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Dear Mr. Nishio:

 Geolabs, Inc. is pleased to submit our report entitled "Geotechnical Engineering 
Services, Lanai Airport Aircraft Rescue and Fire Fighting (ARFF) Station, Island of Lanai, 
Hawaii” prepared for the design of a new ARFF station for the Lanai Airport. 

 Our work was performed in general accordance with the scope of services outlined 
in our fee proposal dated May 18, 2007. 

 Please note the soil samples recovered during our field exploration (remaining after 
testing) will be stored for a period of two months from the date of this report. The samples 
will be discarded after that date unless arrangements are made for a longer sample 
storage period. Please contact our office for alternative sample storage requirements, if 
appropriate. 

 Detailed discussion and recommendations are contained in the body of this report. If 
there is any point that is not clear, please contact our office. 

     Very truly yours, 

     GEOLABS, INC.

        DRAFT
       _______________________ 
     Clayton S. Mimura, P.E.
                 President 
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GEOTECHNICAL ENGINEERING SERVICES 
LANAI AIRPORT AIRCRAFT RESCUE AND 

FIRE FIGHTING (ARFF) STATION 
ISLAND OF LANAI, HAWAII 

W.O. 6055-00(B)      JUNE 17, 2008 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

Subsurface information from previous borings from nearby locations was used for 
design of the project. 

Based on information available near the proposed Lanai Airport ARFF station, we 
believe that the site is generally underlain by stiff residual soils over highly weathered 
basalt rock formation. The residual soils consisted of stiff to hard silts and clays. Some 
boulders might be encountered embedded within the residual soils at various depths. 
Based on the elevation and location of the project site, we do not anticipate groundwater at 
a shallow depth. 

Based on the subsurface conditions and the design concept, we believe that the 
proposed new Lanai Airport ARFF station may be supported on shallow foundations, 
consisting of spread and/or continuous footings. An allowable bearing pressure of up to 
3,000 psf may be used to design shallow foundations bearing on the recompacted in-situ 
soils or compacted fills. This bearing value is for dead-plus-live loads and may be 
increased by one-third (1/3) for transient loads, such as those caused by wind or seismic 
forces.

Based on the existing topography and the site plan provided, we envision that less 
than 2 feet of site grading work will be required to achieve the finished grades for the 
proposed new buildings.  

The text of this report should be referred to for detailed discussion and 
recommendations.

END OF SUMMARY OF FINDINGS AND RECOMMENDATIONS 
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SECTION 1.0 - GENERAL 

1.1 Introduction
This report presents the results of our geotechnical engineering services performed 

for the proposed Lanai Airport ARFF station project on the Island of Lanai, Hawaii. The 

project location and general vicinity are shown on the Project Location Map, Plate 1. 

This report summarizes our findings and geotechnical engineering 

recommendations resulting from our field exploration, laboratory testing, and engineering 

analyses. These recommendations are intended to assist in the design of site grading, 

building foundations, slabs-on-grade, pavement, utility excavation, and drainage. The 

findings and recommendations presented herein are subject to the limitations noted at the 

end of this report. 

1.2 Project Considerations
The project site is located in the western half of the Lanai Airport on the Island of 

Lanai. The new ARFF station building will be on the west side of the existing airport cargo 

building. This project will involve the development of a new ARFF station building, a new 

service station and water storage units. A paved parking area adjacent to the new station 

and landscaping around the new facility and parking area will also be provided. In addition, 

the existing septic tank/leach field will be improved. Structural details of the proposed 

buildings were not available at the time this report was prepared. 

Based on the site plan provided, the existing ground surface elevations range from 

+1,301 to +1,305 feet Mean Sea Level (MSL). In general, the site slopes down slightly 

from west to east. Based on the relatively level condition, less than 2 feet of grading work 

should be expected.  

1.3 Purpose and Scope
 The scope of our work was to obtain an overview of the subsurface conditions to 

develop a soil/rock data set to formulate geotechnical engineering recommendations for 

the proposed site development. Our work was performed in general accordance with our 
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fee proposal dated May 18, 2007. The scope of our work included the following tasks and 

work efforts: 

 1. Mobilization and demobilization of a truck-mounted drill rig and two operators 
from Honolulu to the project site and back. 

