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SECTION I - EXECUTIVE SUMMARY

The executive summary is provided solely for the purposes of overview, and a number of
details are omitted, any one of which could be crucial to the proper application of this report.
Any party who relies on this report must read the full report.

The road is located between the Blue River valley and uplands. The uplands consist
of both gentle slopes and rock bluffs.

This study included borings, test pits, geophysics and installation of piezometers. The
generalized soil profile included lean and fat clay fill with varying amounts of limestone
cobbles and boulders; lean and fat clay colluvium with varying amounts of limestone
cobbles and boulders generally overlying shale. The shale slopes downward to the west
towards the river.

Poor drainage conditions exist along Blue River Road.

At some locations, Blue River has meandered closer to Blue River Road.

Blue River rises and falls quickly with rainfall events.

The groundwater levels are typically near the top of shale at Locations 1 and 2. The
groundwater level at Location 3 is near the top of shale; however, the groundwater rises
as much as 8 feet with rain events of about 3 inches.

At Location 1, a slip plane was observed at the soil/rock interface in Test Pit TP-1.2.

It is our professional opinion that the pavement distress at Locations 1, 2 and 3 is the
result of a deep-seated, global stability failure and that the failure plane extends as

deep as the top of the shale.

Several repair concepts were considered; however, drilled shaft walls, bridges, and
possibly moving the road into the bluff are potentially feasible from a cost perspective.

i
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SECTION Il - PROJECT DATA

AUTHORIZATION

The services documented in this report were provided in general accordance with the
terms, conditions and scope of services described in Geotechnology’s revised proposal
P021093.01 dated January 29, 2013. Our services were authorized by the City of Kansas City,
Missouri.

PURPOSE AND SCOPE OF SERVICES

The purpose of our services was to evaluate the subsurface conditions, determine the
probable cause of the pavement distress at select locations along Blue River Road, and
recommend remedial measures as defined in the scope of services of the referenced proposal.
Briefly, services consisted of review of provided information, meetings with City
representatives, site reconnaissance, geophysical and topographic surveying services, drilling
61 borings, laboratory testing, engineering analyses and preparation of draft and final reports.
Additional considerations for rock overhang conditions on the bluff side of the road and the
failure of a stacked limestone block retaining wall are also included in this report. Important
information prepared by The Association of Engineering Firms Practicing in the Geosciences
(ASFE) for studies of this type is included in Attachment A for your review.

DESCRIPTION OF STUDY AREA

The study area includes Blue River Road from Blue Ridge Boulevard to the south side of
Swope Park at Oldham Road in Kansas City, Missouri. Blue River Road generally traverses north
to south, and is paralleled by uplands on the east and the meandering Blue River flood plain on
the west. At several locations, Blue River and/or limestone bluffs abut Blue River Road. The
site location and general topography of the area, as per the U.S.G.S. map of the vicinity, are
shown on Plates 1 and 2.

Pavement distress occurs along sections of Blue River Road. The areas of more prominent
pavement distress are known as Location 1 (just north of 1-435), Location 2 (south of 71 Highway)
and Location 3 (north of 87" Street). At all three locations the prominent distress consists of
pavement spreading resulting in both vertical and horizontal displacement and/or uneven pavement
due to subgrade settlement. At Location 1, the vertical displacement is as much as 2 feet. Less
prominent areas of pavement distress where additional borings were completed included Location
1.2 (approximately ¥ mile south of 1-435), Locations 1.12 and1.13 (located approximately %2 and
Y2 mile north of East Blue Ridge Boulevard, respectively), and Location 3.2 (approximately 500 feet
south of Location 3).

The City Maintenance Department reported a retaining wall failure (noted as Location 4 on
Plate 1) on March 21, 2014. The approximately 430-foot long limestone block wall appears to be
part of the original construction for Blue River Road.

FROM THE GROUND UP
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A 30-inch diameter water line paralleled the west side of Blue River Road from the north
limits of Location 1 to approximately 800 feet south of 1-435. In January 2013 the water line
ruptured. As part of the repair, approximately 800 feet of the 30-inch water line was relocated to the
east side of the road through Location 1. Construction activities for the waterline relocation were
coincident with our notice to proceed in May 2013.

SUMMARY OF DOCUMENTS REVIEW

Blue River Road 1929 Plans. The 1929 plans for Blue River Road are included within the
TapanAm Associates, Inc. (TapanAm) report (see Appendix A within Attachment G of this report).
The plans included the following information:

e Project length of 7.326 miles.

e Project started south of Swope Park (estimated at approximately 0.85 miles south of
Oldham Road) and extended to Blue Ridge Boulevard.

e Cuts and fills were required along the length of the project.

Excavation quantities: 75,453 yd* of Class A; 88,215 yd® of Class B, and 47,171 yd®

borrow.

Fill quantities: 188,327 yd® of fill jetting.

49 culverts ranging in size from 1.5 feet by 2 feet to 12 feet by 10 feet.

2-lane concrete pavement with 10-foot wide lanes and 8-foot wide shoulders.

Three rubble stone masonry walls were noted. Wall heights and corresponding wall

thicknesses were noted on the plans.

Kansas City Star Article. On June 16, 2010 the Kansas City Star reported that 200 feet of
Blue River Road pavement had “buckled and split,” and that the road was closed sometime on
June 15, 2010. The article also reported that the City had recently installed an underdrain in the
same area.

2010 URS Report. URS completed a report in July 2010 for Location 1 (included in the
TapanAm Report as Appendix C). The report included the following details.

e Huntingdon Consulting Engineers (HCE) previously completed a report for the site in
January 1994.
o HCE’s scope of work included drilling borings, and the installation of
piezometers and inclinometers.
o HCE concluded a slide 20 to 25 feet below the ground surface had occurred.
o HCE recommended a French drain on the east side of road and a rock revetment
at the toe of the slope.
e URS completed a report for Location 1 in 2005 prior to pavement resurfacing.
o URS’s scope of work included drilling borings and installing inclinometers.
o Long-term monitoring of inclinometers revealed little movement.
o URS referenced drainage improvements but did not provide details.
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Various degrees of distress were noted over 600 to 700 feet of pavement; however,
significant distress was reported along 200 to 300 feet of pavement. Photographed
distress included:

o Slumping pavement with vertical displacement as much as 2 feet.

North end of site pavement and west shoulder slumping downhill toward river.
West shoulder pulling away from pavement edge.

One, 24-inch diameter, 1-foot deep sinkhole.

Pavement cracks up to 24 inches wide and deep.

o Tension cracks in pavement up to 18 inches wide and 12 inches deep.

Brush was cleared in three areas perpendicular to Location 1 to further evaluate the
slope condition. URS reported the following.

o Slope between the river and road was heavily wooded.

o Trash and rock rubble debris on the slope.

o Complete evaluation of slope could not be made.

Recommended:

o Installation of additional inclinometers and piezometers.

o Probable replacement of all materials in active zone of slide required.

o Move 30-inch water line to east side of road.

0O O O O

30-Inch Water Main. The location of the 30-inch water main is depicted on the plans

given in Attachment B. A summary of the water main location is given below.

Approximately 1,650 feet north of Location 1, the water main enters the study area
from Banister Road and traverses across the KC 3+2 Stadium athletic fields south of
Bannister Road to Blue River Road (Drawings J-5513 and J-5711).

The water main subsequently follows the east side of Blue River Road for
approximately 1,650 feet where, prior to the January 2013 water main break, the
water main crossed to the west side (Drawings J-5911 and D19905-134).

The water main previously followed the west side of Blue River Road (passing
through Location 1) where it crossed back to the east side about 800 feet south of
I-435 where it remains on the east side for about 1,900 feet (Drawings J-5911 and
J-6111).

The water main crosses back to the west side of Blue River Road just north of the
Alex George Recreational Area and follows the west side of the pavement to Red
Bridge Road where the 30-main connects to a 24-inch main along the south side of
Red Bridge Road (Drawings J-6111 and J-6311).

The plans have been subsequently modified to indicate that the relocated main is now on

the east side of the road at Location 1. The modified plan is also included in Attachment B
(Drawing D19905-134).

