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Terracon Project No. 13195013
June 20, 2019

INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed industrial park planned east of South Union Road in Cedar
Falls, lowa. The purpose of these services is to provide information and geotechnical engineering
recommendations relative to:

- Subsurface soil conditions < Foundation design and construction
- Groundwater conditions < Seismic site classification per IBC
< Site preparation and earthwork < Pavement design and construction

The geotechnical engineering Scope of Services for this project included the advancement of
sixteen (16) test borings to depths of approximately 25.5 to 30.5 feet below existing site grades.
Maps showing the site and boring locations are shown in the Site Location and Exploration
Plans section. The results of the laboratory testing are included on the boring logs in the
Exploration Results section.

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration and our review of publicly available geologic and topographic maps.

Item Description

The project site is located south and east of the intersection of South Union
Site Location Road and Viking Road in Cedar Falls, lowa and is about 200 acres.

See Site Location

Existing

Potential for field tile
Improvements

Current Ground

Crop residue
Cover P au

Existing Topography

Topographic contour elevations range from about 940 to 1000 feet.
(from USGS 24K map) pographi ur elevati g u
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PROJECT DESCRIPTION

Item Description

The approximate 200-acre site will be developed and require grading to
provide relatively level building sites and to establish surface drainage. Site
Project Description development will also include the installation of underground utilities and
construction of pavements and detention basins. The project’s grading
plan was not available at the time of this report.

Cuts and fills of about 10 feet or less have been assumed

Grading/Slopes ] ) )
Side slopes of 3 Horizontal to 1 Vertical (3H:1V) or flatter

Two-lane, city streets

Pavements Design traffic and pavement design period not provided. We expect that
‘standard’ City of Cedar Falls pavement sections will be considered.

GEOTECHNICAL CHARACTERIZATION

Subsurface Profile

Conditions encountered in each boring are indicated on the individual boring logs in the
Exploration Results section. Stratification boundaries on the boring logs represent the
approximate location of changes in soil types. The following depths are approximate and are in
reference to the grades existing at the time the borings were performed. Based on the results of
the borings, subsurface conditions can be generalized as follows.

Approximate Depth Consistency/
Stratum to Bottom of Stratum Material Description ; y
Relative Density
(feet)
Surface 0.6t03 Topsoil N/A
25t06
la (Borings 1to 4, 6 to Lean Clay, with varying amounts of sand Soft
9,11, and 16)
1b 4109 Lean Clay, with varying amounts of sand Medium Stiff
(Borings 4 to 16) Y, ying
5 _ 8to 14 Lean to Fat Clay, with varying amounts of Medium Siff to Stiff
(Borings 9 and 12) sand
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Approximate Depth Consistency/
Stratum to Bottom of Stratum Material Description ; y
Relative Density
(feet)
9t0281 .
i Sandy Lean Clay, trace gravel, with . . .
3 (Borings 1 t0 11 occasional sand seams and layers Medium Stiff to Stiff
and 13 to 16)
10to 26 Sand, with varying amounts of clay / Medium Dense o
4 (Borings 1103, 6, 10, 11, Silt, with ’va in arymogunts of cla andysand Very Dense / Stiff to
and 13 to 16) ! ying y Very Stiff
. . .
5 2_4 to 25.5 Lean to Fat Clay, with varying amounts of Medium Siff to Stiff
(Borings 8 and 15) sand
3
6 25'? 1030.5 Sandy Lean Clay, trace gravel, with Verv Stiff to Hard
(Borings 1to 7 occasional sand seams and layers Y
and 11 to 16)

1. Boring 9 terminated in Stratum 3 at a planned depth of 25.5 feet.
2. Boring 8 terminated in Stratum 5 at a planned depth of 25.5 feet.
3. Borings1to 7 and 11 to 16 terminated in Stratum 6 at planned depths of 25.5 to 30.5 feet.

Groundwater Conditions

The boreholes were observed during and after drilling and sampling for the presence and level of
groundwater. Groundwater levels observed in the boreholes can be found on the boring logs in
Exploration Results, and are summarized in the following table. The following groundwater level
observations are approximate and in reference to the grades existing at the time of the exploration.