 2. Drilling and sampling of six boreholes to depths of 5 to 20 feet below the 
existing ground surface (three at 20 LF, two at 10 LF, and one @ 5 LF).  
Also, collection of bulk soil samples for CBR analyses. 

 3. Coordination of the field exploration, logging of the borings, and percolation 
testing by our field geologist. 

 4. Laboratory testing of selected samples obtained during the field exploration 
as an aid in classifying the materials encountered and evaluating their 
engineering properties. 

 5. Analyses of the field and laboratory data to formulate geotechnical 
engineering recommendations for the proposed structures. 

 6. Preparation of this formal report summarizing our work on the project and 
presenting our findings and recommendations. 

7. Coordination of our overall work on the project by our project engineer. 

 8. Quality assurance of our work and client/design team consultation by our 
principal engineer. 

 9. Miscellaneous work efforts, such as drafting, word processing, and clerical 
support.

 Detailed descriptions of our field exploration methodology and the Logs of Borings 

are presented in Appendix A. Results of the laboratory tests performed on selected soil 

samples obtained from our field exploration are presented in Appendix B. 

END OF GENERAL
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SECTION 2.0 - SITE CHARACTERIZATION 

2.1 Regional Geology
The Island of Lanai is a shield volcano built by eruptions at the summit and along 

three rift zones more than 1.20 to 1.46 million years ago. The principal rift zone trends 

northwestward as a broad ridge, and is responsible for the conspicuous elongation of the 

island in that direction. A less conspicuous bulge on the southern side of the island is a 

result of building on the southwest rift zone. The summit of the shield collapsed to form a 

caldera from which a shallow graben, bordered by an echelon of step faults, extends 

south-southeast toward Manele Bay. Numerous dikes exposed in the sea cliff indicate that 

this Manele graben lies along another rift zone.  

The caldera was largely, but not completely filled by lava flows, and the present 

Palawai Basin is a remnant of the caldera. Just to the west, Miki Basin (with an average 

diameter of about 0.9 miles) is a nearly filled pit crater. The top of the ridge between them 

is about 140 feet above the floor of the Palawai Basin. On the south side, the floor of 

Palawai Basin merges with that of the Manele graben, through which the last lava flows in 

the caldera overflowed onto the outer slope of the volcano. On the northeastern side, 

Palawai Basin is bordered by a steep slope about 492 feet high, beyond which lies a 

nearly level bench of about 0.9 miles wide. The thick, massive character of the lava flows 

in this bench indicates that it is a part of the floor of the filled caldera. Beyond the bench, 

another steep slope rises to Lanaihale Summit (3,316 feet altitude). Southwest of the 

Lanaihale Summit, at an elevation of 1,000 to 2,000 feet, is the Central Plateau of Lanai. 

The soils consist of well-drained, fine-textured and moderately fine-textured soils 

developed in volcanic ash and in material weathered from basic igneous rocks.

At the northern side of Lanaihale Summit is Maunalei Gulch, one of several pit 

craters filled by talus breccias and later lava flows. So far as is known, all of the lavas of 

Lanai are theolitic basalts. The lava flows range from about 1 foot to 100 feet in thickness 

but average about 20 feet and seldom exceed 49 feet, except where they have been 

ponded in depressions.
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The project site is on the west side of Miki Basin. Most of the soils in the project 

area are residual and saprolite soils, derived from the in-situ weathering of igneous rocks. 

In general, residual and saprolite soils grade to weathered basalt formations with depth. 

2.2 Site Description
The project is within the Lanai Airport on the Island of Lanai, Hawaii. The proposed 

ARFF station building will be on the west side of existing airport cargo building. The project 

location and vicinity are shown on the Project Location Map, Plate 2. 

Based on the plan provided, the site generally slopes downward from west to east. 

The existing ground surface elevations range from +1,301 to +1,305 feet MSL.

2.3 Subsurface Conditions
Six borings from 5 to 20 feet below the ground surface are planned for the 

proposed new ARFF station. The approximate boring locations will be shown on the Site 

Plan, Plate 2. 

Based on our knowledge and other adjacent projects in the proposed ARFF station 

area, we believe that the site is generally underlain by residual soils over highly weathered 

basalt rock formation at deeper depth. The residual soils consisted of stiff to hard silts and 

clays. Some boulders might be encountered embedded within the residual soils at various 

depths.  

