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INTRODUCTION

‘This s the report ol'the geotechnical investigation perlormed at the site planned lor construction
of a new Northstar Battery Manulacturing Facility located south of State Route BE (Division) along
Alliance Avenue in Springfield, Missowl. This investigation was authorized by a letter proposal
dated January 16, 2008 and signed by Joel Gibson, representing Marshall Waters Woody Associates,
It 18 understood that the proposced new development will include construction of a single-story
building with precast walls and slab-on-grade construction mcasuring approximately 308,000 sq ft
n plan dimension. 1t is alse understood that there are several conerete pits over 10 feet deep planned
within the southeast portions of the building. Pavement for light vehicular parking and entrance
drives as well as pavement [or tractor tratlers is also planned. Foundation loads for the bullding arc
anticipated to be moderate. while floor slab loads are anticipated to be moderate 1o heavy,

The purposc of this investigation is o provide information for the design of sale and cconomical
foundations and to aid in suc development. 1o accomplish the intended purposes, a three-phase
study program was conducted which included: a)a field investigation consisting of sample borings:
b} a laboratory testing program designed to evaluate the engineering properties and strenglh
charactenistics of the subgrade and [oundation soils: and ¢) an engincering analysis of the
information developed in the field and laboratory swudics with recommendations for foundation
support, subgrade preparation and pavement thickness,

WORK PERFORMED

On-Site Borings: Subsurface conditions at the sile were investigated by drilling a wral of
fifteen (15) sample borings. Borings Bl through B-10 were drilled within the proposed building
areas while Borings P-1 through P-3 were drilled within proposed pavement areas. Building bormes

were discontinued on limestone at depths ranging from 9.5 w 143 feer below existing ground
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surface, while pavement borings were discontinued in clay at depths of 4.5 10 5 feet. Boring
locations were selected and staked in the ficld by Palmerton and Parrigh, [ne.. using a wtal station
and inlormation provided by the client. The Missouri One-Call Svstem was notified prior 1o the
investigation to assist in locating buried utilities. A site plan presenting boring locations was
prepared and included with this report as Appendix [ Logs ol the borings showing descriptioms of
so1l and rock units encountered as well as resuls of field and laboratory tesls are presented in
Appendix 11

Beorings were drilled February 5 through February 7, 2008 using 4.5-inch diameter continuous
flight augers powered by a track-mounted CMLE-35 drill rig. Relalively undisturbed soil samples
were obtained from the borings using thin wall (Shelby) tube samplers pushed hydraulically into the
soil i advance of dnlling. This sampling. which is considered to be undisturbed. was performed
in accordance with the requirements of ASTM D 1387, This type ol sample is considered best lor
the testing it "in situ" soil propertics such as natural density and strength characteristics. The use ol
this sampling method is basically restricted 1o soil containing little o no cherl frapments and w
sofler shale deposits.

The second soil sample type was the split spoon sample which was obtamed while perlorming
the Standard Penctration Test. This test, deseribed m ASTM 17 1586, consists ol driving a 2-inch
diameter splil spoon sampler using a weight of 140 pounds with [ree fall of 30 inches, The number
ol blows required to drive the sampler each of three successive i mch increments of depth or [raction
thereal, in advance of drilling was rccorded. The sum ol the last two blow count determinations 1§
normally taken as the penetration expressed in blows per 12 inches (N-values) and s presented on
the boring log at sample depth. The soil sample obtained is considered disturbed and is useful
primarily for strata identification and the determination of natural maisture content and Atcrberg

Limit values.
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The conventional method used to obtain disturbed samples in the held was typically derved by
the use of a safety hammier operated by company personnel with a ¢at head and rope. However. use
ol an automatic hammer allows a greater mechanical efficiency to be achieved in the Leld by
performing a standuard peretration resistance test based upon automatic hammer efficiencics
calibrated using dynamic testing technigues.

Laboratory Testing: All samples were transported to the laboratory for further evaluation and
visual examination. Laboratory soil testing included determination of natural soil moisture contenl
and dry unit weight, uncontined compressive strength, pocket pencirometer strength and Atterberg
Limit values. Laboratory test results are recorded on the boring logs at sample depth.

SITE GEOLOGY

The gencral site arca is underlain at depth by the Mississippian Age Burlington Limestone
Formation. Thisunit charactenistically consists of coarse grained gray limeswone which is nearly pure
calcium carbonate. Isolated chert nodules and discontinuous chert layers are present throughout the
formation. The upper surface of this limestone umit is generally rregular duc to the eilects of
diflerential vertical weathering and solution activity. Limestone pinnacles. some of which are 10
to 15 feet high arc common in the gencral area. In upland arcas, overburden soils are usually
composed of red clay and chert and are residual having developed from phyvsical and chemical
weathering of the parent hmestone. The cherl [ragments were interbedded with the limestone. but
are much more resistant to weathering and retain rock-like properties.  The contact between
comparatively unweathered bedrock and the residual soils is usually abrupt.

The general site arca is located within the Ozarks Phyvsiographic Region of Missoun which is
characterized by rugged to rolling hill terrain, meandering streams and karst twopozraphy.  Karst
topography forms over areas of carbonate bedrock where groundwater has solutionally enlarpged

openings to form a subsurface drainage system. Springs, caves, losing streamis and sinkholes are
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commaon in karst arcas. Sinkholes are defined as a depression in the landscape with an inlernal
drainage system.

To investigate karst activity atthe project site, & cursory reconndissance survey was performed.
Available peographic information svstem (GIS) data lound onthe Center for Agricultural, Rescurces
and Environmental Systems (CARLS ) website indicates that no USGS or MoDDNR mapped sinkholes
or sinkhole areas are located on the property.

GENERAL SITE AND SUBSURFACE CONDITIONS

The project site is currently an open, gently sloping, grass covered agricultural leld with poor
Lo fair surface drainage, Surlicial soils encountered across the site consist of approximately 9 1o 12
mches of grass covered topsoil. Due to recent precipitation. these surlicial soils were relatively
unstable at the time of drilling requiring four-wheel drive support vehicles and track-mounted
dnlling equipment that produced sigmficant rutting or deflection.

Underlying topsoil, shallow soils encountered in the borings consisted of moist and soll Lo 1irm
brown and reddish brown lean clay with chert quantities on the order of a trace to 20 percent. Solt
zoils encountered were generally within the upper 1 1o 1.3 et inthe borings and exhibited low shear
strength, probably due to reeent precipitation and cold winter months, These lean clays exhibit low
plasticity and classify as CL according to Unilied Soil Classification System (UISCS) eriteria and
extend to depths ot 2.5 to 4.0 feet. Coheston values ranging from 1303 to 2323 psl as well as pocket
penetrometer strengths ranging fron 2 1o 4 1sfwere recorded for the lean clavs below | foot depths
mdicating moderate shear strength.

Lean clays at this site generally above 2.5 1o 4 {1, typically above 2 ft, often contain little
or no chert. Based upon the on-site conditions during drilling, these soils will probably
undergo significant loss of shear strength and related subgrade stability upon increase in soil

muoisture, especially when disturbed with heavy construction equipment. These lean clays may
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also have a relatively narrow range of moisture content at which satisfactory compacted
density and subgrade stability may be achieved. This soil behavior makes compaction difficult
it construction is initiated during wet weather when precipitation exceeds evaporation rates.

Deeper foundation soils encountered in the borings consisted of a molst and firm w sttt reddish
brown (at clay with chert quantities on the order of O to 30 percent. 11 should be noted that soft soils
were encountered in Borings B-2 and B-8. generally within a lew feet above limestone bedrock. Sot
soils are commaon Immediately above limestone in the Springficld area. These fat clavs exhibit high
plasticity classifying as CI according to USCS criteria and extend 1o horing completion or top ol
limestone in the borings, The significant so1l shrinkage and/or swell commonly associated with Cl1
clays 1s not considered likely due to the low dry unit weight, high natural moisture conlent relative
to the plastic limil and dilution effect of chert as well as past experience by this firm in the
Springfield area. Cohesion values ranging [rom 1032 1o 2248 psf. Standard Penctration N-valucs
ranging trom 9 1o 36 blows per foot as well as pocket penetrometer strengths ranging from | 1o 3.3
tsf were recorded for the deeper fat clays indicating moderate shear strength. Lxeeptions were
encountered in soft clays above limestone, such as Borings B-2 and B-8, where recorded N-values
of 5 and 6 blows per foot indicate low shear strength.

Limestone was encountered in all building Borings at depths ranging from 6.3 10 10.9 teet below
cxisting ground surface with corresponding elevations from [ 277,710 1290.3, A summary of ground
surface elevations, depths 1o limestone and corresponding limestone surface elevations for the

building borings are presented below (Table 1)
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Table 1

RBaring Grround Swrface Elevation Depth to Limestong, ft L||11¢E;::1:[§:'|:r:3hcc
L3-1 1281.0 [9.% L2300
B-Z 12804 wa | 270
B-3 12794 5.0 1271.4
13-4 128210 9.0 2730
B-3 250 &.3 2975
RB-6 1282 .3 12765
B-7 12863 Lo AT AT
B-i 12877 [L4RY | 2737
B-9 2902 [0.5 F239.7
B-10 (2903 LOug 128005

According to boring clevation data and site grading plans. limestone bedrock should remain
below excavation depths required for the projeet, except m areas where deep pits are planned. In
these arcas, limestone encountered during excavation will be highly resistant 1o maching excavalion
techniques. requiring the use of blasting techniques or a pncumatic breaker for removal.

