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Dear Mr. Johnson:

PROJECT INFORMATION

LAW Engineering and Environmental Services, Inc.
4634 South 36th Place
Phoenix, AZ 85040

602-437-0250· Fax 602-437-3675

Mr. Tom Johnson, P.E.
Flood Control District ofMaricopa County
2801 West Durango Street
Phoenix, Arizona 85009-6399

LAW
LAWGIBB Group Member~

Field Sampling and Laboratory Testing Results
Cave Buttes Feasibility
Maricopa County, Arizona
LAW Project No. 70241-8-0316.01

August 25, 1998

Subject:

Law Engineering and Environmental Services, Inc. (LAW) is pleased to submit the results of our

field exploration and laboratory testing in support of the Flood Control District of Maricopa County's

(FCDMC) evaluation of the former Cave Buttes Recreation Area in Maricopa County, Arizona. Our

services were performed for FCDMC under our On-Call Consultant Services for Construction

Materials Testing, Environmental, Geotechnical Investigation, Testing and Evaluation Contract FCD

98-01. This report presents the results of our field exploration and associated laboratory testing of

the surface and subsurface soils.

We received project information from Mr. Tom Johnson, P.E. of FCDMC during a meeting on June

24, 1998 and through telephone conversations with Mr. Don Ross, of Ross Consultants on June 26,

1998. The FCDMC is conducting a feasibility study near the Cave Buttes Dam for site suitability as

a candidate borrow source or groundwater recharge area. We understand the area under

consideration reportedly contains sand, gravel, and cobble deposits to varying depths below ground

surface.
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FIELD EXPLORATION AND LABORATORY TESTING PROCEDURES

Field Exploration

• The laboratory test data; and,

August 25. 1998
Field Sampling and Laboratory Testing Results

PURPOSE AND SCOPE

Cave Buttes Feasibility
LAW Project No. 70241-8-0316.01

• A brief summary ofour test procedures and the results of the testing conducted.

The purpose of our work was to provide field sampling and laboratory testing data that will be used

by FCDMC to evaluate the subject site's feasibility for use as a candidate borrow source or as a

groundwater recharge area. Our scope of services included a field subsurface exploration and

laboratory testing ofon-site materials. The following information is provided in our report:

• The soil boring records including the observed thicknesses of the subsurface soil, and
groundwater conditions encountered in the test borings;

• A summary of the infonnation provided to us;

The scope of services did not include the development of technical recommendations, specifications,

drawings, the assessment of site environmental conditions, or evaluation of the potential presence of

pollutants in the soil or groundwater.

Our drilling and sampling was performed in general accordance with applicable American Society

for Testing and Materials (ASTM) standards. The soil borings were advanced using a truck-mounted

AP-IOOO dual-wall down-hole percussion hammer, and the hole was cased using steel pipes. Bulk

soil samples were obtained from the soil cuttings removed from the hole by compressed air. Soil

The soil conditions beneath the site were explored between July 15 and July 20, 1998 by drilling six

soil borings at locations designated by Mr. Ross. The approximate locations of the test borings are

shown on Figure 1 - Test Boring Location Plan. As requested by Don Ross, the test borings were

advanced to a depth of 100 feet. The test borings are designated CBDHI through CBDH6.
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Laboratory Testing

Five additional samples were selected for laboratory testing and the following tests perfonned:

• Moisture-Density Relationship (Proctor)
• Soil Hydraulic Conductivity (Penneability)

August 25. 1998
Field Sampling and Laboratory Testing Results

Cave Buttes Feasibility
LAW Project No. 70241-8-0316.01

samples were obtained at intervals detennined by LAW field personnel. A field engineer or

geologist monitored the drilling operations, logged the borings and obtained samples for laboratory

testing.

• Moisture Content
• Particle Size Analysis
• . Atterberg Limits
• Soil Corrosivity Testing

The subgrade soils were visually classified in the field in accordance with the Unified Soil

Classification System (USCS). The logs of the borings are presented in the Test Boring Records

along with the USCS in the Appendix. These records represent our interpretations of the subsurface

conditions based on our field observations, a visual examination of samples by an engineer, and the

indicated laboratory tests perfonned on selected samples. The lines designating the interface

between various strata on the test boring records represent the approximate positions of the interface.

The transitions between strata may be gradual. Groundwater conditions indicated in our report

represent conditions only at the time of our exploration. After drilling, the boreholes were backfilled

with the spoils.

Laboratory tests were perfonned on selected samples obtained from the test borings to aid in the

classification ofthe soils using the USCS. The following tests were perfonned:

The testing was perfonned in accordance with applicable ASTM standards. We will store the

collected samples for a period of 60 days, after which time they will be discarded unless we are

notified otherwise. The results ofthe laboratory tests are presented in the following section.
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Subsurface Conditions

FIELD EXPLORATION AND LABORATORY TESTING RESULTS

Laboratory Testing

August 25. 1998
Field Sampling and Laboratory Testing Results

Cave Buttes Feasibility
UW Project No. 70241-8-0316.01

The subsurface soils encountered during our field exploration are described in the attached Test

Boring Records. The Test Boring Records represent our interpretation of the subsurface conditions

based on the field logs, visual examination of the field samples by an engineer, and tests of the

collected field samples.

Subsurface conditions at the subject site were explored between July 15 and July 20, 1998 by

advancing six borings to a depth of 100 feet. The soils encountered at borings CBOH 1,2, and 6

consisted generally of moderately dense to dense sandy clays with gravel within the upper 10 feet.

These soils overlay dense to hard clayey sands and silty sands with varying percentages of gravel,

interbedded with layers of silty gravel, clayey gravel, and sandy gravel. Weathered bedrock was

indicated at a depth of 53 feet and hard bedrock at a depth of 65 feet at boring CBOH 1. Borings

CBOH 3, 4, and 5 generally consisted of near surface silty sands and sandy silts with varying

percentages of gravel to approximately 15 feet. These soils were observed to overlay sandy gravel

and silty gravel layers to a depth of between 30 and 50 feet. Silty sands, sandy silts, and clayey

sands with varying amounts of gravel were encountered below the sandy gravel and silty gravel

soils. Layers of cobble and boulders were also encountered throughout the borings in varying

percentages. The soils encountered were generally low to medium in moisture content and

plasticity, and the test borings did not encounter groundwater or deleterious fill materials.

The subsurface samples obtained from our field exploration were selected for laboratory testing after

examination by our geotechnical engineer. To determine the particle size distribution of the site

soils and to aid in classification, mechanical analyses were performed. Twenty-four sieve

analyses, 24 Atterberg Limits tests, and 31 moisture content tests were performed on selected soil

samples collected from various depths below the surface. The results of the testing are presented

on the attached Sample Summary sheets and are tabulated in the attached Table I - Summary of

Laboratory Testing.
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PJC:BAW:kjw

Sincerely,

We appreciate your choosing LAW for these services and are looking forward to working as your

geotechnical consultant on future projects. Please contact us with questions you may have regarding

this report.

Five hydraulic conductivity (permeability) tests were performed on soil test samples selected by

Mr. Ross. The samples were tested in general accordance with ASTM D2434 Standard Test

Method for Permeability of Granular Samples (Constant Head). The results of the testing are

presented on the attached Sample Summary sheets and are tabulated in the attached Table I 

Summary ofLaboratory Testing.

One reactivity test was performed on a soil test sample selected by Mr. Ross. This sample was

tested in general accordance with ASTM C289 Standard Test Method for Potential Reactivity of

Aggregates (Chemical Method). The results of the test are attached.

Cave Buttes Feasibility
UW Project No. 70241-8-0316.01

LAW ENGINEERING AND ENVIRONMENTAL SERVICES, INC.

~{~~ ~~E.
Staff Geologist Project Engineer
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TABLE I
Summary of Laboratory Testing

Cave Buttes Feasibility
Cave Creek, Arizona

LAW Project No. 70241-8-0316.01
Moisture-Density

Relationship
ASTM 0698-78

Sieve Analysis Atterberg Limits, % Method C
Maximum Optimum

Sample In-Situ Reactivity Permeability Dry Moisture
Location LAW Gravel Sand Fines Moisture ReISc per SF Liquid Plasticity Density Content Soil

BoringlDepth Lab No. (%) (%) (%) (%) mMolIL ft/yr Limit Index (pct) (%) Type1

OHl(11-13) 83143 NT NT NT 18.5 NT NT NT NT NT NT

OHl(13-15) 83144 NT NT NT 22.5 NT NT NT NT NT NT

OHl(15-20) 83145 47 39 14 NT NT NT NV NP NT NT GM

OHl(20-30) 83146 NT NT NT 3.4 NT NT NT NT NT NT

OHl(30-35) 83147 61 31 8 NT 276/29.4 0.514 22 4 137.8 7.1 GW-GC

OHl(45-50) 83149 NT NT NT 9.3 NT NT NT NT NT NT

OHl(60-70) 83151 44 42 14 NT NT 0.593 38 18 132.6 8.8 GC

OHl(80-90) 83152 NT NT NT 8.0 NT NT NT NT NT NT

OH1(90-100) 83153 42 41 17 NT NT NT 35 14 NT NT GC

0H2(0-10) 83154 38 39 23 NT NT NT 28 8 NT NT SC

0H2(20-30) 83157 52 30 18 NT NT 0.105 42 18 130.4 10.6 GC

0H2(30-40) 83158 34 36 30 NT NT NT 45 26 NT NT SC

0H2(40-45) 83159 NT NT NT 13.1 NT NT NT NT NT NT

0H2(45-55) 83160 41 46 13 NT NT NT 24 8 NT NT SC

NP =Non-Plastic
NT = Not Tested
NV =No Value obtained
1USCS =Unified Soil Classification System
2Bulk Sample from Auger Cuttings

