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1. Objective
This calculation package summarizes the geotechnical analyses and calculations performed to evaluate
the global stability and seismic-induced permanent deformation of the exterior berms, foundation soils,
cover system, and sideslope riprap at the Honeywell Metropolis Works Facility. Cover system settlements
were also evaluated. The analyses considered two design seismic events with 475-year and 2475-year
return periods. For seismic deformation analyses, the yield acceleration was determined using a pseudo-
static approach.

Cross section A-A (shown in Attachment A) was selected as the representative section for the global
stability analysis. The thickness of the sludge in the ponds is up to 16 feet along the flat bottoms.
Nearly all of the sludge in each pond will be stabilized with cement to an unconfined compression
strength (UCS) of at least 25 psi (3600 psf). Stabilization will extend all the way down to the bottom
EPDM liner along the pond sideslopes, and to within 12 inches of the EPDM liner along the flat bottom of
each pond. The cover system will be sloped at about 4 percent with total thickness of approximately 9
feet at the center of the pond including cover soil and common fill above the stabilized sludge. The
exterior berm slope is approximately 3H: 1V with slope height up to 15 feet above surrounding grade.

Engineering properties of the unstabilized sludge and the native and berm soils were obtained from both
field test data and laboratory test results provided by GeoTesting Express (GTX) and Testing Service
Corporation (TSC). Soil profile, properties, and regional groundwater conditions were obtained from
existing borings conducted by Weston in 1986 and more recent borings conducted by Andrews
Engineering in 2010.

2. Design Standards and Criteria
The following design standards were used as main references in our analyses and development of our
recommendations:

* USGS Deaggregation Tool (2008):
http://eqint.cr.usgs.gov/deaggint/2008/?PH PSESSID= 16ts5Ocm6mgvnfvi3oe3O5n3u6

" NEHRP (2006). Recommended Provisions for Seismic Regulations for New-Building and Other
Structures (FEMA 45).

* EPA (1995). "RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill
Facilities." EPA/600/R-95/051.

* NUREG - 1620 (Rev. 1) - Standard Review Plan for the Review if a Reclamation Plan for Mill
Tailings Sites Under Title II of the Uranium Mill Tailings Radiation Control Act of 1978 - Final
Report (2003), U.S. Nuclear Regulatory Commission.

* Regulatory Guide 3.11: Design, Construction, and Inspection of Embankment Retention Systems
at Uranium Recovery Facilities (January 2008), U.S. Nuclear Regulatory Commission.

Followings are some key guidance items provided in NUREG - 1620 regarding seismic slope stability
analysis. NOTE., NUREG-1620 corresponds to NRC review of mine tailings reclamation projects, and is
not directly applicable to the HW-MTW project site.

* If pseudo static analysis can be justified, the design seismic coefficient should be taken either as
67 percent of the peak ground acceleration (PGA) at foundation level or 0.1g, whichever is
greater.

* Acceptable seismic-induced deformation is 15 to 30 cm (6 to 12 inches).

Notes:
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" The horizontal seismic coefficient (kh) equal to 0.5*PGA or less is commonly considered
appropriate for pseudo static stability analyses (Kramer 1996). For this reason, kh = 0.5*PGA is
considered 'applicable for comparison with IEPA and USEPA criteria (Attachment F).

* NUREG 1620 indicates that if pseudo static analysis can be justified, the Kh should be taken either
as 67 percent of the peak ground acceleration(PGA),at foundation level or 0.1g, whichever is
greater. NUREG 1620 is not directly applicable to the MTW project site, and therefore these
larger kh values may not be applicable. Nonetheless, the associated kh values were considered
herein for comparison.

