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proceeding with final design of structural mitigation measures, we recommend additional
explorations be advanced to better define the location and character of the bedrock that structural
elements will rely on for developing load. For an anchor solution, borings should focus on the
anchor bond zone. If shear piles are selected, additional borings should focus on the alignment of
the shear piles. The depth of borings should extend deeper than the deepest planned structural
element. We recommend laboratory strength tests be performed on rock core retrieved from
explorations to provide engineering parameters for final design. We also recommend that
borehole imagery be performed in selected borings to provide data on the frequency, aperture,
and condition of rock discontinuities. If shear piles are selected, performing borehole jack tests
near the top of the bedrock would be valuable to determine the modulus of the bedrock. A welldesigned drill program and an experienced driller will be necessary to obtain quality rock
samples.
7.4
Landslide Debris
The strength of the landslide debris is important to the anchor block option and the shear pile
option. Attempts to retrieve samples suitable for laboratory testing were unsuccessful in recent
explorations. Insitu testing, such as pressuremeter or plate load tests, may be warranted to
provide data for final design. Before proceeding with any testing, we recommend a sensitivity
analysis be performed to attempt to quantify potential savings from better strength data.
7.5
Temporary Shoring
All mitigation measures involve significant temporary shoring walls. Additional explorations are
warranted along the proposed shoring walls. The depth of borings should extend to the
maximum anticipated depth of soldier piles. Current subsurface data indicates that soldier pile
and tieback walls are appropriate for the site. It is possible that soil and groundwater conditions
on the wall alignment would allow for a lower cost shoring system, such as soil nails.
7.6
Micropiles and Downdrag
All landslide mitigation and reservoir construction options involve placing significant amounts of
fill within the existing reservoir footprint (i.e. alongside the new structure). The existing
reservoir is underlain by approximately 40 feet of compressible silt. Settlement of the silt will
impact the allowable capacity of pile foundations. The rate at which settlement occurs will affect
when the reflecting pool can be constructed. Ideally, the pool would not be constructed until
settlement resulting from the fill is essentially complete. Settlement estimates have been based
on experience with soils similar to those underlying the reservoir. If more accurate estimates are
necessary, retrieving undisturbed samples for laboratory consolidation testing would be required.
7.7
Operations, Maintenance and Monitoring
Measures selected to stabilize the landslide or accommodate landslide movements will impact
operations at the reservoir and monitoring of the landslide. Final design studies should include a
task to evaluate the extent that the mitigation will impact PWB’s efforts to operate and maintain
the new reservoir.
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8.

