Appendix C

Geotechnical Analysis and Design

C.1 Subsurface Investigation
Geotechnical Boring Program

A boring program was established to collect subsurface data necessary to evaluate the
construction of existing embankments, type and condition of dam foundation materials and
complete the analysis of several preliminary design features. Borings were also advanced at
several properties near the dam site to evaluate materials for potential use as borrow, for
earthen embankment construction. The geotechnical investigation was carried out by Braun
Intertec.

Borings ST-1 and ST-2 were drilled through the north embankment. Borings ST-4 through
ST-7 were drilled within the breach limits of the earthen dam. Borings ST-8 through ST-10
were drilled through the embankment that remains south of the breach. Borings ST-11 and
ST-12 were drilled through the existing powerhouse and spillway bridge deck. All borings
were advanced to sufficient depths to allow analysis and evaluation of soil and bedrock
foundations for embankment/structural stability and seepage.

Soil samples were collected with split spoon and Shelby tube samplers. Blow counts
(N-Values) were recorded by the Braun drilling crew. Soil samples were classified and
tested. Testing on the soil boring samples included moisture content and dry density,
Atterburg Limits, unconfined compression testing, and gradations.

Boring ST-11 and ST-12 were advanced through the existing walls and piers of the
powerhouse and spillway. Continuous core samples were collected in the concrete and
underlying bedrock foundation. Percent recovery and Rock Quality Designation (RQD) were
recorded by the Braun drilling crew for all bedrock core collected. The bedrock core was
classified and representative samples tested for unconfined strength.
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Borings were also drilled at several properties in the vicinity of the dam to determine the
extents and accessibility of loess and till materials for potential use in reconstruction of the
earthen portion of the dam. Borings were advanced on the Wilson, Freiburger, and Harbach
properties.  Soil samples collected from the borings were classified and tested for moisture
content, compaction testing and Atterberg Limits.

Borrow and Subsurface Soil Conditions

The north embankment subsurface material consists of up to 28 feet of sand and gravel fill
material, underlain by approximately 10 feet of sandy lean clay. The sandy lean clay is
underlain by approximately 15 feet of poorly graded sand to approximately elevation 852,
where limestone bedrock is encountered.

At the center of the channel, boring ST-5 indicates that the bedrock has dropped off
substantially (approximate elevation 842). A thick (20-25 ft) gravely sand (SP) layer lies
between the base of the channel and the weathered limestone. At the south end of the
channel, Borings ST-6 and ST-7 indicate a thin layer of sandy lean clay underlain by 70 to
80 ft of gravely sand material. No bedrock was encountered. Likewise, borings ST-8
through ST-10, advanced through the south embankment indicate clay fill materials underlain
by gravely sand.

Sandy gravels encountered were primarily medium dense to dense with very little fines and
high gravel faction. Bedrock encountered was generally moderately hard highly weathered
limestone. Rock encountered at the north end of the power house was good in quality with
high recoveries and RQD values. Boring ST-11 drilled directly through the power house
showed moderately hard to hard vuggy limestone with relatively high recovery and RQD
values as well as 3,300 psi to 11,000 psi unconfined compressive strength. From the south
end of the powerhouse extending south into the channel, rock samples recovered showed low
guality rock with numerous voids. The rock showed very low recovery and RQD values.

The borrow evaluation borings typically encountered two soil types underlying the topsoil. A
silty clay loess, overlying a silty clay glacial till soil. The loess soils, while potentially
acceptable for embankment construction were typically encountered at very high moisture
contents, requiring excavation and spreading (farming) in order to get the material to an
acceptable moisture content for placement and compaction. The till soils typically provide a
superior material for embankment construction and have in-situ moisture contents closer to
those required for placement and compaction in an earthen embankment. The till soils were
encountered at depths of 12 feet or more, under the loess soils, so significant excavation
would be required to develop these soils for borrow. Additional future investigations by the
Contractor may locate the till soils at shallower depths for borrow development. Both
materials indicate acceptable strength and seepage properties for use in earthen dams.

Design Parameters

Parameters were developed for use in the seepage and slope stability analysis based on
published tables in EM 1110-2-2504 [6]. Laboratory test Atterberg Limits were used to
determine effective (drained) parameters for fill materials (empirical correlation between
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friction angle and plasticity index from triaxial tests on normally consolidated clays) [6].
Refer to Table C-1 below for design parameters.