Page 1 of3
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Cave Buttes Feasibility
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TABLE I
Summary of Laboratory Testing

Cave Buttes Feasibility
Cave Creek, Arizona

LAW Project No. 70241-8-0316.01
Moisture-Oensity

Relationship
ASTM 0698-78

Sieve Analysis Atterberg Limits, % MethodC
Maximum Optimum

Sample In-Situ Reactivity Permeability Ory Moisture
Location LAW Gravel Sand Fines Moisture ReISc per SF Liquid Plasticity Density Content Soil

BoringlDepth Lab No. (%) (%) (%) (%) mMolIL ft/yr Limit Index (pct) (%) Type1

0H3(O-10) 83163 0 66 34 NT NT NT NV NP NT NT SM

0H3(20-30) 83165 62 32 6 NT NT NT NV NP NT NT GP-GM

0H3(40-50) 83167 25 38 37 NT NT 0.692 47 21 111.4 16.9 SC

0H3(60-70) 83169 NT NT NT 17.0 NT NT NT NT NT NT

0H3(80-90) 83171 35 50 15 NT NT NT 37 14 NT NT SC

OH3(90-100) 83172 NT NT NT 19.2 NT NT NT NT NT NT

OH4(0-10) 83173 61 31 8 NT NT NT NV NP NT NT GW-GM

OH4(10-20) 83174 NT NT NT 4.5 NT NT NT NT NT NT

OH4(30-40) 83175 NT NT NT 6.0 NT NT NT NT NT NT

OH4(40-50) 83176 44 32 24 NT NT NT 36 12 NT NT GC

OH4(50-60) 83177 14 52 34 NT NT NT 45 18 NT NT SM

OH4(60-70) 83178 46 43 11 NT NT NT NV NP NT NT GP-GM

OH4(70-80) 83179 NT NT NT 7.0 NT NT NT NT NT NT

OH4(80-90) 83180 NT NT NT 7.1 NT NT NT NT NT NT

NP =Non-Plastic
NT =Not Tested
NV =No Value obtained
1USCS = Unified Soil Classification System
2Bulk Sample from Auger Cuttings

Page 2 of3
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Cave Buttes Feasibility
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TABLE I
Summary of Laboratory Testing

Cave Buttes Feasibility
Cave Creek, Arizona

LAW Project No. 70241-8-0316.01
Moisture-Density

Relationship
ASTM 0698-78

Sieve Analysis Atterberg Limits, % Method C
Maximum Optimum

Sample In-Situ Reactivity Permeability Dry Moisture
Location LAW Gravel Sand Fines Moisture ReISc per SF Liquid Plasticity Density Content Soil

BoringlDepth Lab No. (%) (%) (%) (%) mMolIL ft/yr Limit Index (pet) (%) Type I

OH4(90-100) 83181 NT NT NT 18.8 NT NT NT NT NT NT

OH5(0-10) 83182 25 50 25 NT NT NT 32 12 NT NT SC
OH5(30-40) 83183 71 22 7 NT NT NT NY NP NT NT GP-GM
OH5(40-50) 83184 11 34 55 NT NT NT 39 17 NT NT CL
OH5(50-60) 83185 NT NT NT 26.2 NT NT NT NT NT NT

OH5(70-80) 83186 NT NT NT 13.2 NT NT NT NT NT NT

OH5(80-90) 83187 NT NT NT 17.8 NT NT NT NT NT NT
OH5(90-100) 83188 NT NT NT 3.6 NT NT NT NT NT NT
OH6(0-10) 83189 NT NT NT 3.8 NT NT NT NT NT NT
OH6(10-20) 83190 43 49 8 NT NT NT NY NP NT NT SP-SM
OH6(20-30) 83191 47 45 8 NT NT NT 25 11 NT NT GW-GC
OH6(30-40) 83192 15 47 38 NT NT 0.534 34 16 120.1 12.6 SC
OH6(60-70) 83195 21 52 27 NT NT NT 33 13 NT NT SC

OH6(80-90) 83197 31 49 20 NT NT NT 40 18 NT NT SC

NP =Non-Plastic
NT =Not Tested
NY =No Value obtained
1USCS =Unified Soil Classification System
2Bulk Sample from Auger Cuttings

Page 3 of3
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LAWGIBB Group Member J..

PROJECT: Cave Buttes TEST PIT NO.: CBDH-l
COORD N: 1,575.0
COORD E: 1,050.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5

LAW

Black silty GRAVEL with sand, contains 14 percent cobble, non-plastic, moist

5

IS

10 +O;::::;;-:::~"iAV":'::;;;:-:::::::;~=-==:=;:===:-:-----------------~Black silty eLAY with sand, wet, mediwn high plasticity

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS E L I a

~~
T

G E D T .;;;

E Y cC' "'-V -=H E 8~
.,,,

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 =
SYMBOLS AND ABBREVIATIONS BELOW. D (ft)

N E ~~ :E8
(g) T 0

Dark Brown sandy eLAY with silt, moist, low plasticity 1620.

25 -l.. .l.l.,.;:~"'_

20 +n:::::::-==:l:':'7;;;Av;:;;"'7.':!;;:-:::i:i:i:-:i.::I.:::7'::r.::::=----------------~~+Orange sandy GRAVEL with cobble, dry, low plasticity

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT TIlE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTIlER
LOCATIONS AND AT OTIlER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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PROJECT: Cave Buttes TEST PIT NO.: CBDH·l
COORD N: 1,575.0
COORD E: 1,050.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

Orange well graded GRAVEL with silty clay and sand. moist, low plasticity

30

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS E L I .~ u"t.
T G E 0 T

~c ~.
E V Y .c

H E 8~ "'"SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 C
SYMBOLS AND ABBREVIATIONS BELOW. 0 (ft)

N E ~~ :E8
Sft1

T 0

Orange sandy GRAVEL with cobble, dry, low plasticity 1595. BK 3

35 -+--;:O;::ran=ge:-::-b~ro:::wn=-:;c1Cay:::ey::-:Gr;;RA~V7rE:;-L-::-w:;;;ithi:'":san=d;-. m=o=is=t,"lo:::w-:-:p~las:-::U::'c=ity:---------------~

50 -'--------------------------------

45

40

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE lNTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXlMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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PROJECT: Cave Buttes TEST PIT NO.: CBDH-l
COORD N: 1,575.0
COORD E: 1,050.0
EXCAVATED: July 15,1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF 5

LAW

D SOIL CLASSIFICAnON L E SAMPLES
E E Lp AND REMARKS I ?;>

e~G E T ';;j
T E V

D
Y cC' ,,-_c

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N
E p ~~ .~ .!l
N t>~

o c
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E :Eo

~ftJ
T Q U

Orange-brown clayey GRAVEL with sand, moist, low plasticity 1570.

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

Light brown sandy GRAVEL, dry, low plasticity

70

55 -+--;-L""igh;-:t:;-b-::ro~wn--'cl""ay-::ey-'G';;RA:;-:-;V;;:E:;-L""w:;::ithL'sand~;-,m--o-::is--t,-=m-od-,-e.,..ra:-te-p;:'las-.:ti--ci--ty-------------,~
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60

TIllS RECORD IS A REASONABLE INfERPRETATION
OF SUBSURFACE CONDmONS AT TIlE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTIIER
LOCATIONS AND AT OTIlER TIMES MAY DIFFER.
INfERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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PROJECT: Cave Buttes TEST PIT NO.: CBDH-l
COORD N: 1,575.0
COORD E: 1,050.0
EXCAVATED: July 15,1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS E L I C

e~
T G E 0 T .;;;

E V Y cC' ,,~

~ c
H E t!& .,,,

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P
c~

'0 C

SftJ
SYMBOLS AND ABBREVIATIONS BELOW. 0 (ft) T E

Cl ::E8
Light brown sandy GRAVEL, dry, low plasticity 1545.

Dark Brown clayey GRAVEL with sand, moist, moderate plasticity

85

90

95

100 -J- ll:.C""""L.

80

DRILLER: Layne Environmental Services
EQUIPMENT: AP-IOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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FIELD ENGINEERING NOTES:
IS20.

Approximate ground surface elevation = 1620 feel.

Soil boring terminated at approximately 1000 feet below ground surface.

Groundwater not encountered.

Borehole observed open to termination depth.

Borehole backfilled wih spoils.

f- lOS - HSIS,o-

- \10- HslO.o-

f- lIS - HsoS.o-

I- 120- I-ISoo.o-

- 125 1495.

