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Final Report of Geotechnical Investigation and Design

Cottonwood Ranch Broad-Scale Recharge Project
Phelps County, Nebraska
1.0 Introduction

This report presents the results of the geotechnical investigation and design analyses performed
for the proposed Cottonwood Ranch Broad-Scale Recharge (BSR) project. The proposed BSR
project would be located in Phelps County, Nebraska, southwest of the Village of EIm Creek,
Nebraska. The proposed BSR project site is bounded on the north by 747 Road, on the south
by 748 Road, on the east by H Road, and on the west by J Road. A vicinity map showing the
overall location of the BSR project is included as Figure 1.

The proposed BSR project consists of the construction of infiltration basins and compacted
earthen structures for the purpose of groundwater recharge and establishing whooping crane
(Grus americana) habitat. The conveyance system to bring water to the infiltration basins,
infiltration analyses, and groundwater modeling is not included in this scope of work.

This report presents HDR's findings, conclusions, and recommendations regarding:

» Geologic setting

Subsurface soil and groundwater conditions

Engineering characteristics of the foundation and embankment soils
Foundation underseepage and embankment through-seepage
Slope stability of embankment and foundation soils

Foundation settlement

Bearing capacity

YV V V V V VY VY

Lateral earth pressures
» Construction observations

Professional engineers registered in the State of Nebraska prepared this report. The
recommendations presented herein are based on the applicable standards of the profession at
the time of this report within this geographic area. This report was prepared for the exclusive
use of the Platte River Recovery Implementation Program (PRRIP) for specific application to the
proposed BSR project, in accordance with generally accepted soil and foundation engineering
practices.

2.0 Project Description

The project consists of eight earthen berm infiltration basins as shown on Figure 2. The basins
would temporarily store run-off during high run-off times of the year. The goals being for the
stored water to recharge the aquifer through infiltration and provide habitat for the whooping
crane.



Platte River Recovery Implementation Program | Cottonwood Ranch Broad-Scale Recharge Project
Final Report of Geotechnical Investigation and Design

Based on the results of the preliminary design (HDR, 2017), the berm section would have a
maximum height less than 6 feet to avoid being classified as a dam in accordance with
Nebraska Department of Natural Resources — Dam Safety Division (NeDNR) criteria (NeDNR
2008) and Natural Resources Conservation Service (NRCS) Earth Dams and Reservoirs (TR-
60) (NRCS 2005). The berm section would have 6 horizontal to 1 vertical (6H:1V) side slopes
and a 12-foot wide crest. Underseepage mitigation, where necessary, would consist of a
supplemental downstream seepage berms for Cells 1 through 4, which are not impacted by
right-of-way (ROW) restrictions, and a downstream toe drains for Cells 5 through 8, which are
impacted by ROW restrictions.

The earthen berms and supplemental downstream seepage berms would be constructed using
soils obtained from on-site excavations. The on-site excavations would be used to either
maximize recharge potential or establish whooping crane habitat within each basin.

Conveyance channels would be provided to move water from cell to cell and to allow for run-off
to pass through the system, when a cell is not in use. A concrete flume with a gate would be
provided at each berm to convey water through the berm to the adjacent cell.

Away from the conveyance channel, each berm would include an auxiliary spillway to discharge
large run-off events that exceed the storage capacity of each cell. The auxiliary spillway would
consist of an earthen structure that directs run-off outside of the system, with the exception of
Cell 4, which would discharge into Cell 5.

3.0 Subsurface Investigation

3.1 Field Exploration

The field work for the BSR project consisted of drilling 31 exploratory test borings and
excavating nine test pits at the approximate locations shown on the boring location plan
included as Figure 3. The boring depths ranged from 20 to 50 feet below existing grade. The
test pit depths ranged from 3 to 6 feet below existing grades. The schedule of borings and
groundwater data, the boring logs, and test pit logs are provided in Appendix A.

The borings were advanced with a truck-mounted drill rig manufactured by Diedrich Drill,
equipped with 3.25-inch ID hollow stem augers. Water was added to the augers during drilling of
the 15-foot deep borings, below the water table. Bentonite slurry was added to the augers
during drilling of the 35- and 50-foot deep borings, below the water table. The drill rig was
equipped with an automatic hammer manufactured by Boart Longyear™ with an efficiency of
about 61 percent. The field exploration was conducted by Mid-State Engineering & Testing, Inc.
of Kearney, Nebraska, at the direction of HDR. The locations and elevations of the borings were
surveyed by Miller & Associates Consulting Engineers, P.C. of Kearney, Nebraska.

Soil samples from the borings were obtained using push and drive sampling at intervals shown
on the boring logs.

Undisturbed samples, designated as “U” samples on the logs, were obtained with thin-walled
tube samplers, 3-inch outside diameter, hydraulically pushed in general accordance with
ASTM D1587 “Standard Practice for Thin Walled Tube Sampling of Soils for Geotechnical
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Purposes”. Pocket penetrometer readings were taken at the end of some of the cohesive
samples. Both ends of the sampler were capped and sealed in the field. The samples were then
protected for transportation to the laboratory.

Split-barrel samples, designated as “S” samples on the logs, were obtained while performing
standard penetration tests (SPTs) with a thick-walled sampler, 1.5-inch inside diameter, driven
in general accordance with ASTM D1586 “Standard Test Method for Penetration Test and
Split-Barrel Sampling of Soils”. The N-value, reported in blows per foot (bpf), represents the
number of blows required to drive the sampler over the last 12 inches of the 18-inch sample
interval. The samples were then placed in sealed plastic bags for transportation to the
laboratory.

The field boring logs were prepared in general accordance with ASTM D2488 “Standard
Practice for Description and Identification of Soils (Visual-Manual Procedure)”. Stratification
lines represent the approximate boundary between soil types and the transition may be gradual.
Water level readings were made in the drill holes at times and under conditions stated on the
boring logs.

3.2 Laboratory Testing

The field boring logs were reviewed to outline the depths, thicknesses, and lateral extent of the
various soil strata. A testing program was developed by HDR to evaluate the engineering
properties of the recovered samples and to substantiate the soil classifications made in the field.
Tests were conducted by Mid-State Engineering & Testing, Inc. in general accordance with
current ASTM or state-of-the-practice test procedures. Laboratory test results are presented in
Appendix B.

Selected soil samples were tested to determine moisture content, dry density, plasticity, grain
size distribution, undrained shear strength (unconfined compression tests), consolidation
properties, and dispersive potential.

3.3 Field Percolation Tests

Field Percolation tests were performed adjacent to each test pit. The percolation tests depths
were between 1 and 2 feet below existing grades and were selected by HDR, based on the soll
conditions identified in the adjacent test pit.

The percolation tests were performed by Mid-State Engineering & Testing, Inc. at the direction
of HDR. The test consisted of:

Excavating a 4-inch diameter hole

Filling the hole with water

Allowing the hole to saturate overnight

Refilling the hole with water 1 hour before testing

Filling the hole with 6-inches of water

o o M w NP

Measuring the water drop versus time
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Each test was run until the hole ran dry or for a maximum of 1 hour, with the exception of the
percolation test adjacent to Test Pit No. 3. The percolation test at Test Pit No. 3 was run for

8 minutes with 2.75 inches of water remaining in the hole. The percolation rate was determined
for each time increment by dividing the elapsed time by the drop in water level. The percolation
rate for the last time increment is provided in Table 1. The test reports are provided in
Appendix C.

Table 1. Percolation Test Results

Depth to

Test Depth Material Description at Clean Sand Depth to Percolation

Location (feet) Bottom of Hole (feet) Water (feet) ~ Rate (min/in)
TP-1 2.0 Sandy Lean Clay 25 2.5 16.0
TP-2 1.0 Sand 0.8 2.0 25.3
TP-3 2.0 Clayey Sand 35 3.0 9.2
TP-4 2.0 Clayey Sand 4.0 3.0 2.2
TP-5 1.7 Sandy Lean Clay 6.0 4.5 32.7
TP-6 1.0 Sandy Lean Clay 3.0 15 40.0
TP-7 1.0 Sandy Lean Clay 25 15 30.0
TP-8 1.0 Sandy Lean Clay 15 15 155
TP-9 2.0 Sandy Lean Clay 4.0 4.0 2.8

3.4 Previous Subsurface Investigations

The Investigation of Recharge Potential at the Cottonwood Ranch Complex: Infiltration Rates &
Geotechnical Surveys (PRRIP 2017), was prepared by the PRRIP and was available for HDR
review. This document includes data collected from:

» Two pilot-scale recharge basin infiltration tests

» Ten test borings and associated laboratory testing

» Four monitoring wells

» Ohm-Mapper resistivity testing
Pertinent data from The Investigation of Recharge Potential at the Cottonwood Ranch Complex:
Infiltration Rates & Geotechnical Surveys (PRRIP 2017) is provided in Appendix D.
4.0 Site Conditions

4.1 Site Characteristics

The BSR project site is situated in the Platte River Valley. Existing site grades are fairly flat and
uniform. The site grades appear to vary about 5 feet across the site, with several existing ponds,
swales, and excavated drainage ditches. The Platte River is located approximately 1 to 2 miles
north of the planned recharge area and the Phelps County Canal is located approximately

2 miles southwest of the planned recharge area.
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According to the NRCS Web Soil Survey (NRCS 2017) for this area of Phelps County, the
near-surface soils within the Platte River Valley belong primarily to the Leshara-Wann series.
The Leshara-Wann series consist of somewhat poorly-drained soils on bottom lands that were
formed from alluvium, including silty loam, sandy loam, loamy sand, silty clay loam, silty clay,
loam, sand and sandy clay loam. Figure 4 provides the soil survey regions overlaid on the site
plan.

4.2 Subsurface Conditions

4.2.1 Geologic Setting

The BSR project site is situated in South Central Nebraska within the Central Loess Plains
Physiographic Region. The loess plains have been dissected locally by the Platte River Valley
where the site is located. Alluvial deposits are present within the Platte River floodplain as
described in Section 4.1 and are formed by deposition in flowing water. The site is located on
the first alluvial terrace above and immediately south of the Platte River floodplain (USGS
2005). The alluvial deposits extend down to the Ogallala Formation (predominately sandstone)
at a depth of about 40 to 50 feet.

4.2.2 Site Stratigraphy

General

The generalized soil stratigraphy at the BSR project site is presented on the subsurface profiles
for each earthen berm alignment in Appendix A. The general subsurface stratigraphy consists of
about 1 to 6 feet of fine-grained alluvium (blanket layer), overlying about 33 to 35 feet of course-
grained alluvium (sand layer), overlying the Ogallala Formation. About 6 inches of topsoil was
present at the surface of the fine-grained alluvium. The topsoil was logged as a developed zone
and generally matched the classification of the underling fine-grained alluvium.

Alluvium
These soils generally consisted of a blanket layer of sandy lean clay and clayey sand overlying
coarse-grained poorly graded sand. At the boring locations, the alluvium generally consisted of:

» An alluvial blanket layer (ground surface to about 1 to 6 feet below grade;
averaging 3.5 feet below grade) was described as gray to very dark gray, light
grayish brown to dark grayish brown, and very dark brownish gray, moist to
saturated, very soft to stiff, sandy lean clay (CL), sandy silt (ML), clayey sand (SC),
and silty sand (SM). The test results on samples recovered from this stratum indicate
the following general ranges in engineering properties:

0 Moisture contents from 6 to 28 percent

o0 Dry densities from 84 to 127 pounds per cubic foot (pcf)
0 Fines content from 30 to 70 percent

0 Liquid limits from non-plastic to 45

0 Plasticity indices from non-plastic to 23
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0 Unconfined compressive strengths from 0.3 to 1.6 tons per square foot (tsf)
0 Pocket penetrometer readings from less than 0.25 to 1.75 tsf
0 SPT values from 2 to 14 bpf

» An alluvial sand layer (bottom of alluvial blanket layer to bottom of borings at 15 to
50 feet below grade or Ogallala Formation at 40 to 42 feet below grade) was
described as light gray to very dark gray, light grayish brown to dark grayish brown,
and light brown, very moist to saturated, very loose to dense, poorly graded sand
(SP), poorly graded to well graded sand (SP/SW), silty sand (SM), and clayey sand
(SC). The test results on samples recovered from this stratum indicate the following
general ranges in engineering properties:

0 Moisture contents from 7 to 21 percent;
o Fines content from 1 to 24 percent; and

0 SPT values from 2 to 54 bpf.

Ogallala Formation

The Ogallala Formation was encountered in several of the deeper borings below the alluvial
sand at depths ranging from 40 to 42 feet below existing grade (Elevation 2,238.1 to

2,245.5 feet). It was described as light gray, light brown, pale brown, brown and gray, saturated
and moist, very stiff to hard and dense to very dense, clayey sand (SC) and lean clay/clayey
sand (CL/SC). Some amount of weathering was noted near the surface. SPT blow counts in the
material ranged from 33 to 121 bpf and averaged 68 bpf.

Groundwater

Groundwater was encountered at the depths and times noted on the boring logs and test pits. A
summary of recorded groundwater data at the boring locations at the time of our investigation is
provided in Appendix A.

Depth to groundwater in the borings ranged from 1.6 to 8.8 feet below existing ground at the
time of the investigation. These depths corresponded to a groundwater elevation between
2,275.1 and 2,285.0 feet.

During excavation of some of the test pits, the excavation through the clay blanket layer
remained dry until the excavation came within a couple inches of the underlying sand layer.
Within a couple of inches of the underlying sand layer, groundwater ruptured through the clay
blanket. This indicates that portions of the groundwater are under pressure and confined by the
clay blanket.

Fluctuations in the level of the groundwater may occur due to seasonal variations in local and
regional precipitation and other factors not evident at the time of measurement.

4.2.3 Surficial Soil Characteristics

The soils present at the site in the top 1 to 6 feet generally consist of soft to firm, sandy lean
clay to clayey sand soils from predominantly alluvial deposits. These soils are generally
considered: (1) competent to support the proposed embankment and structural loads and (2) a
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good source of embankment fill for earthen berms, if properly processed and compacted with
moisture and density control.

Summaries of the classification and strength test data for the various materials at the site are
provided in Appendix B.

4.3 Geologic Investigations

4.3.1 Seismic Assessment

According to the Seismic Zone Map (Figure 4-1 in TR-60), the BSR project site is located near
Seismic Zone 1, which corresponds to a low seismic exposure. This designation indicates that
the BSR project would not require special investigations to assess the potential for liquefaction
or faulting at the site. Based on Figure 4-1 in TR-60, the corresponding seismic horizontal
coefficient for the site is 0.05g, which will be used in the pseudo-static analysis of slope stability
analyses.

4.3.2 Collapsible Soils

The collapse potential of the fine-grained alluvium was evaluated using the criteria developed by
the United States Department of the Interior Bureau of Reclamation (USBR) Design of Small
Dams (1987), which is based on dry densities and liquid limits of the in situ soils. The results of
this evaluation indicate that the fine-grained alluvial soils have dry densities and liquid limits
near or above the threshold to exhibit potential for collapse upon wetting, suggesting that the
material is marginally collapsible. The shallow groundwater elevation and relatively high water
contents suggest that the material has been wetted and any future collapse is likely to occur
during placement of the fill. Based on these assessments, no mitigation will be necessary.

4.3.3 Dispersive Soils

Mid-States Engineering & Testing, Inc. performed a series of pin-hole dispersion tests on the
fine-grained alluvium. The results of the test indicate that the fine-grained alluvium is
non-dispersive. Based on these assessments, no mitigation will be necessary.

4.3.4 Corrosive Soils

According to the soil survey (NRCS, 2017), the site soils are moderately corrosive to concrete
and severely corrosive to steel. The designer of the concrete flumes and other below grade
structures should include mitigation measures to protect the concrete and steel exposed to soill
and water.

5.0 Engineering Analyses
Seepage, slope stability, and settlement analyses were performed for the earthen berms.
Bearing capacity and lateral earth pressure analyses were performed for the concrete flumes.

5.1 Seepage Analyses

5.1.1 General
Seepage analyses of the foundation and embankment were conducted to estimate the location
of the phreatic surface for use in the stability analyses, estimate average vertical exit gradient at
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the downstream toe of the embankment, estimate factor of safety against piping at the
downstream toe of the embankment, and evaluate mitigation measures, if needed.

5.1.2 Design Criteria

Design criteria for dams were used for design of the earthen berms. Design criteria for seepage
are discussed in TR-60. According to TR-60, seepage analyses made for anticipated seepage
rates and pressures through the embankment, foundation, abutments, and reservoir perimeter
must show that that the dam can accomplish the intended reservoir function, provide a safe
operating structure, and prevent damage to downstream property. For the purpose of this BSR
project, the vertical exit gradient and the factor of safety for piping at the downstream toe of the
earthen berm were evaluated. TR-60 does not provide specific guidance on acceptable vertical
exit gradient and factor of safety for piping.

United States Army Corps of Engineers (USACE) “Design Guidance for Levee Underseepage”
(USACE 2005) provides the information in Table 2 comparing vertical exit gradient to seepage
condition at the downstream toe of a levee.

Table 2. Vertical Exit Gradient versus Seepage Condition Trends

Vertical Exit Gradient Seepage Condition

0t00.5 Light/No Seepage
0.2t00.6 Medium Seepage
041t00.7 Heavy Seepage
0.5t00.8 Sand Boils

Source: USACE 2005

USACE guidance for Seepage Analysis and Control for Dams (USACE 1986) states that
acceptable piping factor of safety for a dam ranges from 1.5 to 15 and is generally in the range
of 2.5 to 5. Piping is a process where seepage through the embankment or under the
embankment is at a high enough rate to erode the embankment or foundation soil. The eroded
soil discharges on the downstream side of the embankment. Erosion through the embankment
would lead to an eventual washout of the embankment. Erosion through the foundation would
lead to sinking of the embankment crest and eventual overtopping.

Because the earthen berms do not classify as dams and the consequence of failure is unlikely
to result in the loss of life or damage to property, it is HDR’s opinion that the design of the
earthen berms can be based on a maximum vertical exit gradient of 0.5 and a minimum factor of
safety for piping of 1.5. Medium seepage and some seepage maintenance at the downstream
toe should be expected with this factor of safety.

5.1.3 Method of Evaluation

The evaluation of underseepage was performed based on the thickness and permeability of the
natural blanket layer, the thickness and permeability of the foundation sands, and the maximum
head acting on the earthen berm section. The average vertical exit gradient through the blanket
layer material was calculated at the downstream toe of the earthen berm section. The piping
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factor of safety was calculated by dividing the critical vertical exit gradient for the blanket layer
material by the average vertical exit gradient.

Seepage analyses were completed using the computer software SEEP/W, which is part of the
GeoStudio 2016 software suite copyrighted by GEO-SLOPE International Ltd. SEEP/W is a
two-dimensional finite element analysis program that calculates gradients of flow, equipotential
lines, head drops, seepage pressures, and quantities for the flow of water through a layered,
porous, and anisotropic material.

5.1.4 Assumptions and Design Parameters
The primary assumptions made for the underseepage analyses are presented in the following.

» The berms will be constructed from soil borrowed from the blanket layer upstream of
each berm.

» The maximum berm height is 5.9 feet.

o Ciritical condition for the berm design is a water level 1.5 feet below the maximum
berm height and no water downstream of the berm.

o Berms will have 6H:1V (Horizontal:Vertical) side slopes with a 12-foot wide crest.
» The soil layers are continuous upstream and downstream of the berm alignment.

The critical sections for seepage analysis were established by reviewing the boring logs and
subsurface profiles along each berm alignment and determining were the thinnest blanket layer
is located near the tallest section of the berm. Subsurface profiles along the earthen berm
alignments are provided in Appendix A. Based on this review, two critical sections were
identified.

The first section represents the berms located away from the conveyance channels. The
borings located near the berm alignment indicate that the critical thickness of the blanket layer is
about 3 feet and the sand layer is about 35 feet thick. The berm thickness at this critical section
ranges from 0 to 5.9 feet

The second section represents the concrete flume located at the conveyance channels. These
locations are at the existing drainage ditches. No borings were obtained at the bottom of the
ditches to provide information on the thickness of the blanket layer. Itis likely that only a thin
blanket exists at the bottom of the ditch, since the existing ditches at the site were primarily
man-made and about 3 feet deep. Additionally, the portions of the ditches located channel
downstream of the concrete flume will include embedded riprap, which is expected to remove
any remaining remnants of the blanket layer. The selected critical section is no blanket layer
and a 35-foot-thick sand layer. A gate in the concrete flume will have a height of 5.9 feet above
the flume floor.

The values of effective permeability that were used in the SEEP/W analysis are provided in
Table 3. Derivation of these values is provided in Appendix E.
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Table 3. Permeability Values for Seepage Analyses

Material Description ki (ft/s) Ku/Kn
Berm Fill 4x107 0.25
Blanket Layer 4x10°% 0.25
Sand Layer 1x103 0.25

Notes:
1 k.= coefficient of vertical permeability.
2 ks= coefficient of horizontal permeability.

5.1.5 Results of Underseepage Analysis

A summary of the underseepage analyses for the berm alignments are provided in Tables 4 and
5. Bold numbers indicate that the allowable average vertical exit gradient or minimum factor of
safety is exceeded. Calculations for the underseepage analyses are provided in Appendix F.

Table 4. Summary of Underseepage Analyses for Berms without Mitigation Measures
Pool Average Vertical Exit ~ Factor of Safety For

Critical Height Gradient at Piping at Downstream
Section (feet) Downstream Toe Toe Comments
Berms Located 4.4 0.90 0.8 i >0.5 and FS<1.5, NG
Away from 4 0.80 1.0 i >0.5 and FS<1.5, NG
Conveyance 3 0.63 12 i >0.5 and FS<1.5, NG
Channels 2 0.43 18 OK
Concrete
Flumes Located 44 0.5 30 oK
at Conveyance
Channels

Notes:

1 NG = Not Good.

2 FS = Factor of Safety.

3 Critical Exit Gradient = 0.76.

Based on these results, mitigation is needed for berm alignments that have pool heights greater
than 2 feet, which is in agreement with the results of the preliminary design analyses (HDR,
2017). Based on direction from the PRRIP, mitigation will consist of a supplemental
downstream seepage berm for Cells 1 through 4, which are not impacted by ROW restrictions,
and a downstream toe drain for Cells 5 through 8, which are impacted by ROW restrictions.

Based on these results, no mitigation is need for the concrete flumes, provided there is no
blanket present downstream of the concrete flumes. However, a perimeter wall drain should be
provided along the downstream perimeter of the concrete flume walls to collect seepage along
any preferential seepage paths, which are common along the interface of the concrete flume
wall and the earthen berm.

The following assumptions were made in the underseepage analyses for the earthen berm
mitigation measures:

» Seepage berms will be constructed from soil borrowed from the sand layer upstream
of the berm alignment.
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» Toe drains will consist of a slotted pipe fitted with a filter sock and an outlet 6 inches
above the surface of the blanket.

The average vertical exit gradient through the blanket layer material was calculated at the
downstream toe of the corresponding mitigation measure. Table 5 provides a summary of the
underseepage analyses for the different mitigation scenarios.

Table 5. Summary of Underseepage Analyses for Berms Alternative with Mitigation
Measures

Average Factor of
Vertical Exit Safety for

Maximum Gradient at Piping at
Pool Height ~ Downstream Downstream
Location Mitigation Measure (feet) Toe Toe Comments
Install 250-Foot Wide
Downstream Seepage Berm
with a Maximum Thickness of
3 Feet

4.4 0.50 15 OK

Install 200-Foot Wide
Berms 1 Downstream Seepage Berm
through 4 with a Maximum Thickness of

2.5 Feet

4 0.50 15 OK

Install 75-Foot Wide
Downstream Seepage Berm
with a Maximum Thickness of
1.5 Feet

3 0.50 15 OK

Install Toe Drain at
Downstream Toe of Berm at 44 0.33 2.3 OK
a Depth of 4 Feet

Berms 5
through 8

Notes:

1 NG = Not Good.

2 FS = Factor of Safety.

3 Critical Exit Gradient = 0.76.

The results of these analyses demonstrate a stable embankment can be constructed for pool
heights greater than 2 feet with the implementation of mitigation measures consisting of
downstream seepage berms for Berms 1 through 4 and downstream toe drains for Berms 5
through 8. Seepage berm widths are shorter than what was reported in the preliminary report.

5.2 Slope Stability Analyses

5.2.1 General

The slope stability analyses were performed using the limit equilibrium option in the program
SLOPE/W, which is part of the GeoStudio 2016 software suite copyrighted by GEO-SLOPE
International Ltd. The limit equilibrium method analyzes individual slices of the potential sliding
mass with force and moment equilibrium to determine a factor of safety for all of the slices. The
program searches for the location of the critical failure surface that produces the minimum factor
of safety. The Spencer method of analysis for circular arc surfaces was selected for the
analysis. The slip surfaces were then optimized to find the lowest factor of safety for different
slip surface shapes (non-geometrically definable shape) (GEO-SLOPE International Ltd. 2016).
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5.2.2 Design Criteria

Design criteria for slope stability are discussed in TR-60. According to TR-60, the minimum
required factors of safety for a low hazard dam subjected to various loading conditions are
provided in Table 6.

Table 6. Minimum Required Factors of Safety

Loading Case Minimum Factor of Safety

End of Construction 14
Rapid Drawdown 12
Steady Seepage 15

Steady Seepage w/ Seismic 11

5.2.3 Evaluation of Soil Strengths

The critical section for seepage analysis was determined by reviewing the subsurface profile
along each berm alignment. Subsurface profiles along the earthen berm alignments are
provided in Appendix A. The critical section was selected as the location where the thickest
blanket layer is located near the tallest section of the berm. At this location, the blanket layer is
about 6 feet thick and the sand layer is about 35 feet thick. The results of the slope stability
analysis for the critical berm section should be applied to each berm alignment.

The design shear strength parameters listed in Table 7 were developed for the BSR project
based on the laboratory testing, pocket penetrometer readings, and SPT data completed for this
BSR project. Derivation of these values is provided in Appendix E.

A summary of the strength parameters used in the stability analyses are presented in Table 8.

Table 7. Design Shear Strength Parameters

Unit Weight UU Strengths CU Strengths CD Strengths
c o'
Material Yiotal (PC) c (psf) | ® (degrees) c(psf) @ (degrees) (psf) (degrees)
Berm Fill 125 1,000 0 500 12 50 28
Blanket Layer 110 600 0 300 12 50 28
Sand Layer 115 0 30 0 30 0 30

where: ¢, ¢’ = total and effective cohesion or undrained shear strength.
@, @' = total and effective angle of internal friction.

UU = Unconsolidated Undrained triaxial

CU = Consolidated Undrained triaxial

CD = Consolidated Drained triaxial

5.2.4 Results of Stability Analyses
Calculations for the stability analyses are provided in Appendix G. The results of the slope
stability analyses are presented in Table 8.
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Table 8. Summary of Slope Stability Analyses without Mitigation Measures

Berm
Height Loading Phreatic = Factor of
(feet) Case Surface Safety Comments
3 Feet
End of Upstream/Downstream Below
, o 5.4 OK
Construction Downstream Existing
Grade
Normal
Rapid Pool to
Drawgown Upstream Existing 31 OK
Grade
From
Seepage
59 S?etgsgge Downstream Ar’]\fg)r/;';at 25 oK
Pool (4.4-
FT Pool)
From
Steady Seepage
Seepage Analysis at
w/Se?sr?]ic Downstream No)r/mal 19 OK
(ah=0.059) Pool (4.4-
FT Pool)

Based on these results, a stable embankment can be constructed and no mitigation is needed
for berm heights of 5.9 feet or less.

5.3 Settlement Analyses

Based on review of the subsurface profile along each berm and dam alignment, the critical
section where the thickest blanket layer is located near the tallest section of the berm or dam,
the blanket layer is about 6 feet thick and the sand layer is about 35 feet thick.

Because an 8-foot-wide inspection trench would be excavated near the dam or berm centerline
completely removing the blanket layer, and would be backfilled with compacted fill, there would
be no compressible soil beneath the tallest portion of the embankment. HDR recommends that
the berm alignments be overbuilt 3 inches, where the fill is at maximum height, to offset any
long-term settlement that may occur.

5.4 Foundation Analyses

The flume walls are expected to bear on undisturbed soils consisting of sand. Continuous
footings a minimum of 3.5 feet below grade can be sized for a maximum net soil bearing
pressure of 1,000 psf. The maximum net soil bearing pressure is based on a factor of safety of
3. Bearing capacity calculations are provided in Appendix H.

Some differential settlement is likely across the concrete flume. Continuous footing/foundation
wall combinations should be designed to function as grade beams. Top and bottom
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reinforcement should provide the capacity to span at least 10 feet when acting as a continuous
beam under foundations loads.

5.5 Lateral Earth Pressure Analyses

The flume walls will be required to support differential soil heights of up to about 6 feet. The
lateral pressures developed against these walls are a function of the properties of the retained
soils, placement procedures of the wall backfill, hydrostatic pressure, frost action, and wall
movements. The magnitude and distribution of the lateral pressures on such walls can vary
widely. Experience has shown that these lateral earth pressures can be approximated for
design using an equivalent fluid pressure. Design should be based on groundwater behind the
wall at a height of 4.4 feet above the flume floor and groundwater in front of the wall at the flume
floor.

We recommend that the lateral pressure used for structural design of the walls within the active
zone be based on an equivalent fluid pressure of 45 pcf above the groundwater and 85 pcf
below the groundwater for the sandy clay fill placed behind the wall above the berm floor
elevation. For normal conditions, the groundwater should be assumed to be 1.5 feet below the
top of the wall and for extreme conditions, the groundwater should be assumed to be at the top
of the wall. Below the berm floor elevation within the active zone, lateral pressure should be
based on an equivalent fluid pressure of 80 pcf for the undisturbed sand or compacted sand fill.
Passive resistance below the berm floor elevation should be based on an equivalent fluid
pressure of 220 pcf for the undisturbed sand or compacted sand fill. A lateral pressure diagram
is provided in Appendix I.

6.0 Findings and Recommendations

6.1 Summary of Findings

The geotechnical investigations and engineering analyses conducted for the proposed BSR
project demonstrate that a stable embankment can be constructed with appropriate mitigation
measures.

» Supplemental downstream seepage berms would be necessary for Berms 1 through
4. This mitigation would consists of constructing a minimum 3-foot high (at the berm
slope), 250-foot wide (from berm toe to seepage berm toe) downstream seepage
berm, where the berm height would be 5.9 feet (4.4-foot pool) down to a minimum 1-
foot high, 75-foot wide downstream seepage berm, where the berm height would be
4.5 feet (3-foot pool) and transition to zero height and width, where the berm height
would be less than or equal to 3.5 feet (2-foot pool). A typical section is provided as
Exhibit No. 1 in Appendix J. A maximum of 6 inches of topsoil could be placed over
the seepage berm to allow for a seed bed and grass cover.

» Supplemental downstream toe drains would be necessary for Berms 5 through 8.
This mitigation would consist of installing a slotted drain pipe fitted with a filter sock a
depth of 4 feet below the ground surface. The toe drain would be necessary where
the berm height is 3.5 feet (2-foot pool) or higher. Minimum drain diameter should be
6 inches. A typical section is provided as Exhibit No. 2 in Appendix J.
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» Blanket layer mitigation would be necessary for Berms 1 through 8. Where the
berms cross swales, ponds, or other lower areas, and where the blanket layer may
not be present due to erosion or excavation, the blanket layer would need to be
restored by filling in the low areas with sandy lean clay for a distance of 100 feet
upstream and 500 feet downstream of the berms. No blanket layer mitigation would
be necessary where a toe drain is present along the downstream toe.

» Excavations for pool enhancements would need to be restricted for a distance of 100
feet upstream and 500 feet downstream of the berms.

> The berm sections would need to be overbuilt 3 inches, where the fill is at maximum
height, to offset any long-term settlement that may occur.

» Groundwater dewatering would be necessary to construct the concrete flumes and
other below grade structures along each berm alignment.

» A wall drain would need to be provided along the downstream perimeter of the
concrete flume walls to collect seepage from preferential seepage paths, which are
common along the interface of the concrete flume wall and the earthen berm.

» The site soils are moderately corrosive to concrete and severely corrosive to steel.
The designer of the concrete flume and other below grade structures would need to
include mitigation measures to protect the concrete and steel exposed to soil and
water.

6.2 Recommendations for Construction

6.2.1 Berm Inspection Trench

An inspection trench should be excavated along the entire embankment centerline for each
berm alignment. The excavation depth can be stopped when the underlying clean sand is
encountered, which is expected to be between 3 and 6 feet below existing grades. The trench
should be a minimum of 8 feet wide at the bottom. The side slopes of the trench should be
inclined at 2H:1V.

A geotechnical engineer should observe the inspection trench and document the depth to the
underlying clean sand and any anomalies, such as drain tile, rubbish, organics, sand lenses, or
other material that could adversely impact the performance of the berm. A report should be
prepared by the geotechnical engineer that provides the depth to the underlying sand versus
berm alignment station every 100 feet and the location and description of any anomalies.

6.2.2 Earthwork

Prior to embankment placement, all topsoil, organic matter, shrubs, trees and large roots, and
any debris encountered should be removed from areas to receive fill. The exposed surface
should be scarified and mixed with the first lift of fill.

The berms and blanket layer restoration areas should be constructed from the on-site sandy
lean clay to clayey sand soils with a minimum of 35 percent passing the number 200 sieve. The
material should be placed in 8-inch loose lifts and compacted using sheepsfoot compaction
equipment. All fill should be compacted to a minimum of 95 percent of the maximum dry density
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as determined by ASTM D698 “Method A” (standard Proctor test) within O percent and +4
percent of the optimum water content as determined by the referenced test.

The supplemental seepage berm should be constructed from the on-site silty sand and clean
sand with a maximum of 15 percent passing the number 200 sieve. The material should be
placed in 12-inch loose lifts and lightly compacted using controlled movement of the hauling and
spreading equipment to create a stable surface for each lift of fill, such that rut depths are no
greater than 4 inches in a single pass.

6.2.3 Borrow Areas

Borrow material is expected to come from on-site excavations made to enlarge the pool areas
and establish whooping crane habitat. The top 1 foot to 3 feet of excavation is expected to
encounter primarily sandy lean clay to clayey sand, which would be suitable for berm
embankment and blanket layer restoration. Silty sand to clean sand was encountered below the
upper sandy lean clay to clayey sand. This silty sand to clean sand which would be suitable for
seepage berm construction is expected to be encountered primarily below depths of about 5
feet.

Groundwater was generally encountered about 3 feet below grade and was generally located at
the base of upper sandy lean clay to clayey sand. Excavations to mine the silty sand to clean
sand suitable for seepage berm construction will likely require dewatering or excavation below
the groundwater table.

Water content of the sandy lean clay to clayey sand blanket layer ranged from about 16 percent
to 28 percent, which is expected to be above the optimum water content for compaction. These
soils will likely need to be moisture conditioned prior to compaction within the berm
embankment or blanket layer restoration. Typically, moisture conditioning consists of periodic
disking and allowing the sun and wind to dry-out the soil before compaction.

Soils excavated below the water table to mine the silty sand to clean sand suitable for seepage
berm construction will likely need to be drained before placement. This can typically be
accomplished by placing the material in a stockpile and allowing the excess water to drain-out
before placing it at the seepage berm.

6.2.4 Dewatering

Excavations to construct the concrete flumes and toe drains are expected to encounter
groundwater and will need to be dewatered to a depth of 3 feet below the bottom of the
excavation prior to beginning the excavation. This will likely require installing a series of
continuously pumped wells. A minimum of 1 piezometer should be installed at each excavation
and monitored before and during excavation to verify that the dewatering system has lowered
the groundwater to the required depth.

6.2.5 Concrete Flume Wall Drain

A wall drain should be provided along the perimeter of the concrete flume walls that are located
downstream of the berm centerline to collect seepage from any preferential seepage paths
common along the interface of the concrete flume wall and the earthen berm. The wall drain
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trench should extend to a minimum depth of 12 inches below the bottom of flume wall footings,
have a minimum width of 3 feet, and extend to a height of 2 feet below the top of the flume wall.

The wall drain trench should be backfilled with free-draining aggregate meeting the gradation
requirements provided in Table 9. Nebraska Department of Transportation 47B Fine Aggregate
for Portland Cement Concrete generally meets this gradation. Filter gradation calculations are
provided in Appendix K.

Table 9. Wall Drain Free-Draining Aggregate Gradation

Sieve Size Percent Passing

2" 100

Yo' 80 to 100

#4 6510 95
#10 4510 75
#30 15t0 60
#200 O0to5

The slotted collector pipe should be installed on the backside of the flume wall footing. The
collector pipes should discharge into a collector box that has an outlet through the concrete
flume downstream headwall, 6 inches above the flume floor and a secondary outlet 6 inches
above the top of the adjacent grade. The discharge pipe into the concrete flume should have a
check valve to prevent sediment from entering the end of the pipe.

Maximum flow into the collector pipe is estimated to be 0.5 gallons per minute per foot of pipe.
Pipe size should be design to accommodate twice the estimated maximum flow, should be a
minimum of 6 inches in diameter, and have a maximum slot width of 0.05 inches.

6.2.6 Toe Drain

Due to shallow groundwater and the need for dewatering to maintain a stable trench, traditional
open excavation with free-draining aggregate backfill toe drain construction would be cost
prohibitive. To avoid the need for dewatering along the entire length of each toe drain, the toe
drain located along Berms 5 through 8 could consist of a slotted collector pipe fitted with a filter
sock that is directly embedded a minimum of 1 foot into the native clean sand. This could be
accomplished using a plow equipped with an internal feed tube to place the pipe and sock
directly behind the plow as it is pulled along the alignment. Only the excavation for installing the
plow to the required depth would require dewatering, which could correspond with the
dewatering required for the concrete flume construction. United States Bureau of Reclamation
(USBR) research has shown good performance for a slotted collector pipe fitted with a filter
sock when surrounded by sand (USBR, 1999).