3. Methodology and Assumptions
1) Design soil profile used in the global stability analyses were established based on the information

obtained from five soil borings (GTO1 and GT02, G105 through G109), which were drilled in close
proximity to the surface impoundments. The borings GTO1 and GT02 were drilled by Andrews
Engineering in 2010. The test borings G105 through G109 were drilled by Weston in 1986 and 1987.
Locations and logs of all test borings are included in the subsurface exploration sheet included in
Attachment B. The final design soil profile is composed of four soil units below the bottom of the
existing ponds and berms. Descriptions of the soil units used in the global stability analyses are as
follows:

a) Berm material: Clayey silt and/or silty clay (CL/ML), medium stiff to stiff, dry with field SPT N-
value ranges from 10 to 15.

b) Soil Unit 1 and 3 - Native clay layers (from Elev. 365 ft to Elev. 345 ft and from Elev.
330 ft to Elev. 320 ft): Clayey silt to silty clay, medium stiff to stiff, dry, field SPT N-values
typically range from 10 to 15.

c) Soil Unit 2 - Upper sand layer (from Elev. 345 ft to Elev. 330 ft): clayey sand, silty sand
and poorly graded sand (SC/SM/SP), medium dense to dense, dry to moist, SPT N-values
typically range from 30 to 40.

d) Soil Unit 4- Lower sand layer (from Elev. 320 ft to Elev. 310 ft): Sandy silt and medium
silty sand (SM), medium dense to very dense. This soil layer was encountered in three deep
borings (G107 through G109) with thickness ranging from 0 to 20 feet. The SPT N-values
recorded in this soil layer varied widely from 13 - 26 in G107 to 53 - 100 in G108 and G109. This
soil layer was also indicated in the log of test boring G106. However, since the SPT N-values are
not available from G106, the consistency of this layer described in the log is not reliable. For
conservatism, we assumed that the consistency of the lower sand layer is medium dense.

e) Soil Unit 5 - Very dense sand layer (below Elev. 310 ft): Well graded coarse sand with
medium gravel (SW), very dense with refusal blow counts (>100).

2) Groundwater conditions were evaluated based on data provided by Andrews Engineering (July 2010).
The groundwater table in the pond area fluctuated from approximate Elev. 310 ft to Elev. 320 ft. For
the analysis purpose, the groundwater will be conservatively assumed at Elev. 320 ft, which is at the
top of Soil Unit 4 (lower sand layer).

3) Soil properties were estimated based on the following procedures:

a)' Static shear strength parameters of the cohesionless soils were estimated mainly based on
correlations with the SPT N-values (Soil Units 2, 4, and 5). In seismic analysis, a cohesion value
of 100,psf was used for all cohesionless soils (except Soil Unit 5 - clean sand) to account for the
"apparent" cohesion in granular soils (with some fines) due to capillary actionabove the water
table (NCHRP 2008).
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b) Static shear strength parameters of cohesive soils (Soil Units 1 and 3) were obtained from triaxial
compression test results provided by Testing Service Corporation (TSC, 2010). Effecive stress
strength parameters (c', 0' were used for the cohesive soils in static (long-term) condition. The
undrained shear strength of the cohesive soils was reduced by 20% in seismic analysis (NCHRP
2008).

c) The sludge in the ponds was assumed to be stabilized from the surface down to approximately
12 inches above the pond bottom - conservatively modeled as two feet herein. The static
undrained shear strength of the unstabilized sludge (i.e., within 2 feet from pond bottom) was
estimated based on the triaxial compression tests performed by GeoTesting Express (GTX, 2010).
The residual undrained shear strength of the unstabilized sludge was estimated from cyclic direct
simple shear (CyDSS) test results, also performed by GTX. The static undrained shear strength
of the stabilized sludge was assumed to be 1800 psf (reduced by 20% in seismic analysis).

d) The static undrained shear strength of the direct interface between stabilized sludge and the
bottom EPDM liner was based on drained interface shear test on the unstabilized sludge samples
at the EPDM liner indicated a cohesion of 38 psf and a friction angle of 39 degrees. In seismic
loading condition, a cohesion of 100 psf and a friction angle of 33 degrees were used (80 percent
of static friction angle) for the sludge/EPDM liner interface along the sideslopes. These shear
strength values are conservative because the sludge will be stabilized all the way down to the
bottom of the pond at these locations and so the static shear strength will actually be higher than
those obtained from the interface shear tests performed using unstabilized sludge.

