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CTL|Thompson, Inc. (CTL|T) prepared a Geologic Hazards Evaluation and Prelim-

inary Geotechnical Investigation for the proposed North Bay at Woodmoor Development 
(CTL|T Job No. CS18589-115, dated September 29, 2016). We understand our 2016 
report was submitted to El Paso County for development review, and that the develop-
ment plan was revised after the 2016 report was issued. This letter presents a supple-
mental update to our 2016 report to address the impacts to the currently proposed con-
struction and necessary code updates. Other aspects of the referenced geologic hazards 
evaluation and preliminary geotechnical investigation remain valid unless specifically 
addressed herein. 

Proposed Construction and Site Conditions 

The previously proposed construction included nine multi-family residential struc-
tures. Based on discussions with you and a Site Plan prepared by HR Green, dated Janu-
ary 28, 2026, we understand the site is currently planned to be developed with six single-
family residences with basement levels. We have revised Figs. 1 through 3 of the refer-
enced report to show the currently proposed construction. We have reviewed our previous 
report and other geologic hazards evaluations nearby this site that we have prepared and 
current aerial photography for the site. 
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A site visit was performed by a representative of our office on March 9, 2026, to 
observe the existing conditions. The site has not significantly changed since our 2016 
evaluation, and no additional geologic hazards have been identified at the site that are 
expected to affect the proposed development.  

Flooding 

The site includes an area mapped by FEMA in the Flood Insurance Rate Maps as 
Zone AE, as shown on FIRM Community Map Number 08041C0278G, where base flood 
elevations have been determined. The area of the site expected to be impacted by a 100-
year flood event is depicted on Figs. 2 and 3 based on information provided by HR Green.  

At the time of our 2016 investigation, it was unknown if the previously proposed 
multi-family structures would have below grade levels. The current plan by HR Green 
indicates basement level foundations elevations and flood elevations as follows. 

 

Lot 
Basement Level 
Footing Elevation 

(ft) 

100-year Flood  
Elevation (ft) 

Difference Between Foot-
ing Elevation and 100-year 

Flood Elevation (ft) 
1 7121.0 7118.0 +3 
2 7120.0 7116.5 +3.5 
3 7121.0 7109.0 +12 
4 7121.0 7120.0 +1 
5 7118.5 7115.5 +3 
6  7117.0 7110.0 +7 

 

           Overview of Site Looking South – March 9, 2026 
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Shallow Groundwater 

We recommend maintaining at least 3 feet of separation between basement level 
foundations and the 100-year flood levels. Underdrain systems were discussed in our 
2016 report. Installation of active underdrain systems can be considered within the pro-
posed roadways during the development phase to lower groundwater levels. Additionally, 
below-slab drain systems (Fig. 4) within the residences are recommended at Lots 1, 2, 4, 
and 5. Alternatively, raising foundation elevations by adjusting site grades can be consid-
ered. Mitigation options should be addressed in more detail at the time of a design-level 
investigation. 

Seismicity 

According to the USGS, Colorado’s Front Range and eastern plains are consid-
ered low seismic hazard zones. The earthquake hazard exhibits higher risk in western 
Colorado compared to other parts of the state. The Denver Metropolitan area has experi-
enced earthquakes within the past 100 years, shown to be related to deep drilling, liquid 
injection, and oil/gas extraction. Naturally occurring earthquakes along faults due to tec-
tonic shifts are rare in this area. 

The soil at this site is not expected to respond unusually to seismic activity. The 
2021 International Building Code (Section 1613.2.2) defers the estimation of Seismic Site 
Classification to ASCE 7-16, as outlined in the table below.  

ASCE 7-16 SITE CLASSIFICATION CRITERIA 

Seismic Site Class 

,  
Average Undrained 

Shear Strength 
(lb/ft2) 

,  

Average Standard 
Penetration Re-

sistance (blows/ft) 

,  
Average Shear Wave 

Velocity (ft/s) 

A. Hard Rock N/A N/A >5,000 
B. Rock N/A N/A 2,500 to 5,000 

C. Very Dense Soil and 
Soft Rock >2,000 >50 blows/ft 1,200 to 2,500 

D. Stiff Soil 1,000 to 2,000 15 to 50 blows/ft 600 to 1,200 
E. Very Loose Sand or 

Soft Clay Soil <1,000 <15 blows/ft <600 

F. Soils requiring Site 
Response Analysis  See Section 20.3.1 See Section 20.3.1 See Section 20.3.1 

 

Based on the results of our investigation, we judge a Seismic Site Classification of 
C. The subsurface conditions indicate low susceptibility to liquefaction from a materials 
and groundwater perspective.  

Stabilization 

Shallow groundwater is present at this site and may impact earthwork. Soft/loose, 
wet soils may be encountered at the bottom of excavations. Soft/loose excavation bottoms 
can likely be stabilized by crowding crushed rock into the soils until firm. Acceptable rock 
materials include, but are not limited to, No. 2 and No. 57 rock. Crushed rock on a layer of 
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geosynthetic grid or woven fabric can also be used, which should reduce the amount of 
aggregate needed to stabilize the subgrade. Typically, a biaxially woven fabric or geogrid 
topped with 12 inches of 1 to 3-inch crushed rock will provide a stable working surface.   

Concrete 

Concrete in contact with soil can be subject to sulfate attack. We measured a wa-
ter-soluble sulfate concentration of less than 0.1 percent in a sample during our 2016 
investigation. As indicated in our tests and ACI 318-19, the sulfate exposure class is not 
applicable or S0. 