Table C-1 Geotechnical Design Parameters

Friction Drained
Material Tvpe Unit Weight Undrained Shear Ansle Friction
yp (pcf) Strength, c (psf) (dgeg’) ¢ Angle, @’
(deg)
Glacial Till (CL) 110 2000 0 28
Loess (CL) 110 1000 0 28
Foundation (SP) 125 0 30 30

At the time of this report, Braun was in the process of drilling one additional borrow site
boring and one additional boring through the powerhouse. The boring logs and
corresponding subsurface data for the two additional borings will be provided in subsequent
submittals.

The full preliminary geotechnical report developed by Braun Intertec [1] is included within
this appendix.

C.2 Seepage Analysis
Methods

Seepage analysis was conducted for proposed embankment and seepage control measures
using GeoStudio’s SEEP/W finite element seepage modeling program. Soil classification
and laboratory gradation results were used to develop input seepage parameters. Permeability
coefficients were determined according to Hazen’s empirical formula using D,, values
(particle diameter corresponding to 10% passing). The proposed service and auxiliary
embankments (located within the current breach) were modeled with various cutoff depths
and configurations. Horizontal blanket drains were also included in the model, for safe
collection and conveyance of seepage flows, without saturating the downstream slope of the
embankments.

Results

Exit gradients (exit gradient is defined as the rate of change of total head pressure with
distance) and seepage flow rates were analyzed to come up with an optimized and adequate
cutoff/drainage system. To achieve the target factor of safety of 1.5, the target exit gradient
was assumed as 0.67. This assumes a critical gradient of the material of 1.0. To achieve the
target gradient, the sheet pile cutoff was designed as 35 feet below base of the new
embankment (into sand foundation).

All seepage computations are provided following the narrative portion of this appendix.
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C.3 Stability Analysis
Methods

Stability analysis was carried out using GeoStudio’s SLOPE/W (2007) modeling program
[3]. Spencer’s Method was used to find minimum factors of safety for various loading
conditions. The United States Army Corps of Engineers’ Slope Stability Engineering Manual
[4] was consulted for required loading conditions and factors of safety for new earth and
rock-fill dams. The lowa Department of Natural Resources Technical Bulletin on Dam
Design Criteria [5] was used as a baseline for the determination of embankment slopes. An
end-of-construction case was analyzed on the downstream embankment slope using total
stress (undrained) soil parameters. The minimum required factor of safety for the total stress
condition is 1.3. Also, long-term steady state seepage conditions were modeled using
effective stress soil parameters (drained parameters) with a required minimum factor of safety
of 1.5. For the long-term steady state condition, a maximum surcharge pool was assumed
with water to the top of the spillway crest (top of labyrinth weir). To account for the
decreased water surcharge loading as a result of the labyrinth weir, 50% of the water
surcharge load was considered along the width of the weir. A rapid drawdown condition was
not modeled because it is unlikely that the pool will ever be rapidly drained.

Results

For proposed new embankment sections, slope stability was analyzed for embankments
constructed of locally available borrow materials (identified in Braun Intertec investigation of
borrow areas) as well as roller compacted concrete (RCC). It was determined that 3
horizontal on 1 vertical slopes are required for the both the upstream and the downstream
faces of embankments constructed of loess or till in order to satisfy all design requirements.
Roller compacted concrete faced embankments meet design requirements if constructed with
2.5 horizontal on 1 vertical downstream slopes.

Results of the stability analysis for the various modeled cases are provided in Table C-2
below.

Table C-2 Stability Analysis Results

Spillway Design Case N{;lsnlzgs Reqzlligeri)F 08
Service Total Stress 1.995 1.3
Effective Stress 1.539 15
Auxiliary Total Stress 1.916 13
Effective Stress 1.607 15
Auxiliary (RCC)! Total Stress 1.817 1.3
Effective Stress 1.498 15

! Note that RCC option for aux. spillway was modeled with 2.5:1 slopes.

All stability computations are provided following the narrative portion of this appendix.
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C.4

Settlement Analysis

General

Long -term consolidation settlement is not anticipated as embankment construction will take
place on subsurface sands. Given the sand foundation material, a majority of settlement will
occur as construction proceeds. Settlement within the embankment fill will be limited by
proper placement, moisture control, and compaction of embankment fill. As mentioned
previously, some of the loess borrow material may require drying prior to placement in order
to achieve desired compaction and density values.
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Geotechnical Computations and Reference Material
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Braun Intertec Corp. Geotechnical Report
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@ BB Braun Intertec Corporalion Phone: 319.365.0961
5915 4th Street SW Fax: 319.3465.1306

i N T E RT E C Svite 100 Web: braunintertec.com

Cedar Rapids, 1A 52404

December 5, 2011 Project CR-11-00665

Mr. Bill Holman, PE

Stanley Consultants inc.