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-l
COORD N: 1,575.0
COORD E: 1,050.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 5 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP-\OOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDrnONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDrnONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSrnONS BETWEEN STRATA MAYBE GRADUAL.
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TEST PIT NO.: CBDH-2

LAW
LAWGIBB Group Member~

PROJECT: Cave Buttes
COORD N: 280.0
COORD E: 1,008.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01

SOIL CLASSIFICATION L E SAMPLES
AND REMARKS E L I ~

~~G E D T ';;;
E V Y cc ,,-

E ~lS. ~ij
SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0=

SYMBOLS AND ABBREVIATIONS BELOW. 0
N E

c~ :::;0
T Q U

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

2S ....L. ..L.l=.ll__.

Orange-brown clayey GRAVEL with sand. wet, moderate to high plasticity

D
E
P
T
H

(g) +-;::--;-;:-:=-::O:::~~~:::;:-=~:-:=:=~=:7"':"':=::--:;=:o:=-:==:-------------j"Y.7.':l-Dark brown clayey SAND with gravel, contains 2 percent cobbles, dry, low plasticity

15

Dark brown-green sandy GRAVEL with cobble. moist, low plasticity

10 +-=Purp:--I:-e.,-bo-u':"":ld,-ers-an.......,..d-co..,..b:-:'ble-------------------------iliit~~
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20

TInS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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13

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-2
COORD N: 280.0
COORD E: 1,008.0
EXCAVATED: July IS, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

D SOIL CLASSIFICAnON L E SAMPLES
E
P AND REMARKS E L

.~ u#.
T G E T

~c ~-E V Y _c
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P ~~ .!a~

~:.." Q c
SYMBOLS AND ABBREVlATIONS BELOW. D (ft) E ~Q

~ft1 Cl u
1555.

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

Gray clayey SAND with gravel, moist, low plasticity

50 ...I--------------------------------~:...<:;.,<=-

45

Dark brown clayey SAND with gravel, moist, low plasticity

40

35

30 +"Qran=g--e--;br-o--wn---;cIaLy-=ey--Sn':AN.-.;;:D:;-:W1.....,·:L"th-=gra=ve7"l-::w=et,-=m--od"":re-=ra:7te::-:t--o L'hi":igh--p:O:las=t=ic"=ity-:--------------*'W7"l-1550.

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDnlONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAYBE GRADUAL.
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1525.

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-2
COORD N: 280.0
COORD E: 1,008.0
EXCAVATED: July 15,1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF 5

LAW·

55

D SOIL CLASSIFICAnON L E SAMPLES
E E Lp AND REMARKS c u"#.G E T .;;;
T E V Y cC' 3~

~ c
H ~8. ....

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 C
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E ~~

:::a 8
~t}I 0

Gray clayey SAND with gravel, moist, low plasticity 1530.

Weathered bedrock

60

65 +~B;:;;ED:-'RV:OC=K........;.--------------------------~~r-

70

75 -L.. """'''''''''''''-

DRILLER: Layne Environmental Services
EQUIPMENT: AP-1000lBecker
HOLEDIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTIIER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAYBE GRADUAL.
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1495.

1500.

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-2
COORDN: 280.0
COORD E: 1,008.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

80

85

95

90

D SOIL CLASSIFICATION L E SAMPLES
E
p AND REMARKS

E L 1 .€ a~G E T
T E V

D Y ~c =--=H E ~g, ",OJ

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 C
SYMBOLS AND ABBREVIATIONS BELOW. D (ft)

N E ~~ ~Q

W T Col u

BEDROCK
1505.

DRILLER: Layne Environmental Services
EQUIPMENT: AP-IOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

100 -L.. ....:..... ~~L

nus RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.
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D
,

SAMPLES
E SOIL CLASSIFICATION L E

p AND REMARKS
E L I .€ u'$..

T
G E D T

~c 3-E V Y _c
H SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N

E P 8g. ·S~N B~

~ m6
SYMBOLS AND ABBREVIATIONS BELOW. D (1\) T E ::E8

FIELD ENGINEERING NOTES:
1480.

Approximate ground surface elevation = 1580 feel

Soil boring terminated at approximately 100 feet below ground surface.

Groundwater not encountered.

Borehole observed open to termination depth.

Borehole backfilled with spoils.

~105- 1-1475.0-

I- 110- H470.0-

I- 115- H465.0-

~ 120- 1-1460.0-

'- 125 1455.

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-2
COORD N: 280.0
COORD E: 1,008.0
EXCAVATED: July 15, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 5 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attac:hinent

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYUE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORD N: 4,550.0
COORD E: 3,150.0
EXCAVATED: July 17, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5

LAW

DRILLER: Layne Enviromnental Services
EQUIPMENT: AP·IOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attal:hment

D SOIL CLASSIFICATION LE E
p AND REMARKS 0
T E
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

SYMBOLS AND ABBREVIATIONS BELOW. D (ft)
- <g) +===-=~==-=:-::;-=:-::--:;:-::-::-::--:;=--~~----------------1I-:-r""T":'+-1630.<H----l"""-+----4----l

Brown silty SANDwith gravel, loose to dense, dry, non-plastic .'.. :' :

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACECONDnJONSATOTHER
LOCATIONS AND AT OlHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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Brown silty SAND, dense, dry, non-plastic

" ','

.... ::.. : .. '

. " " "

:,' ','
'. ','

'. ',' .
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!ill- 20 +..",----..,.....----;-...,...."""...,.;-:;:;;----.",........,.,.,....-..,.....---;--,..,-...,."...---.---.,.,..,....-,....----:-..,-------W........>t-1610."---a Brown poorly graded ORAVEL with silt and sand, contains 15 percent cobble, dry, non-plastic ~ '.V-
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LAWGIBB Group Member i&

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORD N: 4,550.0
COORD E: 3,150.0
EXCAVATED: July 17, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

SOIL CLASSIFICATION
AND REMARKS

D !

E
P
T
H

ORILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLEOIM.: 9
REMARKS: Oual Wall Down-Hole Percussion Hammer with Tubex

Altal:hrnent

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.

f- 35 -

I- 40 +"';'";":"==- =:":;;;;"";:-::;::;:-=;--"""':':'-;:::-:-=-:-""':""""':-----------------hl.,:.l··t;.;;···i-1590."-
Light brown sandy SILT with gravel. moist, low plasticity I.V-

L
E
G
E

SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N

f- W-+--::-__-:-----,--:-:=-:~:;--""'S:_YM...,.,_B-O_:_LS-A-N:_O-AB....,B-RE....,._:_V-lA-T-IO....,N-S_:_B:_:E-LO....,W_._-:-..,..- -+-.~O,......,..,1_
Brown poorly graded GRAVEL with silt and sand. contains 15 percent cobble. dry. non-plastic ~
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I- 60 +~ -:--.,.._,;=~;---___;;--...,...,..-......-_:__..,.....,.,...."...----------------..j;;".l.,.,;.I,. ;..;..,~1570."----
Brown sandy SILT with gravel, moist, moderate plasticity '."'-
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORD N: 4,550.0
COORD E: 3,150.0
EXCAVATED: July 17,1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF 5

LAW

SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONS BELOW,

Brown silty SAND with gravel, moist, low plasticity

D
E
p
T
H

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

THIS RECORD IS A REASONABLE lNTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.

I- 55 -

I- 65 -

b
<.:l

~I- 70 -a Brown sandy SILT with gravel, dry, low to moderate plasticity
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORD N: 4,550.0
COORD E: 3,150.0
EXCAVATED: July 17, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

90

95

D SOIL CLASSIFICATION L E SAMPLES
E E
p AND REMARKS

L c u~

T
G E T .;;;

3-E V Y cc _ c
H C;lg, '" u

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P ·0 C
SYMBOLS AND ABBREVlATIONS BELOW. D E C- ~8(r; Q

Brown clayey SAND with gravel, dry, moderate plasticity

100 ....I... ~.&..L.!I...

80

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOoolBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attac:hment

85

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORD N: 4,550.0
COORD E: 3,150.0
EXCAVATED: July 17,1998
PROJ. NO.: 70241-8-0316.01 PAGE 5 OF 5

LAW

SOIL CLASSIFICAnON
AND REMARKS

Borehole observed open to tennination depth.

Borehole backfilled with spoils.

Approximate ground surface elevation = 1630 feel.

Soil boring tenninated at approximately 100 feet below ground surface.

Groundwater not encountered.