Boring Groundvv\\//:itleer Depth Groundxvf?te?r Depth Groundwater Depth
No. Drilling/Sampling Drilling/Sampling on 5(42‘;{5019
(feet) (feet)

1 4 16 2.5

2 5 23 9

3 4 1 N/A

4 4 24 3.5

S 6 25.5 3

6 6.5 24 3

7 5.5 9 2

8 14 20 2

9 14 N/A None
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. Groundwa_ter Depth Groundwater Depth Groundwater Depth
Boring While After on 5/14/2019
No. Drilling/Sampling Drilling/Sampling (feet)
(feet) (feet)
10 7 6.5 2
1 5 10.5 3.5
12 10.5 16 1
13 6 11.5 3.5
15 14 9.5 35
16 13 12.5 35

Due to the relatively low ‘permeability’ of the soils encountered in the borings, a relatively long period
is necessary for a groundwater level to develop and stabilize in a borehole. Groundwater level
observations made within granular soils, however, are usually a reliable indication of the current
groundwater conditions. Long-term observations in piezometers or groundwater observation wells
sealed from the influence of surface water would be required to provide a better evaluation of
groundwater levels at this site.

A review of the Black Hawk County, lowa Soil Survey published by the United States Department
of Agriculture / Soil Conservation Service indicates the following soils are present at the site, and
also associates the following groundwater conditions and drainage characteristics with the soils.

USDA / SCS Pedology

Seasonally
High Frequency . Approx.
g/loﬁlpaﬁ?t Groundwater of Drgl'::g’e Percentage of
Depth Flooding Site Area
(feet)
Sparta loamy fine sand >6 None Excegswely 4
drained
Moderately well
Kenyon loam 4 None drained 57
. . Moderately well
Dinsdale silty clay loam 4 None drained 1
Maxfield silty clay loam 0 None Poorly drained 17
Clyde-Floyd complex 0 None Poorly drained 13
Aredale loam >6 None Well drained 3
Maxmore silty clay loam 0 None Poorly drained 5
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Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff, and
other factors not evident at the time the borings were performed. Perched (trapped) water can also
develop with more ‘permeable’ soils within and/or above less ‘permeable’ soils. Therefore,
groundwater levels during construction or at other times during the life of the development may be
higher or lower than the levels indicated on the boring logs. The possibility of groundwater level
fluctuations should be considered when developing the design and construction plans for the
project.

GEOTECHNICAL OVERVIEW

Geotechnical considerations identified for this site include the presence of:

< Relatively thick, partly organic soils in some areas

< Lower strength and higher moisture content soils

< Medium to high plasticity soils

< Relatively shallow groundwater

Relatively thick layers of topsoil were encountered at Borings 4, 11, 12, 14, 15, and 16 to depths of
about 15 to 36 inches. The presence of relatively thick layers of partly organic soils in some areas
will affect earthwork for this project.

Lower strength and/or higher moisture content soils were encountered below the surficial topsoil in
the majority of the borings to depths of about 2.5 to 6 feet below existing grades. Lower strength
and/or higher moisture content soils can rut and pump under construction equipment loadings.
Undercutting, placement of granular fill, or scarification, moisture conditioning, and compaction,
should be expected to be required prior to fill placement. If lower strength soils are not undercut in
areas that receive more than 5 feet of fill (if any), settlement resulting from the weight of new fill is
expected, in addition to settlement resulting from structure loads, and a delay after the completion
of fill placement on the order of several weeks should be planned prior to the construction of new
improvements. The presence of lower strength soils will also affect earthwork in foundation, floor
slab, pavement, and utility areas, and corrective earthwork should be expected to establish suitable
support conditions for new improvements.

Medium to high plasticity soils (i.e., lean to fat clay) were encountered in Borings 8, 9, 12, and 16 to
depths of about 8 to 25 feet below existing grades. Medium to high plasticity soils shrink and swell
more than low plasticity soils (i.e., silty soils and lean clay soils) with changes in moisture conditions.
Complete removal of these soils would not be practical due to the depths which these soils were
encountered. Generally, undercutting and/or the provision of a minimum 2-foot thick layer of low
plasticity fill below grade-supported elements is used to help reduce the amount of movement
related to shrinking and expansion of medium to high plasticity soils. It is important to note that even
if a layer of low plasticity fill is provided immediately below grade-supported elements, some
movement and at least minor cracking in grade-supported elements (i.e., floor slabs, pavements,
and sidewalks) should be anticipated. The severity of cracking and cosmetic damage, such as
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uneven surfaces, will probably increase if modification of the site results in excessive wetting or
drying of the expansive soil. Eliminating the risk of movement and cosmetic distress may not be
feasible, but it may be possible to further reduce the risk of movement if more expensive measures
are used during construction. Terracon would be pleased to discuss other alternatives upon
request.