5775 Wayzata Boulevard, Suite 300
Minneapolis, MN 55416

Re: Geotechnical Services
Soil Boring, Rock Coring, Concrete Coring, and Laboratory Testing
Lake Delhi Dam Restoration
Delhi, lowa

Dear Mr. Holman:

The purpose of this submittal is to transmit to you the results of our soil borings, rock coring, concrete
coring and laboratory testing to assist Stanley Consultants with their analysis and concept development
for restoration of the for of the existing levee along the Mississippi River in Clinton, lowa.

Procedures

Site Access and Utility Clearance

Prior to drilling, our drillers staked the boring locations in the field using a cloth tape and measuring
from existing site features based on the plan that you provided to us showing recent survey information.
Elevations on the boring logs were interpolated from the topographic lines on these plans. Prior to
drilling, we contacted lowa One Call to request they clear public utilities in the areas to be explored.

Penetration Test Borings

We mobilized an ATV-mounted drili rig to drill ten borings {ST1 to ST10} to depths of about 40 to 80 feet
below existing grade or below the existing water level in the Maquoketa River along the centerline of
the previously existing dam. Two borings were cored through the existing dam and into the underlying
bedrock. These two borings {ST11 and ST12) extended approximately 107 feet below the top of the dam
with the upper 57 feet consisting of concrete. Seven borings {B1 through B7) were drilled in farm fields
south of the dam site for the purpose of evaluating potential borrow material for new dam construction.
The locations of all of these borings are shown on the attached location plans.

The borings were advanced using 2%-inch hollow stem augers or wash boring methods below the water
table. Rock coring was performed with a standard NQ size core barrel. Coring through the concrete
dam was performed with a farger HQ core barrel. In general, penetration test samples or thin-walled
tube samples of the soils were taken at 2%- to 5-foot intervals. Actual sample intervals and
corresponding depths are shown on the boring logs. In the borrow borings, samples were obtained
from the augers.

Water level observations are recorded on the boring logs where possible. in some cases, the addition of
drilling fluid during wash boring methods obscured water levels. After completion the boreholes that

% Providing engincering and environmental solutions since 1957

Lake Delhi Dam — Design Alternatives Report C-8



Stanley Consultants Inc,
Project CR-11-00665
December 5, 2011
Page 2

were drilled into sand below the water table were allowed to collapse. Borrow borings and abutment
borings above the water table were backfilled with cuttings. The concrete dam borings were sealed
with cement/bentonite grout,

Concrete Coring

Concrete coring was performed at 17 locations on the existing concrete portion of the Lake Delhi Dam at
the locations shown on the two core location sketches that were provided to us. Cores were obtained
with an electric portable coring machine using a diamond-tipped core barrel 2 to 3 inches in diameter.

Sample Review and Laboratory Testing

The geologic materials encountered were visually and manually classified in accordance with ASTM
Standard Practice D 2488 by a geotechnical engineer. A chart explaining the classification system is
attached. Samples were placed in jars or bags and returned to our facility for review, storage and
laboratory testing.

After initial classification, draft boring fogs were provided and a testing schedule was established. The
testing program included: mechanical analyses (ASTM D422}, unconfined compression tests on rock
cores (ASTM D2983), plastic and liquid limits tests (ASTM D4318), laboratory compaction tests (ASTM
D698), moisture content measurements (ASTM D2216), and hand penetrometer tests. The results of
our tests are provided on the boring logs at the corresponding sampie depths. Grain size curves for the
mechanical analyses and the moisture density curves for laboratory compaction tests are included on
separate sheets,

Results
The results of our field and laboratory work are included with this submittal in the following order:

« Dam Centerline Boring Location Plan and Logs of Borings ST1 through 5T12

= Borrow Boring Location Plan and Logs of Borings B1 through B7

o  Grain Size Curves

« Moisture-Density Relationship Curves

» Concrete Core Location Plans

« Table of Concrete Core Compressive Strengths and Pictures of Fractured Cores

Use of Report & Standard of Care

This report is for the exclusive use of the parties to which it has been addressed. Without written
approval, we assume no responsibility to other parties regarding this report. Our evaluation, analyses
and recommendations may not be appropriate for other parties or projects.

This report is based on information obtained from the borings and our experience with these types of
soils. Conditions could exist in places other than our borings that could adversely affect levee
performance. In performing its services, Braun Intertec used that degree of care and skill ordinarily

BRAURN
INTERTEC
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Stanley Consuitants Inc.
Project CR-11-00665
December 5, 2011

Page 3

exercised under similar circumstances by reputable members of its profession currently practicing in the
same locality. No warranty, express or implied, is made.