Based on the location and elevation of the site, we do not expect to encounter 

groundwater at shallow depth. However, it should be noted that groundwater levels at the 

project site might fluctuate depending on seasonal precipitation, rainfall, temperature, 

surface water runoff and other factors.

Detailed descriptions of the materials encountered in the borings will be presented 

on the Logs of Borings in Appendix A. Results of the laboratory tests performed on 

selected soil samples retrieved from our field exploration are presented in Appendix B. 

END OF SITE CHARACTERIZATION
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SECTION 3.0 - DISCUSSION AND RECOMMENDATIONS 

Based on our subsurface conditions at the site, we believe that shallow 

foundations, consisting of spread and/or continuous footings should be used to support the 

proposed new buildings. An allowable bearing pressure of up to 3,000 pounds per square 

foot (psf) may be used to design shallow foundations bearing on the recompacted on-site 

soils or new compacted fills. This bearing value is for dead-plus-live loads and may be 

increased by one-third (1/3) for transient loads, such as those caused by wind or seismic 

forces.

Based on our laboratory test results, the on-site soils indicated a low to moderate 

expansion potential when subjected to fluctuations in the soil moisture content. Therefore, 

we recommend providing a 12-inch thick layer of non-expansive, select granular fill 

material below the slabs and pavement area. Special attention should be given to the 

subgrade preparation requirements in order to reduce the potential for shrink/swell effects 

on concrete slabs and pavement. Details are presented in the “Site Preparation” section 

herein.

Detailed discussion of these items and our geotechnical engineering design 

recommendations are presented in the following sections herein.

3.1 Site Grading
Based on the existing topography, we anticipate that the grading work will generally 

consist of minor cuts and fills of less than 2 feet thick. The following grading items are 

addressed in the succeeding subsections: (1) Site Preparation, (2) Fills and Backfills, and 

(3) Fill Placement and Compaction Requirements. 

Due to the swell/shrinkage potential of the on-site clayey subsoil, the compaction 

and moisture condition are critical elements of the earthwork. It is important for a Geolabs 

representative to monitor the site grading operations to observe whether undesirable 

materials are encountered during the excavation process and to confirm whether the 

exposed soil/rock conditions are similar to those encountered in our field exploration. 
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3.1.1 Site Preparation

At the on-set of earthwork, areas within the contract grading limits should be 

cleared and grubbed thoroughly. Vegetation, debris, deleterious material, and other 

unsuitable materials should be removed and disposed of properly off-site or 

stockpiled in a designated area to reduce the potential for contamination of the 

excavated materials.  

Soft and yielding areas encountered during clearing and grubbing should be 

over-excavated to expose firm natural material, and the resulting excavation should 

be backfilled with well-compacted engineered fill. The excavated soft soils should 

be properly disposed off-site and/or used on landscaping areas, where appropriate. 

Contract documents should include additive and deductive unit prices for 

over-excavation and engineered fill placement to account for variations in the 

over-excavation quantities. 

After clearing and grubbing, the existing ground should be scarified to a depth of 

8 inches and moisture-conditioned to about 2 percent above the optimum moisture 

and compacted to a minimum of 90 percent relative compaction. For pavement 

subgrades, the minimum relative compaction should be 95 percent. Relative 

compaction refers to the in-place dry density of soil expressed as a percentage of 

the maximum dry density of the same soil established in accordance with 

ASTM D 1557. Optimum moisture is the water content (percentage by dry weight) 

corresponding to the maximum dry density. 

Where shrinkage cracks are observed after compaction of the subgrade, we 

recommend preparing the subgrade soil again as recommended above. Saturation

and subsequent yielding of the exposed subgrade due to inclement weather and 

poor drainage may require over-excavation of the soft areas and replacement with 

well-compacted fill. The excavated soft soils should be disposed properly off-site 

and/or used on landscaping areas, where appropriate. 
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3.1.2 Fills and Backfills

Based on the topography at the project site, we anticipate minor cuts or fills up to 

2 feet may be required for the proposed building foundation. 

General fill material, if required, should consist of low-expansive materials less than 

3 inches in largest dimension. The material should have a laboratory California 

Bearing Ratio (CBR) value of 12 or higher and a swell potential of less than 

1 percent in accordance with ASTM D 1883. The fill material should also be free of 

vegetation and deleterious materials. It should be noted that the general fill 

requirements presented herein are intended as guidelines only and may be 

modified based on Geolabs additional laboratory testing and field observation on 

the available fill materials.  