Groundwater was generally observed in the borings at depths of about 1 to 3.5 feet below existing
grades. Due to the presence of sand seams and layers, removal of groundwater should be
expected to facilitate earthwork and construction of new improvements in some areas.
Consideration should be given to ‘pre-draining’ the site prior to grading and providing permanent
subsurface drainage systems for new improvements. Additional commentary is provided in
subsequent sections of this report regarding subsurface drainage.

It is our opinion that following corrective earthwork, particularly in lower site areas, the site soils
would be suitable for support of lightly-loaded buildings and pavements. If more heavily-loaded
structures are planned on the site, the use of an intermediate foundation system or ground
improvement system could be required to adequately support the structures. Preliminary
recommendations for earthwork and building foundations are presented in the following sections.

EARTHWORK

Preliminary Earthwork Recommendations

Item Descriptions and Values

Topsoil Stripping Depths * < 8to36inches

< Undercut 12 to 18 inches of lower strength soil, and scarify,

Subgrade Improvement for moisture condition, and compact the upper 9 inches of fine

Lightly-Loaded Floor Slabs grained (i.e. clay or silt) soil, granular soil prior to earthen fill
placement and construction of grade-supported elements.

< Use 12 to 24 inches of crushed stone or other granular fill to
‘stabilize’ or ‘bridge’ lower strength soils

and Pavements 2

Potential Seasonally High

Groundwater Levels 2 < 0to 4 feet below existing grades

1. ltisimportant to note that different thicknesses of topsoil could be encountered in the vicinities of low
areas or along former and existing draws and swales. Plowing of the soils for agricultural purposes
and erosion could have also created variable topsoil thicknesses in some areas. Actual stripping
depths should be anticipated to vary.

2. Pre-draining the site and performing grading operation during warm seasons and dry periods would
help reduce the amount of subgrade improvement required.

3. Groundwater seepage should be anticipated during construction due to the presence of granular
seams and layers. Rapid groundwater inflows and rather significant amounts of groundwater could
be encountered in the granular layers.
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Preliminary Fill Material Types

Fill that will support foundations, floor slabs, and pavements should meet the following material
property requirements.

: USCS
1
Fill Type Classification Acceptable Areas for Placement
Imported, Low CL, CL/SC Below footings and the aggregate base for floor

plasticity Fine-grained (LL 0 45 and P1 0 23) slabs and pavements

Imported Granular 2 GW, GP, SW, SP Below footings, floor slabs, and pavements

The non-organic, on-site soil types appear suitable

CL, CL/SC, SP, SC for use as fill below spread footings and the
On-site Soils 2 aggregate base for floor slabs and pavements.
CL/CH, CH > 2 feet below grade-supported elements

1. Fill should consist of approved materials that are free of organic matter debris. Frozen material
should not be used, and fill should not be placed on a frozen subgrade. Each proposed fill material
type should be sampled and evaluated by Terracon personnel prior to its delivery and/or use.

2. A 6-inch thick aggregate base is commonly sufficient immediately below lightly-loaded floor slabs
and pavements.

3. Based on the results of the borings and laboratory testing, it appears that the non-organic, on-site
soils could be reused. A significant amount of moisture conditioning should be expected achieve
compaction requirements if on-site soils are used for fill below buildings and pavements.
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Preliminary Fill Placement and Compaction Requirements

Fill in building and pavement areas should be placed and compacted in accordance with the
following requirements.

Item Description

< 9inches in loose thickness when heavy, self-propelled
Maximum compaction equipment is used

Fill Lift Thickness < 4 inches in loose thickness when hand-guided equipment (i.e.
jumping jack or plate compactor) is used

< 98 percent
Below foundations designed using a net allowable
bearing pressure of 2,000 psf or greater
0 1.5 feet below pavements
< 95 percent
Below foundations designed using a net allowable
bearing pressure less than 2,000 psf
Below lightly-loaded floor slabs
> 1.5 feet below pavements

Minimum

Compaction Requirements * *

Moisture Content Range < Low plasticity fine-grained: -2 to +3 percent
Medium to high plasticity fine-grained : 0 to +4 percent

. 1,3
from Optimum Coarse-grained / Granular: -3 to +3 percent

1. As determined by the standard Proctor test (ASTM D 698).

2. If the granular material is a coarse sand or gravel, or of a uniform size, or has a low fines content,
compaction comparison to relative density may be more appropriate. In this case, granular materials
should be compacted to at least 70 percent relative density (ASTM D 4253 and D 4254).