The depth of installation of the drain pipe can be estimated at 4 feet. Actual installation depth
should be determined by a geotechnical engineering after determining the depth to clean sand
observed in the inspection trench.
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After installation of the toe drain, the ground surface disturbed by the plow would need be
restored by running a sheepsfoot compactor over the plow scar. Once surface restoration is
complete, the inside of the pipe should be inspected with a camera to verify the pipe was not
damaged or experienced significant deformation. This inspection can be eliminated if the
Contractor is able to demonstrate that the first three pipe installations do not result in damage to
the pipe.

Alternatively, the toe drain could be installed using traditional open excavation and free-draining
granular backfill, which would likely require dewatering the entire length of each toe drain to
lower the groundwater 3 feet below the bottom of the excavation. The minimum trench width
should be 3 feet and the trench should be backfilled with free-draining aggregate meeting the
gradation requirements provided in Table 10. Filter gradation calculations are provided in
Appendix K.

Table 10. Toe Drain Free-Draining Aggregate Gradation

Sieve Size Percent Passing

2’ 100

78 3510 100

#4 10to 50
#10 81010
#200 0to5

The slotted collector pipe should be installed 12 inches above the bottom of the trench. A
maximum of 6 inches of topsoil could be placed over the free-draining granular material to allow
for a seed bed.

Each collector pipe should discharge into a collector box located adjacent to the conveyance
channel. The collector box should have a solid pipe that discharges into the conveyance
channel about 6 inches above the bottom of the channel and a secondary outlet that discharges
6 inches above the grade adjacent to the collector box. The discharge pipe into the conveyance
channel should have a check valve to prevent sediment from entering the end of the pipe.

Maximum flow into the collector pipe is estimated to be 0.2 gallons per minute per foot of pipe.
Pipe sizes would need to be designed to accommodate twice the estimated maximum flow, be a
minimum of 6 inches in diameter, and have a maximum slot width of 0.05 inches.

6.2.7 Instrumentation

Geotechnical instrumentation (settlement plates, piezometers, and inclinometers) are not
required to monitor performance of the berm embankments, due to the relatively low
embankment heights proposed for the BSR project.
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6.3 Recommendations for Operations and Maintenance

HDR recommends storing a stockpile of sand and equipment near the site to quickly move and
place the sand in the event of excessive seepage or sand boils. The downstream toe of the
berms and supplemental seepage berms should be routinely observed for seepage or instability
during operation of each basin. Sand blankets should be added to areas that experience
excessive seepage or piping (sand boils or slope erosion). The flow into the wall drain and toe
drain collector boxes should be routinely monitored for flow rate and sediment transport.
Unusual changes in flow rate or an increase in sediment transport should be investigated by
running a camera through the pipe to identify the cause.

7.0 Limitations

This report presents the findings, conclusions, and recommendations for the geotechnical
aspects of the proposed containment berms for the BSR project. It has been prepared in
accordance with generally accepted engineering practice and in a manner consistent with the
level of care and skill for this type of project within this geographic area. No warranty, expressed
or implied, is made.

The conclusions and recommendations presented herein are based on field reconnaissance,
research and available literature, the results of field exploration and laboratory materials testing,
the results of engineering analyses, experience, and judgment.

Geotechnical engineering and the geologic sciences are characterized by uncertainty.
Professional judgments presented herein are based partly on understanding of the proposed
construction, partly on general experience, and on the state-of-the-practice at the time of this
writing.
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Appendix A

Logs of Test Borings and
Test Pits
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2,285 s : ; § 77,7, SR NN SRR

DH-7 : B.-105 B-107

N Value N Value PP

% z B-106 i s

......... : o § S TR PP RT : 2,285
M : : oS : |l :

2,280 2,280

N
N
~
o

2,275

L\
N
<
(=)

.............................

Elevation (ft) USGS

2265 e s e e e EE el § | § § 2,265
2,260

2,260

2,255 2,255

O T — I — A S —— S T —— — ) z ; 2.25

2,245 e R Rt S Rt R 777 Rt L L L L 77 Rt P 2,245

50/5"

2,240 e e 2,240

50/3"

2235 z : : z z : : z z : : z 2235
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000

Distance Along Baseline (ft)
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CLIENT _PRRIP

PROJECT NUMBER _10057849

PROJECT NAME _Cottonwood Ranch BSR

SUBSURFACE DIAGRAM
Berm No. 3

7] uscs cusc

PROJECT LOCATION _Phelps County

++] USCs SP/SW

% USCS Low Plasticity Clay USCS Poorly-graded Sand
USCS Silty Sand E“I xsr?gillfoorly-graded Sand
USCS Clayey Sand

21 USCS Well-graded Sand
x@‘ with Clay

Distance Along Baseline (ft)

500 1,000 1,500 2,000 2,500 3,000 3,500
2,290+ B-A10- TR R RIRPRIRE R PR R R R TR PRRe P RRIRIRTE PR Do 2,290
N Value PP : : : : : : :
7 DH-7
' - B-105
0 Nvalue‘T/_ (?;) NValueT “P;) :
2,285| e A S Z .............. AL """""""""" 2,285
2,280 2,280
2,275 [ T 2,275
0
&
D 2,270 2,270
S
[
i)
>
92,265 ....................................................................................................................................................................... 2‘265
w
2,260 ............................................ .................................................. 2‘260
2255 v s 2,255
2,250+ RIS 2,250
D245 .................................................. RN R T 7% LR TR EETRPES SEPERES % ..................................... .................... 2,245
5oé4" /
: 50/5"%
: (33) 0/ :
............................................ /
2,240 : // : 2,240
Z N 50/3“/
: : o 2
2,235 : : : : : : : 2,235
500 1,000 1,500 2,000 2,500 3,000 3,500
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= ' Topsoil USCS Low Plasticity Clay USCS Silty Sand
USCS Poorly-graded Sand

||.)2 SUBSURFACEBIZ:%GE:I\AI

-] UsCs sPIsw | uscscusc
1”774 USCS Poorly-graded Sand 7% USCS Cla
h yey Sand
CLIENT _PRRIP PROJECT NAME _Cottonwood Ranch BSR EJ with Clay [/j
PROJECT NUMBER _10057849 PROJECT LOCATION _Phelps County
500 1,000 1,500 2,000 2,500 3,000 3,500
2,290 2,290
N Value
2,285 2,285
2,280 2,280
2,275 2,275
)
O]
n
D 2,270 2,270
E
S
g
D 2,265 2,265
w
2,260 2,260
2,255 2,255
(47)
2,250 27 BRI LRI RN IR RTINS R Do 2,250
E : : : : : : :
@ b
2045 37/,2 .................................... OO RPUUUURRRRRPPRPRPROIS ST OO UPUPPPOUR P UPUOUN RSP OO OSSP OO U USRS UPPPRUPRPR SO PRUPUUPUR UURRRRRRRROROS 2245
(WONY9%
é N N N N N N N
2,240] e .................................... e e P e e S 2,240
87 z z z z z z z
%
@7) é
2,235 : : : : : : : 2,235
500 1,000 1,500 2,000 2,500 3,000 3,500
Distance Along Baseline (ft)
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||.)2 SUBSURFACEBI::ﬁGr‘I}:Ig

b - USCS Silty Sand % USCS Clayey Sand
- USCS Poorly-graded Sand /// USCS Low Plasticity Clay

°.{ USCS SP/SW
USCS Poorly-graded Sand
4] USCS CL/SC USCS CL/ML
CLIENT _PRRIP PROJECT NAME _Cottonwood Ranch BSR % EI“ with Silt 4“'
PROJECT NUMBER _10057849 PROJECT LOCATION _Phelps County
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
2,290 L .. 2,290
B-114 : : :
NValue : PP . = N N N N N
o B3 B-107 . : : : . B423
77 N Value : N Value (tP;) B-118
2,285| oo {0 1] TP I RTITEes B R NValuo: ARE SITTIPTER R 2,285
7 7 7

2,280 gH) 2,280

2,275 2,275
8 2,270 2,270
N
D
E
[
0 2,265 2,265
®
>
<@
w

2,260 2,260

2,255 2,255

2,250 2,250

2,245 ] e T 2,245

2,240 2,240

2,235 e 2,235

2,230 : : : : : : : : 2,230

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Distance Along Baseline (ft)
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CLIENT _PRRIP
PROJECT NUMBER _10057849

SUBSURFACE DIAGRAM
Berm No. 6

' Topsoil

USCS Clayey Sand

PROJECT NAME _Cottonwood Ranch BSR
PROJECT LOCATION _Phelps County

USCS Poorly-graded Sand

USCS Low Plasticity Clay USCS CL/sC

"] uscs sprisw [T]]] uscs sit

Distance Along Baseline (ft)

1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
e il il il 6 il B B e i - i
B-119
N Valuew (tP;} B-1 20
2’285 ........... L S NValue. ........ PP et e e e e e e e e et e e ettt 2 ‘285
N Value . |
AT, : B
2,280 Z ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 777/, ARSILLLTIELETTILERTIRE R R RRMREREE 2,280
2,275 2,275
B 2,270 2,270
%)
)
S
[
S 2,265 2,265
©
>
o
I
D,0B0 e § 2,260
2,265+ e e : 2,255
2,250 ; 2,250
2,245 2,245
e 7/ /// """""""""""""""" ey 2,240
% 50/4"%
73 SR PTRS //// /// ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R ST 2,235
: : : : wmé /// :
2.230 : : : : : : : : : : : 2,230
7,000 1,500 2,000 2,500 3,000 3,500 2,000 4,500 5,000 5,500 6,000
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= Topsoil USCS Low Plasticity Clay EIII \L;ﬁr?gillfoorly-graded Sand
USCS Poorly-graded Sand °Z USCS SP/SW USCS Silty Sand
USCS Clayey Sand 7] uscs cusc 7] USCS Poorly-graded Sand

with Clay

||.)2 SUBSURFACS g,r:c';\llzm;n

CLIENT _PRRIP PROJECT NAME _Cottonwood Ranch BSR
PROJECT NUMBER _10057849 PROJECT LOCATION _Phelps County

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

2,290 2,290
B-123 : : : : : : : :
Nve ;e : : : : : : : : B-127 :
2,285| o ] e IR B e B R B § 2,285
0 : : . B-124 :
) T : : N Value PP DH-2 »
1T : ; NValue : alue
2,280| oo £ % SETEIIN % e 2,280
@3 b /
: 7
) : : : g : ERE : : - :

2,275[ e : : : : [ : A : ; : z 2,275
B 2,270 2,270
%)

o)

S

c ' : : : : :

8 2,265| oo ek B B : : : : ; 2,265
© : : : :

>

o

m

2,260 2,260

2,255 : : f [ : : : § 2,256

2,250 o 2,250

2,245[ o oo 0 : ' 2,245

2,240 /z ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2LE 2,240

2,235 é ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ RS IE I S RRESITIEIIE T R RS E P 2,235

2,230 : : : : (79) : : : : : 2,230

500 7,000 7,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Distance Along Baseline (ft)
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SUBSURFACE DIAGRAM

Berm No. 8

' Topsoil VA USCS Low Plasticity Clay USCS Poorly-graded Sand

-] uscs spisw [C]J]] USCS Poorly-graded Sand USCS CL/SC

USCS Clayey Sand

500 1,000 1,500 2,000 2,500 3,000 3,500

Distance Along Baseline (ft)

CLIENT _PRRIP PROJECT NAME _Cottonwood Ranch BSR
PROJECT NUMBER _10057849 PROJECT LOCATION _Phelps County
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
T e S— o e e s Se——— S—— e e S R
B128 . . . . . . . | . . . .
NValue PP B
sl : . BA125
— : B-131 N Value :
2,280| oo 7~~~m ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B-130 : TSR < RIS e 2,280
N Value N . \_y
2 > E
2,275 s R REE LIt ST EEEELLRERLEREREREPRRERE SRR % vo (EERRERRRERRIRLEN PRtk RREERRREERERRE R R RRMREREE 2,275
2,270+ i T UL : 2,270
2,285+ T D 2,265
(2] :
) 5
S : :
c : :
S 2,260 : : 2,260
© : :
> . :
o : 5
w 5 5
2,255 : : 2,255
2,250 i § 2,250
2,245 : : 2,245
2,240 : 2,240
2,235[- e L 7/ Rl L /7% S L SO RIS e % R IR I ISR SR 2,235
2,230f e B b R G B e / 2,230
z z (@) é
2,225 5 5 2,225
0 4,000

4,500 5,000 5,500 6,000
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Cottonwood Ranch

MID-STATE PROJECT: Project #10057849
ENBGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INnE. 200-05-24 5/26M7
F DRILLHOLE NG LOCATION OF DRILLHOLE ELEVATION BATLM TOT,
B-101 As Per Boring Location Plan 22896 200
WATERLEVEL UBSERVATIONS ‘ . TYPEUF BURFAGE T DRELER
WHILE ENDOF rass Mid-Siate Engineering
DRILLING DRILLING HOURS [ DRLTNGMEOD LOGEER
4 Wet Cave 5.3' 3 1/4" Hollow Stem Auger Mitchell Hoback
_ [ SAMRLE ] W' - . pel 1 oBRy |
DEPTH| MO & | ELOWS| REC towaR MY CONS  [SORTYR ‘GECHOBIC DESCRIPTION & MaleT | weleHT | v | oEPTH
Fr. | e b opr | % . {Clasd}: | DTHER REMARKS %: per | 18k | T
Dark Grey Brown| Very Moist Soft cL DEVELOPED ZONE
u-1 100 [Bark Grey Brown|  Very Moist Solt CL | ALLUVIAL TERRACE DEPUSITS 125
Sandy
Grey Brown
(6) Grey Brown Very Moist Loose SC ALLUVIAL DEPOSITS
S8-2 3/313 | 67 Fine Grained w/Some Clay
5 Saturated 5
Light Grey Brown SP Fine Grained
{8)
83 Sl4/4 | 67
{10) Firm
S-4 6/5/5 | 67
10 10
— (11} SPISW
- s 85 7165 | 17 Coarse Grained
_ Medium Grained
— w/Trace Gravel
— (20}
-, 58 |11/8/11| 67
2 =
— Bottom of Hole 20°
— 25 25
—_ap
~ 35 35




BORING LOG

JOB NO. DATE
200-0 5-24 51261 1 7

Very Dark Grey | Very Maolst m- DEVELOPED ZONE

EEE

very Maist A
] .LI

L
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(o)
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(2]
(=]
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h



Cottonwood Ranch
MID-STATE PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5/26117
DAL BOLEND - o LOTATION OF DRl AL E ELEVETION DEIOM TOTAL GEFH |
B8-103 As Per Boring Location Plan 2288.5 35’
RGO WATER [EVEL OBSERVATIONS ) TSR —ORLER
WHILE ENDOF Grass i d-State Engineening
DRILL NG DRILLING HOURS L TRRONGUETHOD [DGGER
11/2 Wet Cave 6' 5" 3 1/4" Hollow Stern Auger Mitchell Hoback
— e 5 . T
BE CaLgR: MOIST cahs.  [SOILTYPS GEOLOGIG OEBCRIPTION & MOEST | WEIGHT | ou | pERTH
NN 438 e 00 Y o B O e L e OTHER REMARES PoF_| 186 | FT
\/ i i Firm EEEEb&E%E EEEE
U-1 100 | VeryDa rey ery Mols Firm CL 00
Saturated Sandy
Gray Brown Saturated Firm SM | ALLUVIAL DEPOSITS
(11 Fine Grained w/Some § t
8.2 5/6/5 | &7 197
5 5
1) Light Grey Brown,
8-3 5/5/6 | 67 Medium Grained w/Some Gravel 147
(10}
0 S-4 4/4/6 | 33 SP Medium to Coarse Grained 11.8 10
— 12)
_ 8.5 775 | 33 Medivm Grained
15 15
_ (26)
— S-6 111019 33 Fine Grained
__20 20
_ (22)
— 8.7 {11012 Medium Grained
__25 25
_ (18)
- 5-8 [14/10/8 Fine Grained
__30 30
— Fine to Medium Grained
_ (22)
- 4 S-9 16!10112| SP/SW{ Medium Grained w/Some Grave! -
5

Bottom of Hole 35'



BORING LOG

JOB NO. » -
200-05-24

[ ORULL: HOLE Ny e s O ALON.OF DI HIR ELEVA RESH>INsY RERSRE RO AR AR

. RLEVELD
END OF
DRILLING &

Wet Cave 7'
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Cottonwood Ranch
PROJECT: Project #10057849

e - ) BORING LOG s -

T DATURS oo [ TOTAL DEPTH:::

DRILLING DRILLING 2

4 1/2' Wet Cave 3.3

1
Very Moist ﬂ

»
n

(5]
(=]

ool

(=]
o



M I D - STAT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |Locaton: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5/26/17
DRI HOLE NG ARRARRRNRRRa TOCATION OF GRILLAGEE ELEVATION CATLIR TOTALDEPTH |
B-106 As Per Boring Location Plan 2284 2 20
; WATEIE L EVEL OBSERVATIONS TYPEOF JURAACE —_DRLLER
WHILE END OF Srass Mid-State Eng neering
DRILL NG DRLLING HOURS 2] LUREGER _
51/2" Wet Cave 4’ 3 1/4” Hollow Stem Auger Mitchell Hoback
I Sl T D osr 1 cons lonteed et F ey
oEPTH| MO & | Sdws | RE cotaR: MOIST toNs  [Son Tyl GEGLOGIT DESCRIPTION & woner | welgHr| ou  |oert
_Fe | s | s ] T I (Ciasd) DTHER REMARKS: % | pcr | Tse | ET
rk Gr: Hgl;{ Flrm MM&M
u-1 100 |_Very Dark Grey DS m 210 958 o7
Silty Sand w/Trace Gravel
Dark Gray Very Moist
(10
5 5-2 6/5/5 | 67
Grey Very Moist Loose SC ALLUVIAL DEPOSITS
(7 Medium Grained w/Trace of Clay
8-3 43/4 | 50 Saturated 72
SP Coarse Grained
{70
0 S-4 6/4/3 | 50 Medium Grained .
Fine to Medium Grained
. {15}
— 55 10/8/7 | 17
15
__ Coarse Grained
— {15)
- S8 6/6/9 | o7
20 2
| — |
_ Bottom of Hola 20°
2 2
30
~ 35 35
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MID-STATE

ENGINEERING &
TESTING, INLC.

Very Dark Grey Vary Maist

Grey Brown

ta nglneerlng
i muqaam

3 1/4" Hollow Stem Auger Mltchell Hoback

ALLUVIAL TERRACE DEPOSITS
Silty Sands

5
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(=]

-
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M I D_STATE Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5124117
[ DRI_HOLE NO S OGATON OF DRILL HGLE ELEVATRIN DATUM e
B-109 s Per Boring Location Plan 2287.0 50'
i i WATER LEVEL OBSERVATIONG ey & o T TYPEOF SURFACE N ~__DRRLLER:
WHILE ENDC Grass Mid-Stale Engineering
DRILLING OR LLING HOURS . DRNG METRD TGGER
5 Wet Cave 8' 8" 3 1/4" Hollow Stermn Auger Mitchell Hoback
_ | BAMPLE | wE g Hmtennin - g o Co T oAy X
PIH| nNp & | BLOWS | RE MDIST CONS.  |SOILTYRE GEQLOGIG DEBCRETION &. MOIST | welgnT} ou | pERTH
TYFE s % . ] fGiess] | OTHERREMARES . .. ... . .. % | PeE 18F 21
| Very Dark Grey | veryMoist | Finm | Mi/SM) DEVELOPED ZONE
u-1 100 55| 1273 | 16
Very Dark Grey | Very Molst Firm SM | ALLUVIAL TERRACE DEPOSITS
Silty Sands
Gray Moist Stiff
{6}
5.2 21214 | 67 CL/SC | Sandy Clay 5
(9) Light Grey Brown Saturated lL.oosa SP ALLUVIAL DEPOSITS
5-3 4/4/5 | 50 Fine Grained
Medium Grained w/Some Grave!
{10}
sS4 5/5/5 | 67 Firm
10 10
— (16} —
- 8-5 7/8i8 | 67 Medium Grained -
—_15 15—
_ Very Loose] SM | Sity Sands B
— (3) _
- 56 3z | e7 13.9 -
___20 Coarse Grained @ 19.5' 20__ |
- SPISW |
l Firm __
_ (16)
- 5-7 6/7/9 | 67 Gravel Seams
__25 25__
—_ {(17)
- S-8 7/9/8 | 67 Medium to Coarse Grained
30 30
_ (26)
- $-9 [OM5M1Y 67 Coarse Gravel
35 35




Cottonwood Ranch
-y
MID-STATE PROJECT: Project #10057849
ENGINEERING & BORI N G LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INnC. 200-05-24 5/24117
CORLLHOLERD. 1 o TOCATION GF DRALL FLEE ELEVATRIN BETOM TOTALGERTH |
B-109 As Per Boring Location Plan 2287.0 50
. WATERLEVEL OBSERVATIONS. b oL TVPE L SURFACE —DRILLER
WHILE END OF rass Mid-State Engineering
DRILUNG DRILLING HOURS  TINLUNGUETHOD OGGER -
5 _ Wet Cave 8' 9" 3 1/4" Hollow Stem Auger Mitchell Hoback
..... T5FE T T 4 - DRy S
DERTH] NG & COLOR: caNg  soH, TYR (REQ GEIGDEBCRETION & MOIST | WEIGHT] QU | DEPTH
e borves | e L j IR OTHER REMARKS BEE 88 ET.
— Light Grey Brown|  Saturated Very Fim| SP ALLUVIAL DEPOSITS
- Coarse Grained
_ Firm SC/SP | Clayey Sands
- Fine to Med um Grained
_ (37)
- S5-10 [1318/19 67
40 40
-_ Light Grey sC Fine Grained w/Calcium Streaks
— (11)
- 511 5/5/6 | 67
45 45
_ SCISP
_ (27) —
_ $-12 [311M1qg 67 Very Firm -
50 50
| .
__ Bottom of Hole 50° _
— 55 55__
~ 60 60__
__65 65__
10 70~
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MID-STATE o vy
PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5124117
F DRALHOLEND. 1 — - EOCATION OF DREL HUEE - ELEVATIOR —_DATOM [
B-111 As Per Boring Location Plan 22855 50'
mmn e WATERELEVEL OBSERVATORS TIPE IF SURFACE Lo —__ DRLLER
WHI END OF Grass Mid-Slate Engineenng
CRILLING HOURS [ AHUNGEETAGD o TOGGER
Wet Cave 4' 3 1/4" Hollow Stem Auger Mitchell Hoback
AL . : : : . o T .
5:§ ‘REC: COLOR: MOIST CONS: E-.sarLTv'pJ BEQLOGICDEBCRIPTION & ot | weanr| ou | peema
foo% ). , .| tClsai OYTHERREMARRS. . . ... . ... .. % | BGF 88 FT
— | VeryDarkGrev| Verymoist | _Sot | cu | DEVELOPED ZONE
- U-1 a7 271 861
— Dark Grey Brown| Very Moist Soft CcL ALLUVIAL TERRACE DEPOSITS
— Sandy
.._ {10) Grey Very Moist Firm SP ALLUVIAL DEPOSITS
- 5 5-2 bisi5 | 67 Fine to Medium Grained 5
__ Saturated
_ {12} Light Grey Brown
_ 83 6/6/6 | 33
— Rusty
_— Loose
- (") Medium Grained
- 5-4 3/4/3 | 50 12.2
__10 10
— Firm
_ (12)
— 8-5 3/5/7 | 50
__15 15
_ Loose Fine to Medum Grained
_ (9)
- 5-6 21514 | 17
— 20 20
—_ Firm Medium Grained w/Some Gravel
_ (27
- 8.7 |8M1215] 50 88
325 25
__. Dense wiLarger Gravel
_ (32)
— S-8 171414 50
__ 30 30
_ (33) Medium Grained
- 5-9 [7/24/24 &7
35 35




M I D - s T AT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BOR'NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 512617
[ DRILLHOLE NG AR RS COLATION OF DRILL HOLE ELEVATION. DATOM TGTA
B-111 As Per Boring Location Plan 22855 50
.............. WATEELIEVEL OBSERVATIONS . o TIPEDH BRILLER
WHILE END OF Gorass Mid-State Engineering
DRILLING DRILLING HOURS [1} LOGGER
41/2' Wet Cave 4' 3 1/4” Hollow Stem Auger Mitchell Hoback
...... SAMPLE Y A fT T . 1 - oRy |
HEFTH| NQ.& | BLOWS!] REC | cteR: MINST CaNs.  JSOILTYRS GEOLOGIG DEBCRETION & MOIST | WeSHT| QU | DEPTH
Er| ovee A e b 1_iChmai OTHER REMARKS poE | otar | FL
. Light Grey Brown|  Saturated Dense |SP/SW| ALLUVIAL DEPOSITS
- Medium Grained w/Gravel
_ Light Grey Fim | SM/SP| Sitty Sand
— (50)
- 8-10 | 5/8/42
__ 40 4
_ Brown & Grey Saturated |Very Densgl CL/SC | WEATHERED OGALLALA
__ Streaks Clayey Sand w/Calcium
— Very Stiff
—_ (33)
- S-11 |9/11716
45 a5
_ Pale Brown Saturated Hard CL/SC | OGALLALA GROUP
_ (91)
- $-12 [R4/40/51
hﬂ 5U—
-_ Bottom of Hole 50°
— 55 55
60 60
65 65
~ 70 70




M I D-STATE Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |Location: Phelps County, Nebraska
JOB NO. DATE
TESTING, INGC. 200-05-24 5126117
DRI HOLE NG, REAERRRRARE - LOGATION OF DRAT ACLE  ELEVAION DATUM TOTAL BEFTH |
B-1 12 As Per Bonng Locatlon Plan 2286.1 35
............ . WATERTEVEL GESERVATRING & TYPEOF SURFACE - DRLLER
WHILE END OF Lrass Mid-State Engineering
DRILLING DRILLING HOURS TR WETHD OGSER
5 Wet Cave 3' 4" 3 1/4" Hollow Stem Auger Mitchell Hoback
U LRAMPLEL N : . R | ©RY )
Bz Na:& i awws REC | caNs SO TYRS BEOLOEIG DEBCRETION & Mosst | weseT] ou | pesTH
b | Tyee ] der ] e N < OTHER REMARKS POF 18E | FT,
ist
U-1 100 ark Grey _Mglﬁew olst S'Qﬁ_o —&—%ﬁﬁﬁﬂﬁmm 207 | 1081 | 0.3
w/Fine Sand
Gray Calcium & Rust Stains
(6)
S-2 4/4/2 | 33 |Light Grey Brown| Very Moist Loose |SC/SW| ALLUVIAL DEPOSITS 149
5 Medium Grained w/Trace of Clay 5
{7 Saturated
§-3 14215 | 17 SP Fine to Medium Grained
(8)
S-4 44315 | 50 Medium Grained
10 10
Firm Fine to Medium Grained
— {18)
- §-5 8/8110| 50
15 15
_ (20)
— $-6 | 4/911| 50 Fine Grained
20 20
— (15)
- 57 6/7/8 | 33
25 25
— Dense Medium Grained
_ (39)
- $-8 [12/16/23 50 Fine Grained
__30 30
_ (38)
_ 89 panM7TI21
35 | 35

Bottom of Hole 35'
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Cottonwood Ranch
MID-STATE PROJECT: Prolect #10057849
ENGINEERING & BORING LOG |Location: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5/24/17
 DRILLHOLENG - [OCATION OF DAL IR E =~ ELEVATRN. DETOM TCOVAL DEFTH |
B-114 2287 4 20
BTN : [ “TYPE LI SURFARE ER
WHILE ~ ENDOF Grass Wid-Siate Engineening
DRILLING DRILLING I LOGGER
51/2' Woet Cave 5.5' 3 1/4” Hollow Stem Auger Mitchell Hoback
...... UBAMPLR | N ) o - aRY o
DEPTH| No:k | Bows | Res | LaLar: GEOLOGIG DESCRIPTION 8 MORST | WEIGHT § G | DERTH
N O = Bl T OTHER REMARKS PoF o | Fr
— | Very Dark Grev | VeryMoist | S ct_| DEVELOPED ZONE
— U-1 67 2l 1.0
_ Gray Brown Moist Soft CL ALLUVIAL TERRACE DEPOSITS
_ SM
_ (3)
- 5 S§-2 1/2/1 | 50 Light Brown Very Moist 141 5
_ (8)
_ S-3 2/3/5 | 50 |Light Grey Brown Saturated Loose SP ALLUVIAL DEPOSITS
— Fine Gravel
— (9)
- 5-4 3/4/5 | 50 Fine to Medium Grained 0
— (6)
- s 8.5 333 0 No Sample
_ Very Firm
_ {31
- S-6 |8/14M17| 50
HZU 2 =
_ Bottom of Hole 20’
25
—_30
~ 35




M I D_STATE Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5126117
DRI, BOLE NGO, RARRRRANNAN [OCATION.OF DAL HEAE . ELEVATION 1. DRTOM | TOTAL BEFTH |
B-115 As Per Boring Location Plan 22835 20
- WAYRLEVELORSERWAIONG. ] IYPEDESURFACE . 3. DHLLER:. . ..
WHILE END OF Grass Mid-Siate Engineenng
BRILLING DRILLING HOURS NG LETD N [OGGER
1 1@'_ Wet Cave 2' 3 1/4" Hollow Stem Auger Mitchell Hoback
..... PSAMPLE | Nkttt . | ' s o ere o
BEPTH] NO:E ) O LOLaR MOIST CONS. SO TYRE GEOLOEIG DESCRIFTIGNA MOIST | WEISHT | QU || DEFTH
(200 O 0 DR A . | _{Clssa] OTHER REMARKS BT T -1 O 1. O 2.
— t Soft -
_ U1 100 [Very Dark Gre _Wg olst__| very Soft &—-ﬁﬁﬁﬁ%ﬁﬁﬂﬁmm— 0.0
— Sandy
_ Dark Grey Saturated _
— Light Grey Brown| Saturated Loose SC ALLUVIAL DEPOSITS
_ {9) Fine Grained —
— 5-2 4/5/4 | 100 _
_5 SPISW| Medium Grained to Coarse 5
_ (11) -
- 8-3 4/5/6 | 100 -
—_ (8) _
- S-4 2/3/5 | 100 -
—_10 10__
— (6) -
- S-5 21313
15 15
- (15)
- . S-6 71817 .
_ZU mﬁ
_ Bottom of Hole 20°
25 25
— 30 30
~ 35




Cottonwood Ranch
MID-STATE PROJECT: Project #10057849

ENGINEERING & BORING LOG LLOCATION: Phelps County, Nebraska
JOB NO, DATE
TESTING, INC. 200-05-24 512817
F ORAL HOLE D BEAREHRINR LOCATION OF DRAT HIEE ELEVATICH CATOM YOTAC DEPTH |
B-116 As Per Boring Location Plan 2281.0 20'
WAYERTEVEL (BSERVATIONS T TYPEOE SUREACE —_THILLE
WHILE ENDOF Grass Mid-State Engineering
DRILL NG DRLLN HOURS BTOLLING ME THCTD IOGEER
21/2 Wet Cave 1" 7" 3 1/4" Hollow Stem Auger Mitchell Hoback
DEPTH| mo & | BLows: | REC | MOIST coNs  |sair GEQLOGIC BESCRIPTION & MOIST | WEIBHT | Qu | DEPTH
LEE | tyee | FT . . | {Grams} OITHER REMARKS % PuE | YoE EY
Vi
U1 100 [Ven Dok e | Ven e St e AL AL ERRA CE DEPGRTTE 125
Dark Grey CUSC
Satyrated Sandy
(8) Light Grey Brown|  Saturated Loose SP ALLUVIAL DEPOSITS
5 S-2 5/5/3 | 100 Medium Grained 5
{5}
S-3 | 21/4 | 100
Firm
{10)
54 8/5/5 1 100
10 10
Loose
— (9)
- S5 4/5/4 | 100
__15
_ Fim | SPiSW
— (12)
-, 5-6 | 6/6/6 | 100 )
2t LN
_ Bottom of Hole 20*
25
3o
— 35 35




M | D - ST AT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5124117
F ORIL HOLEND. oo COUATION OF DREL ACEE i ELEVATION. DAYOM VAL DEFTH |
B-117 As Par Boring Location Plan 2282.5 20’
i WATERLEVEL OBSERVATIONG e . — ‘ TYPELF SURFACE - j DRLLER
WHILE ENDOF Grass Mid State Engineenng
DR_LNG HOURS . T NOMETROD: OGRER
Waet Cave 4.5' 3 1/4" Hollow Stem Auger Mitchell Hoback
- s — : — ; . o T =
sows] e | gLy MIST Cans.  jSoLTYPH GEO ‘GO DESCRIPTION & MoisT | welehT] ou | perTH
i I N e o1 (bial OTHER REVARRS eor § o1se | v
Very Dark Gray Very Moist Soft CL DEVELOPED ZONE
u-1 100 20.5| 1001 | 06
Dark Grey Brown| Very Moist Firm CL ALLUVIAL TERRACE DEPOSITS
Sandy
{7)
§-2 21314 | 67 Grey SM/SP 139
5 Saturated Loosg 5
Grey Brown Saturated Loose SP ALLUVIAL DEPOSITS
8-3 Medium Grained
No Sample
12) Firm SP/SwW
84 4/5/7 | 50 Coarse Grained
10 10
_ {11)
— S-5 5/6/5 | 50 Gravel Seams
_ 15 15
— (26)
-, §-6 |8MiN5| 50 Medium Grained
r‘u ZU-
— Bottom of Hole 2¢°
— 25 25
a0 0
35 35




Cottonwood Ranch
MID-STATE PROJECT: Profect #10057849
ENGINEERING & BORING LOG |Location: Phelps County, Nebraska
JOB NO. |DATE
TESTINLG, INC. 200-05-24 5/24/17
T DRILL HOLE NO [OCATION.OF DAL AGEE T ELEVATION DATOM
B-118 As Per Boring Location Plan 2284.3 20
- WATERLEVEL OBSERVATIONS St T TYPEDRSURFACE — —DRILLER
WHILE ENDOF rass Mid State Engineering
DRILLING DR _LNG R S TRG |33 TOGGER N
) Wet Cave 4 4' Mitchell Hoback
N SAMFLE | & | - aRY T
DEPTH| mNO & | BUOWS | RE COLtOR MOIST | WEGHT] ol | oEpTH
Fr | Tree BT ‘ PoE_§ 18R | FY
u-1 100 ﬁ\aﬁ érav E(rovmq ¥erv Holst Elrm 8E %&Eﬁﬁw 1.5
~Sandy
Grey Brown Very Moist Loose SM | ALLUVIAL DEPOSITS
- Silty Fine Grained Sands
8.2 333 | 67 151 .
4 Saturated |Very Loose] SP Medium - Fined Grained @ 5 1/2'
5-3 322 | 67
Loose |SP/SW| Coarse Grained @ 7'
Trace Gravel, Medium to Coarse Grained
(7)
S-4 3134 | 67
10 10
Firm Coarse Grained w/Some Large
Gravel
— {13)
_ 8-5 5/6/7 | 67
__15 15
— Loose SP
— (5}
-, 56 | 223 | 20 Medium to Fine Grained ,
2 ol
— Bottom of Hole 20'
25 25
— 30 0
~ 35 35




BORING LOG Jo

JOB NO.