We recommend placing a 12-inch thick non-expansive, structural fill layer under the 

building slabs as well as the pavement area. This fill should consist of 

non-expansive select granular material, such as crushed coral or basalt. The 

material should be well-graded from coarse to fine with particles no larger than 

3 inches in largest dimension and should contain between 10 and 30 percent 

particles passing the No. 200 sieve. The material should have a laboratory 

CBR value of 25 or more and should have a maximum swell of less than 1 percent 

when tested in accordance with ASTM D 1883.  

Aggregate base course and select borrow subbase material required for the 

pavement sections should consist of crushed basalt aggregate and should conform 

to the County of Maui, Department of Public Works, “Standard Specifications for 

Public Works Construction,” dated September 1986. Geolabs should test imported 

fill materials for conformance with these recommendations prior to delivery to the 

project site for its intended use. 

3.1.3 Fill Placement and Compaction Requirements

Fills should be moisture-conditioned to about 2 percent above the optimum 

moisture, placed in level lifts not exceeding 8 inches in loose thickness, and 

compacted to at least 90 percent relative compaction. Base course and select 
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borrow subbase materials at the pavement area should be moisture-conditioned to 

above the optimum moisture, placed in level lifts not exceeding 8 inches in loose 

thickness, and compacted to a minimum of 95 percent relative compaction. 

Relative compaction refers to the in-place dry density of soil expressed as a 

percentage of the maximum dry density of the same soil established in accordance 

with ASTM D 1557. Optimum moisture is the water content (percentage by dry 

weight) corresponding to the maximum dry density. 

Compaction should be accomplished by using sheepsfoot rollers, vibratory rollers, 

multiple-wheel pneumatic-tired rollers, or other types of acceptable compaction 

equipment. 

Because moisture-conditioning and compaction of the clayey subgrade soils are 

critical elements of earthwork, Geolabs should conduct observations and soil 

density tests during site grading to assist the contractor in obtaining the required 

degree of compaction and the proper moisture content. Where compaction is less 

than required, additional compactive effort should be applied with adjustment of 

moisture content as necessary to obtain the specified compaction. It should be 

noted that the moisture requirement of the fills and subgrades (about 2 percent 

above the optimum moisture) is an important requirement for the use of on-site 

clayey soils. 

3.2 Building Foundations
Based on the subsurface at the project site, we recommend using shallow spread 

and/or continuous footings to support the proposed structures, including the ARFF station 

building, service station building and water storage units. An allowable bearing pressure of 

3,000 psf may be utilized for the design of building foundations bearing on properly 

compacted fill, or recompacted stiff on-site materials. This bearing value is for dead-plus-

live loads and may be increased by one-third (1/3) for transient loads, such as those 

caused by wind or seismic forces.  

For footings bearing on the recompacted on-site soil or new compacted fill, the 

bottom of the footing excavations should be recompacted to at least 90 percent relative 
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compaction to provide a relatively firm and smooth bearing surface prior to the placement 

of reinforcing steel or concrete. Soft and/or loose materials encountered at the bottom of 

footing excavations should be over-excavated to expose the underlying firm materials. The 

over-excavation should be backfilled with select granular material compacted to a 

minimum of 90 percent relative compaction, or the footing bottom may be deepened to the 

underlying firm materials. 

Footings should be embedded a minimum of 2 feet below the lowest adjacent 

finished grade. Foundations next to utility trenches or easements should be embedded 

below a one horizontal to one vertical (1H:1V) imaginary plane extending upward from the 

bottom edge of the utility trench or as deep as the inverts of the utility lines. This 

requirement is necessary to avoid surcharging adjacent below-grade structures with 

additional structural loads and to reduce the potential for foundation settlement. 

If the foundations are designed and constructed in accordance with our 

recommendations, we estimate total settlements of footings may be on the order of about 

1 inch. We estimate differential settlements between adjacent footings to be on the order 

of about 0.5 inches.  

Lateral loads acting on the structure may be resisted by passive earth pressure 

acting against the near-vertical faces of the foundation system and by friction between the 

bottom of the foundation and the bearing soil. Resistance due to passive earth pressure 

may be estimated using an equivalent fluid pressure of 300 psf. This assumes that the soil 

around the footings is relatively undisturbed or well-compacted. Unless covered by 

pavements or slabs, the passive resistance in the upper 12 inches of soil should be 

neglected. A coefficient of friction of 0.35 may be used for footings bearing on properly 

compacted fill or on-site stiff clayey material. 

