of this
report.

Substrate Particle Erosion:

Substrate particle erosion occurs when the base material erodes and migrates through
the rip-rap voids causing the rip-rap to settle.

Substrate particle erosion is limited by placing a granular or geotextile filter between the
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rip-rap and the base material. A site inspection to evaluate the existing filter of the rip-
rap wall is discussed in Section 10.0 of this report.

Mass Failure:

Mass failure occurs when large sections of the rip-rap and/or base material slide or slump
due to gravity forces. Mass failure can be caused by excess pore water pressures, bank
steepness and loss of basal support through scour or channel migration. Also, a filter
fabric that is too fine can clog and cause the buildup of pore water pressures in the
underlying soil. Rip-rap that is large enough to resist all the hydraulic forces can fail if
channel migration or scour undermines the toe support. Scour calculations are shown
below:

The following calculations estimate the scour depth of a transverse structure. Storm
water flow characteristics for the channel north of the protective rip-rap wall are used to
determine the scour depth. A worse case water depth is estimated to be 1.0 feet.

Q = 355 cfs, Depth = 1.00 ft., Velocity = 2.45 ft/s

Several commonly used countermeasures for channel instability or scour protection
project transversely into the flow (e.g., spurs, dikes, and jetties) or intercept overbank flow
as it returns to the main channel (e.g., guide banks). Estimating scour at the nose of
these structures is critical to successful design. Equation 4.1 (DOT 2009, Vol I) is used
when the projecting embankment/abutment length is large in relation the flow depth.

Use: BN 25
Y1

Where: a = structure length projecting normal to the flow = 85 ft

Yy, = average upstream flow depth in the main channel or on the
overbank outside the influence of the structure = 1.0 ft

85
F_SS

Calculate Froude Number:

14
Use: k. =—
T@n”
Where: V= average velocity = 2.45 ft/s

g = gravity = 32 ft/ s?
Yy, = depth of flow = 1.00 ft

2.45

r = (32 x 1.00)" = 0.4331
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Since — > 25 use Equation 4.1 (DOT 2009, Vol. 1)

V1
Use: X5 = 4 033
V1
Where: Ys = equilibrium depth of scour (measured from the mean bed level to the
bottom of the scour hole), ft
Y, = average upstream flow depth in the main channel or on the
overbank outside the influence of the structure = 1.0 ft
F. = upstream Froude Number outside the influence of the structure =
0.4331
% = 4(0.4331°3%) = 3.03 ft.
Overtopping:

Chapter 4 (DOT 2009) recommends that rip-rap to be placed on the bank to an elevation
at least 2.0 feet greater than the design high water level. As stated above a worse case
water depth is estimated to be 1.0 feet. Therefore, a rip-rap wall height of 3.0 feet is
recommended. A site inspection to evaluate the height is discussed in Section 10.0 of
this report.

10.0 Site Inspection

The protective capped area shown as Areas C and C1 in Figure 5.0 is protected from
erosion caused by storm water runoff with a protective rip-rap wall located at the north
end of the capped area.

Inspection of rip-rap placement typically consists of visual inspection of the installation
procedures and the finished surface. Since the existing rip-rap wall was installed without
NEI’s on-site inspection and as-built drawings from the construction of the existing rip-rap
wall could not be obtained, this report includes a visual inspection of the finished surface
only.

A visual inspection of the existing wall observed a dense, rough surface of well-keyed,
graded rock, placed such that voids were minimized (Figures 10.0 thru 10.3). Further
inspection is required to determine the thickness of the rip-rap blanket and to determine
if a filter material was installed.

Guidance for inspecting rip-rap presented in the National Highway Institute (NHI) training
course 135047, “Stream Stability and Scour at Highway Bridges for Bridge Inspectors”
was followed as shown below:
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1. Rip-rap should be angular and interlocking.
No flat sections of broken concrete or rounded rock was observed.

2. Rig-rap should have a granular or synthetic geotextile filter between the rip-rap
and the subgrade material.

Further inspection is required to determine what type or if a filter material
was installed.

3. Rip-rap should be well graded.

The existing rip-rap appeared to be well graded with a rock size of
approximately Dg, = 10".

The existing rip-rap wall was also inspected for indicators of problems as follows:
1. Has rip-rap been displaced downstream?

No signs of displacement were observed.
2. Has angular rip-rap blanket slumped down slope?

No signs of slumping were observed.

3. Has angular rip-rap material been replaced over time by smoother river run
material?

No river run material was observed in the rip-rap wall.

4. Has rip-rap material physically deteriorated, disintegrated, or been abraded over
time?

No deterioration was observed.

5. Are there holes in the rip-rap blanket where the filter has been exposed or
breached?

No holes in the rip-rap wall were observed.
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Figure 10.0 Protective Rip-rap Wall
Looking South (10-03-2018)

Figure 10.1 Protective Rip-rap Wall
Looking East (10-03-2018)

Figure 10.2 Protective Rip-rap Wall Figure 10.3 Protective Rip-rap Wall
Looking South (10-03-2018) Rip-Rap Size (10-03-2018)

Nicklaus Engineering, Inc.
Stormwater Conveyance Report 37
May 28, 2020



Stormwater Conveyance Evaluation
Adair Memorial Park Archery Range - Update

A site inspection of the protective capped area (Areas C & C1, Fig. 5.0) and drainage
channel Sections One and Two (Figure 8.0) showed little signs of erosion (Figures 10.4
& 10.5). However, the north end of the drainage channels Sections One and Two (Fig.
8.0) located on either side of the protective rip-rap wall showed signs of erosion (Figure
10.6). Drainage channel Sections Three and Four (Fig. 8.0) were inspected and they
were not well defined and showed signs of erosion (Figures 10.7 & 10.8). The desert
area between the capped area and retention basins (Areas D & D1, Fig. 5.0) showed
signs of erosion (Figure 10.9).