PRELIMINARY GEOTECHNICAL DESIGN PARAMETERS

8.1
General
The proposed plan to locate the replacement reservoir at the location of the existing Reservoir 3
appears viable from a geotechnical perspective. The existing landslide can be mitigated using
conventional techniques or new structures could be designed to accommodate future landslide
movements. In our opinion, locating the new reservoir east of the existing landslide toe is more
desirable than cutting into the landslide toe. All mitigation options will require significant
temporary shoring walls.
Based on exploratory drillholes conducted last fall through the floor of the reservoir (Cornforth
Consultants, 2010), the subsurface soils below the reservoir consist of 40 to 50 feet of medium
stiff to stiff, clayey silt to silty clay, underlain by dense colluvium/decomposed basalt. Standard
penetration test blowcounts are relatively low, mostly ranging from 2 to 10 in the upper 25 feet.
Given that the proposed buried reservoir could have up to 50 feet of backfill adjacent to the
structure (to support a reflecting pond), there is a high potential for differential settlement to
occur as a result of compression of the native silt and clay. Therefore, it is our opinion that these
conditions are not suitable for supporting the proposed reservoir on shallow foundations. Deep
foundations will be necessary. Fill placement around the new reservoir will cause downdrag on
deep foundations, which will reduce their effective capacity.
8.2
Reservoir 3 Foundations
In our opinion, the proposed reservoir could be suitably founded on pile foundations bearing in
dense colluvium/decomposed basalt. Due to the constricted nature of the site, we recommend
that micropiles be considered by the design team. Micropiles generally consist of 8-inch nominal
diameter drilled piles. The upper portion of the pile consists of a grout-filled permanent steel
casing with a center reinforcing bar. The casing generally extends down to the bearing layer and
the lower portion of the hole is uncased. The center bar extends full depth. Micropiles develop
capacity through skin friction in the uncased portion of the hole.
Micropiles. For preliminary engineering purposes, we recommend that the structural designer
consider using micropiles with an allowable load of 300 kips (250 kips if downdrag occurs – see
following paragraph). An 8-inch nominal diameter pile with a 20-foot bond length would
develop this load assuming an ultimate grout-ground bond stress of 100 psi and a factor of safety
(FS) of 2.0. In our opinion, an ultimate bond stress of 100 psi is an aggressive assumed value for
pressure grouted bond zone. We recommend that this bond stress be verified by field testing
prior to installing production piles. Tension tests could be utilized in lieu of compression tests.
For the Reservoir 3 site, the casing would extend from the pile cap down to approximately
elevation 210 feet. The bond zone would be located below the tip of the casing, down to an
approximate elevation of 190 feet. For piles spaced at least three diameters apart, there would be
no capacity reduction for group effects.
Downdrag. Most landslide mitigation options involve placing structural fill between the existing
west slope of the open reservoir and the west wall of the new reservoir. This fill will cause
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settlement of the underlying medium stiff silt and clay. If piles are installed prior to fill
placement (which is likely to be the case), settlement would induce downdrag on the piles.
Downdrag would reduce the ability of piles to support load from the structure. We estimate that
downdrag would be on the order of 50 kips, which would reduce the allowable load of a
micropile to 250 kips. Downdrag could be minimized by preloading the site prior to pile
installation, but this is not likely to be feasible based on the project schedule.
Micropile Settlement. Micropiles would compress as load is applied to them. The two
components of compression are elastic compression of the pile section and permanent settlement
due to bond development. For a micropile consisting of 7.765-inch O.D. x 0.5-inch wall casing
and 2.5-inch center bar extending from approximately elevation 258 to elevation 190 feet, elastic
settlement would be approximately 0.4 inch. Settlement due to bond development would
generally vary between ¼ and ½ inch. Therefore total settlement of the pile would be
approximately ¾- to 1-inch and would occur as load is applied.
Ground Settlement. Several of the landslide mitigation options for Reservoir 3 involve placing a
large volume of imported structural fill to the west of the new reservoir. The proposed finished
elevation of the fill is above the 1893 ground surface (see Figure 6). We estimate that the
backfill could cause 6 to 12 inches of settlement within the alluvial silt and clay. Our settlement
estimate is based on the description of the soil retrieved during drilling. To our knowledge, there
is no laboratory consolidation test data to base settlement estimates on. If the magnitude or rate
of the settlement are key considerations, additional drilling and laboratory testing should be
conducted.
8.3
Lateral Earth Pressures
Static Earth Pressures. Lateral earth pressures will act on the sides of the new structure. The
magnitude of lateral earth pressures would depend on the ability of walls to deflect, the level of
groundwater in the backfill, and the angle of the slope behind the wall. Four components of
static lateral earth pressure are shown in Figure 15 and include:
•

Lateral earth pressure for level backfill

•

Lateral surcharge from sloping backfill

•

Lateral surcharge from traffic/construction activities

•

Lateral surcharge from footings behind the wall

We understand that the reservoir walls would be non-yielding and therefore would be designed
for at-rest earth pressures. We also understand that drainage provisions would be constructed to
prevent hydrostatic pressures from building up above the reservoir foundation. For level backfill
conditions, we recommend modeling lateral earth pressure with an equivalent fluid pressure
(EFP) of 55 lb/ft3.
For sloping backfill, such as on the east side of the reservoir, the slope above the wall should be
treated as a surcharge load. A uniform surcharge load results in a uniform horizontal earth
pressure equal to the vertical surcharge pressure multiplied by the coefficient of at-rest earth
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pressure. Earth pressure from sloping backfill could be modeled with a uniform lateral surcharge
in lb/ft2 equal to 55 times the elevation difference between top of the wall and the top of back
slope.
A 250 lb/ft2 vertical surcharge is commonly assumed to account for construction traffic on grades
adjacent to retaining structures. A uniform lateral surcharge equal to 105 lb/ft2 would result for
non-yielding walls. We recommend that project specifications require contractors to verify their
operations will not add surcharges in excess of 250 lb/ft2 to prevent walls from being
overstressed. Vertical surcharge from the reflecting pool would also result in a uniform lateral
surcharge. The magnitude of the lateral surcharge in lb/ft2 would be equal to 0.43 times the
vertical surcharge in lb/ft2.
Any structures with footings near the reservoir walls would also result in lateral surcharge. At
present we are not aware of any structures adjacent to the proposed reservoir. If structures are
planned to be placed adjacent to the reservoir, Figure 16 presents a method to calculate surcharge
pressures from footings for non-yielding walls.
Dynamic Earth Pressures. Lateral earth pressures would develop in response to earthquake
motions. The magnitude of dynamic loading would depend on the ability of the wall to deflect
and the angle of the slope behind the wall. The Mononobe-Okabe equation can be used to
calculate dynamic pressures on yielding walls. For non-yielding walls, a semi-empirical
procedure developed by the Federal Highway Administration can be used to calculate the
dynamic increment of earth pressure. In summary, the procedure involves the following steps:
•