No shallow groundwater was obscryved within borings at the time of dnlling, However. shallow
perched groundwater 15 considered possible at the site.

SUMMARY OF SITE TERRAIN, GEQLOGIC AND SUBSURFACE CONDITIONS

The site terrain, geologie and subsurface conditions considered pertinent 1o foundation design
and site development are:

1. The gentle sloping topography and poor wo fair surface drainage at the site:

2. The presence of approximately 9 w 12 inches of topsoil across the site;

Gl

The karst condition of the general site arca. but absence ol apparcnt sinkhole
depressions on the properly based upon a cursory sile reconnaissance and

conditions encountered in the borings;
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4. The moderate shear strength of shallow lean clays encountered n the borings
I to 1.5 feet below existing grade and the low shear strength encountered in soft
soils generally above 110 1.3 feet, These soils contained little to no chert and
should be expected to undergo significant loss of shear strength and related
subgrade stability upon increase in soil moisture, especially if disturbed by
construction equipment;

The senerally moderate shear strength of deeper CH clavs encountered across

L

the site. Soft soils were encountered in Borings B-2 and B-8. generally within
a fow feet above limestone bedrock. Soft soils are common immediately ahove
limestone in the Springficld area and should be anticipated at this site:

&. The anticipated low shrink/swell potential of the CH clays at the site:

7. The presence ol limestone cncountered inall building Borings at depths ranging
from 6.5 to 109 feet below existing ground surface with corresponding
elevalions [rom 1277.7 t0 12003, A summary of ground surface elevations.
depths to bedrock and corresponding bedrock surface elevations lor the building
borings are presented in Table |:

8. The absence of shallow groundwater observed within borings at the time of
drilling, but the possihility ol shallow perched groundwarter developing at the
s1Le.

FOUNDATION RECOMMENDATIONS

Foundation design for all structurcs must consider two primarily soil related factors.
Foundations should be designed so that maximum possible siresses transmitted to foundation soils
and rock will not exceed allowable bearing pressures as computed from reliable shear strength

information ol the soil mass: In additon, foundations should be sized to lmit the maximum
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anticipated total or differential movements to magmitudes which can be tolerated by the planned
structural system. Construction factors such as installation ol toundation units. excavation and 11l
placement diflicultics and surface and groundwater conditions must alse be considered. These
factors along with Lthe previously discussed surface conditions were influential in preparabon ol the
following recommendations,

As previously mentioned, the proposed new development will include construction of a single-
story building with precast walls and slab-on-grade comstruction measuring approximately 308.000)
sq ft in plan dimension, It is also understood that there are several conerele pits over 1) feel deep
planned within the southeast portioms ol the bulding: Pavement [or light vehicular parking and
entrance drives as well as pavement [or tractor trailers 1s also planned. Foundation loads for the
building are anticipated o be moderate, while [loor slab loads are anticipated o be moderate
heavy. According to site grading plans. estimated hmsh Toor elevation for the butlding 15 1286
This will require 111l depths ranging up to 7 leet or more lor the northem two-thirds of the building
lootprint and cut depths transitiomng w3 Tect or more [or the southern one-thard o provide [imsh
subgrade clevations.

Bascd upon subsurface conditions encountered inthe borings. the use of shallow spread footings
founded on firm o sult natural sotls or well compacted controlled Gl s considered permmissible, 1f
footings are to be founded on compacted lill, subgrade preparation and [ill placement should
be performed under controlled conditions in strict accordance with the following section of this
report. Footings bearing on natural so1ls should be founded at least 1.5 feet helow existing grade.
However, the requirement of deepening of some footings to penetrate suberade soils that may
become softened due to the wet weather should be anticipated and recognized in contract
documents. 1o limit the effects of frost penetration and scasonal variation of soil moisture., all

gxterior footings should be founded art least 2.5 feet below final exterior grade,
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Footings founded as outlined above on controlled fill or firm to stiff natural so1ls may be sized
using net allowable bearing pressures of 2500 and 3000 pst for continuous and individual footings,
respectively, Minimal footing widths of 1.5 feet for continuous and 2.3 et lor individual footings
are recommended to prevent localized shear failure. These bearing pressures should provide a factor
of safety against bearing capacity [allure on the order of 3.0 with respect w the average minimum
shear strength propertics anticipated [Or well compacted contralled fill and determined for natural
soils during this study.

Seismic Considerations: The IBC 2000 code allows a method for determining the appropriate
site class of a site with distinetly different subsurface strata. This method was utilized by assigning
an appropriate shear wave velocity for each pencral strata at the site (lean clays. fat clays and
limestone).  Shear wave velocily approximations for the clays were hased upon cmpirical
relationships whercas shear wave velocity for the limestone formation was based upon past aclual
measurements conducted by this iirm in similar rock formation. Based upon this analyvsis, 101s
believed that a site Class C should be assigned to this project site.

SITE DEVELOPMENT

According to site grading plans. estimated finish floor elevaton [or the building is 1286, This
will require (il depths ranging up o 7 feet or more for the nonhern two-thirds of the building
footprint and cul depths transitioning tw 5 feel or more for the southern one-third to provide linish
subgrade clevations. Tt is anticipated that building Noor slabs will often be subjected 10 moderate
storage, equipment and wheel loads. Pavement arcas along the south and ¢ast portions of the
building will be subjected 1o [requent tractor trailer traffic, while pavement arcas 1o the north and
west will be subjected to light vehicular traffic.

Subgrade Preparation: The initial phasc of sile preparation should include ¢learing and

grubbing of all vegetative matter and topsoil. Topsoil stripping onthe order of 9 1w 12 inches should
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be anticipated, Once this preliminary work is complete, a method of subgrade improvement within

the slab and heavy-duty pavement arcas should be selected.  As previously described. cxisting

subgrade soils above 1.5 feet are lopsorl or lean clays containing Little or no chert fragments and

presently exhibiting low shear strength.  Even alter adjusting to near optimum moisture and

compaction. these soils do not provide a good quality subgrade over design life of pavements and

slabs. To improve subgrade support characteristics and avold the design of overly thick pavement

sections, one of the following subgrade improvement measures should be implemented.

Lxd

General Removal and Replacement:  Lean clays contamning hittle or no chert.

commmondy found at this site should be generally undercut from beneath all building

Noor slabs, as well as pavements subjected to frequent truck wheel loads, to depths on

the order of 1.5 leel. Lean clays in shallow undercuts may be excessively wet and

soft during periods of prolonged rainfall. If this condition is exposed, deeper

undercutting or other methods of stabilizing the undercut bottoms will be

warranted,

Removal and Replacement with Sclect Fill: In addition to general undercutting

deseribed above under ltiem 1, the slab and pavement areas may be undercut sufficient

to provide at least 2 feet of zelect fill below slabs and heavy duty pavemenis. Thiswill

allow usc of a higher CBR value in pavement analvsis. Select fill should consist of
clavey chert gravel, gravelly clay or lean clay containing at least 30 percent sand and

gravel retained on the No. 200 sieve. Soil moistare within this vone below slabs and

truck pavemenls should be controlled within 2 percent of optimum.

Installation of Rock I'ill Sub-Base: Removal of the top 1.5-01 af exasting lean clays
may be performed to enable the placement of rock fill. A rock 1111 sub-base consisting

of 4 to 8 inch top-size rock may be placed in full 18-inch lift thickness ahcad of
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construction activity and compacted by a seli=propelled vibratory roller, A CBR of 12
may be assumed for subgrades improved in this manner {or preliminary pavement
design. Again, if excessively soft or wet undercul botloms oceur during perinds of
prolonged precipitation, decper undercutting andfor thicker rock (111 sub-base will be
required.

Earth Fill: Controlled carth fill for this project should consist of inorganice low plasticity lean

if containing at least 33 percent chert fragments retained on the No, 4 sieve or it placed at feast 2 N
below pavements, slabs and footings. Large size rock greater than 6 inches should be generally
excluded from controlled hlls. Surficial soils may contain excessive moisture during wet weather and
drying by aeration or manipulation 15 usually difficult during cool wet weather, Deeper CH clays
should be used for controlled 1l only if complying with above criteria for placement location or chert
content.

Controlled [il] should be placed in no greater than 8 inch loosce lifts and compacted w at least Y3
perecnt of maximum density as determined by Standard Froctor Procedures (ASTM 13 6985 Soil
msture should be as required to achicve specificd compacted density, However, within 2 t of
finish subgrade in building slab and heavy duty pavement arcas, carth fill should be compacted
to at least 98 percent of maximum Standard Proctor Density (ASTM D 698) within 2 percent
of optimum for CL or GC soil types and 0 to 4 percent above optimum for CH soil tvpes
containing appreciable chert.  Adcguate ficld density and moisture content tests should he
performed to ensure compliance with project specilications. Subgrade nspection and 01 testing

under controlled conditions s considered essential il footings are o be founded in (11 A testing

Lests per 1115 recommended within building arcas. 1n pavement arcas., the testing frequency may b
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relaxed to one (1) fleld density test per 3000 sp (1 of (3l i, but again no less thap three (3) tests per
lift.