"9
DRILLING g TR - :
Wet Cave 5.7 3 1/4" Hollow Stem Auger Mitchell: Hoback
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M l D - s T AT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORIN G LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 512417
CORILAOLEND, ] o T LOCATION OF DAL HDEE ELEVATION BAYOM TOTAL DEPTH |
B-122 As Per Boring Location Plan 2282.3 20
R WATER LEVEL OBSERVATIONS e o - TVPELF SURFACE . DELLER
WHIL END OF rass Mid-Staie Engineenng
DRILLING DRILLING HOURS ‘ THOD. T OGBER
3 Wet Cave 3' 2" 3 1/4" Hollow Stem Auger Mitchell Hoback
.. | SAMPLEY N C L E o | &8y | '
DERTH] NGO | BLOWS:| RE CONS. |80l TYRE GEO OOIGDEBCRIPNIONE MOIST | WERRHT| QU | perTH
Fr, | tyee ] Jpr | T OTHER REMARRS w | ker | 8¢ | b
— L_| DEVELOPED ZONE_
- uU-1 2ol < 279 | B57 | 0.25
— Dary Grey Brownl _Very Moist Elm CL L ALLUVIAL TERRACE DEPOSITS _|
_ Light Grey Brown| _ Very Moist Loose sC ALLUVIAL DEPOSITS
— Fine Grained
_ (9) Saturated
- 5 8-2 37415 | 100 SP Fine to Medium Grained 5
— (13)
- §-3 4176 | 100 Firm Mediuvm Grained
_ Loose |SP/SW
_ - medium to Coarse Grained @ 8'
— 7
— sS4 4/3/4 | 83
__10 w/Some Gravel @ 9 1/2' 10
_ Firm
— (11)
- 45 §-5 4/5/6 | 83 Medium Grained wiTrace Gravel 15
_ (19)
- 5-6 | e/811 Fine to Medium Grained )
Edu ZU_
_ Bottom of Hole 20'
— 25 25
— 30 20
~ 35 35




Cottonwood Ranch
-
MID-STATE PROJECT: Project #10057849
ENGINEERING & BOR'N G LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5125117
DR BOLE NG, TOEATION OF AL ACEE ~ELEVATRIN BATOM TOTAL GERTH |
B-123 As Per Boring Location Plan 2282.2 50"
o WATER IEVEL DBSERVATIONS ‘ T TR SR AL —DRLER.
WHIL ENDOF Grass Mid-State Engineering
DRILLING DRILLING HOURS RRRRRRRRRRRR .| 185 (e 51y (5w e] [Ks] :
3 3 1/4" Hollow Stem Auger Mitchell Hoback
o : S— ——— T
DERTH: 5 | ‘REC COLOR: MOIST cans: .;soli.wipel GEOLOGIS DEBCRIPTIONE MOIST | WEGHT] QU | DEFTH
G % . {Glixtaj GTHER REMARKY _ & | poF | 188 | FY
—_ Very Dark Grey Very Moist Very Soft CL DEVELOPED ZONE
- U-1 100 0.25
— Dark Grey Brown| Very Molst Soft cL ALLUVIAL TERRACE DEPOSITS
_ {(11) Grey Saturated
- S-2 5/6/5 | 67 — —
-5 Grey Saturated Firm SM ALLUVIAL DEPOSITS 5
- Medium Grained
— {13} Light Grey Brown,
- -3 5/5/8 | 67 7.8
- Fine Grained
— sP
— {5)
- 0 sS4 3/3/2 | &7 Loose Medium to Fine Grained 14.0 o
— Firm | SP/SW| Medium Grained
— {12) _
- S-5 6/5it | 67 -
15 15__
— Medium {o Coarse Grained _
- w/Some Gravel _
— (21) =
- 8-6 [19/1111Q 67 -
__ 20 20
— sp _
- Very Fine Sands _
— {12) —_
_ S-7 6/6/6 | 67 -
— 25 25 |
— Medium Grained _
_ (21) =
- 85-8 |11/12/9| &7 —
— 30 30__
_ SP/SW| Medium to Coarse Grained _
— w/Some Large Gravel _
_ (44) _
— S8 MINM73q 67 -
35 35




M l D - STAT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC, 200-05-24 5125117
DRI HOLERG . [ e - Sy LOGATIONOF DRILE AGRE F ELEVATEON BAYOM T TOTALDEDTH |
B-123 As Per Boring Location Plan 2282.2 50
S WOATER LEVEL OBSERVATIONG oo T - - NWPELFSURFACE T R DRELLER.
WHILE END OF (Srass Mid-State Engineering
DRILL NG DR LLING HOURS [ DRNG e i TOGGER
3 3 1/4" Hollow Stem Auger Mitchell Hoback
A i R - ' FEE Coo | oeAy
EPTH | REC | MOIET LONS. SN TV GEQLOGIGDEBCRIFION & MOIST | welgHT| GU | pEFTH
FT. | I R . fGlis] OTHERFEMARRY .. . ... b W | por | g FI
Light Grey Brown| Saturated |Very Densg SP ALLUVIAL DEPOSITS
Medium to Coarse Grained
wiSome Large Gravel
{20} Very Light Grey Very Siiff | CL Clay w/Fine Sand, Laminated
S-10 | 5/8M12| 67
40 4
Firm sSC
(27)
§11 [15M13/14 &7
45 45
Very Densgl SP Fine to Medium Grained
— (51) | &7 .
_ $-12 |i5/22/28 -
50 50
Pi— —
— Bottom of Hole 50' _
55 55__
60 60__
—_65 65__
- 70~
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M I D- ETATE Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |Location: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5125117
F ORREHOLE NO IRERARARS LOCATION OF DRAL HGLE T ELEVATION DATOM TOTAL CEPTH |
B-125 As Per Boring Lacation Plan 22799 44'
. CWAIERLEUEL UBSERVATIINS. ] TYPEDr SURFACE T DRLLER
WHILE END OF Grass Mid-State Engineenng
DRILLING DRILLING HOURS : TR OCCER
4 3 1/4" Hollow Stem Auger Mitchell Hoback
| eAMPLE N ] ' ' ' ' o .| B8y ¥ .
DEPTH| NO:& ]| BlOWS: | REC feallal:} MOIST CaNs.  [sonTveg GEQLOGCIG DEBCRETION & MOIST | WEGHT | GU | DEPTH
e O - O I 1 iblada OTHERREMARKY. . .. .. _ W | BSF & T8F ] FT.
— | VeryDark Grev | VeryMoist | soft L ci | DEVELOPED ZONE
- U-1 100 1.75
_ Dark Grey Very Moist Firm cL ALLUVIAL TERRACE DEPOSITS
- Sandy
_ (11 TTalt Grey Brown|— Very Molst Tirm P ALLUVIAL DEFOSITS |
- 5-2 5/6/5 | 67 Medium Grained
~ 5 Saturated 5
_ (11)
- S5-3 5/5/6 | 67 Fine to Medium Grained
_ (9)
- 0 8-4 5/5/4 | 67 Locse Medium Grained 0
— Firm SP/SW| Medium to Coarse Grained
_ {12) _
_ S-5 6/5/7 | 67 SP 11.6 -
15 15__
_ (29) _
_ S-6 [10M14119 67 Fine Grained -
20 20
— {29) _
- S-7 |4/14/15] 33 -
25 25__
— (21) _
- $-8 |9/10M11] 50 Medium Grained 133 -
30 30__
_ {54) Very Densd SP/SW| Coarse Grained w/Gravel =
- S-9 I‘IBIZSIZE 50 |
a5 35




M I D - STAT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |iLocation: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5/25M7
- DRILAOLE NG COCATION OF DL AOLE ELEVATRON DATUM  TOTACDEPTI |
B-125 As Per Boring Location Plan 22799 44’
WHILE ENDOF Grass Mid-Stale Engineering
DRILLING DR LLING HO R DN LETRID TOGOER
4 3 1/4" Hollow Stem Auger Mitchell Hoback
| SAMFLE | W] ' - EE T Ry |
EFTH| ~No & | BLowS | REC COLOR: MOIST coNs. SO TYR GEO -QEIGDEBCRIPTION & MOIST | WeGHT| QU | pertH
Fr. | Ties FT {Gladaj OTHER REMARKY wor | 1R b OFT
Light Grey Brown] Saturated [VeryDensg SP ALLUVIAL DEPOSITS
Coarse Grained w/Gravel
{41) Light Grey Firm SM/SP | Silty Fine Sand
810 | 3/7/34| 67
40 40
Light Grey Saturated Very Stiff | CL/YSC | WEATHERED OGALLALA
Clayey Sand w/Calcium
(121} Pale Brown Moist Hard SC OGALLALA GRCUP
S-11 p2/47/74 67
p. |
45 Bottom of Hole 44' 45
—_50
—_ 55
__&0 &0
— 65 65
~ 70
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M I D_STATE Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORIN G LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5125117
RN, | TOTATION OF DREL ALEE BLEVATEOR TRION
B-128 As Par Boring Location Plan 2282.0 20'
o WAYERIEVELORSERVATRWS . TR —__DERER
WHILE END OF (5rass Mid-State Engineering
DRILLING DRILLING HOURS THOD: EUGGER
4 etCave3'7" 3 1/4" Hollow Stem Auger Mitchell Hoback
| SAMPLE N . _ N o | PRY 1
DEPTH| NG & ] BLOWS] REC COLoR: MOIST CONS.  JSOILTYRE GEOLOGIC DESCRIPTIING MOIST | WEIBHT | ouU | DEFTH
S P s - O £ i A . . | ibisa GTHER REMARKS Pk | otae | FY
— | VeryDarkGrev] vVeryMolst | Fiom | CL | DEVELOPEDZONE |
— u-1 50 175
_ Dark Gray Very Moist Firm CL ALLUVIAL TERRACE DEPOSITS
- Sandy
_ (8)
-, s-2 | 3/a5 | 100 Grey Salurated 5
:_- Light Grey Brown|  Saturated Firm SP ALLUVIAL DEPOSITS
— (16} Fine to Medium Grained
- S-3 4/8/8 | 100 Heavy Rust Layer at 6 1/2
—_ Slight Rust Below It
_ Coarse Sand w/Some Gravel @ §'
—_ (6)
- 54 3/3/3 | 100 Loose Fine Sand @ 9 1/2' 0
_ {6)
- 5-5 31214 | 100
15 15
— (11) Firm | SP/SW
- S-6 7/6/5 w/Some Large Gravel
Lz 20
. Bottom of Hole 20°
— 25 25
30 30
~ a5 35




Cottonwood Ranch
L}
MID-STATE PROJECT: Project #10057849
ENGINEERING & BORI NG LOG LOCATION: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5125117
 DRILLCHOLE NG . . - LOCATION OF DRAT HOLE ELEVATION DATUM TOTAL DEPTH |
B-129 As Per Boring Location Plan 22801 50
St oo VAATER LEVEL UBGERVATONS. IR S TYPE OF SURNAGE DRLLER —
Wi END OF rass Mid-Stale Engineening
DRILLING HO RS ‘ TOGGER
3 1/4" Hollow Stem Auger Mitchell Hoback
=TT . T S Lin AN . . Y
i REC | caLar. coNS  |SOILTYFE GEO OGH DEBCRPION G MOIT | WelGHT{ QU | DEFTH
| o] (G e OTHER REMARKS PGE 188 FT
D
U-1 100 [Dark Grey Brown ¥erv Ho'sl éoﬁ SE %M
Sandy
Grey
{11) Light Grey Brown| Very Moist Firm SP ALLUVIAL DEPOSITS
5.2 6/5/6 | &7 Medium Grained
5 Iron and Rust at 4 1/2' 5
{9) Saturated Loose |SP/SW
5-3 6/3/6 | 67 Medium to Coarse Grained
wiSome Gravel
{11} Firm
S-4 4/6/5 | 67 SP
10 10
— {12) —_
- s 8-5 5/4/8 | 67 w/Trace Large Gravel 1.9 -
_ {14) _
_ 56 6717 | 67 Medium Grained -
— 20 20—
— (13) _
_ S.7 8/7f6 | S0 Fine Grained —
—_ 25 25__
— (20) —
_ S-8 |8/14116] 33 Fine to Medium Grained 133 -
_ a0 30__
__ Dense __
- (37) _
- 89 [H4/M7/20 -
a3 | 35




MID-STATE Cotionwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |viocarion: Phelps County, Nebraska
JO8 NO. DATE
TESTING, INC. 200-05-24 5126117
DRI HOLE NG, EOCATION.OF DRAL AGEE : ECEVRTRIN. DATOI TOTAL DETTH |
B-129 As Per Boring Location Plan 2280.1 50
——— WATER LEVEL ORSERVATORS ; TVPEDF SURFACE — - DRILER
WHILE ENDO (Grass Mid-5late Engineering
DRILLING CR__ING HO R [ DR RETRD [OGGER -
5 3 1/4" Hollow Stem Auger Mitchell Hoback
.| SAMPLE : N ] ' i e BRY | -
DEPTH| MO & | BLOWS | REC COLOR: MOIST Cahs. |80 Tveg GEOLOGIS DEBCRIFTION & MoIST | WelGHT | out | peFTH
__Fr. | Twe ET {Clista) OTHER HEMARKS PeE | rmr { FT
Light Grey Brown|  Saturated Dense |SP/SW| ALLUVIAL DEPOSITS
Medium Grained w/Gravel
(2) Pale Brown Very Loose| SC/CL | Sandy Clay
810 | 1M1 wiCalcium
40 40
Light Brown Saturated Dense sC WEATHERED OGALLALA
Sandy Clay w/Calcium
{45)
811 R4N7/28
45 45
— {52)
_ §-12 [16/24/28 Pale Brown SC/CL
50 50
| —
_ Bottom of Hole 50
55 55
) 60
— 65 65
-_70 70
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BORING LOG o

JOB NO.
200-05-24

L L-HOLE NG : LOCATION OF [oPRL, AOEE T e ELEVATRIN e i DATUM:: iz F-TOTAL DEPTH: -

EELEEN z

Dark Grey Brown| Very Moist
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MID-STATE

ENGINEERING &

TESTING, INC.

B Y OB
DRILLING BRILLING B5H OR hE TH
- Track Excavator Scott Barnett

Ll OTHER REMARKE por )T
DEVELOPED ZONE 8°
| IS . CL

Light Brown

Saturated




M I D - ETAT E Cottonwood Ranch
PROJECT: Project #10057849
ENGINEERING & BORING LOG |LocaTion: Phelps County, Nebraska
JOB NO. DATE
TESTING, INC. 200-05-24 5124117
| ORILLHOLENO - LOCATION OF DL ALEE ELEVATION GATL TOYAL DEPTH |
TP-2 As Per Test Pit Location Plan 2283 657 312
N WATER LEVEL UBSERVATIONS. i — 1YPE OF BURFAGE DRILER
WHILE ENDOD Grass / Weeds Cook Construction
DRILLING DR_LING H g [¢]s] T
2' Track Excavator Scolt Barmett
SAMPLE ] W ' o . . EI o . nRY '
EFTH| NQ & || etOws | RE COLOR CoNS  [SDu TvR GEOLDGI DESCRIPTION & MO 8T { WEIGHT | ou { DEPT
Fe | tvee | sr {Closs) | DTHER REMARNS % { pcr | TSF | eT
DEVELOPED ZONE §"
I M%ii; Firm CL j
1q rown ery Moist ean Clays
SP Clean Fine Sands
No Gravel
Saturated
- -~
Bottom of Hole 3 1/2'
5 5




MID-STATE

ENGINEERING

S

PROJECT:

Cottonwood Ranch
Project #10057849

BORING LOG |Location:

Phelps County, Nebraska

JOB NO. DATE
TESTING, INC. 200-05-24 5124117
TOCATION OF DRAL HOLE ELEVATION DATLIM TOTAL OEPTH |
As Per Boring Location Plan 2293.06 312
: ; T ‘ TYPE. S j ‘ DRULER
END OF (arass / Weeds Cook Construction
DRILLING HOURS ! LOGCER
Track Excavator Scott Bamett
LEy M " _ . ' ' | BRY ¢
{ siows: | e | COLOR: MOIST CONS  |SOWL TYPE GEDLOGIC DESCRIPEIONZ MOIST [ WEGHT | TV |:BEPTH
1 dem | o | . {Class): OTHER REMARKS: % b por | TS ET
DEVELOPED ZONE 6"
Dark Grey Moist Firm o]
Dark Grey Moist Firm CL
Grey Very Moist Firm sC
Saturated
.
Bottom of Hole 3 1/2°




Cottonwood Ranch

MID-STATE PROJECT: Project #10057849
ENGINEERING & BOR'N G LOG LOCATION: Phelps County, Nebraska
JOB NO, DATE
TESTING, INC. 200-05-24 5124117
ORI HOLERD. ] RERRIRNNN - COEATION OF DAL ACEE ELEVATION GATL Er
TP-4 As Per Test Pit Location Plan 2289 307 4
R -DESERV? S TYPE. DRIELER ‘
WHILE END OF Grass / Weeads Cook Construction
ORILLING DRILLING HOURS i [41s] LOHGGER
K) Track Excavator Scolt Barnett
.......... | SAMBLE . PEI . oRY .
BEPTH| . CoiLOR: MOIST CONS  |SOHL TYR! GEOLIGIC DESGRIPTION & MO T §WEIGHT| ou |DEPFTH
I e O - -0 R X . jCiass) | DTHER REMARHS PCF TSF | FET
__ DEVELOPED ZONE 6"
_ Dark Grey Moist Firm cL Heavy Roots, w/30% Sands
_ Brown Increasing Sand w/Depth
— Aii Fine Sand Uniform
_ Light Brown SC Approximately 50 - 60 » Fine Sand
__ Very Moist
= saluated e ——
-_ Bottom of Hole 4
_5 5




Cottonwood Ranch
M | D . S TAT E PROJECT:

Project #10057849

ENGINEERING & BORING LOG LI | = . .

JOB NO.

YP - ot Y, B :f
rass / Wweeds 0ok Construction

R !!:‘ g'l B s l;gﬁg;

Track Excavator Scott Bamstt

Dark Grey DEVELOPED ZONE 5"
Trace to 15% Sands

Approximately 50% Fine Sands

Clayey Sands
Increasing Sands w/Depth
Approximately 30% Fines

-t
[=]
—
[ =]

15

-
h




MID-STATE c-o I
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Cottonwood Ranch
PROJECT: Project #10057849

BORING LOG D -
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July 25, 2017

BOART
@ LONGYEAR

Kevin Christensen

Mid-State Engineering & Testing, INC.
11 East 11" Street

Kearney, NE 68847

308-237-0187

kearny@ midstateengineering.com

Mr. Christensen,

Attached is the calibration resuits from the test conducted on August 25, 2016 in Katy
Woroclawskie, Poland. This test shows the hammer efficiency in the lower ieft corner to be at
61%, along with the correlative data taken from the test.

Also attached are the documents from an original efficiency test from March 27, 2002
conducted in Dayton, Nevada.

Sincerely,

lon Peterson

Customer Service Representative
2455 S 3500w

West Valley City, UT 84119

jon.peterson@boartlongyear.com



BOART
(7

LONGYEAR

SPT Hammer Energy Test Report
in accordance with BSEN 150 22476-3:2005

Boart Longyear Poland SPT Hammer Ref: LS250.2016.117
Popieiuszki 30 . Test Date: 25/08/2016
55-080 Katy Wroclawskie Report Date: 26/08/2016
File Name: LS250,17.spt
Test Operator: BEATA
Instrumented Rod Data SPT Hammer Information
Diameter d; {mm): 67 Hammer Mass m (kg): 63.5

Wall Thickness t, (mm): 7.6

Assumed Modulus E; (GPa): 208

Accelerometer No.1; 10332
Accelerometer No.2: 10333
Forcae
200-
150 | -
100 - g _—
z
3 W
0 y'\-’q V.
0 1 2 3 4 5 68 7
Timo {ma)

Accelaration

4 5

.....
oo

Time {ms)

Calculations
Area of Rod A (mm2):

1418

Theoretical Energy Eypo (1): 473

Measured Energy E...  (3):

287

Energy Ratio E , (%):

61

Faliing Height h {mm): 760
SPT String Length L. {m): 14.5

Comments / Location
Katy Wroclawskle, Poland

Veloclty

1.54—HK-a

0 1 2 3 4 5 8 7 & 9 10

Time {ms)
Displacament
0 —\
-1 B\
€ 2
_3.._ -
s
4 e SN
£ ‘\\ .

0 1 2 3 4 § 6 7 8 9 10
Tima {(ma)

Signed: Beata Surmiak
Title:  Mechanical Engineer

SPTMAN ver.2.00 All rights reserved, Testconsult €2010



January 14, 2005

Mr. Pat Muncy

Boart Longyear

2340 West 1700 South
Slat Lake City, Utah 84104

Re:  Standard Penetration Test Energy Measurements
Boart Longyear Automatic SPT Hammer
Dayton, Nevada GRL Job No. 022013

Dear Mr. Muncy:

This repori presents energy transfer measurements and calculations made on March 27, 2002
during Standard Penetration Tests (SPT) at a site near Dayton, Nevada, Dynamic tests were
performed on an AWJ drill rod advanced by a Boat Longyear automatic SPT hammer. Goble
Rausche Likins and Associates, Inc. (GRL) obtained the dynamic measurements with an
instrumenled AWJ subsection and a Mode! PAK Pile Driving Analyzer®

Dritling and SPT Hammer Equlpment

SPT energy measurements were made during nine sampling events in one soi borehole. The
Boart Longyear automatic SPT hammer was mounted on a CME 75 drill rig.

instrumentation

A madel PAK Pile Driving Analyzer was used to coliect and process the dynamic measurements
of strain and acceleration. A two foot long section of AWJ rod {sub-section) was instrumented
with two full bridge fail resistance straln gages and two accelerometers mounted approximately
one ft from each end.

Analog signals from the strain gages and accelerometers were conditioned, digitized, stored
and processed with a model PAK Pile Driving Analyzer® (PDA). Selected output from the PDA
for each recorded impact included the maximum calculated rod top force, maximum rod top
velocity, energy transfer by lwo methods and the hammer operating rate. Appendix A provides
an introduction to dynamic pile testing methads.



Boart Longyear - SPT Hammer Energy January 14, 2005
GRL Job No. 022013
Page 2

Force and velocity records collected by the PDA were viewed on a graphlc LCD screen during
sampling to evaluate data quality.

Measurements and Calculations

The primary purpose of GRL's testing was the measurement of energy transfer from the Boart
Longyear automatic SPT hammer to the AW drill rod. The PDA measurements of rod force
and velocity were reviewed in the office after field testing, corrected or adjusied as necessary,
and then replayed to calculate two transferred energy results: EMX and EF2

Energy transfer past the gage location, EMX, was computed by the PDA using force and
velocity records as follows:;

EMX ~= ~ INT FROM a TO b ~F~(t)~v~(t)~dt

The time "a" corresponds to the start of the recard which is when the energy transfer begins and
"b"is the time at which energy transferred to the rod reaches a maximum value

In addition to the EMX energy calculation, we computed a value for energy transfer, EF2, using
only force measurements as follows:

EF2 ~= ~c OVER EA ~ INT FROM a TO w ~[F~(t)] SUP 2 ~dt

where E, A and ¢ are the Young's Modulus of Eiasticity, cross-sectional area, and compression
stress wave speed of the rod, respectively. Integration begins at time "a", which is equal to the
time of impact, and ends at cut-off time, “w", which is at the first occurrence of a zero force after
impact. According to ASTM D 4633-86, the cut-off time must be compared with time 2L/c,
where L is the distance between the measurement location and the end of the sampler, If"w" is
less than 0.8*2L/c or greater than 1.2*2L/c, the EF2 result may not be used to evaluate energy.
In practice, the time of zero force may fall outside these limits due to the effects of rod cross-
sectional changes, connector conditions, end conditions, rod length, and other factors. No dala
was removed from the data sets because of the time of first zero force

According to the explred ASTM D4633-86 standard, the Force-Squared energy computation
(EF2) may be multiplied by three correction factors to obtaln the desired energy result, The first
two factors are a funclion of the rod length and the distance between the impact surface and the
force measurement location, and are greater than or equal to unity. The third factor, K, is
simply the ratio of the actual cutoff time, w, to the theoretical cut-off time, 2l/c. No correction
factors were applied to the results.

Any cross-seclional area difierence between the GRL sub-sectlon and the AWJ drill rod, and
any loose connections or changes in area al sectlon joints, will result In stress wave reflections
that can affect the calculation of energy transfer. The EF2 method, using only the force record,
does not correctly calculate transferred energy in these situations. Fortunately the EMX
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transferred energy calculation method, utilizing boih force and velocity records, is theoretically
correct and the energy resuits are not adverseiy afiected by cross-sectional area changes or
loose connectors.

The transferred energy caicuiations by the EMX method hoid theoretically in these cases
when the EF2 method does not, and is therefore considered a more accurate and reliable
representation of energy transfer from the SPT hammer. The EF2 results are not included
in the Summary of Field Results (Table 1), but are included in the FDA output in Appendix B.

Results

Table 1 summarizes the average calculated iransferred energies for the reliable and
theoretically correct EMX method. The results presentad are the average rod top values for the
PDA data coilected for each sampiing event. The records averaged are all acceptable data for
the sampling event with any poor quality data {very little} and the first few hammer blows
removed. Transfer efficiency Is defined as the calculated transferred energy divided by the
theoretical harmmer potential energy of 350 ib-fi, for the 140 Ib SPT hammer falling 2.5 ft. The
average auto hammer operating rate is reported in blows-per-minute {bpm). Also included are
the average maximum rod top force and velocity.

Figure 1 is a graphical presentation of the calculated energy transfer efficiency as a function of
hammer operating rate.

A general introduction to dynamic pile testing methods is included in this report as Appendix A
References for more detailed descriptions of our testing and analysis methods are available
upon request.

Appendix B contains printed plots and tables of PDA results for all acceptable quality hammer
blows. The plots and tables present selecied measured and calculated results as a function of
biow number. The results include EMX (transferred energy by the EMX method), ETR (energy
transfer efficiency for the EMX method), EF2 (transferred energy by the EF2 method), FMX
(maximum rod top force), VMX (maximum rod top veloclty) and BPM (hammer operating rate).
At the end of each tabie is a statistical evaiuation of the results for each variable that includes
the average, standard deviation and sample size. Sampie PDA records of measured force and
velocity versus time are presented in Appendix C.

Conclusions and Recommendations

1) One Boart Longyear automatic SPT hammer was monitored during nine sampling
events (5 1o 50 ft) in one baring location on March 27, 2002. The average EMX energy
transfer efficiency for the nine testing events was 69%, with a range from 64% to 72%.
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1) The subsurface conditions were described as sand and gravel. The penetration
resistance was high with reported blow counts ranging from 61 blows for 18 inches to 58
blows for 6 inches.

1) The average hammer operating rate ranged from 30.1 bpm to 40.8 bpm, with an overall
average rate of 38.1 bpm. The energy transfer efficiency appears to be directly related
to the hammer operating rale; at 30.7 bpm the average transfer efficiency was 64%
while at an operating rate of 40.8 bpm the average transfer efficlency was 70%. Figure
1 presents a plot of energy transfer efficiency as a function of hammer operaling rate for
the nine testing events monitored

1) To adjust SPT N values for SPT hammer performance and variation, the Schmertman
correction for N value adjustment to 60% transfer efficiency is:

Ney = (22/60) Nim
where; Ngo = the corrected N vaiuve

em = the EFV energy transfer efficiency
Npn = the measured SPT N value

it was a pieasure to work with Pat Muncy on this interesting project. Piease do not hesitate to
contact us if you have any questions about this report.

Sincereiy,

GOBLE RAUSCHE LIKINS
AND ASSOCIATES, INC.

Jay Berger



Platte River Recovery Implementation Program | Cottonwood Ranch Broad-Scale Recharge Project
Final Report of Geotechnical Investigation and Design

Appendix B

Laboratory Test Results




Sy 78 SZ-2/l 52 Z-S
ds | 20 Zeh oL-z/L 8 )
0 | voz | €2 | 22 | s 8/ | 660 | 108 | v6OL | Lie Z-ab -n_ | 18
£6E | dN | oN | aN ¥ S-2L¢E ZS | oLg
WS 6k 0Z -2/t 81 9-S
WS | 8r | € |9 |6L] ¢S oL | oy | ¥2€0 I £vEL | GG Z-2lb I-n | 6018
WS | Zze Z¢Ch L-2 6 €S
WS | S6c aN g1l S-2/h € Z-S
dN [ oN [ 6F KA Z-2/h I-n_ | 808
O | 999 |2z | 6L | 8¢ Z8 | 2v90 | €201 | ezt | L6}k Z-2lb N | 2019
ds £l ZL 1-2/L5 =
WS | vov [ ¥ | 6L |2 | 2F | 20 |G |85.0 | 856 | 6GLL | O'te Z-2h -n | gor-a
LN SpeIS) - 53| Uoisiadsi( O | 9ve | Lt | St |9z G be 2- 2L I-n_ | 6.8
ds 62 gLl 0L-2/L 8 =
WS | LSt IR L-2/L 6 )
WS | 2€¢ | dN | N | 6l L6} S-2/LE ZS | soig
ds 8c 16 0L-2/1 8 7S
38 | 22v | 2b | 2L CGEL VZL Z-2lb -n | zoig
m.._..__.z_._ B0
oyIgHI LY O3NIINODNN ALISN
110212219 aiva $Z-60-002 “ON 80P
678.5001# 198l0.d

8jE2G-PEOIg UOUEY POOMUDHOD)

193rodd



£C §€E) 0E - 2/} 8E S

e gLl 5-S
LON 8peis) - 1$8) uolsiadsi(] 13 Ll | £ | 62 A Al L-N Gel-d
0s Gee | 9L | ¥L | ¥2 §GlL AR AL k-nN ¥2l-8

ds g5 QlL-2/1 8 )
WS dN | dN | dN 8. L-2/ S ¢S £2l-g
12 ¢es | EL | €L | 62 8. | 9960 | L'SB | 9G0L | ©.l¢C ¢ -2l -N Zcl-g
12 €S | SL | 2L | L2 Sy L0 | L. |vI60 | 088 | 60LL | 092 ¢ -2l -N ici-8
N L¢S | dN dN £sl ¢ -2l k-N gil-d
WS 9L | dN dN 1'GlL S-2ZflLE ¢S 8Ll-g

dS/IAS | #¥8 | dN | N | dN BEL S-2ZflLE ¢S
10 £€€S | €L | 91 | 62 €S 90 18 | €89°0 | L'00L | L02L | SO ¢ -2l -N -9
WS 20r | dN Ll L'yl S-¢ilE ¢S gll-d
ds e A QL -2/ 8 7S £LL-g

MSIOS | 96 671 S-¢ilE ¢S
0s 06E | 2l | 6 . . 00l [ 6550 | L'80L | #¥0EL | 20T < -2/ 1= AN

SLWN .
DHIEHILLY Q3NIINOONN Relio]) ALISN3A
Z1L02(LT19 I1va
eyselqeN ‘Aiunog sdiayg NOILYDO'] ONILS3L STIOS
6¢826001# 109l0.d 40 AYYININNS

8{E05-pEOLg YOUEY POOMUONOD 193roYd



¢ jo £ afed

Js eEve | OL | ¥L | ¥2 L | SP80 | €16 | L'LLL L AAA AALY N (4 B =
12 £o 8L | 91 | ¢€ 'S g0 €9 | e00°L | L'¥ye | L'20L £eT -l N ocl-g
ds o¢ £l DE-2/1 82 8-S
ds ol 6Ll OL-2/L e S 6ct-a
LON Spelg - 159 uoissadsig 12 Z2c | 8L | O < -l N 8zl-a
NS dN | dN | dN L'6L G-elLe (2]
10 tl L | ¥2 8y L0 g8 | 0650 | 0'S0L | L'SCL o'gL W@ - Cll LN gzi-g9
SINNOD X Ad | T Keviens] Gsuno | ta | &) {15d) {rady Ya (gt ON  JONZIOH
‘BHEvWIY MO [F8SYIS s1wn NOISSTHAWOD |.AvS | OUEYY: | AHG | 13/ LINSINODY HidID-I1dWvsS | 37dwvs | TG
. _ | 1d8 o OY3IFYILLY g3NIINOONN | | Qlon ALISN3Q AN
LL02/L2/9 Alvag ¥e-50-002 ON gor "ON| ‘aIN L83 L
eyselqap ‘Ajunon) sdigyd NOLLYDO0T ONILS3L STN0S Y SNIN3I3INIENT
678500 1# 109l01d 40 AYVINANS
9|e2S-pPEDJY YDUBY POOMUON0Y) 133roNd d1lv.Li m -l z




o Cottonwood Ranch Broad-Scale
MID-STATE Project: Project #10057849
ENGINEERING & TESTING Location: Phelps County, Nebraska
11 EAST 1 1TH ST. KEARNEY, NE Job No.  200-05-24|Date: 6/29/2017
CONSOLIDATION TEST
Drill Hole # B-107 Sample # U-1 Sample Depth Interval 1/2-2'
Sample Description Very Dark Grey Sandy Lean Clay
Initial Water Content (%) 19.7 Dry Unit Weight {pcf) 102.3 Initial Saturation (%) 82.2
Final Water Content (%) 17.3 Specific Gravity {Assumed) 2.70
Liquid Limit 38 Plastic Limit 18 Plasticity Index 22 Classification CL
Vertical Pressure (tsf)
0.1 1.0 10.0 100.0
1.000
0.900
0.800
O
A
T 0.700
(1
o
&)
>
0.600
0.500

0.400




. Cottonwood Ranch Broad-Scale
MID-STATE Project: Project #10057849
ENGINEERING & TESTING Location: Phelps County, Nebraska
11 EAST 11TH ST. KEARNEY, NE Job No. 200-05-24|Date: 6/27/2017
CONSOLIDATION TEST
Drill Hole # B-111 Sample # U-1 Sample Depth Interval 1/2-2

Sample Description

Dark Grey Brown Sandy Lean Clay

Initial Water Content (%) 27.1
Final Water Content (%) 28.0

Liquid Limit 45 Plastic Limit 22

Dry Unit Weight (pcf) 86.1
Specific Gravity (Assumed) 2.70

Plasticity Index 23

Initial Saturation (%) 76.3

Classification CL

Vertical Pressure (isf)

0.1 1.0
1.000

0.900

0.800

0.700

Void Ratio (e)

0.600

0.500

0.400

10.0 100.0




: . Cottonwood Ranch Broad-Scale
M | d 'State Project Project #10057849

0.400

Engineering & Testing Location: Phelps County, Nebraska
11 East 11th St. Kearney, NE Job No. 200-05-24 |Date: 6/23/2017
CONSOLIDATION TEST
Drill Hole # B-122 Sample # U-1 Sample Depth Interval 1/2-2'
Sample Description Dark Grey Brown Sandy Lean Clay
Initial Water Content (%) 279 Dry Unit Weight (pcf) 85.7 Initial Saturation (%) 78.0
Final Water Content (%) 26.7 Specific Gravity (Assumed) 2.70
Liquid Limit 26 Plastic Limit 13 Plasticity index 13 Classification CL
Vertical Pressure (tsf)
. 1.0 10.0 100.0
1.000
0.900
0.800
O
2
T 0.700
o
o
<]
=
0.600
0.500




Cottonwood Ranch Broad-Scale

MID-STATE Project: Project #10057849
ENGINEERING & TESTING Location: Phelps County, Nebraska
11 EAST 11TH ST. KEARNEY, NE Job No.  200-05-24|Date: 71312017
CONSOLIDATION TEST

Drill Hole # B-131 Sample # U-1 Sample Depth Interval 1/2-2'

Sample Description Dark Grey Brown Clayey Sand

Initial Water Content (%) 22.4 Dry Unit Weight {pcf) 91.3 Initial Saturation (%) 71.3
Final Water Content (%) 21.9 Specific Gravity (Assumed) 2.70
Liquid Limit 24 Plastic Limit 14 Plasticity Index 10 Classification sC

Vertical Pressure (isf)
0.1 1.0 10.0 100.0

1.000

0.900

0.800

0.700

Void Ratio (e)

0.600

0.500

0.400




Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Ranch Broad-Scale Project #10057848 Location: Phelps County, Nebraske
{M.s. Project #: 200-05-24 Tested By: Don Bemett [Date: | er20r2017
Sample id: B-102, U-1 (1/2- 2 Sample Description: | Dark Grey Claysy Sand

Wet Masas: (g) 181.80  |Dispersing Agent 5g, HMP iS.G. Corr. Fector: 0.099 P-200 Dry W1. (g) 841

Dry Mass, (g) 177.30  |Suoil Mass, (Air Dry), (9) 50,0 |Moisl. Corr, Feclor: 0.9671 P-200 Tara W1, (g) 58.2

Tare: (g) 45.10 Hydrometer Method 152H I Hygro. M.C.: {%) 34 Passing #200 (%) 42,30

t{min) Temp. (F) | Temp.(C) Hydrom. Hydrom. R'e w P L SQRT{LM) k Grain Size

C. Fecl. Resding, R (g) (%) {em) {mm)

Hydrometer Remerks: 1000 Gradetion Remarks: 19,00
100.0 12.70

100.0 2.51

97.9 4.78

247 2.00
80.0 0.8410
85.4 0.5040
74.0 0.2970
54.5 0.1500
42.30 0.0740
1 740 233 2.8 21.0 18.0 48.4 3r.zo 0.9 3147 01412 0.0444
2 740 233 2.8 200 17.0 48.4 35.15 1.1 2.353 01412 0.0332
3 74.0 233 28 19.0 18.0 48.4 REAR 1.9 1.994 01412 0.0282
4 74.0 233 28 18.5 15.5 48.4 32.08 12,5 1.766 01412 0.024%
5 73.5 231 28 18.0 14.9 48.4 30.84 127 1.504 01412 0.0225
10 735 231 28 17.0 13.9 48.4 28.80 135 1.182 01412 0.0184
15 73.5 2241 28 16.5 134 48.4 2137 13.8 0.950 01412 0.0135
30 74.0 233 2.8 16.0 13.0 48.4 26.96 14,0 0.682 01402 0.0096
80 74.0 233 28 18.0 13.0 48.4 2898 14.3 0.488 01387 0.0068
120 73.0 22.8 3.0 15.5 123 48.4 25.51 14,4 0.347 01363 0.0047
240 730 228 3.0 15.0 11.8 48.4 24.48 147 0.247 01344 0.0033
480 73.0 228 ao 14.0 10.8 48.4 22,44 14.8 0,176 01353 0.0024
1440 72,0 222 a3 13.0 0.8 48.4 10.96 15.0 0.102 01328 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc.