Determine total lateral earth force for static conditions.

•

Determine total lateral earth force for dynamic conditions. Use kh=PGA for non-yielding
walls, use kh= ½ PGA for yielding walls.

•

Determine dynamic increment as the difference between static and dynamic total lateral
force.

•

For very critical structures with non-yielding walls, increase dynamic increment by 50%.

Based on this procedure, we recommend the load from dynamic earth pressure be computed from
the following table for the appropriate back slope angle:
Back Slope Angle

Seismic Increment ∆Pae for Non-Yielding
Walls (pounds/horizontal lineal foot)

0

13.5H2

3H:1V

35.5H2

1) H=Wall height in feet
2) Apply ∆Pae at a point H/3 from top of wall

Resultant seismic increment load should be applied at the location shown in Figure 15. The
method used to calculate dynamic earth pressures is not valid for back slopes steeper than 3H:1V
for non-yielding walls. For walls with steeper back slopes, we recommend calculating the
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seismic loading for an equivalent wall height determined by extending a 3H:1V slope from the
top of slope toward the wall. The equivalent wall height is the elevation difference between the
bottom of wall and the point where a 3H:1V slope intersects a vertical projection of the wall.
Dynamic load calculated as described above would not include load from static earth pressures,
roadway/construction traffic, buried footings behind the wall, or hydrostatic water pressure.
These should be added to the dynamic loading for design.
8.4
Lateral Resistance
Lateral resistance would be developed by earth pressures on the sides of the reservoir and by
friction along the base. If a compressible inclusion is placed adjacent to the west side of the
reservoir, lateral resistance would be limited in this direction to the crush strength of the
compressible inclusion. We anticipate the crush strength of the compressible inclusion will be
close to at-rest earth pressure, which can be modeled with an equivalent fluid pressure of 55
lb/ft3. Passive resistance on pile caps and the sides of the structure without the compressible
inclusion could be modeled with an equivalent fluid pressure of 350 lb/ft3. Base friction of the
base slab on select backfill leveling should be ignored for pile-supported structures.
8.5
Seismic Design Parameters
We understand the new reservoir and appurtenant structures will be designed to the requirements
of the International Building Code (IBC) and Oregon State Structural Specialty Code additions
that are in place when final design begins. In our opinion, the Reservoir 3 site is best
characterized as a Site Class D. The Design Spectral Response Accelerations, SDS and SD1,
corresponding to a Site Class D are 0.73g and 0.40g, respectively. These values are in
accordance with the 2009 IBC and should be updated as needed to reflect the current code at time
of final design.
The soils underlying the structures are not susceptible to liquefaction or large strength losses due
to the 475-year design ground motion. Limited liquefaction may occur in old ravine fill at the
north end of Reservoir 3, but it would have negligible impact on the proposed improvements.
8.6
Flexible Connections
As discussed previously, mitigation measures will not likely prevent landslide displacements
during the design earthquake. The compressible inclusion was discussed as a means to
accommodate static and dynamic landslide movements. Any structures or pipelines spanning the
compressible inclusion would need to be designed with flexible connections to accommodate
seismic displacements and crushing of the compressible inclusion. The reflecting pool is one
element that will require special consideration since the flexible connection must be water-tight.
8.7
Subdrainage
We understand that groundwater must be maintained below the base of the new reservoir to
satisfy water quality regulations. A subdrain system will be required to accomplish this. The
subdrain should extend across the base of the excavation and up the west slope of the existing
reservoir. The subdrain could be terminated when it reaches the elevation of the top of the
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drainage tunnels. For planning purposes, we recommend the subdrain blanket consist of a
minimum of 24 inches of clean drain rock. Drain rock could be rounded or crushed, but must be
uniformly graded. The drain rock should be separated from native subgrade below and structural
fill above using nonwoven geotextile as shown in Figure 13. Drainage for temporary shoring
walls on the east side of the reservoir should be hydraulically connected to the subdrainage layer.
The base of the excavation should be graded to drain to a single low point where groundwater
can be collected and discharged to the storm sewer. Perforated drain pipe laterals should be
spaced at approximately 50 feet in the drain rock. The perforated pipes should convey water
collected to the low point collection area. We recommend that drain pipes consist of rigid PVC
or ABS pipe. Corrugated flexible pipe should not be used as it would likely crush under the
weight of backfill. Project specifications should prohibit construction traffic from using the
subdrain layer as a working platform as this likely would contaminate the rock with fine-grained
soil.
A subdrainage system will also be required in Reservoir 4 to get the greatest benefit to stability
from backfilling and to prevent hydrostatic loading on Dam 4. Figure 14 shows a conceptual
cross section of a subdrainage system. The objective of the system would be to capture water
from the existing drainage tunnels, from under the existing concrete liner, or water seeping down
through the structural fill. Subdrain laterals should consist of rigid PVC or ABS pipe and should
be spaced at approximately 50 feet. The subdrain system should convey water to the base of the
Reservoir 4 dam where it can be collected and discharged to the storm sewer.
8.8
Storm Water Management
We understand storm water management and water quality are important objectives for PWB and
other City bureaus. One method to increase water quality and lower demands on storm sewer
systems is to utilize on site infiltration ponds. We recommend against using such systems west
of the current reservoir locations. Any water added to the landslide will tend to decrease the
stability of the landslide. We recommend all water collected in surface and subsurface drainage
systems be routed to the storm sewer or discharged off site.
8.9
Backfill Recommendations
Bulk reservoir backfill above the subdrain should consist of well-graded, granular material
compacted to 98% of the maximum dry density as determined by ASTM D698 (Standard
Proctor). Fill should be placed at moisture content between -4% and +2% of the optimum water
content determined by ASTM D698. Depending on the gradation of the fill selected, transition
layers may be required to protect new infrastructure from oversized material. Fill material should
meet the requirements of one of the following materials as specified by the ODOT Standard
Specifications for Construction (2008):
•
•
•