Retaining Walls: In view ol the possible development of perched groundwater at the project
site, it is recommended that retaining wall structures be designed and constructed recognizing the
possibility of shallow sroundwater. A drainage system constructed with coarse hree-draining gravel
and perforated pipe is considered adequate, Groundwaler collected by the drain should be remaoved
to free-discharge by gravity flow or by weep holes through the basc of wall.

Retaining wall back 71l should consist ol [ree-draining crushed stone oralternatively, may consist
of lean ¢lav or higher plasticity ¢lay containing appreciable chert fragments. Crushed stone. if
selected, must be imported from a quarry source whereas on-site souls suilable for wall backiill could
probably be segregated and stockpiled during basement excavation. Depending upon the bpe of
backfill selected and degree of wall restraint, the [ollowing table of lateral carth pressures arc

considered appropriate for wall design.

TaRLE | FOUIVALENT FLULD PRESSURES (Dramed Hackill Chdy)
|
Leved Backtil Shoped Dack B 2E1 IV ® |
Type of Backfill
Festrained Walls Unestrained Walls Festamed Walls Linestamed  Walls |
Clormpacted Lean Clay {0710
o Cherny Clay =% N T pef b5 poi Rl et S
q Breve
Clean Crshed Soong 3t el Aot ol el A% pud
Rk Fill (Free-Cheaining) a0 per ipel il pef 45 et
Fur back (1] sloped otbeer than 28 1Y, mterpolate belwsen values given e Table | For level and shped back1ill
NOTE: Structural design of uarestrained walls should peomn wall roragion oar rop o wall cgqual 1o 1220h of wall Tieaghn

Ifcrushed stone backfill is selected and wall design in accordance with the above cquivalent fluid
pressures, the crushed stone backfill should be placed within a boundary projecting 30 degrees from

the vertical commencing at a point | foot out from the base ol wall. Storage loads placed upon Hoor
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slabs adjacent to retaining walls will increase lateral stress against walls, Storage loads placed
immediately adjacent to dock walls should be multiplied by 0.25 o compute lateral suress increase.

Floor Slabs: Slab-on-grade or slab-on-{ill type construction is considered appropriate at the
project site with subgrade preparation in accordance with the above recommendations. Placement
ol 3 or more inches of compacted [ree-draining granular base course helow slabs as recommended
by the American Concrete Institute is preferred to imit moistuee rise through slabs and o improve
slab support, particularly at joints. [f slab areas are planncd which will he sensitive to slab moisture
due to the intended use, it is recommended that a 10 mil impervious moisture barrier or eguivalent
be provided below slabs.
PAVEMENT ANALYSIS

Three different subgrade/sub-base alternatives were examined when perlonming the pavement
analysis for the project site. These alternatives include the use of existing soils as a natural subgrade
aller general undercuts of |- to 1.53-foot depths, removal and replacement with sclect earth fill, and
the construction of a rock [ill sub-base. For existing soils compacted in accordunce with this reporl.
a CBR value of 3.0 was uscd in the pavement analysis. or seleet (i1l subgrade. the CBR value was
inercased to 6.0. If the rock fill sub-base alternative was chosen. the CBR value was increased o
B2t

Paving Materials: Two different paving matenials were analyzed. which included asphaltic
concrete and concrete pavement. IFasphaltic paving s selected. the aggregate hase may be a granular
compacted crushed limestone with a gradation and quality conforming o the requirements of the
Missouri Department of Transportation, Standard Specification 1007 for cither T'ype 1 or Tyvpe 3
aggregates. The maximum lift thickness for the granular base is 4 inches. Granular base thicknesses

in excess ol 4 inches should be placed in multiple 11ts wath cach 1ift being of approximate cqual
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thickness, The granular base should be compacted o at least 100 pereent ol Standard Proctor
Compaction (ASTM D-698). The basc may also be a bituninous base.

Asphaltic conerete should conform to the requirements of MoDO'] Standard Specilication 401,
Asphaltic concrete should be compacted to 92 to 90 percent of Maximum Theoretical Gravity (ASTM
D-2041). Ninety-five percent {93%) of 30-Blow Marshall compaction is also accepted as aminimum
compaction if the void content {(Va) is within the specilication value range. Substitution of an
appropriate Superpave Mix Design (MoDOT Section 403) 15 pernutted. 5P 1900 or SP 2500 can
be used in place of the bituminous base, 5P 190C or 8P 123C may be used for the surface. All
bituminous mix designs should have been prepared or verilied within six (68) months of the date of
placement on this project.

If rigid conerete paving is selected a minimum 4-inch thickness granular base compacted 1o 100
percent of Standard Proctor should be placed on the preparcd subgrade.  The Portland Cement
Conerete mix should have a mininum 28-day compressive strength of 4000 psi. Concrete should be
placed at a low slump (1 1o 3 inches) and have an entrained air content of 3 to 7 percent. If an
increascd slump is desired, use of Super Plasticizer 15 recommicnded, The use of 6x6 inch welded
wire mesh placed throughout the slab is recommended for reinforeement,

Traffic Frequeney and ESAL's: The following tralhe (requeney for Tvpe 1 and Type 11
paving areas was provided by Northstar Battery and used in pavement design. Using a tratfic
frequency of 14 tractor trailers per day with a gross weight ol 72,000 pounds and a 2 percent annual
growth factor, the followings ESAL's were computed. A design life for asphalt and concrete paving

of 20 vears was used in the pavement desiun below.
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PAVEMENT DESIGN LOADING

TYPE I & TYPETH PAVING

[nitial
i Sarvice- | ;

Ukt Tvine —_ Ciross Dreviation, iL‘l"il_L Ferminal Risid Flexihl

i i 1S ; A Y, : 2 Sl

7 ;JaiTv W'l Reliabiliy Foagad (:{u‘i-;* Servige- FRAL < ESAL

it (kips) (%) (Vlexible) Sl abilit e B

Traftic LR Vil il {Flexible et

Lracior Travems | 3y 72 85 035 (0A3) | 435042 2.0 304,073 | 184458

{5 single axles)

The following daily trattic frequency for Type [ paving arcas were computed by multiplying
the numbcer of available parking spaces by three, plus one delivery truck per dayv. and used in

pavement design. An annual growth rate of 2 percentl was also used 1 the design ol the pavement

sections,
TY¥PE 1 PAVING l
Ave Cross N . e Terminal I
— it * Reliabiliy | Deviation, Initial Service- o, Flexible
Lt Tvpe Daily W1, o G P R Lo Service- A
7 s, : (%] Plexible abilite, lexible 3 LSAL s
Craflic ikips) albuliny
AUtos 1,908 4.0 85 G.ds £z 20 Latg |
|
Box Truck {
(2 single 1 24.0 A QAS e M, 977
daxles)
lotal = i 8u7 |

Recommended Pavement Sections: The recommended pavement sections (thicknesses) are
based upon the above wheel loadings (ESALs} and subgrade support properties previously described
for the differing methods of subgrade preparation. This analvsis was perlormed using compuler
software provided by the American Concreie Pavement Associalion and based upon the 1993
AASHTO publication "Guide o Design of Pavement Structures”. Please note that some of the

recormumended thicknesses were altered slightly based upon experience.
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ALTERNATE 1: Subgrade Using On-Site Soils
(after general undercurtting, soil moisture adjustment and compaction)

CBRR=3.0 (Flexible - Type 1 Paving}

Asphaltic Surlface Course, (in}

Asphaltic Base Course, (in)

Agoreaate Base, (in)

3.0

|

0

Gl

CRR=3.0 (Flexible - Type IT Faving)

Asphaltic Surface Course, (in)

Asphaltic Base Course, (in)

Aggregate Base, {in)

2.0

4.5

&l

CBR=2.0 (Rigid - Tvpe 11 Paving)

Portland Cement Conerete, {in)

Acprevate Buse, {in)

.0

4.0

ALTERNATE 2: Select Earth Fill

CBE=6. (Flexible - Type 1 Paving)

Asphaltic Surface Course, (in)

Asphaltic Base Course, (in)

Aggregale Base, (in)

2.0

3.0

&.0

CBR=6.0 (Rigid - Type 111 Paving)

Portland Cement Conerete, (in)

Agarerate Base, (in)

i

4.0

ALTERNATE 3: Rock Fill Sub-Base

CBR=[2.00 {Flexible - Type 11 Paving)

Asphaltic Surface Course, (in)

Asphaltic Base Course, (in) |

Ageregale Base. (in}

2.0

2.0 |

&.0

CER=12.0 {Rigid - Tvpe [T Paving)

Fortland Cement Concrete, (in)

Aggresate Base, (in)

20

4.0

-rage 16




The above pavement thicknesses may be revised to produce an equivalent pavement thickness
using appropriate substlution ratios. such as replacing asphaltic surface and base courses for aggregate
hase. The thickness of aggregate base may also be reduced through incorporation of a geogrid. [t
should be noted that in the Type | Paving arcas (light vehicles), subgrade improvement measures.
beyond soil moisture adjustment and compaction, do not decrease the pavement thicknesses. duc 1o
the recommended minimum pavement section thickness and expected light wheel loadings in this
area.