Fig. 10.4 Drainage Channel Section One Fig. 10.5 Drainage Channel Section Two
(Capped Area) — Looking North (10-03-2018) (Capped Area) — Looking South (10-03-2018)
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Figure 10.6 North End of Drainage Channel Section One — Looking East (10-03-2018)

Fig. 10.7 Drainage Channel Section Three Fig. 10.8 Drainage Channel Section Four
Looking North (10-04-2018) Looking South (10-04-2018)
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Fig. 10.9 East Side of Desert Area - Looking North (10-03-2018)

11.0 Rip-Rap Calculations
11.1 Size New Rip-Rap Rock for Drainage Channels

New rip-rap was designed to improve the north and south ends of drainage channel
Sections One and Two and to replace drainage channels Sections Three and Four. It
was determined that drainage channel Section One is a worse case location for the design
of the new rip-rap as that location has the highest velocity and Q value. The calculations
to size the new rip-rap have been prepared in accordance with Chapter 6, Section 6.3.1
of the U.S. Department of Transportation, Federal Highway Administration, Hydraulic
Engineering Circular No. 15, Third Edition (Publication No. FWHA-NHI-05-114,
September 2005) Design of Roadside Channels with Flexible Linings as follows:

Use:
Q =355cfs
B = bottom width of channel = 10’
Z = side Slopes = 2.58
S, = channel bottom slope = 0.0073 ft/ft
Y = unit weight of rip-rap rock = 165 Ibs./sf
Y = unit weight of water = 62.4 Ibs./sf
Assume D¢, = 0.50°
Assume water depth = 3.90°
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Using geometric properties of a trapezoid:

A = Bd+ Zd?
= 10(3.90) + 2.58 (3.902)
= 39.00 + 39.24
= 78.24 sf

P=B+ 2d /ZZ +1
10 + 2 (3.90) /2.582 +1

10 + 21.58
= 31.58'

R = A/P = 78.24/31.58 = 2.4775
T=B+ 2dZ =10 + 2 (3.90) (2.58) = 30.12
d, = AIT = 78.24/30.12 = 2.5976

da 2.5976

Relative depth ratio: — = =5.1952
Dsg 0.50

Determine Manning’s N value:
(HEC 15, 2005, Equation 6.1)

ad2'1667
Use: N = ia
2.25+5.2310 <—>
9 Dso
Where: N = Manning’s roughness coefficient

d, = average flow depth in the channel = 2.5976 ft
D, = median rip-rap size = 0.50 ft
a = unit conversion constant = 0.262

add16c7 _(0.262)2.5976%1°¢7

" 225+5.23l0g(5)  2:25+5.23l0g(*35") -

0.3072 0.3072
= =0.0513
2.25+45.2310g(5.1952) 5.9926

Nicklaus Engineering, Inc.
Stormwater Conveyance Report 41
May 28, 2020



Stormwater Conveyance Evaluation
Adair Memorial Park Archery Range - Update

Use Manning’s equation to determine maximum flow for rip-rap D5, = 0.50’:
S=0.73%, A=78.24 sf, R=2.4775, N =0.0513

Q =1.49/N (A)(R)¥3 S"2

Q =1.49/0.0513 (78.24) (2.4775)?3(0.0073)"2
Q =29.04 (78.24) (1.8310) (0.0854)

Q = 355.28 cfs

Analysis

355 cfs required = 355.28 cfs estimated
Estimated value is within 5% of the design Q value.

Shear Velocity
(HEC 15, 2005, Equation 6.10)

Use: V=,gdS

Where: V = shear velocity, ft/s
g = gravitational acceleration = 32.2 ft/s?
d = maximum channel depth = 3.90 ft
S = channel bottom slope = 0.0073 ft/ft

V =,/gdS =./(32.2)(3.90)(0.0073) = 0.9575 ft/s

Reynold’s Number
(HEC 15, 2005, Equation 6.9)

VD
Use: R, =- =
\%
Where: R, = particle Reynold’s number, dimensionless

V= shear velocity = 0.9575 ft/s
v = kinematic viscosity = 1.217 x 10-°

_ V. Dsg _ (0.9575)(0.5)

= = 3.9x10*
v 1.217 x 10-5

R,
Since R, <4 x 104, F, = 0.047, SF = 1.0 and the channel slope is less than 5% use the

following to calculate minimum stable Dg:

_ Y¥s _ 165
T Yw 624

SG
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(HEC 15, 2005, Equation 6.8)

SFdS, _ (1)(3.90)(0.0073)

D5, = F.(SG-1)  (0.047)(2.64—1)

= 0.37 ft

Since 0.37 feet is the minimum allowable size of rip-rap rock use D<, = 0.50 ft (6”)

Determine maximum depth of flow in channel for rip-rap Ds, = 0.50’:

(HEC 15, 2005, Equation 3.10)

tp
Use: < —
(SF)Y So
Where: d = depth of flow in channel
t, = permissible shear stress for the channel lining
rip-rap Dso = 0.50” has a permissible shear stress of t, = 2.41 Ibs/sf
(shown below)
Y = unit weight of water, Ibs/sf
S, = channel bottom slope, ft/ft
SF = safety factor = 1.0
tp _ 2.41 _ ,
= (SF)YS,  (1.0) (62.4)(0.0073) 5.29
Analysis

