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1. INTRODUCTION

The Urban Drainage and Flood Control District of Arapahoe County, Colorado, plans to
perform maintenance improvements along Big Dry Creek from University Blvd. upstream into
Cherry Knolls Park. HWS Consulting Group Inc. (HWS) has prepared this report to present: (a)
the findings of an exploration of the soils at the project site, (b) the results obtained from
laboratory tests, and (c) recommendatirons concerning the design and construction of the

proposed improvements related to geotechnical issues

Field and laboratory work consisted of: (a) making auger borings to determine the depth,
thickness, and composition of each soil formation encountered to the depths of the borings, (b)
performing field tests to determine the approximate strength of the subsurface soils, (c)
performing a geologic study to determine the origin of the deposits underlying the site, and (d)
performing standard tests to determine the engineering properties of the soil strata that would

affect the performance of the facilities.

An engineering evaluation has been made of subsurface conditions with respect to design
and construction of the proposed maintenance improvements. Recommendations are provided
for bank stabilization and erosion control, drop structures, the proposed pedestrian crossing,
excavating on site soils, suitable soils for supporting the proposed improvement structures, the
allowable bearing capacity of the foundation soils, expected settlement of the proposed

structures, the types of soils to be used as fill and backfill, and the placement of fiil and backfill.



Il. SUBSURFACE EXPLORATION

A program of test borings and soil sampling was performed at the project site on June 22
and 23, 2000. Seven (7) exploratory borings were taken to depths of 4.0 to 20.6 feet below the

existing grade to establish the general subsurface conditions of the area under consideration.

The borings were made in accordance with ASTM D 1452-80 (Reapproved 1995),
Standard Practice for Soil Investigation and Sampling by Auger Borings. A machine-driven,
hollow-stem auger having an inside diameter of 3-% inches was used to advance the holes for

split-barrel and thin-walled tube sampling. The bore holes were stable and casing was not

required.

Penetration tests were performed with a CME Automatic Free-Fall SPT Hammer in
accordance with ASTM D 1586-84 (Reapproved 1992), Standard Method for Penetration Test
and Split-Barrel Sampling of Soils. The split-barrel sampler had an outside diameter of 2 %
inches. Representative samples of soil were obtained for identification purposes. The
resistance of the soil to penetration of the sampler, measured in blows per foot (N), is an

indication of the relative density of cohesionless soil and of the consistency of cohesive soil.

One (1) relatively undisturbed soil sample was recovered for visual observation and
laboratory testing. This sampling was performed in accordance with ASTM D 1587-94,
Standard Method for Thin-Walled Tube Sampling of Soil, utilizing an open-tube sampler

having an outside diameter of 3.0 inches.

The vicinity map and the boring location plan are presented in Appendix A.. The boring
logs (refer to Appendix B) present the data obtained in the subsurface exploration. The logs
include the surface elevations, the approximate depths and elevations of major changes in the
character of the subsurface materials, visual descriptions of the materials in accordance with the

criteria presented in Appendix C, groundwater data, the penetration resistance recorded in



blows per 0.5-ft increments of depth, and the locations of undisturbed samples of soil. The
locations and elevations of the borings were determined by HWS surveying division prior to the
subsurface investigation. Elevations, as reported on the boring logs are with reference to USGS

datum. Water level readings were made in the auger borings at times and under conditions

stated on the boring logs.



ll. LABORATORY ANALYSES

The split-barrel and undisturbed soil samples obtained during the subsurface exploration
were examined in the laboratory by a member of HWS® professional engineering staff to
supplement the field identification. Standard tests were performed on selected samples to

determine the engineering properties of the foundation materials.

The moisture content and dry density of selected undisturbed soil samples are presented
in the boring logs opposite the respective sample location. These data correlate with the
strength and compressibility of the soil. High moisture content and low density usually

indicates low strength and high compressibility.

Sieve analyses were performed on eleven (11) samples of the subsurface materials in
accordance with ASTM D 1140-97, Standard Test Method for Amount of Material in Soils

Finer Than the No. 200 (75-um) Sieve. The test results are presented in Table 1.