D
E
P
T
H

L
E
G
E

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N
(ftO) SYMBOLS AND ABBREVIATIONS BELOW. D (ft
r 0 -l--::Fl::':E:::-L':::D-::EN=G'::'IN"'E:;::ERIN=;-;::;G,...,.N""'O""TE:;::Sn:-----------------------1----+-1530

125 -L.. :.- -l-_-L-1505

105

120

115

110

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member ItA

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORDN: 9,108.0
COORD E: 5,418.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5

LAW

Brown sandy gravel. dry, low plasticity

Brown sandy gravel. dry, low plasticity

0 SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS

E L I ,q
:2~G E T

T E V
D Y lac =-

H E ~;s, ~ 5
SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N P '0 C

SYMBOLS AND ABBREVIAnONS BELOW. D
N E ~- ~o

(ft) T Q U

0 Brown well graded GRAVEL with silt and sand, dry to moist, non-plastic

20

IS

10

5

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBeclcer
HOLE DIM.: 9
REMARKS: Dual Wan Down-Hole Percussion Hammer with Tubex

Attachment

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAY BE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORD N: 9,108.0
COORD E: 5,418.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS E L ~

~~G E T ';;;
T E V Y cc =-_c
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P ~g, .:::! B

i:'- o c

Sft; SYMBOLS AND ABBREVIATIONS BELOW, D E
0 ::E8

Brown sandy gravel, dry, low plasticity

40 +-:::B:-ro-wn---:cl-ay-ey....,G""RA,....,...,.V""E~L-w.".,ith:-san---,d;-, m-o..,.ist,...,....-m-od-;-e--ra-.-te-p-:-las-.l1.,...·cl:O:-·ty----------------&:~7't-

Brown sandy gravel, dry, low plasticity

35

50.....L...-------------------------------.......'"""""--

45

30

DRILLER: Layne Environmental Services
EQUIPMENT: AP·lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Atw:hment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT TIIE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member Ia.

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORD N: 9,108.0
COORD E: 5,418.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8;'0316.01 PAGE 3 OF 5

LAW

SOIL CLASSIFICATION
AND REMARKS

Brown silty SAND with gravel, moist, low plasticity

Brown silty SAND with gravel, moist, moderate to high plasticity

Brown poorly graded ORAVEL with silt and sand, dense to hard, dry, non-plastic, contains 7 percent cobble

D
E
P
T
H

DRll..LER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Altal:hment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAYBE GRADUAL.

- 60 -

f- 65 -

SEE KEY SYMBOL SHEET FOR EXPLANATION OF

f- ~f}f +""'r:':"=-'-~~""-;;::;-:-::":L=..S_YM~B_O__LS"7AN:-::-:-D--;-AB__B.,...RE~V_IA_T_IO_N_S_B_E_L_OW_. ----------6:.,..,.,...ri
Brown clayey ORAVEL with sand, moist, moderate plasticity
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORDN: 9,108.0
COORD E: 5,418.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

SOIL CLASSIFICAnON
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONS BELOW.

Brown silty SAND with gravel, moist, low plasticity

D
E
P
T
H

95-

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBeclc:er
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attac:hment

- 90 - Brown silty SAND with gravel, moist, low plasticity

- 85 -

- 80 -

THIS RECORD IS A REASONABLE INTERPRETAnON
OF SUBSURFACE CONDrnONS AT THE EXPLORAnON
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCAnONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORD N: 9,108.0
COORD E: 5,418.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241·8-0316.01 PAGE 5 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.

D SOIL CLASSIFICATION L E SAMPLES
E Ep AND REMARKS L I ~ u'$.
T

G E D T .;;;
~-E V Y =c -=H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

E P 8g, .~g

N ~--
0=

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E :::Eo

r- W6
T Q u

FIELD ENGINEERING NOTES:
1570.

Approximate ground surface elevation = 1670 feet.

Soil boring terminated at approximately 100 feet below ground surface.

Groundwater not encountered.

Borehole observed open to termination depth.

Borehole backfilled with spoils.

I- 105 - >-1565.0-

r- 110 - 1-\560.0-

._-

r- 115- -1555.0-

I- 120- 1-\550.0-

'- 125 1545.
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LAWGIBB Group Member ia.

PROJECT: Cave Buttes TEST PIT NO.: CBDH-5
COORD N: 6,552.0
COORD E: 280.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5

LAW

SOIL CLASSIFICATION L E SAMPLES

AND REMARKS E L I C
~~G E D T .;;;

E V Y =c ,,-- =E 8~ <n"
SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 E

SYMBOLS AND ABBREVIATIONS BELOW. D
N E c~ :::Eo
T Q U

Brown sandy SILT with gravel, dry, low plasticity

Brown silty GRAVEL with sand, dry, low to moderate plasticity

5

15

10

20

DRILLER: Layne Environmental Servi<:es
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

D i
E
P
T
H

<g) -+--=::=-::;--=:O=::;-::-::L:=7"'7~==-::;-=-,=--=-:-:-::::-:-;"=-==~~-------I-r77.7:':1-Brown clayey SAND with gravel, dry, moderate plasticity, weak to moderate cementation

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT TIlE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTIlER
LOCATIONS AND AT OTIlER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-5
COORD N: 6,552.0
COORD E: 280.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS E L I C

e~
T G E D T .;;;

E V Y cc =-_c
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

E P 8g" .~ ~

N ~~
oc

St;>
SYMBOLS AND ABBREVIATIONS BELOW. D T E

0 ::E8
Brown silty GRAVEL with sand, dense to hard, dry, low to moderate plasticity

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Pen:ussion Hammer with Tubex

Auaehment

40 -+--=B-ro-wn-sandy""""""lean---:C:;:LA-:-:"Y"",sam---""p,'-eco~ntaJ,...·,....ns...,2~6-pe--rce---.nt-co~b~bl;-e,-m-o.,..ist,:-m--od~era-.te-p-.lastl""'"':""·c'"":ity---------

45

30 -+--=B-ro-wn---gra-y-poo-rl:-y-grad--:-ed....,..",G=RA"""V'""EL=-W1"'"'·-:-th-si"'"lt-an...,d,-san--.,.d,-co-n-taJ..,-·ns--.,.,I':-pe-rce-nt-c...,ob-:-b-:-le,-d:-ense-to--:-har-d,.,....,.dry-,-n-on--p..,.las-t""ic-4~"""-

Brown-gray poorly graded GRAVEL with silt and sand, contains I' percent cobble. dense to hard, dry, non-plastic

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-5
COORD N: 6,552.0
COORD E: 280.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF 5

LAW

Brown silty SAND. dense, dry, low plasticity

70

55

65

60

D SOIL CLASSIFICAnON L SAMPLES
E

E

p AND REMARKS
E L I .e ~~G E T

T E
D Y ~c ,,-

H
V _c

E 8g, "'''SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 C
SYMBOLS AND ABBREVIATIONS BELOW. D (ft)

N E 1:'~
~8

~ftJ
T Q

Brown clayey SAND, dry to moist, low plasticity
1580.

75 .....I- I:.:.J..'J',;.;<·LtSSS.()-L---'..........--.-J.---l

DRILLER: Layne Environmental Services
EQUIPMENT: AP· IOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OrnER
LOCATIONS AND AT OTIffiR TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.
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SOIL CLASSIFICATION
AND REMARKS

D
E
p
T
H

Brown sandy SILT, dry, low to moderate plasticity

SEE KEY SYMBOL SHEET FOR EXPLANATION OF

'- Sft; +""-_~"";;"7=--:;:-==--:;-:--;:-_S:;YMB=:",:O:,:,"LS_AN_D_AB_B_RE_V_lA_TI_O_N_S_B_E_LO_W_. __--------+.",....,-,.11
Brown silty SAND, dense, dry, low plasticity

I
I
I

I
I - 80 - Brown sandy SILT, dense to hard, dry, low to moderate plasticity
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-5
COORD N: 6,552.0
COORD E: 280.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP·\OOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACECONDmONSATOTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.

- 90 - Brown sandy SILT with trace gravel, dense, dry, low to moderate plasticity

.... 85 -
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-5
COORD N: 6,552.0
COORD E: 280.0
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 5 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP-1000!Be<:ker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAYBE GRADUAL.

D
,

SA1vIPLESSOIL CLASSIFICATION L E
I

E
p AND REMARKS E L I c u"#.
T

G E D T '.. s-E V Y =c -=H E ~g, <nO>

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P
~~SYMBOLS AND ABBREVIATIONS BELOW, D (ft)

N E C~

~fS6
T 0

FIELD ENGINEERING NOTES:
1530.

Approximate ground surface elevation = 1630 feet

Soil boring terminated at approximately 100 feet below ground surface.

Groundwater not encountered.

Borehole observed open to termination depth.

Borehole backfilled with spoils.

~ 105- 1-\525.0-

- 110- 1-\520.0-

- 115- 1-\515.0-

- 120- 1-1510.0-

- 125 1505.v
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-6
COORD N: 2,800.0
COORD E: 2,100.0
EXCAVATED: July 16, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5

LAW

Brown poorly graded SAND with silt and gravel, moist, non-plastic

Brown poorly graded SAND with silt and gravel, dry, non-plastic

5

10

15

20 +-::B;-ro-wn-w-el;;-'grad-""ed"G~RA;:-:-:V-:::E;;-L-w"""ith""c""':'la-y-and--;-sand,--;'-m-o""is""t, 7'"lo-w...,..to-m-od-:-erate...,...-p""':'lasu.....,.,...·c""'ity---------'---l:.:";;,,hI,,;,ii.l-I600.