ADDITIONAL RECOMMENDATIONS
I; Bearing Surfaces at the bottom of excavations should be protected [rom cither inundation
or drying out during the excavanion process, Providing geod surtace draipage durning
construction will prevent many problems.
2. All loose soils or soils soltened due to matsture collection in the wench aller excavation

should be removed prior o concreting.

3. Carelul inspection of footing execavations should be performed during construction Lo
detect any unanticipatcd conditions which may allect structure perlonmance. 11 such
conditions are detected. they should be reported 1o the Geotechnical Engincer belore
proceeding with construction,

4. Delay of construction until drier summer months should reduce subgrade

preparation difficulties and associated costs.

Report Limitations: This report has been prepared in accordance with generally aceepted
practices of other consultants undertaking sumilar studies al the same time and in the same
geographical arca. Palmerton & Parrish, Ine.. observed that degree of care and skill generally

cxercised by other consullants under similar circumstances and conditions. Palmerton & Parmish’s

Page 17-



findings and conclusions must be considered not as scientific certatntics. but as opinions based on our
profeszional judgement concerning the significance of the data gathered during the course of this
investigation. Other than this. no warranty 1s implied or intended.
PALMERTON & PARRISH, INC. PALMERTON & PARRISH., INC

o, Erag ] Ly
N b

Brad R. Parrish, T‘F _ : e, (}rcg_o%-' Swill

BRP:GS
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PALMERTON & PARRISH, INC.

4158 West Keamey Call, GGeotechnical & Materials Engineers 2406 Easl 10 Strect
Springfield, MO BRSO3 Testing Laboratorizs * Core Driling Jealing MO &4801
(417 BBA-EO00 (417) 624-2005
ING LOG
BOR BORING M. B -
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 oF 1
PROJECT: NORTHSTAR BATTERY - MEW MANUFACTURING FACILITY DATE DRILLED 2.07-08
LOCATION: SPRINGFIELD, MISSOURI JOB NO: 181772 DRILL RIG '05 CMESS  DRILLER EP/MR
B EPT E P Shear Strength From Indicated Test, KSF
~ | COMPLETION DEPTH 10.92 | 2 | ' 2 3 4 5
= _ Z ={ 7 Matural Dry Density, PCF
= | BORING METHOD 4.5" D14, CFA o Iz = g |y 20 40 - a0 100
= < ] o t T
fi | ROCK CORE DIAMETER i m| 5 B g |8 O Water Content
= G,'“:: 2L D |e]  PlastcLimit | — | Liguid Limit
SURFACE ELEVATION 1281.0 FTl @ 15 8 2 2 |2 @ standara Panetaiion Resistance, Blows/et
__ I = L [ 10 20 a0 £0 ]
0 TOPSOIL {9") I g;;;;;;;l;;;;;;-.::-_::I::::
| o i
MOIST & SOFT TO FIRM & BROWN TO REDDISH |7, 77 525
I BEOWN LEAN CLAY W/ TRACE OF CHERT . | ;
i .
i e R VI
MOIST & EIRM REDDISH BROWHN FAT GLAY W/ 0-10%
=n CHERT /
11 278
i -10-30% CHERT BELOW 40"
: Z
L 4z
10 - /
4
DISCONTINUED DRILLING N LIMESTONE @ 1011 &
12
WaoaleR [EVEL DBSERVATIONS MNOTES |
DURING DRILLING ___MNOME  FT, LIMESTONE BEDROCK ELEVATION = 127001
AT COMPLETION NOME  FT
AFTER HRS. FT.




PALMERTON & PARRISH, INC.
4185 West Keamey Chell, Gaotechnical & Materials Enginears
Springfield, MO 5503 Testing Laboratories * Core Oriling
(417} 854-5000

34168 East 130 Sireer
Japlin, MO G480
117 G24-2005

BORING LOG BORING NO.: 8-2
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 OF 1
PROJECT: MORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 2.06-08
LOCATION: SPRINGFIELD, MISSOURI JOB MO 181772 DRILL RIG '05 CMES5  DRILLER EE/MR
. BPT E £ Bhear Strength From Indicated Test, KSF
o w = 1 s 3 4 T
= COMPLETION DEPTH 9.5 FEL .8 T s : . 3 . 3
L _ . E | = W 3 Matursl Dry Density, PCF
= | soRING METHOD 4.5 DiA, CEA o [ 7 AT 20 40 50 a0 100
= o | =l - — -
& | ROCK CORE DIAMETER NIA n| & & 2 & [§] [ Water Content
] _ E bl 2 éi o || PlasticLimit b—————— | |iquid Lirmit
SURFACE ELEVATION 12304 FT. = 2 |H o |S| ® Standard Penstration Resistance, Blows/Ft,
= G I L I = 10 20 a0 40 50
0 TOPSOIL (0 L] sy | | o VreniEn Ei g EaEY e SR =
R Ay R
. e L
MOIST & SOFT TO FIRM & BROWN TO REDDISH 7‘ R
BROWHM LEAM CLAY W/ TRACE OF CHERT / . - B
- 10-20% GHERT BELOW 16" % kN
-2 - / i
MOIST & FIRM REDDISH BROWM FAT GLAY W/ 10- 7
20% CHERT / S
L 4 | - —
25 2.25 i .
: e
: e
: Fai
g Erae
[ - FIRM TO SOFT SELOW T8 ! PR
6 125 | e
L 8 Wi
4
DISCONTINUED DRILLING ON LIMESTONE @ 96
10
12
WATER LEVEL OBSERVATIONS NOTES |
DURINGDRILLING __ NONE _ FT, LIMESTONE BEDROCK ELEVATION = 12709
AT COMPLETION MOME FT.

AFTER HRE. FT.




PALMERTON & PARRISH, INC.

— | MOIST & FIRM REDDISH EROWHN FAT CLAY W/ 10- 7
L g 30% CHERT /

4168 Weat Keamay Cioall, Geotechnical & Matorlale Englnears 3416 East 13t Strast
Springfield, MO 63803 Testing Laboratories ™ Core Qriling Japlin, MO 64501
{417 BE4-5000 (17 624-2005
BORING LOG BORING NG B-3
CLIENT: : MARSHALL WATERS WOODY ASSOCIATES SHEET 1 oF 1
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY = DATE DRILLED 2-06-08
LOCATION: SPRINGFIELD, MISSOURI _ JoBNo: 181772 DRILRIG _ O5CMESS  DRILLER _ EBMMR
= | = |
I ST ELE & Shear Srength From Indicated Test, KSF
~ | compLETION DEPTH B rr| @ = 1 el 3 4 3
L = Iz K {3 Nalwral Dry Density, PCF
E BORING METHOD 45" Dla. CFA oo |z (&5 w |, 20 40 B0 a0 100
- =R e—— —_— .
o | ROCK CORE DIAMETER MiA, w| = § z E Q| — Water Content
=] - E - E 0 el PlasticLimit | \ Liguid Lirmit
SURFACE ELEVATION 1278.4 FT. o % Q =| ® Stancard Penatration Resistance, BlowsiFt.
@ = = = 10 20 30 40 50
q TOPSOIL {2") i S I P
MOIST & SOFT TC FIRM & BROWMN TO REDDISH : b
= BROWN LEAN CLAY W/ TRACE OF CHERT % C Py i R
2 % e
: I - G |
3

'''' = / ~ [
- 8 / —- i =
%
8 | DISCONTINUED DRILLING ON LIMESTONE @ 80"
|
10
R ‘
WATER [EVEL OBSERVATIONS | NOTES |
JEniiooBlie:. Moke . Bh LIMESTONE BEDROCK ELEVATION = 12714
AT COMPLETION __ NONE FT.

AFTER HRS. FT.




4168 West Keemay
Springfiald, MO 85803

PALMERTON & PARRISH, INC.

[417) 864-6000

CLIENT:

PROJECT: NORTHSTAR BATTERY - MEW MANUFACTURING FACILITY

BORING LOG

MARSHALL WATERS WOODY ASSOCIATES

Chil, Geoteshnice! & Malerials Engineers
Testing Leborsiores * Cors Driling

3418 Egst 130 Sireet
Japling MO G450
(417) 624-2005
BORIMNG M-
B SHEET 1

B4

oF

=

LOCATION: SPRIMNGFIELD, MISSOURI

JOB NG

18772

DATE DRILLED 2-06-08

DRILL RiG 05 CMESS DRILLER ER/MR

DEPTH (FT)

COMPLETION DEFTH G

EORING METHOD 4.5 DA CFA

ROCHK CORE DIAMETER KLY

SURFACE ELEVATION 12820

M.