4) Seismic design parameters including earthquake magnitude, distance, and Peak Bedrock
Acceleration (PBA) were determined using the USGS Deaggregationr Tool (2008) based on the
latitude and longitude of the project site. The Site Class and site amplification coefficients were
determined from NEHRP (2006).

5) Liquefaction potential assessment was conducted using SPT N-values obtained from test borings
GW107 through GW109 following the procedure described in Youd et al (2001). The Factor of Safety
for liquefaction was defined as 1.0. Groundwater table was assumed to be at top of Soil Unit 4 (Elev.
320 ft).

6) Global stability analyses were conducted using thecomputer program Slide Version 6 (Rocscience,
Inc) utilizing four limit equilibrium methods (Bishop's Simplified, Janbu's Corrected, Spencer and
Morgenstern-Price). The critical slip surface was assumed to have circular, non-circular, or wedge-
type shape. The pseudo static approach was used to evaluate global FS in post-liquefaction (flow)
condition and determine yield acceleration.

7) Seismic-induced permanent deformation was estimated, Using several Newmark-based methods
including Hynes-Griffin and Franklin (1984), Bray and Tavasarou (2007), and the RigorousRigid-Block
Analysis Using Real Earthquake Time Histories (USGS 2003). Both Bray and Travasarou (2007) and
Hynes-Griffin and Franklin (1984) provide mean and maximum deformation based on the computed
yield acceleration. The rigourous rigid-block analysis was conducted using the USGS-distributed
software, which also can provide maximum and mean deformation induced by the input earthquake
time histories. For this analysis, earthquake time histories with similar PGA, source-to-site distance,
and magnitude were selected. The "mean" deformation should be considered as "best estimate"
value and can be used for design purpose.

8) The liquefaction-induced settlement was estimated using the Ishihara and Yoshimine (1990) and
Tokimatsu and Seed (1987) methods.

Pseudo static stability analyses were performed for the 475-year earthquake for comparison with
IEPA criteria. They were also performed for the 2,475-year earthquake for documentation purpose
only. In a pseudo static analysis, a single value of lateral seismic coefficient, k,, was applied to the
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soil mass to represent the inertial force acting on the slope during a seismic event. This lateral load
acts in the same direction of the slope movement. Two values of seismic coefficient were used in the
pseudo static analysis: (1) 67 percent of the PGA (based on NUREG - 1620) and (2) 50 percent of
the PGA (based on Kramer 1996).

9) The seismic veneer stability of the cover system and the riprap layer on the exterior berms was
evaluated assuming the formation of tension cracks starting from the top of the sliding wedge. The
veneer stability calculation also neglected the resistance provided by the buttress effect. The failure
surfaces were assumed to be coincident with the soil/geomembrane and the filter/berm soil
interfaces. The friction angle at the soil/geomembrane was assumed to be 30 degrees. The friction
angle at the filter/berm soil was assumed to be either 30 degrees (NWGT filter) or 35 degrees
(gravelly and sandy bedding). The analyses considered the dry condition where there is no perched
water above the interface, which is considered appropriate for the rare seismic loading events since
these interfaces are designed for free drainage.

10) Consolidation settlement of the native clay layers under the weight of the cover system and stabilized
sludge is generally not a major concern since the clay layers are above the observed long-term
groundwater table. Some elastic settlement in the clay layers should be expected but this kind of
settlement is generally insignificant.

4. Results and Conclusions
Followings are the main findings based on the results of our deformation analyses:

* The lower sand layer (Soil Unit 4) shows high potential for liquefaction when SPT N-values from
test boring GW107 were considered. However, based on data from GW108 and GW109, the
lower sand layer will be stable. Since the.extent and consistency of Soil Unit 4 is not fully
characterized, a range of liquefaction conditions (fully, partially, or no liquefaction) were
evaluated.

" The exterior berm was stable, in post-seismic condition even when the lower sand layer (Soil Unit
4) was modeled with fully liquefied residual strength.

* The estimated permanent deformations induced by the 475-year and 2,475-year earthquakes
(for fully, partially, and no liquefaction conditions)-are summarized in Tables 1, 2, and 3.

" The cover system will likely be stable during the 475-year event with minimal deformation. The
best estimate of permanent deformation of the cover system during the 2,475-ear event is 2
inches.