D SOIL CLASSIFICATION L E SAMPLES
E
p AND REMARKS

E L , C
~~

T
G E D T .;;;
E V Y co ,,-_ c

H E ~g, '" u
SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P '0 C

SYMBOLS AND ABBREVIAnONS BELOW. D (ft)
N E c~

~8
(ft) T Q

0 Brown sandy CLAY, weak to moderate cementation, dry, low plasticity
1620.

DRILLER: Layne Environmental Services
EQUIPMENT: AP-IOOOlBec:ker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-6
COORD N: 2,800.0
COORD E: 2,100.0
EXCAVATED: July 16, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 OF 5

LAW

SOIL CLASSIFICATION
AND REMARKS

D
E
P
T
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF

SYMBOLS AND ABBREVIATIONS BELOW.
S~ -I--::,..----;;---;-~~__.:;:_~-.--~.,...,.._;__:___;___:__._....,.,....,.,.--------h~

Brown well graded GRAVEL with clay and sand, moist. low to moderate plasticity

40

35

Orange-Brown clayey SAND with gravel, moist, moderate plasticity

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attac:hment

Orange-Brown clayey SAND with gravel, moist. moderate plasticity

30

45

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACECONDmONSATOTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-6
COORD N: 2,800.0
COORD E: 2,100.0
EXCAVATED: July 16, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF 5

LAW

Light brown clayey SAND with gravel, moist, moderate plasticity

55

70

65

D SOIL CLASSIFICATION L E SAMPLES
E
p AND REMARKS

E L I ~ 'U~

T
G E D T .;;;

5-E V Y cC' _c
H E 8g, <nY

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P 's =
SYMBOLS AND ABBREVIATIONS BELOW. D

N E ~- :::Eo

<fJ
T Q U

Orange-Brown clayey SAND with gravel, moist, moderate plasticity

60

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

THIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDrnONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-6
COORD N: 2,800.0
COORD E: 2,100.0
EXCAVATED: July 16,1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5

LAW

Tan-brown clayey SAND with gravel and cobble, dry, low plasticity95

90

D SOIL CLASSIFICAnON L E SAMPLES
E
p AND REMARKS

E L C u'$.
T

G E T .;;; s-E V Y =C' -=
H 88. .ra ~

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P
1:;-- 0=

~ft1
SYMBOLS AND ABBREVIATIONS BELOW. D E Q ~8

Light brown clayey SAND with gravel, moist, moderate plasticity

Tan-Brown clayey SAND with gravel, dry, moderate plasticity

100 ...J... ~~~

80

85

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attachment

TInS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT TIlE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTIlER
LOCATIONS AND AT OTIlER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL.
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0 SAMPLES
,

E SOIL CLASSIFICAnON L E i

P AND REMARKS
E L I ~

~~
T

G E 0 T .;;;

E V Y cc ,,-_c
H E 8 is. '" ..

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P
c~

·0 C

~fS6
SYMBOLS AND ABBREVIATIONS BELOW. 0 (ft) T E Q ::E<3

FIELD ENGINEERING NOTES:
1520.

Approximate ground surface elevation'" 1620 feet

Soil boring tenninated at approximately 100 feet below ground surface.

Groundwater not encountered.

Borehole observed open to tennination depth.

Borehole backfilled with spoils.

~ 105- ~1515.0-

-110 - 1-\510.0-

f- liS - 1-\505.0-

~ 120- H5oo.0-

'- 125 1495.v

LAWGIBB Group Member~

PROJECT: Cave Buttes TEST PIT NO.: CBDH-6
COORD N: 2,800.0
COORD E: 2,100.0
EXCAVATED: July 16,1998
PROJ. NO.: 70241-8-0316.01 PAGE 5 OF 5

LAW

DRILLER: Layne Environmental Services
EQUIPMENT: AP-lOOOlBecker
HOLE DIM.: 9
REMARKS: Dual Wall Down-Hole Percussion Hammer with Tubex

Attal:hment

TIllS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACECONDITlONSATOTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEEN STRATA MAYBE GRADUAL.

I
I

I
I



- - - - - - - - - - - - - - - - - - -
-50

'"-150
-250

'"1640

--1620
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Borehole North East Elev.
CBDH-1 1575 1050 1620.0
CBDH-2 280 1008 1580.0
CBDH-6 2800 2100 1620.0

Depth
100.0
100.0
100.0

DISTANCES:
Beginning 0

Ending 1800
VIEWING ANGLES (degrees):
Horizontal 30.0

Vertical 20.0
Position I North
Left, Front I 1190
Riaht, Front I 2759
Left, Back I 1476
Riaht, Back I 3046

East
1519
2399
1008
1889

Cave Buttes

PROJECT # I DATE

170241-8-0316.011 Aug 98

PLATE

1

1580

1540

1520

1500
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Cave Buttes

SUBSURFACE FENCE DIAGRAM B-B'

PROJECT # IDATE
Position I North I East
Left, Front I 3815 I 1500

DISTANCES:
Beginning 0

Ending 6000
VIEWING ANGLES (degree~:

Horizontal .0
Vertical 20.0

100.0
100.0

100.0
DepthElev.

1630.0
1670.0
1630.0280

East

5418
3150

9108
4550

6552

North

CBDH-4
CBDH-5

Borehole
CBDH·3
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Distance Along Baseline
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~ Left, Back 7613 -193
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Sc (Silica dissolved from No. 50 to 100 mesh aggregate, millimoles per liter) 29.4

ANALYTICAL &RESEARCH LABORATORIES, INC.

Samples: Aggregate plus soil, Project: Cave Buttes Dam, Job No: 70241-8-0316.01

NOTE: When Potential Reactivity was determined, according to ASTM C289, the sample was
found to be innocuous.

PAGE. 02A&R Labs Inc.

M. L. Givens, President

Rc (Reduction in alkalinity, millimoles per liter of 1 N NaOH solution) 276

ANALYSIS

Respectfully submitted,

35656

METHOD: ASTM C289 - 87

Lab No: 35656 - Screened sample 81 (30'-35')

Attention: Mr. Troy Peck

August 17, 1998

Law Engineering and Environmental Services, Inc.
·4634 South 36th Place
Phoenix, AZ 85040

AUG 17 '98 14:47
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

"10 COBBLES I "10 GRAVEL I Ofo SAND I Ofo SILT I 0/0 CLAY I
0 I 47 I 39 I 14 I

SIEVE PERCENT SPEC: PASS? Soil Description
SIZE FINER PERCENT (X=NO) Silty gravel with sand

3 in. 100 Sample contains 14% cobbles
2-1/2 in. 92

2 in. 88
1-1/2 in. 81

Atterberg LimitsI in. 74
3/4 in. 70 PL= NP LL= NV PI= NP
1/2 in. 64
3/8 in. 61 Coefficients1/4 in. 56

#4 53 08S= 44.4 060= 8.74 050= 3.71
#8 44 030= 0.600 015= 0.0860 010=#10 42 Cu= Cc=#16 36

#30 30 Classification#40 27
#50 24 USCS= OM AASHTO= A-l-a

#100 19
#200 14 Remarks

F.M.=4.82

~ (no specification provided)

Sample No.: 83145 Source of Sample: Boring 1 Date: 7-20-98
Location: Cave Buttes Dam ElevJDepth: 15'-20

LAW
Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

LAWGIBB Croull Member£'
Project No: Reviewed By: @70241-8-0316.01



I
f "IoCLAY I

A-I-a

8

050= 10.3
010= 0.113

Date: 7-20-98
Elev./Depth: 30'-35'

"10 SILT

Reviewed By{!iiJ>

Atterberg Limits
LL= 22 PI= 4

31

Soli Description
Well-graded gravel with silty clay and sand

Remarks

085= 43.7
030= 2.00
Cu= 156.90

PL= 18

Coefficients
060= 17.7
015= 0.337
Cc= 1.99

Classification
USCS= GW-GC AASHTO=

F.M.=5.68

"10 SAND

Project No: 70241-8-0316.01

Client Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

I
I

PASS?

(X=NO)

61

SPEC'*

PERCENT

"10 GRAVEL

Particle Size Distribution Report
c

.5~~~~~~ ;t ;; ~~: Ii ~~~

I
I

100
97
90
81
71
62
53
49
43
39
32
30
25
19
17
14
II

8.3

PERCENT

FINER

.s
'"

LAW
LAWGIB& Croul! Member'£'

o
"10 COBBLES

SIEVE

SIZE

3 in.
2-1/2 in.

2 in.
1-1/2 in.

I in.
3/4 in.
l/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

W (no specification provided)

Sample No.: 83147 Source of Sample: Boring 1
Location: Cave Buttes Dam
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Particle Size Distribution Report

I %CLAY ,

A-2-6(0)

PI= 18

14 I

Date: 7-20-98
ElevJDepth: 60'-70'

% SILT

ReviewedBV~

I
I

Atterberg Limits
LL= 38

Coefficients
060= 5.67
015= 0.0924
cc=

Classification
AASHTO=

Remarks

8 ~ 8
; ; II:

42

F.M.=4.40

Soli Description
Clayey gravel with sand

PL= 20

USCS= GC

% SAND

Project No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

I
I

PASS?