00330.14 Selected Granular Backfill
00330.15 Selected Stone Backfill
00330.16 Stone Embankment Material
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8.10 Pipelines
A 42-inch diameter pipeline is proposed to extend from the east side of the new reservoir to a
vault near SW Murray Street. The new pipeline would be connected to two existing supply
pipelines. To avoid disruptions to traffic and park disturbance, trenchless pipe installation
techniques have been proposed by others. The pipeline would enter the reservoir near elevation
254 feet and terminate near SW Murray Street at approximately elevation 186.5 feet. The nearest
borings to the pipeline are CC-2 and CC-9, located approximately 150 feet from the proposed
alignment. Both borings indicate that the pipe bore is likely to encounter silt and clay overburden
soil; however, actual conditions could vary considerably. Neither boring encountered boulders in
the proposed pipe bore zone. CC-9 did encounter a 6-inch diameter piece of wood, which is
commonly found in alluvium and colluvium deposits. The piezometer in CC-2 indicates
groundwater was near elevation 272 feet in the summer of 2010.
Additional subsurface explorations are warranted to accurately define the materials that will be
encountered along the proposed pipeline bore. Explorations should focus on identifying the
presence of any boulders, wood, or bedrock, all of which can be problematic for trenchless
techniques. Piezometers should also be installed to characterize the level of groundwater along
the proposed pipeline route at pipe invert level.
8.11 Considerations for Dam 3
Dam 3 is a concrete gravity structure. The dam is under compression from 100+ years of
landslide movement. Movement rates measured in slope inclinometers near Dam 3 are less than
those measured in inclinometers away from Dam 3. This indicates that Dam 3 is providing
stabilizing force to the landslide, which is important for long-term stability of the landslide.
Therefore, the ground surrounding the dam and the abutments should not be disturbed. Potential
excavations near the abutments of Dam 3 should be carefully evaluated during final design.
There is little information regarding foundation conditions under Dam 3. Basalt is exposed near
the downstream toe on the left abutment side of the pump house. Also, a 1981 safety evaluation
for Dam 3 and 4 (OWRD and US Army Corps of Engineers, 1981) indicated that the original
design intent was to found the dam on bedrock, but we are not aware of as-built information
regarding the dam foundation. The dam is in relatively good condition (some longitudinal
cracks) given the amount of historic landslide movement. Also, there is no evidence that the dam
underwent significant settlement following original construction, indicating that the foundation
conditions beneath the dam are relatively stiff. Therefore, it is our opinion that the proposed
backfilling of the western portion of the existing reservoir would not result in substantial
settlement of the dam. A couple of exploratory borings drilled near the base of the dam as part of
final design studies are recommended to confirm subsurface conditions.
8.12 Considerations for Dam 4
Backfilling Reservoir 4 is one alternative in the proposed project. Backfill would likely be
placed against Dam 4. Provided the bulk reservoir backfill meets the requirements given above
under ‘Backfill Recommendations’ and a subdrainage system is installed along the base of the
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reservoir, the lateral pressures on Dam 4 would likely be less than the pressure currently exerted
by impounded water. We recommend that clean drain rock be placed against the dam to prevent
hydrostatic loading.
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9.