Three sheets of the 1981 as-built plans for the 30-inch water main along Blue River Road

are included in Attachment C. These plans depict the water line from Station 45+00 (west of
where the water main starts along Blue River Road) to Station 90+00 (immediately north of the

I-435 bridges over Blue River Road). The water main was indicated to have approximately

3 feet of cover.
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Meeting with City Street Maintenance Department. The following information was
provided during a meeting with the City Street Maintenance Department.

There have been two overlays of the road in the last 15 years.

Problem pavement areas have received a surface patch only to smooth the ride.
Rock has fallen from the limestone bluffs in the past.

Standing water noted at times on the bluff side of the road.

Culverts have been mapped and blockages were observed.

Past Blue River Water Levels and Precipitation. The road was closed on June 15, 2010
due to a pavement failure. Based on information available on the National Weather Service
(NWS) web site, average rainfall for the month of April is 3.7 inches, and May and June are
5.2 inches. The 2010 recorded April rainfall was 4.2 inches. The study area received
approximately 6.2 inches of rain for the month of May and approximately 5.4 inches of rain was
recorded from June 1 through June 14. The recorded rain event on June 14 resulted in
approximately 3 inches of rain. The NWS rainfall reports are presented in Attachment D.

A river gauge for Blue River is located near Bannister Road. The river gauge reading of
zero equates to El 753.73 (North American Vertical Datum 1929, in feet). The Blue River flood
stage is 34 feet. The river levels for Blue River at Bannister Road were reviewed from 2009 to
2012. In this four-year period, Blue River exceeded the flood stage only once; i.e. about
3:45 am on June 14, 2010, which appears to coincide with the reported pavement failure. The
recorded river level observations are also presented in Attachment D.

Based on the NWS reports, rapid rise and fall of the Blue River water level occurs. On
June 14, 2010 the river level rose from a gauge height of 10.7 feet to approximately 37 feet in
7 hours. Once the peak flood stage of 36.67 feet was reached, the river level dropped
approximately 5 feet in 7 hours and was at 10.5 feet approximately 27 hours later.

SECTION T —FIELD OBSERVATIONS, EXPLORATION
AND LABORATORY TESTING

FIELD OBSERVATIONS

Photograph Comparisons. Photographs of the pavement distress from August 2012 were
compared to photographs taken in May to August 2013. The photographs are presented in
Attachment E. In general, the 2013 photographs depict additional pavement distress at Locations
1 and 2. Additional distress at Location 3 was not as pronounced; however, the top of the guard
rail adjacent to Blue River Road is even with the pavement in the photograph from 2013 and
2014, indicating slumping has occurred. Additionally, it appears that another guardrail attached
to posts is 5 feet further downslope compared to adjacent guardrail and posts.

Slope Observations. At Locations 1, 1.12, 1.13, 2 and 3, the slopes between Blue River
and Blue River Road are lightly to heavily wooded. The upper 1/3 to 1/2 of the slope at these
locations is surfaced with nested concrete slabs and/or boulders, glass, and pieces of brick and
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asphalt in a clay matrix. The lower portion of these slopes appeared to consist of native material
with occasional pieces of trash that could have been transported by flood water. A stone
retaining wall (rock wall) is located west of Blue River Road just south of Location 1.12 and is
noted on Plate 4.

Previously Installed Instrumentation. Piezometers or inclinometers from previous
geotechnical explorations were noted at the following locations. These appear to be from the
exploration work of Huntingdon in 1994.

e Location 1 has a piezometer and inclinometer installed within 5 feet of each other
near the south end of the distressed area. The piezometer and inclinometer extend to
a depth of approximately 22.7 feet and 23.0 feet, respectively.

e Location 2 has an inclinometer and piezometer located off the shoulder of the road at
about the mid-point of the distressed area. The inclinometer was damaged between
August 2012 and May 2013 when apparently brush was cut, and could not be located.
However, the piezometer is intact and extends to a depth of approximately 19.5 feet.

e Location 3 has three inclinometers located behind the guard rail at approximately the
north, middle and south ends of the distressed area. The south inclinometer extends
to a depth of approximately 52.5 feet. The middle and north inclinometers extend to
approximate depths of 29 feet and 31.5 feet, respectively. Two additional
piezometers and inclinometers are located near the toe of the slope (west of the road
embankment and east of the river). The north and south piezometers extend to depths
of 30.5 and 29.5 feet, respectively. The north and south inclinometers extend to
depths of 25.2 and 32.2 feet, respectively.

A video camera was placed down each inclinometer and piezometer to observe
conditions in the instrumentation. Observations were performed at Locations 1, 2, and in the
inclinometers near the crest of the road embankment at Location 3 on July 16, 2013. The lower
piezometers and inclinometers at Location 3 were observed on April 15, 2014. The following
observations from the video were noted and screen shots from selected depths are presented in
Attachment F.

e Locationl
o Piezometer casing was pinched at 22.1 feet.
o Inclinometer video was inconclusive.
e Location 2
o Piezometer top of screen at 16.5 feet.
o Piezometer screen appears offset at 19.5 feet
o Sand exposed in the bottom.
e Location 3
o Video for the south inclinometer on the slope crest was inconclusive due to water
and debris in the casing.
o Middle inclinometer on the slope crest was pinched at 28.5 feet.
o Video for the north inclinometer on the slope crest was inconclusive due to water
and debris in the casing. Difficulty in removing the camera at a depth of
approximately 16 feet indicating tube squeezing.

FROM THE GROUND UP
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o Video of the inclinometers and piezometers at the toe of the slope indicated the
piping to be intact and without deformation.

Road Condition Survey. TapanAm completed a road condition survey, which is included
in Attachment G. A summary of their findings is presented in the following paragraphs.

21 locations with pavement distress were identified.

12 locations in close proximity to Blue River.

Longitudinal cracking along west pavement edge at 16 locations.

Erosion near box culverts/headwalls at locations identified as Locations 1.5 and 1.11.

Plugged/partly filled reinforced concrete boxes at locations identified as Locations

1.8and 1.11.

New pavement patches at areas identified as Locations 1.8 and 3.1.

Absence of drainage ditches at many locations on the bluff side of the road.

Guardrail at Location 3.0 appeared to have moved down slope.

TapanAm recommended immediate action at the following locations.

o Location 1.0 - Original focus of this study. Road closed in this area.

o Location 1.2 - Approximately 3-foot wide strip with downward vertical
displacement up to 2 inches on the river side.

o Location 1.8 - Erosion around a culvert headwall has created an abrupt drop at the
edge of pavement.

o Location 1.11 - Active erosion at the headwall on the bluff side has eliminated the
embankment below the pavement.

o Location 2.0 - Original focus of this study.

Location 3.0 - Original focus of this study.

o Location 3.1 - New asphalt patching and crooked guardrail indicate active
movement.

o

Surveying. A topographic survey was completed by Trekk Design Group, LLC (Trekk)
at Locations 1, 2 and 3 (and is superimposed on aerial photography on Plates 3, 7, and 8). Trekk
also surveyed the borings, test pits, existing inclinometers and piezometers, the top of the wall
south of Location 1.12, and the underground objects identified from our subsurface utility

mapping.