(X=NO)

Source of Sample: Boring 1

44

SPEC:

PERCENT

% GRAVEL
t
I

100
99
94
91
82
75
63
56
44
41
33
25
23
20
17
14

PERCENT

FINER

LAW
LAWGIBa Croull Member~

o
% COBBLES

SIEVE

SIZE

- (no specification provided)

2 in.
1-112 in.

1 in.
3/4 in.
112 in.
3/8 in.
114 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

Sample No.: 831S1
Location: Cave Buttes Dam
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Particle Size Distribution Report

I
0/0 CLAY

A-2-6(0)

PI= 14

17

Date: 7-20-98
Elev./Depth: 90'-100'

0/. SILT

Reviewed By: tiB

I
I

Atterberg Limits
LL= 35

Coefficients
060= 5.19
015=
Cc=

Classification
AASHTO=

Remarks

41

Soli Description
Clayey gravel with sand

F.M.=4.22

085= 14.4
030= 0.671
Cu=

PL= 21

USCS= GC

0/0 SAND

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

Project No: 70241-8-0316.01

I
I

PASS?

(X=NO)

42

SPEC:

PERCENT

0/0 GRAVELI
I

100
99
96
91
82
75
65
58
47
44
36
29
26
23
20
17

PERCENT

FINER

LAW
LAWGIBB arou~ Member~

SIEVE

SIZE

2 in.
1-1/2 in.

1 in.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

W (no specification provided)

Sample No.: 83153 Source of Sample: Boring 1
Location: Cave Buttes Dam
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I "IoCLAY I

A-2-4(0)

PI= 8

23 I

Date: 7-15-98
Elev./Depth: 0'-10'

"10 SILT

Reviewed By: t1E3

I
I

Remarks

Atterberg Limits
LL= 28

Coefficients
060= 3.47
°15=
Cc=

Classification
AASHTO=

39

F.M.=3.89

Soli Description
Clayey sand with gravel
Sample contains 2% cobbles

uses= sc

PL= 20

"10 SAND

Project No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

I
I

PASS?
(X=NO)

38

SPEC:
PERCENT

"10 GRAVEL

100
93
92
87
83
79
74
71
65
62
57
55
49
42
39
35
29
23

PERCENT
FINER

LAW
LAWGIBB Crou, Member~

SIEVE

SIZE

3 in.
2-112 in.

2 in.
1-112 in.

1 in.
3/4 in.
1/2 in.
3/8 in.
114 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

(no specification provided)

Sample No.: 83154 Source of Sample: Boring 2
Location: cave Buttes Dam
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%CLAY I

A-2-7(0)

PI= 24

18

Date: 7-15-98
Elev./Depth: 20'-30'

% SILT

Reviewed Bv: @

I
I

Atterberg Limits
LL= 42

Coefficients
060= 8.71
015=
cc=

Classification
AASHTO=

Remarks

8 ~ 8
;;; ;;; ~

30

Soil Description

Clayey gravel with sand

USCS= GC

PL= 18

F.M.=4.82

% SAND

o
;;;

Project No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

I
I

PASS?
(X=NO)

Source of Sample: Boring 2

Particle Size Distribution Report

52

SPEC:
PERCENT

% GRAVEL
I
1

100
95
93
88
82
77
68
62
53
48
39
37
32
27
2S
24
21
18

.5
'"

PERCENT
FINER

LAW
LAWGIBB Crou~ Member~

SIEVE

SIZE

W (no specification provided)

3 in.
2·1/2 in.

2 in.
1·1/2 in.

tin.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200
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Sample No.: 83157
Location: Cave Butes Dam
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A-2-7(2)

PI= 26

30 I
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Date: 7-15-98
Elev./Depth: 30'-40'

% SILT I % CLAY I

Reviewed Bv:~

I
I

Remarks

Atterberg Limits
LL= 45

Coefficients
060= 3.20
°15=
cc=

Classification
AASHTO=

0.1

36

Soli Description
Clayey sand with gravel

F.M.=3.50

PL= 19

USCS= SC

085= 14.1
030= 0.0750
cu=

% SAND

1
GRAIN SIZE - mm

Project No: 70241-8-0316.01

Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

I
I

PASS?

(X=NO)

10

Source of Sample: Boring 2

34

SPEC:

PERCENT
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100
97
96
93
90
83
78
71
66
56
54
49
43
40
38
34
30

PERCENT

FINER

SIEVE

SIZE

Particle Size Distribution Report

2-1/2 in.
2 in.

1-1/2 in.
1 in.

3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

LAW

~ (no specification provided)

Sample No.: 83158
Location: Cave Buttes Dam
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

I OfoCOBBLES I OfoGRAVEL I OfoSAND I OfoSILT OfoCLAY
I 0 I 41 46 I 13 I

SIEVE PERCENT SPEC: PASS? Soli Description
SIZE FINER PERCENT (X=NO) Clayey sand with gravel

2 in. 100
1-1/2 in. 97

1 in. 96
3/4 in. 90

Atterberg limits1/2 in. 84
3/8 in. 79 PL= 16 LL= 24 PI= 8
1/4 in. 67

#4 59 Coefficients#8 42
#10 39 085= 13.7 0eo= 4.93 050= 3.37
#16 30 030= 1.18 015= 0.150 010=#30 23 Cu= Cc=#40 20
#50 18 Classification#100 15

#200 13 USCS= SC AASHTO= A-2-4(0)

Remarks
F.M.=4.47

.. (no specification provided)

Sample No.: 83160 Source of Sample: Boring 2 Date: 7-15-98
Location: Cave Buttes Dam Elev./Depth: 45'-55'

LAW
Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

LAWGIBB Crouil MemberJ..
Project No: ~70241-8-0316.0 I Reviewed By:
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

I 0/0 COBBLES I 0/0 GRAVEL I 0/0 SAND I 0/0 SILT 0/0 CLAY
I 0 0 I 66 I 34

SIEVE PERCENT SPEC: PASS? Soli Description
SIZE FINER PERCENT (X=NO) Silty sand

#4 100
#8 94

#10 93
#16 89

Atterberg Limits#30 80
#40 74 PL= NP LL= NY PI= NP
#50 66

#100 48 Coefficients#200 34
085= 0.843 060= 0.239 050= 0.163
030= 015= 010=
c u= cc=

Classification
USCS= SM AASHTO= A-2-4(0)

Remarks
F.M.=1.23

Particle Size Distribution Report

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

.. (no specification provided)

Sample No.: 83163 Source of Sample: Boring 3
Location: Cave Buttes Dam

Date: 7-17-98
Elev./Depth: 0'-10'

Reviewed By: ~Project No: 70241-8-0316.01

LAW
LAWGIBB CrOUl! Melllber~
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I
%CLAY II

A-l-a

050= 13.5
010= 0.193

6

PI= NP

Date: 7-17-98
Elev./Depth: 20'-30'

% SILT
I
I

Atterberg LImits
LL= NY

Coefficients
060= 23.2
015= 0.357
Cc= 0.89

Classification
AASHTO=

Remarks

8 ~ 8
; ; ~

32

USCS= GP-GM

Soli Description

Poorly graded gravel with silt and sand
Sample contains 15% cobbles.

085= 60.6
030= 2.00
Cu= 120.61

F.M.=5.88

PL= NP

% SAND

o
;

I
I

PASS?

(X=NO)

Source of Sample: Boring 3

62

SPEC:

PERCENT

Particle Size Distribution Report

% GRAVEL

.5

I
I

100
87
81
73
62
56
49
45
41
38
32
30
26
20
17
13
9

5.9

PERCENT

FINER

.5

'"

SIEVE

SIZE

3 in.
2-1/2 in.

2 in.
1-1/2 in.

I in.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

• (no specification provided)

Sample No.: 83165
Location: Cave Buttes Dam
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Reviewed Bv:Project No: 70241-8-0316.01

Client: Flood Control District of Maricopa County

Project: Cave Buttes FeasibilityLAW
LAWGIBB Croull Member~
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Particle Size Distribution Report
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

I 0/0 COBBLES I 0/0 GRAVEL I 0/0 SAND I 0/0 SILT 0/0 CLAY I
I 0 I 25 I 38 I 37 I

SIEVE PERCENT SPEC: PASS? Soli Description
SIZE FINER PERCENT (X=NO) Clayey sand with gravel

2 in. 100
1-1/2 in. 98

1 in. 94
3/4 in. 92

Atterberg Limits1/2 in. 87
3/8 in. 84 PL= 26 LL= 47 PI= 21
1/4 in. 79

#4 75 Coefficients#8 70
#10 69 085= 10.5 060= 0.735 050= 0.275
#16 65 030= 015= 010=#30 58 Cu= Cc=#40 55
#50 51

Classification#100 44
#200 37 USCS= SC AASHTO= A-7-6(3)

Remarks
F.M.=2.63

• (no specification provided)

Sample No.: 83167 Source of Sample: Boring 3 Date: 7-17-98
Location: Cave Buttes Dam Elev./Depth: 40'-50'

LAW
Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

LAWGIBB Crou~ Member'£'
Project No: 6:1170241-8-0316.01 Reviewed Bv:



% CLAY
15

Date: 7-17-98
Elev./Depth: 80'-90'

% SILT

Reviewed B :

50

Atterberg Limits
PL= 23 LL= 37 PI= 14

Coefficients
085= 14.5 060= 3.78 050= 2.36
030= 0.709 015= 0.0750 0 10=
Cu= Cc=

Classification
USCS= SC AASHTO= A-2-6(O)

Remarks
F.M.=4.17

Soli Description
Clayey sand with gravel

% SAND

e..