To have guestions answered or schedule a time to meet and discuss these results, please feel free to call
us at 319.310.6213.

Sincerely,

BRAUN INTERTEC CORPORATION

Lo AL

Timoth_y
Principal/Senior Engineer

CR-11-00665report

BRAURN
INTERTEC
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LOG OF BORING

INTERTEC

(See Descriptive Terminology sheet for explanatien of abbreviations}

LOG OF BORING NAGINT\PROJECTS\CEDARRAPIDS\2021\00665.GP} BRAUN_VE_CURRENT.GDT 11/29/11 21118

Braun Project CR-11-00665 BORING: B-1
fek"t‘?[-;hh';!ca* Evaluation LOCATION: See attached sketch
aKe vehii
Delhi, lowa
DRILLER:  R.HuntD.Dyer METHOD: Power Auger DATE; 1011011 SCALE: 1" =4'
Depth - .
feet Description of Materials BPF WL Tests or Notes
0.0| Symbol {Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)
TS |*% 1 Topsoll
1.0 1,
CL LEAN CLAY, brown, moist, medium LL =232
. {Loess) - PL=23
Pi=g
B Max DD = 108.8 pcf
— - Optimum Moisture = 10.5%

Natural Moisture = 26%

25.0
END OF BORING.
a Water not observed while drilling. ]
Boring then backfilled.
CR-11-00665 Braun Infertec Corporation B-i page 1of
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LOG OF BORING

INTERTEC

Braun Project CR-11-00665 BORING: B-2
Geotechnical Evaluation LOCATION: See attached sketch

-| Lake Pehili
£ Delhi, towa
Ko
g DRILLER:  R.HuntD.Dyer METHOD:  Power Augser DATE: 100111 SCALE: 1" =4
g szgtth Description of Materials BPE |wL Tests ar Notes
" 0.01 Symbol (Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)
‘—j 10 TS [** 1 Topsoil
g l CL a LEAN CLAY, brown, moist, medium LL =34
Lf — % (Loess) E:_:1213
2— % Max DD = 107.6 pcf
ol— / Optimum Moisture = 17.7%
= / Natural Moisture = 25%
o /
?;g i Z

_ Z

e

/

e
| /
S|
g END OF BORING.
% a Water not ohserved while drilling. i
§ - Boring then backfilled. ]
g - -
2l |
Z
2l —
2
|- -
g CR-11-00665 Braun Infertec Corporation B-2 page tof
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INTERTEC

LOG OF BORING

Braun Project CR-11-00665
Geotechnical Evaluation

BORING: B-3

LOCATION: See attached sketch

Lake Dehli
Delhi, lowa
DRILLER:;  R.Hunt/D.Dyers METHOD: Power Auger DATE; 10110111 SCALE: 1= 4
Depth - .
fezt Description of Materials BPF WL Tests or Notes
0.0] Symbol (Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2008)
)

1.0

TS |21 Topsoil

4

{See Descriptive Terminology sheet for explanation of abbreviations)

LEAN CLAY, brown, moist, medium
{Loess)

CL

LL = 32
PL =23
Pl=9

LOG OF BORING NAGINT\PRCIECTS\CEDARRAPIDS\2011\00665.GP) BRAUN_V8_CURRENT.GDT 11/29/11 11:18

Max DD = 110.8 pcf
Optimum Moisture = 14.3%
Natural Moisture = 30%

25.0
END OF BORING.
3 Water not observed white drilling. |
Boring then backfilled.
CR-11-00565 Braun Intertec Corporation B-3 page 1 of
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LOG OF BORING
INTERTEC

Braun Project CR-11-00665 BORING: B-4
GeOtEChnEcal Evaluation LCCATION: See altached skelch

- Lake Dehli

§| Delhi, lowa

g DRILLER:  R.Hunt/D.Dyer METHOD: Powar Auger DATE: 1011011 SCALE: 1" =4

‘:o: Depth - .

gl feet ‘ Description of Materials BPE WL Tests or Notes

*é; 0.0| Symbol {Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908}

= TS (£ Topsoil

g 10 il P

5 CcL % LEAN CLAY, brown, moist, medium LL = 34

3l % (Loess) _ PL =23

It o

ghm / —

8 / Max DD = 106.2 pcf

Em / -] Optimum Moisture = 13.9%

'E Natural Moisture = 35 %

B %

& /

g %

2

-

& %

al—

N

fa]

a2 18.0 %

il CL V SANDY LEAN CLAY, trace Gravel, brown, moist, rather stiff

= . / (Glacial Till) LL=30

: %

2l / -

S /

gi- % Max DD = 119.0 pcf

& Optimum Moisture = 10.7%

" % Naturat Moisture = 16%

g 25.0 %

< END OF BORING.