CONSTRUCTION CONSIDERATIONS

9.1
General
In our opinion, the proposed reservoir can be constructed at the current Reservoir 3 location
using conventional construction techniques. Site grades and excavation limitations will require
extensive excavation shoring systems to be constructed. Groundwater levels appear to be highly
variable, but portions of the excavation will extend below static water levels. The current
knowledge of subsurface conditions suggests that soldier pile and tieback shoring systems would
be an appropriate temporary shoring system. The location of shoring system elements should be
coordinated so they do not interfere with piping and other project features. Settlements induced
by proposed fills would impact structural design and construction schedule.
9.2
Temporary Dewatering
Measured groundwater levels around the reservoir vary widely. Groundwater on the west side of
the reservoir was measured near elevation 260 feet in CC-4. Groundwater on the north and east
sides of the reservoir were measured at elevation 308 feet and 272 feet, respectively.
We understand the base of the new structure at Reservoir 3 will be approximately elevation 259.5
feet. We assume that the excavation will extend to approximately elevation 256 feet to facilitate
placement of pilecaps, aggregate base, and subdrainage system. Since the excavation will extend
up to 50 feet below measured groundwater levels, dewatering prior to excavation would be
warranted. Dewatering could be accomplished using a series of pumped wells installed on the
north and east sides of the reservoir. Tiebacks for temporary shoring should be splayed to avoid
hitting the wells. It may be possible to use a passive dewatering system that uses gravity sumps
drilled into bedrock below the excavation. Bedrock sumps would provide a path for water in the
overburden to drain down into the bedrock. This option would require further study on the
hydraulic properties of the bedrock.
9.3
Temporary Shoring
Significant amounts of temporary excavation shoring will be required to construct the new
structure at the Reservoir 3 location. Available subsurface information and our geologic
interpretation of the site suggest that shoring walls would encounter substantial thicknesses of
soft, water-bearing silt. In our opinion, conventional soldier pile and tieback walls are
appropriate for these conditions. Soldier pile walls are robust and can be adapted to changing
conditions. Soil nail walls are a less costly shoring option, but are suited for more competent
soils above the water table.
The proposed 42-inch pipe bore extends from the southeast corner of the existing reservoir to a
vault near SW Murray Street below. The pipe would cross a zone with tiebacks for excavation
shoring. Preliminary drawings indicate the southern approximately 70 feet of the eastern shoring
wall would be affected. It is likely that the bottom row of tiebacks can be splayed away from the
pipe or drilled at a flatter angle to facilitate pipeline installation. Pipe bore and soldier pile
locations would have to be coordinated so the boring machine does not encounter a pile at the
eastern edge of the reservoir excavation.
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Preliminary plans show the east wall of the reservoir located beneath a steep slope descending
from SW Washington Way. It would be difficult and costly to construct a shoring wall on the
slope. Locating the shoring wall along the western edge of SW Washington Way would facilitate
access for the soldier pile drill.
9.4
Temporary Cut Slopes
Based on the constricted nature of the site, the use of open cuts will be limited. For Options 1, 2,
and 4, the west side of the reservoir would likely be open cut since the height of the cut would be
limited to approximately 14 feet (elevation 270 - elevation 256). For planning purposes, we
recommend assuming cut slopes near 2H:1V will be used. The new structure should be located
far enough east that the cut would not undermine the toe of the landslide.
9.5
Construction Staging
All reservoir construction options would generate a large volume of excavation spoil. Reservoir
4 would be a convenient location to dispose the excavation spoil from Reservoir 3. However, we
understand Reservoir 4 may be in operation during Reservoir 3 construction. If this staging
limitation can be removed, a significant cost savings would likely be achieved. We anticipate
that soil excavated from Reservoir 3 will be wet of optimum moisture content, and difficult to
place as structural fill. Cement treatment is one method to improve the strength and workability
of wet fill material.
Significant settlements will be caused by fill placed around the new reservoir. Construction of
the reflecting pool and other settlement-sensitive features should not be initiated until settlements
are substantially complete. Pile-supported features would not be significantly affected by
settlement provided downdrag loads induced by settlements are accounted for.
Options 2 and 3 for Reservoir 3 involve excavating soil from the toe of the landslide, which
removes support and can cause increased rates of landslide movement. Limits on construction
staging will have to be considered when developing technical specifications for the project.
Typically, specifications would limit the depth and length of excavation and the time that an
excavation can stand unsupported. Specifications also typically limit or prohibit stockpiling
material in landslide areas. We anticipate that no stockpiling would be permitted within the
defined landslide limits. Limits on construction activities should be carefully considered to avoid
potential “unconstructable project” claims. Since Options 2 and 3 involve replacing load
removed through excavation with load in ground anchors, we do not believe sequencing would
be substantially different than in conventional “top-down” shoring projects.
9.6
Services During Construction
The amount of geotechnical services during construction will depend on which landslide
mitigation option is chosen by PWB. For Option 1, services would involve evaluating the quality
of and placement of structural fill and drainage aggregate. QA/QC testing would also be required
for EPS incorporated into the compressible inclusion. For structural mitigation options (Options
2, 3, and 4) we anticipate that full-time inspection would be required for structural elements.
Excavation shoring and micropiles are also typically inspected on a full-time basis. For any
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mitigation option, we recommend that existing geotechnical instrumentation be monitored on a
regular basis during the work.