3.49" maximum depth of flow > 3.23 estimated above

Permissible shear stress for D<, = 0.50 ft (6”):
(HEC 15, 2005, Equation 6.7)

Use: tp = FE.(¥s — Y )Dso

Where: t, = permissible shear stress for the channel lining
E, = Shield’s parameter, dimensionless
Y. = specific weight of the stone, Ibs/sf
Y = specific weight of water, Ibs/sf
D<, = mean rip-rap size, ft

t, = E(Ys — ¥ )Dsp = 0.047(165 — 62.4)0.50 = 2.41 lbs/sf

11.2 Rip-Rap Rock for Protective Rip-Rap Wall

The following calculations estimate the adequacy of the existing rip-rap blanket for the
protective rip-rap wall. Storm water flow characteristics for the western half of the wall is
used, as it has been determined to be a worse case location.
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Determine Set Back Ratio:

Since the protective rip-rap wall extends west to the northern end of the Western Drainage
Channel - Section One (Figure 8.0), the Set Back Ratio (SBR) equals zero and since the
SBR < 5 the storm water flow characteristics of the Western Drainage Channel — Section
One will be used for these calculations.

Q = 355 cfs, Depth = 3.25 ft., Velocity = 7.10 ft/s

Calculate Froude Number:

1%
Use: E. =—F

T@n”
Where: V= average velocity = 7.10 ft/s

g = gravity = 32 ft/ s?
y = depth of flow = 3.25 ft

7.10
T T (B2x 325)% 0.70

Since F,. < 0.80 use Equation 14.1 from Section 14.3, Design Guide 14 (DG14) of the
U.S. Department of Transportation, Federal Highway Administration, Hydraulic
Engineering Circular No. 23, Volume 2 - (Publication No. FWHA-NHI-09-112, September
2009) Bridge Scour and Stream Instability Countermeasures: Experience, Selection, and
Design Guidance — Third Edition, as follows:

Use: Dso o _K (V—Z)
y (Ss—1) \gy
Where: D5 = mean rip-rap size, ft

I/ = characteristic average velocity in the contracted section = 7.10 ft/s
S, = specific gravity of rip-rap rock = 2.65

g = gravity = 32 ft/ s?

y = depth of flow = 3.25 ft

K =0.89 for spill through abutment

Dso _  0.89 (7.102 )_0.89 (50.4100

= = ) = 0.5394(0.4847) = 0.2615
3.25 (2.65-1) (32) 3.25 1.65 \104.000

Ds = 0.2615(3.25) = 0.8497 ft
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Determine rip-rap extents:
Use Step 6 of DG14.

e Extend rip-rap into floodplain 2(depth of flow) = 2(3.25) = 6.5 ft
e Vertical extent of rip-rap = depth of flow + 2’ = 3.25" + 2° = 5.25 ft
e Rip-rap blanket thickness = 1.5(Ds,) = 1.5(0.85") = 1.28 ft

12.0 Conclusions and Recommendations

12.1 Storm water Runoff - Volume

The existing stormwater retention basins have the capacity to retain approximately 16%
of the stormwater runoff generated by the entire site for a 100-year, 2-hour storm.
However, the storm water retention capacity of both existing retention basins combined
is approximately 6 times the capacity required to retain the storm water runoff from the
capped surface. A portion of the excess storm water runoff generated by the entire site
leaving the existing retention basins is retained by Adair Park Road at the southern
boundary of the site. Using an AutoCAD - Civil 3D surface model to calculate the
stormwater storage capacity of the site with a low point of Adair Park Road as an outfall
elevation; the percentage of storm water runoff from the entire site retained on site before
overflow occurs at Adair Park Road is approximately 30%.

12.2 Storm water Runoff - Drainage Channels
Section One:

Drainage Channel Section One is located on the west side of Area C (Fig. 5.0). It
originates at the north end of the capped surface and runs south to the south end of the
capped surface. In Section 8.1, the storm water carrying capacity of Drainage Channel
Section One was calculated at a worse case location. It was determined that at that
location it did not have the capacity to carry the storm water runoff for a 100-year storm,
calculated Tc = 24.11 minutes.

To increase the storm water carrying capacity of drainage channel Section One; it is
recommended that additional 6” rip-rap rock be installed at the west bank of drainage
channel Section One. A revised channel for Drainage Channel Section One was sized in
“Drainage Channel Section One (Option 1 — Additional 6” Rip-Rap Rock, west bank)” of
Section 8.1 and a revised cross-section for Drainage Channel Section One is shown in
Figure 8.1-4. The new 6” rip-rap rock was sized in Section 9.1.

A site inspection of Drainage Channel Section One, showed little signs of erosion (Figures
9.2 &9.3). However, the north end of Drainage Channel Section One located on the west
side of the protective rip-rap wall showed signs of erosion (Figure 9.4).

To repair the erosion of the drainage channel; it is recommended that new 6” rip-rap rock
be installed at the north and south ends of Drainage Channel Section One.
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Section Two:

Drainage Channel Section Two is located within Area C1 (Fig. 5.0). It originates at the
north end of the capped surface and runs south to the south end of the capped surface.
In Section 8.1, the storm water carrying capacity of Drainage Channel Section Two was
calculated at a worse case location. It was determined that at that location it has the
capacity to carry the storm water runoff for a 100-year storm, calculated Tc = 11.05
minutes.