* The conservative estimate of the liquefaction-induced settlement of Soil Unit 4 (lower sand) is 3
inches.

* Consolidation settlement in the native clay layers under the weight of the cover system, based on
overconsolidated conditions, is estimated as less than one inch.

5. List of Attachments
A. Plan and Cross Sections of the Surface Impoundments
B. Subsurface Exploration Plan, Soil Boring Logs, and Geotechnical Test Data
C. Determination of Seismic Design Parameters and Liquefaction Potential Analysis
D. Soil Profile and Properties Used for Deformation Analyses
E. Permanent Deformation Analyses Using Newmark-based Methods
F. Pseudo static Stability Analyses (for reference only)
G. Estimate of Liquefaction-Induced Settlement
H. Veneer Stability Analyses of the Cover System
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I. Evaluation of the Veneer Stability and Seismic-Induced Permanent Deformation of the Riprap
Layer

J. Consolidation Settlement Under the Weight of the Cover System
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Summary of Seismic-Induced Permanent Deformation of the Berm Computed by Newmark-Based Methods

Case 1: Assumed the lower sand layer (Soil Unit 4) is fully liquefied (Su I' = 0.17)

- F

* Post-liquefaction (flow) analysis: FS = 2.8 (OK)
* Yield acceleration: ky = 0.2 g
* Permanent deformation based on Newmark-type analyses are shown in Table 1.

Table 1. Computed permanent deformations assuming the lower sand layer is fully liquefied.

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Best Estimate Upper Bound Best Estimate Upper Bound

Bray and Travasarou (2007) 1 2 14 28

Hynes-Griffin and Franklin (1984) < 4 8 6 40

Rigorous Rigid-Block Analysis 0.6 4 14 31

Case 2: Assumed the lower sand layer (Soil Unit 4) is Partly liquefied (Sulk' = 0.42)

* Post-liquefaction (flow) analysis: FS > 2.8 (OK)
• Yield acceleration: ky = 0.42 g
* Permanent deformation based on Newmark-type analyses are shown in Table 2.

Table 2. Computed permanent deformations assuming~the lower sand layer is partly liquefied.

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Best Estimate Upper Bound Best Estimate Upper Bound

Bray and Travasarou (2007) 0 0 3 6

Hynes-Griffin and Franklin (1984) -- < 4 <4 13

Rigorous Rigid-Block Analysis 0 0 2 10
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Case 3: Assumed the lower sand layer (Soil Unit 4) is not liquefied Wc' = 100 psf, 6' = 340)

" Post-liquefaction (flow) analysis: FS > 2.8 (OK)
* Yield acceleration: ky = 0.46 g
" Permanent deformation based on Newmark-type analyses are shown in Table 3.

Table 3. Computed permanent deformations assuming the lower sand layer is partly liquefied.

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Best Estimate Upper Bound Best Estimate Upper Bound

Bray and Travasarou (2007) 0 0 2.5 5

Hynes-Griffin and Franklin (1984) 0 < 4 < 4 12

Rigorous Rigid-Block Analysis 0 0 ' 1.5 8
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Attachment A
PLAN AND CROSS SECTIONS OF THE SURFACE IMPOUNDMENTS
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Attachment B
SUBSURFACE EXPLORATION PLAN, SOIL BORING LOGS, AND GEOTECHNICAL TEST DATA
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Attachment B
SUBSURFACE EXPLORATION PLAN, SOIL BORING LOGS, AND GEOTECHNICAL TEST DATA
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Summary
(

The subsurface conditions at the project site were developed based on a number of historical borings
drilled in 1986 and two (2) more recent test borings drilled in 2010. Undisturbed samples were obtained
from the exterior berm and the native clay layer for laboratory testing. Laboratory test results include
gradation, soil index, consolidation, consolidated undrained triaxial compression, and unconfined
compression tests. Based on the data obtained from the boring logs and geologic setting of the area, the
subsurface profile below the existing ponds is modeled with the following soil units:

Unit 1 Low plastic clay and silt (CL/ML), dry to moist, firm to stiff, thickness is approximately
20 feet (Carmi member of the Equility Formation).