TABLE 1
Sieve Analyses Data
Boring Depth Percent Finer Than
No. ft No. 200 Sieve by Weight
la 0.5-2.5 68.0
2 4.2-4.7 394
2 7.5-8.0 20.6
3 0.0-1.0 44.8
3 1.5-2.3 24.5
3 2.3-3.0 30.6
3 3.04.0 14.7
4 15.0-15.5 15.6
4 16.5-18.0 297
4 20.0-20.5 29.0
6 4.1-4.5 219




Sieve analyses were performed on three (3) samples of the subsurface materials in

accordance with ASTM D 422-63 (Reapproved 1998), Standard Method for Particle Size

Analysis of Soils. The test results are presented in Table 2.

TABLE 2

Sieve Analyses Data

Percent Passing Standard Sieves by Weight

Boring Depth

No. ft #10 #20 #40 #50 #100 #200
5 0.0-1.0 100.0 993 869 73.6 47.8 34.6
6 2.5-3.1 100.0 999  99.7 99.1 90.2 65.8
6 6.0-7.0 99.6 984 95.1 92.8 84.8 70.5

Determinations of the distribution of particle sizes in samples of three (3) subsurface

materials were made in accordance with AASHTO Designation T 88-90, Standard Method of

Particle Size Analysis of Soils. The composition of each of these samples is presented in Table

3.
TABLE 3
Particle-Size Data
Boring Depth Percent Sand Percent Silt Percent Clay
No. ft (Greater than 0.074 mm)  (0.002-0.074 mm) _ (Less than 0.002 mm)
5 0.0-1.0 65.4 21.9 12.7
6 2.5-3.1 342 41.8 24.0
6 6.0-7.0 29.5 44.4 26.1

A washed sieve analysis was performed on a sample of the subsurface materials. The

results of these tests, performed in accordance with ASTM C 136-96a, Standard Methods for

Sieve Analysis of Fine and Coarse Aggregates, are presented in Table 4.



TABLE 4
Particle Size Distribution of Mineral Aggregates

" Percent Passing Standard Sieves by Weight

Boring Depth
No. ft 3/87 #4  #10  #30  #50  #100 #2200
6 3.1-3.6 998 992 925 363 330 63 4.5

Six crumb tests and two Soil Conservation Service Pinhole Dispersion Tests were performed on
samples of the on site soils. The pinhole tests were conducted in accordance with ASTM D
4647-93, Method C, Standard Test Method for Identification and Classification of Dispersive-
Clay Soils by the Pinhole Test. The crumb test is an indicator test used in the identification of
dispersive soils, and the pinhole test is a definitive test of dipersiveness. A summary of the test

results are presented in Table 3.

TABLE 5
Dispersion Test Data
Boring Depth Crumb-Test Grade Pinhole
No. ft After 60 Minutes? Test Results?
la 0.2-2.5 ND1
1b 1.5-2.5 1
2 1.0-3.0 I ND1
2 4.2-4.5 4
2 4.5-5.0 4
5 0.0-1.0 2
6 3.6-4.1 3
6 6.0-7.0 1

#Crumb-Test Grades:
1 - No reaction; 2 - Slight reaction; 3 - Moderate reaction; 4 - Strong reaction

bpinhole-Test Classification:
°D1 D2 °ND4 ND3°ND2 ND1°®

o (]

a c

Dispersive ° Intermediate ° Nondispersive °

D1, D2 - Dispersive clay that fails rapidly under a 2-in. head.

ND4, ND3 - Dispersive clay that erodes slowly under a 2-in., 7-in., or 15-in. head.

ND2, NDI - Nondispersive clay with very slight to no colloidal erosion under 15-in. bead.



IV. GEOLOGY AND SITE CONDITIONS

Arapahoe County lies in the Colorado Piedmont section of Colorado, a part of the Great
Plains province of the Interior Plains physiographic division'. The project site is located in
southern Denver, east of the intersection of South University Boulevard and Arapahoe Road.
Big Dry Creek is an upland drainageway that drains to the northwest through Arapahoe County.
The creek and its floodplain are situated on alluvial soils that developed from material

weathered from the Cretaceous-age Laramie formation. The alluvial soils consist mainly of

sands and silts.