11 East 11th St.
Kearney, Nebraska 68847

Hydrometer Analysls

ASTM D-422

Grain Size in millimeters

Project: I Cotlonwood Ranch Broad-Scaia Project #10057849 |Location: Phelps County, Nabraska
[m.s. Project #: 200-05-24 Tested By: Don Bamett |pate: | erz0r2017
Sampis Id: B-103,5-2(3 1/2-5Y) Sample Description: I Light Grey Brown Fine Grained Sand
Wet Mass: ig) 12160 |Disparsing Agent 59, HMP  [S.G. Corr. Factor: 0.99 P-200 Dry Wt {g) 546
Dry Mass, {g) 12070 |Saii Mass, (Alr Dry). (9) 500  |wmoist. Corr. Factor: 0.0882 P-200 Tare Wt. (g) 289
Tara: (g} 45.10 I Hydromatar Method 152H l Hygro. M.C.: (%) 1.2 Passing #200 (%) 23,70
t {min} Temp, (F) | Temp. (C} Hydrom, Hydrom, R"a w P L SQRT(LY) k Grain Size
C.Fact. | Reading, R (9) (%} {cm) {mm}
Hydromatar Remarks: 1000 Gradation Ramarks: 18.00
100.0 12.70
1600 8.51
89.6 4,76
98.7 200
B8.3 0.8410
94.0 0.5940
B2.1 0.2070
B1.7 0.1500
23,70 0.0740
1 70.0 211 a7 10.5 88 49.4 13.67 9.8 3.147 01412 0.0444
2 70.0 211 a7 8.5 58 49.4 11.67 1.1 2.353 01412 0.0332
3 70.0 211 7 8.5 48 49.4 B.67 1.9 1.904 01412 0.0282
4 71.0 2.7 a5 8.0 4.5 49.4 8.08 12.5 1.766 01412 0.0248
5 71.0 217 a5 8.0 4.5 49.4 8.09 127 1.594 01412 0.0225
10 71.0 217 a5 8.0 45 48.4 8.09 135 1.162 01412 0.0164
15 71.0 217 as 8.0 4.5 40.4 8.09 138 0.959 01412 0.0135
30 715 2198 3.4 7.5 4.1 49.4 8.30 14.0 0.882 .01402 0.0098
80 7.5 219 3.4 7.5 4.1 49.4 8.30 14.3 0.488 01387 0.0068
120 72.0 22.2 3.3 7.0 a7 494 7.61 14.4 0.247 .01383 0.0047
240 72.0 222 3.3 7.0 A7 49.4 7.5 14.7 0.247 01344 0.0032
480 73.0 228 30 6.5 34 49.4 6.93 148 0.176 .01353 0.0024
1440 76.0 24.4 24 55 3 40.4 6.20 15.0 0.102 01326 0.0014
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cotionwood Ranch Broad-Scale Project #10057849 Location: Phelps County, Nebraska
Im.5. Project #: 200-05-24 Tested By: Con Bernatt {pate: | erz0r2017
Sample id: B-104, U-1 (1/2- 2) |Sample Description: I Dark Gray Brown Sandy Lean Clay
Wet Mass: (g) 185.50 ll:llsperslng Agent 5g, HMP fs.G. Corr. Fector: 0.99 P-200 Ory W1. (g) 43.6
Dry Mass, (g) 170.40  |Soil Mass, (Air Dry}, (q) 50.0 |Moisl. Corr, Fector; 0.9562 P-200 Tara Wt. (g) 26.7
Tera: (g) 46.20 Hydrometer Method 152H | Hygro.M.C.. (%) 48 Passing #200 (%) 64.65
1 (min) Temp. (F) | Temp.({C) Hydrom. Hydrom. R*a w P L SQRT(LY) k Graln Size
C. Fact. Reeding, R [(+)] (%) {crn) {mm)
Hydrometer Remarks: 1000 Gradetion Remarks: 19.00
100.0 12.70
100.0 9.51
100.0 478
99.8 2,00
94.5 0.8410
97.4 0.5940
92.2 0.2970
79.7 0.1500
64.65 0.0740
1 71.0 21.7 35 205 16.9 47.8 35.28 99 3.147 01412 0.0444
2 7.0 21.7 35 20,0 16.4 47.8 34.24 111 2353 01412 0.0332
3 71.0 21.7 35 19.0 154 47.8 3217 1.9 1.984 01412 0.0282
4 71.0 21.7 as 18.5 14.9 47.8 31.13 125 1.766 01412 0.0249
5 71.5 21.9 3.4 18.0 14.5 47.8 30.32 127 1.594 01412 0.0225
10 72.0 222 3.3 17.0 13.6 47.8 28.47 135 1.482 01412 0.0164
15 72.0 222 33 18.0 128 47.8 26.40 138 0.959 01412 0.0135
a0 71.0 21.7 35 14.0 10.4 47.8 21.82 14.0 0.682 .01402 0.0086
G0 72.0 222 33 13.0 9.6 47.8 20.18 14.3 0.488 .01387 0.0068
120 72.0 222 33 120 8.7 47.8 18.11 14.4 0.347 01363 0.0047
240 73.0 22.8 3.0 11.0 7.9 47.8 18.48 147 0.247 01344 0.0033
480 73.0 228 3.0 10.5 7.4 47.8 15.44 14.8 0.178 01353 0.0024
1440 78.0 24,4 24 a5 7.0 47.8 1469 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
IPmiecl: I Cottonwood Ranch Broed-Scala Project #10057849 Locatlon: Pheips County, Nebraske
[M.s. Project #: 200-05-24 Tested By: Don Bamett |oate: | erzor017
Sampla id: B-108, U-1 {1/2 - 2} Sample Description: ] Dark Gray Clayey Sand
Wet Mess: (g} 162.50 |Dispersing Agent 5g, HMP |S.G. Corr. Fector: 0.99 P-200 Dry Wt. {g) 52.2
Dry Mass, (g} 162.30  [Soii Mass, (Alr Dry), (g} 50.0 IMoist. Corr. Factor: 0.9430 P-200 Tare Wt. {9} 288
Tare: {g) 43.10 Hydrometer Mathod 152H I Hygro. M.C.: (%) 6.0 Passling #200 (%) 46.13
t {min} Temp. {F} | Temp. (C) Hydrom. Hydrom. R"a w P L SQRTI{LM)} k Graln Slze
C. Fect. Reeding, R {o} (%) {em) {mm}
Hydrometer Remarks: 100.0 Gradatlon Remarks: 19.00
100.0 12.70
100.0 8.51
100.0 4.76
99.8 2,00
985 0.8410
97.4 0.5940
922 0.2970
79.7 0.1500
46.13 0.0740
1 71.0 217 35 18.0 14.4 47.2 30.52 2.9 3.147 01412 0.0444
2 71.0 217 35 17.0 13.4 472 28.42 11.1 2.353 01412 0.0332
3 71.0 217 3.5 18.0 12.4 472 26,32 1.9 1.994 01412 0.0282
4 71.0 2.7 35 135 8.9 47.2 21.07 12.5 1.766 01412 0.0248
5 71.0 217 35 13.0 6.4 47.2 20,02 12.7 1.504 01412 0.0225
10 71.0 21.7 3.5 12.5 8.9 47.2 18.87 13.5 1.162 012 0.0164
15 71.5 21.9 3.4 120 8.8 47.2 18.14 13.8 0.958 01412 0.0135
30 720 222 3.3 11.5 82 47.2 17.32 14.0 0.882 01402 0.0086
60 71.5 21.9 34 11.5 8.1 47.2 17.0¢ 14.3 0.488 01387 0.0068
120 73.0 22.8 o 11.0 7.9 47.2 18.71 14.4 0.347 01383 0.0047
240 73.0 22.8 o 10.5 7.4 47.2 15.68 14.7 0.247 01344 0.0033
480 73.0 22.8 3.0 10.0 6.9 47.2 14.61 14.8 0.176 .01353 0.0024
1440 76.0 24.4 2.4 9.0 65 47.2 13.84 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cattonwood Ranch Broad-Scale Projact #10057849 Location: Phelps County, Nabraska
M.5. Projact #: 200-05-24 Tested By: Mltchall Hoback |oata: | er29rz017
Sample Id; B-107, U1 {112 - 2) Sampie Descriptlon; I Very Dark Grey Sandy Lean Clay
Waet Mass: (g) 323 Disparsing Agant 50. HMP |S.G. Corr. Faclor: 0.89 P-200 Dry WL. {g) 28.9
Dry Mass, (g) 3061 Soll Mess, {Alr Dry), (g) 850 |Mois|. Corr. Factor: 0.9672 P-200 Tare WL. (g} 78
Tare: {g) 121 Hydrometar Method 152H I Hygro. M.C.. (%) 34 Passling #200 (%) 69.60
t{min) Tamp. {F) | Temp.{C) Hydrom, Hydrom. Re w P L SQRT(LM) k Graln Size
C. Fact. Reading. R {g) {%) {cm) {mm)
Hydromatar Remarks: 100.0 Gradetion Remarks: 19.00
100.0 1270
100.0 9.51
100.0 4,78
0a.9 2.00
00.6 0.9410
974 0.5940
£0.8 0.2970
79.7 0.1500
98.60 0.0740
1 77.0 250 4.2 355 o 62.9 49.32 9.9 3.147 01412 0.0444
2 77.0 25.0 4.2 29.5 251 62.9 39.97 1.1 2.353 01412 0.0332
3 77.0 25.0 4.2 26.0 216 929 34.38 11.9 1.994 01412 0.0292
4 77.0 25.0 4.2 25.0 206 62.9 3278 12.5 1.768 01412 0.0249
5 77.0 25.0 4.2 240 10.8 62.9 n 12.7 1.594 01412 0.0225
10 77.0 25.0 4.2 225 8.1 62.9 28.95 135 1.162 01412 0.0164
15 76.5 247 42 215 171 62.9 27.18 138 0.950 01412 0.0135
30 76.5 4.7 4.2 200 15.6 62.9 24.90 14.0 0.692 01402 0.0088
60 76.0 24.4 4.3 10.5 15.0 62.9 230 14.3 0.498 .01387 0.0098
120 76.5 247 4.2 18.0 13.6 62.9 21.65 14.4 0.347 01393 0.0047
240 78.0 244 4.3 17.5 134 62.9 20.76 14.7 0.247 01344 0.0033
480 75.0 239 4.5 17.0 124 62.9 19.78 14.8 0.176 .01353 0.0024
1440 74.5 236 4.5 16.0 11.4 62.9 18.08 15.0 0.102 .01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Ranch Broad-Scale Project #10057849 Location: Phalps County, Nabraska
|m.s. Project #: 200-05-24 Tested By: Don Bamett |pate: | sr2112017
lSample id: B-108, U-1 {1/2- 2" Sample Dascription: I Very Dark Grey Silty Sand
Wet Mass: (g} 238.90 IDispersIng Agent 59, HMP |S.G. Corr. Factor: 0.99 P-200 Dry Wt. (9) 705
Dry Mass, (g) 233.80  sail Mass, (Air Dry), () 50.0  |Moist. Corr. Fector: 0.9745 P-200 Tare Wt. {g) 39.0
Tara: (g} 4290 |  Hydromater Method 152 | Hyoro. MC.: (%) 26 Passing #200 (%) 35,35
t {min} Temp. (F) | Temp. (C}) Hydrom. Hydrom. Ra W P L SQRT(L!) k Grain Size
C. Fact. Raading, R {g} (%) {cm) {mm}
Hydrometer Ramarks: 100.0 Gradation Remarks: 19.00
100.0 12.70
100.0 8.51
99.8 4,76
89.7 200
99.2 0.8410
88.0 0.5940
87.3 0.2970
§7.5 0.1500
3535 0.0740
1 74.0 23.3 2.8 120 8.1 48,7 18.83 9.9 3.147 01412 0.0444
2 74.0 23.3 2.8 11.0 8.1 48.7 16.60 1.1 2353 01412 0.0332
3 74.0 23.3 2.8 10.5 7.8 48.7 15.58 11.8 1.684 01412 0.02682
4 74.0 23.3 2.8 10.0 71 48.7 14.57 12.5 1.766 01412 0.0248
5 74.0 23.3 2.8 8.5 6.6 a8.7 13.55 127 1.504 01412 0.0225
10 74.0 233 2.8 8.5 6.8 48,7 13.55 13.5 1.162 01412 0.0164
15 740 233 28 8.0 6.1 48,7 12.54 138 0.959 01412 0.0135
30 74.0 233 28 8.0 6.1 48,7 12.54 14.0 0.682 01402 0.0088
60 74.0 233 28 8.5 58 48.7 11.52 14.3 0.488 01387 0.0068
120 74.0 23.3 28 8.0 51 48,7 10.50 14.4 0.347 01363 0.0047
240 75.0 239 28 7.0 4.3 48.7 8.90 14.7 0.247 01344 0.0033
480 740 233 28 8.5 38 48,7 7.48 14.8 0.176 013563 0.0024
1440 75.0 239 26 6.0 33 48.7 6.87 15.0 0.102 01326 0.0014
GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottonwood Rench Broad-Scale Project #10057840 Location: Phelps County, Nabraska
M.S. Project #: 200-05-24 Tasted By: Don Bamett |Data: | 672017
Sample Id: B-108,5-2{31/2-5) |Sampte Dascription: | Grey Brown Slity Sand
Wat Mass: (g) 139.00 |Disparsing Agent 5g, HMP |s.G. Com. Faclor: 0.99 P-200 Dry Wt. {9) 61.8
Dry Mass, {g) 138.10  |Soli Maess, (Air Dry), {9) 50.0 IMoIst. Corr. Factor: 0.9914 P-200 Tare Wt. (g) 26.8
Tare: (9) 33.80 Hydromatar Method 1524 I Hygro. M.C.: (%) 09 Passing #200 (%) 29.40
t{min) Tamp. (F) | Temp. (C) Hydrom. Hydrom, R's w P L SQRT{L) k Graln Size
C. Fact, Raading, R (3) (%) {cm) {mm)
Hydromater Ramarks: 1000 Gradation Remarks: 18.00
1000 12,70
100.0 9.51
69.4 4.76
98.4 2.00
86.2 0.8410
94.2 0.5340
as.1 0.2970
61.1 0.1500
20 40 0.0740
1 71.0 21.7 35 1.0 7.5 49.6 15.05 9.9 3.147 01412 0.0444
2 71.0 21.7 35 8.0 55 49.6 11.06 111 2353 01412 0.0332
3 71.0 217 35 7.5 4.0 49.8 a.08 11.9 1.894 01412 0.0282
4 71.0 217 35 7.0 a5 49.8 7.08 125 1.768 01412 0.0249
5 71.0 217 3.5 7.0 35 4906 7.06 12.7 1.584 01412 0.0225
10 71.0 21.7 3.5 6.5 30 49.8 6.06 135 1.182 01412 0.0164
15 71.0 21.7 35 6.5 30 49.8 8.08 138 0.959 01412 0.0135
30 71.0 1.7 35 6.0 25 49.6 5.06 14.0 0.682 01402 0.0096
80 72.0 22,2 33 55 22 49.8 4.49 14.3 0.488 01387 0.0068
120 73.0 228 3.0 50 1.8 48.8 3| 14.4 0.347 101363 0.0047
240 73.0 228 3.0 50 1.8 40.6 3N 147 D.247 01344 0.0033
480 73.0 228 3.0 4.5 1.4 490.6 29 14.8 0.176 01353 0.0024
1440 74.0 233 28 4.0 1.2 49.6 234 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottorwood Ranch Broad-Scale Project #10057849 Location: Phelps County, Nebraska
[M.5. Project #: 200-05-24 Tested By: Don Bamett [Date: | 62172017
Sample Id: B-108, U-1 {1/2 - 2} Sample Description: I Very Dark Grey
Wet Mass: (g) 273.70 |D|sperslng Agent 5g, HMP [S.G. Corr. Fector; 098 P-200 Dry Wt. (g) 64.2
Dry Mass, {0} 264,80  |Soil Mass, {Alr Dry), {(g) 50.0 |Molst. Corr. Factor: 0.9609 P-200 Tere W1. {(9) 391
Tare: (g} 48.10 Hydrometer Method 152H | Hygro.M.C: (%) a4 Passing #200 (%) 4776
t {min} Temp. {F) Tamp. {C) Hydrom. Hydrom. R'e w P L SART{LN) k Graln Size
C. Fect. Reading, R {g) {%) {cm) {mm)
Hydrometar Remerks: 100.0 Gradetion Remerks: 19.00
100.0 12.70
100.0 8.51
100.0 4.76
989 2.00
985 0.8410
28.7 0.5840
84.0 0.2870
78.5 0.1500
47.78 0.0740
1 74.0 233 28 14.5 11.6 48.0 24.05 8.9 3.147 01412 0.0444
2 74.0 233 28 13.0 10.1 48.0 20.96 11.4 2353 01412 0.0332
3 74.0 233 28 120 9.1 48.0 18.80 18 1.884 01412 0.0282
4 74.0 233 28 11.5 8.6 48.0 17.87 125 1.768 01412 0.0240
5 74.0 233 28 .0 8.1 48.0 16.84 127 1.594 01412 0.0225
10 74.0 23.3 28 10.0 71 48.0 14.77 135 1.162 01412 0.0164
15 74.0 23.3 2.8 10.0 7.1 48.0 1477 138 0.950 01412 0.0135
30 74.0 233 2.8 8.0 6.1 48.0 1271 140 0.682 01402 0.0098
60 74.0 233 28 8.5 56 48.0 11.88 143 0.488 01387 0.0068
120 74.0 233 28 7.5 46 48.0 8.62 14.4 0.347 .01383 0.0047
240 75.0 239 28 7.0 4.3 48.0 8.03 147 0.247 01344 0.0033
480 740 233 28 8.5 a8 48.0 7.56 14.8 0.176 01353 0.0024
1440 76.0 24.4 24 6.0 X 48.0 7.40 150 0.102 .01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Rench Broad-Scale Project #10057849 Location: Pheips County, Nebraska
M.S. Project #: 200-05-24 Tested By: Don Bamett [oate: | srerr2017
Sample id: B-110,8-2(31/2-5) |Sample Description: I Grey Slity Sand
Wet Mass: (g) 116.20 |Dispersing Agent 5g, HMP |S.G. Corr. Factor: 0.89 P-200 Bry Wi. (g) 57.2
Bry Mass, (g) 11560  |Soii Mass, (Alr Dry), (g) 50.0 |Moist. Com. Factor: 0.9916 P-200 Tare Wt. (g) 271
Tare: (g) 44.90 Hydrometar Mathod 152H | Hygro. M.C.: (%) 0.6 Pessling #200 (%) 39.29
t {min) Temp. (F}) | Temp. (C) Hydrom. Hydrom. R*a w P L SQRT(LM) k Grain Slze
C.Fact | Raading, R {9) {%) {cm) {mm)
Hydrometer Remarks: 100.0 Gradation Ramarks: 18.00
100.0 12.70
1000 9.51
100.0 4,76
89.9 2.00
ga.7 0.6410
ga.8 0.5940
97.3 0.2970
83.8 0.1500
38.28 0.0740
1 70.0 21.1 a7 10.0 6.3 49.6 12.63 8.9 3.147 01412 0.0444
2 70.0 21.1 a7 8.0 4.3 49.6 883 1.1 2353 01412 0.0332
3 70.0 21.1 a7 7.0 3.3 49.6 8.84 11.9 1.994 .01412 D.0262
4 70.0 211 37 8.5 2.6 49.6 5.64 125 1.766 01412 0.0248
5 70.0 211 a7 8.0 2.3 48.6 4.64 127 1.594 01412 0.0225
10 70.0 2141 a7 8.0 2.3 48.6 4.64 135 1.162 01412 0.0184
15 71.0 217 35 6.0 2.5 48.6 506 13.6 0.959 01412 0.0135
30 7.0 217 35 6.0 2.5 49.6 5.06 14.0 0.662 .01402 0.0066
60 72.0 222 33 5.5 2.2 49.6 4.49 14.3 0.488 .01387 0.0086
120 73.0 228 3.0 50 19 49.6 3.91 14.4 0.347 01363 0.0047
240 73.0 228 30 5.0 1.9 49.6 N 14.7 0.247 01344 0.0033
460 73.0 228 o 4.5 1.4 48.6 2.0 14.6 0.178 01353 0.0024
1440 74.0 233 26 40 1.2 48.6 234 15.0 0.102 01326 00014
GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottonwood Ranch Broad-Scale Project #10057848 Location: Pheips County, Naebraska
Im.5. Project #: 200-05-24 Tasted By: Mitchell Haback [oate: | sr2sr2017
Sampla id: B-111,U-1 (1/2- 2) Sample Description; I Derk Gray Brown Sendy Lean Clay
Wet Mass: (g} 38,24 IDisperslng Agent 5g, HMP |S.G. Corr. Fector: 0.99 £-200 Dry W1. (g) 26,1
Dry Mass, {g) 38.47 |Soli Mass, {Air Dry), {g) 65.0 IMnisl. Corr. Fector: 0.9687 P-200 Tere Wt. (g} 7.5
Taere: {g) 17.02 —[ Hydrometar Method 152H I Hygro. M.C.: (%) 34 Pessing #200 (%) 70.40
t (min) Temp. {F} | Temp.(C) Hydrom. Hydrom. R"a w p L SQRT{L/L) k Grain Size
C.Fect. | Reeding, R {g) {%} {cm) {mm}
ﬂHydromelar Ramerks: 100.0 Gradetlon Remarks: 19.00
100.0 12.70
100.0 9.51
9.9 4,76
80.6 2.00
0881 0.8410
6.6 0.5840
88.1 0.2970
78.4 0.1500
70.40 0.0740
1 77.0 250 42 350 305 62.8 48.58 8.9 3.147 .01412 0.0444
2 77.0 25,0 4.2 305 26.1 62.8 41.47 11 2353 01412 0.0332
3 77.0 25,0 4.2 280 238 62.8 37.53 1.9 1.804 01412 0.0282
4 77.0 25.0 4.2 27.0 228 828 3595 12.5 1.766 01412 0.0249
5 77.0 25.0 4.2 26.0 21.6 62.8 3438 127 1.594 01412 0.0225
10 77.0 25.0 4.2 230 18.6 62.8 29.65 13.5 1.162 01412 0.0164
15 77.0 25.0 4.2 220 17.8 62.8 28.07 138 0.959 01442 0.0135
30 77.0 25.0 4.2 20.0 15.7 828 24,92 14.0 0.682 .01402 0.0066
60 770 25.0 4.2 18.5 14.2 62.8 22.56 14.3 0.488 .01387 0.0068
120 77.0 25.0 4.2 17.0 127 828 20.20 14.4 0.347 01383 0.0047
240 76.5 24.7 4.2 16.5 121 828 19.30 147 0.247 01344 0.0033
480 76.0 24.4 4.3 16.0 1.6 62.8 18.41 14.8 0.176 01353 0.0024
1440 75.0 23.8 4.5 14.5 9.9 62.8 15.83 15.0 0.102 01326 0.0014
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Rench Broad-Scala Project #10057849 Locatlon: Phalps County, Nebraska
M.S. Projact # 200-05-24 Testad By: Don Bamett [pate: | s212017
Sample 14: B-112,U-1{1/2 -2} Sampla Dascription: | Qerk Gray Clayey Sand
Wet Mass: {g) 184.20 |Dlsperslng Agent 5g, HMP |S.G. Corr. Factor: 0.09 P-200 Dry WL (g} 98.4
Dry Mess, {g) 160.60  |Soll Mass, {Alr Dry}), (g} 50.0 IMoisl. Corr. Fector: 08721 P-200 Tere Wt. (g} 389
Tare: {g) 35.20 Hydrometer Method 1524 | Hygro. M.C.: (%) 29 Passing #200 (%) 39.10
t {min} Temp. (F} | Temp.{C} Hydrom. Hydrom. R*e w P L SQRT({LM) k Graln Size
C. Fact. Reeding, R (g} (%} {cm}) {mm)
JHydrometer Remarks: 100.0 Gradation Remarks: 19.00
100.0 12.70
100.0 9.51
99.6 4.78
99.6 200
5.9 0.8410
2.5 0.5940
76.0 0.2970
51.1 0.1500
39.10 0.0740
1 74.0 233 29 19.0 15.0 489 30.80 9.9 3.147 01412 0.0444
2 740 233 29 150 12.0 489 24.79 111 2,353 01412 0.0332
3 740 233 29 14.0 1.1 49.6 22,75 1.0 1.994 01412 {.0282
4 74.0 233 28 13.5 10.8 499 21.73 125 1,766 01412 0.0249
5 740 233 2.8 13.5 10.6 499 21.73 127 1.594 01412 0.0225
10 74.0 233 28 13.0 104 496 20,72 13.5 1.192 01412 0.0164
15 74.0 23.3 28 125 8.9 49.6 19.70 13.9 0.959 01412 0.0135
30 740 23.3 28 105 7.6 49.8 1592 14.0 0.692 01402 0.0096
60 74.0 233 29 10.0 71 49.6 14.60 14.3 0.498 .01387 0.0089
120 740 233 29 10.0 71 49.6 14.60 14.4 0.347 01363 0.0047
240 750 23.9 29 9.5 59 49.6 11.98 14.7 0.247 01344 0.0033
490 740 233 29 9.0 5.1 49.6 10.53 14.9 0.178 01353 0.0024
1440 75.0 239 2.6 7.5 49 49.6 0.94 15.0 0.102 01326 00014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc.

11 East 11th St.

Kearney, Nebraska 68847

Hydrometer Analysis
ASTM D-422

Grain Size in millimeters

Project: I Cottonwood Ranch Broad-Scale Project #10057049 Location: Phelps County, Nebraske
[m.s. Project #: 200-05-24 Testad By: Don Bamett [Date: | e27i2017
Sample Id: B-114,8-2{3 1/2- 5 {Semple Descriplion: l Light Brown Slity Sand
Wet Mass: (g) 172.00 |Dispersing Agent 5g, HMP |S.G. Corr. Fector: 0.99 P-200 Dry W1, (g) 56.2
Dry Mass, (9) 168.70  |Soli Mess, {Air Dry), {g) 50.0 Molst. Corr, Factor 0.9922 P-200 Tere W1. (g) 271
Tere: {g) 42.80 Hydrometer Mathod 152H Hygro, M.C.: (%) 1.0 Passing #200 (%) 40.75
t {min) Temp. {F) | Temp. (C) Hydrom, Hydrom. R*e w P L SQRT(L) k Graln Size
C. Fect. Reading, R {g) (%) {cm) {mirm)
Hydrameatlar Ramarks: 100.0 Gradation Remerks: 19.00
100.0 12,70
100.0 8.51
106.0 4,78
99.7 2,08
097 0.8410
979 0.5840
91.2 0.2970
99.2 0.1500
40.75 0.0740
1 70.0 211 a7 15.0 11.2 49.1 22.83 2.9 3.147 01412 0.0444
2 T70.0 211 a7 125 9.7 49.1 17.79 1.1 2,353 01412 0.0332
3 70.0 211 iz 11.0 7.3 491 14.76 1.9 1.994 01412 0.0292
4 700 211 a7 105 2.9 491 13.79 12.5 1.768 01412 0.0249
5 700 211 37 105 2.9 49.1 13.76 12.7 1.594 01412 0.0225
10 70,0 211 ar 10.0 6.3 49.1 12.75 13.5 1.162 01412 0.0164
15 70.0 211 a7 10.0 8.3 48.1 12.75 13.8 0.959 01412 0.0135
20 71.0 1.7 as 8.5 9.0 49.1 1217 14.0 0.992 01402 0.0008
60 71.0 2.7 35 8.5 5.0 49,1 10.15 14.3 0.488 01387 0.0068
120 720 222 33 8.0 4.7 491 857 14.4 0.347 .01393 0.0047
240 730 229 3.0 7.5 4.4 491 9.99 14.7 0.247 .01344 0.0033
480 73.0 229 30 7.0 38 491 7.08 14.9 0.176 .01353 0.0024
1440 740 233 29 6.5 3.6 49.1 7.40 15.0 0.102 01326 0.0014
GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottonwood Ranch Broad-Scale Project #10057849 Location; Phalps County, Nebraska
IM.S. Project # 200-05-24 Testad By: Mitcheii Hoback iDeie: I B/20/2017
Semple id: B-117, U1 (1/2-2) Sampie Description: I Derk Gray Sandy Lean Clay
Wet Mass: (g) 31.04 |Dlsperslng Agent 5g, HMP IS.G. Corr. Fector: 0.99 P-200 Dry Wt. (g) 37.3
Dry Mass, {g) 30.77 Scil Mass, {Alr Dry), (g} 65.0 |Moisl. Corr. Factor: 0.9801 P-200 Tere WL {g) 7.8
Tere: {g) 17.48 Hydrometar Mathod 152H I Hygro. M.C.: (%) 20 Passing #200 (%) 53.38
t (min) Temp. {(F) | Temp.(C) Hydrom. Hydrom. R*e w P L SQRT(LM) k Grain Size
C. Fact. Reading, R {g) {%) {cm) {mm)
Hydrometer Remarks: 100.0 Gradation Remarks: 18.00
100.0 12.70
100.0 9.51
89.7 4.78
9.1 2,00
7.4 0.8410
895.7 0.5940
88.9 0.2970
70.8 0.1500
53.38 0.0740
1 76.5 247 4.2 11.5 7.2 63.7 11.27 2.9 3.147 01412 0.0444
2 76.5 247 4.2 11.0 8.7 837 10.49 1.1 2.353 01412 0.0332
3 78.5 247 4.2 10.5 6.2 63.7 9.71 11.9 1.994 01412 0.0282
4 76.5 24.7 4.2 10.0 57 63.7 8.94 125 1.788 01412 0.0249
5 76.5 247 4.2 10.0 57 83.7 8.94 127 1.5684 01412 0.0225
10 78.5 247 4.2 10.0 57 683.7 8.94 135 1.162 01412 0.0164
15 76.5 247 4.2 8.5 52 63.7 8.16 13.8 0.958 01412 0.0135
30 75.5 24.2 44 0.0 4.8 63.7 7.7 14.0 0.882 01402 0.0086
60 75.0 239 45 8.0 45 63.7 7.07 14.3 0.488 01387 0.0068
120 75.5 242 4.4 8.0 46 63.7 7.17 14.4 0.347 01383 0.0047
250 75.0 239 4.5 80 45 83.7 7.07 14.7 0.242 01344 0.0033
480 75.5 242 4.4 85 41 83.7 6.40 14.8 0.176 01353 0.0024
1440 74.5 2286 4.5 85 38 63.7 6.19 15.0 0.102 01326 0.0014

GRAIN S1ZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottonwood Ranch Broad-Scale Project #10057849 Location: Phelps County, Nebraska
[m.s. Project #: 200-05-24 Tested By: Mitchell Hoback |pata: | erzz017
Sampla Id: B-117,5-2{3 1/2 - §} |Sample Description; I Gray Brown Medlum Grainad Sand
Wat Mass: (g) 28.74  [Disparsing Agent 5g, HMP |S.G. Corr. Factor: 099 P-200 Dry WL (g} 1126
Dry Mass, (g) 28.72 5oll Mass, (Air Dry), (g) 115.0 IMolst. Corr, Facior: 0.9982 P-200 Tare WL. (g) T4
Tere: (g) 17.45 Hydrometar Method 152H I Hygro. M.C.: (%) 0.2 Passing #200 (%) 8.38
t {min) Temp. (F) | Temp. (C) Hydrom, Hydrom, R'e w P L SQRT(LM) k Graln Size

C.Fect. | Reading, R (9) (%) {cm) {mm)

JHydromater Ramarks: 100.0 Gradation Remarks: 19.00
100.0 12.70

99.3 .51

845 4.76

78.1 2.00
50.1 0.8410
40.8 0.5840
3.8 0.20970
17.5 0.1500
8.38 0.0740
1 76.5 247 4.2 11.5 7.2 114.8 8.25 9.9 3.147 01412 0.0444
2 76.8 247 4.2 11.0 6.7 114.8 5.82 111 2.353 01412 0.0332
3 78.5 247 4.2 10.5 8.2 114.8 539 1.8 1.994 01412 0.0282
4 76.5 24.7 4.2 10.0 57 114.8 4.98 12.5 1.768 01412 00249
5 76.5 24.7 4.2 10.0 57 114.8 4,96 12.7 1.584 01412 00225
10 78.5 24.7 42 10.0 57 114.8 4.96 13.5 1.162 01412 0.0164
15 78.5 4.7 4.2 9.5 52 114.8 4.53 138 0,958 01412 0.0135
30 75.5 24.2 4.4 9.0 4.6 114.8 3.98 14.0 0.682 01402 0.0096
€0 75.0 239 45 9.0 45 114.8 392 14.3 0.488 01387 0.0068
120 75.5 24.2 44 9.0 46 114.8 398 14.4 0.347 01383 0.0047
250 75.0 239 45 9.0 45 114.8 392 14.7 0.242 01344 0.0033
480 755 24.2 4.4 8.5 4.1 114.8 355 14.8 0.176 01353 0.0024
1440 745 236 45 as 39 1148 343 150 0.102 01328 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Ranch Broad-Scale Project #10057849 Locatlon: Phelps County, Nabraska
[M.5. Project #: 200-05-24 Tested By: Mitchell Hoback |Data: | er2212017
|Sample Id: B-116,5-2{31/2-5) |Sample Dascription: I Gray Brown Fine Gralned Sand
Wet Mass: {g) 2572 IDIsperslng Agent 5g, HMP Is.G. Corr. Factor: 0.89 P-200 Dry W1. {g) 1036
Dry Mass, (g} 25,70 ISoIl Mass, {Air Dry), {g) 115.0 IMoIst. Corr. Factor: 09986 P-200 Tere Wt. (g) 7.5
Tara: (g} 11.58 ] Hydromater Mathod 152H | Hygro. M.C.: (%) 01 Passing #200 (%) 16.14
t {min) Temp, {F) Temp. (C) Hydrom, Hydrom, R"a w P L SQRT(L/t) k Graln Siza
C. Fact, Reeding, R {a) {%) {cm) {mm}
Hydromater Ramarks: 1000 Gradatlon Remarks: 18.00
1000 12.70
1000 9.51
89.0 4.76
97.8 2,00
g92.2 0.6410
66.7 0.5940
ar.6 0.2970
435 0.1500
16.14 0.0740
1 78.0 244 43 8.5 4.1 114.6 381 29 3147 01412 0.0444
2 78.0 244 43 8.0 36 114.6 318 1.1 2353 01412 0.0332
3 76.0 24.4 43 6.0 a6 114.6 318 1.9 1.694 01412 0.0262
4 76.0 244 43 6.0 X} 114,68 318 12.5 1.786 01412 0.0248
8 76.0 24.4 4.3 6.0 a6 114.6 318 12.7 1.594 01412 0.0225
10 76.0 244 4.3 6.0 36 114.8 3.18 13.5 1.162 01412 00164
15 76.0 244 4.3 8.0 36 114.6 318 13.6 0.859 01412 00135
30 78.0 24.4 4.3 6.0 6 114,86 318 14.0 0.862 01402 0.0006
860 76.0 24.4 43 75 3.2 114,68 2.74 14.3 0.468 01387 0.0066
120 75.0 236 45 7.0 2.5 114.6 2.20 14.4 0.347 01363 0.0047
250 750 238 45 7.0 2.5 114.6 220 14.7 0.242 01244 00033
460 745 238 4.5 6.5 20 114.8 1.71 14.8 0.176 01353 0.0024
1440 74.0 233 4.6 6.0 1.4 114.6 1.22 15.0 0.102 01326 00014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysls

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Cottonwood Ranch Broad-Scale Project #10057640 [Location: Pheips County, Nabraska
[M.s. Project #: 200-05-24 Tested By: Mitcheli Hoback |oata: | er22r2017
Sampie id: B-119, U-1 {(1/2 - 2 Sample Description: I Dark Grey Brown Sandy Lean Clay
Wet Mass: (g) 2430 IDlsperslng Agent 5g, HMP |S.G. Conr. Factor: 0.89 P-200 Dry WL. (9} 381
Dry Mass, (g) 24,16 |Soil Mass, (Alr Dry), (g) 65.0 IMoIst. Corr. Factor: 0.9900 P-200 Tare Wt. (g) 7.7
Tara: (g) 1227 | Hydrometar Mathad 152H I Hygro. M.C.: (%) 1.0 Passing #200 (%) 52.76
t {min) Tamp. (F} | Tamp. (C} Hydrom. Hydrom. Ra w P [ SQRT(LA) k Graln Size
C.Fact. | Raading, R {9} (%) {cm) (mm)
Hydromater Remarks: 1000 Gradatlon Ramarks: 19.00
100.0 12.70
100.0 .51
1000 4.76
09.9 2.00
9.4 0.6410
96.9 0.5040
926 0.2970
728 0.1500
52,76 0.0740
1 76.5 247 42 24.5 20.0 64.4 3115 89 3.147 01412 0.0444
2 76.5 247 42 19.5 151 G4.4 23.46 1.1 2353 01412 0.0332
3 76.5 247 42 17.0 12.6 64.4 19.62 1.8 1.984 01412 0.0262
4 785 24,7 4.2 15.5 114 64.4 17.31 12,5 1.766 01412 0.0249
5 785 24,7 4.2 15.0 106 64.4 16.54 127 1.584 01412 0.0225
10 78.5 24.7 4.2 13.0 6.7 64.4 13.46 13.5 1.162 01412 0.0164
15 76.5 24.7 4.2 12.5 6.2 64.4 12.68 13.6 0.850 01412 0.0135
30 76.0 244 4.3 10.5 6.1 64.4 8.51 14.0 0.8662 01402 0.00a6
&0 76.0 24.4 4.3 10.0 586 64.4 6.74 14.3 0.486 01387 0.0066
120 755 24.2 4.4 w00 5.6 64.4 6.64 14.4 0.347 01363 0.0047
250 75.5 24.2 4.4 95 5.1 64.4 7.67 14.7 0.242 01344 0.0033
460 740 23.3 4.6 8.0 4.4 64.4 6.79 14,6 0.176 01353 0.0024
1440 72.5 22.5 46 8.0 4.2 64.4 6.46 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYS!IS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: [ Cattarmwood Rench Broad-Scale Project #10057649 Location: Pheips County, Nebraska
M.S. Project #: 200-05-24 Tested By: Mitcheil Hoback |Dete: | 202017
Sample Id; B-121, U-1 (1/2- 27) |Semple Description: | Grey Brown Sandy Lean Clay
\
Waet Mass: (g) 2637  |Dispersing Agant 5g, HMP S.G. Corr. Fector: 0.89 P-200 Dry WL (9) 38.3
Dry Mass, (g) 26.10 Soli Mass, (Air Ory), (9) 65.0 |Mulsl. Corr. Fector: 0.9772 P-200 Tere Wt. (g) 74
Tere: (g) 14.54 Hydromater Method 152H | Hygro. M.C.: (%) 2.3 Pessing #200 (%) 51.35
t (min) Temp. (F) | Temp. (C) Hydrom. Hydrom. R*e w P L SQRT{L/) k Grain Size
C. Fact. Reeding, R () (%) {cm) {mm)
Hydromater Remarks: 1000  |Gradation Remarks: 19.00
100.0 1270
1000 8.5
1000 4,76
99.9 2.00
89.5 0.8410
89.0 0.5840
853 0.2970
76.5 0.1500
51.35 0.0740
1 75.0 238 4.5 26.5 216 63.5 3437 9.9 3.147 01412 0.0444
2 75.0 238 4.5 230 16.4 63.5 2841 1.1 2.353 01412 0.0332
3 75.0 238 45 215 16.9 63.5 26.57 1.8 1,994 01412 0.0262
4 75.0 218 4.5 200 15.4 63.5 24.23 12.5 1.766 01412 0.0249
5 75.0 23.8 4.5 19.5 14.9 63.5 23.46 12,7 1.594 01412 0.0225
10 75.0 238 4.5 17.0 12.4 635 19.56 13.5 1.162 01412 0.0164
15 75.0 238 4.5 16.5 11.9 63.5 16.76 13.6 0.958 01412 0.0135
30 75.0 238 4.5 15.0 10.4 835 16.44 14.0 0.662 101402 0.0066
60 745 2386 45 145 8.9 63.5 15.56 14.3 0.488 01387 0.0068
120 750 238 45 14.0 8.5 63.5 14.88 14.4 0.347 01363 0.0047
250 75.0 238 45 13.0 B.5 63.5 13.32 14.7 0.242 01344 0.0033
460 745 23.6 45 12.5 7.9 63.5 12.44 14,6 0.176 01353 0.0024
1440 750 2348 4.5 11.0 6.5 63.5 10.21 15.0 0.102 01326 0.0014

GRAIN S1ZE ANALYSIS CURVE

S INIIEBIRY I,
: . . (5 BB REEE &g
1000 2 2 — 0.00
900 10.00
N

) 200 \ 2000 -
£ A} 2
z \ =
A 700 30.00 2
5 \ 2
i 60.0 \ 40.00 §
: \ g
a2 50.0 \\ 50,00 ?.
X g
400 \ 60.00 ~

300 7000

%
™
200 \ 80.00
'\-— -_*.‘-‘-‘-
10,0 me—| 8000
0.0 100.00
100.0000 10.0000 1.0000 0.1000 0.0100 0.0010

Grain Size In miliimeters

[a-2532 ‘




Mid-State Engineering & Testing, Inc. . Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: I Caottonwood Rench Broad-Scale Project #10057848 IanatIon: Pheigs County, Nebraska
M.S. Project #: 200-05-24 Tested By: Mitchell Hoback {Date. { 61222017
Sample id: B8-122, U-1{1/2-2 ]Samplﬂ Dascriptlon: I Dark Gray Brown Sandy Lean Clay
\
Wat Mass: (g} 31.79 Dispersing Agent 59, HMP |S.G. Corr. Factor: 088 P-200 Dry Wt. (g) 387
Dry Mess. (g) 31.62 Soii Mass, (Alr Dry). (g) 85.0 lMolst. Corr. Factor: 0.9882 P-200 Tare W1. (g) 7.5
Tare: (g) 17.44 Hydrometer Method 152H I Hygro. M.C.: (%) 1.2 Passing #200 (%) 49,87
t {min) Temp. (F) | Temp.(C) Hydrom. Hydrom. R*a w P L SQRT(LM) k Grain Size
C. Fact. Raading, R (g} (%) (cm}) {mm)
|Hydrometer Remarks: 100.0 Gradation Remarks: 18.00
100.0 12.70
100.0 8.51
100.0 4.78
998 200
982 0810
85.2 0.5940
80.1 0.2070
62.2 0.1500
4987 0.0740
1 76.5 247 4.2 28.0 21.5 64.2 33.53 29 3.147 01412 0.0444
2 78.5 247 42 225 18.1 64.2 2813 1A 2353 01412 {.0332
3 76.5 247 42 205 16.1 64.2 25.05 11.8 1.984 01412 0.0282
4 76.5 247 4.2 200 15.6 64.2 24.28 125 1.766 01412 0.0249
5 785 247 4.2 19.5 15.1 64.2 23.51 127 1.584 01412 0.0225
10 78.5 247 42 17.0 12.6 84.2 19.85 135 1.162 01412 00164
15 76.0 244 43 16.5 12.1 64.2 18.78 13.8 09859 01412 0.0135
30 76.0 24.4 43 18.0 11.8 64.2 18.01 14.0 0.682 01402 0.0006
60 76.0 244 43 15.0 10.6 64.2 16.47 14.3 0.488 01387 0.0088
120 76.0 244 43 14.0 8.6 64.2 14.93 144 0.347 01363 0.0047
250 75.5 24.2 4.4 14.0 8.5 64.2 14,82 147 0.242 01344 0.0033
480 740 233 46 14.0 8.3 64.2 14.51 14.8 0.178 01353 0.0024
1440 725 225 48 13.0 81 642 12.66 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc.