SPT

STRATA SYMEOL

“[SPLIT SPOON

BLOWS

THIN WALL SAMPLE

PEMETROMETER (TSF)

£ Shear Btrength From Indicated Test, KSF
1 Z 3 4 5

2 Mstural Dry Density, PGF
20 40 6 20

100

ROCK CORE

1 Water Conlent
Plastic Limit ]

Liguid Lirmit

@ Siandard Penetration Resistance, Blows/Ft.

40 a0

=]

10

TOPSOLL (8)

MOIST & SOFT TO FIRM & ERCWN TO REDDISH
BROWHN LEAN CLAY W/ TRACE OF CHERT

= 10-20% CHERT BELOW 1%"

MOIST & FIRM REDDISH BROWN FAT GLAY W/ 10-
20% CHERT

- QCCASIONAL CHERT SEAM BELOW 30"

NN

N\

SN

25

2.5

175

gl

20 aq

12 1

DISCONTINUED DRILLING ON LIMESTOMNE @& &'0"

i

AFTER

DURIMNG DRILLIMG
AT COMPLETION

T 1ON
NONE
HONE
HRS.

L NOTES |

ET:
FT.

LIMESTONE BEOROUK ELEVATION = 127341




PALMERTON & PARRISH, INC.

4168 Wes1 Keamey Chvil, Geotechnical & Matsrals Engiieears 3416 Easl 1310 Stroet
Springfigld, MO 65503 Testing Laboratores * Core Oriiling Japlin, MO 54801
[447) BE4-5000 [417) B24-2005
BORING LOG
SORING MO BE
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET ¥ o 1
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 2-05-08
LOGATION: SPRINGFIELD, MISSOURI JOB NO: 181772 DRILLRIG  '05CMESS  DRILLER EP/MR
5 SPT E Shear Strength From Indicated Test, KSF
—~ | compLETION DEPTH 8.25 Fr.| @ ol = 1 A B
i = = W 7 Matural Dry Density, PCF
= | sorine METHOD 4.5" DA, CF A 5 |z 1 E " 20 W 80 80 100
= < i £ ¥ ; 2 3 X
L | ROCK CORE DIAMETER NiA | & g 3 e 3 Water Cantent
=] ) I g = 5 2|  Plastic Limit | . Liguid Limit
SURFAGE ELEVATION 1285.6 T IF 8 B § & @ Standerd Penetration Resistancs, Blows/Ft
B ) <) 10 20 30 40 50
0 TOPSOIL (") e vl B Bl aad loe oo s aaan
MOIST & SOFT TO FIRM & BROWN TO REDDISH :
BROWN LEAN CLAY W/ TRACE OF CHERT y S pn | dERaEE s L0 B | G s
/- 3.25 w | nd L s | g s | Bemann e
// T g smea il R B b
z % URARS AE 1
MOIST & FIRM TO STIFF REDDISH BROWN FAT CL.-WV S 5% :
W/ 0-10% CHERT / i 224 : :
Tl / 275 | | i G > s
- DCCAZIONAL CHERT SEAM BELOW 58" /
6 / e :
-8 //j | ==
DISCONTINUED DRILLING ON LIMESTONE @ 83 ‘ [1::
I
|
10
L 12 =
WATER [EVEL OBGERVATIONS NOTES ]
DEEINSEELIGE s . B LIMESTONE BEDROCK ELEVATION = 1277.3
AT COMPLETION NONE FT.
AFTER HRS. FT.




PALMERTON & PARRISH, INC.

4168 West Kearnay Ciell, Gaofeshnicsl & Materials Engineers 3415 Easzt 15th Streat
Springfisld, MO 65803 Tegting Laborafories © Cors Driling Japlin, MO G4801
{417) BE4-B000 (A7) BEA-2005
BORING LOG
BORING N B-6
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 oF 1
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATEDRILLED 2-06-08
LOCATION: SPRINGFIELD. MISSCURI JOB NO: 181772 DRILL 2IG 05 CMESS  DRILLER EPMR,
% SPT | | & 4 Bhear Strength From Indicated Test, KSF
~ | coMPLETION DEPTH 6.33 Tl 2 - E ] 2 3 4 5
= = = W ~ .
i ) = = ¢ - Matural Dry Denzity, PCF
= BORIMNG METHOD 4.5 D18, GFA o |z ST 20 40 BO ap 100
[} P [+ % 4
I | ROCK CORE DIAMETER M Y = 3 2 S Water Content
o % """:] g E 0 |2 Plastc Limit ¢ Liguid Lirmit
SURFACEELEVATION _ 12828 FT. o el = ] 8 @ Standard Penetration Resistance, Blows Ft,
i = e e = 10 20 30 40 50
0 TOPSOIL (97) B e F e e R T i W
—| MOIST & SOFT TO FIRM & BROWN TO REDDISH [/ Bab | ond e E
BROWMN LEAN CLAY W/ TRACE OF CHERT % 35 pEGE | s VR R
: ._ /
%,/ LRrEd g
L e P
— MOIST & FIRM REDDISH BROWN FAT CLAY W/ 10- ¥ 28 ?:: L
3 20% CHERT /
>y é
Z
DISCONTINUED DRILLING ON LIMESTONE @ 6'4" [ 1T Tlzie s [ e[ ierifes
]
10 |
12 1
WATER LEVEL OBSERYATIONS NOTES |
DURING DRILLING __ NONE FT.

LIMESTONE BEDROCK ELEVATION = 1276.3
AT COMPLETIOM NOME

FT.
AFTER HRS. FTs




PALMERTON & PARRISH, INC.

4168 Wast Kearnay Civii, Gectechnical & Malteriale Enginears 3416 East 13th Streat
Springhald, MO 65203 Testing Laborafories ~ Corg COriling Joplin, MO G4501
[417] BE4-6000 A7) 6242008
BORING LOG
BORINGNO.: B-7
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SFHEET 1 ~OF 1
PROJECT: NORTHSTAR BATTERY - MEW MANUFACTURING FACILITY DATE DRILLED 2-05-08
LOCATION: SPRINGFIELD, MISSOURI JOS WO 81772 DRILL RIG 05 CMESS DRILLER ERMR.
_, SPT E & Bhear Strength From Indicates Test, KSF
~ | COMPLETION DEPTH @ Fr.| 2 5 1 Z 3 4 5
L ) _ = w <3 Natural Dry Density, PCF
“:E’ BORIMNG METHOD 4.5" DIA, CFA, wn % wo 20 40 G B0 100
= lﬂ: = I:: L B 1 -
& | ROCK CORE DIAMETER N/A Ih. 5 g g |9 Water Content
o 1 R 2 b w| Plastic Limit . Liguic Lirmit
SURFACE ELEVATION 1286.3 FT.: = g E {d @ Stanczrd Penetration Resistance, Blows/Ft,
Loy [ia] o

. 10 Z0 30 40 50
] TOPSOIL {27) [ e el Rl e i O e T Tan e

MOIST & SOFT TO FIRM & BROWN T RECDISH

BROWN LEAN CLAY W/ TRACE OF CHERT /

20

MOIST & FIRM REDDISH BROWN FAT CLAY W/ 0-10% /
CHERT /

sas | [Liii[iiii)i

NN
T OGN VAL SANPLE
[
|
|

B ]
)
DISCONTINUED DRILLING ON LIMESTONE @ 90"
110
12
WAIER LEVEL UBSERVATIONS MOTES ]

DURINGDRILLING _ NOME _ FT. LIMESTONE BEDROCK ELEVATION = 1277.3
AT COMPLETION HOME BT

AFTER HRS. ET.




PALMERTON & PARRISH, INC.
4168 West Kearney Ciwll, Geatechnical & Malerizls Enginsers 3416 Eazt 15th Streat
Soringfiald, MO BE503 Testing Laboratonias ™ Corg Oriling Jegling MO 84301
(T BEA-GI00 (417 B24-2005

BORING LOG BORING NQ.: B-&

CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 4 GF 1

PRZJECT: NORTHSTAR EATTERY - NEW MAMUFACTURING FACILITY DATE DRILLED 2-05-08

LOCATION: SPRINGFIELD, MISSOLRI JOB MO 181772 ~ DRILLRIG ‘06 CMEERS CRILLER ERMR

SPT

& Bhesr Strength From Indiceted Test, KSE
1 2 3 4

COMPLETION DEFTH 10 ET: 2

T MWatural Dry Density, PCF
20 40 G &0 100
Water Contant
Plastic Limit - Licpuid Lirmit
@ Standard Penetration Resistance, Blows/Ft.
10 20 30 40 50

THIM WALL SAMPLE

o

BORING METHOD 4.5" Gla. CFA

ROCK CORE DIAMETER RIS [,

DEPTH {FT.}

ROCK CORE

STRATA SYMBOL

SURFACE ELEVATION 1287.7

..I
=
PEMETROMETER {TSF)

SPLIT SPOON

BLOWYS

=

TOPZOIL (8

e
o
.

NN

Lo
-

MOIST & SOFT TO FIRM & BROWN TO REDDISH

BROWHN LEAN CLAY W/ TRACE OF CHERT D :

30

N

RRRRERE.