We recommend that a Geolabs representative observe footing excavations prior to 

placement of reinforcing steel and concrete to confirm the foundation bearing conditions 

and the required embedment depths. Due to the expansive nature of the on-site clayey 

material below the foundations, observation of the foundation excavations and preparation 
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operations should be designated a “Special Inspection” item in accordance with 

Section 1701 of the uniform building Code (1997). 

3.3 Slabs-On-Grade
We anticipate that the project site is underlain by near-surface clayey soils with low 

to moderate expansion potential when subjected to moisture fluctuations. The lightly-load 

slabs-on-grade should be designed properly due to the potential for structural distress 

caused by the expansive soil. To reduce the potential for structural distress resulting from 

swelling of the subgrade soils, we recommend properly preparing the subgrade soils prior 

to fill placement as discussed in the “Site Preparation” section above. In addition, a 

minimum of 12 inches of non-expansive, structural fill (capping fill) material should be 

provided below the building slab areas. 

 For interior building slabs (not subjected to vehicular traffic or machinery vibration), 

we recommend placing a minimum 4-inch thick layer of cushion fill consisting of No. 3 Fine 

gravel (ASTM C 33, No. 67 gradation) below the slab to serve as a capillary break and to 

provide more uniform support of the slab. To reduce the potential for moisture infiltration 

and subsequent damage to floor coverings, an impervious moisture barrier is 

recommended on top of the cushion fill. Flexible floor coverings, such as carpet or sheet 

vinyl, should be considered since they can better mask minor slab cracking. It is also 

recommended that the interior wall design incorporate some flexibility to accommodate a 

small amount of possible ground movements. 

 To further reduce the potential of water infiltration from the area adjacent to the 

building footing into the subsurface and causing building structural distress, we 

recommend considering a concrete sidewalk around the perimeter of the building 

structures. If the concrete sidewalk around the building perimeter is chosen, the 12-inch 

thick non-expansive, select granular fill recommended below the building slabs should 

extend out to the edges of the concrete sidewalk and should be compacted to at least 90 

percent relative compaction. The concrete sidewalk slab may be supported directly on the 

12-inch thick non-expansive select granular fill. Construction joints, at intervals equal to the 

width of the sidewalk, should be provided with expansion joints at right-angle intersections. 
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 It should be noted that the moisture content requirement of the clayey subgrades 

(at least 2 percent above the optimum moisture) is an important requirement considering 

the expansive nature of the on-site clayey soils. Therefore, moisture content of the 

subgrade soils underneath the sidewalk should be properly conditioned and maintained 

until the placement of the select granular fill and concrete.

It should be emphasized that the areas adjacent to the slabs should be backfilled 

tightly against the slab edges with low expansion, relatively impervious soils. These areas 

should also be graded to divert water away from the slabs and to reduce the potential for 

water ponding around the slabs and foundations.

3.4 Pavement Design
Based on the information and plan provided, we envision both flexible and rigid 

pavements might be constructed to serve the new Lanai Airport ARFF station. In general, 

we anticipate that the vehicle loading for parking areas will consist primarily of passenger 

vehicles and light to medium trucks.  We anticipate that the vehicle loading for certain 

areas will consist of heavy trucks such as the fire trucks and tankers. We envision that the 

parking areas will consist of asphaltic concrete and the areas traversed by the fire trucks 

and tankers will consist of Portland cement concrete.  Based on the above assumption, we 

recommend using the following flexible and rigid pavement sections for preliminary design 

purposes:

  Asphaltic Concrete Pavement
    2.0-Inch Asphaltic Concrete 
  10.0-Inch Aggregate Base Course (95 Percent Relative Compaction)
  12.0-Inch Total Pavement Thickness over Compacted Subgrade 

Portland Concrete Pavement (areas subjected to fire trucks)
    6.0-Inch Portland Cement Concrete 

  6.0-Inch Non-Expansive Select Granular Fill (Aggregate Subbase) 
  12.0-Inch Total Pavement Thickness over Compacted Subgrade 

The non-expansive, select granular fill under the pavement area should be placed 

in level lifts of about 8 inches in loose thickness, moisture-conditioned to above the 

optimum moisture, and compacted to at least 95 percent relative compaction. The 
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non-expansive, select granular fill should be kept moist prior to placement of base course 

and/or Portland cement concrete. The subgrade below the non-expansive, select granular 

soil should be scarified to a depth of about 8 inches, moisture-conditioned to about 2 

percent above the optimum moisture, and compacted to at least 95 percent relative 

compaction.