A site inspection of Drainage Channel Section Two, showed little signs of erosion (Figures
9.2 &9.3).

However, to prevent erosion of the north and south ends of Drainage Channel Section
Two; it is recommended that new 6” rip-rap rock be installed at the north and south ends
of the drainage channel. New rip-rap rock was sized in Section 9.1.

Section Three:

Drainage Channel Section Three is located within Area D (Fig. 5.0). It originates at the
south end of the capped surface and runs south through the desert area to the existing
retention basin located on the west side of Area E (Fig. 5.0). In Section 8.3 the storm
water carrying capacity of Drainage Channel Section Three was calculated at a worse
case location. It was determined that at that location it did not have the capacity to carry
the storm water runoff for a 100-year storm, calculated Tc = 29.31 minutes. Also, a site
inspection of Drainage Channel Section Three, showed signs of erosion (Fig. 9.5).

To repair the erosion and increase the storm water carrying capacity of Drainage Channel
Section Three, it is recommended that the drainage channel be reconstructed. Two
options have been presented: Option 1 - 6” rip-rap rock and Option 2 — shotcrete. A
revised channel for Drainage Channel Section Three was sized in “Drainage Channel
Section Three (Option 1 — 6” Rip-Rap Rock)” of Section 8.3 and a revised cross-section
for Drainage Channel Section Three (Option 1) is shown in Figure 8.3-4. The new 6” rip-
rap rock was sized in Section 9.1. To reduce maintenance costs, a second revised
channel for Drainage Channel Section Three was sized in “Drainage Channel Section

Three (Option 2 — shotcrete)” of Section 8.3 and a revised cross-section for Drainage
Channel Section Three (Option 2) is shown in Figure 8.3-5.

Both options have the capacity to carry the storm water runoff for a 100-year storm,
calculated Tc = 29.31 minutes. Preliminary construction cost estimates for Option 1 — 6”
rip-rap rock, Option 2 — shotcrete and have been prepared. The preliminary costs for
both options are as follows:

Option 1 — 6” rip-rap rock $ 49,350.90 (includes estimated costs for 10-
years of maintenance)
Option 2 — 4” shotcrete $ 121,464.53
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Section Four:

Drainage Channel Section Four is located within Area D1 (Fig. 5.0). It originates at the
south end of the capped surface and runs south through the desert area to the existing
retention basin located on the east side of Area E (Fig. 5.0). In Section 8.4 the storm
water carrying capacity of Drainage Channel Section Four was calculated at a worse case
location. It was determined that at that location it did not have the capacity to carry the
storm water runoff for a 100-year storm, calculated Tc = 16.25 minutes. Also, a site
inspection of Drainage Channel Section Four, showed signs of erosion (Fig. 9.6 & Fig.
9.7).

To repair the erosion and increase the storm water carrying capacity of Drainage Channel
Section Four, it is recommended that the drainage channel be reconstructed. Two
options have been presented: Option 1 - 6” rip-rap rock and Option 2 — concrete. A
revised channel for Drainage Channel Section Four was sized in “Drainage Channel
Section Four (Option 1 — 6” Rip-Rap Rock)” of Section 8.4 and a revised cross-section
for Drainage Channel Section Four is shown in Figure 8.4-4. The new 6” rip-rap rock was
sized in Section 9.1. To reduce maintenance costs, a second revised channel for
Drainage Channel Section Four was sized in “Drainage Channel Section Four (Option 2
— shotcrete)” of Section 8.4 and a revised cross-section for Drainage Channel Section
Four (Option 2) is shown in Figure 8.4-5.

Both options have the capacity to carry the storm water runoff for a 100-year storm,
calculated Tc = 16.25 minutes. Preliminary construction cost estimates for Option 1 — 6”
rip-rap rock, Option 2 — shotcrete have been prepared. The preliminary costs for both
options are as follows:

Option 1 — 6” rip-rap rock $ 49,350.90 (includes estimated costs for 10-
years of maintenance)
Option 2 — 4” shotcrete $ 70,150.80

12.3 Protective Rip-rap Wall

The north end of the protective capped area shown as Areas C and C1 in Figure 5.0 is
protected from erosion caused by storm water runoff with a protective rip-rap wall. A site
inspection of the protective rip-rap wall showed no holes, slumping or signs of erosion on
the face of the protective rip-rap wall (Figures 10.0 thru 10.3) and no improvements are
proposed.

Although the height of the protective rip-rap wall and the size of the rip-rap (as shown in
Figures 10.0 thru 10.3) appear to meet the requirements stated in Section 11.2, an
additional site inspection will be required to verify the height, depth of the rip-rap blanket,
size of the rip-rap rock and filter material that comprise the protective rip-rap wall.

Also to meet the requirements stated in Section 11.2, it is proposed that a buried toe rip-
rap bed consisting of D5, = 10” rock and geotextile fabric be constructed 16” deep x 6.5’
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wide along the length of the toe of the protective rip-rap wall. An alternative to the buried
toe rip-rap bed described above, Chapter 4 (DOT 2009) allows a mounded toe rip-rap
mound to be constructed at the ambient bed elevation two times the layer thickness and
as high as the maximum scour depth.