MOIST & FIRM REDDISH BROWHN FAT CLAY W/ 0-10%
CHERT

L
’}
ia |......................................

il - S0FT TO FIRM BELOW 810

AN HTTIIIIIRRiY

DISCOMNTINUED DRILLING ON LIMESTOME @ 100" S e e e e ey e ey

12

W LEVEL OSSERVATIONS [ NOTES ]
DURING ORILLING MENE FT.
AT COMPLETION MONE FT.
AFTER _ HRS. FT.

LIMESTONE BEDRQUE ELEVATION = 13777




PALMERTON & PARRISH, INC.

4188 Wesl Kearmey Chll. Geotechnical & Materils Enginsers 3415 East 13th Streel
Springfield, MO 85803 Tesating Laboratorizs * Core Driling Joplin, MO 52801
(417} 854-5000 [417) 624-2005
BORING LOG SORIMNG NO.; B-g
CLIENT: MARSHALL WATERS WOOQDY ASZOCIATES SHEET _ i oF 1
FROJECT: MORTHSTAR BATTERY - NEW MANUFACTURING FACILITY CATE DRILLED Z-05-05
LOCATION: SPRIMGFIELD, MISSOURI JOB WO 181772 CRILL RiG 05 CMESS DRILLER ER/MR
_ SFT o & Bhear Strength From Indicated Test, KSF
i : a wl ke 1 z 3 4 5
o COMPLETION DEFTH 0.5 FT.l & | 2l = ges. : L :
B . E = W 2 Matural Dry Density, PCF
= BORING METHOD 4.5 DIA. CFA o %: wow |y 20 40 &0 a0 100
= =L 4 = | T i t
i | ROCK CORE DIAMETER Mty M| = g = 2 5| O Water Content
o ;,'_i & g S w| Plastic Limit F——————— Liquid Limit
SURFACE ELEVATION _ 12902 _ F " E 8 [§ £ |3 @ Stendard Penetration Resistance, Blows/Es.
W B |jF |z 10 20 20 40 &)
0 TOPSOIL (127 o R TG 4 R e i i

MOIST & FIRM & BROWN TO REDDISH BROWHN LEAN|
CLAY W/ TRACE OF CHERT 4, 3.5

MOIST & FIRM TO STIFF REDDISH BEROWM FAT CLAY/§

W 0-10% CHERT

2.23

DISCONTIMUED DRILLING OM LIMESTOMNE & 10%"

12 1
WATER LEVEL OBSERVATIONS NOTES ]
- = A LIMESTONE BEDROCK ELEVATION = 1279.7
AT COMPLETION __ NOME FT.
AFTER HRS. FT.




PALMERTON & PARRISH, INC,

4185 West Keamey Civil, Geotechrical & Materisls Enginesrs 3415 East 135th Strest
Springfield, MO G503 Tesfing Laboraiorizg ™ Cora Driling Jaglin, MO 84301
(417 B84L-5000 (417 B24-2005
ORING LOG
= BORING NO.; 81D
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 OF H
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED #-05-08
LOCATION: SPRINGFIELD, MISSOURI JOBNO: 11772 DRILLRIG _ 'C5CMESS  DRILLER ERMR
I SPT % & Shesr Strength From Indicated Test, KSF
— | comeLeETION DEPTH 10 el 2 T B B | st 2 3 4 5
= = Lo ) . ,
w _ . - = = K "+ Matural Dry Dansity, PGF
j:E BORIMG METHOD 45" DlA. OFA 2 % % % i a0 4::' B BID 100
el | == sl H
&4 | ROCK CORE DIAMETER MIA m.| & g: i S| O water Content
o ‘ JE,} e 2 g T < Plastic Limic 4 Liquid Limit
SURFACE ELEVATION _ 12803  FT. 5 8 3 @ 2| @ Standard Penetration Resistance, Blows/Fy
B (72 [ i 10 20 a0 40 ot
0 TOPSOIL (12) e Seovon e vrliE e ey e
| R AR 1|
___|MOIST & FIRM & BROWN TO REDDISH BROWN LEAN // | el s poii s ;
CLAY W/ TREACE OF CHERT , 275 |:_
g R A SR el gk ity i
2 7 - a
2 2 E
LRl Z :
- 10-20% CHERT BELOW 3%" % :
[ 4 T WOIST & FIRM REDDISH BROWN FAT CLAY W/ 10- / - o =
30% CHERT & OCCASIONAL CHERT SEAM :
,6 = .
- 8 . Eerans
4
4
10 T 5ISCONTINUED DRILLING ON LIWESTONE @100
12
VWATER LEVEL OBSERVATIONS MOTES |
DURINGDRILLING ___NONE _ FT. LIMESTONE BEDROCK ELEVATION = 1250.3
AT COMPLETION  NONE FT.

AFTER HRE. FT.




PALMERTON & PARRISH, INC,

4168 West Keamey Civil, Geatechmical & Materizls Enginesrs 34416 East 13th Slresl
Springfield, MO BEE03 Testing Laboratonies ™ Corg Oeiling Jeplin, MO B804
(A7) BEA-G000 (£17} B24-2005
BORI
RING LOG BORING NO.: P-1
CLIENT: MARSHALL VWATERS WOODDY ASSOCIATES SHEET 1 OF 1
PROJECT: MORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 2-07-08
LOCATION: SPRINGFIELD, MISSOURI JOB NO: 181772 DRILL RIG '05 CMESS  DRILLER EFIMR
4 | =T & £ Shear Strength From Indicated Test, KSF
— | COMPLETION DEPTH 5 FT.| @ = Foam g 3 4 5
= = = 5w N ;
o " - = = 3 Mawrsl Dry Density, PCF
: 8ORING METHOD 4.5" DiA. CFA 6 [z Z . 20 40 60 &0 100
. = [e | :
& | ROCK CORE DIAMETER NIA I - 2 7 g Water Content
o . E g 2 B L |2 Plestelimt ¢ Ligui Limit
SURFACE ELEVATION 1277.7 s = D '% i |S| ® Sw@ndard Penstration Resistance, Blows(Ft,
n & o @ 10 20 30 40 50
) TOPSOIL (8" IEEEEE R RS BT i S o ey Iy
MOIST & SOFT TO FIRM BROWN TO REDDISH [/
BROWN LEAN CLAY W/! TRACE OF CHERT / 4.0 L E 2 i | :
: % ik Sl
i 7 | |
—| MOIST & FIRM REDDISH BROWN FAT CLAY W/ 10- 7 ‘ o i o I
30% CHERT / Y
4 - o
20 1.0 B :
DIECONTINUED DRILLING @ 50" ;
6
S -
10
12 1
VA TER LEVEL BSER v [0S, NOTES |
DURINGDRILLING __ NONE  FT. LIMESTONE BEDROCK ELEVATION BELOW 12727
AT COMPLETION NONE FT.
AFTER HRS. FT.I




PALMERTON & PARRISH, INC.

£1E8 Wesl Keamey Chal, Geotechinical & Materials Enginsers 2496 Esst 1310 Sleel
Springfield, MO BER03 Tesfing Laboratorzs * Core Drilfng Joalin, MO 54801
(417 BEA-BI00 [£17) 6242005
BORING LOG
BORING N P2
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 oF 1
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 2.07-08
LOCATION: SPRINGFIELD, MISSOURI JOB NO: 181772 DRILLRIG _ '05 CMESS DRILLER EF/MR
1
s PrEcall
& SPT | & Shear Strength From Indicated Test, KSF
~ | COMPLETION DEPTH 45 FT.| 2 § E 1 2 - ;:; 5
T = =l O T Matural Dry Dansity, BCF
“I,_-, BORING METHOD 4.5" Did. CFA, i z 2 0 I 20 E: 40 ki B &0 i00
= = I = : ' ' !
& | ROCK CORE DIAMETER NiA | % |2 3 g S \Water Contant
= E ; 2 = L | Plastic Limit | . Liquid Limit
SURFACE ELEVATION 12826 FT. S S % @ =| ® Stancard Penstration Resistance, Blows/Ft.
B 2 = i 10 20 30 40 50
i TOPSOIL (8") R Y W E ) e e Gl e e ) R
B i e
MDIST & SOFT TO FIRM BROWN T0 REDDISH SRS ET :
EROW N LEAN CLAY W/ TRACE OF CHERT 3.25 ] o
s o - r
-2 / B
MOIST & FIRM REDDISH BROWMN FAT CLAY W/ 0-10%] o i
18 175 L
4 CHERT Bt
Z
A DISCOMTINUED DRILLING @ 46"
L 6 4
8
1}
12 A
VWATER LEVEL UBSERVALIONGS NOTES |
DLURING DRILLING NONE FT LIMESTONE BEDROUE ELEVATION RELOW 12751
AT COMPLETION NOME FT.|
AFTER HRS, FT.|