Location 1 Water Line Relocation. As previously discussed, the 30-inch water line in the
vicinity of Location 1 ruptured in January 2013. Emergency repair operations included installing
approximately 800 feet of new water line on the east side of the road. Representatives of
Geotechnology performed intermittent site visits to observe excavation conditions at the old
water line location (west side of Blue River Road) and new water line location (east side of Blue
River Road). The following is a summary of our observations. Selected photographs are
presented in Attachment H.

e An underdrain was present along approximately the northern two-thirds of the area
where pavement distress was prominent. The underdrain ranged in thickness from
6 inches to 30 inches, and consisted of 2-inch nominal diameter limestone wrapped in
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filter fabric. Along the west edge of the road, a 6-inch diameter perforated pipe was
present at a depth of approximately 3 feet.

e The fill in and around the old water line trench consisted of a mixture of clay and
limestone fragments. The trench backfill material did not appear to be compacted.

e Approximately the northern three-quarters of the new water line was installed in a
limestone trench. For the remainder of the new water line, the trench sidewalls
consisted of clay fill on the west side of the excavation and limestone underlain by
shale on the east side. The fill consisted generally of clay with occasional pieces of
limestone.

e The drainage basins on the east side of the road were underlain by limestone.
Drainage pipe was reportedly reconnected and daylighted to the west side of Blue
River Road.

e The pavement was approximately 22 feet wide, and consisted of approximately 8 to
9 inches of asphalt underlain by 4 to 8 inches of granular base course.

e After a rain event on May 30 and 31, 2013, a large block of limestone on the slope
above the east side of the road slumped towards the new trench.

e At completion of the water line installation, the remaining spoils were pushed over
the west side of the road. The spoils consist of an unconsolidated mixture of
limestone boulders (with a dimension of up to 5 feet), clay and crushed rock.

Blue River Location. Geotechnology compared the 1929 location of Blue River to the
current location using Google Earth aerial photography. The 1929 plans depict that Blue River
closely parallels about 500 feet of Blue River Road north of Blue Ridge Boulevard. Currently at
this location, Blue River closely parallels approximately 1,200 feet of Blue River Road,
indicating that some areas of the river have migrated towards the road as soils are eroded.

Rock Overhang Locations. Geotechnology observed the east side of Blue River Road for
conditions where bedrock was exposed. Seven locations were identified near the road where a
lower shale stratum had weathered sufficiently to cause an upper unit of limestone to overhang
the underlying shale. These locations are designated as Rock Overhand Areas (OHA) A through
G. The locations and photographs of these areas are presented in Attachment 1.

Location 4 — Limestone Block Retaining Wall. The wall is on the river side of the road.
The overall length of the retaining wall is approximately 430 feet with a maximum height of 17
feet. The failed section is approximately 27 feet long, starting from approximately 30 feet south
of the north end. The wall at the failed section is 2 feet thick at the top with no apparent change
in thickness with height as indicated in the 1929 plans. The stacked limestone blocks exhibit
areas where concrete was placed between the blocks. Some of the blocks are
weathered/distressed such that they are cracked through the block or the face of the block has a
hollow sound when tapped with a metal rod.

The fill behind the wall in the failed area was a mix of soil and limestone pieces of
various sizes. Drainage stone behind the wall was not observed. At locations south of the
failure, it appears that some of the soil in the shoulder between the wall and edge of road has
settled in irregular patterns indicating wash out of material.
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A concrete drainage feature was constructed along the top of the wall near a high point in
the road, which is unconventional. The drainage inlet discharges into a basin that exists in front
of the wall. The backfill under the concrete cap of the drainage feature has settled, resulting in
cracks and gaps in the concrete top. The gaps were of sufficient size to observe that crushed
limestone cobbles were used as backfill. Photographs of the select observations are presented in
Appendix J.

FIELD EXPLORATION

Subsurface Utility Mapping. Geophysical surveying services were performed to attempt to
locate unknown or suspected utilities at Locations 1, 2 and 3. This information was used to confirm
known utilities and determine if any unknown or suspect utilities could be contributing to the
pavement distress. The results are presented in Attachment K along with the methods used in the
subsurface utility mapping.

We performed geophysical surveys that support the locating criteria described in CI/ASCE
38-02 Standard Guideline for the Collection and Depiction of Existing Subsurface Utility Data.
According to this guideline, utility locating is performed to various levels of certainty identified as
Quality Levels D (low accuracy) through A (high accuracy) as follows:

Quality Level D — Perform a review of existing utility drawings and interview
appropriate individuals such as property maintenance managers regarding site utilities.

Quality Level C — Perform a site reconnaissance to verify suspected utilities based on the
presence of readily observable surface features such as manholes, valves, meters, and
conduits. Observed features are correlated with Quality Level D information.

Quality Level B — Perform geophysical surveying to trace the approximate location of
known or suspected utilities as identified during the Quality Level D and C services.
Geotechnology typically uses some or all of the following geophysical equipment to
locate utilities: Geonics EM31 Terrain Conductivity Meter; SIR 3000 ground penetrating
radar (GPR) unit with 400 MHz antenna; an RD-4000 radio frequency utility locator, and
MAC51B magnetometer/pipeline locator. Interpreted utilities are marked on field
sketches and designated on site using spray paint and pin flags. The field designations
should be surveyed by the project surveyor and the utility drawing updated.

In the absence of utility information from drawings or knowledgeable individuals, limited
geophysical surveying for unknown features can be performed at specific locations.
However, lack of background utility information at a site limits our ability to detect some
of the utilities.

Quality Level A — Determine the precise horizontal and vertical location of utilities by
exposing subsurface utilities using vacuum excavation methods. The exposed utility is
surveyed and the utility drawing updated. Quality Level A surveying was not included in
our scope of services.
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Surveys that support the Quality Level B locating criteria were performed at Locations
1 and 2, and reconnaissance that supports the Quality Level C locating criteria was performed at
Location 3. Approximate locations of known or suspected utilities were ascertained by
reviewing available utility maps and performing a site reconnaissance. At Locations 1 and
2 utility tracing was performed using a GSSI SIR 3000 GPR unit with a 400 MHz antenna
(where accessible), a Geonics EM31 Terrain Conductivity Meter, and a Radiodetection RD-4000
utility tracing unit. Approximate locations of suspected utilities identified using geophysical
surveying methods were marked using spray paint and sketched on field notes presented in
Attachment K. Trekk surveyed the field painted locations. A summary of the results of the
subsurface utility mapping performed are presented in the following paragraphs.

Location 1. Eight unknown suspected utilities and three storm sewers were observed at
Location 1. A linear unknown suspected utility trending NE-SW over Blue River Road
and a localized unknown suspect utility were observed in the NW section of Location 1.
Six unknown suspected utilities were located in the southeastern portion of Location 1,
and each one is a rectangular U-shape that is coincident with surface cracks in the
pavement. Three visible storm sewers were located in the central portion of Location 1;
however, the storm sewer drain pipes could only be detected crossing Blue River Road in
the northwestern and central storm sewers.

Location 2. One storm sewer and four unknown suspected utilities were observed at
Location 2. The storm sewer is located in the southern portion of Location 2, trends E-
W, and is visible on the east and west side of the road. Two of the unknown suspected
utilities were detected south of the road slump and two to the north. All four unknown
suspected utilities terminate at cracks in the pavement.

Location 3. Three utilities and a surface drainage system were observed at Location 3.
Two communications lines and an electric line were field-marked by Missouri One-Call.
The utilities follow along the NW side of Blue River Road from the south-western edge
to the north-eastern portion of Location 3. A surface drainage system was observed on
the east side of Blue River Road, starting near the center of Location 3 and continuing
north into a surface inlet. The inlet was observed to cross underneath the road and
discharge on the west side of Blue River Road.

Seismic Refraction and Multichannel Analysis of Surface Waves. Seismic refraction and
multichannel analysis of surface waves (MASW) surveying were performed to target potential
features of the landmass slides, including low-velocity slide material, large blocks within the
slide material, and possibly the failure surface itself. Seismic refraction surveying included
collecting, processing, and interpreting seismic refraction profiles parallel and perpendicular to
the slope failures. MASW surveying included producing vertical shear-wave velocity profiles,
which can be used to determine soil mechanical properties and potentially estimate fill thickness
and depth to bedrock.

The seismic refraction data were collected at Locations 1, 1.13 and 2. The locations of
the seismic lines were surveyed by Trekk. Three seismic refraction lines were collected at
Location 1; one line, 830 feet long following the shoulder of Blue River Road (noted as L1/L3
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on Plate 3), and two lines, 115 feet long perpendicular to the road (noted as L1/L2 and L1/L1 on
Plate 3). At Location 2, one line, 350 feet long following the shoulder of Blue River Road
(noted as L/1 on Plate 7), and one line, 115 feet long perpendicular to the road (noted as L/2 on
Plate 7) were collected. The line at Location 1.13 was perpendicular to the road and 66 feet long
(noted as L1/L1 on Plate5). Along the two survey lines parallel to Blue River Road, geophones
were placed at 10-foot intervals with source locations every 20 feet. Along the four survey lines
perpendicular to Blue River Road, geophones were placed at 5-foot intervals with source
locations every 10 feet. At each source location, a Betsy Seisgun was used to fire an 8-gauge
shell loaded with 400 grains of black powder within a pre-drilled hole approximately 1.5 feet
below ground surface. = The seismograph used for the seismic refraction surveys was a
24-channel Geometrics Geode.