11 East 11th St.

Kearney, Nebraska 68847

Hydrometer Analysis
ASTM D-422

Grain Size in milllmeters

Project: | Cottonwood Rench Broad-Scale Project #10057849 Locatlon: Phelps County, Nebreska
Ms. Project #. 200-05-24 Tested By: Mitchell Hoback IDete: I 6/22/12017
Sample Id: B-123,S-3(512-7") Semple Description: I Light Grey Brown Medlum Gralned Sand
\
Wet Mass: {g) 31.34 IDlsperslng Agent 59, HMP IS.G. Corr. Faclor 0.8g P-200 Dry W1 (g) 20,8
Dry Mess, (g) 31.31 ISoII Mass, (Air Dry), (g) 115.0 IMoIsl. Corr. Fector: 0.9980 P-200 Tare Wt (g) 7.8
Tere: {g) 16.70 I Hydrometer Mathod 152H l Hygro. M.C.: (%) 0.2 Passing #200 (%) 19.84
t(min) Temp. (F} | Temp. (C) Hydrom, Hydrom, R"e w P L SQRT(L/) k Grain Size
C.Fect. | Reading,R {g) (%) {cm) {mm)
Hydromater Remarks: 100.0 Gradetlon Remarks: 18.00
96.3 12.70
95,2 9.51
88.6 4,76
70.3 2.00
56.0 0.6410
49.6 0.5940
336 0.2970
4.7 0.1500
18.84 0.0740
1 76.0 24.4 43 6.0 1.7 114.8 1.45 2 R) 3.147 01412 0.0444
2 76.0 24.4 43 6.0 1.7 114.8 1.45 1.1 2.353 01412 0.0332
3 76.0 24.4 43 6.0 1.7 114.8 1.45 18 1.884 412 0.0282
4 76.0 24.4 43 6.0 1.7 114.8 1.45 12.5 1.766 01412 0.0248
5 76.0 24.4 43 6.0 1.7 114.8 1.45 127 1.594 01412 0.0225
10 76.0 24.4 43 6.0 1.7 114.8 1.45 135 1.162 01412 0.0164
15 76.0 244 4.3 6.0 1.7 114.8 1.45 13.8 0.859 01412 0.0135
30 76.0 24.4 4.3 55 1.2 1148 1.02 140 0.682 .01402 0.0086
60 755 242 4.4 55 1.1 114.8 0.86 14.3 0.488 01387 0.0068
120 75.0 239 4.5 55 1.0 114.8 0.80 14.4 0.347 01383 0.0047
250 75.0 238 4.5 50 0.5 114.8 0.47 14.7 0.242 01344 0.0033
460 75.5 242 4.4 50 0.6 1148 0.53 14.8 0.176 01353 0.0024
1440 T4.0 233 4.6 50 0.4 114.8 0.36 15.0 0.102 01326 0.0014
GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
|Project: l Cottonwood Rench Broad-Scale Project #10057849 lLocallon: Pheips County, Nabraska
IM.s. Project #: 200-05-24 Tasted By: Mitchell Hoback |oate: | er22r2017
Sample id: B-124, U-1 (112 - 2) Sample Description: | Gray Brown Cleyey Sand
\
Wat Mass: (g) 28.71 Dispersing Agent 5g, HMP IS.G. Corr, Factor: 0.9 P-200 Dry W (g) 47.2
Dry Mass, (g) 26.60 5oil Mass, (Air Dry), (g) 65.0 IMoIst. Corr. Factor: 0.9803 P-200 Tere Wt. (9) 76
Tare: (g) 17.34 Hydrometar Mathod 152H I Hygro. M.C.: (%] 1.0 Passing #200 (%) 38.48
t {min) Tamp. (F} | Tamp.(C) Hydrom, Hydrom, R"s w P L SQRT(LM) k Grain Size
C.Fact. | Reading, R {9} (%) {cm) {mm)
Hydrometer Ramarks: 100.0 Gradation Remarks: 19.00
100.0 1270
100.0 9.51
996 4.76
980 2.00
9585 0.6410
91.7 05940
741 0.2070
524 0.1500
38.48 0.0740
1 78.0 24.4 4.3 24.0 19.5 644 30.27 9.9 3.147 01412 0.0444
2 76.0 24.4 4.3 205 16.0 64.4 2469 1.1 2383 01412 00332
3 76.0 244 4.3 18.0 135 64.4 21.04 11.8 1.994 01412 0.0282
4 76.0 244 4.3 18.5 12.1 64.4 18.74 12.5 1.768 01412 0.0249
5 76.0 244 43 16.0 11.6 64.4 17.87 12.7 1.594 01412 00228
10 76.0 244 4.3 14.0 9.8 84.4 14.69 13.5 1.162 01412 0.0164
15 76.0 244 43 14.0 9.6 64.4 14 69 13.8 0.959 01412 0.0135
30 78.0 24.4 4.3 135 9.1 64.4 14.12 14.0 0.682 01402 0.0086
60 76.0 24.4 4.3 135 9.1 64.4 14,12 143 0.488 01387 0.0068
120 75.0 239 4.5 13.0 8.5 64.4 13.15 14.4 0.347 01383 0.0047
250 75.0 239 45 12.0 7.5 64.4 1.61 14.7 0.242 01344 0.0033
480 75.0 239 45 11.5 7.0 64.4 10.84 14.6 0.176 101353 0.0024
1440 74.0 233 4.6 11.0 6.3 64.4 9.86 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Ranch Broad-Scale Project #10057649 |Location: Phelps County, Nebraska
IM.S. Project #: 200-05-24 Tested By: Mitchell Hoback |Date: | 6r202017
Sempls 1d: B-126, U-1 (1/2- 2') Sample Description: I Dark Grey Sandy Leen Clay
Wet Mess: {(g) 27.13 Disparsing Agent &g, HMP |5.G. Corr. Factor; 0.89 P-200 Dry Wt. {g) M7
Dry Mass, {g) 26.88 Soll Mass, {Alr Dry). {(g) 65.0 |Moisl. Corr. Factor: 0.9832 P-200 Tare Wi. {g) 7.4
Tare: {g) 12.25 Hydromater Mathod 152H | Hygra. M.C.: (%) 1.7 Passing #200 (%) 57.28
t {min} Temp. {F) | Temp. {C) Hydrom. Hydrom, R'g w P L SQRT{LY) k Graln Slze
C. Fect. Reading, R {0) {%) {cm) {mm)
Hydromater Remerks: 100.0 Gradation Remarks: 18.00
100.0 12.70
100.0 8.51
100.0 4.76
100.0 200
99.7 0.8410
99.3 0.5840
95.7 0.2970
826 0.1500
57.28 0.0740
1 75.0 238 4.5 230 18.4 63.8 28.73 0.8 3.147 01412 0.0444
2 75.0 238 4.5 200 154 63.9 24.09 1.1 2353 01412 0.0332
3 75.0 238 4.5 18.5 138 63.8 21.76 11.9 1.894 01412 0.0282
4 75.0 238 45 17.5 12.8 63.9 2021 125 1.766 01412 0.0249
5 750 238 45 17.0 12.4 63.89 18.44 127 1.684 01412 0.0225
10 75.0 238 4.5 16.0 14 63.8 17.69 135 1.162 01412 0.0164
15 75,0 238 4.5 150 104 63.8 1634 138 0.858 01412 00135
30 75.0 238 4.5 14.5 8.9 63.9 15.57 14.0 0.682 01402 0.0086
60 75.0 23.8 45 14.0 8.5 63.9 14,79 14.3 0.488 01387 0.0086
120 75.0 238 45 13.0 8.5 63.9 13.24 14.4 0.347 01363 0.0047
250 75.0 238 45 12.5 8.0 3.8 12.47 14.7 0.242 01344 0.0033
480 74.5 228 45 120 7.4 63.8 11.59 14.8 0.178 01353 0.0024
1440 75.0 229 4.5 11.5 7.0 63.8 10.82 15.0 0.102 01326 0.0014

GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydromaeter Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: | Cottonwood Ranch Broad-Scale Project #10057643 Jocation: Pheips County, Nabraska
Im.5. Project & 200-05-24 Tesled By: Mitchali Hoback |pate: | sr20i2017
Semple Id: B-130, U1 (1/2- 27} Sample Dascription: I Dark Grey Brown Sandy Lean Clay
Wat Mass: (9) awn |Dlsperslng Agent 5g, HMP IS.G. Corr. Factor: 090 P-200 Dry Wt. (g} 307
Dry Mass, (g) 37.26  |Soil Mass, (Alr Dry), () 650  |Moist. Corr. Factor: 0.6713 P£-200 Tere WL (g) 7.3
Tare: (g) 2272 |  Hydromatar Method 152H | Hygro.M.C: (%) 30 Passing #200 (%} 62.94
t {min) Temp. (F) | Tamp. (C) Hydrom., Hydrom. R*a w P L SART{L) k Grain Siza
C. Fact. Raading, R {9) (%) {cm) {mm)
Hydrometar Remarks: 100.0 Gradetion Ramarks: 18.00
100.0 12.70
100.0 8.51
999 4.76
906 2,00
99.0 0.6410
96.5 0.5940
929 0.2970
76.5 0.1500
82.04 0.0740
1 75.5 24.2 44 36.0 31.3 63.1 49.58 8.0 3147 01412 0.0444
2 75.5 24.2 44 3.5 286 63.1 42.52 1.1 2.353 01412 0.0332
3 755 24.2 4.4 28.0 24.4 63.1 38.60 10 1.894 01412 0.0262
4 755 24.2 4.4 27.5 220 63.1 36.25 125 1,766 01412 0.0240
5 755 24.2 4.4 265 219 63.1 34.66 127 1,504 01412 0.0225
10 755 24.2 4.4 240 19.4 63.1 30.76 135 1.162 01412 0.0164
15 755 24.2 4.4 22,0 17.4 63.1 27.62 138 0.850 01412 0.0135
30 75.0 23.8 45 21.0 16.4 63.1 25.95 140 0.662 01402 0.0008
60 75.0 230 45 195 14.9 631 23.60 14.3 0.483 01387 0.0068
120 75.0 238 45 18.0 13.4 63.1 21.24 14.4 0.347 01363 0.0047
250 75.0 230 45 16.5 1.9 3.1 18.89 147 0.242 01344 00033
460 745 238 45 16.0 1.4 83.1 16.00 14.8 0.176 01353 0.0024
1440 755 24.2 4.4 15.0 10.5 63.1 16.65 5.0 0.102 01326 0.0014
GRAIN SIZE ANALYSIS CURVE
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Mid-State Engineering & Testing, Inc. Hydrometer Analysis

11 East 11th St. ASTM D-422
Kearney, Nebraska 68847
Project: ' Cottonwood Ranch Broad-Scale Project #10057649 Locatlon: Pheips County, Nebraska
|M.5. Project #: 200-05-24 Tested By: Mitcheil Hoback IDate: I 6/29/2017
Semple 1d: B-131,U-1{1/2- 27 Semple Description: | Derk Grey Brown Clayey Sand
Wet Mess: (g) 3643  |Dispersing Agent 5g, HMP [S.G. Corr. Fecior: 0.99 P-200 Ory Wt. {g) 49.6
Dry Mass, {g) 36.13  |Soll Mess, (A Dry), (g) 650 [Molst. Cor. Fector: 0.9645 P-200 Tere WL. {g) 75
Tere: {g) 1705 |  Hydrometer Method 1520 | Hygro.mc. (%) 16 Passing #200 (%) 34,21
1t {min) Temp. (F) | Temp. (C) Hydrom, Hydrom. R*a w P L SQRT{LY) k Graln Size
C.Fect. | Reading, R {9) (%) {cm) (mm)
1Hydmmalar Remarks: 100.0 Gradation Remerks: 19.00
100.0 12.70
100.0 9.51
99,6 4.76
90.0 2,00
96.1 0.6410
92.2 0.5040
71.6 0.2070
46,6 0.1500
34.21 0.0740
1 76.5 24,7 42 15.0 10.8 64.0 16.63 9.9 3.147 01412 0.0444
2 76.5 24.7 4.2 135 9.2 64.0 14.31 11 2.353 01412 0.0332
3 76.5 24.7 4.2 13.0 6.7 640 1354 1.9 1.994 01412 0.0262
4 76.5 247 4.2 125 6.2 64.0 12.76 125 1.766 01412 0.0249
5 76.5 24.7 42 120 7.7 64.0 11.89 127 1.584 01412 0.0225
10 76.5 24.7 4.2 10 6.7 64.0 10.44 135 1.162 01412 0.0164
15 76.5 24.7 4.2 105 6.2 640 9.67 136 0.859 01412 0.0135
30 76.5 247 4.2 10.0 5.7 84.0 .80 14.0 0.662 01402 0.0085
60 76.5 247 4.2 9.5 5.2 64.0 612 14.3 0.466 01387 0.0088
120 76.5 247 4.2 9,0 47 §4.0 7.35 14.4 0.347 01363 0.0047
240 76.0 24.4 4.3 9.0 48 §4.0 7.25 14.7 0.247 01344 0.0033
480 76.0 24.4 4.3 9.0 46 64.0 7.25 14.6 0.176 01353 0.0024
1440 745 236 45 9.0 44 640 6.93 150 0.102 01326 0.0014
GRAIN SIZE ANALYSIS CURVE
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MID-STATE | AGGREGATE TEST

5ottonwood ﬁanch ﬁgad-Scale

IProjecti Project #10057849

|Location: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 [Date: 6/20/17
SAMPLE IDENTIFICATION B-102 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 21 97.9
#10 5.3 94.7
#20 11.0 89.0
#30 14.6 85.4
#50 26.0 74.0
#100 455 54.5
#200 57.8 42.2
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST
REPORT

Cottonwood Ranch Broad-Scale

[Project; Project #10057849

|Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20117

SAMPLE IDENTIFICATION B-102 S-4
SAMPLE LOCATION 8 1/2' - 10' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD _CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1/2" 0.0 100.0
/8" 48 95.2
#4 16.6 834
#10 34.2 65.8
#20 57.5 42.5
#30 65.7 34.3
#50 81.5 18.5
#100 93.4 6.6
#200 96.2 38

1.D. NO.

A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranch Broad-Scale

Project: b ject #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20117

SAMPLE IDENTIFICATION B-103 S5-2
SAMPLE LOCATION 3 1/2' - 5' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
a/g" 0.0 100.0
W 04 99.6
#10 13 98.7
#20 a7 96.3
#30 6.0 94.0
#50 17.9 82.1
#100 38.3 61.7
#200 76.3 23.7

.D. NO.

A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

[Project: Project #10057849

Cottonwood Ranch Broad-Scale

Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-103 S-3
SAMPLE LOCATION 5 1/2' - 7' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 28 97.2
#10 10.2 89.8
#20 24.0 76.0
#30 33.3 66.7
#50 49.3 50.7
#100 59.4 40.6
#200 84.9 15.1

I.D. NO.

A-2632




MID-STATE | AGGREGATE TEST

Cottonwood F{anch Broad-Scale

Project:  pbroject #10057849

Location: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/117
SAMPLE IDENTIFICATION B-103 S-4
SAMPLE LOCATION 8 1/2' - 10" Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 7.4 92.6
3/8" 9.2 90.8
#4 15.1 84.9
#10 38.9 61.1
#20 64.0 36.0
#30 72.8 27.2
#50 88.1 11.9
#100 95.4 4.6
#200 97.1 2.9
1.D. NO. A-2532




MID-STATE | AGGREGATE TEST

(-:ﬁonwood Ranch Broad-§cale

Project: o iect #10057849

Locatlon: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-104 U-1
SAMPLE LOCATION 1/2' - 2 Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.0 100.0
#10 0.2 99.8
#20 1.5 98.5
#30 2.6 97.4
#50 7.8 922
#100 20.3 79.7
#200 354 64.6
I.D. NO. A-2532




C%ttonwood Ranch Broad-écale

MID-STATE | AGGREGATE TEST | —Feciioosrass
ENGINEERING 15 REPORT Location: Pheips County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/117
SAMPLE IDENTIFICATION B-106 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/g" 0.0 100.0
#4 0.2 99.8
#10 0.6 99.4
#20 3.0 97.0
#30 6.6 93.4
#50 379 62.1
#100 499 50.1
#200 539 46.1

I.D. NO,

A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Project: b oject #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 [Date: 6/20M17

SAMPLE IDENTIFICATION B-106 S-3
SAMPLE LOCATION 51/2' - 7' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1" 0.0 100.0
3/4" 3.5 96.5
1/2" 5.4 94.6
alg" 9.7 90.3
#4 27.6 72.4
#10 51.8 48.2
#20 70.4 29.6
#30 77.0 23.0
#50 91.8 8.2
#100 97.3 2.7
#200 98.7 13
1.D. NO. A-2532

Cottonwood ﬁanch Broad-Scale




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Eattonwood ﬁanch I'IE'Sroad-ScaIe

Project: 5 ject #10057849

ILocation: Phelps County, Nebraska

Job No.:  200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-107 U-1
SAMPLE LOCATION 1/2' - 2 Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#4 0.0 100.0
#10 0.1 99.9
#20 1.4 98.6
#30 2.6 97.4
#50 9.2 90.8
#100 20.3 79.7
#200 334 66.6
1.D. NO. A-2532




Project: W
MID-STATE | AGGREGATE TEST >
ENGINEERING & REP 0 RT Location: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-108 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.2 99.8

#10 0.3 99.7

#20 0.8 99.2

#30 2.0 98.0

#50 12.7 87.3

#100 425 57.5

#200 64.6 35.4

I.D.NO.

A-2532




Cottonwood Ranch Broad-Scale

M I D - s TAT E AGGREGATE TEST isct Project #10057849
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-108 S-2
SAMPLE LOCATION 3 1/2' - §' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.6 99.4
#10 1.8 98.4
#20 38 96.2
#30 5.8 94.2
#50 14.9 85.1
#100 38.9 61.1
#200 70.5 29.5

I.D. NO.

A-2532




MID-STATE AGGREGATE TEST

Cottonwood Ranch Broad-Scale
Pro ect #10057849

Location: Phelps County, Nebraska

Project:

ENGINEERING & REPORT
TESTING
SAMPLE IDENTIFICATION B-108 S-3
SAMPLE LOCATION 5 1/2' - 7' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1/2" 00 100.0
3/8" 08 99.2
#4 37 96.3
#10 7.7 92.3
#20 15.1 84.9
#30 19.5 80.5
#50 338 66.2
#100 59.9 40.1
#200 773 22.7
1.D. NO. A-2532




MID-STATE | AGGREGATE TEST

C-Zottonwood ﬁanch Eroad-ScaIe

Project: b oiect #10057849

Location: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING JobNo.: 200-05-24 |Date: 6/20117
SAMPLE IDENTIFICATION  B-109 U-1

SAMPLE LOCATION
SOURCE
DATE RECEIVED

REMARKS

1/2' - 2' Below Grade

US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING

#4 0.0 100.0
#10 0.1 99,9
#20 0.5 99.5
#30 1.3 98.7
#50 6.0 94.0
#100 21.5 78.5
#200 52.2 47.8

I.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST
REPORT

Project: b oiect #10057849

Locatlon: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20117

SAMPLE IDENTIFICATION B-108 S-6
SAMPLE LOCATION 18 1/2’ - 20' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1" 0.0 100.0
3/4" 4.4 95.6
1/2" 4.4 95.6
3/8" 5.3 94.7
A4 11.6 88.4
#10 21.1 78.9
#20 32.0 68.0
#30 38.2 61.8
#50 63.2 36.8
#100 78.5 21.56
#200 80.3 19.7

I.D. NO. A-2532

- _____
Cottonwood Ranch Broad-Scale




el A
MID-STATE | AGGREGATE TEST &
ENGINEERING & REPORT Locatlon: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |[Date: 6/20/17
SAMPLE IDENTIFICATION B-110 S-2
SAMPLE LOCATION 31/2' - 5' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#4 0.0 100.0
#10 0.1 99.9
#20 0.3 99.7
#30 0.4 99.6
#50 27 97.3
#100 16.2 83.8
#200 60.7 39.3
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranch Broad-Scale

Project: b ject #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 |[Date: 6/20/17

SAMPLE IDENTIFICATION B-111 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/e" 0.0 100.0
#4 0.1 99.9
#10 0.4 99.6
#20 1.9 98.1
#30 34 96.6
#50 10.9 89.1
#100 216 78.4
#200 29.6 70.4
1.D. NO. A-2532




MID-STATE | AGGREGATE TEST

Cottonwood ﬁanch Eroad-Scale

[Project: Project #10057849

|[Location: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-111 S-4
SAMPLE LOCATION 8 1/2' - 10' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1/2" 0.0 100.0
3/8" 0.9 99.1
#4 7.1 92.9
#10 20.7 79.3
#20 46.1 53.9
#30 57.7 42.3
#50 84.3 15.7
#100 97.8 2.2
#200 99.3 0.7
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST
REPORT

—
Cottonwood Ranch Broad-Scale

Project: o jject #10057849

Locatlon: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20/117

SAMPLE IDENTIFICATION B-111 S-7
SAMPLE LOCATION 23 1/2' - 25' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED | PASSING | RETAINED / PASSING
1" 0.0 100.0
3/4" 55 94.5
1/2" 7.1 92.9
38" 7.7 92.3
#4 12.4 87.6
#10 26.9 73.1
#20 53.0 47.0
#30 63.7 36.3
#50 81.9 18.1
#100 91.6 8.4
#200 95.5 45

I.D. NO. A-2532




MID-STATE | AGGREGATE TEST

Cottonwood ﬁanch_'B'road-Scale

Project: b iect #10057849

Location: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-112 U-1
SAMPLE LOCATION 1/2 - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.4 99.6
#10 1.4 98.6
#20 4.2 95.8
#30 7.5 92.5
#50 24.0 76.0
#100 48.9 51.1
#200 61.0 39.0
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranch Broad-Scale

Project: b oject #10057849

Locatlon: Phelps County, Nebraska

Job No.:  200-05-24 |Date: 6/20117

SAMPLE IDENTIFICATION B-112 S-2
SAMPLE LOCATION 3 1/2' - 5' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
a/g" 0.0 100.0
#4 4.1 95.9
#10 13.2 86.8
#20 328 67.2
#30 42.4 57.6
#50 66.0 34.0
#100 83.5 16.5
#200 94.4 5.6

1.D. NO.

A-2532




MID-STATE

ENGINEERING &
TESTING

[Profect: Project #10057849

__ -
Cottonwood Ranch Broad-Scale

AGGREGATE TEST
REPORT

[Locatlon: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20/17

SAMPLE LOCATION

SOURCE

DATE RECEIVED

SAMPLE IDENTIFICATION B-113 54

8 1/2' - 10 Below Grade

REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
34" 0.0 100.0
1/2" 1.5 98.5
3/g" 32 96.8
#4 9.5 90.5
#10 40.5 59.5
#20 76.0 24.0
#30 85.1 14.9
#50 95.0 5.0
#100 95.6 4.4
#200 98.0 2.0

L.D. NO. A-2532




Project: S:);.ton:v%o&%g Broad-Scale
MID-STATE | AGGREGATE TEST [———
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-114 8-2
SAMPLE LOCATION 3 1/2' - 5" Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED !/ PASSING

#4 0.0 100.0

#10 0.3 99.7

#20 1.3 98.7

#30 2.1 97.9

#50 8.8 91.2

#100 30.8 69.2

#200 59.3 40.7

I.D. NO.

A-2532




Project:

Cottonwood I-Rancﬁroad-Scale

M I D - STAT E AGGREGATE TEST Project #10057849
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-117 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.3 99.7
#10 0.9 99.1
#20 26 97.4
#30 4.3 95.7
#50 13.1 86.9
#100 29.2 70.8
#200 46.7 53.3
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranch Broad-Scale

Project:  project #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-117 S-2
SAMPLE LOCATION 3 1/2' - 5' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
1/2" 0.0 100.0
ag" 0.7 99.3
#4 5.5 94.5
#10 21.9 78.1
#20 40.9 59.1
#30 50.2 49.8
#50 68.1 31.9
#100 82.5 17.5
#200 91.6 8.4

I.D. NO.

A-2532




Project: (w?ggﬁmad-&ale
MID-STATE | AGGREGATE TEST e
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.:  200-05-24 [Date: 6/20/17
SAMPLE IDENTIFICATION B-118 S-2
SAMPLE LOCATION 3 1/2' - 5' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING

38" 0.0 100.0

#4 1.0 99.0

#10 2.4 97.6

#20 7.8 92.2

#30 13.3 86.7

#50 32.2 67.8

#100 56.5 43.5

#200 83.9 16.1

1.D. NO.

A-2532




Cottonwood Elanch Broad-Scale

MID-STATE | AGGREGATE TEST Project:  project #10057849
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-119 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#4 0.0 100.0
#10 0.1 90.9
#20 0.6 00.4
#30 1.1 98.9
#50 74 92.6
#100 27.2 72.8
#200 47.3 52.7
1.D. NO. A-2532




MID-STATE | AGGREGATE TEST

aottonwood ﬁanch_l-aroad-Scale

[Progect Project #10057849

|Locatlon: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING JobNo.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION  B-121 U-1
SAMPLE LOCATION 1/2' - 2 Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#4 0.0 100.0
#10 0.1 99.9
#20 0.5 99.5
#30 1.0 99.0
#50 4.7 95.3
#100 215 78.5
#200 48.7 51.3
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Project: b oject #10057849

Cottonwood ﬁanch Broad-Scale

|Location: Phelps County, Nebraska

Job No.:  200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-122 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#4 0.0 100.0
#10 0.2 99.8
#20 1.8 98.2
#30 4.8 95.2
#50 19.9 80.1
#100 37.8 62.2
#200 47.8 52.2

L.D. NO.

A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranch Broad-Scale

Project: b oject #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-123 S-3
SAMPLE LOCATION 51/2' - 7' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 3.7 96.3
3/8" 4.8 95.2
#4 13.2 86.8
#10 29.7 70.3
#20 44.0 56.0
#30 50.4 49.6
#50 £6.4 33.6
#100 75.3 24.7
#200 80.1 19.9
1.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

Cottonwood Ranc?Broad-Scale

[Project: Project #10057849

JLocatlon: Phelps County, Nebraska

Job No.:  200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-123 S4
SAMPLE LOCATION 8 1/2' - 10' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 17.4 82.6
3/8" 17.4 82.6
#4 19.7 80.3
#10 25.4 74.6
#20 341 65.9
#30 40.0 60.0
#50 72.2 27.8
#100 88.8 11.2
#200 95.0 5.0
i.D. NO. A-2532




MID-STATE | AGGREGATE TEST

E‘.ottonwood Ranch Broad-§cale

Project: b gject #10057849

Locatlon: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-124 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/g" 0.0 100.0
#4 0.4 99.6
#10 1.0 99.0
#20 4.5 95.5
#30 8.3 91.7
#50 25.9 74.1
#100 476 52.4
#200 61.5 38.5
.D. NO. A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST
REPORT

5ottonwood ﬁanch ér?ad-Scale

Project: o ject #10057849

Location: Phelps County, Nebraska

Job No.: 200-05-24 |Date: 6/20M17

SAMPLE IDENTIFICATION B8-125 5-5
SAMPLE LOCATION 13 1/2' - 15' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 14 98.9
3/8" 3.5 96.5
#4 10.2 89.8
#10 21.5 78.5
#20 40.4 59.6
#30 53.0 470
#50 826 17.4
#100 94.6 5.4
#200 97.9 21

L.D. NO. A-2532




Cottonwood Ranch Broad-§cale

MID-STATE | AGGREGATE TEST Project:  project #10057849
ENGINEERING & REPORT Locatlon: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-125 S-8
SAMPLE LOCATION 28 1/2' - 30' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
172" 21 97.9
3/8" 2.1 97.9
#4 7.5 925
#10 16.8 83.2
#20 33.6 66.4
#30 46.8 53.2
#50 85.6 14.4
#100 95.8 4.2
#200 97.7 2.3

1.D. NO.

A-2532




Cottonwood Ranch éroad-Scale

MID-STATE | AGGREGATE TEST Project: b oject #10057849
ENGINEERING & REPORT Location: Phelps County, Nebraska
TESTING Job No.:  200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-126 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
#10 0.0 100.0
#20 0.3 99.7
#30 0.7 99.3
#50 4.3 95.7
#100 17.4 82.6
#200 42.8 57.2

L.D. NO.

A-2532




Cottonwood Ranch Broad-Scale
Project:

MID-STATE | AGGREGATE TEST Project #10057849
ENGINEERING & REPORT Locatlon: Phelps County, Nebraska
plcyhle Job No.: 200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-126 S-2
SAMPLE LOCATION 31/2' - 5 Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT ____[SPECIFICATION PERCENT]|
SIEVE NO. RETAINED PASSING RETAINED / PASSING
ag" 0.0 100.0
#4 0.3 89.7
#10 1.1 98.9
#20 26 97.4
#30 45 95.5
#50 15.9 84.1
#100 38.5 61.5
#200 70.2 20.8

I.D. NO. A-2532




MID-STATE | AGGREGATE TEST

Cottonwood Ranch Broad-Scale

Project: Project #10057849

ILocatlon: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/20/17
SAMPLE IDENTIFICATION B-129 S-4
SAMPLE LOCATION 8 1/2' - 10' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT lSPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 10.3 89.7
3/8" 11.7 88.3
#4 20.0 80.0
#10 33.5 66.5
#20 49.7 50.3
#30 58.5 41.5
#50 85.0 15.0
#100 96.0 4.0
#200 99.0 1.0

1.D. NO.

A-2532




MID-STATE

ENGINEERING &
TESTING

AGGREGATE TEST

REPORT

S ——————————
Cottonwood Ranch Broad-Scale

Project: o ject #10057849
Location: Phelps County, Nebraska
Job No.: 200-05-24 |Date: 6/20/17

SAMPLE IDENTIFICATION B-129 S-8
SAMPLE LOCATION 28 1/2' - 30° Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT,
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/4" 0.0 100.0
1/2" 7.8 92.2
3i8" 14.3 85.7
#4 24.7 75.3
#10 28.0 720
#20 33.8 66.2
#30 38.4 61.6
#50 68.3 3.7
#100 95.2 4.8
#200 98.0 2.0

I.D. NO.

A-2532




Project: gfgonr%ogos;\an:; Broad-Scale
MID-STATE | AGGREGATE TEST =
ENGINEERING & REPORT Locatlon: Phelps County, Nebraska
TESTING Job No.: 200-05-24 |Date: 6&/20/17
SAMPLE IDENTIFICATION B-130 U-1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.1 99.9
#10 0.4 99.6
#20 1.0 99.0
#30 1.5 98.5
#50 7.1 929
#100 2185 78.5
#200 37.0 63.0
I.D. NO. A-2532




MID-STATE

AGGREGATE TEST

[project: Project #10057849

Cottonwood ﬁanc?Broad-Scale

ILocation: Phelps County, Nebraska

ENGINEERING & REPORT
TESTING Job No.: 200-05-24 |Date: 6/27/17
SAMPLE IDENTIFICATION B-131 U1
SAMPLE LOCATION 1/2' - 2' Below Grade
SOURCE
DATE RECEIVED
REMARKS
US STANDARD CUMULATIVE PERCENT SPECIFICATION PERCENT]
SIEVE NO. RETAINED PASSING RETAINED / PASSING
3/8" 0.0 100.0
#4 0.4 99.6
#10 1.0 99.0
#20 3.9 96.1
#30 7.8 92.2
#50 28.2 71.8
#100 53.2 46.8
#200 65.7 34.3
1.D. NO. A-2532
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Platte River Recovery Implementation Program | Cottonwood Ranch Broad-Scale Recharge Project
Final Report of Geotechnical Investigation and Design

Appendix C

Percolation Test Reports




M l D-STATE PROJECT Cottonwood Ranch BSR
Engineeri
g .eerlng LOCATION Eim Creek, NE
& Testing Inc.
279 Road B, Columbus, NE 68601 CLIENT HDR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner: HDR
Address: 301 Sputh 13th Street, Cornhusker Plaza Suite 601
Lincoln, NE 68508
Soil Type: Silty Clay X Silty Clay lpam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refillec a minimum of one hour prior to testing on 5-25.
Water was continouly placed in the hole throuhgout the day.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hole Gepth Start End Start Reading Time Elasped | Water Percolation
Day Time Day Time Day Time {inch) {min} Drop (in} | Rate (min/in)
TP-1 24" 24-May | 3:30 PM | 25-May | 7:50 AM | 25-May 8:00 6 0 0.00
8:01 5.875 1 0.13 8.0
8:02 5.8125 2 0.19 10.7
8:03 5.8125 3 D.19 16.0
8:04 5.75 4 0.25 16.0
8:05 5.6875 5 031 16.4
8:10 5.3125 10 0.69 14.5
8:15 5 15 1.00 15.0
8:30 4,125 30 1.88 16.0
$:00 2.25 60 3.75 16.0
A/;/M 7z,
Person Conducting Test A- 2532




M i D_S TAT E PROJECT Cottonwoad Ranch
ineeri
Eng . e ng LOCATION Eim Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 63601 CLIENT HDR
Office: {402) 562-7824 Fax: (402) 562-6894 JORB NUMBER 200-05-24

Owner: HDR
Address: 301 South i3th Street, Cornhusker Plaza Suite 601

Lincoln, NE 68508
Sail Type: BSilty Clay X Silty Clay loam Sandy Loam

siity loam Clay Laam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filied throughout the day and evening 5-24 and then refilled a minimum of one hour prior to testing on 5-25.

