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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 Elm 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 

 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. 
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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 soil 
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: 

1. Excavating a 4-inch diameter hole 

2. Filling the hole with water 

3. Allowing the hole to saturate overnight 

4. Refilling the hole with water 1 hour before testing 

5. Filling the hole with 6-inches of water 

6. 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 

Location 
Test Depth 

(feet) 
Material Description at 

Bottom of Hole 

Depth to 
Clean Sand 

(feet) 
Depth to 

Water (feet) 
Percolation 

Rate (min/in) 
TP-1 2.0 Sandy Lean Clay 2.5 2.5 16.0 

TP-2 1.0 Sand 0.8 2.0 25.3 

TP-3 2.0 Clayey Sand 3.5 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 1.5 40.0 

TP-7 1.0 Sandy Lean Clay 2.5 1.5 30.0 

TP-8 1.0 Sandy Lean Clay 1.5 1.5 15.5 

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. 



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

 

5 
 

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: 

o Moisture contents from 6 to 28 percent 

o Dry densities from 84 to 127 pounds per cubic foot (pcf) 

o Fines content from 30 to 70 percent 

o Liquid limits from non-plastic to 45 

o Plasticity indices from non-plastic to 23 
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o Unconfined compressive strengths from 0.3 to 1.6 tons per square foot (tsf) 

o Pocket penetrometer readings from less than 0.25 to 1.75 tsf 

o 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: 

o Moisture contents from 7 to 21 percent;  

o Fines content from 1 to 24 percent; and 

o 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 soil 
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 
0 to 0.5 Light/No Seepage 

0.2 to 0.6 Medium Seepage 

0.4 to 0.7 Heavy Seepage 

0.5 to 0.8 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 Critical 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.  It is 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 kh (ft/s) kv/kh 
Berm Fill 4x10-7 0.25 

Blanket Layer 4x10-6 0.25 

Sand Layer 1x10-3 0.25 
Notes: 
1 kv = coefficient of vertical permeability. 
2 kh= 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 

Critical 
Section 

Pool 
Height 
(feet) 

Average Vertical Exit 
Gradient at 

Downstream Toe 

Factor of Safety For 
Piping at Downstream 

Toe Comments 
Berms Located 

Away from 
Conveyance 

Channels 

4.4 0.90 0.8 i >0.5 and FS<1.5, NG 
4 0.80 1.0 i >0.5 and FS<1.5, NG 
3 0.63 1.2 i >0.5 and FS<1.5, NG  
2 0.43 1.8 OK 

Concrete 
Flumes Located 
at Conveyance 

Channels 
4.4 0.25 3.0 OK 

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 

Location Mitigation Measure 

Maximum 
Pool Height 

(feet) 

Average 
Vertical Exit 
Gradient at 

Downstream 
Toe 

Factor of 
Safety for 
Piping at 

Downstream 
Toe Comments 

Berms 1 
through 4 

Install 250-Foot Wide 
Downstream Seepage Berm 
with a Maximum Thickness of 

3 Feet 
4.4 0.50 1.5 OK 

Install 200-Foot Wide 
Downstream Seepage Berm 
with a Maximum Thickness of 

2.5 Feet 
4 0.50 1.5 OK 

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

1.5 Feet 
3 0.50 1.5 OK 

Berms 5 
through 8 

Install Toe Drain at 
Downstream Toe of Berm at 

a Depth of 4 Feet 
4.4 0.33 2.3 OK 

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 1.4 

Rapid Drawdown 1.2 

Steady Seepage 1.5 

Steady Seepage w/ Seismic 1.1 

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 

Material 

Unit Weight UU Strengths CU Strengths CD Strengths 

γtotal (pcf) c (psf) Φ (degrees) c (psf) Φ (degrees) 
c' 

(psf) 
Φ' 

(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: c, c' = total and effective cohesion or undrained shear strength. 
Φ, Φ' = 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 
(feet) 