SULFATE EXPOSURE CLASSES PER ACI 318-19 

Exposure Classes 
Water-Soluble Sulfate (SO4) in 

Soil A 
(%) 

Not Applicable S0 < 0.10 
Moderate S1 0.10 to 0.20 
Severe S2 >0.20 to 2.00 

Very Severe S3 > 2.00 
A) Percent sulfate by mass in soil determined by ASTM C1580 

For the S0 level of sulfate concentration, ACI 318-19 Code Requirements indicates 
there are no special cement type requirements for sulfate resistance, as indicated in the 
table below.  
CONCRETE DESIGN REQUIREMENTS FOR SULFATE EXPOSURE PER ACI 318-19 

Exposure 
Class 

Maximum 
Water/ 

Cement 
Ratio 

Minimum 
Compressive 

Strength 
(psi) 

Cementitious Material Types A 
Calcium  
Chloride  

Admixtures 
ASTM 
C150/ 
C150M 

ASTM 
C595/ 

C595M 

ASTM 
C1157/ 
C1157M 

S0 N/A 2,500 No Type  
Restrictions 

No Type  
Restrictions 

No Type 
Restrictions 

No  
Restrictions 

S1 0.50 4,000 II B Type with (MS) 
Designation MS No  

Restrictions 

S2 0.45 4,500 V B Type with (HS) 
Designation HS Not  

Permitted 

S3 Option 
1 0.45 4,500 V + Pozzolan or 

Slag Cement C 

Type with (HS) 
Designation plus 
Pozzolan or Slag  

Cement C 

HS + Pozzolan 
or Slag  

Cement C 

Not  
Permitted 

S3 Option 
2 0.40 5,000 V D Type with (HS) 

Designation HS Not  
Permitted 

A) Alternate combinations of cementitious materials shall be permitted when tested for sulfate re-
sistance meeting the criteria in section 26.4.2.2(c). 

B) Other available types of cement such as Type III or Type I are permitted in Exposure Classes S1 or 
S2 if the C3A contents are less than 8 or 5 percent, respectively. 

C) The amount of the specific source of pozzolan or slag to be used shall not be less than the amount 
that has been determined by service record to improve sulfate resistance when used in concrete con-
taining Type V cement. Alternatively, the amount of the specific source of the pozzolan or slab to be 
used shall not be less than the amount tested in accordance with ASTM C1012 and meeting the cri-
teria in section 26.4.2.2(c) of ACI 318. 

D) If Type V cement is used as the sole cementitious material, the optional sulfate resistance require-
ment of 0.040 percent maximum expansion in ASTM C150 shall be specified. 
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SCOPE 
 

This report presents the results of our Geologic Hazards Evaluation and Prelimi-

nary Geotechnical Investigation for North Bay at Woodmoor Subdivision, located at 

Deer Creek Road and Burning Oak Way in Woodmoor, Colorado. The investigated 

parcel is planned for development residential townhome buildings. Our purpose was to 

evaluate the property for the occurrence of geologic hazards. This report includes de-

scriptions of our interpretation of site geology, a summary of subsurface and groundwa-

ter conditions found in our exploratory borings, a description of our engineering analysis 

of the geologic conditions at the site, and our opinion of the potential influence of the 

geologic hazards on the planned structures and other site improvements.  

 

The report was prepared based on conditions interpreted from field reconnais-

sance mapping of the site, conditions found in our exploratory borings, results of labora-

tory tests, engineering analysis, and our experience. Observations made during grading 

or construction may indicate conditions that require revision or re-evaluation of some of 

the criteria presented in this report. The criteria presented are for the development as 

described. Revision in the scope of the project could influence our recommendations. If 

changes occur, we should review the development plans and their effect on our prelimi-

nary design criteria. Evaluation of the property for the possible presence of potentially 

hazardous materials (environmental site assessment) is beyond the scope of our inves-

tigation. Assessment of the site for the potential for wildfire hazards, corrosive soils, 

erosion problems, or flooding is also beyond the scope of this investigation. 

 

The following section summarizes the report. A more complete description of the 

conditions found, our interpretations, and our recommendations are included in the 

report. 
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SUMMARY 

 

1. No geologic hazards were identified that we believe preclude development 
of the site. Geologic hazards identified on this parcel include expansive or 
very hard, shallow bedrock, shallow groundwater, erosion potential flood 
potential, and regional issues of seismicity and naturally-occurring radio-
active materials. These conditions can be mitigated with engineering de-
sign and construction methods commonly employed in the area.  

 

2. The near-surface soils encountered in the four exploratory borings drilled 
at the site consisted of a layer of clayey sand fill at the surface and ex-
tending to a depth of up to 3.5 feet in two of the borings. Natural, silty to 
clayey sand, and sandy clay was encountered below the fill at the ground 
surface and varied in thickness from a 4 feet to 20.5 feet. Sandstone bed-
rock was found underlying the natural soils in the borings at depths be-
tween 4 to 24 feet below the existing ground surface. A sample of the nat-
ural clay tested in our laboratory exhibited slight swell values when wetted 
under approximate overburden pressures (the weight of the overlying soil 
and bedrock layer).   

 
3. At the time of drilling, groundwater was measured in the exploratory bor-

ings at a depths ranging from 8 to 28 feet below the ground surface. When 
water levels were checked five days after the completion of drilling opera-
tions, groundwater was measured at depths ranging from 3 to 10 feet. 

 
4. We believe site grading and utility installation across the majority of the 

site can be accomplished using conventional, heavy-duty construction 
equipment. Existing fill materials found at the site can be reused as backfill 
materials if free from deleterious substances. Shallow groundwater will 
likely be encountered in the areas of the existing flood plain.   

 
5. Preliminary information suggests spread footing foundations, as well as 

slab-on-grade floors will be appropriate for construction of most of the 
proposed structures. This foundation approach may be appropriate where 
a thick layer of low-swelling, natural sand and/or clay is present, or where 
moisture conditioned and densely compacted fill is found at shallow foun-
dation elevations after site grading. Although claystone was no encoun-
tered in our borings, if more expansive natural clay and/or claystone is en-
countered at or near footing and floor slab elevations following grading, it 
will likely be necessary to sub-excavate this material and then replace the 
expansive soils with moisture conditioned, densely compacted fill, prior to 
footing construction. Structurally supported floors are considered appro-
priate if the owner wishes to minimize potential floor movements.  

 
6. Irrigation of landscaping should be minimized to reduce problems associ-

ated with expansive soils. Overall plans should provide for the rapid con-
veyance of surface runoff to the storm sewer system. 
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SITE CONDITIONS 

 

The investigated property consists of just over 7 acres of vacant land situated 

south of the intersection of Deer Creek Road and Burning Oak Way and north of the 

Lake Woodmoor in Woodmoor, Colorado.  The parcel is located in Section 11, Town-

ship 11 South, Range 67 West of the 6th Principal Meridian in El Paso County, Colora-

do. The site plan and a vicinity map are shown in Fig. 1.  