Water was continouly placed in the hale throuhgout the day. After initial testing, the hole was refilled and retested at 3:20 £M with the
following results.

Percolation Test Data

Presaturation Period Percolation Reading Results
Hole No. | Hole Depth Start End Start Reading | Time Elasped| Water Percolation
Oay Time Oay Time Day Time {inch) {min) Orop {in} | Rate {min/in)
TP-2 127 24-May | 10:30AM{ 25-May | 7:45 AM | 25-May | 3:00FM 6 0 0.00
3:01PM 5.75 1 0.25 4.0
3:02 PM 5.5625 2 0.44 4.6
3:03 PM 5.3125 3 0.69 4.4
3:04 PM 5.25 4 0.75 53
3:05 PM 5 5 1.00 5.0
3:10 PM 4.1875 6 1.81 3.3
3:15 PM 3.25 7 2.75 2.5
Mismeasured water - Ran dry
TP-3 12" 24-May | 10:30AM| 25-May | 7:45 AM | 25-May | 3:20PM 6 0 0.00
3:21 PM 5.8125 1 0.19 5.3
3:22 PM 5.75 P 0.25 8.0
3:23 PM 5 3 1.00 3.0
3:24 PM 5 4 1.00 4.0
3:25 PM 5 5 1.00 5.0
3:26 PM 5 6 1.00 6.0
3:27 PM 4.8125 7 1.19 5.9
3:28 PM 4.8125 8 1.19 6.7
3:29PM 46875 9 131 6.9
3:30 PM 46875 10 131 7.6
3:35 PM 4.5 15 1.50 10.0
3:50 PM 4.125 30 1.88 15.0
4:20 PM 3.625 60 2.38 25.3

ontt  FE

L

Persan Conducting Test A- 2532




M E D“STATE PROJECT Cottonwood Ranch
Eng’n_ee”ng LOCATION Elm Creek, NE
& Testing inc.
279 Road D, Columbus, NE 68601 CLIENT HDR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Cwner:  HDR
Address: 301 South 13th Street, Cornhusker Plaza Suite 601
Lincoln, NE 68508
Soil Type: Silty Clay % Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit focations where filled throughout the day and evening 5-24 and then refilled a minimum of one hour prior to testing on 5-25.
At the end of initial testing at 8:15, this location was refilled retested at 8:30 AM with similar results.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hote Depth Start End Start Reading | Time Elasped| Water Percolation
Day Time Day Time Day Time {inch) {min} Drop (in) | Rate {min/in}
TP-3 24" 24-May | 10:30AM | 25-May | 7:45 AM | 25-May | 7:45 AM 6 0 0.00
7:46 AM 5.875 1 0.13 8.0
7:47 AM 5.75 2 0.25 8.0
7:48 AM 5.625 3 0.38 8.0
7:49 AM 5.5 4 0.50 8.0
7:50 AM 5.375 5 0.63 8.0
7:55 AM 4.8125 6 1,19 5.1
8:00 AM 4.375 7 1.63 4.3
8:15 AM 3.375 8 2.63 3.0
TP-3 24" 24-May | 10:30AM{ 25-May | 7:45 AM | 25-May | 8:30 AM 6 0 0.00
8:31 AM 5.875 1 0.13 8.0
8:32 AM 5.75 2 0.25 8.0
8:33 AM 5.6875 3 0.31 9.6
8:34 AM 5.375 4 0.63 5.4
8:35 AM 5.25 5 0.76 6.7
8:40 AMt 3.5 6 2.50 2.4
8:45 AM 3 7 3.00 2.3
9:00 AM 2.75 8 3.25 2.5
m, £
Person Conducting Test A- 2532




M l D“STAT E PROJECT Cottonwood Ranch
Eng!n_eenng LOCATION Elm Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 68601 CLIENT HDR
Office: (402) 562-T824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Ownar: HDR
Address: 301 South 13th Street, Cornhusker Plaza Suite 801
Lincoln, NE 68508
Soil Type: Silty Clay X Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refilled a minimum of ene hour prior to testing on 5-25.
At the end of initial testing, this location was refilled and retested at 2:03 and 2:30 PM with similar results.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hele No. | Hole Depth Start End Start Reading | Time Elasped | Water Percolation
Day Time Day Time Day Time {inch) {min) Drap {in) | Rate (minfin)
TP-4 24" 24-May | 10:30AM| 25-May | 12:45 PM| 25-May | 12:45 PM 6 0 0.00
12:46 PM 5 1 1.00 1.0
12:47 P 4.4375 2 1.56 13
12:48 PM 3.875 3 2.13 1.4
12:49 PM 3.375 4 2.63 15
12:50 PM 2.875 5 3.13 1.6
12:51 PM 2.375 6 3.63 1.7
12:52 PM 1.9375 7 4.06 1.7
12:53 PM 1.5 8 4.50 1.8
12:54 PM 1.25 9 4,75 1.9
12:55 PM 0.8125 10 5.1875 1.9
12:58 PM 0 13 6.00 2.2
TP-4 24" 24-May | 10:30AM | 25-May | 12:45 PM] 25-May | 2:30 PM 3] 0 0.00
2:31PM 5.25 1 0.75 1.3
2:32 PM 4.5625 2 1.44 1.4
2:33 PM 4.1875 3 1.81 1.7
2:34 PM 3.5 4 2.50 1.6
2:35 PM 3.25 5 2.75 1.8
2:40 PM 1.5 10 4,50 2.2
2:43 PM 0 13 6.00 2.2
Person Conducting Test 7 A- 2532




M I D_STATE PROJECT Cottonwood Ranch
Englﬂ.eeflﬂg LOCATION Elm Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 68601 CLIENT HOR
Office: (402} 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner:  HOR
Address. 301 5outh 13th Street, Cornhusker Plaza Suite 601
Lincaln, NE 68508
Soil Type: Silty Clay X Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refitled a minimum of one hour prior to testing on 5-25.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hole Depth Start End Start Reading | Time Elasped | Water Percolation
Day Time Day Time Day Time {inch) {min) Drop {in) [ Rate {min/in)
TP-5 20" 24-May | 10:30AMi{ 25-May | 1:00PM | 25-May | 1:00 PM 6 0 0.00
1:01 PM 5.9375 1 0.06 160
1:02 PM 5.875 2 0.13 16.0
1:03 PM 5.8125 3 0.19 16.0
1:04 PM 5.625 4 0.38 10.7
1:05PM 5.5625 5 0.44 11.4
1:10 PM 5.4375 10 0.56 17.8
115 PM 5.25 15 0.75 20.0
1:30 PM 4.75 30 1.25 24.0
2:00 PM 4,1667 60 1.83 32.7
At Pe
Person Conductinﬁ‘est = A- 2532




M I D -STATE PROJECT Cottonwaoad Ranch
ineeri
Engln_e ng LOCATION Elm Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 63601 CLIENT HDR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner: HDR
Address: 301 South 13th Street, Cornhusker Plaza Suite 601
Lincoln, NE 68508
Soil Type: Silty Clay X Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Termp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refilled @ minimum of one hour prior to testing on 5-25.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hole Depth Start End Start Reading | Time Elasped | Water Percolation
Oay Time Day Time Day Time {inch) {min) Drop {in) | Rate (min/in)
TP-6 12" 24-May | 10:30AM | 25-May | 2:15 AM | 25-May | 2:15PM 6 0 0.00
2:16 PM 5.8125 i 0.19 5.3
2:17 PM 5.75 2 0.25 8.0
2:18 PM 5.5625 3 0.44 6.9
2:19 PM 5.5625 4 0.44 9.1
2:20 PM 5.5 5 0.50 10.0
2:25 PM 5.375 10 0.63 16.0
2:30 PM 53128 15 0.69 21.8
2:45 PM 5.1875 30 0.81 36.9
3:15 PM 4.5 60 1.50 40.0
/4//,(,7% _ Pz
Persan Conducting Test 7 A- 2532




M I Dns TAT E PROJECT Coitonwood Ranch
Engln.eenng JLOCATION Elm Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 68601 CLIENT HDR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner: HBR
Address: 301 South 13th Street, Cornhusker Plaza Suite 601
Lincoln, NE 68508
Soil Type: Silty Clay X Silty Clay toam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refilled a minimum of one hour prior to testing on 5-25.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hole Depth Start End Start Reading | Time Elasped| Water Percolation
Day Time Day Time Day Time {inch} {min) Drop (in} | Rate {min/in)
TP-7 12" 24-May | 10:30AM | 25-May § 10:00 AM| 25-May [10:15 AM 6 o] 0.00
10:16 AM 5.8125 1 0.19 5.3
10:17 AM 5.6875 2 0.31 6.4
1(:18 AM 5.5 3 0.50 6.0
10:19 AM 5.5 4 0.50 8.0
10:20 AM 5.3125 5 0.69 7.3
10:25 AM 5.25 10 0.75 13.3
10:30 AM 5 15 1.00 15.0
10:45 AM 4.6875 30 131 22.%
11:15 AM 4 60 2.00 30.0
Person Conducting Test { A- 2532




MID-STATE

PROJECT Cottonwood Ranch
Engin_eenng LOCATION Elm Creek, NE
& Testing Inc.
279 Road D, Columbus, NE 68601 CLIENT HDR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner: HDR
Address: 301 South 13th Street, Cornhusker Plaza Suite 601
tincoin, NE 68508
Soil Type: Silty Ciay X Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refilled a minimum of one hour prior to testing on 5-25,
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No, | Hole Depth Start End Start Reading | Time Elasped| Water Percolation
Day Time Day Time Day Time {inch) {min) Drop (in) | Rate (minfin)
TP-8 12" 24-May 1:50PM | 25-May | 11:10 AM| 25-May 11-00 2] 0 0.00
11:01 5.875 1 0.13 8.0
11:02 5.75 2 0.25 8.0
11:03 5.625 3 0.38 8.0
11:04 5.5 4 0.50 8.0
11:05 5375 5 0.63 8.0
131:06 5.25 3} 0.75 8.0
11:07 5.1875 7 0.81 8.6
11:08 5.125 8 0.88 9.1
11:09 5.0625 9 0.94 9.6
11:10 5 10 1 10.0
11:15 4.75 15 1.25 12.0
11:20 4.4375 20 1.5625 12.8
11:30 3.75 30 2.25 13.3
11:45 2.9375 45 3.06 14.7
12:00 2.125 60 3.875 15.5
Lot e e
Person Conducting Test A- 2532




M l D"'STAT E PROJECT Cottonwood Ranch 85R
Engfn_eenng LOCATION Elm Creek, NE
& Testing inc.
279 Road D, Columbus, NE 68601 CLIENT HOR
Office: (402) 562-7824 Fax: (402) 562-6894 JOB NUMBER 200-05-24
Owner: HOR
Address: 301 South 13th Street, Cornhusker Plaza Suite 601
Lincoln, NE 68508
Soil Type: Silty Clay X Silty Clay loam Sandy Loam
silty loam Clay Loam Sandy Clay
Weather: Precip NA Temp 80
Notes: All Test Pit locations where filled throughout the day and evening 5-24 and then refitled a minimum of one hour prior to testing on 5-25.
Percolation Test Data
Presaturation Period Percolation Reading Results
Hole No. | Hole Depth Start End Start Reading | Time Elasped| Water Percolation
Day Time Day Time Day Time {inch) (min) Drop {in) [ Rate {min/in)
TP-9 24" 24-May 1:30PM | 25-May | 9:45 AM | 25-May 10:00 b 0 0.00
10:01 4.5 1 1.50 0.7
10:02 3.5 2 2,50 0.8
10:03 3 3 3.00 1.0
10:04 2.75 4 3.25 1.2
10:05 2.375 5 3.63 1.4
10:06 2 6 4.00 1.5
10:07 1.625 7 4,38 1.6
10:08 1.25 8 4,75 1.7
10:09 1.1875 9 4.81 19
10:10 1.1875 10 4.8135 2.1
10:15 1 15 5.00 3.0
10:20 0.75 20 5.25 3.8
TP-9 24" 24-May 1:30PM | 25-May | 9:45 AM | 25-May 10:25 6 0 0.00
10:26 4.25 1 1.75 0.6
10:27 3,5625 2 2.44 0.8
10:28 2.8125 3 3.19 0.9
10:29 2,375 4 3.63 1.1
10:30 2 5 4.00 1.3
10:31 175 b 4.25 1.4
10:32 1.4375 7 4.56 1.5
10:33 1.25 8 4.75 1.7
10;34 0.875 9 5.13 1.8
10;35 0.75 10 5.25 1.9
10:40 0.25 15 5.75 2.6
10:42 0 17 6 2.8
Person Conducting Test A- 2532
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Appendix D

Previous Investigations
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1 Introduction

1.1 Background

The Executive Director’s Office (EDO) of the Platte River Recovery Implementation Program (Program)
is investigating the feasibility of implementing broad-scale recharge as a Water Action Plan (WAP) project.
If implemented, broad-scale recharge would act as a flow retiming mechanism in the Associated Habitat
Reach (AHR) of the Platte River. Specifically, water would be diverted from the river when its flows are
in excess of United States Fish and Wildlife Service (USFWS)-mandated target flows. The diverted water
would be delivered to recharge basins throughout the Platte River valley, where the water would recharge
into the alluvium, and the Program would receive credit for return flows to the AHR during times of
shortage to target flows. Potential locations for broad-scale recharge operations are spread throughout the
Platte River valley, but current EDO efforts are focused on the Cottonwood Ranch (CWR) complex (Figure
1). Efforts are being focused at the CWR complex due to (among other factors) its location under the Phelps
County Canal, its proximity to the Platte River, and its various properties being owned or managed by the
Program.

Figure 1: General location map showing the Cottonwood Ranch complex, as well as area towns, waterways
and major roads.

One of the first steps in evaluating the feasibility of constructing a broad-scale recharge project at the CWR
complex was to assess site characteristics as they relate to recharge potential. Specifically, the volume of
water than can be recharged into the alluvial aquifer, and the resulting volume that returns to the river during
times of shortage to target flows, are the most important factors when evaluating the broad-scale recharge
project at the site. Consequently, accurately quantifying rates of infiltration and assessing subsurface
conditions at the CWR complex were the main goals of the fieldwork that was completed by the EDO in
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2016. This report presents the background information, methods, results, and conclusions of the fieldwork
and subsequent analyses that made up the investigation.

1.2 Need for Fieldwork Activities

Data from the CWR complex that predates the 2016 fieldwork activities exists but is not sufficient to
completely evaluate the potential effectiveness of a broad-scale recharge project. Most of the site specific
hydrologic data from the complex was collected as part of the Program’s wetland and wet meadow
monitoring campaign that began in 2014. Groundwater levels were monitored at four locations on the
property and surface water levels were monitored at four locations on the property (two of which were in
the Peterson Ditch and two of which were in Program Cells 1 and 2) (Figure 2). These data have been used
to estimate infiltration rates, but the setup of the monitoring network and operation of the wetland cells
were such that rates could only be estimated in Program Cell #2 (Figure 2) during very specific times (i.e.,
when deliveries to the cell were cut off, which did not happen very often). These estimates ranged from
about 0.2 ft/day when the wetland cells were first wetted to about 0.08 ft/day after the cells had been wetted
for an extended period of time (e.g., on the order of two to three months). Although believed to be accurate,
these estimates might not be reflective of infiltration rates under the anticipated operating conditions of the
broad-scale recharge project.

Figure 2: Site map of the southern portion of the Cottonwood Ranch complex, where recharge operations
are likely to occur. Shown are wetland cells, surface water and groundwater monitoring equipment,
irrigation wells and the location of the pilot-scale infiltration basins.

As it stands (in conceptual form), the broad-scale recharge project will include recharge basins where water
is pooled above the ground surface behind earthen berms (bermed basins) and where water is pooled below
the existing ground surface in excavated pits (pit basins) (Attachment A). The bermed basins will likely
encompass the current wetland cells on the property as well as the pasture/wet meadow areas making up
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most of the complex’s area. The infiltration rates estimated previously are likely representative of the
wetland areas but might not be representative of the pasture/wet meadow areas or the to-be-constructed pit
basin areas. Additionally, measures taken to limit infiltration and groundwater runoff during the wetland
enhancement project (e.g., operation of check structures in the groundwater ditch, avoidance of topsoil
disturbance, etc.) might not be implemented during times of recharge. As such, additional efforts were
needed to quantify infiltration rate estimates under conditions consistent with the conceptual groundwater
recharge project.

Beyond the hydrologic and hydraulic data, the existing data most relevant in the evaluation of the potential
effectiveness of a broad-scale recharge project at the CWR complex are the subsurface logs developed
during the installation of the four groundwater monitoring wells on the Morse property (Figure 2). The
finished logs are presented in Attachment B. These logs were developed to a depth of 20 ft and show that
the subsurface at the well locations are comprised of fine to medium grain sands and are covered by about
2 to 3 ft of topsoil. Depth to groundwater at these locations during well installation (September of 2015)
was between 3 and 3.5 feet, which is consistent with other in-area groundwater level observations from the
fall. Although the subsurface at the CWR complex is believed to be fairly homogeneous, additional data
collected at other locations on the property were needed to ensure that conditions across the site were
conducive to recharge operations.

1.3 Objectives
The objectives of the 2016 fieldwork campaign at the CWR complex were as follows:

1. Develop accurate infiltration rate estimates for the pasture/wet meadow areas represented by the
bermed basin.

2. Develop accurate infiltration rate estimates for the excavated and low-lying areas represented by
the pit basin.

3. Gather any additional subsurface information relevant to the broad-scale recharge concept
feasibility assessment and/or design process.

2 Methods

2.1 Pilot-Scale Recharge Basins

Pilot-scale recharge basins with a surface area of about 0.1 acres (4,000 to 5,000 ft?) were constructed and
used to develop infiltration rate estimates for the pasture/wet meadow areas and the excavated/low-lying
areas at the CWR complex. A bermed basin was constructed and designed to represent the recharge
conditions of the pasture/wet meadow areas, and an excavated basin was constructed and designed to
represent the recharge conditions of the excavated/low-lying areas. More specifically, the pit basin was
constructed such that the topsoil was excavated and the sands/gravels of the alluvium were exposed and the
bermed basin was constructed on top of the topsoil using the material excavated from the pit basin. These
pilot-scale basins were used to develop infiltration rate estimates because they allowed for the estimation
of infiltration rates in a setting that simulates the project-scale basins while maintaining a scale where key
variables (e.g., depth of water, water surface area, inputs and outputs, etc.) were easily measured and/or
monitored; and where unknowns were limited. The pilot-scale basins were sited directly south of Program
Cell #3 (Figure 2).
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2.1.1 Construction

The pilot-scale infiltration basins were constructed during the last week of February and first week of March
in 2016 (Figure 3). The basins were constructed by a contractor who primarily used a bulldozer (dozer) to
excavate the pit basin. The dozer was then used to push the excavated material to the location of the bermed
basin, where the berms were shaped into piles and track-compacted into finished form. It is estimated that
about 300 to 350 cubic yards (cy) of material was excavated and placed. The construction of the basins took
about 1.5 days and was completed for a cost to the Program of $2,970.

A B

Figure 3: The newly constructed pilot-scale infiltration basins in March of 2016. In (A) the bermed basin
is shown and in (B) the excavated basin is shown.

2.1.2 Operation and Monitoring

The pilot-scale basins were operated in a manner designed to mimic the intended operations of the broad-
scale recharge project. To represent the pipeline deliveries to the project-scale basins, the pilot-scale basins
were filled using water delivered through an 8-inch irrigation hose connected to the outlet of a permanent
irrigation pipeline previously installed by the Program on the Morse property (Figure 4). The pipeline is
connected to a vertical irrigation well equipped with a pump that extracts about 900 gallons per minute
from the underlying aquifer. When desired, the pump was turned on, the irrigation hose was directed
towards the pilot-scale basin of choice, the basin was filled to a desired level, and the pump was turned off.
This process generally took 60 minutes or less. The water was then contained in the basin(s), which did not
contain outlets, while it infiltrated into the ground. Once the basins were empty, they were refilled
throughout the duration of the study period.

The water levels in the pilot-scale basins were monitored using pressure transducers (which were suspended
in housings fabricated from PVC pipe) and staff gages (Figure 4). The pressure transducers measured and
stored water pressure and temperature readings, which were converted to water depths, at 30 minute
intervals. The readings were downloaded about once per month by field technicians. In addition, the staff
gages were read and the readings were logged by field technicians (Figure 4). These readings were used as
spot checks to ensure the quality of the data collected by the pressure transducers. In addition, precipitation
was measured onsite using a tipping-scale precipitation gage and climatic variables (temperature,
evapotranspiration, etc.) were downloaded from High Plains Regional Climate Center (HPRCC) weather
stations in Kearney and Lexington, Nebraska, which are each about 15 to 20 miles east and west of the
project site, respectively.
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A

Figure 4: In (A) the 8-inch diameter irrigation hose is being used to fill the bermed basin, and in (B) the
monitoring equipment (staff gage and data logger housing) is shown.

2.1.3 Calculations

The infiltration rates were calculated using a water budget approach by balancing the inputs and outputs of
the pilot-scale basins during the recharge periods when the basins were filled and when water infiltrated
into the ground. The only input during these times was precipitation, assuming no groundwater inflow (or
equal inflow and outflow), and the outputs were evaporation and infiltration (Figure 5).
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Figure 5: Water budget schematic for the pilot-scale recharge basins. The domain boundaries are defined
by the red dashed line. The inputs and outputs across the domain boundaries are represented by the arrows
crossing the boundary.

The water balance domain for each basin was defined as the basin’s bed and water surface. Consequently,
the water budget for each basin can be written as:
P-E-1=4S Equation 1

where P = precipitation, E = evaporation, | = infiltration and AS = change in storage. As discussed above,
precipitation and change in storage (i.e., water surface elevation) were measured on-site, and evaporation
was measured at nearby weather stations. As such, Equation 1 can be rewritten as:

I=P-E-AS Equation 2
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where each term is defined as a depth (in feet). Equation 2 was used to calculate an infiltration rate (in
feet/day) for each day during the recharge periods. For each recharge period, the rate of change of the
calculated daily rates was evaluated and an average daily infiltration rate for the entire period was
calculated.

2.2 Geotechnical Investigations

The pilot-scale basins were valuable in that they allowed for the measurement of infiltration rates under
conditions similar to the intended operating conditions of the full-scale project; however, their
representativeness of the entire site is somewhat uncertain. Although surface and subsurface conditions
across the site are known to be generally uniform, a subsurface investigation was designed to gather
information related to the spatial variation of the conditions affecting recharge potential (primarily soil
types). The investigation consisted of two major activities: (1) a borehole campaign designed by the EDO
and carried out by a contractor in which boreholes were drilled and logs were developed at 10 locations
across the site; and (2) fieldwork performed by the United States Geological Survey (USGS) in which
continuous subsurface resistivity measurements were recorded across the site using a tool known as an
Ohm-Mapper (Figure 6).

2.2.1 Boreholes

Figure 6: Site map of the southern portion of the Cottonwood Ranch complex. Borehole locations and
USGS Ohm Mapper transects are shown.

The goal of the borehole campaign designed by the EDO was to characterize the subsurface conditions
across the project site. This was a piece of a larger borehole campaign designed to assess the subsurface
conditions south of the Platte River channel from roughly Lexington to EIm Creek, Nebraska; however
only the boreholes from the Cottonwood Ranch complex are discussed here. Ten boreholes were drilled at
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locations spread throughout the site to capture potential varying subsurface conditions (Figure 6). A
borehole log was developed for each of the locations and included, among other information, the following
for each layers in the subsurface: number of blow counts per foot, consistency (i.e., firm, loose, etc.) and
soil type (i.e., CL — clay w/ low plasticity, SC — clayey sand, etc.). The depth to groundwater at each location
was also recorded. The drilling of the boreholes took about 3.5 days, while the lab work and write-ups
(which included tests not addressed in this report) took about 3 additional weeks. This work was completed
for a cost to the Program of $15,350 (or about $1,535 per hole, including drilling and lab work).

2.2.2 Ohm-Mapper Survey

The goal of the USGS geophysical investigation was to characterize the subsurface conditions across the
project site using innovative, non-invasive technology. The Ohm Mapper, which is the tool used by the
USGS, measures electrical resistivity at various depths below the ground surface. The tool is generally
dragged behind a 4-wheeler such that resistivity measurements are continuously recorded along transects
(Figure 7). Resistivity profiles can then be developed along the 4-wheeler’s path. These profiles are
informative because resistivity values are directly correlated to grain size such that profiles with larger
resistivity values represent larger grain sizes and, consequently, have greater recharge potential (Burton et
al., 2009; Hobza et al., 2014). In general, the Ohm Mapper has been used to evaluate canal seepage, either
in the context of groundwater recharge or evaluating conveyance losses (Burton et al., 2009; Hobza et al.,
2014). Applying the new technology at the project site allowed for the gathering of additional subsurface
information while, at the same time, provided the EDO/Program the opportunity to evaluate the use of the
technology during the feasibility assessment of future broad-scale recharge projects.

A B

Figure 7: In (A) the 4-wheeler used to tow the Ohm Mapper equipment is shown, and in (B) the Ohm
Mapper equipment is being towed by the 4-wheeler and a USGS employee is walking alongside to ensure
proper function of the equipment.

The USGS was responsible for the Ohm Mapper fieldwork at the project site, as well as the data
development, interpretation and presentation. The USGS performed the Ohm Mapper fieldwork during two
days in September 2016 (Figure 7). Soil cores, separate from those collected during the borehole campaign,
were subsequently collected by the USGS and used to validate the Ohm Mapper data. The data
interpretation and initial presentation took about 1.5 months and it was presented to the EDO in November
2016. Final presentation of that data is be publically available (data available at:
https://doi.org/10.5066/F70R9IMKP). The total cost to the Program for this work was $30,000, which was
50% of the total cost of the project. The other $30,000 was contributed by the USGS.
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3 Results & Discussion

The results of the infiltration testing activities and the geotechnical campaigns described above are
presented in the three subsections below. In each case, the results are presented and followed by a brief
discussion of implications as they relate to the broad-scale recharge project.

3.1 Infiltration Testing

The water levels (in feet) in each of the pilot-scale infiltration basins are shown in Figure 8, along with
cumulative precipitation (in inches) over the study period. The sharp increases (i.e., near vertical lines) in
water levels at the beginning of each event were due to the filling of the basins. The durations of the events
(shaded in orange in Figure 8) continued until the water in the basin(s) had infiltrated into the ground (e.g.,
Event 1 in the bermed basin), or until the basins experienced significant precipitation/runoff inputs (e.g.,
Event 1 in the excavated basin). In total, there were 9 different events during the study period, which
spanned from mid-March through mid-November: 4 fillings of the excavated basin and 6 fillings of the
bermed basin. There were 10 total fillings because Event 1 included the filling of both the excavated and
bermed basins. Subsequent fillings were performed separately to limit groundwater interference between
the test basins.

Spot checks, where staff gage readings were compared to water levels collected by the data loggers, were
performed throughout the study period to confirm the quality of the transducer-collected water level data
(Figure 8). The overall quality of the data was good for most of the study period. The spot checks verified
that the loggers were stationary and collecting accurate data, with the exception of the last two checks on
the excavated basin (during Event 7 and Event 9). These last two checks resulted in staff gage readings that
were higher than the water levels recorded by the data logger (i.e., actual water levels were higher than
those recorded). This is likely due to the cable suspending the data logger being moved inadvertently during
a data download or by wildlife. As such, the reported water levels were likely ‘accurate’ in that their values
were correct after the logger had been moved but ‘inaccurate’ in that their base elevation was different than
that during most of the study period. However, because the logger appears to have been moved
instantaneously sometime between Event 5 and 7, the collected data was still be used to determine water
level differences at a daily time step during Event 7. This is because the readings were not ‘bad’ (i.e.,
collecting erroneous readings), but simply off from previous events.

The only extended period with visually out of the ordinary water level data was from mid-April through
the end of May when there were sharp increases and large fluctuations in the water levels in both basins
(Figure 8). This behavior was a direct result of the 10-plus inches of rain received during that time. As a
result, the excavated pit was nearly overtopped by groundwater inflows, surface runoff and direct
precipitation, and the bermed basin experienced significant ponding from direct precipitation. The basins
were not filled by the irrigation hose during this time period because they were nearly full from natural
inputs, there were obvious violations of the water budget assumptions (namely, large groundwater inflow
and surface water inflow volumes in the excavated basin), and the general inability to gather reliable data
(sharp increases and decreases in water levels during large rainfall events).

The daily infiltration rates in each basin were calculated at a daily time step using the water balance
presented in Equation 2 and the water level data presented in Figure 8. The minimum, maximum and
average daily infiltration rates during each event in each basin are shown in Table 1. In general, the
infiltration rates in the bermed basin were two to three times greater than the rates in the excavated basin.
In both cases, the maximum infiltration rates occurred during the early portion of each event when the
hydraulic head was near its maximum (generally about 2.5 to 3 ft), and the minimum infiltration rates
occurred during the later portion of each event when the hydraulic head in each basin was near 0 ft because
the basins were nearly empty. Overall, the average infiltration rate across the entire study period was about
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0.19 ft/d in the bermed basin and 0.08 ft/d in the excavated basin. The average maximum infiltration rate
across the entire study period was about 0.30 ft/d in the bermed basin and 0.22 ft/d in the excavated basin,
and the average minimums were 0.05 ft/d and 0.02 ft/d, respectively.

Figure 8: The water levels in the bermed (blue line) and excavated (red line) pilot basins are shown, along
with cumulative precipitation measured from an on-site gage. Events (shaded in orange) and spot checks
(green and red dots) are also shown.

In general, the event average daily infiltration rate in each basin decreased from the first event to the second
event (Table 1 and Figure 9). This decrease persisted in the bermed basin until the infiltration rates
appeared to level off near 0.15 ft/d. The increase in the event average rate in the bermed basin during Events
8 and 9 (from 0.14 to 0.18 ft/d) was likely due to the monitoring of the water levels during the last event
being cut short due to the removal of data loggers in anticipation of cold weather (notice the bermed basin
water level in Figure 8 not reaching O ft during Event #9). If monitored, the typically very low infiltration
rates during the last few days of an event would have lowered the event average closer to the rates observed
(0.14 to 0.15 ft/d) in the bermed basin during Events 6 and 8. In the excavated basin, the average daily
infiltration rate leveled off near 0.08 ft/d, and actually increased from Event 3 to Events 5 and 7.

Furthermore, area groundwater elevations did not seem to affect infiltration rates within a single basin
(Figure 9). Infiltration rates dropped significantly from Event 1 to Events 2 and 3, when groundwater levels
were relatively constant. Additionally, infiltration rates continued to decrease, or leveled off, during the
study period when groundwater elevations were decreasing during the irrigation season. It appears that
groundwater levels do not affect infiltration rates (within a basin) as long as they are a few feet below the
ground surface. However, it is believed that one reason why infiltration rates in the bermed basin were
much higher than those in the excavated basin was because the water in the bermed basin had a larger
unsaturated zone in which to move water to than the excavated basin (i.e., the excavated basin was much
closer to the water table and had less ‘room’ to move water to). It should be noted that infiltration tests were
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not performed during the April-May time period when groundwater elevations increased about 1.5 ft due
to the large amount of precipitation. It is assumed that infiltration rates during this time period would have
been much lower, if monitored.

Table 1: Minimum, maximum and average daily infiltration rates in the bermed and excavated basins.

Event Dates Bermed Basin Infiltration (ft/d) Excavated Basin Infiltration (ft/d)

Event | Start Stop Min Avg Max Min Avg Max

1 3/23 3/30** 4/11 0.14 0.29 0.43 0.01 0.10 0.23
2 4/5 4/14 0.01 0.21 0.29 - - -

3 6/8 6/29 - - - 0.01 0.06 0.14
4 6/30 7112 0.05 0.17 0.28 - - -

5 7129 8/20 - - - 0.01 0.08 0.21
6 8127 9/10 0.04 0.15 0.25 - - -

7 9/22 10/4 - - - 0.03 0.08 0.12
8 10/11 10/23 0.04 0.14 0.24 - - -
9 11/9 11/20 0.05 0.18 0.30 - - -

Average 0.05 0.19 0.30 0.02 0.08 0.22

**The infiltration event in the bermed pit ended on 3/30, but the event in the excavated pit continued until 4/11.

Figure 9: The average infiltration rate during each event for the duration of the study period. Also shown
are area groundwater elevations.
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Overall, the results of the infiltration tests suggest that infiltration rates will average about 0.20 ft/d in the
bermed areas and about 0.08 ft/d in the low lying or excavated areas. The long-term infiltration rates in the
bermed areas could trend to 0.15 ft/d. However, it should be noted that these average rates were developed
in a falling-head scenario, and maximum rates near 0.30 to 0.25 ft/d in the bermed basin and 0.20 to 0.12
ft/d in the excavated basin could potentially persist if hydraulic heads are maintained (i.e., if water is
consistently added to the basins to maximize water levels). Although these results seem counterintuitive
because water in the bermed basin needs to infiltrate through topsoil before reaching the alluvial sands (as
opposed to the water in the excavated pit being placed directly on the alluvial sands), they suggest that
having a larger unsaturated area in which to infiltrate water is more important than dealing with limitations
in infiltration due to the existing topsoil. However, the results also suggest that some factor(s) other than
area-wide groundwater levels is causing the infiltration rates to decrease over the study period in the bermed
basin. Potential factors are localized increases in groundwater (due to the filling of the basins) not captured
by area wells and/or the bed of the basin “silting in’ as fines in the topsoil are suspended and deposited on
the ground surface as the water infiltrates into the ground.

3.2 Geotechnical Investigations

3.2.1 Boreholes

The results of the borehole investigation suggest that the subsurface at the Cottonwood Ranch Complex is
relatively uniform (borehole logs attached as Appendix C). The depth of the topsoil ranges from 2 to 8.5
ft and is about 3.5 ft at most locations. The topsoil generally consists of lean clays and fine sands. Beneath
the topsoil, the alluvium (which was labeled as “Alluvial Terrace Deposits” in the logs) generally consists
of about 40 ft of sands and fine gravels. Clay seams (typically about 0.5 to 1.0”) and clayey sand layers
were encountered in a few boreholes but these layers were generally deep beneath the surface (greater than
10 ft at almost every location). A low permeability layer, which is likely a cap on or the top of the Ogallala
formation was encountered in every hole at a depth of 40 to 50 ft. This layer was generally greater than 10
ft thick, consisted of clays, sands and calcified material and had a very low permeability. The one sample
collected that was adequate enough for permeability testing in the lab had a permeability on the order of
107 cm/s. In general, this suggests that the alluvium is likely separate from the underlying Ogallala
aquifer/formation and water recharged in these materials would not seep into the Ogallala. These
conditions, at least with respect to soil characteristics, are conducive to recharge. Furthermore, conditions
near the pilot-scale recharge basins seemed to be reflective of conditions around the entire site, which
suggests that the pilot basin results are representative of the entire property as site conditions are relatively
uniform, as suggested by the similarities of the conditions encountered in each borehole.

3.2.2 Ohm-Mapper Survey

The complete preliminary results of the Ohm-Mapper survey (which consist of resistivity profiles to depths
of about 26 ft) are shown in Appendix D and the average resistivity over the 24 ft-depth at each point along
the transect are shown in Figure 10 (data available at: https://doi.org/10.5066/F70R9OMKP). The average
resistivity across the site (averaged over the depth and then spatially) was about 40 chm-meters, with a
minimum of about 25 ohm-meters and maximum of about 70 ohm-meters at a given location (averaged
over the depth) (Figure 10). In general, the average resistivity values across the site are relatively uniform
with lower average values (around 30 to 35 ochm-meters) near historically wet areas and higher resistivity
values (around 50 to 55 ohm-meters) in the pasture/wet meadow areas, although variations were present.
The highest resistivity values were collected on the gravel road along the longest north-south transect. For
reference, resistivity values averaged over depth in local canals were often below 20 or 30 ohm-meters, and
below 10 ohm-meters in some locations (Hobza et al., 2014). In general, the resistivity values suggest that
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the site is fairly conducive to recharge and absent of any large ‘areas of concern’ (i.e., laterally extensive
and/or thick deposits of fine materia) (Christopher Hobza, oral communication, 2016).

Figure 10: Figure showing average resistivity values over the depth of the profiles along each transect.