Base course and select granular fill materials should consist of crushed basalt 

aggregate compacted to no less than 95 percent relative compaction. CBR and density 

tests should be performed on the actual subgrade soils encountered during construction to 

confirm the adequacy of the above sections. 

Aggregate base course and aggregate subbase course materials should meet the 

material requirements for Base Course and Subbase Course as specified in Sections 30 

and 31, respectively, of the Standard Specifications for Public Works Construction, 

Department of Public Works, County of Maui, September 1986. Imported fill material 

should be tested for conformance with these recommendations prior to delivery to the 

project site for its intended use. 

In general, paved areas should be sloped and drainage gradients should be 

maintained to carry surface water off-site. Surface water ponding should not be allowed 

on-site during or after construction. If concrete curbs are used to isolate landscaping in or 

adjacent to the pavement area, we recommend extending the curbs a minimum 2 inches 

into the soil below the aggregate base course (Flexible Pavements) or aggregate subbase 

layer (Rigid Pavements) to reduce migration of landscaping water into the pavement 

section. In addition, a subdrain system is recommended to collect excess water from 

landscaping for long-term usage. 

3.5 Underground Utilities
We anticipate that utilities for the new Lanai Airport ARFF station will primarily 

consist of water, sewer and drain lines. Based on the soil condition at the project site, we 

anticipate that the excavation of utility trenches will encounter stiff to hard silts and clays. 

We envision that conventional excavation methods may generally be utilized for the trench 

excavation. However, boulders may be encountered at a shallow depth within the residual 
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soils, which may pose some difficulties during the excavation. The contractor shall 

determine the method and equipment to be used for underground utility excavation and 

shall comply with the applicable federal, state, and local requirement. 

For support of the utility lines, we recommend using granular bedding consisting of 

6 inches of No. 3B Fine gravel (ASTM C 33, No. 67 gradation) under the pipes. The initial 

backfill up to about 12 inches above the pipes should consist of free-draining material, 

such as No. 3B Fine gravel, to reduce the potential for pipe damage from compaction of 

the backfill. It is critical to use a free-draining granular material to reduce the potential for 

formation of voids below the haunches of pipes and to provide adequate support for the 

sides of the pipes. The use of on-site soils as backfill directly around utility pipes is not 

recommended. Improper trench backfill could result in backfill settlement and utility pipe 

damage.

The upper portion of the trench backfill from a level of 12 inches above the pipes to 

the finish subgrade should consist of the approved on-site soils or general fill material. The 

backfill material should be moisture-conditioned to at least 2 percent above the optimum 

moisture content, placed in level lifts not exceeding 8 inches in loose thickness, and 

compacted to a minimum of 90 percent relative compaction to reduce the potential for 

future ground subsidence. The upper 3 feet of the trench backfill below the pavement 

subgrade should be compacted to no less than 95 percent relative compaction. 

Mechanical compaction equipment should be used to compact the materials at the project 

site. Water tamping, jetting, or ponding should not be allowed to compact the backfill 

material. 

3.6 Drainage
The surface and subsurface drainage at the site are especially critical considering 

the nature of the soils at the site. We believe that the finished grades adjacent to the 

structures should be sloped to shed water away from the foundations and to reduce the 

potential for ponding. It is also advised to install gutter systems around the structures and 

to divert discharge away from foundation and pavement areas. Excessive landscape 

watering near the foundations and slabs should also be avoided. Gravel strips adjacent to 
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slabs and foundations should be avoided. Planters next to foundations should be avoided 

or have concrete bottoms and drains to reduce water infiltration into the subsoils. 

These drainage requirements are essential for the proper performance of the above 

foundation recommendations since ponded water could cause subsurface soil saturation 

and subsequent loss of strength of the near-surface soils. The foundation excavations 

should be backfilled properly against the footings immediately after setting of the concrete 

to reduce water infiltration. Drainage swales should be provided as soon as possible and 

should be maintained to drain surface run-off away from walls and foundations. 