Two-dimensional tomographic cross-sections of compressional-wave velocities were
generated using Seislmager software (Geometrics, Inc.). The data was processed and velocity
models were produced. The tomographic velocity models were gridded and contoured using
Surfer software (Golden Software, Inc.).

The top of bedrock along the lines was estimated by comparing the tomographic velocity
models to boring logs located near or on the seismic lines. Bedrock depths determined from the
boring logs were correlated to velocities modeled at the same depths. These velocities were used
to interpret the depth to bedrock along the lines. A high velocity zone (apparent bedrock or
concrete) was modeled near the center of L/1 at Location 2. A test pit at this location uncovered
a concrete slab beneath Blue River Road, which is the likely cause of the high velocity zone.
The depth to bedrock beneath the high velocity zone was interpolated between borings located
outside of the high velocity zone.

MASW data was collected at Locations 1 and 2. Data were collected at each location
with geophones spaced 1, 3 and 10 feet apart. An aluminum plate struck by a 20-pound sledge
hammer at various locations off one end of the line was used as the seismic source. The
seismograph used for the MASW surveys was a 24-channel Geometrics Geode.

One-dimensional shear-wave velocity profiles based on analyses of the seismic surface
waves were generated for Locations 1 and 2. The modeled shear-wave velocities of the
overlying material were similar to velocities of the underlying shale. Therefore, the shear-wave
velocity profiles were not used to distinguish between bedrock and the overlying material. The
seismic models are presented in Attachment L.

Borings. The field exploration included drilling 61 borings at the locations with the
boring designation indicated in Table 1. The boring locations are shown on Plates 3 through 8.
The borings were located in the field by a representative of Geotechnology and the as-drilled
locations were surveyed by Trekk.
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TABLE 1: BORING LOCATION AND DESIGNATION
Location Boring Designation
Location 1 B1.0-1 through B1.0-17
Location 1.12 B1.12-1 through B1.12-11
Location 1.13 B1.13-1 through B1.13-10
Location 1.2 B1.2-1 through B1.2-4
Location 2 B2.0-1 through B2.0-7
Location 3 B3.0-1 through B3.0-6
Location 3.2 B3.2-1 through B3.2-5

The borings were drilled using all-terrain CME 550 and Dietrich D-50 rotary drill rigs
equipped with solid and hollow stem augers. Standard Penetration Tests (SPTs) were performed
using an automatic hammer and thin-wall sampling tubes were hydraulically advanced.
Split-spoon and thin-wall tube samples were obtained at the depths indicated on the boring logs
presented in Attachment M. It should be noted that recovery of sample in the thin-wall tubes was
limited due to the nature of the fill and most of the underlying soil. The underlying bedrock
was cored at Borings B 1.0-15, B 1.13-4, B 2.0-1, B 2.0-6, B 3.0-1 and B 3.2-2 using NQ2
wireline methods. An explanation of the terms and symbols used on the boring logs is also
included in Attachment M. Photographs of the rock core is included in Attachment N.

An engineer and geologist from Geotechnology observed drilling and sampling, assisted
in obtaining samples, and prepared descriptive logs of the material encountered. The boring logs
represent conditions observed at the time of exploration, and have been edited by a professional
engineer to incorporate results of the laboratory tests as appropriate.

Unless noted on the boring logs, the lines designating the changes between various strata
represent approximate boundaries. The transition between materials may be gradual or may
occur between recovered samples. The stratification given on the boring logs, or described
herein, is for use by Geotechnology in its analyses and should not be used as the basis of design
or construction cost estimates without realizing that there can be variation from that shown or
described.

The boring logs and related information depict subsurface conditions only at the specific
locations and times where sampling was conducted. The passage of time may result in changes
in conditions, interpreted to exist, at or between the locations where sampling was conducted.

Piezometers. Piezometers were installed at Locations 1, 2 and 3 (i.e., one at each
location). The screened interval and total depth of each piezometer are presented in the
following table, and copies of the Missouri Department of Natural Resources Well Registration
forms are presented in Attachment O. Each piezometer was bailed dry to remove water that had
been introduced into the borehole during the rock coring process. At Boring B1.0-15, however,
difficulty during bailing occurred due to relatively rapid recharge.

i
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TABLE 2: PIEZOMETERS
Location Total Depth Screened Interval
(feet) (feet)
Boring B1.0-15 36.0 8.01t0 36.0
Boring B2.0-1 33.0 6.0 to 33.0
Boring B3.0-1 44.7 9.7 to 44.7

Test Pits. Five test pits were excavated; four at Location 1 and one at Location 2. Test
pits at Location 1, depicted on Plate 2, were excavated by EAC, Inc. (EAC) using a trackhoe.
The test pit at Location 2, depicted on Plate 4, was excavated by a representative of
Geotechnology using a mini-excavator. The log identifier for the test pits at Location 1 include
the symbol A or B; test pit logs that include an ‘A’ designation were excavated on the east side
of the road and test pit logs with a ’B’ designation were performed on the west side. Logs of the
test pits are in Attachment P.

LABORATORY TESTING

Laboratory testing was performed on the soil samples to estimate pertinent engineering
and index properties. Moisture content, dry unit weight, unconfined compression strength and
Atterberg limits tests were performed on selected soil samples. These test results are presented
on the boring logs given in Attachment M.

Consolidated-undrained triaxial shear tests were performed on selected thin-wall tube
samples. Those test results are presented in Appendix Q.

SECTION IV - SUBSURFACE CONDITIONS

REGIONAL GEOLOGY

A geologic cross-section of the geology at Blue River is presented in the
following stratigraphic column (courtesy Missouri Department of Natural Resources). Blue
River has eroded through the Upper and Lower Bronson Subgroup into the Pleasanton Group.

In many locations, rock outcrops abut the east side of the Blue River valley. The river
valley is comprised of alluvial deposits as well as colluvium. The Bethany Falls limestone,
which may be exposed at some locations along Blue River, is noted for large block slides.

The Sniabar Limestone Member of the Hertha Group is exposed under the 1-435 bridges
at Blue River Road. The Sniabar is generally reported to be 10 to 14 feet thick and is a
fine-crystalline limestone. The Mound City Shale underlies the Sniabar and is reported to be
0.6 to 1.5 feet thick. The Pleasanton Group, which underlies the Hertha Geroup, consists of
shale and thin sandstone and is over 100 feet thick.

i
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STRATIGRAPHY

Location 1. Seventeen borings were dilled at Location 1. Borings were located three
across, where possible, such that one boring was in the northbound lane, one boring was at the
west edge of the southbound lane, and one boring was located between the road embankment and
Blue River.

Borings B1.0-1, -4, -7, -8, -10 and -12 were drilled in the northbound lane of Blue River
Road. At Boring B1.0-1, the stratigraphy consisted of fat clay fill; the boring was terminated at
auger refusal at 9 feet. Since rock coring was not performed, the character of the auger refusal
material at Boring B1.0-1 could not be determined.

At Boring B1.0-4 the stratigraphy consisted of fat clay fill to a depth of approximately
12 feet, which was underlain by hard, fat, shaley clay (residual soil) to a depth of approximately
17 feet. Boring B1.0-4 was terminated at sampler refusal in shale at 19.2 feet.

At the remainder of the borings, the crushed stone underdrain was encountered to depths
ranging from approximately 3.5 to 5 feet. The underdrain at B1.0-8 was underlain by hard, lean
clay to a depth of 5 feet. The clay at B1.0-8 and the underdrain material at the remaining
locations were underlain by weathered limestone to auger refusal depths that ranged from 4.5 to
7.5 feet.