The subsurface materials encountered at the boring locations are briefly described below
in descending order of occurrence. Detailed descriptions are provided in the boring logs, which

are presented in Appendix C.

Seil Zone Description
Fill Lean clay with sand, sandy lean clay, clayey sand, and

silty sand; moist to wet; stiff to hard clays and loose to
medium dense sands; encountered at boring locations 1a,

3,4,and 5.

Topsoil Lean clay; wet; medium stiff; encountered at boring
location 7.

Alluvium Lean clay, silty clay, lean clay with sand, silt, silt with

sand, clayey sand, silty sand, poorly graded sand with
silt, and poorly grade sand; moist to saturated; soft to
very stiff clays and very loose to medium dense silts and
sands; encountered at all boring locations.

Pierre Shale Lean to fat clay; moist; hard; encountered at boring
location 6 from 14.0 feet below the ground surface to the
depth of the boring. '

Denver Formation Clayey sand and silty sand; saturated; very dense;

encountered at boring location 4 from 14.0 feet below the
ground surface to the depth of the boring.

' Physiographic Provinces of North America, Map by A. K. Lobeck, 1948; The Geographical Press; Columbia
University, New York



Groundwater was encountered at elevations ranging from 5511.8 to 5501.3 feet (0.0 to
10.5 feet below existing grade). The water table could be expected 1o fluctuate several feet
depending on surface drainage, rainfall, lawn watering, vegelation, temperature, and other

factors.



V. DISCUSSION AND RECOMMENDATIONS

1. Bank Stabilization and Erosion Control.

General. The majority of the soils encountered in the existing and proposed stream bank
locations were loose to very loose silts and sands. In addition, dispersive soils were

encountered at boring locations 2, 5, and 6 (approximately stations 17400, 26+00, and 29+00,

respectively).

The sand and silt soils encountered can be unstable and erosive. Stream bank slopes
would need to be flattened to a maximum slope of 3.0 feet [H}: 1.0 feet [V] to provide adequate
stability assuming (a) the dispersive soils are mitigated as discussed in the next paragraph, (b)
proper measures are taken to prevent the erosion of the toe-of-slope as determined from
hydraulic analysis, and (c) proper erosion control measures are taken to protect the surface of
the banks until vegetation is established (options are listed below). If steeper slopes are desired,
stabilization options include (a) reinforcing the slope with vegetation such as willow stakes
(biotechnical), (b) reinforcing the slopes with synthetic products such as geogrid, (c) removing
the upper 1.0 feet of existing soils and replacing with compacted, non-dispersive clay fill. The
biotechnical reinforcement option is probably the least expensive but also introduces a certain
amount of risk. During the time it takes for the root systems to become established, the slope 18
relatively unstable and in danger if a flood event occurs. The synthetic reinforcement option
provides a stable, natural slope at a wide range of slope angles. The reinforcement is buried
beneath the soil in the slope and may be installed during grading. Further recommendations for

any of the three options presented above could be provided upon request.

In the areas where dispersive soils were encountered, at least the upper 2.0 feet of

dispersive soils should be (a) removed and replaced with non-dispersive soils, (b) capped with



an additional 2.0 feet of non-dispersive soils, or (c) mixed with a neutralizing admixture. Based
on previous laboratory testing. a minimum of 2% hydrated lime or 3% Class F fly ash (by total
dry weight of soil) should effectively neutralize the dispersive properties of the soils 1f
uniformly mixed. Additional laboratory testing should be performed on samples of the on-site
dispersive soils to verify the required percentage of admixtures if this option is chosen. These
admixtures might limit the species of plants that will be able to grow in the soil. If necessary,

additional recommendations regarding the mixing and placement of the neutralized soils could

be provided.