PALMERTON & PARRISH, INC,

4168 Wast Kearney Cill, Geatechnical & Malecials Enginesrs %445 Easzt 15th Strest
Springflald, MO 65503 Testing Laboratories = Corg Driling Jopling B0 84501
(417 ) BEA-EA00 (417 G24-2005
BORING LOG
BORING NG P-3
CLIENT; MARSHALL WATERS WOODY ASSOCIATES | SHEET 1 OF 1
PROJECT: NORTHSTAR EATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 20708
LOCATION: SPRINGFIELD, MISSOURI JOS MO 4B17T2 DRILL RIG 05 CMESS  DRILLER ER/MR
= SPT E & Bhear Strength From Indicated Tast, KSF
~ | COMPLETION DEPTH 45 Fr.| 2 —Q = | = 1 2 3 4 5
— = L ™ i
o . ~ = % = T+ Matural Dry Density, FCF
T SORING METHOD 45" DA GFA G z B L 30 40 & a0 100
| - !
& | ROCK CORE DIAMETER NIA IN. E E = 'g S Water Content
O ) _ ] i g g || PlasticLimit i Liquid Limnit
SURFACE ELEVATION 12855 FT. =l ? & |3| ® Standard Penetration Resistance, BlowsiFt
_ G = 10 20 30 40 &0
] TORSOL (&) A et N ins sl e e v el o
SRR Rl e
MOIST & SOFT TO FIRM BROWMN TO REDDISH e ST s g
SROWMN LEAN CLAY W/ TRAGE OF CHERT / 2,75 g | B Baeisms
7 o | i g b
2o | b nlEad
2 % - SEEEE
MODIST & FIRM REDDISH BROWN FAT CLAY W/ 0-10%[ G
GHERT e
12 1.25 s 2 ¢
S / i :
DISCONTINUED DRILLING @ 4'6" T
o6
|
8 il
10
12 -

WATER LEVEL OBSERVATICNG NOTES
DURING DRILLING MOMNE FT.

AT COMPLETICN HONE FT.
AFTER HRS. FT.

LIMESTONE BEDRQUE ELEVATION BELOW 12810




PALMERTON & PARRISH, INC,

41658 West Kearney Cheli, Gactachnica & Maferialy Enginesrs 3416 East 150h Streol
Springfield. MO 65203 Testing Labaratories * Core Oriling Joplin, MG 64801
(417] 864-6000 (417} 624-2006
BORING
LOG BORING NO.- P-d
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 oF
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 2.07-08
LOCATION: SPRINGFIELD, MISSOURI JOB MO 181772 DRILLRIG _ '05CMESS  DRILLER EPIMR
i SPT F_"'E & Shear Strength Fram Indicated Test, KSF
— | COMPLETION DEPTH 45 2 -2 = 2 : 3 2 5
E . E E e 2 Matural Dry Density, PCF
E BORING METHOD 45" DIA. CFA 7 5 B L |y 20 40 50 80 100
3 [l : -
2 | ROCK CORE DIAMETER NiA N | F g 2 £ [ |! WaterContent
“ =l 2 E L | Pestolimt | — Liquid Limit
SURFACE ELEVATION 1284.4 I3 = 9 = E H @ Standard Penetration Resistance, Blows/FL
w B |5 T |E 10] 20 30 40 50
0 TOPSOIL (107 I A T EEE AR
MOIST & FIRM BROWN TO REDDISH BROWN LEAN / e 5 on i
CLAY W/ TRACE OF CHERT %ﬁ’ || 2
2 A % ol
MOIST & FIRM REDDISH BROWHN FAT CLAY W/ 0-20% A
CHERT |
20 | | 1.25 § e
4 / :
DISCONTINUED DRILLING @ 45"
ﬁ 4
L 8 4
- 10
12
WAITER LEVEL OBSERVATIONS NOTES |
DARINGDRILEING:  "HONE . FL LIMESTONE BEDROCK ELEVATION BELOW [279.0
AT COMPLETION NONE  FT.
AFTER HRS. FT.




PALMERTON & PARRISH, INC,

L1B8 Wesl Keamey Cihll, Gealechnical & Materizls Enginesrs 416 East 13th Strest
Springfield, MO 65503 Testing Laboralorias ™ Corg Oeilling Joplin, MO B4801
(417 BE4-BI00 (417 B24-2005
BORING LO
G BORING MO _ P-5
CLIENT: MARSHALL WATERS WOODY ASSOCIATES SHEET 1 OF 1
PROJECT: NORTHSTAR BATTERY - NEW MANUFACTURING FACILITY DATE DRILLED 20708
LOCATION: SPRINGFIELD, MISSOURI JOB MO 181772 DRILL RIG 05 CMESS  DRILLER ERME
N SPT i & Shesr Strength From Indicated Test, KSF
~ | COMPLETION DEPTH & FT.| S EI = | i 1 2 3 v 5
£ = = T+ Natural Dry Density, PGF
E BORING METHOD 4.5" DIA, CFA & z AT Y 80 100
e — o< _| = e + + H h s A
B | ROCK CORE DIAMETER M T = E’ 2 2 | O Water Content
& ) K ;‘:’ g =l 5§ 2| Plastic Limit | | Liguid Limit
SURFACE ELEVATION 12631 FL.l @ 5 8 % Z 8| @ Standard Penetration Resistance, BlowsFt,
.{.I':' m = T | 10 20 20 4} 50
] TOPSOIL (127 IRREE oy oy SRE I T . hieiis T A
— | MOIST & FIRM BROWN TO REDDISH BROWN LEAN |7/~ EREN R
CLAY Wi TRACE OF CHERT / 20 Bl |5 2| o S
e /% ER T R -
L~ / 2
- 0 ‘ 1
MOIST & FIRM REDDISH BROWHN FAT CLAY W/ 18- P
i 20% CHERT | - ¢ P | ey Bl il
s | gs | (Zi3a | ol laFl
DISCOMTINUED DRILLING @ 510"
L 6 =}
3
10
12 +
WATER LEVEL QESERVATIONG MOTES |
- L.~ I LIMESTONE BEDROCK ELEVATION BELOW 1275,
AT COMPLETION NOME FT.

AFTER HRS. FT.




FALMERTON & FARRISH, INC.

BORING LOG LEGEND

S0 STREMGTH CHARACTIRISTICS

COHEZNVE 30ILS

HON-COHESIVG 50ILS

FiLL CR POEZALE FiLL

EOIL/ROCK TYRIS
CONSISTENCY =L E'I':'rf':""'sf E :DUPEI{EFE%FK%TF?EEHGTH BRLATRE =T al:-.‘?:;ﬁw”

LT VERY SOFT g-z o-0s VERY LEASE Bes
LEAN CLAY soFT -4 2.8-10 LODEE s-1g
FAT CLAY Fifthd 5-2 o-2.0 MEQILM DENED —
SaND sTFF a1z 2.0-40 pENZE -z
FRANEL YERY STFF 1520 4.0-8.0 VERY DENESZ 51—
TomE0L HaRD N B.0+

DEGREE OF PLASTICITY

Pl {LICUID LT — PLASTIC LIMET)

UMESTIRE HAKE TS SLEGHT o—d
DOLOMITE SuEHT -0
—— sHaLE WEDILM 130
SAKDS TONE HIGH TO VERY HISH 2+
Gl
P o w| CHERT
il
CESCARIFTION CRITERIA
SAMPLER TYPES oRY ABSEMCE OF MOSTURE, DUSTY, DEY 10 TCUCH
£ o 3 - Xl
B3 SHELEY TUBE (3" @) MOIST DAMP, BUT HO WSIALE WaATER
= 2PLIT SPOCK SAMSLER (27 000
WET WIIBLE FRED WATSR, S0I USUALLY SELOW WATER TABLE
ROCH CORE [MOZ2)
&l CONTIMUCUS SAMPLER
= WATEA LIVEL MEASUREMENTS
BuLx SAUSLE
WATER LEVELS INDICATIO 0N THE LOG FORMS ARE THE LEVELS MEASURED AT THE TIMES INDICATED
I PERVICUE ZOILE, THE INDICATED LEVELS MAY SEFLECT THE LOCATICM OF GROUNDWATIR. 18 LOW
FERMEABILTY S0ILS, THE ACCURATE DETERMMATIEN OF GROUNDWATER LEVELS 1S 0T POSSSLE wTH
SHOAT TERW CESEAVATIONS.
DESCRIFTIVE TERMS
Aan (%) ROCK CUALITY
SLICHENTIRED HAVING INCLINED PLANIS OF WEAKMESS THAT ARE SLICK AND SLOSSY IN AFFEARAKCL.
0=12% VERY PCOR
FISSURED COMTAINAG SHRINZACE CRACKS, FRECUEMTLY FILLED WTH FINE S&KD OF LT
25-30 EOCa
LALINATED COMPOSED OF THIN (Gmm QR LESS) PARTINGE OF vARTING COLOR AMD TEXTURE.
54-75 FalR
IMTERSERDED COMPOZIL OF ALTERWATE LAYERE OF DIFFERENT SO ROCK TYRIS.
75-90 [rislvin]
CALCARECUS CONTAINING APPRECIAELE CUAMTITIES OF CALGIUM CARBOMATE
50-100 EACELLEMT
WELL SHALRED HAVING UNIFGRM DNSTRISUTICH FROM COARSE TO FINE PARTICLES
&
S AT SIZE RANGE
POORLY CRADED HAVIKG SIMILAR SIZE PARTICLES WITH MO SIGMIFICANT YARIANCE.
POLCER PVER W2 L ) SROILLACEDUS HAVING & NOTAELE PORTIGN OF GLav,
CLBRLES 13T TO Y (J00MM TO TEMM) WOTTLED RREGULARLY WARKED WTH SPCTE OF DIFFERENT COLORS.
CRAVEL 3T T Fa FEVE (TOMM TO 4 TSMM) SYMADL DEFINITION
SAND ¥4 TO FEOD SIEVE [£.73MU T 0.05MM] [ COMTIRUOUS FLICHT AUGER
HEA HOLLOW STEM AUGER
ST FASSING 2200 TIEVE (D.OTAMM TO A.002MM oo QRILLING DISCINTINUED
RO ROCK QUALITY DESIGNATION
CLay PASSING §20G SIEVE (<0.002HM) a COHESIVE SHEAR STRENGTH (KSF)
o MATURAL MOISTURE COMTENT (%)
o WATURAL DAY DENSITY [PCS)
- STANDARD PENETRATION M-vALLE (BLOWS/FT)