 

The ground surface at the site generally slopes downward toward the south. The 

high point is located near the roadway and the low point is located near the “tail” end of 

Lake Woodmoor, the north side of the lake. Elevations range from approximately 7,130 

feet at the near the roadway (Deer Creek Road) to about 7,100 feet along the southern 

property line. Overall, the site generally slopes toward the lake at about 6 percent. The 

flood plain leading to the Lake Woodmoor bisects the site as shown on Figure No. 1.  

 

Existing utilities are present crossing the Site in various areas. Existing utilities 

include storm water, sanitary sewer, water lines, and other utility easements. Vegetation 

on the site consists of grasses, weeds, and small to large trees. The land surrounding 

the site to the north, east and west is developed with residential lots. The land to the 

south of the site contains Lake Woodmoor and a water storage easement extends into 

the site as shown on Figure No. 1. Asphalt roadways and access driveways are present 

along the north and west sides of the property. 
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PROPOSED DEVELOPMENT 

 

We understand the site is to be developed with residential townhomes. We antic-

ipate the buildings will be multi-story, wood-frame structures, possibly with habitable, 

below-grade areas (basements).  Garages may be incorporated into the construction of 

the townhomes. Paved access driveways and parking areas will be constructed as part 

of the overall development.  

 

No grading plans were available at the time of this investigation for our review. 

We anticipate cuts and fill will be necessary for building pad construction. We anticipate 

the dwellings will be serviced by a centralized sanitary sewer collection system and 

potable water distribution system, some of these utilities are currently present across 

the site. The buildings are to be located at either side of the flood plain with fill placed to 

channelize the flood plain.  

 

PREVIOUS INVESTIGATION  
 

RMG Engineers performed a Preliminary Geotechnical Investigation for the par-

cel (Job No. 109806; report dated September 12, 2005). The study included the drilling 

of five borings to depths of 20 feet. The borings encountered similar subsurface condi-

tions as were found during this investigation by CTL.      

 

SUBSURFACE INVESTIGATION 

 

Subsurface conditions across the site were investigated on a preliminary basis by 

drilling four, widely-spaced exploratory borings at the approximate locations shown in 

Fig. 1. Graphical logs of conditions found in our exploratory borings, the results of field 

penetration resistance tests, and some laboratory data are shown in Appendix A. Swell-

consolidation tests and grain size analysis test results are presented in Appendix B. 

Laboratory test data are summarized in Table B-1.  

 

Soil and bedrock samples obtained during this study were returned to our labora-

tory and visually classified. Laboratory testing was then assigned to representative 



 

LAKE WOODMOOR DEVELOPMENT, INC. 
NORTH BAY AT WOODMOOR  
CTL|T PROJECT NO. CS18589-115 
S:\CS18500-18999\CS18589.000\115\2. Reports\CS18589-115-R1.doc  

5

samples. Testing included moisture content and dry density, swell-consolidation, sieve 

analysis, and water-soluble sulfate content tests. The swell test samples were wetted 

under applied loads that approximated the overburden pressure (the weight of overlying 

soil and bedrock).   

 

SUBSURFACE CONDITIONS 

 

The near-surface soils encountered in two of the four exploratory borings drilled 

at the site during this study consisted of a shallow layer of clayey sand fill. A layer of 

natural, clayey to silty sand varying in thickness was encountered below the ground 

surface and the existing fill. A thick layer of sandy clay was encountered within the natu-

ral sand in Boring TH-3. Silty and clayey sandstone was found underlying the natural 

soils in the borings. Some of the pertinent engineering characteristics of the soils and 

bedrock encountered, and groundwater conditions are discussed in the following para-

graphs. 

 

Existing Fill 
 

 A shallow layer of near surface fill, about 3 feet thick, was encountered at the 

ground surface in borings TH-1 and TH-3. We have no knowledge about the origin of 

the fill material. The fill consisted of clayey sand and appeared to have been randomly 

placed at the site and must therefore be considered to be unsuitable to underlie the 

proposed structures, in its current condition.  

 

Natural Soil 

 

 A layer of natural, silty to clayey sand that varied in thickness from a few feet to 

up to 24 feet was encountered at the ground surface or beneath the existing fill in each 

of the borings drilled during this study. The natural sand was loose to dense based on 

the results of field penetration resistance tests. Three samples of the sand contained 7 

to 40 percent clay and silt-size particles (passing the No. 200 sieve). The clay layer 

within the sand layer was stiff. A sample obtained from the clay layer exhibited a low 
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measured swell values of 0.4 percent when wetted under estimated overburden pres-

sure. 

 

Bedrock 

 

Silty to clayey sandstone bedrock was encountered in the borings, beneath the 

natural soils, at depths ranging from 4 to 24 feet below the existing ground surface. The 

sandstone is deepest in the northern portions of the site. Field penetration resistance 

test results indicated the bedrock was hard to very hard. Sieve analysis indicated two 

samples of the sandstone tested in our laboratory contained 26 to 28 percent clay and 

silt-size particles (passing the No. 200 sieve).    

 

Groundwater 

 

 At the time of drilling, groundwater was measured at depths ranging from 8 to 28 

feet in the exploratory borings. When water levels were checked five days after the 

completion of drilling operations, groundwater was measured at depths ranging from 3 

to 10 feet below the existing ground surface. The lake appeared to be near capacity. 

Water levels should be expected to fluctuate in response to altered surface drainage 

patterns, seasonal precipitation, and irrigation of landscaping commonly associated with 

residential development as well as water levels in the lake. Our borings were drilled in 

the early spring months when groundwater levels and water levels of the lake are typi-

cally just starting to rise.  