Since the rip-rap wall was installed without documentation, the evaluation of the rip-rap
wall will include an inspection to determine how the wall was built. The results of the
inspection will be compared to the minimum design criteria for a protective rip-rap wall.
The following presents the minimum design requirements for a protective rip-rap wall:

e The rip-rap wall shall be a minimum of 3 feet in height, including the portion
of the wall that is adjacent to the eastern and western drainage channels.

e The thickness of the rip-rap blanket shall be a minimum of 16 inches.
e The size of the rip-rap rock shall be a minimum of D5, = 10 inches

e The base of the rip-rap blanket shall have either a granular or geotextile fabric
filter material installed.

e The maximum slope of the protective rip-rap wall and subbase shall be a
slope no greater than 1:1.5

e The toe of the rip-rap wall shall be protected with either of the following:

o Buried toe consisting of a rip-rap rock of Dy, = 10 inches with a
geotextile fabric filter material installed and shall be constructed 16
inches deep x 6.5 feet wide along the length of the toe of the protective
rip-rap wall.

o Mounded toe consisting of rip-rap rock that is a minimum of D5, = 10
inches constructed 32 inches deep x 3 feet in height along the length
of the toe of the protective rip-rap wall.

If the visual inspection of the existing protective rip-rap wall identifies portions of the wall
that do not meet at least the minimum requirements presented above, designs to remedy
the deficiencies of the portions (or all) of the existing protective rip-rap wall that do not
meet these requirements will be evaluated. The design remedy that best addresses any
or all the deficiency will be prepared and submitted to ADEQ for approval prior to
implementation.
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ATTACHMENT A

PRELIMINARY CONSTRUCTION COST ESTIMATE, SECTION THREE
(OPTION 1 - 6” RIP-RAP ROCK)
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PRELIMINARY CONSTRUCTION COST ESTIMATE

DRAINAGE CHANNEL SECTION THREE (Option 1 - 6" rip-rap rock)
Adair Park Archery Range

Item Description E;‘tji;r:‘at::, d Unit Unit Cost TOTAL

1 [Mobilization 1 LS | $ 7,500.00| $ 7,500.00
2 |Traffic Control & Project Sign 1 LS | $ 3500.00| $ 3,500.00
3 |SWPPP Plans & Implementation 1 LS | § 3,500.00 | $ 3,500.00
4 |Clearing & Grubbing 1 LS | $ 5,000.00 | $ 5,000.00
5 |Earthwork 971 CY |$ 0.65| $ 631.15
6 [New 6" Rip-Rap Rock (12" deep) w/ Geotextile Fabric 1,647 CY | $ 725 $ 11,940.75
7 |Maintenance Costs (10-years) 10 YR | $ 2,000.00| $ 20,000.00

SECTION A - SUBTOTAL (ltems 1-7) $ 52,071.90

SECTION B - CONTINGENCY (10% of SECTION A) $ 5,207.19

TOTAL PROBABLE CONSTRUCTION COST (SECTIONS A + B) $ 57,279.09

1

N:\2018\018-0069 Yuma County Adair Archery g 1ol Ci Report\Report\01 Preliminary Cost Estimate 03-11-19
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ATTACHMENT B

PRELIMINARY CONSTRUCTION COST ESTIMATE, SECTION THREE
(OPTION 2 - SHOTCRETE)
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PRELIMINARY CONSTRUCTION COST ESTIMATE

DRAINAGE CHANNEL SECTION THREE (Option 2 - shotcrete)
Adair Park Archery Range

Item Description E;‘tji::"‘:::, d Unit Unit Cost TOTAL

1 |Mobilization 1 LS |$ 7,500.00| $ 7,500.00
2 |Traffic Control & Project Sign 1 LS | $ 3500.00| $ 3,500.00
3 |SWPPP Plans & Implementation 1 LS | § 3,500.00 | $ 3,500.00
4 |Clearing & Grubbing 1 LS | $ 500000 $ 5,000.00
5 |Earthwork 342 CY |$ 065§ 222.30
6 |New shotcrete 4" thick w/rebar & joints 907 SY | $ 100.00| $ 90,700.00

SECTION A - SUBTOTAL (Items 1 - 6) $ 110,422.30

SECTION B - CONTINGENCY (10% of SECTION A) $ 11,042.23

TOTAL PROBABLE CONSTRUCTION COST (SECTIONS A + B) $ 121,464.53
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PRELIMINARY CONSTRUCTION COST ESTIMATE

DRAINAGE CHANNEL SECTION FOUR (Option 1 - 6" rip-rap rock)
Adair Park Archery Range

Item Description E;‘tji;r:‘at::, d Unit Unit Cost TOTAL

1 [Mobilization 1 LS | $ 2,500.00| § 2,500.00
2 |Traffic Control & Project Sign 1 LS | § 1,500.00 | $ 1,500.00
3 |SWPPP Plans & Implementation 1 LS | § 1,500.00 | $ 1,500.00
4 |Clearing & Grubbing 1 LS | $ 5,000.00 | $ 5,000.00
5 |Earthwork 338 CY |$ 0.65| $ 219.70
6 [New 6" Rip-Rap Rock (12" deep) w/ Geotextile Fabric 1,951 SY | § 725 $ 14,144.75
7 |Maintenance Costs (10-years) 10 YR | $ 2,000.00| $ 20,000.00

SECTION A - SUBTOTAL (ltems 1-7) $ 44,864.45

SECTION B - CONTINGENCY (10% of SECTION A) $ 4,486.45

TOTAL PROBABLE CONSTRUCTION COST (SECTIONS A + B) $ 49,350.90
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PRELIMINARY CONSTRUCTION COST ESTIMATE