Loading 
Case Slope 

Phreatic 
Surface 

Factor of 
Safety Comments 

5.9 

End of 
Construction 

Upstream/Downstream 
Downstream 

3 Feet 
Below 

Existing 
Grade 

5.4 OK 

Rapid 
Drawdown Upstream 

Normal 
Pool to 
Existing 
Grade 

3.1 OK 

Steady 
Seepage Downstream 

From 
Seepage 

Analysis at 
Normal 

Pool (4.4-
FT Pool) 

2.5 OK 

Steady 
Seepage 
w/Seismic 
(ah=0.05g) 

Downstream 

From 
Seepage 

Analysis at 
Normal 

Pool (4.4-
FT Pool) 

1.9 OK 

 

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 0 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 

½”  80 to 100 

#4 65 to 95 

#10 45 to 75 

#30 15 to 60 

#200 0 to 5 
 

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 

½” 35 to 100 

#4 10 to 50 

#10 8 to 10 

#200 0 to 5 
 

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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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 ft2) 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. 

 
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. 

A B 
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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).  

 
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 – I = ΔS   Equation 1 

where P = precipitation, E = evaporation, I = infiltration and ΔS = 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 – ΔS   Equation 2 

A B 

 

 

 

Top 
Soil 

Berm Berm 

Pit Basin 

Bermed Basin 

Subsoil 

Alluvial 
Aquifer 

Precipitation Evaporation

Infiltration 

Precipitation Evaporation 

Infiltration



PRRIP – ED OFFICE DRAFT  3/15/2017 
 

6 
 

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 Elm 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.  

 
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/F70R9MKP). 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. 

A B 
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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 0 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 7/12 0.05 0.17 0.28 - - - 

5 7/29 8/20 - - - 0.01 0.08 0.21 

6 8/27 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 
10-7 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/F70R9MKP). The average 
resistivity across the site (averaged over the depth and then spatially) was about 40 ohm-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 ohm-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 technique 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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Attachment B: 

Monitoring well logs produced by Mid-State Engineering & Testing 
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Attachment C: 

Borehole logs produced by Mid-State Engineering & Testing 
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Attachment D: 

Deliverables from USGS Ohm-Mapper Survey 

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



")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 300 600150 Meters

EXPLANATION
") Core locations

Ohm-mapper lines
&&&&&&

Morse Property

Index map



D
ep

th
, i

n 
m

et
er

s

Core 4
D

ep
th

, i
n 

m
et

er
s

Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

Inverted resistivity section: Line 13Sept16_100 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_100 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

MH

SP
No recovery
SW-GW

No recovery

SP-GP

No recovery

SP-GP
SP
SP-GP

SW

SP-GP

SP

SW

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 4

No recovery

No recovery

No recovery

SP



D
ep

th
, i

n 
m

et
er

s

Core 6
D

ep
th

, i
n 

m
et

er
s

Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 13Sept16_110 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_110 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

Distance, in metersCore 6

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

South North

D
ep

th
, i

n 
m

et
er

s



D
ep

th
, i

n 
m

et
er

s
Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

South North

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 13Sept16_20 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_20 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s
D

ep
th

, i
n 

m
et

er
s



Distance, in meters

1.0

2.0

3.0

4.0

5.0

0.0

6.0

D
ep

th
, i

n 
m

et
er

s

Core 5

ML

MH

No recovery

SP

No recovery

SP

SP-GP

SP-GP

SP

No recovery

SP

Inverted resistivity section: Line 13Sept16_30 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_30 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

Core 5
D

ep
th

, i
n 

m
et

er
s

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

South North



D
ep

th
, i

n 
m

et
er

s

Core 1

1.0

2.0

3.0

4.0

5.0

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

0.0

Core 1
D

ep
th

, i
n 

m
et

er
s

Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

Inverted resistivity section: Line 13Sept16_40 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_40 
MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel



D
ep

th
, i

n 
m

et
er

s
Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 13Sept16_50 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_50 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s
D

ep
th

, i
n 

m
et

er
s



Distance, in meters

1.0

2.0

3.0

4.0

5.0

0.0

6.0

D
ep

th
, i

n 
m

et
er

s

Core 5

ML

MH

No recovery

SP

No recovery

SP

SP-GP

SP-GP

SP

No recovery

SP

Inverted resistivity section: Line 13Sept16_60 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_60 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