Due to the erosive nature of the on-site soils, erosion control measures should be
considered for the side slopes of the stream banks. Depending upon the planned slope of the
stream banks, either temporary or permanent erosion control should be used. For slopes steeper
than 2 [H}: 1 [V], permanent erosion control should be considered. In order to preserve the
“natural look” of the project, HWS recommends using a seeded, bio-degradable, grid-reinforced
straw product for slopes flatter than 2 [H]: 1 [V] and a seeded, synthetic surface blanket for
slopes steeper than 2 [H]: 1[V]. Recommendations for specific materials can be provided upon

request.

Boulder Edging. The grouted boulder edging system, proposed as an alternative for the area
north of Arapahoe Road, consists of large boulders (2-3 feet in diameter) backfilled with
grouted smaller rocks. To minimize scour and stability problems, the bottom boulders in the
stream should be seated approximately 1.5 feet below the siream bed surface on medium stiff,
alluvial lean clay. This material was encountered at boring locations 1la and 1b north of

Arapahoe Road.

In order to relieve hydrostatic pressure from behind the boulder edging, HWS
recommends using weep drains placed through the bottom row of boulders. To prevent fine soil’

particles (silts and clays) from clogging the piping, the portions of the weep drains that extend
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into the soil should be encased in either (a) 4 inches of free draining open-graded aggregate on
all sides of the pipe wrapped in a geotextile such Mirafi 140N or (b) 4 inches of free draining
well-graded aggregate on all sides of the pipe that will serve as drainage media and filtration

material. Grading C in Table 703-3 of the 1991 State of Colorado Standard Specifications for

Road and Bridge Construction would be a suitable gradation for drainage and filtration if the

D5 (sieve size at which 15% of the material is passing) is less than 0.5 mm. Proposed materials
for use as drainage and/or filtration media should be submitted to HWS for testing and final

approval.

2. Drop Structures. At the time of issuance of this report, two drop structures are

proposed: (a) a grouted sloping boulder drop consisting of a gradual slope (not steeper that 4
horizontal to 1 vertical) faced with large boulders (2 feet or larger diameter) grouted into place

at approximately station 16+86 and (b} a vertical drop structure at about station 29+00.

At both locations for the proposed drop structures (boring locations 2 and 6}, loose to
very loose silts and sands were encountered to depths of 12 and 13 feet below the ground
surface, respectively, which comresponds to approximately 8 feet below the .bottom of the
channel at both locations. A hydraulic cutoff wall is planned upstream of the proposed sloping
boulder drop. A grouted trench or sheet piling could be used for the cutoff wall. In order to
construct the grouted trench, the excavation would need to be stabilized with either a cofferdam
or sheet piling and an extensive dewatering and stream re-routing system would be needed. For
this reason, HWS recommends using sheet piling for the cutoff wall. The cutoff wall (grouted
trench or sheet piling) should be installed a minimum depth of 6 feet below the bottom of the

channel and should extend a minimum of 6 feet laterally into each bank.

The same types of stabilization, stream re-routing, and dewatering procedures would need
to be performed to construct a cast-in-place vertical crest wall at station 29+00. In addition, a

working platform consisting of a thin layer of concrete should be constructed in the bottom of
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the excavation 10 prevent excessive soil disturbance during construction. The foundation for
this structure should not be seated on the alluvial silt, poorly graded sand with silt, or the silty
sand encountered at boring location 6 above an elevation of 5508.0 feet (approximately 3.0 feet
below the stream bed). The underlying poorly graded sand may be used to support the proposed
structure if the allowable net bearing capacity provided in Recommendation 5 is used to design
the footings. Preliminary analysis of the seepage and uplift pressures that would exist for this
option indicates that a pressure relief system such as weep holes, a pressure relief well, or a
secpage berm should be used on the downstream side of the crest wall.  Further

recommendations for seepage systems could be provided upon request.

As an alternative to a cast-in-place crest wall, HWS suggests using sheet piling driven to
an elevation of 5501 (approximately 10 feet below the existing stream bed elevation) into the
Pierre Shale encountered at boring location 6. The sheet piling should extend laterally into each
bank a distance of 10 feet. This alternative would provide the same hydraulic drop and could be

installed more quickly and at a reduced cost to the project.

A geotextile such as Mirafi 1100N or equal should be placed beneath any rip rap or
ungrouted boulders that are used in conjunction with the above mentioned drop structures to

help prevent erosion of the underlying soils.