DRAINAGE CHANNEL SECTION FOUR (Option 2 - shotcrete)
Adair Park Archery Range

Item Description E;‘tji::"‘:::, d Unit Unit Cost TOTAL

1 |Mobilization 1 LS | $ 2500.00| $ 2,500.00
2 |Traffic Control & Project Sign 1 LS | § 1,500.00 | $ 1,500.00
3 |SWPPP Plans & Implementation 1 LS | § 1,500.00 | $ 1,500.00
4 |Clearing & Grubbing 1 LS | $ 500000 $ 5,000.00
5 |Earthwork 113 CY |$ 065 % 73.45
6 |New shotcrete 4" thick w/rebar & joints 532 SY | $ 100.00| $ 53,200.00

SECTION A - SUBTOTAL (Items 1 - 6) $ 63,773.45

SECTION B - CONTINGENCY (10% of SECTION A) $ 6,377.35

TOTAL PROBABLE CONSTRUCTION COST (SECTIONS A + B) $ 70,150.80
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Adair Park Archery Range
Remedial Action Plan
VRP Site Code 505354-00

Abbreviated Quality Assurance Project Plan

1. Title and Approvals:
Project Name: Adair Park Archery Range Remedial Action Plan
Approvals: Joshua Scott, Director Yuma County Department of Public Works
Approvals: John Patricki, PM ADEQ VRP
Project Manager(s): Michael Daniel, RG
Sampling Team Leader(s): Brad Closson

Quality Assurance Coordinator(s): Michael Daniel, RG
Eric Gardner, PG

2. Distribution List:

Client: Joshua Scott, Director Yuma County Department of Public Works
Project Manager: Michael Daniel, RG

ADEQ VRP Project Manager: John Patricki,

Sampling Team Leader: Brad Closson

Quality Assurance Coordinators: Michael Daniel, RG and Eric Gardner, PE
Sampling Team Members: Brad Closson

Laboratory: TestAmerica, Inc. Phoenix, AZ

3. Project Description / Background: The Adair Park Archery Range (site) is located at 4760 South US
Highway 95 approximately 12 miles north of Yuma, Arizona and is accessed via Adair Park Road (Figure
1). The site consists of 24 acres that was dedicated to Yuma County by the United States Bureau of
Reclamation (USBR) in 1967 for rifle, pistol, and archery range uses. The archery range site is located in
a dry ephemeral wash that is surrounded by the Gila River to the south, desert hills to the north and west
and a shooting range to the east (Figure 2).

An investigation of the site was performed in 2000 due to a case of lead poisoning. The investigation
discovered that the site was formerly used as a silver ore mill during the late 1800s and early 1900s. The
silver ore was brought to the site from the mine and processed at the mill. The tailings from the silver ore
processing, which contained elevated lead concentrations, were placed in a tailings pond located on the
site. The silver ore processing and associated tailings resulted in lead contaminated soil migrating
throughout the site via stormwater runoff and wind-borne transportation.

Subsequent investigations by Yuma County and the ADEQ, through its Brownfields Site Cleanup Grant
awarded by the US Environmental Protection Agency (USEPA) in 2004, revealed lead contaminated soil
was present in the archery range and the archery practice area. Laboratory analytical results indicated that
lead was present in the soil at concentrations up to 38,000 milligrams per kilogram (mg/kg). No other
metals were detected in the soil that exceeded their respective soil remediation levels (SRLs). The lead
contaminated soil was limited to within the boundaries of the site. In 2006, Yuma County entered the
Voluntary Remediation Program (VRP).
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Adair Park Archery Range
Remedial Action Plan
VRP Site Code 505354-00

In 2006, the site was divided into three (3) areas of concern (AOCs) (Figure 2). Soil excavated from
AOC 2 and AOC 3 was placed in AOC 1 where it was capped with a gravel base and a double chip seal
surface. Fill from a nearby source was used to backfill the excavated areas in AOC 2. Soil excavated from
AOC 3 created two stormwater retention basins currently used as part of the stormwater management
system at the site. Additionally, engineering controls were constructed to divert stormwater around the
capped area toward drainage swales on both sides of the capped area, into drainage channels through
AOC 2 and into the retention basins located in AOC 3.

A follow on site evaluation was conducted between 2018 and 2019 to evaluate the stormwater
conveyance system around and over the capped area, to evaluate soil conditions and to evaluate
groundwater quality at the site.  The stormwater conveyance evaluation concluded several
locations have experienced minor erosion that will be required to be repaired. Additionally, the
channels downstream of the capped area will also require repair or upgrading in order to prevent
stormwater overflow and erosion of the adjacent soil.

The distribution of lead in soil indicates that the top one feet of soil in several areas outside the capped
area contain lead in concentrations greater than the NR SRL of 800 mg/kg. Additionally, the former
tailings pile location contains lead in concentrations greater than 800 mg/kg and one location contains
lead and cadmium in toxicity characteristic leaching procedures (TCLP) concentrations above their
respective regulatory limit making the soil in the immediate area around this sample a characteristic
hazardous waste due to its lead and cadmium toxicity.