 

SITE GEOLOGY 
 

The geology of this parcel located in Woodmoor, Colorado, north of Lake Wood-

moor, was evaluated through the review of published geologic maps and a field recon-

naissance on May 27, and through the drilling of four exploratory borings spread across 

the site. Information from these sources was used to produce our interpretation of surfi-

cial geologic conditions. An excerpt from the Colorado Geological Survey’s “Geologic 

Map of the Monment Quadrangle, El Paso County, Colorado” (dated 2004) is presented 

below. We found the map to be generally accurate. We considered the soil deposits 
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found in the flood plain to also consist of an alluvial deposit. A list of references is in-

cluded at the end of the text of this report. The following sections discuss the mapped 

units. 

 

 

Excerpt from CGS 2004 Geologic Map of the Monument Quadrangle 

 

Surficial Deposits 
 

Soil deposits of up to 24 feet in depth overlie sandstone bedrock of the Dawson 

Formation. The various deposits are described in more detail in the following sections. 

 

Af – Man-Made Fill: Our borings TH-1 and TH-3 encountered about 3 to 3.5 feet 

of fill.  Other areas of the property shows signs of disturbance, possibly related to 

past grading of the site and utility installation. We expect other areas at the site 

will exhibit shallow fill at the surface. There are existing sanitary sewer, storm 

sewer, water lines and other utilities throughout the site.  

 

Alluvium – Map unit Qas2: The bedrock is covered by up to 24 feet of alluvium, 

formed as sheetwash and stream deposits and residual weathering in place of 

the sandstone bedrock. The alluvium is silty, and clayey with occasional clay lay-

SITE 
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ers. While the above map suggests this unit to exist outside of the site bounda-

ries, we considered the soil deposits within the flood plain also consist of alluvi-

um.   

Bedrock 
 

Dawson Sandstone – Map Unit TKda5:  Sandstone is present at the site below 

the fill and natural sands and clays. The sandstone is comprised of fine to medi-

um grained, poorly sorted, high clay content materials. Very thin claystone bed-

ding can be found throughout this formation. The material is hard to very hard 

based on our field penetration resistance testing. Based on geologic mapping in 

the area, the bedrock has a regional dip of about 5 to 12 degrees. Weathered 

lenses were not noted in our borings.  

 

POTENTIAL GEOLOGIC HAZARDS AND ENGINEERING CONSTRAINTS 

 

We did not identify geologic hazards that we believe preclude development of the 

site. The conditions identified at the site that may pose hazards or constraints to devel-

opment include flooding, erosion, potentially expansive soil and bedrock, and shallow, 

hard bedrock, as well as shallow groundwater. Regional geologic conditions that impact 

the site include seismicity, flooding, and radioactivity. We believe each of these condi-

tions can be mitigated with engineering design and construction methods commonly 

employed in this area. These conditions are discussed in greater detail in the sections 

that follow.  

 

Our interpretation of the surficial geology and geologic hazards is presented in 

Fig. 2 and is described above. Our interpretation of the engineering geologic conditions 

is presented in Fig. 3. The site is shown as containing Map Units 2A, 3B, and 7A per the 

classification system described in Robinson’s “El Paso County, Colorado - Potential 

Geologic Hazards and Surficial Deposits, Environmental and Engineering Geologic 

Maps and Tables for Land Use,” 1977. 

  
Map Unit 2A: described stable alluvium, colluvium, and bedrock on gentle to 

moderate slopes of 5 to 12 percent. Nearly all of the site lies on this unit.  
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Map Unit 3B: describes expansive and potentially expansive soil and bedrock on 

flat to moderate slopes of 0 to 12 percent. The site is adjacent to this unit.  

 

Map Unit 7A: describes floodplain where erosion and deposition presently occur 

and is generally subject to recurrent flooding. This includes the 100-year flood 

plain along major streams where studies have been conducted. This unit bisects 

the site. 

 

Flooding 
  

The site is mapped by FEMA in the Flood Insurance Rate Maps as prone to sur-

face flooding by a 100 year event. However, a 100 year flood plain has been mapped 

bisecting the site as shown on Figure 1. Also, a water storage easement extends into 

the site as shown on Figure 1. The development plan we have seen takes into account 

these two restraints to development.  

 

Erosion 
 

 The site contains soil and bedrock that are susceptible to the effects of wind and 

water erosion. Concentrated water flow can result in erosion. The surficial soils on 

slopes less than 20 percent are relatively stable and resistant to erosion where vegeta-

tion is established. Disturbance of the vegetative cover and long-term exposure to the 

erosive power of wind and water increases the potential for erosion. Maintaining vegeta-

tive cover and providing engineered surface drainage will reduce the potential for ero-

sion from wind and water. 

 

Shallow Groundwater 
 

Our borings encountered groundwater during drilling at depths ranging from 8 to 

28 feet and 3 to 10 feet when measured five days following the completion of our drill-

ing. Perched groundwater can form after development due to landscape irrigation and 

disruption of natural drainage patterns. This condition can be mitigated by installing 
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drain systems around below-grade spaces and providing a pumped or gravity outfall. 

The best option is to limit the depth of habitable areas to be no closer than 3 feet above 

known groundwater elevations.   

 

Shallow Hard Bedrock  
 

 Bedrock is shallowest in the northern portion of the site. We believe the materials 

at the site can normally be excavated using conventional heavy-duty equipment and 

should break down to a size suitable for use as grading fill.  

 

Expansive Soil and Bedrock 
 

The near-surface soils are sandy to clayey and are considered generally low-

swelling or non-expansive. Problems associated with expansive materials are mitigated 

through engineered foundation and floor slab systems, sometimes in conjunction with 

ground modification such as sub-excavation and treatment or replacement. Geotech-

nical investigations conducted for each building site should address procedures for 

mitigating issues associated with expansive soils and bedrock, if they are encountered. 

 

Economic Minerals 
 

 The site does not contain coal. Therefore, it is doubtful the parcel has been un-

dermined. Other energy fuels such as uranium or oil and gas are considered not likely 

present in economic quantities. Although the site contains some sand and gravel, it is 

unlikely to be economically valuable in the foreseeable future, due to political considera-

tions, the size and shape of the parcel, the depth of the material, and the proximity to 

existing developments. The area is not expected to contain economic deposits of ener-

gy fuels or other valuable minerals. 

 

Seismicity 

 

This area, like most of central Colorado, is subject to a degree of seismic activity. 