3. Specifically, moisture levels should be maintained low enough to allow for satisfactory compaction
to be achieved without the granular fill bulking during placement and pumping when proofrolled.

Earthwork and Excavation Considerations

As mentioned previously, relatively shallow groundwater and granular soils were encountered at
the site. Due to the presence of drainage ways/swales and granular soils at the site, and the
presence of lower strength soils in some areas that could require removal prior to new fill
placement, groundwater seepage should be expected during earthwork and excavations. The
amount and rate of groundwater seepage encountered may vary substantially. Conventional
sump pit and pump systems are anticipated to be sufficient to remove groundwater in areas of
clay soils for this project, but more extensive groundwater control systems, such as a series of
sump pits and pumps or wells, could be required to control groundwater levels in areas of granular
soils.
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Pre-draining of the site may be accomplished with a series of ditches, “French-drains”, drain lines
and/or ditches in order to lower and control the groundwater level and minimize disturbance of
bearing soils. In cut areas of the site and/or where granular soils are present, the use of well
points could be considered. Consideration could also be given to placing an interceptor subdrain
system upgradient of the site and/or structures, and divert groundwater and surface water around
the construction area. To be the most beneficial, ‘pre-draining’ of the site should occur as far in
advance of construction as possible. It should be noted that excavations made prior to controlling
groundwater in granular soils can cause a ‘quick’ condition, and significantly reduce the support
capability of soil and cause excessive settlement and construction delays.

Upon completion of filling and grading and prior to construction of grade-supported slabs and
pavements, care should be taken to maintain the subgrade water content. The on-site soils will
be highly susceptible to disturbances from construction activity and are moderately to highly
susceptible to frost. Care should be taken during excavation and construction of footings to
minimize disturbances of the bearing soil. Construction traffic over completed subgrades should
be avoided. The site should also be graded to prevent ponding of water on prepared subgrades
or in excavations. If the subgrade freezes, desiccates, saturates, or is disturbed, the affected
material should be removed, or the materials should be scarified, moisture conditioned, and
recompacted, prior to slab and pavement construction.

SHALLOW FOUNDATIONS

Preliminary Spread Footing Foundation Recommendations

Based on the limited project information and the results of the subsurface exploration, laboratory
testing, and our preliminary evaluation, it is our opinion that lightly-loaded foundations could be
supported on spread footing foundations at the site. The final recommended net allowable
bearing pressures will partially depend on the selection of the building area, design grades, and
the structure loads.
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Item Value
Maximum Net Allowable < Higher elevation areas: 2,000 to 3,000 psf
Bearing Pressure * < Lower elevations areas: 1,200 to 1,500 psf
Minimum Spread Footing < Isolated/Columns: 30 inches
Foundation Widths < Strip/Walls: 16 inches
- Footings in unheated areas: 60 inches
Minimum Embedment Depth . ngs In u . . I
. 55 Perimeter footings for heated areas: 42 inches
Below Finished Grade = . . ) .
Footings in heated areas: 18 inches

1. Assumes lower strength and unsuitable material, where present, will be removed and replaced with
properly compacted fill. The net allowable bearing pressure is the pressure in excess of the
minimum surrounding overburden pressure at the footing base elevation. The recommended net
allowable bearing pressure typically corresponds to a maximum total settlement of 1 inch.
Foundation settlement will depend on variations within the subsurface soil profile, the structural
loading conditions, the embedment depth of the footings, the thickness of compacted fill, and the
quality of earthwork operations and foundation construction.

2. Interior footings should be provided with a minimum embedment depth of 48 inches if the footing
will be subjected to freezing temperatures during construction.

3. Finished grade is defined as the lowest adjacent grade within five feet of the foundation for perimeter
footings, and the finished floor level surrounding interior footings.

Foundation Construction Considerations

Due to the presence of granular seams and layers, groundwater seepage into foundation
excavations could occur. Groundwater that collects in excavations should be removed as soon
as possible. Excavations planned near and/or below groundwater levels will require the use of
sump pit(s) and pump(s) to control groundwater levels, as a minimum. If construction occurs
during the spring or following periods of heavy or prolonged precipitation, dewatering and/or
groundwater removal could be required to facilitate construction.