As mentioned in section 2.2.2, a major reason for performing the Ohm-Mapper survey was to evaluate it
for future use. The attractiveness of the Ohm-Mapper is that it provides continuous subsurface data using
non-invasive techniques. If accurate to the scale desired, this would allow for the evaluation of potential
broad-scale recharge sites without needing to disrupt the ground surface by drilling and backfilling holes.
The non-invasive approach at the project site was a positive; however, the pasture needed to be mowed and
hayed for the technology to work, which somewhat offset the benefit of not disrupting the surface by drilling
holes (i.e., efforts are needed to mow and hay as opposed to drill and backfill). Furthermore, for this
application, clay seams of 0.5 to 1 ft thick were important to capture because they could significantly hinder
recharge operations if persistent at shallow depths (which was not the case). However, it appeared that the
vertical resolution of the Ohm-Mapper was too coarse to capture these layers as it did not detect the topsoil
or the clay seams at depth (which were present in a few holes) (Appendix D). But it did represent the
alluvial material (fine sands to fine gravels) well and showed that the resistivity of the alluvial material
increases with depth because the material coarsens with depth (Christopher Hobza, oral communication,
2016). Overall, it appears that this technology is a generally useful technique but is not strong at identifying
thin layers necessary for site-specific investigations and/or design. Instead, its usefulness to the Program is
likely in a broader context when evaluating large areas or long continuous areas (i.e., canals) to identify
areas that are and are not generally conducive to recharge, which can then be investigated further using
boreholes.
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4 Conclusions

The results of 2016 investigation of recharge potential at the Cottonwood Ranch Complex yielded the
following conclusions:

1. Event average infiltration rates were about 0.20 ft/d in the bermed basin and 0.08 ft/d in the
excavated basin. Over the long term, event average rates in the bermed basin appeared to level off
near 0.15 ft/d. Consequently, it is assumed that upon completion of the broad-scale recharge
project, areas represented by the bermed basin (i.e., pasture/wet meadow areas) will have an
average infiltration rate near 0.20 ft/d to 0.15 ft/d, while areas represented by the excavated basin
(i.e., excavated and low lying areas) will have an average near 0.08 ft/d.

2. In the bermed basin, infiltration rates decreased during the study period before leveling off near
0.15 ft/d. It is assumed that this decrease was due to two factors. The first was that the constant
wetting of the basin increased the groundwater table (very locally) near the basin, resulting in less
‘room’ for the water to infiltrate (although this was not observed in the excavated basin). The more
likely factor was that the bed of the basin started to ‘silt in’ due to the fines in the topsoil being
suspended and uniformly replaced as the basin emptied, creating a ‘seal’. This could potentially be
mitigated by tilling.

3. These infiltration rates were evaluated in a ‘falling head’ scenario (i.e., the basins were filled once
and not ‘topped off” during the events). The maximum infiltration rates, which were 0.30 ft/d and
0.22 ft/d in the bermed and excavated basins, respectively, occurred during the first portions of the
events when hydraulic heads were at a maximum. As such, there is potential that the average
infiltration rate could be increased if the water levels are ‘topped off’ during the events as to
maintain the largest hydraulic head possible.

4. The results of the geotechnical campaign (both the boreholes and the Ohm-Mapper survey) suggest
that the results from the infiltration basin are likely fairly representative of the entire site because
the site conditions are relatively uniform, and because neither technigue identified any ‘red flags’
with regards to recharge operations. In general, the site consists of 2 to 3 ft of topsoil, followed by
40 to 50 ft of alluvium with sands and gravels, and 10-plus ft of a low permeability hard layer. Clay
seams are present in the alluvium at a few locations, but are relatively deep (10-plus ft). The Ohm-
Mapper results suggest that that site is generally conducive to groundwater recharge.
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Attachment A:

Broad-scale recharge design concept schematics
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NOT TO BE USED AS AN OFFICIAL SURVEY. IT IS NOT TO A
TRADITIONAL ENGINEERING SCALE.

COTTONWOOD RANCH BROAD-SCALE

RECHARGE PROJE
CONCEPT LAYOUT

CT
(#1)

0 500 1,000 2,000
e —— Fcet

SHEET NO:

DATE:

1/73/2017

DRAWN/CHECKED BY:
KW/JF




PETERSON DITCH:

- CLEARED/WIDENED FOR IMPROVED
CONVEYANCE

- FLOW WILL BE CONTROLLED BY CHECK
STRUCTURES AND CULVERTS

PETERSON DITCH

CULVERT AT | RD:

- MODIFIED TO CONTROL FLOW SUCH THAT

CELL 3 IS FILLED BY BAC
DITCH

TYPICAL BERM SECTION (NOT TO SCALE)

- IN THIS ALTERNATIVE, BERMS ARE LARGER AND USED TO

CELL |
WSE = 2288’

DELIVERY
PIPELINE
OUTLET

H RD

DELIVERY PIPELINE:
- FROM PHELPS Co. CANAL
- 75 T0 90 CFS CAPACITY

MAKE LARGER PONDS.
- DITCH IS MAIN MECHANISM USED TO FILL CELLS.
BERM S 8'
-t
| ~7 b
- VARIES VARIES |
(2 FREEBOARD)
S CE}L 0 , OVERFLOW CHECK/WEIR:
WSE = 2280 - DEISGNED TO FILL CELL 5 BY BACKWATER
FROM CHECK AT DOWNSTREAM END OF
CELL 6
KWATER IN
PETERSON DITCH
0
D
BERM 3/ CELL 4 CELL 6
WSE = 2282° WSE = 2280°

BERM 2

CELL 3
WSE = 2285'

BERM 6

OVERFLOW CHECK/WEIR:

- DESIGNED TO FILL CELL 5
- CONTROLS OUTFLOW FROM PROJECT

BERM 7 /

CELL 7

\BERM L

| RD

EARTHEN BERMS:

CRUSHED CONCRETE

- CONSTRUCTED WITH SPOIL MATERIAL
EXCAVATED FROM THE SITE

- BUILT WITH 2' OF FREEBOARD

- POTENTIALLY REINFORCED WITH

747 RD

WSE = 2280

J RD

ALTERNATIVE 2 DRAFT

ALL ATTEMPTS HAVE BEEN MADE TO ENSURE THE ACCURACY
OF THE PRESENTED INFORMATION; HOWEVER, THIS INFORMATION
HAS BEEN FORMATTED FOR CONCEPTUAL PURPOSES ONLY AND IS
NOT TO BE USED AS AN OFFICIAL SURVEY. IT IS NOT TO A
TRADITIONAL ENGINEERING SCALE.

COTTONWOOD RANCH BROAD-SCALE
RECHARGE PROJECT

CONCEPT LAYOUT (#2)

0 500 1,000 2,000
e —— Fcet

SHEET NO:

DATE:
1/73/2017

DRAWN/CHECKED BY:
KW/JF




PRRIP — ED OFFICE DRAFT

Monitoring well logs produced by Mid-State Engineering & Testing

Attachment B:

3/15/2017




MID-STATE

HBRILE HOLE :ND::oE

LOCATIDN :OF BRILE HOLE

TELEVATONT

PROJECT Morse Property
ENGINEERING & BORI NG LOG LOCATION Phelps County, Nebraska
TESTING, INLC. JOB NO. DATE
500-02-21 9110114

TOTALDERTH

__MW- 301

N 40 39'35.60" W99 29'01.40"

2287.45

WATER LEVEL OBSERVATIDNG: L TYPE GF SURFACE
WHILE END OF
DRILLING DRILLING T.0.C. 24 HOURS T.0.C.
312 31/2 4 1/4" Hollow Stem Auger Kevin Christensen
[ Grevish Bmn Moist Firm sC ALLUVIAL TERRACE DEPOQSITS _
| Clavey Sand _
= Light Brown Moist Loose SP ALLUVIAL DEPOSITS _
. ) Fine to Medium Grained Sand _
- 8 —
E 5-1 3414 Saturated _
5 5
n Medium Grained Sand ]
|10 w/Trace of Gravel 10__|
15 15_ |
N A-2 -
20 20
N Bottom of Hole 20' _
[ 25 25|
30 30_ ]
S 35 ]




MID-STATE

__MW- 302

PROJECT Morse Property
ENGINEERING & BORING LOG LOGATION Phelps County, Nebraska
TESTING, INC, JOB NO. DATE
| I 500-02-21
CERILEHOLE NEE:-- 'fiEOCﬁ"TIDNﬂF?DRJ_EEHOEEEE{E G EEEVATION: |
N 40 39'34.70" W 99 28" 47.90"

T WAIER LEVEL DOSERVATIONS CTYPECE SORFACET TDRILEER:
WHILE END OF Grass Mid-State Engineering
DRILLING DRILLING T.0.C. 24 HODRS T.OC. S ORICUNG METHODIS TLOGGER
3 3 4 1/4" Hollow Stem Auger Kevin Christensen
E
[ Brown Moist Firm SC ALLUVIAL TERRACE DEFOSITS —
| Clayey Sand -
. Light Brown Moist Firm SP ALLUVIAL DEPOSITS —
.. Medium Sand w/Qccasional Grave! N
- (10} Saturated o
= s-1 3/4/6 -
- ]
[ More Gravel T
[ 10 10_]
15 15_"
N A2 -
20 20
| Bottom of Hole 20° ]
" 25 25 |
| 30 30|
[ 35 a5




MID-STATE PROJECT

ENGINEERING & BORING LOG LOCATION Phelps County, Nebraska
TESTING, INC. JOB NO. DATE

Morse Property

9/10/14

JOTAL DEPTH:

TDRILL HOLE N0, LOCATION OF DRILL HOLE.

__MW- 303 N 40 39'44.10" W 99 28 34.10"

SWATER I EVEE GRSERVATIONS 33 SINPEGESHRFACE
WHILE END OF Grass ______
DRILLING DRILUNG TO.C, 24 HOURS T.O.C. S ORICING METHOD
3 3 4 1/4" Hollow Stem Auger Kevin Christensen
BN ] DR

Brown Moaist Firm SC ALLUVIAL TERRACE DEPOSITS
Clayey Sand
Light Brown Moist Firm SP ALLUVIAL DEPOSITS
Fine to Medium Grained Sand
{11) Saturated wiSame Gravel

-1 7/5/6

o
o

Cla bbbt b L

-
w

-

o0

lllilliil|IIIII|I|I|I|I|||||I|I|i|l|||l
=
-
(=]

A-2

[\N]

(=]
]
=]

Bottom of Hole 20"

i?illll’lllllllllli
b -4
g »
Cla b b

Il"lllll

T A T A I

[

(L]
L
o




MID-STATE PROJECT Morse Property
ENGINEERING & BORlNG LOG LOCATION Phelps County, Nebraska
TESTING, INLC. JOB NO. DATE
500-02-21 9/10/14
ORI HOLE NOL s - iEOCATION OF DRICLHOLE: VATION: - i STH
N 40 39'41.80" W 99 28'27.60" 2282.5 20'
WAIER I EVEL DBSERVATIONS e ACE T DRILEET v
WHILE END OF Grass Mid-State Engineering
DRILLING DRILLING T.Q.C. 24 HOURS T.OLC. FEDRILHING METHED: i g (CHOBGER: i

3'
B Dark Brown Moist Firm sC ALLUVIAL TERRACE DEPOSITS _
N Clayey Sand B
. {13) Brown Saturated Firm sP ALLUVIAL DEPOSITS _
. S-1 51617 Fine to Medium Grained Sand |
| 35 w/Gravel 5 |
[ Medium Grained Sand w/Gravet ]
- 10 10|
[~ 15 15_"
[ A2 -
20 20
[ Bottom of Hole 20" m"
" 25 25 ]
| 30 30__|
- s 35




PRRIP — ED OFFICE DRAFT

Borehole logs produced by Mid-State Engineering & Testing

Attachment C:

3/15/2017
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P16-020 Morse and

MID-STATE PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG  |.ocaTion Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
200-09-23 9/13/18

 DRLLFOLENG EOCATWON OF DREL BOCE ELEVATION DATTW TOTAL DEFTH |

DH 1 (M 1) As Per Boring Location Plan ] 50'
""""""""""" ~WATER LB’E.DBSEHUATIDNS TYPEOF SURFACE ORI LER

WHILE ENOOF (Grass Mid State Englneering
ORILLING ORILLING HOURS DRILEING METHOD HIGEER.
312 3 1/2' Wet Cave 4 1/4" Hollow Stem Auger Jer%Shthem
. .Nl

DEFTH| NOLA | BLOws |REs] DowoR MOIST COME. SOIL TYPE GEDLOGIC. DESCRIPTION & MOET [WET

N - Y o I I (Class} ... OTHER REMARKS % PGF mE.| FT
B Dark Gray Very Molst Firm CL DEVEL0|5ED ZONE _|
[ Dark Grey | Very Molst Flrm cL ALLUVIAL TERRACE DEPOSITS ]
_ Lean Clay w/Flne Sand |
n sSC Clayey Sand _
| Grey —)
. {(12) ]
_ 51 5/6/6 Light Brown | Saturated Flrm SP ALLUVIAL DEPOSITS 181 N
|__S Poorly Graded Fine to Medlum Sand 5 |
n wiTrace of Gravel .
[ 4 Very Loosa ]
_ S-2 31212 -
10 10__|
- (22) ]
N §8-3 | 5M10/12 Very Firm 17.3 _
|15 15__|
[ {12) —
L 5-4 784 -
|20 Firm 20__|
_ Lt Grey Bm CL Lean Clay Layer w/Some Sand .
" Light Brown sC ]
| (40) —
- s §-5 |14/17/23 Dense Clayey Sand w/Some Gravel 12.2 25 ]
_ sP _
_ (29) ]
L §6 |11112117 Very Firm Poorly Graded Fine to Medium Sand 1086 _
|30 w/Some Gravel 30__
" (17) _
» S-7 7/9/8 Flrm 116 |

as as




MID-STATE Cottonwood Reneh
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraska
TESTING, INC. JOB NO. DATE
| 200-09-23 9/13/16
F DRILE HOLENOT 10GATIDNOF DRILL HOLE _ELEVATION ATUM TOTALDERTH
DH-1 (M-1) As Per Boring Location Plan _| 50

(GEPTH] NG & | BLOWS | dEG COLOR MisT i, $0ILTYed GEOL  CUERCRIPTION& st [WEIGHY| ot | DHATH
e} vves JEr | 4 {Cigss] OTHER REMARKS 1w D ece | ree | FL
. Light Brown | Saturated irm sP ALLUVIAL DEPOSITS ]
N Poorly Graded Fine to Medium Sand _
| w/Some Gravei —
[ (17) _
B S-8 12/9/8 -
" 40 40_
[ Lt Bm Grey | Saturated Firm cL OGALLALA FORMATION _
» Lean Clay w Sand _
n TE:] sC Ciavey Sand 26.2| 96.1| PI=13 .
|45 45|
L {67} .
L $-10 | 12117/50 Very Dense CL/ML Siity Clay w/Fine Sand |
B d.5inches .
__ (35) _
- o S-11 | 1113122 Dense Cemented Caicium Concretions 27.6] 94.5| Pi=§ s
I~ Bottom of Hole 50° _
|~ 55 55_ |
60 60__|
” 65 65_ |
70 70__|
75 75 ]




MID-STATE

ENGINEERING &

PROJECT

P16-020 Morse and
Cottonwood Ranch

BORING LOG  |.ocation

Phelps County, Nebraska

TESTING, INC. JOB NO. DATE
200-09-23 91211
F DRILLHGLEND [ ¥ H EL. ELEVATION DATUM. T I0TAL
DH-2 {M-2) As Per Boring Lacation Plan 50'
- - WATER LEVEL DASERVATIONS . . ... . ... ... T TYEEIF.SURIE .................... .
WHILE ENOOF Grass
ORILLING OR LLING HOURS R LUING METHOD -
31 6 1/2' Wet Cave 4 1/4" Hollow Stem Auger Jeg{Stithem
DEFTH REC{ COLOR MOIST CONS. S0IL TYPE EDLDGIC DESERIFTION A | mosT |wewhard ou | oesTm
FT. [ 2 A S L {Clias) . OTHER'REMARKE. . O LT O = I 2
B Dark Grey | Very Moist Firm CL/SC DEVELQPED ZONE _
___ A-1 Dark Grey | Very Moist Firm CL ALLUVIAL TERRACE DEPOSITS —_
| Lean Ciay w/Sand |
[ Light Grey sc Clayey Sand _
- {11) _
3 5.2 5/615 Light Brown | Saturated Firm 8P ALLUVIAL DEPOSITS ]
| 5 Poorly Graded Fine to Medium Sand 5|
N wiTrace of Gravei -
[ {10) _
N 8-3 4/545 Loose w/Some Gravel 122 i
10 10__|
[ (16) ]
B $-4 5/6/10 Firm Trace of Grave! .
|~ 15 15__]
" (23) 3
B 8-5 | 9/11/13 Very Firm Very Fine Sand 110 .
[ 20 20__|
" Poorly Graded Fine to Medium Sand _]
L wiSome Gravel _
[ (24) _
- S-6 7111113 -]
| 25 25|
— (34) _
» ST |1INmMnT Dense 117 o
30 30__|
[ {19) Firm -
L S-8 | 12110/9 .
35 35




MID-STATE ostorwond Raneh
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraskal
TESTING, INLC. JOB NO, DATE
| 200-09-23 /1218
E ORILL FOLE NG LOCATION OF DRRT HOLE ELEVATION DATUM.__ [ TOTAL DEPTH__|
DH-2 (M-2 As Per Boring Location Pian _ 50"

T SAMPLE| % _ _ g DAY | -

- OEPTH| MO & | BLbws ke b oR 0 eils 80 7Y GED  tRSCRIETO S | aisy |weihtl ol | et
gt | TVPE ey | 1Ciass}: OTHER HEMARKS -4 |opiE |orar £

- Light Brown | Saturated Firm SP ALLUVIAL DEPOSITS _
n Poorly Graded Fine to Medium Sand _l
— wiTrace of Gravel _
. {15) ]
» S-9 8/817 10.7 _
| _a0 40__
B Lt Grey Bm Mo st Firm CL OGALLALA FORMATION _
. Lean Ciay w/Sand ]
" (28) _'
B S-10 | 14/15M13 21.1| 94 1| Pi=NP -
| 45 Lt Brn Grey Very Firm SPSC Clayey Sand w/Caicium Concretions 45__ |
- (79) _
. S§-11 | 15/30/49 Very Dense CL .

50 50

[ Bottorn of Hole 50° _.
[ 55 55_|
60 60__|
|~ &5 65__
[~ 70 70__]
- 75 75 ]




MID-STATE C ot oo Rah
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG  |iocamion Phelps County, Nebraska
TESTING, INGC. JOB NO. DATE
| 200-09-23 9/14/16
..DR“!!QIEND.. e messassassasoia WHD‘E E—Eagﬂg!! g!ﬂ!!! T -
DH-3 (M-3) As Per Boring Location Plan 50'
e reeieie L WATER EEVEE DBSERVATIONS. 07000 FTYPEDOESURFACE .. ................ ... .07 T BRI
WHILE ENQ OF Grass Mid-State Engineering ‘
DRILLING DRLLLING HOURS PRIEUNG METHOD: 20000000000 ' L OGIGER
4’ 4 1/2' Wet Cave 4 1/4" Hollow Stem Auger Shawn Cooney
DEFTH| NOLA i stows [reg] colom MOIST CONS. SO TYPE GEOLOGIC DESCRIPTION & MOIST |WEISHT} ou | oEpTH
NS R 7 S o Y S S B (Clidy ... OTHERREMARKS . _% BGF_} TBF FF,
[ Grey Brown ISiIéhtly Moist| Firm L DEVELOPED ZONE B
L Grey Brown iightly Moist Firm CL ALLUVIAL TERRACE DEPOSITS -
L Lean Ciay w/Fine Sand |
N Grey Brown |Siightly Moist] Loose 8P ALLUVIAL DEPOSITS ~
L {7} Poorly Graded Fine to Medium Sand ]
_ 51 3/4/3 w/Some Gravei _
5 Saturated 5_ |
[ (7) ]
» 8-2 3314 11.3 .
—_10 10__|
"~ Clay Seam < 6" Thick ]
[ {(17) .
B §-3 8/8/9 Firm Poorly Graded Coarse Sand 14.0 _l
| 15 w/Some Gravei 15|
" SP/SC ]
_ (16) ]
- o 54 8/a8 Clayey Sand w/Trace of Gravel 12.8 20
- (24) ]
e S-5 | 711113 Very Firm SP Poorly Graded Medium Sand 25 ]
[ (25) _
= 86 | 711015 SP/SC 16.3 -
| 30 ao__|
" (31) —
_ 8.7 |10M14117 Dense SP Ciayey Sand w/Some Gravei 10.5 2 ]
35




MID-STATE

P16-020 Morse and

PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraskal
TESTING, INLC, JOB NO. DATE
200-09-23 9/14/16
DH-3 {M-3) As Per Boring Location Plan _ 50'
B SAMPLE] N B i . B BRY |
oeptr| mo g | oBLows [Res]  ooloR ST cois SO TYPE GELDGIE DRSCRETIIN . snalsT fweishr] alr | bepe
CBr | TeeeE b iR |ow [Class): O THEF REMASIKY -4 | oper | oyse | e
L Light Brown | Saturated Dense SP ALLUVIAL DEPCSITS _-
. Poorly Graded Coarse Sand _
L wiSome Gravel |
[ LtGreyBm | Moist Firm cL OGALLALA FORMATION -
__ {15) Lean Clay wiFine to Medium Sand =
B S-8 5/8/7 and Caicium _
" 40 a0__|
- Saturated ]
| (32) —
a5 S-8 | 161416 sSC Ciavey Sand 35.3| 88.1| PI=19 a5 ]
__ (36) _
L S-10 | 12/15/21 i
50 50

__ Bottom of Hole 50 ]
|~ 55 55|
" &0 60__|
I~ 65 65_ |
[~ 70 70_|
- 75 ]




MID-STATE Catiomond Ranch
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG  |iocation Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
200-09-23 9/14/16
L DRILL HOLE WO | LOCATION OF DREL HOLE ELEVATION DATUM ___ FYOTALDERTH
DH-4 (M-4 As Per Boring Location Plan _ 1 50
"""""""" L WATER EEVEL DBSERVATIGNS . oo L TYPE OF SURFALE B LEER
WHILE ENO OF Grass Mid-State Engineering
DRILLING ORILLING HOURS DR LLING METHOD: TOGGER .
31/2" 5' Wet Cave 4 1/4" Hollow Stem Auger St}iag‘ivn Cooney
;. N N 3
pEETH NO.& ] Brows [rea] coioR MOISE € NS SOILTYPE SEOLOGIC GESCRIPTION & | mosT |WeeHT] o | DEFH
__ k| ieE T Vwd o kb (Claw) ) CTHERREMARKS = _PGF_§. . JEF FT
B Dk Grey Brn [Slightly Molst] Flrm CL DEVELCPED ZONE ]
| Dk Grey Bm [Slightly Mols]  Firm CL ALLUVIAL TERRACE DEFOS!TS -
| Lean Clay w/Fine Sand ]
i GreyBrown| Molst sC Clayey Sand ]
[ (11) ]
» S 3/6/5 Grey Brown | Saturated Flrm SP ALLUVIAL DEFOSITS 178 -]
|5 Poorly Graded Fine to Medlum Sand 5_ |
_ wiTrace of Gravel |
[~ (7) _
B 8-2 3/4/3 Loose wiSome Graval 124 _
|10 10__]
- {13) Light Brown Firm _
» S-3 6/6/7 .
|15 15__|
| {15) —
_ 5-4 7i7i8 109 _
[ 20 20 |
[ (9) _
_ S-5 5/4/5 Loose -
| 25 25_ |
[ {20) _
_ S-8 7/9M11 Firm Poorly Graded Medium Sand 126 |
[ 30 wiTrace of Gravel 30__}
— SPISC ]
[ (21) -]
- s §-7 |10/11/10 Clayey Sand w/Gravel 11.8 5
3




MID-STATE oo e
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraska
TESTING, INC. JOB NO. DATE
200-09-23 9/14116
[ ORILUHOLENO] - LOCATION OF DRRT NOLE ELEVATION DATUM TOTAL OEPTH
DH4 (M-4)} | As Per Boring Localion Plan 50°
B T T R _ TR :
CDEPTH 80K | BLOWS  |RE SOLOR I CONS. Bow TYPE GEOLOGIG DESCRIBTION-& W EY W Gl O t Pt
CiET LTYRE § . JRT [ip5s}. OTHER REMARKS Bt | 18 T
i Light Brown | Saturated Flrm 5P ALLUVIAL DEPOSITS .
- wiGravel |
- Grey Brown | Very Moist| Dense 5C OGALLALA FORMATION _
_ (36) Clayey Sand w/Some Gravel ]
" 5-8 | 1011224 —
40 40__
- (49) Lt Bm Grey _
L 5-9 | 14/17/32 i
45 45__
- (55) ]l
- §-10 | 17/19/36 Very Dense Cemented Calcium Concretlons 217 P 16 0
- Bottom of Hole 50" —
|~ 55 55 |
" e0 60_]
" 65 65_
70 70__]
- 75 75 ]




MID-STATE Cottomwood Ranah
PROJECT Cottonwood Ranch
ENGINEERING & BORI NG LOG LOCATION Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
| 200-09-23 _ 9/15/16
DRI AOLENO TOCATION OF DREL OLE m ........  DATUR m
DH-5 (CW 1) As Per Boring Lo ation Plan 1 59
B :WATE'!LEVE.BBSERW\?IONS ......................................... ..'m T OELLER
WHILE END OF Prairie Grass Mid-State Engineering
DRILLING DRILLING HOURS DRIMW R T HIGBER
7' 7' Wet Cave 4 1/4" Hollow Stem Auger Jeasmhem
: : coor | wmoIsT CONS. SOILTYPE ‘GEDLOGIC. DESCR PTION & | momsT |weear] ou | oEFTH
{Class) OTHER:REMARKS: % | . rer .} TsF FT.
- | Dark 8rown |Stightly Mois Eirm CL DEVELOPED ZONE _
—_ Dark Brown [Siightly Moist Firm CL ALLUVIAL TERRACE DEPOSITS _-
L Lean Ciay w/Fine Sand N
[ {6) Light Brown | Moist Loose sC Ctayey Sand _
L S-1 2/4/4 -
| S Very Moist 5 |
- Satursted ]
-_ {12} Light Brown | Saturated Firm SP ALLUVIAL DEPOSITS ;
B 8.2 afsi7 Poorly Graded Fine Sand 17.9 _
|10 wiTrace of Gravei 10__|
= (14) ]
_ S-3 SITIT 16.1 _
~ 15 15_]
[ (18) ]
» 54 5711 -
|~ 20 20|
[ Grey Brown ]
| {18) |
N S-5 3/8/8 Fine to Medium Sand 10.1 _
[~ 25 wiTrace of Gravel 25 |
- (16) |
n S-6 6/8/10 Light Brown 10.5 -
|~ 30 30
- (17 _
B 8-7 F{zfalt] -
a5 s




MID-STATE Cottomwon panch
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraskal
TESTING, ING. JOB NO. DATE

_ 200-09-23 8/15/16
[ DRILLHOLE NGT LOCATION . OF DREL HOLE ELEVATIONG I DATUM TOTAL DEPTH
DH-5 (CW-1 As Per Boring Location Plan _ 55
- AMPLE(: N E - ORY i
FBEFTH] H0. 8 | BLOWS |RE HLOR MOIST g SO YRR, GEOLOGIG DRBCRIFTION 4. CMCHET |WEIGHY| GU | GEPTH
. FT. | vvee | Jey % fictags) OTHER REWARKS 4 | por | vae | Fy
- Light Brown | Saturated Firm sP ALLUVIAL DEPOSITS —
_ Poorly Graded Fine to Medium Sand _
| wfTrace of Gravel ]
~ (24) .
B S8 | 711113 Very Firm 108 |
[~ 40 40_"]
- (18) ]
R S5-9 9/10/8 Lt Grey Bm Moist Firm CL OGALLALA FORMATION -
[ 45 Lean Ciay w/Some Caicium 45__|
[ and Fine Sand -
[~ {28) _
- 5o 810 | 1111315 Lt Brn Grey | Very Moist| Very Firm 307| 891 PI=23 50 -
|5 S
. (40) -
_ $-11 | 13/16/24 Dense -

55 55

- Bottorn of Hole 55 _
60 60__
65 65__|
[~ 70 70_"]
- s 75 ]




MID-STATE ot wond fa
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG |,ocamion Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
__200-09-23 9/15/16
 DEILL HOLE NG LOCATION OF DREL HOLE ELEVATIDN | DATUM TOTAL
DH-6 (CW-2) As Per Boring Loc tion Plan _1 50
Lhi ‘WATER $ EVEL DBSERVATHONS _ TYPE OF SURFACE R T CORIERT T il
WHIL END OF Prairie Grass Mid State Englneering
ORILLING ORILLING HOURS DRILLING v L LOGGER.
5' 5 Wet Cave 4 1/4" Hollow Stem Auger Jer_?vShthem
SAMPLE I :
DEFTH| NOL& | i ' ws |mEC ocor [ moisE CONS, SOIL TYP GECLDG DESCRIPTION: WEIGHT} O | DERTH
LEr L mype | gFn Lo d {Cluey) ... OTHER REMARKE PCF. _{ TEF | FT
B Gray Brown |[Siightly Moist Firm CL DEVELOPED ZONE |
[ Gray Brown |S ghtly Moist Firm CL ALLUVIAL TERRACE DEPOSITS _.
_ Lean C ay w Fine Sand |
_ Moist Loose 5C Ciayey Sand ]
[~ 6) 4
= S-1 2313 148 _
|5 s__|
[ Light Brown | Salurated | Loose SP ALLUVIAL DEPOSITS _
N Poorly Graded F ne Sand _
| wiTrace of Gravei —
N (10) _]
» 5-2 21515 109 .
10 10__|
[~ {13) .
» 8-3 567 Firm Fine to Medium Grained Sand 10.6 _
|_15 wiTrace of Gravei 15__|
- (15) —
N S-4 10/9/6 -
| 20 20|
[ (28) _
B 8-5 |15M12116 Very Firm SP/SC Fine to Medium Grained Ciayey Sand 10.7 .
| 25 wiSome Gravei 25__ |
[ (17 _'
B 5-8 77110 Firm sP Fine to Medium Sand w/Some Gravel 0 ]
|__30 |
- {13) -
L 5-7 7716 13.0 -
35 35




P16-020 Morse and
MID-STATE PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraska
TESTING, INLC. JOB NO. DATE
200-09-23 9/15/16
[ DRICROLEND. T LOCATION OF DRIL HOLE ELEVATION. DATUM TAL
DH-6 {CW-2)] ___As Per Boring Location Plan 50!
DEPTH| MO8 | SLOWS | Red COLOR WGEET GO S0 TYPE GEOLOGIL:DERCRIETON & MOIGT |WEGHY] Qi § DEPTH
AN T % {Ciassi OTHER REMARKS 8 | per | ¥SR £ Y
" Light Brown | Saturated Firm sP ALLUVIAL DEPOSITS —
= Fine to Medium Sand |
L Trace of Gravei _
- (62) _
- a0 S-8 | 16/30/32 Very Dense Very Fine Sand, No Gravel 101 0 "
:_ {13) Lt Grey 8m Moist Firm sSC OGALLALA FORMATION _-
- s 59 2/5/8 Poorly Graded Ciavev Sand 20.3 Pi=g 5
[~ (58) _
L S-10 | 10/17/41 .
50 Very Moist | Very Dense 50

" Bottorn of Hole 50° _
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MID-STATE PROJECT Cottonwood Ranch
ENGINEERING & BORI NG LOG LOCATION Phelps County, Nebraska
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M I D - STAT E P16-020 Morse and
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraskal
TESTING, INC. JOB NO. DATE
200-09-23 9/13/16
[ ORILLFOLEND 1OCATION OF OFVLL HOLE ELEVATION 3 DaTuM __TTOTALDERTH_
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P16-020 Morse and

MID-STATE PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG  |Locamon Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
| _ 200-09-23 9/13/16
L DRILLHOEE MO, | ~_LOGATION OF DRICL HOLE ELEVATON L DATUM 3
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M I D- STAT E P16-020 Morse and
PROJECT Cottonwood Ranch
ENGINEERING & BORING LOG LOCATION Phelps County Nebraska
TESTING, INC. JOB NO. DATE
200-09-23 9/13/16
DAL HOLE MO COCATRIN DR DRILT HOLE ELEVATION DATUM, TOTAL DEPTH
PH-g (CW-5) As Per Bering Location Plan _ 50’
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MID-STATE Eottonwond Rasen
PROJECT Cottonwood Ranch
ENGINEERING & BORI N G LOG | LOCATION Phelps County, Nebraska
TESTING, INC. JOB NO. DATE
200-09-23 9/14/16
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P16-020 Morse and
M I D STATE PROJECT Cottonwood Ranch
ENGINEERING & BORIN G LOG LOCATION Phelps County Nebraskal
TESTING, INC. JOB NO. DATE
200-09-23 9114116
ORRLTOLE WD SOCATION OF DRILEHOLE ELEVATION SATUN [ TOTALGERTH |
IDH-10 (CW-6) As Per Boring Location Plar | so
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B S-9 | 10/31/50 Verv Dense wiCaicium Deposits i
|45 4 inches 45__|
[ (61) _
= S-10 | 11/18/43 -
50 50

[ Bottom of Hole 50° _
|~ 55 55|
|~ &0 60__|
|65 65_ |
70 70_]
[~ 75 75 ]




PRRIP — ED OFFICE DRAFT

Attachment D:
Deliverables from USGS Ohm-Mapper Survey

Data from USGS is very large (+100
MB) and is available upon request

3/15/2017




99°20'0"W 99°28'30"W

40°39'45"N #

40°39'30"N [= A
» u

Inex map

EXPLANATION

B Core locations

—— Ohm-mapper lines

Morse Property 600 Met
eters




Depth, in meters

West

Depth, in meters

r1.0

2.0

+3.0

r 6.0

r7.0

Inverted resistivity section: Line 13Sept16_100

Core 4
Core 4 Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
G .
= ML-SP Sandy silt
[ sp-ML Silty sand
1sw Sand, poorly sorted
[sp Sand, well sorted
= sw-cw Poorly sorted sand and gravel
[ SP-GP Well sorted sand and gravel

Il No recovery

[}
o

1%}
2

[} %))
I | |

Distance, in meters

99°290"W

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Westth

. eters
, In meters

C
Depth

Depth, in meters

+ 5.0

+ 6.0

L 7.0

Core 6

Core 6

SP

Inverted resistivity section: Line 13Sept16_110

Dla8REe IMTRRESs Core 6

Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
= sP-ML Silty sand
1sw Sand, poorly sorted
[Jsp Sand, well sorted
=1 sw-Gw Poorly sorted sand and gravel
[ sP-GpP Well sorted sand and gravel

Il No recovery

99°290"W

99°2830"W

EStth

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

R&wsistityifyninlohrmetetsrs



Depth, in meters

South

Inverted resistivity section: Line 13Sept16_20

Distance, in meters North

40°39'45'N o

40°39'30'N

99°290"W 99°2830"W
T T

EXPLANATION

E  Core locations

= Ohm-mapper lines

T 1
0 160 . 320 ‘ 640 Meters

Resistivity, in ohm-meters



Depth, in meters

South

Depth, in meters

6.0

Core 5

Core 5

Inverted resistivity section: Line 13Sept16_30

Distance, in meters

Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
= sP-ML Silty sand
1sw Sand, poorly sorted
[Jsp Sand, well sorted
=1 sw-Gw Poorly sorted sand and gravel
[ sP-GpP Well sorted sand and gravel

Il No recovery

99°290"W

99°2830"W

North

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

West

Depth, in meters

Inverted resistivity section: Line 13Sept16_40

Distance, in meters

Core 1

Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
[ sp-ML Silty sand
1sw Sand, poorly sorted
—sp Sand, well sorted
= sw-cw Poorly sorted sand and gravel
[ SP-GP Well sorted sand and gravel

Il No recovery

99°290"W

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

== Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

West

Inverted resistivity section: Line 13Sept16_50

Distance, in meters East

40°39'45'N o

40°39'30'N

99°290"W 99°2830"W
T T

EXPLANATION

E  Core locations

= Ohm-mapper lines

T 1
0 160 . 320 ‘ 640 Meters

Resistivity, in ohm-meters



Depth, in meters

West

Depth, in meters

6.0

Core 5

Inverted resistivity section: Line 13Sept16_60

Distance, in meters

Core 5
Lithology

Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
[ sp-ML Silty sand
1sw Sand, poorly sorted
—sp Sand, well sorted
= sw-cw Poorly sorted sand and gravel
[ SP-GP Well sorted sand and gravel

Il No recovery

99°290"W

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

4sish

g
5
:
5
8

0.0

Core 3

(

ML

r2.0

+3.0

a &
o o
I | t,II wi
= [ 2 o

o
=}

N
o

Inveried resistivity seetion: Line 138epti6_76

Core 4

R

C@B?e“\

BIStAACE; i meters

Lithology
Label Description
I MH-CH Clayey silt
B MH Silt, high-plasticity
/] mo Silt, low-plasticity
=1 mL-SP Sandy silt
[ sP-ML Silty sand
1 sw Sand, poorly sorted
sp Sand, well sorted
= sw-Gw Poorly sorted sand and gravel
[ sP-GP Well sorted sand and gravel

Il No recovery

40°3945'N o

a0°394sf o

40°39'30°N

40°39'30

as{h

Core 3 Ra3?
2
ac
o
=
2
&
¥

99°290°W 99°2830'W

T T
99°290W 99°2830'W
T T
L
L l 7
L — —_ -
ore
EXPLANATION
B Core locations 0 160 3 640 Metbrs
Ohi pper lines
) T T T T T T 1
0 160 320 640 Meters




Depth, in meters

West

Depth, in meters

Core 2

Inverted resistivitv section: Line 13Sept16_80

Distance, in meters

Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
= sP-ML Silty sand
1sw Sand, poorly sorted
[Jsp Sand, well sorted
=1 sw-Gw Poorly sorted sand and gravel
[ sP-GpP Well sorted sand and gravel

Il No recovery

99°290"W

Core 2

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION

E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

West

Depth, in meters

0.0

Core 3

ML

Inverted resistivity section: Line 13Sept16_90

Core
Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
[ sp-ML Silty sand
1sw Sand, poorly sorted
—sp Sand, well sorted
= sw-cw Poorly sorted sand and gravel
[ SP-GP Well sorted sand and gravel

Il No recovery

3 Distance, in meters

99°290"W

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

South

Inverted resistivity section: Line 4May16_10

Distance, in meters North

40°39'45'N o

40°39'30'N

99°290"W 99°2830"W
T T

EXPLANATION

E  Core locations

= Ohm-mapper lines

T 1
0 160 . 320 ‘ 640 Meters

Resistivity, in ohm-meters



Depth, in meters

Inverted resistivity section: Line 4May16_30

South Distance, in meters North

99°290"W 99°2830"W
T T

40°39'45'N o

40°39'30°N | | Line 4N|ay1 6730

EXPLANATION

E  Core locations

= Ohm-mapper lines

T 1
0 160 . 320 ‘ 640 Meters

Resistivity, in ohm-meters



West

Depth, in meters

Depth, in meters

5.0

6.0

7.0

Core 6

SP

Inverted resistivity section: Line 4May16_40

Distance, in meters

Lithology
Label Description
Il VH-CH Clayey silt
B MH Silt, high-plasticity
/Mo Silt, low-plasticity
= ML-SP Sandy silt
= sP-ML Silty sand
1sw Sand, poorly sorted
[Jsp Sand, well sorted
=1 sw-Gw Poorly sorted sand and gravel
[ sP-GpP Well sorted sand and gravel

Il No recovery

Core 6

99°290"W

99°2830"W

East

40°39'45'N o

40°39'30'N

EXPLANATION
E  Core locations

= Ohm-mapper lines

O -

1
640 Meters

Resistivity, in ohm-meters



Depth, in meters

West

Inverted resistivity section: Line 4May16_50

Distance, in meters East

40°39'45'N o

40°39'30'N

99°290"W 99°2830"W
T T

EXPLANATION

E  Core locations

= Ohm-mapper lines

T 1
0 160 . 320 ‘ 640 Meters

Resistivity, in ohm-meters



Platte River Recovery Implementation Program | Cottonwood Ranch Broad-Scale Recharge Project
Final Report of Geotechnical Investigation and Design

Appendix E

Development of Design Soll
Parameters




Project: Cottonwood Ranch BSR Project Co d Date:
Subject: Seépage Analyses Ch b Date:
Task: Permeability Derivation
Job #:10057849 Page: 10of 4

Problem
Derive hydraulic conductivity parameters to be used for seepage analysis.