3. Pedestrian Crossing. The proposed pedestrian crossing at approximately

station 22+34 is planned to be a box culvert with wing walls supported on spread footings. The
footings should be seated a minimum of 3.0 feet below the streambed elevation to allow for
natural variations in streambed elevation. The poorly graded alluvial sands encountered at
boring location 4 at this elevation (approximately 5505.5 feet) are suitable foundation materials

if the footings are designed using the allowable bearing capacity given in Recommendation 5.

4. Excavating On Site Soils. No boulders, bedrock, or other types of materials

that are typically difficult to excavate were encountered to the depths of planned excavations at

-12-



the boring locations. As a result, all planned excavation work should be able to be completed

with typical earth moving equipment such as excavators, backhoes, and scrapers.

5. Allowable Bearing Pressure. The allowable net bearing pressure on the

natural materials located at or below the depths recommended for foundation materials at the
crest wall and box culvert or on controlled earth fill is 1,000 Ibf/ft2. The net bearing pressure is
the contact pressure at the base of the foundation in excess of the pressure at the same level due
to the surrounding surcharge. The contact pressure at the base of the foundation is the result of
(a) all direct loads on the foundation, (b) the weight of the concrete foundation, and (c) the
weight of the backfill (120 Ibf/ft?) located directly above the foundation.. The surcharge
pressure is equal to the total weight of a column of soil that extends from the lowest

immediately adjacent ground surface to the bottom of the foundation divided by the soil

column's area.

6. Settlement. Settlement of the proposed crest wall and box culvert is expected to
be negligible (less than 1/4 inch) if the fill materials are properly placed (see Recommendation

9) and the recommendations in this report are carried out.

7.  Vertical Modulus of Subgrade Reaction. The suggested value of the vertical

modulus of subgrade reaction to be used in the design of footings and pavement structure is 100

1bf/in3.

8. Types of Soils to be used as Fill and Backfill. Controlled earth fill placed

in the upper 1.0 feet of backfill behind the proposed boulder edging and box culvert should be
constructed of inorganic, non-dispersive CL? materials. The on site alluvial lean clay and
existing fill materials encountered at boring locations la, 1b, and 4 at the project site are

considered suitable for use as fill within this upper 1.0 feet.

? Lean clay, lean clay with sand and sandy lean clay.
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The materials used as fill and backfill in all other areas may consist of CL, ML?, SM*,
and/or SC° or CH (fat clay, fat clay with sand, and/or sandy fat clay). As previously discussed
in Recommendation 1, any dispersive soils (including those used as fill or backfill) should be
(a) removed and replaced with non-dispersive soils, (b) capped with an additional 2.0 feet of
non-dispersive soils, or (c) mixed with a neutralizing admixture. It should be noted, however,
that portions of the existing clay fill are low in moisture content and will require the addition of
water to achieve a moisture content necessary for proper placement. Conversely, some of the
on-site alluvial silts are high in moisture content and would require manipulation (drying) to .
achieve the moisture content necessary for proper compaction. Proposed fill and backfill
materials should be subject to approval by the Soils Engineer. Representative samples of the
proposed fill and backfill materials should be submitted to the Soils Engineer at least three days

prior to placement so the necessary laboratory tests can be performed.

g  Placement of Fill and Backfill. The suggested basis for controlling the

placement of fill and backfill on the site, excluding free-draining granular materials, are the
"optimum moisture content” and "maximum dry density" as determined by ASTM D 698-91,
Procedure A, Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
Standard Effort (12,400 ft-lbf/ft3) {600 kN-m/m3). The recommended acceptable values of

moisture content and degree of compaction are given in Table 3.