If unsuitable bearing soil/material is encountered in a foundation excavation, the excavation
should be extended deeper to suitable soil and the footing could bear directly on the soil at the
lower level or on lean concrete backfill placed in the excavation. The footing could also bear on
properly compacted fill extending down to suitable soil. Overexcavation for backfill placement
below foundations should extend laterally beyond all edges of the foundations at least 8 inches
per foot of overexcavation depth below the ‘design footing level’. The overexcavation should then
be backfiled up to the ‘design footing level’ in accordance with final compaction
recommendations. The overexcavation and backfill procedures are illustrated in the following
figures.
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SEISMIC CONSIDERATIONS

The seismic design requirements for buildings and other structures are based on Seismic Design
Category. Site Classification is required to determine the Seismic Design Category for a structure.
The Site Classification is based on the upper 100 feet of the site profile defined by a weighted
average value of either shear wave velocity, standard penetration resistance, or undrained shear
strength in accordance with Section 20.4 of ASCE 7 and the International Building Code (IBC).
Based on the soil properties encountered at the site and as described on the exploration logs and
results, it is our opinion that the Seismic Site Classification is D. Subsurface explorations at this
site were extended to a maximum depth of 25.5 feet. The site properties below the boring depth
to 100 feet were estimated based on our experience and knowledge of geologic conditions of the
general area. Additional deeper borings or geophysical testing may be performed to confirm the
conditions below the current boring depth.

GENERAL COMMENTS

Additional subsurface exploration and geotechnical engineering evaluation is recommended in
the areas of new improvements, prior to their design and construction. Our preliminary analysis
and opinions are based upon our understanding of the project, the geotechnical conditions in the
area, and the data obtained from our site exploration. Natural variations will occur between
exploration locations or due to the modifying effects of construction or weather. The nature and
extent of such variations may not become evident until during or after construction. Terracon
should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.
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Our Scope of Services does not include either specifically or by implication any environmental or
biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. If the owner is concerned about the potential for
such contamination or pollution, other studies should be undertaken.

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client, and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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EXPLORATION AND TESTING PROCEDURES

Field Exploration

Number of Borings Boring Depth (feet) Area

1to 16 25.5 to 30.5 feet Industrial Park

Boring Layout and Elevations: Terracon personnel selected the boring locations and Snyder &
Associates staked the locations in the field and provided the surface elevations at the boring
locations to Terracon.

Subsurface Exploration Procedures: We advanced the borings with a track-mounted rotary drill
rig using continuous flight solid stem augers. Sampling was performed at intervals of about 2.5-
feet in the upper 10 feet of each boring and at intervals of about 5 feet thereafter. Samples were
obtained using split-barrel and thin-walled tube sampling methods. In the thin-walled tube
sampling procedure, a thin-walled, seamless steel tube with a sharp cutting edge was pushed
hydraulically into the soil to obtain a relatively undisturbed sample. In the split-barrel sampling
procedure, a standard 2-inch outer diameter split-barrel sampling spoon was driven into the ground
by a 140-pound automatic hammer falling a distance of 30 inches. The number of blows required to
advance the sampling spoon the last 12 inches of a normal 18-inch penetration is recorded as the
Standard Penetration Test (SPT) resistance value. The SPT resistance values, also referred to as
N-values, are indicated on the boring logs at the test depths. We observed and recorded
groundwater levels during drilling and sampling. The boreholes were backfilled with auger cuttings
upon completion.

The sampling depths, penetration resistances, and other sampling information was recorded on the
field boring logs. The samples were placed in appropriate containers and transported to our solil
laboratory for testing and classification by a geologist. Our exploration team prepared field boring
logs as part of the drilling operations. These field logs included visual classifications of the
materials encountered during drilling and our interpretation of the subsurface conditions between
samples. Final boring logs were prepared from the field logs. The final boring logs represent the
Geotechnical Engineer's interpretation of the field logs and include modifications based on
observations and tests of the samples in our laboratory.

Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to aid in evaluation of
the engineering properties of the various soil strata for this project. Laboratory testing for this
project included moisture content, dry unit weight, and unconfined compressive strength. The
laboratory testing program also included examination of soil samples by an engineer. Based on
the material's texture and plasticity, we described and classified the soil samples in general
accordance with the Unified Soil Classification System.
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