Geologic evidence indicates that movement along some Front Range faults has oc-
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curred during the last two million years (Quaternary). These includes the Ute Pass Fault 

and Rampart Range Fault, which are located several miles west of the site. We believe 

the soils on the property classify as Site Class C (dense soil and soft rock profile), ac-

cording to the 2009 International Building Code (2009 IBC). 

 

Radon and Radioactivity 

 

We believe no unusual hazard exists from naturally occurring sources of radioac-

tivity on this site. However, some of the materials found in our borings are often associ-

ated with the production of radon gas, and concentrations in excess of EPA guidelines 

can occur. Radon tends to collect in below-grade areas where there is limited outside 

air exchange and interior ventilation. Passive and active mitigation procedures are 

commonly employed in this region to effectively reduce the buildup of radon gas. 

Measures that can be taken after a building is enclosed during construction include 

installing a blower connected to the foundation drain and sealing the joints and cracks in 

concrete floors and foundation walls. If the occurrence of radon is a concern, we rec-

ommend buildings be tested after they are enclosed and mitigation systems installed to 

reduce the risk.  

 

Low-level gamma radiation levels were measured in the cuttings from our explor-

atory borings using a LUDLUM Micro R Meter (Model 19). The meter provides readings 

of low-level gamma radiation in terms of micro R/Hr (micro Roentgens per hour). Back-

ground readings which represent “means” ranged between 15 and 17 micro R/Hr. 

Readings on the drill cuttings also ranged between 18 and 20 micro R/Hr.  

 

The “background” level of low-level gamma radiation in the state generally rang-

es from 15 to 20 micro R/Hr with the level of concern being established at about twice 

background. This would imply remediation should be performed for materials at this site 

that exceed about 30 to 40 micro R/Hr. Federal standards have been developed for 

uranium and thorium mill tailings that state that remediation is required when the con-

centration of radium-226 exceeds background levels by more than 5 pCi/g (picoCuries 

per gram). We understand this radium standard equates to a gamma reading of about 9 
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micro R/Hr above background. If the mill tailing standard is applied to the average of the 

background readings found across the site of about 15 micro R/Hr, remediation of mate-

rial exhibiting gamma readings in excess of about 24 micro R/Hr would be required.  

Our readings were lower than the action level. 

 

SITE DEVELOPMENT CONSIDERATIONS 

 

From an engineering point-of-view, the more significant subsurface conditions 

impacting construction are the occurrence of shallow groundwater, expansive materials, 

shallow bedrock, and erosion. The following sections discuss the impact of these condi-

tions on development and possible methods of mitigation. 

 

Site Grading 
 

 Relatively shallow groundwater was encountered at TH-2. Excavations in this 

area, and elsewhere across the site will likely encounter groundwater. Seasonally, the 

groundsurface may become unstable where fill is to be placed requiring stabilization or 

dewatering. The more appropriate methods of dewatering and stabilization should be 

evaluated at the time of construction.  

 

We believe the majority of site grading can be accomplished using conventional 

heavy-duty earthmoving equipment.  We recommend grading plans consider long-term 

cut and fill slopes no steeper than 3:1 (horizontal to vertical).  This ratio considers that 

no seepage of groundwater occurs. If groundwater seepage does occur, a drain system 

and flatter slopes may be appropriate.  

 

Vegetation and organic materials should be removed from the ground surface of 

areas to be filled. Soft or loose soils, if encountered, should be stabilized or removed to 

stable material prior to placement of fill. Organic soils should be wasted in landscaped 

areas. If insufficient landscaped areas are planned, topsoil can be mixed with clean fill 

soils at a ratio of 15:1 (fill:topsoil) and placed as fill deeper than 8 feet below finish 

grade. 
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If fill is to be placed on slopes exceeding gradients of 20 percent (5:1, horizontal 

to vertical), horizontal benches should be cut into the hillside. The benches should be at 

least 12 feet wide or 1-1/2 times the width of the compaction equipment and be provid-

ed at a vertical spacing of not more than 5 feet. Once the grading and development 

plans have been finalized, we should be contacted to confirm the criteria recommended 

above are appropriate or provide additional recommendations. 

  

 The ground surface in areas to receive fill should be scarified, moisture condi-

tioned and compacted. If natural clays are used for fill they should be placed at high 

moisture content to help mitigate potential swell. The properties of the fill will affect the 

performance of foundations, slabs-on-grade, and pavements. We recommend grading 

fill composed of the granular materials (non-cohesive) be placed in thin, loose lifts, 

moisture conditioned to within 2 percent of optimum moisture content, and compacted 

to at least 95 percent of maximum modified Proctor dry density (ASTM D 1557). Clay 

soils (cohesive) should be moisture conditioned to between 1 and 4 percent above 

optimum moisture content and compacted in thin, loose lifts to at least 95 percent of 

maximum standard Proctor dry density (ASTM D 698). Placement and compaction of 

the grading fill should be observed and tested by our representative during construction. 

Guideline specifications for overlot grading are presented in Appendix C. 

 

Buried Utilities 
 

Over most of the site, we believe utility trench excavation can be accomplished 

using heavy-duty track hoes. The bedrock encountered in our borings was medium hard 

to very hard, but generally at least 4 feet deep at our boring locations. Bedrock could be 

more shallow in areas, but we do not believe excavation will be difficult. Groundwater 

could also be encountered in sanitary sewer trenches, access to the site and even wa-

ter line trenches in the area of TH-2 requiring dewatering. 

 

Excavations for utilities should be braced or sloped to maintain stability and 

should meet applicable local, state, and federal safety regulations. The contractor 
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should identify the soils and bedrock encountered in trench excavations and refer to 

Occupational Safety and Health Administration (OSHA) standards to determine appro-

priate slopes. We anticipate the near-surface soils and grading fill, and the bedrock will 

classify as Type C materials. Temporary excavations in Type C materials require a 

maximum slope inclination of 1.5:1 (horizontal to vertical), respectively, unless the ex-

cavation is shored or braced. If groundwater seepage occurs, flatter slopes will likely be 

required.  