References:

(1) USDA Web Soil Survey (https://websoilsurvey.sc.egov.usda.gov)

(2) Investigation of Recharge Potential at the Cottonwood Ranch Complex: Infiltration Rates &
Geotechnical Surveys, March 15, 2017, PRRIP.

(2) EM 1110-2-1901, Seepage Analysis and Control for Dams, Revised April 1993, USACE

Method:

HDR reviewed the Soil Survey for Phelps County (WSS, Reference No. 1) and identified the different
soil regions mapped at the site. Permeability data was provided in the 1973 manuscript for each
region based on depth and soil classification. Table 1 provides the permeability for each region and
soil classification based the Soil Survey for Phelps County. The reported permeability values are
believed to be intermediate between the vertical permeability, k,, and the horizontal permeability, k;,
and can be related to k, or k;,, based on the following equation:

kave = Y} kykn

Table 1: Permeabi Based on Web Soil Reference No. 1
Soil Layer Soil Survey Region USCS Class  Depth (ft) Permeability (ft/s)
Blanket Leshara Silt Loam CL O0to3 5E-05
Blanket Leshara Silt Loam ML/SM 3to4.5 1E-04
Sand Leshara Silt Loam SP 45t05 5E-04
Blanket Platte Soils CL Oto1 1E-05
Blanket Platte Soils ML/SM 1to 1.5 1E-04
Sand Platte Soils SP 1.5t05 5E-04
Blanket Kenesaw/Grigston Silt Loam CL Oto5 5E-05
Blanket Wann Sandy Loam ML/SM Oto5 1E-04
Blanket Wann Loam CL Oto5 5E-05

The Platte River Recovery Implementation Program (PRRIP) completed two pilot scale infiltration
tests at the site. The first test consisted of mounding soil on top of the grade to create a bermed
basin. The second test consisted of excavating through the blanket soils to the underlying sand and
mounding the excavated soils on the grade to create an excavated basin. The basins were filled with
water and monitored in series over several months. Table 2 provides the resulting infiltration rate
corrected for the water balance, as reported by the PRRIP. The reported infiltration rates are
believed to be intermediate between the vertical hydraulic conductivity, k,, and the horizontal

hydraulic conductivity, k.
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Project: Cottonwood Ranch BSR Project
Subject: Seepage Analyses
Task: Permeability Derivation
Job #:10057849

Table 2: Infiltration Rate Based on Pilot Scale
Underlying Soil

Soil Layer Basin Type USCS Class. Depth (ft)
Blanket Bermed CL Oto 2.5
Sand Excavated SM 4.5+

Co

Date:
Date:

Page: 20f 4

Infiltration Rate (ft/s)

2E-06
1E-06

HDR completed a subsurface investigation to evaluate the subsurface stratigraphy, to collect
samples for laboratory testing, and to develop soil parameters. Samples were collected from the
blanket material and the sand layer beneath. The blanket layer is primarily classified as CL or SC,

while the sand layer generally classifies as SP or SW.

Test pits were excavated in the different soil survey regions to classify the soil and determine depths
to complete percolate tests. A percolation test was completed adjacent to each test pit location

o~

P e Il Py e re]

location by Mid-States Cingineering, Inc. The test consisted of excavating a 4-inch diameter hole to
the specified depth. Each hole was filled with water and allowed to saturate aver night. The
following day, each hole was filled with water to a depth of about 6 inches and measurements were

........ o w2y, ok v U a Ui aooVS

(=R epe i

taken on water depth versus time. Table 3 presents the infilitration rate reported by Mid-States
Engineering, Inc. The reported infiltration rates are believed to be intermediate between the vertical

hydraulic conductivity, k,, and the horizontal hydraulic conductivity, ki,

Table 3: Infiltration Rate Based on Test Pit Percolation Test

Soil Layer I_Soacr:t?clai Soil Survey Region Test Depth (ft) gi::
Blanket TP-2 Leshara Silt Loam 0.5t01 CL
Blanket TP-6 Leshara Silt Loam 0.5t0 1 CL
Blanket TP-1 Leshara Silt Loam 1.5t02 CL
Blanket TP-8 Leshara Silt Loam 0.5t0 1 CL
Blanket TP-9 Leshara Silt Loam 15102 CL

Sand TP-4 Leshara Siit Loam 15102 SC

Blanket ~ Tp.7  Kenesaw/Srigston g cL
Silt Loam

Blanket TP-5 Wann Sandy Loam 1.2t01.7 CL

Sand TP-3 Wann Sandv Loam 1.5t02 SC

5E-05
3E-05
9E-05
9E-05
5E-04
6E-04
5E-05

4E-05
6E-04

Infiltration Rate (ft/s)

Grain-size distribution tests (ASTM D422) were completed by Mid-States Engineering, Inc. on 86
selected samples of the blanket and sand layers. Hazen's equation (Reference No. 3) was used to

estimate the permeability based on the particle size.
k = AD,,?

where;
k = permeability in cm/s
A = correlation coefficient

D ;o = particle size in cm at which 10 percent of the material is finer by weight
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Using the values presented in the tables and engineering judgement, the permeability values
presented in Table 6 will be used for design. The fill soils, which will be derived from the blanket
soils, were assumed to have a permeability an order of magnitude slower than the blanket soils.

Table 6: Desi n Permeabil Values

Soil Layer gggss k, (ft/s) Kyl Kp (ft/s) Kavo (fV5)
Fill CL/SC 1.E-07 0.25 4E-07 2E-07
Blanket CL/SC 1.E-06 0.25 4E-06 2E-06
Blanket SM 1.E-05 0.25 4E-05 2E-05
Sand SP/SW 3.E-04 0.25 1E-03 5E-04
Limitations

The geotechnical evaluations presented herein are based on geotechnical information provided to
us, our field reconnaissance, the results of field exploration and laboratory testing completed for this
study and those by others, correlations, and our engineering judgment and past experiences.
Geotechnical engineering and the geologic sciences are characterized by uncertainty. Professional
judgments presented herein are based partly on our understanding of the proposed construction,
partly on our general experience and the state-of-the-practice at the time of this writing.
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Table 4 presents the results of the grain-size data analysis. The permeability for cohesive soils
classifiying as CL or SC are believed to represent the vertical permeabiilty, k,, and the permeability
for non-cohesive soils classifying as SM, SP, or SW are believed to represent the horizontal
permeability, ki,

Table 4: Permeabil Based on Grain-Size

Soll Laye g;gss Average Dso (mm) Permeability (ft/s)
Blanket  CL/SC 0.001 9E-08
sand SM 0.03 6E-05
SP/SW 0.2

Permeability can be estimated using Figure 1 (Reference No. 3), based on classification. Table 5
presents the permeability based on classification. The permeability for cohesive soils classifiying as
CL or SC are believed to represent the vertical permeability, k,, and the permeability for non-

cohesive soils classifying as SP or SW are believed to represent the horizontal permeability, k.

Table 5: Permeabi Based on Soil Classification Fi .1

: USCS Permeability .
Soil Layer Class. (cm/s) Permeability (ft/s)
Blanket CL 1.00E-06 3E-08
Blanket SC 1.00E-04 3E-06
Sand SP 1.00E-02 3E-04
Sand Sw 1.00E-01
Val of em/ ec
w0
Sirt
Grov | Sands
Fis d, th d Clays
ractur O/C Cle ,TII
ctur dh viy
j td oc S

Figure 1: Approximate Range in Coefficient of Permeability of Soils and Rocks (Reference No. 3 Fig. 2-5
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I. Problem: ,
Derive shear strength parameters for use in slope stability analyses

Il. References:
(1) NAVFAC DM 7.01, "Soil Mechanics", 1986
(2) FHWA GEC No. 10, "Drilled Shafts: Construction Procedures and LRFD Design Methods", 2010

Based on 8 laboratory unconfined compressive strength tests ranged from 600 to 3,200 psf and averaged 1,500 psf.
The average pocket penetrometer strength, which is considered equivalent to the laboratory unconfined compressive
strength, was 2,000 psf and ranged from less than 500 psf to 5,000 psf. An unconfined compressive strength of 1200
psf captures 75 percent of the pocket penetrometer and laboratory tests.

Undrained shear strength, s,, can be correlated to unconfined compressive strength, Q;, using the following

relationship:
Sy = % = =600 psf

Total cohesion, ¢, and total friction angle, ¢, can be estimated as 300 psf and 12°, respectively, based on experience.

Laboratory testing on 14 selected samples resulted in plasticity indices ranging from 10 to 23 and

The effective friction angle for fine-grained soils can be correlated to the plasticity index, /, using the chart provided in

Figure 1.

.~ ANGLE OF SHEARING RESISTANCE
“\\ VS PLASTICITY INDEX

- (FOR FINE GHAINED 5OIL 4]

~ .,
- \ *\~‘ o
- FAILWRC ZavELOPL aNOVE
» -~ PRECONSOLIDAY 10N PAZSIUNKS

olvipton or

ANGLE OF SHLARWNO RESISTANCE DEGIE EY)
3

PLASTICITY IHOEX

Fig.13. Correlation Betwoen Effactive Friction Angle and
Plesticity Index for Finz-Grained Scils (After DM-7)

Figure 1: Correlation between Effective Friction Angle and Plasticity Index for Fine-Grained Soils from Reference No.
1.
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Using the upper bound plasticity index of about 23, the effective friction angle is about 28°.

Since the soils are believed to be moderately overconsolidated, an effective cohesion of 50 psf will be used.

v

4. Unit Woeight

Based on 10 laboratory unit weights on selected samples, the total unit weight ranged from about 104 to 135 pcf. The
upper end values greater than 125 pcf are not believed to be representative of the blanket layer and were neglected.

e T

A totai unit weight of 110 pcf captures 75 percent of the totai unit weight tests.

The SPT can be correlated to the effective friction angle using the following formula from Reference No. 1:

¢’ = \J15.4Ng, + 20°

The blow count ranged from 3 to 50 bpf, averaged about 16 bpf, and generally increased with depth. Based on
information provided by Mid-States Engineering, Inc. the hammer efficiency is about 61%; therefore, no correction was
used to determine NGO.

Figure 2 provides the effective friction angle vs. elevation. This plot suggests that the effective friction increases with
depth. An effective friction angle ranges from about 30° at the top to about 38° at the bottom of the layer captures
about 75 percent of the effective friction angles.

2290
2285
2280
2275

2?70

E evaton (ft
N N
N N
(=24 [=2]
o (411

2255
2250
2245 b
2240

2235 N t
20 35 40 45 50

Figure 2. Elevation vs. friction angle for sand layer
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(@)

Total unit weight is assumed to be 115 pcf based on experience.

C. Fill

Fill soils will be derived from the blanket layer. Undrained shear strength is assumed to be about 1,000 psf, based on
experience for a moderately well compacted cohesive soil.

Total cohesion, ¢, and total friction angle, ¢, are assumed to be 500 psf and 12°, respectively, based on experience.

Effective friction angle, ¢', and effective cohesion, ¢', are assumed to be 28° and 50 psf, respectively, based on
experience.

Total unit weight is assumed to be 125 pcf based on experience.

V. Summary
Table 1 provides a summary of the recommended shear strength parameters.
Table 1: Shear Parameters
Unit
Weight {(uu) (CU) U
uscs Ytotal c ¢ c ¢ c
Material Class. pcf psf dear psf dear psf
Fill CL/sC 125 1000 0 500 12 50 28
Blanket CL/SC 110 600 0 300 12 50 28
SWISP 115 0 30-38* 0 30-38* 0

V. Limitations

The geotechnical evaluations presented herein are based on geotechnical information provided to us, our field
reconnaissance, the results of field exploration and laboratory testing completed for this study and those by others,
correlations, and our engineering judgment and past experiences.

Geotechnical engineering and the geologic sciences are characterized by uncertainty. Professional judgments
presented herein are based partly on our understanding of the proposed construction, partly on our general experience
and the state-of-the-practice at the time of this writing.
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Appendix G

Slope Stability Analyses
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Appendix H

Bearing Capacity Analyses




Project: CWR Broad Scale Recharge Computed: BPK Date:
ONE COMPANY Subiect: Flume Wall Checked: ;% Date:
Ma ny Solutions™ Task: Bearing Capacity (ASD) Page: 1 of
Job #: No:

: AASHTO Standard Specifications for Highway Bridges, 17th Edition, 2002.

Eccentricity (e) = 0
Footing Width (B) = 1 ft
Effective Footing Width (B' = B-2e) = 1 ft
Footing Length (L) = L>5B
Footing Embedment Depth (Dy) = 3.5 ft

Soil Cohesion (c) = 0.00 psf

Angle of Internal Friction (®) = 30 degrees
Moist Unit Weight (y) = 52.6 pcf
qult = cN, + 0.5yBN, + qN, = 3,977 psf (EQ. 4.4.7.1-1)

c= 0.00 psf
N¢ = 30.14 (Thbl. 4.4.7.1a)
N, = 22.40 (Thl. 4.4.7.1a)

B'= 1.00 ft

qg= 18410 psf
Ng= 18.40 (Thbl. 4.4.7.1a)

F.S.= 3.0
qallow = 1,326 psf = 9 psi

15-Nov-17

N

-

PR

E'{

-5



Project: CWR Broad Scale Recharge Computed: BPK Date:
ONE COMPANY Subiect: Flume Wall Checked: ;
Ma ny Solutions™ Task: Bearing Capacity (ASD) Page: 1 of
Job #: No:

Reference : AASHTO Standard Specifications for Highway Bridges, 17th Edition, 2002.

Eccentricity (e) =

Footing Width (B) =

Effective Footing Width (B' = B-2e) =
Footing Length (L) =

Footing Embedment Depth (Dy) =

Soil Cohesion (c) =
Angle of Internal Friction (®) =

Moist Unit Weight (y) =
quit = cN; + 0.5yBN, + qN, = 3,268 psf
c= 600.00  psf
N; = 5.14 (Thl. 4.4.7.1a)
N, = 0.00 (Tbl. 4.4.7.1a)
B'= 1.00 ft
q= 184.10 psf
Ny = 1.00 (Thl. 4.4.7.1a)
F.S.= 3.0
qallow = 1,089 psf = 8

0
1 ft
1 ft
L>5B
3.5 ft
600.00 psf
0 degrees
52.6 pcf
(EQ. 4.4.7.1-1)

psi

15-Nov-17
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Lateral Earth Pressure
Analyses
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Project
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Appendix J

Mitigation Typical Sections
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Appendix K

Filter Gradation Analyses




Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

ONE COMPANY  Subject: Toe Drain Checked: Date:
Many Solutions™ Task: Filter Compatibility Analysis -Blanket Layer Page: 1 of 4
Job #: 10057849 No: 134

1.0 FILTER COMPATIBILITY ANALYSIS

1.1 References

EM 1110-2-1901, Seepage Analysis and Control for Dams, USACE, Sep 1986.

- Design of Small Dams, USBR 1987

- David E. Kleiner, A Review of Filter Criteria for Embankment Dams, 25th Annual USSD Conference, Jun 2005.
- Gradation Design of Sand and Gravel Filters, Chapter 26, Part 633 National Engineering Handbook, United
States Department of Agriculture (USDA)

1.2 Design Criteria Comparison
Design criteria for filter design, prevention of segregation, and pipe perforations obtained from USSD, USDA,
USACE and USBR have been compared. The most conservative criteria were followed in the design.

1.2.1 Filter Design Criteria
USSD and USDA

Base Soil Base Soil De and Percent
Category  Finer than No. 5 mm) Sieve ' Filter Criteria’
Fine silts and clays; more than 85% N g 3
1 finer Dy < 9xdy
Sands. silts, clays and silty and clayey ~
2 sands: 40 to 85% finer Dy =0.7mm
i 40 — 4 1.8
Silty and clayey sands and gravels D\ = (dxdys — 0. 7mm )y = 0.7mm
3 15 to 39% finer 40 - 15
Sands and gravels; less than 15% Dls < 4_‘,‘,,”6

4 finer

Notes:
1. Category designation for soil containing particles larger than the #4 sieve (4.75 mm) is determined from a gradation curve of the

base soil which has been adjusted to 100% passing the No. 4 (4.75 mm) sieve.

2. Filters are to have a maximum particle size of 75 mm (3 inches) and a maximum of 5% passing the No. 200 {0.075 mm) sieve with the
plasticity index (Pl) of the fines equal to zero. Note that the criteria relating the D90 to the D10 shown on Table "D10f and D90f Limits to
Prevent Segregation” must be used to design the filter gradation ranges. These criteria force the designer to use uniform filter gradations
that help to prevent segregation during placement. P} is determined on the material passing the No. 40 (0.425 mm) sieve in accordance
with ASTM-D-4318. To ensure sufficient permeability, filters are to have a D15 size equal to or greater than 4xd15 but no smaller than

0.1 mm.
3. When 9xd85 is less than 0.2 mm, use 0.2 mm.
4, A = percent of base material passing the No. 200 (0.075 mm) sieve after any regrading.
5. When 4xd85 is less than 0.7 mm, use 0.7 mm.

6. In category 4, the d85 may be determined from the original gradation curve of the base soil without adjustments for particles larger than

4.75 mm.



Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

ONE COMPANY  Subject: Toe Drain Checked: 7 Date:
Many Solutions™ Task Filter Compati -Blanket Layer Page: 2 of 4
Job #: 10057849 No: 134
USACE
Base Soil Base Soil Description, and Percent
Cateqory Finer than No. 200 (0.075 mm) Sieve ' Filter Criteria 2
Fine silts and clays, more than 85% \
! fincr [_)15 < 91’(/,‘5
Sands. silts, clays and silty and clayey
’) i
< sands: 40 to 85% finer Dy = 0.7mm
Silty and clayey sands and gravels; - 40 -4 1.5
3 15 to 39% finer D, = W(AI.\(/ we = Tmm )~ 0.7mm
Sands and gravels; less than 15% 6 to 6
4 finer Dy £ 4xd, Dy =5xd,,

Note:

1. Cdlegury designalivn [or suil conlaining parlicles larger than the #4 sieve (4.75 mim) is determined {rom a gradation curve of the base soll

which has been adjusted to 100% passing the No. 4 (4.75 mm) sieve.

2. Filters are to have a maximum particle size of 75 mm (3 inches) and a maximum of 5% passing the No. 200 (0.075 mm) sieve with the plasticity
index (PI) of the fines equal to zero. P! is determined on the material passing the No. 40 (0.425 mm) sieve in accordance with EM 1110-2-1906,

"lL.aboratory Soils Testing." To ensure sufficient permeability, filters are to have a D15 size equal to or greater than 4xd15 but no smaller

than 0.1 mm.
3. When 9xd85 is less than 0.2 mm, use 0.2 mm.
4. A = percent of base material passing the No. 200 (0.075 mm} sieve after any regrading.

5. When 4xd85 is less than 0.7 mm, use 0.7 mm.

6. In category 4, the criterion should be used in the case of filters beneath riprap subject to wave action and drains which may he subject to

violent surging and/or vibration.

USBR

D,s of the filter
D.s of base material

'

2

Notes: Provided that the filter does not contain more than 5 percent of material finer than 0.074 mm (No. 200 sieve) after compaction

D15 of the fiiter
Dss of base matenal

IA
¥

of the fiiter
Maximum opening of pipe drain

Iv
to

Generally, the filter should be uniformly graded to provide adequate permeability and prevent segregation during

processing, handling, and placing. From the above comparison, it shows USACE has the most conservative criterion
Therefore, it was followed in design.



Project: Cottonwood Ranch BSR Computed: BPK  Date: 20-Nov-17

ONE COMPANY  Subject: Toe Drain Checked: pae: - 30~/
Many Solutions™ Task Filter Compatibility Analysis -Blanket Layer Page: 3 of 4
Job #: 10057849 No: 134

1.2.2 Perforated Pipe Criteria

USDA

Noncritical drains where surging or The filter Des must be greater than or
aradient reversal is not anticipated equal to the perforation size

Critical drains where surging or The filter Dys must be greater than or
aradient reversal is anticipated equal to the perforation size

USBR

eq or
219 of of Small

USACE

hole diameter or slot width

From the comparison, it can be seen USBR has the most conservative criterion

1.2.3 Preventing Segregation Criteria

USSD - (USDA SCS, '1986; USBR, 1987; USACE 1993)
D10,and D90, Limits to Prevent Segregation

Minimum Dy mm Maximum Dge mm
<05 20
05-10 25
10-20 30
20-50 40
50-10 50
10 - 50 60
USDOA
Base Soil Category If Dy is Then Maximum Dy is
(mm) (mm)
<0.5 20
05-10 25
Alt Categories 10-20 30
20-50 40
50-10 50
>10 60

The criteria for preventing segregation from USACE, USBR and USDA are the same.



Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

Subject: Toe Drain Checked: [ /¢ Date: v,/l e
Task: Filter Compatibility Analysis -Blanket Layer Page: 4 of 4
Job #: 10057849 No: 134

1.3 Parameters Used in Analyses

The proposed NDOR 47B Fine Aggregate for Portiand Cement Concrete was used as the USBR filter (D)

and the sandy lean clay blanket layer was used as a base material (d) in the design. Both USACE (USSD} and USBR
filter design criteria have been checked. The table below shows the NDOR 47B Fine Aggregate for Portland

Cement Concrete.

Sieve Size Percent Passing
1Inch 100
No. 4 77-97
No. 8 50-70
No. 30 16-40
No. 200 0-3
1.4 Filter Criteria Check

The base sail category is 2. The minimum D5 is 0.2 mm and the maximum is 0.7 mm. The minimum dgs is 0.16 mm
and the maximum is 0.2 mm. Where, D5 and dgs are the particle-size diameters corresponding to 15 and 85%

of the filter and base respectively, passing on the cumulative particle-size distribution curve. The average percent
of material passing the No. 200 sieve for the base material is 37 percent.

Calculations:

NDOR 478 Fine Aggregate for Portland Cement Concrete

D, Filter Material (Minimum) = 0.2 mm D, Filter Material (Maximum) = 0.7 mm
dg; Base Material (Minimum) = 0.2 mm dgs Base Material (Maximum) = 0.6 mm
dy5 Base Material (Minimum) = 0.001 mm d,s Base Material (Maximum) = 0.04 mm

prior to re-grading
Reference: Design of Small Dams

Dys of the filter £0.7mm

D= of the filter
D,s of base matenal

I
N

dis = 0.001 Dis= 0.2 > S5xd;is=  0.005 OK
dis= 0.001 Dy5= 0.7 2 Sxd;s=  0.005 OK
dys = 0.04 Dys = 0.2 > 5xdys = 02 OK
dys = 0.04 Dy = 0.7 2 5xdys = 0.2 OK

The analysis shows that the NDOR 47B Fine Aggregate for Portland Cement Concrete meets the filter and
Permeability criteria.



Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

Subject: Toe Drain Checked: /¢ Date: [/ 30 1/
Task: Filter Compatibility Analysis -Blanket Layer  Page: 1 of 1
Job#: 10057849 No: 134
GRAVEL SAND SILT and CLAY
Coarse Fine Coarse]  Medium Fine

3 34 12 4 10 40 60 100 200
~ ~s N
[ IR NG
L Y
S 0.9
“ 0.7
| \ 0.6
\
0.5
N 2
[/}
@
0.4 o
N £
[}]
e
- 0.3 o
L)
A
\ WoTNe 02
N 0.1
0
100 10 1 0.1 0.01 0.001
#=B-102, U-1 Grain Size, D (mm)
B-104, U-1
B-106, U-1

a=ptem B-107, U-1
e=ht== B-109, U-1
B-111, U-1
B-112, U-1
B-117, U-1
B-119, U-1



Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

ONE COMPANY Subject: Toe Drain Checked: Date: // Uo (/
Ma ny Solutions™ Task: Filter Compatibility Analysis -Blanket Layer Page: 1 of 1
Job #: 10057849 No: 134
GRAVEL SAND SILT and CLAY
Coarse Fine Coarse Medium Fine
Mesh -Ins Sieve Sizes eter Analysis
- 100%
v\
90%
Al A
N \ 80%
70%
\ \
Vo
: 60%
c
\
©
50% a
\ £
o
o
\ )
: 40% a
\
‘ 30%
\‘ 20%
\
\
~ \ 10%
NN
3
0%
0.1 0.01 0.001
D =9.0 mm
85max Grain D (mm) e | Ower Bound
D85min = 2.5 mm —.—:;.)p-erBound
e M iNIMumM
DlSmax =0.7mm e Maximum
D5y min = 1.1 mm
Dy5min = 0.2 mm
SAMPLE CLASSIFICATION AND SYMBOL Liquid Limit, % Plastic Limit, %
NDOR

47B Fine Aggregate for Concrete



Project: Cottonwood Ranch BSR Computed: BPK Date: 20-Nov-17

ONE COMPANY Subject: Toe Drain Checked: /+/y%  Date: /7 /. sy
Many Solutions™ Task Filter Compatibility Analysis - Sand Layer Page: 1 of 5
Job #: 10057849 No: 134

1.0 FILTER COMPATIBILITY ANALYSIS
1.1 References

- EM 1110-2-1901, Seepage Analysis and Control for Dams, USACE, Sep 1986.

- Design of Small Dams, USBR 1987 ,

- David E. Kleiner, A Review of Filter Criteria for Embankment Dams, 25th Annual USSD Conference, Jun 2005.

- Gradation Design of Sand and Gravel Filters, Chapter 26, Part 633 National Engineering Handbook, United
States Department of Agriculture (USDA)

1.2 Design Criteria Comparison
Design criteria for filter design, prevention of segregation, and pipe perforations obtained from USSD, USDA,
USACE and USBR have been compared. The most conservative criteria were followed in the design.

1.2.1 Filter Design Criteria
USSD and USDA

Base Soil
Cateaorv Filter Criteria?
Fine siits and clays; more than 85% 3
1 finer Dy <9xdy
Sands. silts, clays and silty and clayey
2 sands: 40 to 85% finer Dys = 0.Tmm
) . 40 — A 4.5
Silty and clayey sands and gravels D = ——@xdys —0.Tmm )+ 0.7Tmm ™
3 15 to 39% finer 40 - 15
Sands and gravels; less than 15% < 6
4 finer Dy < 4xd,,
Notes:

1. Category designation for soil containing particles larger than the #4 sieve (4.75 mm) is determined from a gradation curve of the

base soil which has been adjusted to 100% passing the No. 4 (4.75 mm) sieve.

2. Filters are to have a maximum particle size of 75 mm (3 inches) and a maximum of 5% passing the No. 200 (0.075 mm) sieve with the
plasticity index (P!) of the fines equal to zero. Note that the criteria relating the D30 to the D10 shown on Table "D10f and D90f Limits to
Prevent Segregation" must be used to design the filter gradation ranges. These criteria force the designer to use uniform filter gradations
that help to prevent segregation during placement. Pl is determined on the material passing the No. 40 (0.425 mm) sieve in accordance
with ASTM-D-4318. To ensure sufficient permeability, filters are to have a D15 size equal to or greater than 4xd15 but no smaller than

0.1 mm.
3. When 9xd85 is less than 0.2 mm, use 0.2 mm.
4. A = percent of base material passing the No. 200 (0.075 mm) sieve after any regrading.
5. When 4xd85 is less than 0.7 mm, use 0.7 mm.

6. In category 4, the d85 may be determined from the original gradation curve of the base soil without adjustments for particles larger than

4.75 mm.



Project:

Subject:

ONE COMPANY

Cottonwood Ranch BSR
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USACE
Base Soil Base Soil Description, and Percent )
Category Finer than No. 200 (0.075 mm) Sieve ' Filter Criteria
Fine silts and clays; more than 85% )
1 finer Dy <9xdy
Sands, silts, clays and silty and clayey ‘
2 sands; 40 to 85% finer Dy =0.7mm
Silty and clayey sands and gravels; 40 - 4 ) 4.5
3 15 to 39% finer s S m(‘hd” - 0.7mm )+ 0.7Tmm
Sands and gravels; less than 15% 6 to 6
, (] |
4 finer D, <4x D, <5
Note:

1. Category designalivn fur suil containing particles larger Lhan the #4 sieve (4

which has been adjusted to 100% passing the No. 4 {(4.75 mm) sieve.

.75 mm) Is determined from a gradation curve of the base soll

2, Filters are to have a maximum particle size of 75 mm (3 inches) and a maximum of 5% passing the No. 200 (0.075 mm) sieve with the plasticity

index (Pl) of the fines equal to zero. Pl is determined on the material passing the No. 40 (0.425 mm) sieve in accordance with EM 1110-2-1906,

"Laboratory Soils Testing." To ensure sufficient permeability, filters are to have a D15 size equal to or greater than 4xd15 but no smaller

than 0.1 mm.

3. When 9xd85 is less than 0.2 mm, use 0.2 mm.

4. A = percent of base material passing the No. 200 (0.075 mm) sieve after any regrading.

5. When 4xd85 is less than 0.7 mm, use 0.7 mm.

6. In category 4, the criterion should be used in the case of filters heneath riprap subject to wave action and drains which may be subject to

violent surging and/or vibration.

USBR

D5 of the filter
D,s of base material

25

Notes: Provided that the filter does not contain more than 5 percent of material finer than 0.074 mm (No. 200 sieve) after compaction.

D5 of the filter

Dgs of base material

T2

1\
o

Maximum opening of pipe drain

Generally, the filter should be uniformly graded to provide adequate permeability and prevent segregation during
processing, handling, and placing. From the above comparison, it shows USACE has the most conservative criterion

Therefore, it was followed in design.
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1.2.2 Perforated Pipe Criteria

USDA

r S use ac [

Noncritical drains where surging or The filter Dss must be greater than or
qradient reversal is not anticipated equal to the perforation size

Critical drains where surging or The filter Dys must be greater than or
agradient reversal is anticipated equal to the perforation size

USBR

size of the filter be equal  or greater than

USACE

hole diameter or slot width

From the comparison, it can be seen USBR has the most conservative criterion

1.2.3 Preventing Segregation Criteria

USSD - (USDA SCS, 1986; USBR, 1987; USACE 1993)
D10;and D90, Limits to Prevent Segregation

Minimum Dy mm Maximum Dy, mm
<0.5 20
05-10 25
10-20 30
20-50 40
50-10 50
10 - 50 60
USDOA
Base Soil Category If Dyo is Then Maximum Dy is
(mm) (mm)
<0.5 20
05-10 25
All Categories 10-20 30
20-50 40
50-10 50
>10 60

The criteria for preventing segregation from USACE, USBR and USDA are the same.
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1.3 Parameters Used in Analyses

The proposed custom gradation was used as the USBR filter (D) and the pervious sand foundation was used
as a base material (d) in the design. Both USACE (USSD) and USBR filter design criteria have been checked.
The table below shows the custom gradation.

Sieve Size Percent Passing
2 Inch 100
1/2 inch 35-100
No. 4 10-50
No. 10 8-10
No. 200 0-3

1.4 Filter Criteria Check
The base soil catégory is 4. The minimum D5 is 3 mm and the maximum is 8 mm. The minimum dgs is 2 mm
and the maximum is 8 mm. Where, D;5 and dg are the particle-size diameters corresponding to 15 and 85%

of the filter and hase respectively, passing on the cumulative particle-size distribution curve. The average percent
of material passing the No. 200 sieve for the base material is 5 percent.

Calculations:
Custom Gradation

D5 Filter Material (Minimum) = 3 mm D, Filter Material (Maximum) = 7 mm
dgs Base Material {(Minimum) = 1.8 mm dgs Base Material (Maximum) = 2.5 mm
d,5 Base Material (Minimum) = 0.1 mm d,s Base Material (Maximum) = 0.6 mm

prior to regrading
Reference: EM 1110-2-1901

D, of the filter <
dgs of base material ~

dgs = 1.8 Dys = 3 < 4xdgs = 7.2 OK
dgs = 1.8 D5 = 7 < 4xdgs = 7.2 OK
dgs = 2.5 Dis= 3 < 4xdgs = 10 OK
dgs = 2.5 Dys = 7 < 4xdgs = 10 OK
Reference: Design of Small Dams
D5 of the filter >5
D5 of base matenal

dis= 0.1 Dis= 3 2 S5xd;s - 0.5 OK
dis= 0.1 Dis= 7 2 5xds - 0.5 OK
di;= 0.6 D= 3 2 Sxd;s - 3 C

dis = 0.6 Dis= 7 2 5xd;s - 3 OK

The ana ysis shows that the custom gradation meets the filter and Permeabi ity criter a.
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To prevent infiltration of the filter material into perforated pipe, the perforation size needs to be calculated. Pipe

perforation size was calculated based on USACE, USDA and USBR criteria.

Pipe Perforation Size

Criterla (mm)
USDA 7.5
USACE 5
USBR 3.75

Calculations:

Custom Gradation
Dags min = 7.5
Dso min =

D15 min =

Gradation Design of Sand and Gravel Filters
Chapter 26, Part 633 National Engineering Handbook
US Department of Agriculture

Criteria for filters used acent to collector

The filter Dgs must be
greater than or equal to the
perforation size

Non-critical drains where surging or
gradient reversal is not anticipated

The filter Dys must be
greater than or equal to the
perforation size

Critical drains where surging or gradient
reversal is anticipated

Perforated Pipe Size: 7.5 mm
USACE - EM 1110-2-1901, Seepage Analysis and Control for Dams

Minimum 50 percent size of filter material 510
hole diameter or slot width ~

Perforated Pipe Size: 5 mm

USBR - Design of Small Dams
Dgs of the filter
22
Maximum opening of pipe drain

Perforated Pipe Size: 3.75 mm

The analysis shows that pipe perforations up to 3 mm meets the criteria.
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GRAVEL SAND SILT and CLAY
Coarse Fine Coarse Medium Fine
3 34 112 4 10 20 40 60 100 200
h k
N\
\ \ 0.9
\ : \ 0.8
l‘ & \ ‘ | )
\ , ( ‘I 0.6
0.5
; \ £
\\ a
0.4 o
\ \ £
Wi
' ‘ I 0.3 &
\, \! 0.2
L L \ H i 0.1
N
b
0
100 10 1 0.1 0.01 0.001
—+—B-102,84 Grain Size, D (mm)
B-103, S-4

=== B-106, S-3
== B-111, S-4
=== B-112, S-2
B-113, S-4
B-117, S-2
B-129, S-4
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GRAVEL SAND SILT and CLAY
Coarse Fine Coarse Medium Fine

) Hvdrometer Analvsis
1 1 I 1

3 34 12 4 10 20 40 60 100 200
1
‘ \ — Re-Graded 0.9
y' ’ TR
‘ 1 0.7
‘ { | 0.6
' 05 o
c
)
\ 4
\ :
! ‘ 8
— 0. [
\ 3 o
4\ l 02
\ A \ 0.1
A8
0
100 10 0.1 0.01 0.001
—teB-102, S-4 Grain Size, D (mm)
B-103, S-4
s B-106, S-3
B-111, S-4
—i—=B-112, §-2
B-113, S-4

i B-117, S-2
B-129, S-4
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GRAVF SAND SILT and CLAY
Coarse Fine Coarse Medium Fine
Sieve Sizes Hydrometer Analysis
0.9
\ 08

0.7

\ ‘ 0.6
0.5

Percent Passing

0.3

0.2
0.1

0
1 0.1 0.01 0.001

D =35.0 mm

85max Grain Size, D (mm)

m— Minimum

Dgsmin=7.5mm  /
D

- e Maxi
_ 15max - 7.0 m aximum
Dsg min = 5.0 mm

D15min = 3.0 mm

SAMPLE CLASSIFICATION AND SYMBOL Liquid Limit, % Plastic Limit, %

Custom Gradation
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