[}

§ Waler not observed while diilling.

é B Boring then backfilled.

e .

=

gl -

=

2l _—

3

§ . -

- CR-11-00665 8raun Intertec Corporation B4 pageioft
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INTERTEC

LOG OF BORING

Braun Project CR-11-00665

Geotechnical Evaluation
Lake Dehli

BORING:

B-5

LOCATION: See attached skeich

LCS OF BORING NAGINT\PROIECTS\CEDARRAPIDS\Z011\006865.GF) BRAU N_V8 CURRENT.GDT 11/29/11 11:18

é Delhi, lowa
o
g DRILLER: R.Hunt/D.Dyer METHOD:  Power Auger DATE: 1011011 SCALE: 1" =4
m
g nggih Description of Materials BPF |wWL Tests or Notes
5 0.0/ Symbol (Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)
IR
:g_ CL %’% LEAN CLAY, brown, moist, r?l_egé:rg) | IF_’ILZ?‘Z%
%’ % Pl=g
_§_ % Max DD = 112.7 pef
e / Optimum Moisture = 14.8 %
gim % Natural Moisture = 24%
2
o /
fa
] /
:— %
/
i 2 Z SANDY LEAN CLAY Gravel, b
, tfrace ravel, brown, moist, rather stiff _
_ Z (Glacial Till} EI::——:EE
__ % Max DD = 116.3 pcf
- / Optimum I\f]oisture =12.6%
% Natural Moisture = 156%
) /
e
N
S
_ % i
] /
25.0 é
END OF BORING.
- Water not observed while drilling. B
: Boring then backfilied. :
CR-11-00665 Braun Intertec Corporation B-5 page1of
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INTERTEC

LOG OF BORING

Braun Project CR-11-00665
Geotechnical Evaluation

BORING: B-6

LOCATION: See attached sketch

-

I

(See Descriptive Terminology sheet for explanation of abbreviations)

| Lake Dehli
Delhi, lowa
DRILLER:  R.Huni/D.Dyer METHOD: Power Auger DATE: 10/10/11 SCALE: 1m"=4
Depth - .
fegt Description of Materials BPF WL Tests or Notes
0.0 Symbol (Soil- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)
TS 2% 1 Topsoil
1.0 ARY)
CL LEAN CLAY, brown, moist, medium LL =38
- (Loess) PL=23
Pi=15

LOG OF BORING N:A\GINT\PROJECTS\CEDARRAPIDS\2011\00665.GP) BRAUN_V8_CURRENT.GDT 11/30/11 11:06

Natural Moisture = 27%

25.0
END OF BORING.
- Water not obsarved while drilling. i
N Boring then backfilled.
CR-11-00655 8-6 page of 1
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LOG OF BORING

Braun Project CR-11-00665
Geotechnical Evaluation

BORING: B-7

LOCATION: See attached sketch

(See Descriptive Terminology sheet for explan

AAHHIHIHNHIIDIdlilOOOIang

LOG OF BORING NAGINT\PROJECTS\CEDARRAPIDS\2011\00665.GP] BRAUN_V8_CURRENT.GDT 11/30/11 11:02

- Lake Debli
5i Delhi, jowa
ke
]
5| DRILLER:  R.HuntD.Dyer METHOD:  Power Auger DATE: 10725111 SCALE: 1" =4
‘:6 Depth _ .
gl feet Description of Materials BPF WL Tests or Notes
8 00| Symbol {Soll- ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)
TS {£%1 Topsoil
1 0 fr b,
CL LLEAN CLAY, brown, moist, medium LL =39
— (Loess) PL =23
Pl=16

Natural Moisture = 26%

25.0
END OF BORING.
B Water not observed while drilling. R
Boring then backfilled.
CR-11-00665 Braun Intertec Corporaticn B-7 page1of
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Moisture-Density Relationship
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ZAV for
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2.65
101
11 13 15 17 19 21 23
Water content, %
Test specification: ASTM D 698-07¢1 Method A Standard
Elev/ Classification Nat, % > % <
: Sp.G. LL Pl 0 ’
Depth USCS AASHTO Moist. No.4 No.200
0-25' CL 26 32 9
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 108.8 pcf Lean Clay
Optimum moisture = (6.5 %
Project No.: CR-11-00665 Client: Remarks:

Project: Lake Delhi Dam Repairs

e Location: Boring B-1
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Moisture-Density Relationship
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Optimum moisture = 17.7 %
Project No.: CR-11-00665 Client: Remarks:
Project: Lake Delhi Dam Repairs
o Location: Boring B-2
INTERTEC
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Moisture-Density Relationship

Project: Lake Delli Dam Repairs

¢ Location: Boring B-3

BRAUN'
INTERTEC
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Water content, %
Test specification:  ASTM D 698-07el Method A Standard
Elev/ Classification Nat. Sp.G LL PI % > % <
Depth Uscs AASHTO Moist. p-5- No.4 No.200
0-25' CL 30 32 9
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 110.8 pef Lean Clay
Optimum moisture = 143 %
Project No.: CR-11-00665 Client: Remarks:
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Moisture-Density Relationship
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Water content, %

Test specification: ASTM D 698-07el Method A Standard
Elev/ Classification Nat. S0.G LL Pl % > % <
Depth uscs AASHTO Molst, P53 No.4 No.200
0- 18 CL 35 34 11

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 106.2 pcf Lean Clay

Optimum moisture = 13.9 %

Project No.: CR-11-00665 Client:

Remarks:
Project: Lake Delhi Dam Repairs

o Location: Boring B-4

BRAUN"
INTERTEC
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Moisture-Density Relationship
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Water content, %
Test specification: ASTM D 698-07el Method A Standard
Elev/ Classification Nat. % > % <
) Sp.G LL PI
Depth uUscs AASHTO Moist. No.4 No.200
19 -25' CL lo 30 16
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 119.0 pcf Sandy Lean Clay
Optimum moisture = 10.7 %
Project No.: CR-11-00665 Client: Remarks:

Project: Lake Delhi Dam Repairs

e Location: Boring B-4

BRAUN
INTERTEC
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Moisture-Density Relationship
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1114 / \ \

Dry density, pcf
o
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107
ZAV for
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105
je] 11 13 15 17 19 21
Water content, %
Test specification; ASTM D 698-07e1 Method A Standard
Elev/ Classification Nat. % > % <
Sp.G. LL Pl
Depth uUscs AASHTO Moist. No.4 No.200
0-12 CL 24 29 9
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 112.7 pef Lean Clay

Optimum moisture = 14.8 %

Project No.: CR-11-00665 Client;

Remarks:
Project: Lake Delhi Dam Repairs

e Location: Boring B-5
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INTERTEC

Lake Delhi Dam — Design Alternatives Report C-65



Moisture-Density Relationship
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7 9 11 13 i5 17 19
Walter content, %
Test specification: ASTM D 698-07¢1 Method A Standard
Elev/ Classlfication Nat. % > % <
° a Sp.G. LL PI % %
Depth USCcs AASHTO Moist. No.4 No.200
13 -25 CL 15 33 17
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 116.3 pef Sandy Lean Clay
Optimum moisture = 12.6 %
Project No.: CR-11-00665 Client: Remarks:
Project: Lake Delhi Dam Repairs
¢ Location: Boring B-5
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BRAUN
INTERTEC

Descriptive Terminology of Soil

Standard D 2487 - 00

gﬂ_g,[&/ Classification of Soils for Engineering Purposes
wrende {Unified Soil Classification System)