Pro ect No: 70241-8-0316.01

Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

35

Particle Size Distribution Report

% GRAVEL

.S
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i I

I ,
I :

LAW
LAWGIBB CrouD Melllber~

o
% COBBLES

100

(no specification provIded)

Sample No.: 83171 Source of Sample: Boring 3
Location: Cave Buttes Dam

SIEVE PERCENT SPEC: PASS?

SIZE FINER PERCENT (X=NO)

3 in. 100
2-1/2 in. 98

2 in. 96
1-1/2 in. 94

1 in. 92
3/4 in. 89
1/2 in. 83
3/8 in. 79
1/4 in. n

#4 65
#8 50

#10 47
#16 38
#30 28
#40 25
#50 22

#100 18
#200 15
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0.001

OfoCLAY
8

A-l-a

050= 10.1
010= 0.150

0.01

Date: 7-20-98
Elev./Depth: 0'-10'
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Atterberg Limits
LL= NY PI= NP

0.1
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I : I ;
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" ,

Soli Description
Well-graded gravel with silt and sand

F.M.=5.75
Remarks

PL= NP

085= 42.9
030= 2.23
Cu= 110.90

Coefficients
060= 16.6
015= 0.425
Cc= 2.00

Classification
USCS= OW-OM AASHTO=

31
"10 SAND

1
GRAIN SIZE - mm

Pro ect No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility
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Particle Size Distribution Report
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(no specification provided)

Sample No.: 83173 Source of Sample: Boring 4
Location: Cave Buttes Dam

SIEVE PERCENT SPEC: PASS?

SIZE FINER PERCENT (X=NO)
3 in. 100

2-1/2 in. 98
2 in. 91

1-1/2 in. 81
1 in. 69

3/4 in. 63
1/2 in. 54
3/8 in. 49
1/4 in. 43

#4 39
#8 31

#10 28
#16 22
#30 17
#40 15
#50 13

#100 10
#200 7.6
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GRAIN SIZE - mm
"10 CLAY

24

Date: 7-20-98
Elev./Depth: 40'-50'

"10 SILT

Reviewed B :

32

Soli Description
Clayey gravel with sand

Atterberg Limits
PL= 24 LL= 36 PI= 12

Coefficients
085= 25.4 060= 6.86 050= 2.36
030= 0.150 °15= °10=
Cu= Cc=

Classification
USCS= GC AASHTO= A-2-6(0)