Groundwater was encountered only on the southern third of the site. The depth to groundwater
in the southern area of the site is approximately 15 feet below ground surface (bgs). The portion
of the site north of the detention basins, including the capped area and the former tailings pile
area is underlain by shallow granitic bedrock and no groundwater is present in the alluvium. An
alternate site-specific GPL of 50,899 mg/kg was calculated for lead at the site. No soil sample
results exceeded the site specific GPL by the x-ray fluorescence (XRF) analyzer or by laboratory
analysis. A temporary groundwater monitoring well was installed at the site on November 6,
2019 and a groundwater sample was collected from the well on November 18, 2019. Lead was
not detected in the groundwater at a concentration exceeding its laboratory report limit

4. Project Technical Design:

Site(s) to be sampled: Soil sampling will be conducted to evaluate the concentrations of
Resource Conservation and Recovery Act (RCRA) eight (8) metals, specifically lead, from the
former tailings pile area (Figure 3). ,

Sampling Points: Nine (9) soil samples will be collected from the tailings pile area from 4
locations (Figure 3).

Sample Type(s): All soil samples collected will be grab samples.. Soil samples collected from
soil boring samples to collected continuously from the surface to a depth of 5 feet bgs . Samples
will be selected based on the results of screening the samples with a x-ray fluorescence (XRF)
analyzer. The two samples with the highest XRF reading will be submitted to the laboratory for
analysis. One duplicate sample will be collected from the sample with the highest XRF reading.

Parameters to be measured: All soil samples will be analyzed for RCRA 8 Metals using EPA
Test Method 6010C/7471B. Additionally, two (2) soil samples collected from the tailings pile
area will undergo Synthetic Precipitation Leaching Procedure (SPLP) extraction using EPA Test
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Method 1312 and analyzed for Lead using EPA Test Method 6010C. An alternative to the SPLP
extraction that may be used is the Toxicity Characteristic Leaching Procedure (TCLP) extraction
using EPA Test Method 1311.

Quality Control (QC) Activities: An equipment blank sample will be collected from the hand
driven sampler and a field blank will be collected from the water used to decontaminate the
sampler.

Locational Information / Documentation: See Figure 3

Special Sample Requirements: None are applicable for this scope of work.

5. Project Organization and Task Responsibilities:

Project Manager is responsible for comprehensive oversight and final decision making for the
Project.

Quality Assurance (QA) Coordinator will facilitate with proper planning documents and is
available to review and approve plans. Questions regarding validity and usability of data will be
directed to the QA Coordinator.

Sampling Team Leader is responsible for:
* Assembling sampling team and briefing members on requirements of the project
*  Supervising preparation of equipment
*  Overall collection of samples, record keeping, and delivery to laboratory
» Safety of field personnel
*  Overall coordination and documentation of field activities related to the project

6. Special Training Requirements: None

7. Project Schedule: Project schedule is presented as Figure 5 in the Work Plan.

8. Field Sampling Table:

Matrix Analyte # Samples Sample Container Preservation Holding Time
Volume'
Soil RCRA 8 9 8 ounces 8 ounce 4°C+2°C 6 months
Metals glass jar
Soil TCLP Lead 2 8 ounces 8 ounce 4°C+2°C 6 months
glass jar

TFor volume, give QA sample volume followed by a slash and the regular sample volume (i.e. 500mi/100mi)

9. Field Sampling Requirements:

Nine (9) soil samples will be collected from four soil borings advanced in the former tailings pile area.
The soil samples will be continuously collected from the surface to a depth of 5 ft bgs at each location
(Figure 3).

Procedures for the collection of soil and groundwater samples are detailed in the Remedial Action Plan
(RAP) for Adair Memorial Park Archery Range.

10. Sample Handling and Custody Requirements: Each sample collected will be labeled with a unique
sample identifier, date and time the sample was collected, preservation used, the sampler’s initials and the
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Adair Park Archery Range

Remedial Action Plan

VRP Site Code 505354-00

analysis to be performed. Each sample will then be logged onto a chain—of—custody form for delivery to
the laboratory. All samples will be sent to the laboratory via UPS overnight delivery.

11. Analytical Method Requirements: Nine (9) soil samples will be analyzed for the following:
o RCRA 8 Metals using EPA Test Method 6010C/7471B.

Two (2) soil samples will also be analyzed for:

e The Synthetic Precipitation Leaching Procedure (SPLP) extraction using EPA Test Method 1312
and analyzed for Lead using EPA Test Method 6010C. An alternative to the SPLP extraction is
the Toxicity Characteristic Leaching Procedure (TCLP) extraction using EPA Test Method 1311.
The analytical method for TCLP lead will remain the same.

Analyte Matrix Analytical Laboratory Reporting Units of
Method Name Limit Reporting Limit

Lead Soil 6010 TestAmerica 1 mg/kg

TCLP Lead Soil 6010 TestAmerica 0.5 mg/L

12. Other Data Quality Indicators:
Representativeness: The soil samples from the former tailing pile area will be collected from a
depth of 0.0 ft to 5 ft bgs at each location. All sample locations have been randomly selected to
provide the best representative coverage over each of the sample area.

Comparability: The soil sample results will be compared to the Residential Soil Remediation
Levels (R SRLs) for lead, and other metals as necessary. The calculated site specific GPL
supersedes the minimum GPL for assessment of potential to impact groundwater and the NR SRL
for lead, 800 mg/kg, will be used if the reported concentration is lower than the calculated GPL
value.

Completeness: The completeness goal is 100 percent for each media to be sampled and will be
met by collecting all anticipated samples.

13. Peer Review: Wood Environmental and Infrastructure will provide peer review of plans and reports
presenting evaluation of the laboratory analytical results.

14. Instrument, Equipment, and Supplies Testing and Maintenance Requirements:

Instruments will be calibrated and maintained in accordance with manufacturer instructions and the
procedures outlined in appropriate Standard Operating Procedures (SOPs). Sample containers will be new
certified pre-cleaned containers.