Borings B1.0-2, -5, -9, -11, -13, -14 and -15 were drilled along the west edge of the
southbound lane. A mixture of fill consisting of fat clay, silty clay, and fragments of limestone,
brick and asphalt extended to depths ranging from approximately 10 to 17 feet. At Borings
B1.0-2, -5, -14, and -15 the fill was underlain by very stiff to hard, fat clay that extended to
depths of approximately 17 to 28.5 feet. Shale underlies the clay at Borings B1.0-2, -5, -14 and
-15 and underlies the fill at the remaining boring locations. All of the borings, except B1.0-15,
were terminated in the shale at sampler refusal at depths ranging from 19.3 to 29 feet. The
underlying shale at Boring B1.0-15 was cored to a depth of 36 feet. The recovered core included
very soft to soft, moderately weathered shale. The rock core recovery value was 100 percent and
the corresponding Rock Quality Designation® values ranged from of 42 to 54 percent.

Borings B1.0-3, -6, -16 and -17 were drilled between the roadway embankment and Blue
River. The stratigraphy at these borings consisted of soft to stiff, lean or fat clay (colluvium) that
extended to depths ranging from approximately 24 to 33.5 feet. At Borings B1.0-6 and -16,
gravel with clay or sand (colluvium) was present from approximately 14 to 26 feet and 18 to
23 feet, respectively. The overburden is underlain by shale, and the borings were terminated at
sampler refusal at depths ranging from approximately 24 to 34 feet.

Location 1.2. Borings B1.2-1 through -4 were drilled within the roadway or just off the
road. Below the pavement section, fat clay fill extended to depths ranging from approximately 6
to 8.5 feet. Medium stiff to stiff, fat clay (colluvium) underlies the fill and extends to depths of
approximately 16 to 17 feet in B1.2-1 and -3, and to depths of 29 to 33 feet in Borings B1.2-2

'Rock Quality Designation (RQD) is the total measurement of all the pieces of core 4 inches in length or greater
divided by the total core length, expressed as a percentage.
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and -4. The clay in B1.2-1 and -3 is underlain by medium dense, clayey gravel (colluvium) to
depths of approximately 32.5 to 33 feet. All of the borings were terminated at sampler refusal in
shale at depths ranging from 29.8 to 34.2 feet.

Location 1.12. Borings B1.12-1, -2, -5, -9, -10 and -11 were drilled in the southbound
lane, and Borings 1.12-3, -6 and -8 were drilled near the center of the road. Borings 1.12-4 and
-7 were located in the north bound lane.

Generally, the stratigraphy of the borings in the southbound lane and near the middle of
the road consisted of 3 to 5 inches of asphalt pavement underlain by up to 12 inches of crushed
limestone. Except at Borings B1.12-3, -4 and -11, the pavement section is underlain by fill
generally consisting of a mixture of clay and limestone fragments with boulders that extends to
depths of approximately 4 to 15 feet. A void approximately 1-foot thick was encountered in
Boring B1.12-5 within the fill. Borings B1.12-2, -3, -4, -7, -8, 10 and -11 were terminated at
auger refusal or sampler refusal at depths of approximately 4 to 9 feet. The refusal material was
not cored so identification of the material type was not determined. It is anticipated that the
refusal material in the northbound lanes is bedrock and the southbound lanes is likely boulder fill
(nearest the river).

Medium stiff to very stiff fat clay (colluvium) was encountered below the fill to depths
varying between 14 to 18 feet in Borings 1.12-5, -6, and -9. These borings, along with Boring
B1.12-1, were terminated in shale at depths of approximately 19 to 23 feet.

Location 1.13. Borings B1.13-1, -2, -4, -6, -8, and -9 were drilled in the southbound lane.
Borings B1.13-3, -5, -7, and -10 were drilled within the northbound of the roadway. The
stratigraphy at the borings consisted of 6 inches of asphaltic pavement underlain by 5 to 15 feet
of fill consisting of clay and pieces of limestone with occasional boulders. The fill was underlain
by medium stiff to very stiff fat clay (colluvium and residual), except at Boring B1.13-3. The
brown native clays extended to depths of approximately 16 to 20 feet. At Boring B1.13-3,
limestone was encountered at 9 feet and auger refusal occurred at 11 feet. Auger refusal
occurred at the remaining borings at the bottom of the clay strata.

Location 2. Boring B2.0-2 was drilled in the northbound lane (bluff side); Borings
B2.0-1, and -3 through -5 were drilled in the southbound lane (river side), and Borings B2.0-6,
-6A and -7 were drilled between the roadway embankment and the river. Additionally, Borings
B2.0-3 and -5 were drilled outside the areas of observed pavement distress.

Below the pavement at Borings B2.0-1 through -3, lean and fat clay fill extended to
depths of approximately 7 to 12 feet. From the surface at Borings B2.0-6 and -7 and below the
fill and the pavement at Borings B2.0-4 and -5, very soft to stiff, lean and fat clay (colluvium and
residual soil) extended to depths ranging from approximately 12 to 32 feet. Boulders and clayey
gravel were encountered within the colluvium in three of the borings. Boring B2.0-5 was
terminated at auger refusal at 10.5 feet. Since rock coring was not performed, the character of
the auger refusal material at Boring B2.0-5 could not be determined.
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Except for Boring B2.0-1, the remaining borings were extended into shale and were
terminated at sampler refusal at depths ranging from approximately 18.8 to 38.9 feet. Boring
B2.0-1 was extended into the shale to a depth of 36 feet using NQ2 rock coring methods. The
recovered rock core consisted of moderately weathered, very soft to soft shale.  The rock core
recovery value was 100 percent and the corresponding RQD values were 50 to 100 percent.

Location 3. The six borings drilled at Location 3 were located within the pavement.
B3.0-2 was located in the northbound lane and the remaining borings were drilled in the
southbound lane. Borings B3.0-1 and -5 were drilled within the distressed pavement area, and
the remainder of the borings were drilled outside the distressed pavement area.

At each boring the asphalt pavement was underlain by fat and lean clay fill to depths of
approximately 2 to 13 feet. The fill at Borings B3.0-1 and -3 was underlain by lean and fat clay
(colluvium and residual soil) to depths ranging from approximately 8.5 to 33 feet. Except for
Boring B3.0-1, the borings were extended into shale and were terminated at sampler refusal at
depths ranging from 9.7 to 23.8 feet. Boring B3.0-1 was advanced into the shale using NQ2 rock
coring methods. Rock core recovered at Boring B3.0-1 consisted of slightly weathered, soft to
moderately hard shale. The rock core recovery value was 100 percent and the corresponding
RQD values were 53 to 100 percent.

Location 3.2. The five borings were drilled within the pavement. Boring B3.2-1 was
drilled in the northbound lane and the remaining borings were drilled in the southbound lane
(river side). Except at Boring B3.2-4, the asphalt pavement is underlain by fill comprised of lean
and fat clay to depths of approximately 2 to 3.5 feet. Below the pavement at Boring B3.2-4 and
the fill at Borings B3.2-2 and -3, stiff to hard, lean and fat clay (residual soil) extends to depths
of approximately 14 to 20 feet. The fill at Boring B3.2-1 was underlain by shale. The borings
were terminated at sampler refusal in shale at depths of approximately 14 to 31 feet.

Test Pits Location 1. Four test pit trenches were excavated at Location 1. Each trench
began at approximately the middle of the northbound lane and extended to the west beyond the
west edge of pavement to the former 30-inch water line location. The pavement section
consisted of approximately 8 inches of asphalt underlain by 4 to 7 inches of granular base. The
pavement section was underlain by an underdrain consisting of open-graded crushed limestone
wrapped in filter fabric. A 6-inch diameter drainage pipe was located near the west edge of the
road.

On the east side of the road the underdrain was underlain by limestone bedrock. The
limestone bedrock extended approximately 12 to 20 feet west of the east edge of the road and
was nearly vertical at the west end of the limestone exposure. The limestone extended to depths
of 13 to 16 feet, and Test Pit TP-1.4A was terminated on limestone at a depth of 15 feet. In Test
Pits TP-1.1A through -1.3A, shale occurs below the limestone at depths of approximately 9 to
15 feet.