CORNFORTH CONSULTANTS, INC.

Gerry M. Heslin, P.E.
Associate Engineer
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Limitations in the Use and Interpretation
of this Geotechnical Report
Our professional services were performed, our findings obtained, and our recommendations
prepared in accordance with generally accepted engineering principles and practices. This
warranty is in lieu of all other warranties, either expressed or implied.
The geotechnical report was prepared for the use of the Owner in the design of the subject facility
and should be made available to potential contractors and/or the Contractor for information on
factual data only. This report should not be used for contractual purposes as a warranty of
interpreted subsurface conditions such as those indicated by the interpretive boring and test pit
logs, cross-sections, or discussion of subsurface conditions contained herein.
The analyses, conclusions and recommendations contained in the report are based on site
conditions as they presently exist and assume that the exploratory borings, test pits, and/or
probes are representative of the subsurface conditions of the site. If, during construction,
subsurface conditions are found which are significantly different from those observed in the
exploratory borings and test pits, or assumed to exist in the excavations, we should be advised at
once so that we can review these conditions and reconsider our recommendations where
necessary. If there is a substantial lapse of time between the submission of this report and the
start of work at the site, or if conditions have changed due to natural causes or construction
operations at or adjacent to the site, this report should be reviewed to determine the applicability
of the conclusions and recommendations considering the changed conditions and time lapse.
The Summary Boring Logs are our opinion of the subsurface conditions revealed by periodic
sampling of the ground as the borings progressed. The soil descriptions and interfaces between
strata are interpretive and actual changes may be gradual.
The boring logs and related information depict subsurface conditions only at these specific
locations and at the particular time designated on the logs. Soil conditions at other locations may
differ from conditions occurring at these boring locations. Also, the passage of time may result in
a change in the soil conditions at these boring locations.
Groundwater levels often vary seasonally. Groundwater levels reported on the boring logs or in
the body of the report are factual data only for the dates shown.
Unanticipated soil conditions are commonly encountered on construction sites and cannot be fully
anticipated by merely taking soil samples, borings or test pits. Such unexpected conditions
frequently require that additional expenditures be made to attain a properly constructed project. It
is recommended that the Owner consider providing a contingency fund to accommodate such
potential extra costs.
This firm cannot be responsible for any deviation from the intent of this report including, but not
restricted to, any changes to the scheduled time of construction, the nature of the project or the
specific construction methods or means indicated in this report; nor can our firm be responsible
for any construction activity on sites other than the specific site referred to in this report.
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