Laboratory equipment will be tested, calibrated, and maintained in accordance with SOPs approved by
each respective laboratory.

15. Assessments / Oversight:

Formal field audits by QA personnel are not anticipated for this project. Identification of problems related
to technical performance will be the responsibility of the technical staff working on this project. The
Sampling Team Leader will assess any problems that arise in the field, and make modifications to
technical procedures, if needed, and will communicate with the Project Manager and any technical staff.
Any changes in technical procedures will be documented in field notes and highlighted in reports related
to this project.
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Laboratory personnel will perform self audits and institute corrective actions in accordance with their
respective written procedures.

16. Data Review, Validation, and Usability:

Data from other laboratories will be initially validated by the laboratory performing the analysis. The data
will be reviewed and verified by TestAmerica, Inc. The data will also be verified by Nicklaus
Engineering using the ADEQ data verification form attached to the QAPP. Third party validation is not
required for this project.

Any questions regarding the verification and usability of the data will be discussed with the VRP Project
Manager and decisions made appropriately.

17. Documentation and Records:

Field notes and measurements will be recorded in a field notebook, which will be maintained by the
Sampling Team Leader. Original copies of Chain of Custody, raw data, and analytical results will be
maintained by the respective laboratories performing the analyses.

At the end of each day, the Sampling Team Leader will prepare a summary of the sampling activities for
the day. The summary will be in writing but may be submitted either as a hard copy or electronically. The
summary should include the following:

*  Name of Sampling Team Leader and Team Members

*  Number of samples collected by matrix

* Locations samples

*  On-site measurements made and results obtained at each location (including times)

» Disposition of all samples (where they were delivered for analysis)

*  Air bill numbers for all shipped samples

*  Photocopies of Chain of Custody

* Noteworthy observations at each sampling location

18. Data Management
A list electronic of copies and formats needed for reports and data include PDF copies of the laboratory
reports as well as Electronic Data Deliverables (EDDs) in Microsoft Excel format.

In the event a groundwater well is required to be installed, groundwater quality data will be uploaded to
ADEQ’s database in the EDD format specified in Groundwater Data Submittal Guidance Document
(Version 3.4).

Copies of all Plans, Reports, and Drawings will be provided to Yuma County and ADEQ for their files.
NEI will also maintain an archive of all project plans, reports and drawings in their Yuma, AZ Office.

ADEQ Abbreviated QAPP rev February 2014 Page 5



	Draft Remedial Actuion Plan for Adair Park Archery Range, Yuam, AZ
	Table of Contents
	List of Acronyms
	1.0 INTRODUCTION
	2.0 Site Background
	2.1 PREVIOUS INVESTIGATIONS

	3.0 EXTENT OF CONTAMINATION
	3.1 REMEDIATION GOALS
	3.2 EXTENT OF LEAD IN SOIL
	3.2.1  Background Soil
	3.2.2 AOC 2 EXTENT
	3.2.3 Soil in AOC 3
	3.2.4 Soil in Former Tailings Pile Area

	3.3 EXTENT OF CONTAMINATION IN GROUNDWATER
	3.4 Risk Assessment
	3.5 Stormwater Conveyance Evaluation
	3.5.1  Stormwater Runoff - Volume
	3.5.2  Stormwater Runoff – Capped Area Drainage Channels
	3.5.3  Stormwater Runoff – Drainage Channels Downstream of Capped Area
	3.5.4  Protective Rip-rap Wall
	3.5.4.1 Rip-Rap Wall Failure Modes
	3.5.4.2 Rip-Rap Protective Wall Inspection
	3.5.4.3 Rip-Rap Protective Wall Design Recommendations



	4.0 SUMMARY OF REMEDIAL ACTION
	4.1 PRE-REMEDIATION ACTIVITIES
	4.1.1 Permits
	4.1.2 Notice of Commencement
	4.1.3 Utility Clearance
	4.1.4 Site Security and Mobilization
	4.1.5 Clearing and Grubbing
	4.1.6 Protection of Existing Site Features
	4.1.7 Stockpile Area Construction
	4.1.8 Establishment of Work Support and Decontamination Areas

	4.2 TAILINGS PILE DELINEATION
	4.2.1 Soil Sample Screening and Collection
	4.2.2 Soil Sample Laboratory Analysis
	4.2.3 Record Keeping
	4.2.4 Laboratory Confirmation Analyses
	4.2.5 Laboratory QA/QC

	4.3 SITE RESTORATION
	4.3.1 Stormwater Conveyance Upgrade and Maintenance
	4.3.1.1 Stormwater Conveyance Upgrade
	4.3.1.2 Stormwater Conveyance Maintenance

	4.3.2 CAP Installation
	4.3.3 IDW Disposition
	4.3.4 Demobilization


	5.0 REPORTING
	6.0 REFERENCES
	FIGURES
	Figure 1 Site Location Map
	Figure 2 Site Map
	Figure 3 Sample Location Map
	Figure 4 XRF Screening Lead Map
	Figure 5 Former Tailings Area XRF Screening Map
	Figure 6 Lead Distribution Map
	Figure 7 Groundwater Occurrence Map
	Figure 8 Former Tailings Area XRF Screening Map

	TABLES
	APPENDIX A Boring Logs
	APPENDIX B Risk Assessment and Lead GPL Calculation
	APPENDIX C Updated Stormwater Conveyance Report
	APPENDIX D Abbreviated Quality Assurance Project Plan
	Abbreviated Quality Assurance Project Plan