TABLE 5
Compaction Recommendations of Controlled Earth Fill and Backfill
Seil Minimum Moisture Minimum
Location Type Content Compaction™

* Silt, silt with sand and sandy silt.
* Silty sand.
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Silts
Beneath permanent and 2% Below Optimum 95%
structures. Clays
Silty and
Clayey Sands *x 95%
Back{ill of Silts
permanent structures and 2% Below Optimum 92%
and utilities. Clays

*  Percent of Maximum Dry Density (ASTM D 698-91, Procedure A)
**  Moisture as necessary to obtain density (near Optimum)

Clean free-draining sand used as backfill should be consolidated by means of a vibratory
compactor to at least 60 % "relative density”, as determined in accordance with ASTM D 4253-
93 (Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a
Vibratory Table) and D 4254-91 (Standard Test Methods for Minimum Index Density and Unit-

Weight of Soils and Calculations of Relative Density).

10. Grading Observation. Observation and frequent testing by the Soils

Engineering Firm during compaction of fill and backfill are necessary to verify proper moisture
content and degree of compaction. A professional opinion should be obtained from the Soils
Engineer that the site has been properly prepared, that all footings will be seated on suitable
foundation materials, and that all fill, backfill, and subgrade materials conform to the moisture
content and compaction recommendations presented above. If these testing and observation
services are not performed, the allowable bearing pressure stated in Recommendation 5 may be
invalid. As the Soils Engineer for this project, HWS has interpreted the resuits of the
subsurface exploration and laboratory tests to arrive at the recommendations presented in this
report. Consequently, HWS is in the best position to relate actual observed conditions to thoée
assumed for this report and to provide revised recommendations if differences are found during

grading operations and construction of the foundation for the referenced project.

3 Clayey sand.
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11. Applicability of Recommendations. The recommendations presented in this

report are based in part upon HW S’ analyses of the data from the soil borings. The boring logs
and related information depict subsurface conditions only at the specific boring locations and at
the time of the subsurface exploration. Soil conditions may differ between the exploratory
borings and might change with the passage of time. The nature and extent of any variations
between the boring locations or of any changes in soil conditions (e.g., drying of soil) might not
become evident until grading operations and construction of the referenced project have begun.
If variations and changes in the soil conditions then appear, it will be necessary to re-evaluate

the recommendations stated in this report.
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VL. CONCLUSIONS

HWS concludes, on the basis of the findings of the subsurface exploration at the project
site and the evaluation of the engineering properties of samples of the foundation materials, that
the proposed maintenance improvements can be effectively constructed if the above

recommendations are followed.

Silts, sands, and dispersive clays were encountered during the subsurface investigation.
Stabilization and erosion control measures for these types of soils are- presented in

Recommendation 1.

The proposed crest wall drop structure at approximately station 29+00 will require a
cofferdam or sheet piling to stabilize the excavation during construction. An extensive
dewatering and stream flow re-routing system would also be required. Sheet piling would be a

faster and more economical alternative to the crest wall. More details are provided in

Recommendation 2.

This report has been prepared in accordance with generally accepted soil and foundation
engineering practices for exclusive use by The Urban Drainage and Flood Control District of
Colorado, their representatives, HWS Consulting Group Inc., and the contractor for specific
application to the proposed flood control improvements on Big Dry Creek south from

University Boulevard to Cherry Knolls Park. The recommendations of this report are not valid

for any other purpose.

HWS should be contacted if any questions arise concerning this report or if changes in the
nature, design, or location of the structures are planned. If any such changes are made, the
conclusions and recommendations contained in this report shall not be considered valid unless

the changes are reviewed by HWS and the conclusions of this report are modified or verified in
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writing. This report shall not be reproduced, except in full, without the written approval of
HWS Consulting Group Inc.

Submitted By
HWS CONSULTING GROUP INC.

Prepared By: Reviewed By
PO w2z S 55 L bl & e 5V o XKaroa—
Matthew D. Goeller Doyle B. Petersen

-18 -



APPENDIX A. VICINITY MAP AND BORING LOCATION PLAN \



Yolvd STIONX ABY3HD Of QA8 ALISH3AINN
W33HD AND O

1RSI TOUWNOD D00 § 30VRIVEQ NyBin | o

hﬂ

Wy DAS)

Sy L I NETEN

Boring #2

Boring #7

up|d4 U

o130007 bunog

Boring #6 -

Boring #5

g wba e \Sme' IR0 WG CPRCTETLIE0




APPENDIX B.
BORING LOGS





















































