Unit 2 Poorly graded sand with clayey sand (SP/SC), dry to moist, medium dense to dense,
thickness is approximately 15 feet (Mackinaw Outwash, member of the Henry
Formation).

Unit 3 Silty clay (CL), dry to moist, soft to stiff, thickness is approximately 10 feet (Mackinaw
Outwash).

Unit 4 Well graded sand and silty sand (SW/SM), generally medium dense but could be
variable in consistency and presence, thickness is approximately 0 to 10 feet
(Mackinaw Outwash).

Unit 5 Well graded coarse sand (SW), very dense, thickness is approximately 20 feet
(Mackinaw Outwash).

Unit 6 Bedrock (McNairy Sandstone).

Groundwater table is assumed to be at Elev. 320, which is at the top of Soil Unit 4.

Soil properties used for design calculations were based on laboratory test results, empirical correlations,
previous practice, and engineering judgment. Properties of Soil Units 1 and 3 are assumed to be similar
because the SPT N-values taken in these 2 units are generally comparable, even though there was a
single low SPT N value observed in Soil Unit 3 (N = 5 at GT-02). SPT N-value was significantly higher in
this layer where measured in the other borings, including at G-105 also located on the "Plant West" side
of the ponds. Therefore, the single lower SPT N-value at GT-02 is not considered representative of all of
Unit 3.

A small cohesion value of 100 psf was used for cohesionless soils with some fines (Units 2 and 4) in
seismic analyses to account for the "apparent" cohesion formed during the seimic event (for non-liquefied
conditions). Potential liquefaction of Unit 4 was considered using three strength cases for this unit, as
described in Attachment C.

Summary of soil properties is as follows:

Berm y = 126 pcf;
Soil Total strength parameters: c = 1150 psf; € = 13 deg; S, = 1540 psf; SJp = 1.76

Effective strength parameters: c' = 0 psf; p' = 34 deg.
Unit 2 y = 125 pcf;

Effective strength parameters: cstatic = 0 psf; csemic = 100 psf; 4' = 35 deg.
Units y = 127 pcf;
1 & 3 Total strength parameters: c = 1260 psf; 4 = 18 deg; S, = 2200 psf; SJp = 0.59

Effective strength parameters: c' = 0 psf; 4' = 34 deg.
Unit 4 y = 125 pcf;
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Static (long-term): Cstatic = 0 psf; 4' = 34 deg.
Seismic (not liquefied): cseismjc = 100 psf; 4' = 34 deg.
Seismic (partly liquefied): Su/p' = 0.42
Seismic (fully liquefied): Su/p' = 0.17

Unit 5 , ='135 pcf;
Effective strength parameters: cstatic = Cseismic = 0 psf; 4' = 40 deg.

Both static and seismic properties of the sludge were evaluated from a series of laboratory tests including
soil classification, Atterberg's limits, consolidation, consolidated undrained triaxial compression, static and
cyclic (CyDSS) direct shear tests.

The cyclic DSS test results indicate that the saturated sludge will "liquefy" after 12 earthquake load cycles
(or less) at an earthquake cyclic stress ratio (CSR) of 0.17 (or greater). Since sludge liquefaction during
the 475-year earthquake event is indicated, the measured post-liquefaction residual strengths (Su) will be
used to represent the "unstabilized" sludge in the seismic stability evaluations.

Engineering properties of the sludge evaluated from lab test results are as follows:

Unconsolidated
Sludge
(Unstabilized)
Consolidated
Sludge
(Unstabilized)

y = 97 pcf;
Cce = 0.13; Cr = 0; Cv = 4.3x104 in2/sec; e0 = 2; OCR = 1

y = 97 pcf;
Static condition: c' = 65 psf; 4' = 37 deg; average SJp = 0.47
Residual condition (liquefied): Su/p = 0.07

E = 6% (axial strain in Dost-liouefaction condition)
Stabilized
Sludge
(cement-
treated)