On the west side of the road the underdrain material is underlain by fat clay fill with
various amounts of limestone cobbles and brick fragments that extend to depths ranging from
approximately 5.5 to 14 feet. At Test Pit TP-1.1B, the fill is underlain by fat clay colluvium with
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limestone cobbles and boulders to a depth of 13 feet. Also at Test Pit TP-1.1B a slip plane was
observed at the soil/rock interface. In general, the overburden is underlain by shale to the 15- to
16-foot depths of exploration. At Test Pit TP-1.4B, however, the fill is underlain by limestone
bedrock. The abandoned 30-inch water main was exposed at the west end of Test Pit TP-1.1B.

Test Pit Location 2. The test pit began approximately 4 feet above the toe of the roadway
embankment. Concrete slabs were encountered to a depth of 5 feet, which were underlain by
clay fill to a depth of 11 feet. The fill was comprised of tan, fat shaley clay and black, fat clay.
The test pit was terminated in natural, brown fat clay with limestone fragments at a depth of
13 feet.

GROUNDWATER

The groundwater levels observed during drilling are presented in Table 3. Groundwater
was observed seeping into the excavation at a depth of 6 feet in TP-1.4A/B.

TABLE 3: GROUNDWATER LEVELS DURING DRILLING
Boring Approximate Depth (ft)
B1.2-1 30
B1.2-2 28.5
B1.2-3 28.5
B1.12-6 10
B1.12-9 18.5
B2.0-7 13

Groundwater levels may not have stabilized prior to backfilling, which is common in less
permeable cohesive soil. Consequently, the indicated groundwater levels, or lack thereof, may
not represent present or future levels. Groundwater could be perched above bedrock and levels
may vary significantly over time due to the effects of seasonal variation in precipitation,
recharge, water level of Blue River, or other factors not evident at the time of exploration. Water
may be trapped in permeable pockets of fill and/or utility trenches backfilled with clean rock.

Typically, groundwater level readings were obtained after rainfall events with occasional
readings during dry periods. During extended rain events in late October 2013, readings were
taken twice a day and the gauge reading of Blue River at Bannister Road was noted at similar
times. These observations are presented in Table 4. The recorded rainfall was obtained from the
NWS web site. Based on the results of the piezometer measurements after a rainfall, the
piezometer at B3.0-1 is subject to a faster response to rainfall events than B2.0-1 and B1.0-15;
e.g. 2.2 inches of rainfall the previous day resulted in a 6.6-foot water level rise in the piezometer
at B3.0-1, and a rise of 1.4 feet in the piezometer at B2.0-1 and only 0.2 feet rise in piezometer
B1.0-15.
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TABLE 4: PIEZOMETER READINGS AND RAINFALL
2013 Depth Below Ground, ft (time of reading) Rainfall, | Blue River Level
Date B1.0-15 B2.0-1 B3.0-1 inches Gauge Height, ft
July 31 26.0 29.5 43.5 0.1 Not Available
Aug 2 27.0 - 0.5 45-54
Aug 13 22.0 26.0 28.7 0.5 4.6-4.7
Sept 6 21.2 27.84 33.3 0 4.2
Sept 20 21.3 26.9 25.4 2.75 4.9-6.0
Oct28 | 21.3(12:15) | 26.7 (12:30) 35.5 (13:00) 0 4.2
Oct 29 21.3 (9:10) 26.7 (9:35) 24.8 (9:55) 4.4
21.3(15:15) | 26.7 (14:55) 24.5 (14:40) 0.75 8.4
Oct 30 21.3 (9:40) 27.0 (9:15) 30.3 (9:00) 4.6
21.3(15:00) | 27.6(14:35) 30.4 (14:20) 0.2 4.5
Oct 31 21.1 (9:20) 26.6 (9:55) 22.8 (10:15) 15.8-17.1
21.1(15:05) | 26.2(15:30) | 23.8(15:45) 2.2 15.2-14.4
Nov1l | 21.0(14:10) | 26.1(13:25) 26.0 (13:45) 0.2 5.5
Nov 5 21.3 (9:45) 26.5 (9:25) 32.2 (9:10) 4.5
2014
April 4 21.5 23.9 23.0 4.8
April 24 21.5 25.1 Not Obtained 0.71 14.5
April 25 21.5 24.3 23.8 6.5
April 30 21.3 22.9 23.5 2.1* 4.9

*Total rainfall over preceding 3 days

On March 31, 2014, two additional piezometers from a previous study by others were
found at Location 3. The piezometers are located on a flat area between the river and the
roadway embankment slope. The following information was obtained from surveying and video
of the piezometers.

TABLE 5: PREVIOUS PIEZOMETERS AT LOCATION 3
Piezometer | Ground Surface El Total Depth (ft) | Depth to Top of Screen
North 7718 30.5 19.9 (El 751.9)
South 771.2 29.5 24.5 (El 746.7)

Groundwater measurements were obtained in these piezometers before, immediately after
and the morning after a rain event. The slope of the river was estimated between the Bannister
Road and the US 71 gauges. An approximate elevation of the river was back calculated near
Location 3. The readings are presented in Table 6.
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TABLE 6: PIEZOMETER READINGS LOCATION 3

2014 Date | Rainfall, Depth Below Ground, ft Estimated

inches North South River EL
March31 |0 20.8 (750.4) | 20.7 (751.6) 755
April 4 0.250n 4/3 | 16.5(755.3) | 17.1 (754.1) 755
April 24 0.71 17.6 (753.6) | 13.5(758.3) 763
April 25 |0 14.7 (756.5) | 16.0 (755.8) 757
April 30 2.1* 17.8 (754.0) | 16.6 (754.6) 755

J021093.01

*Total rainfall over preceding 3 days

The following observations were noted:

generally water rises in the piezometers with rain events

groundwater does not necessarily fall as fast as the river level

the water in the piezometers appears to have a hydraulic head as some of the water
level readings are above the screened interval

the estimated river level is above the top of the screened interval

fluctuations in the north piezometer appear to be greater with rainfall events
compared to the south location and could be due to a longer screened interval

SECTION V - OBSERVATIONS

The following observations were drawn from the historical information and recently
collected data.

Poor drainage conditions exist along Blue River Road. Some of the drainage ditches
along the bluff do not necessarily collect and drain water. In addition, some of the
culverts along the alignment are plugged.

Blue River rises quickly with rain events and the level recedes in about 24 hours.

The bedrock decreases in elevation to the west towards Blue River based on the
results of the borings and geophysical surveys.

The overburden generally consists of uncontrolled fill underlain by colluvium with a
variable consistency underlain, in turn, by medium stiff to stiff residuum.

At some locations Blue River has meandered closer to Blue River Road.

At Location 1, a slip plane was observed at the soil/rock interface in Test Pit TP-1.2.
Difficulty in bailing the piezometer occurred at Boring B1.0-15 due to the relatively
rapid recharge.

On the river side of the road, bedrock occurs at depths of 13 to 14 feet, and consists of
shale in Test Pits TP1.1 through TP1.3 and limestone in Test Pit TP-1.4.

The groundwater levels are typically near the top of the shale at Locations 1 and 2.
The groundwater level at Location 3 is near the top of shale; however, the
groundwater rises as much as 8 feet with rain events of about 3 inches.

i
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e Areas with pavement distress included areas where both native clays and fills are
present.

e Some of the old piezometers and inclinometers within failed areas are pinched or
broken at depths of 19.5 to 31.5 feet. Based on borings in the vicinity of the old
instrumentation, the depths to the pinched or broken pipe are approximately 4 to
7 feet above the shale.

e The utilities at Locations 2 and 3, some of which were previously unknown, generally
do not appear to have an influence on the pavement distress.

e Some of the utilities at Location 1 may have an influence on the distress; e.g. broken
drainage pipes.

e Within the fill encountered at Locations 1.12 and 1.13, numerous boulders were
encountered. A void within the fill was observed in one boring.

e The retaining wall at Location 4 does not have drainage stone behind the stacked wall
and the limestone blocks are deteriorating.

e Current movement of the pavement at Locations 1, 2 and 3 is likely creep associated
with the previous deep-seated movement.