 

 Water and sewer lines are usually constructed beneath paved roads. Compac-

tion of trench backfill will have a significant effect on the life and serviceability of pave-

ments. We recommend cohesive trench backfill be placed in thin, loose lifts, moisture 

conditioned to within 2 percent of optimum moisture content and compacted to at least 

95 percent of maximum standard Proctor dry density (ASTM D 698). Non-cohesive 

materials should be compacted to at least 95 percent of maximum modified Proctor dry 

density (ASTM D1557). Personnel from our firm should periodically observe and test the 

placement and compaction of the trench backfill during construction. 

 

Underdrain Systems 
 

We believe use of underdrains incorporated with the design of sanitary sewer 

systems will provide a positive gravity outlet at individual residences for below-grade 

foundation drains and help control localized shallow groundwater conditions. The drain 

pipe should consist of smooth wall, rigid PVC pipe placed at a minimum slope of 0.5 

percent. An “active” section of smooth, perforated or slotted, rigid PVC pipe should be 

placed for a minimum distance of one pipe length upstream of manholes. The perforat-

ed pipe should be encased in at least 6 inches of free-draining gravel, separated from 

the surrounding trench backfill by geotextile fabric. Seepage collars should be con-

structed at the manhole locations to force water flowing through pipe bedding into the 

underdrain. The seepage collars can be constructed of concrete or clay. 

 

If wet conditions or free water are encountered in the sanitary sewer trenches, 

we recommend an active underdrain system with perforated or slotted pipe for these 
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areas. A conceptual drain detail is shown in Fig. 4. A cutoff collar should be constructed 

around the sewer pipe and underdrain pipe immediately downstream of the point the 

underdrain pipe exits the sewer trench or changes from active to passive. Solid pipe 

should be used down gradient of this cutoff collar to the point of discharge. The under-

drain should be maintained at least 3 to 5 feet below the lowest nearby foundation ele-

vation. Where no groundwater is encountered in sanitary sewer excavations, passive 

underdrains may be used as presented on Fig. 5. 

 

The design of the underdrain system should consider adjacent developments 

that will connect to the system. If a gravity outfall will be used for the underdrain system, 

the outfall point should be planned to not affect developments located down gradient. 

As-built plans of the underdrain system should be prepared including location, elevation, 

and cleanouts. The entity responsible for maintenance of the underdrain system should 

retain the as-built plans for future reference.  

 

The appropriate sizes of underdrain pipe are dependent upon actual alignments, 

area served, and gradients. We can review grading, drainage, and underground utility 

plans and provide suggested pipe sizing recommendations, if requested. For prelimi-

nary planning purposes, we expect pipe diameters of 6 to 8 inches will be appropriate 

for drains for sixty dwellings or less. Where active seepage exists, 8-inch diameter or 

larger pipes will be appropriate for services to sixty dwellings or less. These pipe sizes 

consider an average gradient of 1 percent.  We should review the design once sewer 

plans have been developed. 

 

FOUNDATION AND FLOOR SYSTEM CONCEPTS 

 

Preliminary information suggests spread footing foundations will be appropriate 

for construction of most of the proposed residential structures. This foundation approach 

may be appropriate where a thick layer of low-swelling, natural sand and/or clay is pre-

sent, or where moisture conditioned and densely compacted fill is found at shallow 

foundation elevations after site grading. If more expansive natural clay and/or claystone 

is encountered, that was not encountered in our borings, at or near footing and floor 
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slab elevations following grading, it will likely be necessary to sub-excavate this material 

and then replace the expansive soils with moisture conditioned, densely compacted fill, 

prior to footing construction. Sub-excavation depths of 3 to 5 feet are anticipated. A 

straight-shaft, drilled pier foundation bottomed in the bedrock may be an appropriate 

alternative to sub-excavation, if thicker zones of expansive bedrock occur at shallow 

depth.  

 

Slab-on-grade floors will probably perform satisfactorily across most of the site 

where low-swelling, natural sand and/or clay is present, or where moisture conditioned 

and densely compacted fill is found at floor slab elevations after site grading. Generally 

speaking, the risk of slab movement and cracking is believed to be low at this site. High-

ly expansive materials were not encountered in our borings at the site. It is not antici-

pated at this site, but where moderately to highly expansive soils are present at or near 

finished floor elevations after grading, structurally supported floors (crawl space con-

struction) or removal of a zone of expansive material and replacement with non-

expansive fill below the slab may be appropriate alternatives to enhance floor system 

performance. Soil and foundation investigation reports prepared after completion of site 

grading should address appropriate foundation systems and floor system alternatives 

on a site-by-site basis. 

 

PAVEMENTS 

 

Clayey sand fill, natural clayey to silty sand soils, and sandstone are expected to 

be the predominant pavement subgrade materials at this site. These clayey materials 

generally exhibit good subgrade support characteristics for pavement systems, as com-

pared to the poor subgrade support characteristics of more clayey soils. For the sandy 

materials, we anticipate asphalt concrete pavement sections on the order of 3 to 4 inch 

thick asphalt over 6 inches of aggregate base course for the low volume streets is ex-

pected. These pavement thicknesses may not be sufficient for construction traffic and 

some maintenance and repair work may be needed prior to completion of the project. A 

subgrade investigation and pavement design should be performed after site grading and 

utility installation are complete.  
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CONCRETE 
 

 Concrete in contact with soil can be subject to sulfate attack. We measured the 

water-soluble sulfate concentration in one sample of near surface soils from this site at 

less than 0.1 percent. Sulfate concentrations less than 0.1 percent indicate Class 0 

exposure to sulfate attack for concrete in contact with the subsoils, according to ACI 

201.2R-01, as published in the 2008 American Concrete Institute (ACI) Manual of Con-

crete Practice. For this level of sulfate concentration, the ACI indicates Type I cement 

can be used for concrete in contact with the subsoils. In our experience, superficial 

damage may occur to the exposed surfaces of highly permeable concrete, even though 

sulfate levels are relatively low. To control this risk and to resist freeze-thaw deteriora-

tion, the water-to-cementitious material ratio should not exceed 0.50 for concrete in 

contact with soils that are likely to stay moist due to surface drainage or high water 

tables. Concrete subjected to freeze-thaw cycles should be air entrained. 