* BNl CLASSIFICATION CRITERIA IN ACCORDANCE waTH ASTM O Z4EE.
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WinPAS
Favement Thickness Design According to
1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Flexible Design Inputs

Agency;

Campany: Marshall Waters Woody Associates
Contracter: Paimerton & Parrish, Inc
roject Description;  Mew MNaorthstar Battery Facility - Type | Paving (CBR=3)
Location:  Springfield, MO

Flexible Pavement Design/Evaluation

Structural Number 2,10 Sail Resilient Madulus 4,118.20 p=i
Design ESALs 16,887 Initial Serviceahility 4.20
Reliability 85.00  percent Terminal Serviceability Z.00
Overall Deviation 0.45

Layer Pavement Design/Evaluation

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN

Asphalt Cement Concrete 0.40 1.00 3.00 1.20
Crushed Stone Base 0.12 1.00 6.00 0.72
.00 C.00 0.00 2.00

.00 0.00 0.co .00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

Z5M 1.82

Monday, February 18, 2008  4:11;30FM EngineerGragory Swift




WinPAS

Pavement Thickness Design According to

1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Flexible Design Inputs

Agency: )
Company: Marshall Waters Woody Associates
Contractor: Palmerton & Farrish, Inc
raject Description:  New MNorthstar Battery Facility - Type || Paving (CBR=3)
Location:  Springfisld, MO

Flexible Pavement Design/Evaluation

Structural Number 3.08 Soil Resilient Modulus 4, 118,20 psi
Design ESALs 184 455 Initial Serviceability 4.20
Reliability 8500 percent Terminal Serviceabhility 2.00
Cwverall Deviation (.45

Layer Pavement Design/Evaluation

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN

Asphalt Cement Concrete 0.40 1.00 2.00 0.en
Asphalt Treated Agg. Base 0.25 1.00 4 .50 1.58
Crushed Stone Base 012 1.00 6.00 0.72
Q.00 (.00 C.00 0.00

0,00 0.00 0.00 0,00

0,00 0.00 0.00 0,00

» =M 3,10

Monday, February 18, 2008  4:13:58FM Engineer,Gregory Swift




WinPAS

Pavement Thickness Design According to
1993 AASHTOQ Guide for Design of Pavements Structures

Amearican Concrate Pavement Association

Rigid Design Inputs

Aancy:
Company: Marshall Waters Woody Associates
Contractor; Palmerton & Parrish, Inc
Project Description: Mew Morthstar Battery Facility - Type Il Paving (CBR=3)}
Location: Springfield, MO

Rigid Pavement Design/Evaluation

PCC Thickness 4,95 inches Load Transfer, J 90
Design ESALs 304,073 Mod, Subgrade Reaction, k 212 psilin
Reliability 85.00 percent Drainage Coefficient, Cd 1.00
Owverall Deviation 0.35 Initial Serviceability 480
Modulus of Rupture 620 psi Terminal Serviceability 2.00

Modulus of Elasticity

4,387,500 psi

Madulus of Subgrade Reaction (k-value} Determination

Resilient Modulus of the Subgrade 411582 psi
Resilient Modulus of the Subbase 0.0 psi

Subbase Thickness 4.00 inches
Depth to Rigid Foundation 0.00 feet
Lass of Support Value (0,1,2,3) 0.0
Modulus of Subgrade Reaction 21230 psifin

Monday, February 18, 2008 4:16:11FPM

Enginear: Gregony Swift




WInPAS

Pavement Thickness Design According to

1993 AASHTO Guide for Design of Pavements Structures

American Concrate Pavament Association

Flexible Design Inputs

Agency:
Company; Marshall Waters Woody Assaciates
Cantractor: Palmerton & Parrish, Inc
roject Description:  New MNorthstar Battery Facility - Type || Paving (CBR=8}
Location: Springfield, MO

Flexihle Pavement Design/Evaluation

Structural Number 2.55 Soil Resilient Modulus
Design ESALs 184 455 Initial Serviceability

Reliability 85.00 percent Terminal Serviceability
Overall Deviation D45

Layer Pavement Design/Evaluation

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN

Aszphalt Cement Concrete 0.40 1.00 2.00 0.80
Asphalt Treated Agg. Base .35 1.040 3.00 1.05
Crushed Stone Base Q.12 1.00 5.00 0.7z
0.00 0.00 0.00 .00

0.00 C.00 0,00 0.Q0

0.00 0.00 0,00 .00

=i 257

Monday, February 18, 2008  4:19:05PM Engineer:Gregory Swift




WinPAS
Pavement Thickness Design According to
1993 AASHTO Guide for Design of Pavements Structures

American Concrate Pavement Association

Rigid Design Inputs

Ageancy:
Company: Marshall Waters Woody Associates
Contractor: Palmerton & Farrish, Inc
Project Description: Mew MNarthstar Battery Facility - Type |ll Paving (CBR=6}
Location: Springfield, MO

Rigid Pavement Design/Evaluation

PCC Thickness 4,50 inches Load Transfer, J

Design ESALs 304,073 Mod. Subgrade Reaction, k
Reliahility 85.00 percent Orainage Coefficient, Cd
Overall Deviation 0,35 Initial Serviceability
Modulus of Rupture 850 psi Terminal Serviceahility
Modulus of Elasticity 4,387,500 psi

Modulus of Subgrade Reaction (k-value) Determination

3.20
241 psifin
1,00
4,50
2.00

Resilient Modulus of the Subgrade 5E18.5 psi
Resilient Modulus of the Subbase 0.0 psi
Subbase Thickness 400 inches
Depth to Rigid Foundation 0.00 feet
Loss of Support Value (0,1,2,3) 0.0
Modulus of Subgrade Reaction 341.20 psilin

Monday, February 18, 2008 4:20;50PM Engineer: Gregory Swill




WIinPAS

FPavement Thickness Design According to

1993 AASHTO Guide for Design of Pavements Structures

Amerlcan Cancrete Pavement Association

Flexible Design Inputs

Agency:
Company: Marshall Waters Woody Asscciates
Contractor: Palmerton & Parrish, Inc
roject Description:  New Northstar Battery Facility - Type |l Paving (CBR=12)
Location: Springfield, MO

Flexible Pavement Design/Evaluation

Structural Number 217 Soil Resilient Modulus 10,838.60 psi
Design ESALs 184,455 Initial Serviceability 4.20
Reliability §5.00  percent Terminal Serviceability 2.00

Overall Deviation 0.45

Layer Pavernent Design/Evaluation

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN

Asphalt Cement Concrete 0.40 1.00 2.00 0.50
Asphalt Treated Agg. Base 0.35 1.00 2.00 0.70
Crushed Stone Base 012 1.00 8.00 Q.72
0.00 0.00 0.00 .00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

»B 222

Friday, February 15, 2008 2:16:52PM EngineerGregory Swift




WinPAS
Pavernant Thickness Design According to
1993 AASHTO Guide for Design of Pavements Structures

American Concrate Pavamant Assaciation

Rigid Design Inputs

Agency:
Caompany: Marshall YWaters Woody Associates
Contractor; Palmerton & Famish, Inc
Praject Description: MNew Northstar Battery Facility - Type |ll Paving {CEBR=12)
Location: Springfield, MO

Rigid Pavement Design/Evaluation

PCC Thickness 4,00 inches Load Transfer, J 3.20
Design ESALs 204,073 Mod. Subgrade Reaction, k 484 psifin
Reliability 85.00 percent DOrainage Coefficient, Cd 1.00
Overall Deviation 0.25 Initial Serviceability 4.80
Modulus of Rupture G50 psi Terminal Serviceability 200

4,287,500 psl

Modulus of Elasticity

Modulus of Subgrade Reaction (K-valug) Determinaticn

Resilient Modulus of the Subgrade 23887 psi
Resilient Modulus of the Subbase 0.0 psi
Subbase Thickness 400 inches
Depth to Rigid Foundation 0.00 feet
Lozs of Support Value (0,1,2,3) 0.0
Modulus of Subgrade Reaction 454.00 psifin

Friday, February 15, 2008 2:27:.45PM

Engineer: Gregary Swift