SECTION VI - CONCLUSIONS

For all locations, drainage along the bluff side of the road is required to reduce surface
runoff from seeping into areas of pavement distress. Existing drainage features need to be
cleaned and repaired or replaced so that surface water discharges properly down slope and not
into the roadway embankment (i.e. through broken pipes).

Based on the groundwater observations and depth to shale coupled with the topography,
trench drains perpendicular to the road would not be beneficial and gravity discharge is not
feasible at Locations 1 and 2. For example, at Location 1 the shale is about 18 feet deep along
the edge of the road and slopes down towards the river. For effectiveness, the trench drain
should be installed along the top of the shale. The depth of the shale, however, precludes
daylighting of the drain. At Location 3, trench drains may be beneficial but likely not practical
due to the 30-foot depth of excavation anticipated along the west edge of the road.

LOCATIONS 1,2 AND 3

General. It is our professional opinion that the pavement distress at Locations 1, 2 and 3
is the result of a deep-seated, global stability failure and that the failure plane extends as deep as
the top of the shale. Our conclusion is based on the following.

e The top of the shale is at a higher elevation at the road grade compared to the borings
drilled mid-way between the road and the river. The results of the geophysical data at
Locations 1 and 2 confirmed that the shale slopes towards the river. The sloping
bedrock surface would be expected to contribute to slope instability.

e Blue River is within close proximity to Blue River Road at several locations.
Precipitation events can result in a rapid increase (followed by a rapid decrease) in the
Blue River water level.  Although not noted in the groundwater readings at all
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locations observed during this study, these conditions can lead to excess hydrostatic
pressures in the material under the roadway that could contribute to slope instability;
e.g. the June 14, 2010 pavement failure coincided with several rain events and Blue
River flooding.

The lack of roadway drainage along the bluff side leads to ponded surface water.
Ponded surface water could lead to excess hydrostatic pressures in the material under
the roadway that could contribute to slope instability.

Based on historical records, Blue River has meandered closer to Blue River Road.
Movement of Blue River closer to Blue River Road could have resulted in both the
removal and saturation of material at the toe of the slope, and a decrease in the forces
resisting slope movement. A decrease in the force resisting slope movement would
have resulted in an increase in slope instability.

Colluvium occurs in some of the borings below the fill. The colluvium has variable
consistency. Colluvium of a medium stiff nature would have limited strength, and the
presence of such material would be expected to contribute to slope instability,
particularly where groundwater becomes elevated during rain events.

Concepts for Repair. Concepts for repair of the deep-seated slides are presented herein.

The measures listed below, except the bridge option, would require drainage measures along the

bluff side of the road as described previously. Selected options are further evaluated later in this

report.

Rock Fill Wedge. Installation of a rock fill wedge would include removing the failed
material down to the top of shale. The overexcavation is benched into the shale and
backfilled with compacted crushed limestone.

Slurry Cut-Off Wall. A slurry cut-off wall would include the installation of a trench-
excavated, reinforced concrete wall that extends into the shale. The trench is filled
with slurry to maintain the excavation and once a sufficient length of wall is
excavated and reinforcing steel placed, concrete is tremied into the excavation and the
slurry is recycled.

Rock Anchors. Rock anchors include the installation of approximately 1-inch
diameter steel rods that are grouted into holes predrilled into the bedrock. The
grouted bars can resist shearing forces that are limited by the lesser of the bar yield
strength or the pull-out resistance provided by the friction that can be mobilized along
the grout-rock interface. The resultant ground face is subsequently covered with
reinforcing steel and sprayed with shotcrete.

Gabion Wall. Installation of gabion baskets would include removing the failed
material down to the top of shale. The overexcavation is benched into the shale and
backfilled with 3-foot by 6-foot wire baskets filled with 6- to 9-inch diameter crushed
limestone.

Ground Improvement. Methods of ground improvement include vibrostone columns
and rammed aggregate piers. These systems are typically proprietary and include the
installation of closely-spaced, compacted, rock-filled columns. These elements,
however, have limited shear resistance.
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e Drilled Shaft Wall. This system includes the installation of closely-spaced drilled
shafts embedded into the underlying bedrock. Reinforcing steel is placed and the
drilled shaft excavation filled with concrete. The drilled shaft size, spacing and
reinforcing are dependent on the force required to prevent further movement of the
slope.

e Bridge. A bridge could be constructed to span the area of instability. The bridge
would be supported by drilled shafts of sufficient size to support the bridge load.
Between the bridge bents the slope would continue to move. The bridge shafts would
be designed to resist the localized lateral forces that could occur due to slope
movement. The bridge could be designed with 12-foot wide lanes and 8-foot wide
shoulders. Provided the approaches are outside the area of instability, site grading at
the bridge approaches would only require remediation of the fill.

e Move the Road Into the Bluff. Moving the road into the bluff is an option; however,
all of the borings were performed between the bluff and river plus surveying was not
completed upslope from the road. In some areas this would require significant rock
excavation and potential stabilization measures to prevent rock fall. The feasibility of
this option was reviewed using available GIS data and generalizations for the hillside

geology.

LOCATIONS 1.2,1.12, 1.13AND 3.2

Based on our observations and the borings, it is likely that the pavement distress observed
at Locations 1.2, 1.12 and 1.13 is partly related to the uncontrolled condition of the fill, and
potentially, the migration of fines and loss of subgrade support. Additionally, at Locations
1.2 and 1.13, the river appears to have changed location over time (i.e. closer to the road) when
comparing current aerial maps to the plans from 1929. Locations where the river has meandered
closer to the road can affect global stability. The pavement distress observed at Location 1.13 is
indicative of slope instability.

Location 3.2 is near Location 3. Both of these locations have similar geology and close
proximity to the river. It is likely that the pavement distress observed at Location 3.2 is related
to slope instability rather than the presence of uncontrolled fill.

Removal and replacement of the fill at Locations 1.13 and 3.2 may not be sufficient to
prevent further progression of the observed pavement distress. Further evaluation of the costs
for repair were beyond our scope of services at these locations.

LOCATION 4

The wall failure at Location 4 is likely due to lack of drainage stone behind the wall
and/or the deterioration of the limestone blocks. Other areas behind the wall appear to be
experiencing subsidence between the wall and the road. Soil subsidence is an indication of soil
migration.  Details for repair measures for the wall will require additional subsurface
exploration, which is beyond our scope of services. However, installation of a fabric wrapped
drainage trench as well as periodic repair/replacement of deteriorated limestone blocks would
help reduce the distress.
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SECTION VII — ANALYSES AND RECOMMENDATIONS

Presented herein are measures to reduce the potential for future distress at Location 1, 2 and
3; however, performance of these measures does not eliminate the potential for future pavement
distress at other locations along Blue River Road. Consequently, Geotechnology expects that
similar repairs as those recommended at the specific locations explored may be required at other
locations along Blue River Road.

GLOBAL STABILITY ANALYSES

Slope stability depends on many factors, including height and geometry, types and depths of
soil, groundwater fluctuations, the level of nearby creeks or rivers, and any surface pressures present
at the top of the slope. Geotechnology performed stability analyses at Locations 1, 2 and 3 at
selected locations using the existing slope geometry. Soil properties and geometries used in the
analyses were based on the results of test pits, borings and geophysical surveys, laboratory test
results and Geotechnology’s experience with similar materials. The computer program SLOPE/W
was used to perform the stability analyses. Long-term stability was evaluated for each location for
current conditions.

Geotechnology performed a parametric study to determine the soil properties that would
result in a global stability factor of safety of less than 1.0. Slope repair options were subsequently
determined using the soil properties determined from the parametric study. Based on our analyses,
the following repair options did not work.

e Rock anchors — an unreasonable rock anchor spacing was required to obtain an adequate
factor of safety.

e Ground Improvement — An adequate factor of safety for global stability requires
embedment of elements a significant depth into the shale. Ground improvement
measures include grouting and installation of rock-filled columns. Based on our
experience with such techniques, these measures cannot penetrate shale and are not a
viable slope repair option.

e Slurry cut-off walls — an unreasonable wall thickness was required to obtain an adequate
factor of safety. In addition, collection of water behind the wall was a concern.