Remarks
F.M.=4.l1

"10 SAND

Pro ect No: 70241-8-0316.01

Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

44
"10 GRAVEL

Particle Size Distribution Report
<:'

~~~~~~~ ;( ;; ~~; i ~~~.5
'"

LAW
LAWGIBB Crou, Member.6.

o
"10 COBBLES

(no specliicat!on provIded)

Sample No.: 83176 Source of Sample: Boring 4
Location: Cave Buttes Dam

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)

3 in. 100
2-1/2 in. 97

2 in. 95
1-1/2 in. 92

I in. 85
3/4 in. 79
1/2 in. 70
3/8 in. 65
1/4 in. 59

#4 56
#8 50

#10 49
#16 44
#30 39
#40 37
#50 34

#100 30
#200 24
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0.01

0/0 SILT

Reviewed B :

I

Soil Description

Atterberg Limits
LL= 45

Coefficients
0eo= 0.642
015=
cc=
Classification

AASHTO=

Date: 7-20-98
Elev./Depth: 50'·60'

Remarks

0.1

8 ~ 8
;; ;; II:

52

F.M.;=2.33

PL= 27

Silty sand

uscs= SM

0/0 SAND

..

1
GRAIN SIZE - mm

Pro ect No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility
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0/0 COBBLES

(no speclfication provIded)

Sample No.: 83177 Source of Sample: Boring 4
Location: Cave Buttes Dam

SIEVE PERCENT SPEC: PASS?

SIZE FINER PERCENT (XIINO)

3 in. 100
2-1/2 in. 98

2 in. 98
1-1/2 in. 97

1 in. 96
3/4 in. 95
1/2 in. 93
3/8 in. 92
1/4 in. 89

#4 86
#8 78

#10 75
#16 68
#30 59
#40 54
#50 50

#100 42
#200 34
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I
f %CLAY I

A-l-a

PI= NP

11

Date: 7-20-98
Elev./Depth: 60'_70'

% SILT

Reviewed Bv:

I
I

Remarks

Atterberg Limits
LL= NV

Coefficients
060= 6.35
015= 0.202
cc=
Classification

AASHTO=

43

Soli Description

Poorly graded gravel with silt and sand
Sample contains 7% cobbles

F.M.=4.77

PL= NP

USCS= GP-GM

% SAND

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

Project No: 70241-8-0316.01

I
I

PASS?

(X=NO)

Source of Sample: Boring 4

46

SPEC:

PERCENT

Particle Size Distribution Report

% GRAVEL

.5 .s
N

I
I

100
99
98
95
87
81
73
68
60
54
41
38
30
23
20
17
14
11

PERCENT

FINER

.5
<0

LAW
LAWGIBB Qrou~ Member~

o
% COBBLES

SIEVE

SIZE
3 in.

2-1/2 in.
2 in.

1-1/2 in.
1 in.

3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

W (no specification provided)

Sample No.: 83178
Location: Cave Buttes Dam
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND I % SILT I % CLAY I
I 0 I 25 I 50 I 25

SIEVE PERCENT SPEC: PASS? Soli Description
SIZE FINER PERCENT (X=NO) Clayey sand with gravel

2 in. 100
1-1/2 in. 98

1 in. 96
3/4 in. 94

Atterberg Limits1/2 in. 89
3/8 in. 85 PL= 20 LL= 32 PI= 12
1/4 in. 79

#4 75 Coefficients#8 62
#10 59 085= 9.52 060= 2.12 050= U8
#16 50 030= 0.150 015= 010=#30 41 Cu= Cc=#40 38
#50 35

Classification#100 30
#200 25 USCS= SC AASHTO= A-2-6(0)

Remarks
F.M.=3.30

• (no specification provided)

Sample No.: 83182 Source of Sample: Boring 5 Date: 7-20-98
Location: Cave Buttes Dam Elev./Depth: 0'-10

LAW
Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

LAWGIBB arou~Member~
Project No: [ff)70241-8-0316.01 Reviewed By:
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Particle Size Distribution Report
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

I % COBBLES I % GRAVEL I % SAND I % SILT % CLAY I
I 0 71 22 I 7

SIEVE PERCENT SPEC.* PASS? Soil Description
SIZE FINER PERCENT (X=NO) Poorly graded gravel with silt and sand

3 in. 100 Sample contains 17% cobbles
2-1/2 in. 97

2 in. 95
1-1/2 in. 83

Atterberg Limits1 in. 68
3/4 in. 58 PL= NP LL= NV PI= NP
1/2 in. 47
3/8 in. 40 Coefficients1/4 in. 33

#4 29 085= 39.7 060= 20.2 050= 14.3
#8 22 030= 5.13 015= 0.744 010= 0.234

#10 21 Cu= 86.36 Cc= 5.54#16 18
#30 14 Classification#40 13
#50 11 USCS= GP-GM AASHTO= A-l-a

#100 9
#200 6.8 Remarks

F.M.=6.16

" (no specification provided)

Sample No.: 83183 Source of Sample: Boring 5 Date: 7-20-98
Location: Cave Buttes Dam Elev./Depth: 30'-40'

LAW
Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

LAWGIBB Crou, Member~
Project No: af)

70241-8-0316.01 Reviewed Bv:



Particle Size Distribution Report

0/0 CLAY

A-6(7)

PI= 17

55

Date: 7-20-98
Elev.JDepth: 40'-50'

% SILT

Reviewed By: ~

I
I

Soil Description

Remarks

Atterberg Limits
LL= 39

Coefficients
060= 0.109
015=
Cc=

Classification
AASHTO=

34

F.M.=1.53

PL= 22

USCS= CL

Sandy lean clay
Sample contains 26% cobbles

% SAND

Project No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

I

PASS?

(X=NO)

II

SPEC:

PERCENT

% GRAVELI
I

100
97
96
95
93
93
93
91
90
89
86
86
82
76
74
71
64
55

PERCENT

FINER

:

LAW
LAWGIBB CroUl! Member~

o
% COBBLES

SIEVE

SIZE

3 in.
2-1/2 in.

2 in.
1-1/2 in.

1 in.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

I
I,

80 ,

I
1

70 I

W(no specification provided)

Sample No.: 83184 Source of Sample: Boring 5
Location: Cave Buttes Dam
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" (no specification provided)

Sample No.: 83190 Source of Sample: Boring 6
Location: Cave Buttes Dam

A-l-a

I %CLAY I
8 I

050= 3.25
010= 0.0914

PI= NP

Date: 7-20-98
Elev./Depth: 10'-20'

0/0 SILT

Reviewed Bv:

I
I

Atterberg Limits
LL= NY

Coefficients
060= 5.65
015= 0.345
Cc= 3.05

Classification
AASHTO=

Remarks

49

Soli Description
Poorly graded sand with silt and gravel

PL= NP

085= 24.0
030= 1.25
Cu=61.80

F.M.=4.81

USCS= SP-SM

0/0 SAND

o
;;;

Project No: 70241-8-0316.01

Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

I
I

PASS?

(X-NO)

43

SPEC:

PERCENT

0/. GRAVEL

Particle Size Distribution Report
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43
39
29
20
17
14
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8.4

PERCENT

FINER

.5

'"

LAW
LAWGI!! Crou. Member~

o
0/0 COBBLES

SIEVE

SIZE

3 in.
2-1/2 in.

2 in.
1-1/2 in.

1 in.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200
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500 100 10 1 0.1 0.01 0.001

GRAIN SIZE - mm
I OfoCOBBLES OfoGRAVEL OfoSAND I OfoSILT I OfoCLAY I
I 0 I 47 45 8 I

SIEVE PERCENT SPEC: PASS? Soli Description
SIZE FINER PERCENT (X=NO) Well-graded gravel with clay and sand

3 in. 100
2-1/2 in. 97

2 in. 93
1-1/2 in. 88

Atterberg Limits1 in. 82
3/4 in. 76 PL= 14 LL= 25 PI= 11
1/2 in. 68
3/8 in. 63 Coefficients1/4 in. 57

#4 53 085= 30.8 Oeo= 7.85 050= 3.92
#8 41 030= 1.25 015= 0.360 010= 0.150

#10 38 Cu= 52.32 Cc= 1.33#16 29
#30 19 Classification#40 16
#50 14 USCS= GW-GC AASHTO= A-2-6(0)

#100 10
#200 8.4 Remarks

F.M.=5.07

Particle Size Distribution Report

Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

• (no specification provided)

Sample No.: 83191 Source of Sample: Boring 6
Location: Cave Buttes Dam

Date: 7-20-98
Elev.JDepth: 20'-30'

Reviewed By:~Project No: 70241-8-0316.01

LAW
LAWGIBB CrouD Member~
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GRAIN SIZE - mm

Source of Sample: Boring 6

" (no specification provided)

Sample No.: 83192
Location: Cave ButeS Dam

I 0/0 COBBLES

Soli Description

Clayey sand with gravel

I
0/0 CLAY

A-6(2)

050= 0.300
0 10=

PI= 16

38

Date: 7-20-98
Elev.JDepth: 30'-40'

0/0 SILT
T
I

Atterberg Limits
LL= 34

Coefficients
060= 0.747
0 15=
Cc=
Classification

AASHTO=

Remarks

47

USCS= SC

PL= 18

F.M.=2.33

085= 4.75
030=
Cu=

0/0 SAND
I
I

PASS?

(X-NO)

15

SPEC:

PERCENT

0/0 GRAVELI
I

100
99
99
97
96
93
91
88
85
17
75
67
57
53
50
45
38

PERCENT

FINER

SIEVE

SIZE
2·1/2 in.

2 in.
1·1/2 in.

1 in.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

I 0I
I
I

I
I

I
I

Reviewed By:Prolect No: 70241-8-0316.0 I

Client: Flood Control District ofMaricopa County

Project: Cave Buttes FeasibilityLAW
LAWGIBB Croull Member~I

I



Particle Size Distribution Report

A-2-6(0)

I "IoCLAY I

050= 0.882
010=

PI= 13

27 I

Date: 7-20-98
Elev./Depth: 60'-70'

Reviewed By: ~

"10 SILTI
I

Atterberg Limits
LL= 33

Coefficients
060= 1.73
015=
cc=

Classification
AASHTO=

Remarks

52

F.M.=3.07

USCS= SC

PL= 20

085= 9.52
030= 0.105
cu=

Soil Description
Clayey sand with gravel

0/0 SAND

ProJect No: 70241-8-0316.01

Client: Flood Control District of Maricopa County

Project: Cave Buttes Feasibility

I

PASS?

(X=NO)

21

SPEC:

PERCENT

"10 GRAVELI
I

100
98
96
94
89
8S
80
79
67
63
54
4S
41
38
33
27

PERCENT
FINER

LAW
LAWGIBB Crou. Member£'

SIEVE
SIZE

2 in.
1-112 in.

lin.
3/4 in.
1/2 in.
3/8 in.
1/4 in.

#4
#8

#10
#16
#30
#40
#50

#100
#200

• (no specification provided)

Sample No.: 83195 Source of Sample: Boring 6
Location: Cave Buttes Dam
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Particle Size Distribution Report
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

I 'I. COBBLES I % GRAVEL I % SAND % SILT I % CLAY I
I 0 I 31 I 49 20 I

SIEVE PERCENT SPEC.* PASS? Soli Description
SIZE FINER PERCENT (X=NO) Clayey sand with gravel

2 in. 100
1-1/2 in. 99

1 in. 97
3/4 in. 94

Atterberg Limits1/2 in. 88
3/8 in. 84 PL= 22 LL= 40 PI= 18
1/4 in. 77

#4 69 Coefficients#8 57
#10 54 085= 10.3 0eo= 2.87 050= 1.60
#16 45 030= 0.340 015= 010=
#30 36 c u= cc=#40 32
#50 29 Classification#100 24

#200 20 USCS= SC MSHTO= A-2-6(0)

Remarks
F.M.=3.63

• (no specification provided)

Sample No.: 83197 Source of Sample: Boring 6 Date: 7-20-98
Location: Cave Buttes Dam Elev./Depth: 80'-90'

LAW
Client: Flood Control District ofMaricopa County

Project: Cave Buttes Feasibility

LAWGIBB CrouD Member~
Project No: ~70241-8-0316.01 Reviewed By:
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COMPACTION TEST REPORT
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Water content, %

Test specification:

Elev/ Classification Nat.
Sp.G. LL

%> %<
Depth USCS AASHTO Moist.

PI
No.4 No.200

30'-40' SC A-6(2) 34 16 15 38

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 120.1 pef Clayey sand with gravel-
Optimum moisture = 12.6 %

Project No. 80316.01 Client: Flood Control District ofMaricopa County Remarks:
Project: Cave Buttes Feasibility

• Source: Boring 6 Sample No.: 83192 Elev./Depth: 30'-40'

LAW
LAWGIBB Croull Member~ Reviewed By:
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Water content, %

Test specification: ASTM D 698-78 Method B Standard

Elev/ Classification Nat
Sp.G. LL PI

%> %<

Depth USCS AASHTO Moist No.4 No.200

40'-50' SC A-706(3) 47 21 8

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = lIlA pef
Clayey sand with gravel

Optimum moisture = 16.9 %

Project No. 80316.01 Client: Flood Control District ofMaricopa County Remarks:

Project: Cave Buttes Feasibility

• Source: Boring 3 Sample No.: 83167 Elev./Depth: 40'-50'

LAW
LAWGIBa Grou, Member~ Reviewed By:
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Water content, %

Test specification: ASTM 0 698~78 Method C Standard

Elev/ Classification Nat
Sp.G.

%> %<

USCS AASHTO Moist
LL PI

Depth 3/4 In. No.200

20'-30' GC A-2-7(0) 42 24 23 18

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 130.4 pef
Clayey gravel with sand

Optimum moisture = 10.6 %

Project No. 80316.01 Client: Flood Control District ofMaricopa County Remarks:

Project: Cave Buttes Feasibility

• Source: Boring 2 Sample No.: 83157 Elev./Depth: 20'-30'

LAW
LAWGIBB CroUl! Member~ Reviewed By:
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Water content, %

Test specification: ASTM D 698-78 Method C Standard

Elev/ Classification Nat
Sp.G. LL PI

%> %<

Depth USCS AASHTO Moist 3/4 In. No.200

60'-70' GC A-2-6(0) 38 18 9 14

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 132.6 pef
Clayey gravel with sand

Optimum moisture = 8.8 %

Project No. 80316.01 Client: Flood Control District of Maricopa County Remarks:

Project: Cave Buttes Feasibility

• Source: Boring 1 Sample No.: 83151 Elev./Depth: 60'-70'

LAW
LAWGIBa Grou, Member~ Reviewed By:
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Water content, %

Test specification: ASTM D 698-78 Method C Standard

Elev/ Classification Nat
Sp.G. LL PI

%> %<

Depth USCS AASHTO Moist 3/4 In. No.200

30'-35' GW-GC A-l-a 22 4 61 8.3

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 137.8 pef
Well-graded gravel with silty clay and sand

Optimum moisture = 7.1 %

Project No. 80316.01 Client: Flood Control District ofMaricopa County Remarks:

Project: Cave Buttes Feasibility

• Source: Boring 1 Sample No.: 83147 Elev./Depth: 30'-35'
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