Particle Size Identification
Criteria for Asslgning Group Symbols and Solls Classification .
Group Names Using Laboratory Tests 2 Group Boulders... over 12
Symbol| Group Name ® Cobbles
w5 Gravels Clean Gravels C,zd4and1£C < 3° GW | Well-graded gravel? Gragel o3
= More than 50% of 5% fines ® 1eE:] -1 0
SE coarss fraction b or fess fines C,<4andior1>C>3°¢ GP | Poorly graded gravel? FINE oveveeeeeeeeseeeeasinens No. 4 to 3/4°
3 -g § retainedon Gravels with Fines | Fines classify as ML or MH GM | Silty grave| 99 Sand
Ega No. 4 sieve Mare than 12% fines ® | Fines elassify as CLor GH GC | Clayey gravel ¥'¢ E‘JZ{S; :g' :l;(:onh%tgo
eaium .. . . 3
%% & Sands Clean Sands C,26and1<C, =3¢ SW | Well-geaded sand® Fine .. No. 40 to No. 200
- ig'ﬁg ?::crﬁo‘;f %orlessfines ' ['¢ <gandor1>C_>3° SP | Poorygraded sand" | S# .o, <No. 200, PI< 4 or
§ [ passes Sands with Fines Fines classify as ML or MH SM | Silly sand feh Clay iei?: zgom;el.s_ 4and
£ No. 4 sieve More than 12%* Fines classify as CL or CH SC  |[Ciayeysangfoh | T on or above “A” lina
@ . Pl > 7 and plots on or above "A ling ) CL iean clayk!'m
s c inorganic
2w s“ﬁqi"':ﬁm!i‘ys PI < 4 or plols below "A” line! ML | gies e Relative Density of
23 _g less than 50 Organic | Liauidfimit-ovendsied . OL | Organic clay * 7= = Cohesionless Solls
@ Z—g Liguid imit - not dried ) OL | oOrganicsiigkime Very loose ... 0 fo 4 BPF
TE& .| Pl plots on o above *A" fine CH kim Loose .......... .. Sto 10 BPF
$E | Sitsendclays | Inoganic - i:,ms belom A 1o ey aldar i Medium dense . 1110 30 BFF
8521  Liquldlimit e P Elastiogit” = Dense ... .. 3110 50 BPF
iR 50 or more Crganic quid limit - oven drie < 0.75 OH Organ!c clay Very dense ., over 50 BPF
5 Liquid limit - not dried OH | Crganicsitx!ma
Highly Organlc Soils Primarily organlc matter, dark in ¢olor and organic odor PT Peat Consistency of Coheslve Soils
a  Basedon tho material passing the 3 (75mm) slave. Very soft...... Oto 1BPF
b. if fietd sampla contained cobbles or boulders, or beth, add “with cobbles or boufders of both* lo group name. Soft - 2to 3BPF
c. C =D./D,. G ={D.)* Rather soft . 410 5BPF
y 1o Ce={0y)
D, %D, Medium........ 6 1o B BPF
d Itsoiconteins15% sand, add “wilh sand" lo group name. ;;fther Stff . i;‘; 1‘35355 .
e Gravalswith to 12% fines require dual symbals: - Hato
GW-GM well-graded pravel with sit Very stiff . 17 10 30 BPF
GW-GC well-graded gravel wilh clay Hard s aver 30 BPF
GP-GM poorly graded gravel with siit
GP-GC poorly graded gravel with cfay
1. If fines classity as CL-ML, usa duaf symbol GC-GM or SG-5M.
g. léfinas are organic, add "with crganie fines” to group name.
h. If 507t contains & 15% gravel, add "with grave!* {o group name.
i Sandswith 5 fo 12% fines require dual symbais: Drilling Notes
SW-SM  well-graded sand with sil{
SW-SC  welk-graded sand wilh clay Standard penetration test borings were advanced by 3 1/4” or 6 1/4*
giﬁgg POOIr_IlY Qrageg S:rrg w!tu: i;ll 1D hollow-stam augers unless noted ctherwise, Jetiing water was used
-St  poorly graded sand wilh clay to clean out auger prior to sampling only where indicated on logs
J. I Alterberg Emils plot in halched area, 5oifis a CL-ML, silty dJay. " . . g
X IFsod contains 10to Z0% plus No. 200, add ‘with sand" or “with gravel" whichaverIs predaminant Standard penelration test borings are designated by the prefix "ST
I 1fsoll conlains 30% pius No. 200, predominantly sand, add-sandy* togroup name. {Spfit Tube). Alf samples were taken with the standard 2° OD sglit-tube
m i soitcontaing 30% plus No. 200 predominantly gravel, add “gravelly” to group name. sampier, except where noted,
n. Pl &4 and plots on or abava *A" line.
o. Pl <4 or plots below A" tina. Power auger borings were advanced by 4° or 67 diameter continuous-
p. Plplols on or aab?vg A line. flight, solid-stem augers. Soil classifications and strata depths were in-
4. Pl plots below *A” Fne. ferred from disturbed samples augered lo the surface and are, therefore,
somewhat approximate, Power auger borings are designated by the
60 ’ refix "B."
/1 P
s
50 ol ” Pl Hand auger borings were advanced manually with a 1 1/2° or 3 1/4°
Re / diameter auger and were limited to the depth from which the auger could
ol W \>°° be manually withdrawn, Hand auger borings are Indicated by the prefix
4 -
P_", 40 2 (\Q‘ ~‘P’/ "H."
» A N L~
@ 7] o BPF: Numbars indicate blows per foot recorded in standard penelration
B s < . oy .
£ af} ’ test, also known as "N’ value. The sampler was set 6” into undisturbed
> , soil befow the hollow-stem auger. Driving resislances were then counted
= ’ for second and third 8" increments and added to gel BPR. Where thay
B g0t s kv A differed significantly, they are reported in the following form: 2/12 forthe
@ . ot second and third 6” increments, respectively.
o L0 qav MH ar OH o .
/ WH: WH indicates the sampler penetrated soil under welght of hammer
10 | / " L~ and rods alone; driving not required.
AW cxiTs 7 L
4 / SN, ML °;r 0 WR: WR indicates the sampler penelrated soil under weight of rods
0 L alone; hammer welght and driving not required.
1] i0 16 20 30 40 60 60 70 80 90 100 110
TW indicates thin-walled {undisturbed) tube sample.
Liquid Limit {LL} ¢ ) P
Note: All tesis were run in general accordance with applicable ASTM
Laboratory Tests standards.
DD Dry density, pcf oC Organic content, %
wD Wet density, pcf ] Percent of saturation, %
MC Natural molsture content, % 5G Specific gravity
LL Ligiuld timit, % Cc Cohesion, psf
PL Plastic limit, % [} Angle of internal friction
Pl Plasticity index, % qu Unconfined compressive slrength, psf
P200 % passing 200 sjave qp Pocket penelrometer sirength, 1sf
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BRAUN