 

SURFACE DRAINAGE AND IRRIGATION 

 

The performance of structures, flatwork, and roads within the development will be 

influenced by surface drainage. When developing an overall drainage scheme, consid-

eration should be given to drainage around each structure and from pavement areas. 

Drainage should be planned such that surface runoff is directed away from foundations 

and is not allowed to pond adjacent to or between structures or over pavements. Ideally, 

slopes of at least 6 inches in the first 10 feet should be planned for the areas surround-

ing buildings, where possible. Roof downspouts and other water collection systems 

should discharge well beyond the limits of all backfill around the structures. Proper 

control of surface runoff is also important to prevent the erosion of surface soils. Con-

centrated flows should not be directed over unprotected slopes. Permanent slopes 

should be seeded or mulched to reduce the potential for erosion. Backfill soils behind 

the curb and gutter adjacent to streets and in utility trenches within individual lots should 

be compacted. If surface drainage between preliminary development and construction 

phases is neglected, performance of the roadways, flatwork, and foundations may be 

compromised.  
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APPENDIX A 
 

SUMMARY LOGS OF EXPLORATORY BORINGS 
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APPENDIX B 
 

LABORATORY TEST RESULTS  
TABLE B-1: SUMMARY OF LABORATORY TESTING 



Sample of SAND, SLIGHTLY SILTY (SP-SM) GRAVEL 4 % SAND 89 %

From TH - 1 AT 9 FEET SILT & CLAY 7 % LIQUID LIMIT %

PLASTICITY INDEX %

Sample of SANDSTONE, SILTY GRAVEL 2 % SAND 70 %

From TH - 2 AT 4 FEET SILT & CLAY 28 % LIQUID LIMIT %

PLASTICITY INDEX %
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Sample of SANDSTONE, SILTY GRAVEL 0 % SAND 74 %

From TH - 2 AT 14 FEET SILT & CLAY 26 % LIQUID LIMIT %

PLASTICITY INDEX %

Sample of SAND, CLAYEY (SC) GRAVEL 4 % SAND 70 %

From TH - 4 AT 4 FEET SILT & CLAY 26 % LIQUID LIMIT %

PLASTICITY INDEX %
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Sample of SAND, VERY CLAYEY (SC) GRAVEL 1 % SAND 59 %

From TH - 4 AT 9 FEET SILT & CLAY 40 % LIQUID LIMIT %

PLASTICITY INDEX %

Sample of GRAVEL % SAND %

From SILT & CLAY % LIQUID LIMIT %

PLASTICITY INDEX %
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PASSING WATER

MOISTURE DRY LIQUID PLASTICITY SWELL NO. 200 SOLUBLE

DEPTH CONTENT DENSITY LIMIT INDEX SWELL PRESSURE SIEVE SULFATES

BORING (FEET) (%) (PCF) (%) (%) (%) (PSF) (%) (%)                DESCRIPTION               

TH-1 9 9.4 115 7 SAND, SLIGHTLY SILTY (SP-SM)

TH-2 4 10.7 123 28 <0.1 SANDSTONE, SILTY

TH-2 14 11.7 124 26 SANDSTONE, SILTY

TH-3 9 20.3 103 0.4 CLAY, SANDY (CL)

TH-4 4 13.6 115 26 SAND, CLAYEY (SC)

TH-4 9 12.1 121 40 SAND, VERY CLAYEY (SC)

SWELL TEST RESULTS*

TABLE  B-1

SUMMARY OF LABORATORY TESTING

CTL|T PROJECT NO. CS18589-115

ATTERBERG LIMITS

* SWELL MEASURED WITH 1000 PSF APPLIED PRESSURE, OR ESTIMATED IN-SITU OVERBURDEN PRESSURE.  

   NEGATIVE VALUE INDICATES COMPRESSION. Page 1 of 1
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APPENDIX C 
 

GUIDELINE SITE GRADING SPECIFICATIONS 
NORTH BAY AT WOODMOOR 

COLORADO SPRINGS, COLORADO 
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GUIDELINE SITE GRADING SPECIFICATIONS 
SPRING CREEK, SOUTHEAST QUAD 
COLORADO SPRINGS, COLORADO 

 

1. DESCRIPTION 
This item consists of the excavation, transportation, placement and compaction 

of materials from locations indicated on the plans, or staked by the Engineer, as neces-
sary to achieve preliminary pavement and building pad elevations. These specifications 
also apply to compaction of materials that may be placed outside of the project. 
 
2. GENERAL 

The Soils Engineer will be the Owner's representative. The Soils Engineer will 
approve fill materials, method of placement, moisture contents and percent compaction.  
 
3. CLEARING JOB SITE 

The Contractor shall remove all trees, brush and rubbish before excavation or fill 
placement is begun. The Contractor shall dispose of the cleared material to provide the 
Owner with a clean, neat appearing job site. Cleared material shall not be placed in 
areas to receive fill or where the material will support structures of any kind. 
 
4. SCARIFYING AREA TO BE FILLED 

All topsoil, vegetable matter, and existing fill shall be removed from the ground 
surface upon which fill is to be placed. The surface shall then be plowed or scarified 
until the surface is free from ruts, hummocks or other uneven features that would pre-
vent uniform compaction by the equipment to be used.   
 
5. PLACEMENT OF FILL ON NATURAL SLOPES 

Where natural slopes are steeper than 20 percent (5:1, horizontal to vertical) and 
fill placement is required, horizontal benches shall be cut into the hillside. The benches 
shall be at least 12 feet wide or 1-1/2 times the width of the compaction equipment and 
be provided at a vertical spacing of not more than 5 feet (minimum of two benches). 
Larger bench widths may be required by the Engineer. Fill shall be placed on completed 
benches as outlined within this specification. 
 
6. COMPACTING AREA TO BE FILLED 

After the foundation for the fill has been cleared and scarified, it shall be disced 
or bladed until it is free from large clods, brought to a workable moisture content and 
compacted.  
 