3.7 Design Review
Drawings and specifications for the proposed construction should be forwarded to 

Geolabs for review and written comments prior to bid advertisement. This review is 

necessary to evaluate adherence of the plans and specifications to the intent of the 

foundation and earthwork recommendations provided herein. If this review is not made, 

Geolabs cannot assume responsibility for misinterpretation of the recommendations 

presented. 

3.8 Post Design / Construction Observation Services
It is recommended to retain Geolabs for geotechnical engineering services during 

construction. The critical items of construction monitoring that require "Special Inspection" 

include observation of the subgrade proof-rolling, fill and select granular fill placement and 

compaction, shallow foundation excavations and other aspects of earthwork construction. 

This is to observe compliance with the intent of the design concepts, specifications, or 

recommendations and to expedite suggestions for design changes that may be required in 

the event that subsurface conditions differ from those anticipated at the time this report 

was prepared. The recommendations provided herein are contingent upon such 

observations. If the actual soil conditions encountered during construction are different 

from those assumed or considered herein, then appropriate modifications to the design 

should be made. 

END OF DISCUSSION AND RECOMMENDATIONS
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SECTION 4.0 - LIMITATIONS 

The analyses and recommendations submitted in this report are based in part upon 

information obtained from the field borings and bulk samples. Variations of conditions 

between and beyond the field borings and bulk samples may occur, and the nature and 

extent of these variations may not become evident until construction is underway. If 

variations then appear evident, it will be necessary to re-evaluate the recommendations 

presented in this report. 

The field boring and bulk sample locations are approximate, having been estimated 

from the Site Plan transmitted by Architects Pacific, Inc. on May 21, 2008. Elevations of 

the field borings were interpolated from the contour lines shown on the same plan. The 

boring locations and elevations should be considered accurate only to the degree implied 

by the methods used. 

The stratification breaks shown on the Logs of Borings depict the approximate

boundaries between soil/rock types and, as such, may denote a gradual transition. Water 

level data from the borings were measured at the times shown on the graphic 

representations and/or presented in the text herein. These data have been reviewed and 

interpretations made in the formulation of this report. However, it must be noted that 

fluctuation may occur due to variation in seasonal rainfall, and other factors. 

This report has been prepared for the exclusive use of Architects Pacific, Inc. and 

their project consultants for specific application to the Lanai Airport Aircraft Rescue and 

Fire Fighting (ARFF) Station project in accordance with generally accepted geotechnical 

engineering principles and practices. No warranty is expressed or implied. 

This report has been prepared solely for the purpose of assisting the design 

engineers and architect in the preparation of the commercial building foundation design, 

pavement design, and grading recommendations for the proposed project. Therefore, this 

report may not contain sufficient data, or the proper information, for use to form the basis 

for preparation of construction cost estimates or contract bidding. A contractor wishing to 

bid on this project should retain a competent geotechnical engineer to assist in the 
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interpretation of this report and/or performance of site-specific exploration for bid 

estimating purposes. 

The owner/client should be aware that unanticipated soil conditions are commonly 

encountered. Unforeseen soil conditions, such as perched groundwater, soft deposits, 

hard layers or cavities, may occur in localized areas and may require additional probing or 

corrections in the field (which may result in construction delays) to attain a properly 

constructed project. Therefore, a sufficient contingency fund is recommended to 

accommodate these possible extra costs. 

This geotechnical engineering exploration conducted at the project site was not 

intended to investigate the potential presence of hazardous materials existing at the site. It 

should be noted that the equipment, techniques, and personnel used to conduct a 

geo-environmental exploration differ substantially from those applied in geotechnical 

engineering.

END OF LIMITATIONS
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CLOSURE

 The following plates and appendices are attached and complete this report: 

   Plate 1 - Project Location Map 

   Plate 2 - Site Plan 

   Appendix A - Field Exploration 

   Plate A - Log Legend 

   Plates A-1 - Logs of Borings  
       and A-6 

   Appendix B - Laboratory Testing 

 Plates B-1 - Laboratory Test Data 
       thru B-X 

 -o0o0o0o0o0o0o0o0o- 
Please note:  Plates and appendices have been excluded from this draft report.  Plates and 
appendices will be included in the formal report at a later date.  

Respectfully submitted, 

GEOLABS, INC. 

                 DRAFT 
By ________________________ 
         Clayton S. Mimura, P.E. 
                   President 
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