Core 5
D

ep
th

, i
n 

m
et

er
s

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East



Core 4
D

ep
th

, i
n 

m
et

er
s

Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

Inverted resistivity section: Line 13Sept16_70 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_100 

Core 3
D

ep
th

, i
n 

m
et

er
s

Distance, in metersSouth North

Inverted resistivity section: Line 13Sept16_70 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_70 

Core 4

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

MH

SP
No recovery
SW-GW

No recovery

SP-GP

No recovery

SP-GP
SP
SP-GP

SW

SP-GP

SP

SW

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 4

No recovery

No recovery

No recovery

SP

D
ep

th
, i

n 
m

et
er

s

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 3

No recovery

No recovery

No recovery

No recovery

No recovery

ML

MH
SP

SW

SW-GW

SP-GP

SP-GP

SP-GP

SP

No recovery



Core 1

1.0

2.0

3.0

4.0

5.0

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

0.0

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

1.0

2.0

3.0

4.0

5.0

6.0

7.0

SP-ML

SP

No recovery

SP

No recovery

SW-GW

No recovery

No recovery

SP

No recovery

SP

ML-SP

SW-GW

No recovery

SP

SW

SW-GW

MH-CH

0.0

Core 2

Inverted resistivity section: Line 13Sept16_80 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_80 

D
ep

th
, i

n 
m

et
er

s

Core 2
D

ep
th

, i
n 

m
et

er
s

Distance, in metersWest East

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s



D
ep

th
, i

n 
m

et
er

s

Core 3
D

ep
th

, i
n 

m
et

er
s

Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 13Sept16_90 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 13Sept16_90 MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 3
ML

MH
SP
No recovery

SW

No recovery

SW-GW

No recovery

SP-GP

No recovery

SP-GP

No recovery

SP-GP

SP

No recovery



D
ep

th
, i

n 
m

et
er

s
Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

South North

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 4May16_10 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 4May16_10 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s
D

ep
th

, i
n 

m
et

er
s



D
ep

th
, i

n 
m

et
er

s
Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

South North

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 4May16_30 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 4May16_30 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s
D

ep
th

, i
n 

m
et

er
s



D
ep

th
, i

n 
m

et
er

s

Core 6
Distance, in metersWest East

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 4May16_40 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 4May16_40 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s



D
ep

th
, i

n 
m

et
er

s
Distance, in meters

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

West East

MH

ML

SW

No recovery

SP

SW-GW

No recovery

SW-GW

SP

No recovery

SW

ML

No recovery

ML

SW-GW

SP

Inverted resistivity section: Line 4May16_50 

")

") ")

")

")

")

Core 6

Core 4

Core 3

Core 2Core 1

Core 5

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

99°28'30"W99°29'0"W

40°39'45"N

40°39'30"N

0 320 640160 Meters

EXPLANATION

") Core locations

Ohm-mapper lines

Line 4May16_50 

MH
ML

SW
SP
SW-GW

SP-ML
ML-SP

MH-CH

SP-GP
No recovery

Lithology
Label Description

Clayey silt

Silt, low-plasticity
Silt, high-plasticity

Silty sand
Sandy silt

Sand, poorly sorted
Sand, well sorted
Poorly sorted sand and gravel
Well sorted sand and gravel

ML

SP
No recovery

SW-GW

No recovery

SP-GP

No recovery

SP

No recovery

SW-GW

No recovery

1.0

2.0

3.0

4.0

5.0

0.0

6.0

7.0

Core 6

SP

R
es

is
tiv

ity
, i

n 
oh

m
-m

et
er

s

D
ep

th
, i

n 
m

et
er

s
D

ep
th

, i
n 

m
et

er
s



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

 

 

  

  

 
Appendix E 
Development of Design Soil 
Parameters 

  

  

















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

 

 

  

  

 
Appendix F 
Seepage Analyses 
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Appendix G 
Slope Stability Analyses 
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Appendix H 
Bearing Capacity Analyses 

  

  







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

 

 

  

  

 
Appendix I 
Lateral Earth Pressure 
Analyses 
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Mitigation Typical Sections 
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Filter Gradation Analyses 
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