7. FILL MATERIALS 

Fill soils shall be free from vegetable matter or other deleterious substances and 
shall not contain rocks or lumps having a diameter greater than six (6) inches. Fill mate-
rials shall be obtained from cut areas shown on the plans or staked in the field by the 
Engineer or imported to the site. 
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8. MOISTURE CONTENT 
 For fill material classifying as CH or CL, the fill shall be moisture treated to be-
tween 1 and 4 percent above optimum moisture content as determined by ASTM D 698, 
if it is to be placed within 15 feet of the final grade. For deep cohesive fill (greater than 
15 feet below final grade), it shall be moisture conditioned to within ±2 percent of opti-
mum. Soils classifying as SM, SC, SW, SP, GP, GC and GM shall be moisture treated 
to within 2 percent of optimum moisture content as determined by ASTM D 1557. Suffi-
cient laboratory compaction tests shall be made to determine the optimum moisture 
content for the various soils encountered in borrow areas. 
 

The Contractor may be required to add moisture to the excavation materials in 
the borrow area if, in the opinion of the Soils Engineer, it is not possible to obtain uni-
form moisture content by adding water on the fill surface. The Contractor may be re-
quired to rake or disc the fill soils to provide uniform moisture content throughout the 
soils. 
 

The application of water to embankment materials shall be made with any type of 
watering equipment approved by the Soils Engineer, which will give the desired results. 
Water jets from the spreader shall not be directed at the embankment with such force 
that fill materials are washed out. 
 

Should too much water be added to any part of the fill, such that the material is 
too wet to permit the desired compaction to be obtained, all work on that section of the 
fill shall be delayed until the material has been allowed to dry to the required moisture 
content. The Contractor will be permitted to rework wet material in an approved manner 
to hasten its drying. 
 
9. COMPACTION OF FILL AREAS 

Selected fill material shall be placed and mixed in evenly spread layers.  After 
each fill layer has been placed, it shall be uniformly compacted to not less than the 
specified percentage of maximum density. Granular fill placed less than 15 feet below 
final grade shall be compacted to at least 95 percent of maximum dry density as deter-
mined in accordance with ASTM D 1557. Cohesive fills placed less than 15 feet below 
final grade shall be compacted to at least 95 percent of maximum dry density as deter-
mined in accordance with ASTM D 698. For deep, cohesive fill (to be placed 15 feet or 
deeper below final grade), the material shall be compacted to at least 98 percent of 
maximum standard Proctor dry density (ASTM D 698). Granular fill placed more than 15 
feet below final grade shall be compacted to at least 95 percent of maximum modified 
Proctor dry density (ASTM D 1557). Deep fills shall be placed within 2 percent of opti-
mum moisture content. Fill materials shall be placed such that the thickness of loose 
materials does not exceed 10 inches and the compacted lift thickness does not exceed 
6 inches. 
 

Compaction, as specified above, shall be obtained by the use of sheepsfoot roll-
ers, multiple-wheel pneumatic-tired rollers, or other equipment approved by the Soils 
Engineer for soils classifying as claystone, CL, CH or SC. Granular fill shall be com-
pacted using vibratory equipment or other equipment approved by the Soils Engineer. 
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Compaction shall be accomplished while the fill material is at the specified moisture 
content. Compaction of each layer shall be continuous over the entire area. Compaction 
equipment shall make sufficient trips to insure that the required density is obtained. 

 
10. COMPACTION OF SLOPES 

Fill slopes shall be compacted by means of sheepsfoot rollers or other suitable 
equipment. Compaction operations shall be continued until slopes are stable, but not 
too dense for planting, and there is no appreciable amount of loose soil on the slopes. 
Compaction of slopes may be done progressively in increments of 3 to 5 feet in height 
or after the fill is brought to its total height.  Permanent fill slopes shall not exceed 3:1 
(horizontal to vertical). 

 
11. DENSITY TESTS 

Field density tests will be made by the Soils Engineer at locations and depths of 
his/her choosing. Where sheepsfoot rollers are used, the soil may be disturbed to a 
depth of several inches. Density tests will be taken in compacted material below the 
disturbed surface. When density tests indicate the density or moisture content of any 
layer of fill or portion thereof is below that required, the particular layer or portion shall 
be reworked until the required density or moisture content has been achieved.  The 
criteria for acceptance of fill shall be: 
 
A. Moisture 

The allowable ranges for moisture content of the fill materials specified above in 
"Moisture Content" are based on design considerations. The moisture shall be con-
trolled by the Contractor so that moisture content of the compacted earth fill, as deter-
mined by tests performed by the Soils Engineer, shall be within the limits given. The 
Soils Engineer will inform the Contractor when the placement moisture is less than or 
exceeds the limits specified above and the Contractor shall immediately make adjust-
ments in procedures as necessary to maintain placement moisture content within the 
specified limits. 
 
B. Density 

1. The average dry density of all material shall not be less than the dry density 
specified. 

 
2. No more than 20 percent of the material represented by the samples tested 

shall be at dry densities less than the dry density specified. 
 

3. Material represented by samples tested having a dry density more than 2 
percent below the specified dry density will be rejected.  Such rejected mate-
rials shall be reworked until a dry density equal to or greater than the speci-
fied dry density is obtained.   

 
12. SEASONAL LIMITS 

No fill material shall be placed, spread or rolled while it is frozen, thawing, or dur-
ing unfavorable weather conditions. When work is interrupted by heavy precipitation, fill 



 

LAKE WOODMOOR DEVELOPMENT, INC. 
NORTH BAY AT WOODMOOR  
CTL|T PROJECT NO. CS18589-115 
S:\CS18500-18999\CS18589.000\115\2. Reports\CS18589-115-R1.doc  

C-4

operations shall not be resumed until the Soils Engineer indicates the moisture content 
and density of previously placed materials are as specified. 
 
13. NOTICE REGARDING START OF GRADING 

The Contractor shall submit notification to the Soils Engineer and owner advising 
them of the start of grading operations at least three (3) days in advance of the starting 
date. Notification shall also be submitted at least three days in advance of any resump-
tion dates when grading operations have been stopped for any reason other than ad-
verse weather conditions.  
 
14. REPORTING OF FIELD DENSITY TESTS 

Density tests made by the Soils Engineer, as specified under “Density Tests” 
above, will be submitted progressively to the Owner. Dry density, moisture content and 
percent compaction will be reported for each test taken. 
 