The remaining repair concepts were designed to obtain a suitable factor of safety (FS) of
1.5. The repair concepts and corresponding global stability analyses are presented in
Attachment R. Factors of safety for circular and block failure surfaces were analyzed using the
Spencer Method. The parameters used in the analyses varied slightly with location and were
dependent on the in-situ model. The ranges of soil parameters used are given in Tables 7 and 8.
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TABLE 7: SHORT-TERM SLOPE STABILITY PARAMETERS

Material Type Umzr\)/(\:/g'ght c, psf ¢, degrees
Existing Fill 120 100-400 0
Native Clay/Colluvium 120 500-600 0
Engineered Fill 120 750 0
Wedge Material 135 0 35
Gabions 135 0 35
Limestone 150 5,000 0
Shale 130-140 2,000-5,000 0

TABLE 8: LONG-TERM SLOPE STABILITY PARAMETERS

Unit Weight

The following items summarize the concepts for each repair method to obtain the required
minimum factor of safety. In all cases where engineered fill is required, the fill shall be compacted
to a minimum 95 percent of the standard Proctor maximum dry density at + 2 percent of optimum

Material Type (ch) c’, psf ¢@’, degrees

Existing Fill 120 0 18
Native Clay/Colluvium 120 0 22-27

Engineered Fill 120 0 22
Wedge Material 135 0 35
Gabions 135 0 35
Limestone 150 5,000 0
Shale 130-140 0 30

moisture content.

Location 1

o

o

Wedge

= Minimum bottom width of 24 feet.

Bottom of the wedge at the top of competent shale.

= Each step approximately 6-foot wide.

Engineered fill between road and rock wedge shall be benched into the shale as
the excavation proceeds upslope towards the road.
o Dirilled Shaft Wall

= Minimum shaft diameter of 3 feet.

= Shaft spacing of 6 feet on center.

= One line of shafts imbedded in shale.
Location 2

Wedge

= Minimum bottom width of 12 feet.

Bottom of the wedge on top of competent shale

= Each step 3- to 11- feet wide.

The wedge fill shall be benched into the shale and native materials as the

excavation proceeds upslope towards the road.

i
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o Gabion wall
= Minimum bottom width of 57 feet.
= Founded on competent shale.
o Drilled Shaft Wall
= Minimum shaft diameter of 3 feet.
= Two rows of shafts imbedded in shale.
= Shaft spacing of 6 feet on center and row spacing of 13 feet.
e Location 3
o Drilled Shaft Wall
= Minimum shaft diameter of 3 feet.
= One row of shafts imbedded in shale.
= Shaft spacing of 6 feet on center.

ESTIMATED REPAIR COSTS

TapanAm estimated the conceptual construction costs for repair of the slopes for wedges,
gabion walls and drilled shafts. The estimated costs are given in Table 9.

TABLE 9: PRELIMINARY COSTS FOR CONCEPTUAL REPAIRS

Location | Remediated Estimated Maximum Cost
Length (ft) Rock Wedge Gabion Wall | Drilled Shaft Wall Bridge
1 800 $18,120,000 | Not Calculated $6,500,000 $6,500,000
2 250 $4,474,000 $4,500,000 $3,000,000 $2,030,000
3 510 Not Calculated | Not Calculated $3,400,000 $4,150,000

TapanAm also prepared a conceptual cost estimate for moving Blue River Road at
Location 1 into the hillside. A detailed memorandum is provided in Appendix S and a summary
is provided in Table 10.

TABLE 10: PRELIMINARY COSTS FOR MOVING ROAD AT LOCATION 1
Option New Road Offset C_:urrent Shoulder Estimated Maximum
Length (ft) Centerline (ft) Width (ft) Cost
Al 1,871 20 8 $9,000,000
B’ 1,871 14 2 $3,800,000

'Road and shoulder widths in accordance with current standards.
?Road and shoulder widths similar to existing conditions.

ROCK OVERHANGS

Falling rock could occur at overhang locations. To reduce the potential for rock fall, the
rock bluffs should be benched using the following criteria:

e The distance from edge of the pavement shoulder to the rock bluff should be a
minimum 10 feet wide to facilitate clean-up of weathering rock.
e Shale units should be cut at a maximum slope of 2 horizontal to 1 vertical.
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e The top of shale units should have a minimum bench width of 10 feet.

e Moderately to highly fractured limestone should be excavated at a maximum slope of
1 horizontal to 1 vertical with a minimum bench width of 5 feet.

e Competent limestone may be cut ¥ horizontal to 1 vertical, no bench required.

Alternatively, rock fall nets anchored at the top of the slope could be considered,;
however there are some limitations on the use. Research indicates rock fall nets may not be
suitable to restrain blocks larger than about 5 feet in dimension. Based on recent and past
movements along Blue River Road, some blocks exceed the 5-foot limitation. Anchoring at the
top of the slope would require further evaluation for assessment of the anchoring system. If soils
prone to erosion are located at the top of the slope, rock fall nets may not be a viable option.
Further evaluation of such a system was beyond our scope of services.

SECTION VI - LIMITATIONS OF REPORT

This report has been prepared on behalf of and for the exclusive use of the client for
specific application to the named project as described herein. If this report is provided to
prospective contractors, the client should make it clear that the information is provided for
factual data only and not as a warranty of subsurface conditions included in this report.
Unanticipated soil conditions may require the expenditure of additional funds to attain a properly
constructed project. Therefore, some contingency fund is recommended to accommodate such
potential extra costs.

Geotechnology has attempted to conduct the services reported herein in a manner
consistent with that level of care and skill ordinarily exercised by members of the profession
currently practicing in the same locality and under similar conditions. The recommendations and
conclusions contained in this report are professional opinions. No other representation,
expressed or implied, is included or intended.

The geophysical analyses and conclusions contained in this report are based on the site
conditions, project layout, grid size, geophysical data, and interpretive procedures described herein.
Geotechnology can make no interpretation as to the presence of underground features at locations
beyond the survey lines.

The possibility exists that abandoned, forgotten, non-tonable utilities or utilities without a
tracer wire, utilities buried excessively deep beyond detection limits of standard geophysical
survey methods, or undocumented utilities may be missed using standard utility surveying
services. Geophysical exploration methods are non-intrusive, indirect, and potentially influenced
by a variety of natural or man-made conditions. The potential for detecting the presence or absence
of underground objects or voids is based on the quality of the recorded data as limited by site
conditions, and on the interpretation of the data received; hence, there will always be the potential of
not observing a subsurface object or interpreting the presence of a subsurface object where one does
not exist.
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Unless specifically stated in our proposal or this report, the scope of our services for this
phase of the project did not include any environmental assessment or investigation for the
presence or absence of wetlands or hazardous or toxic material in the soil, surface water,
groundwater or air, on or below or around this site. Any statements in this report or on the
boring logs regarding odors noted or unusual or suspicious items or conditions observed are
strictly for the information of our client. Our scope did not include any services to investigate or
detect the presence of mold or any other biological contaminants (such as spores, fungus,
bacteria, viruses, and the by-products of such organisms) on and around the site, or any services
designed or intended to prevent or lower the risk of the occurrence of an infestation of mold or
other biological contaminants.

The analyses, conclusions, and recommendations contained in this report are based on the
data obtained from the subsurface exploration. The field exploration methods used indicate
subsurface conditions only at the specific locations where samples were obtained, only at the
time they were obtained, and only to the depths penetrated. Discrete sampling cannot be relied
on to accurately reflect natural variations in stratigraphy that may exist between sample locations
and/or intervals.

Geotechnology will not be responsible for any claims, damages, or liability associated
with any other party’s interpretations of the subsurface data or reuse of the subsurface data or
engineering analyses in this report without our express written authorization.
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