Descriptive Terminology of Rock

| NT E RT E C Based on U.S. Army Corps of Engineers EM 1110-1-2908
CORE RECOVERY
CALCULATION ROD CALCULATION Example Calculations

Core recovery, CR = Total length of rock recovered
Total core run fength

Example: CR=(18+6+13+3+2+ 3+ 3)
(60}

L=18in. L=18In, CR = 90%

RQD = Sum of sound piece longer than 4 inches
Total core run length

) /__ — RQD Percent Rock Quality

Le0 <25 very poor

Righty Weathered
Does Not Meet 25 <50 poor

Soundnass Requirement 50 <75 fair

L=6in,

4 - 4 75 <90 good
§' 90 <100 excellent
P< L=0 2 Example: RQD = (18 + 9 + 6)
L=13in. D% Centerline Pieces <4 in. 9 (60)
and Highly Weathered 2
0 i RQD = 55%
[e]
L&
1 Weathering

Unweathered: No evidence of chemical or mechanical alteration.
L=98in, L=9In,
Slightly weathered: Slight discoloration on surface, slight alteration along
discontinuities, less than 10% of rock volume altered.

L=2in, Moderafely Weathered, Discoloration evident, surface pitted and altered
with alteration penetrating well befow rock surfaces, weathering halos

L=3!n. Machanical Break Caused evident, 10% to 50% of the rock altered,

¢ *— by Drilfing Frocess
L=3ln. j L=6h. Highly Weathered: Entire mass discolored, alteration pervading nearly
* e all of the rock, with some pockets of slightly weathered rock noticeable,
rl L=0 some mineral leached away.
L=0in. I | Mo recovery
Ji_ | Hardness
e e e e Very soft: Can be deformed by hand
Soft; Can be scratched with a fingernail
Moderately hard: Can be scratched easily with a knife
Hard: Can be scratched with difficulty with a knife
Very hard: Cannot be scratched with a knife

Thickness of Bedding

Massive: 3 fl. thick or greater

Thick bedded: 1 to 3 fi. thick

Medium bedded: 4 in. to 1 ft. thick

Thin bedded: 4 in. thick or less

Degree of Fracturing (jointing)

Unfractured: Fracture spacing 6 ft. of more
Slightly fractured: Fracture spacing 2 to 6 ft.
Moderafely fractured:  Fracture spacing8in.to 2 ft,
Highly fractured: Fracture spacing 2 to 8 in.
Inlensely fractured: Fracture spacing 2 in, or less

2/08
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Concrete Cor e Photographs

Core #1

Core #1 Break
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Core #2
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Core #2 Break

Core #3
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Core #3 Break — Before

Core #3 Break — After
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Core #4
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Core #4 Break

Core #5
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Core #6
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Core #7
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Core #7 Break

Core #8
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Core #9
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Core #9 Dry

Core #15 Dry
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Core #16 Dry

Core #17 Dry
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Hole #2

Hole #3
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Hole #4

Hole #5 -1
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Hole #5 - 2

Hole #6
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Hole #8

Hole #9
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ST-11 Core Photographs

ST-11 50’ to 60’

ST-11 50’ to 60’ — Interface 1
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ST-11 50’ to 60’ — Interface 2

ST-11 87 to 97’
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Geotechnical Parameters
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