7 = 105 pcf;
Static condition: Su = 1800 psf;
Seismic condition: Su = 1440 psf;
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* Andrews Engineering, Inc. Field Boring Log
3300 Ginger Creek Drive, Springfield, IL 62711 (217) 78.72334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GTOI
Location: Metropolis, IL. Northing• 183973.8366. Well No.: N/A
County: Massac Easting: 860069. 2257 Surf. Elev.: 380.29
Site No.: 1278540002
AEEI No.: 91.-135 Weather: Depth Information:

Overcast, mild, (low 80's) Total: 60.5
Auger: 60.5

Drilling Contractor: Personnel: Core: N/A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G.
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates,

Equipment: CME 75 - 4Y" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: , 5/12/2003

and 3" O.D. x 30" Shelby tube Finish: 5/13/2003

Sample Type: CJ- continuous Barrel - Split Spoon - Shelby Tube J]7- Core [LI - Blind Drill
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3o

Borehole Detail

IC

&l

03
M:

Lithology Description/ Comments USC S::
U)

1-380

2

z

U

M

Li

Io

C1

3

4

5

7

8

10

111

2

3

5701

4

ST02

ST03

tO'

1.0'

1.5'

IS'

1.5'

2.0'

3.25

1.5

2.25

4.0

2.01

0

CD

0

C

m

±±
++

++
++

+
++

n-cm Crushed limestone GRAVEL (road base)

1////

I''',

I''''

I''''

I''''

'A,'''

''A,''
A',',

I''.''

A''',

A,'''

A,,,,

A,,,,
A''',
A',,,

A',',

A',,,

A'','

A',',
A,,',

A',,'
A,,,'

A,,,'

A'','

A,',,
A''''

A,'',

A',''
A,',,

A''''

A',''
A/A,''
A,,',

A''''

A''',
A''',

A',,,

''''A
'''7/6
•22%

JJJJJfJJ

Yellowish brown (lOYR 5/6) clayey SILT;
moist; stiff; few fine organic woody
organic fragments; few medium distinct
yellowish brown (IOYR 4/4) mottles

No reaction to 10% HCI solution.

No reaction to 10% HCO solution.

Color grades to light yellowish brown
(IOYR 6/4) with few medium distinct

yellowish brown (IOYR 5/6) mottles; few
fine organic woody fragments
Slight effervescent reaction to 10% HCO
solution.

Medium stiff; color grades to light
brownish grey (lOYR 6/2) with few medium
prominent dark yellowish brown (IDYR
4/4) mottles; few fine organic woody
fragments
No reaction to 10% HCI solution.
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. Andrews Engineering, Inc.
V'V 3300 Ginger Creek Drive, Springfield, IL 62711

Field Boring Log
(217) 787-2334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GTO6
Location: Metropolis, IL. Northing: 183973. 8366 NeIl No.: N/A
County: Massac Easting: 860069.2257 Sort. Elev.: 380. 29
Site No.: 12785400026Se No.: 12785 Weather: Depth Information:

Overcast, mild, (low 80's) Total: .60.5

Auger: 50.5
Drilling Contractor: Personnel: Core: N/A

Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G.
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: , C. Dutton Dates:
Equipment: CME 75 - 4!44" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/12/2003

and 3" O.D. x 30" Shelby tube Finish: 5/13/2003

Sample Type: - continuous Barrel - Split Spoon - Shelby Tube - Core WT- Blind Drill

Q

25-

6
z
r-

Ift

Sample

o Fnzr "
0

Fn

Borehole Detail Lithology

a)
C19,
I-

Cclý
Ur-

Description/ Commentsin

"C
r4

USC W

36015

18

17

18

19

20

21

22

1.5' 5

7
7

30-423

6

7

8

ST4

10

11

3.5

3.5

3.0

2.0

2.0

<0.25

<0.25

C!

I0
CD

No reaction to 10% HCO solution.

1,No reaction to 10% HCI solution,

Light brownish grey (IlOYR 6/2) silty
CLAY: moist; medunum.stiff; trace organic
woody organic fragments: few medium
distinct dark yellowish brown (i0YR 6/4)
mottles
No reaction to 10% HCI solution.

No reaction to 10% HCI solution.

Color grades to light yellowish brown
(lOYR 6/4)

24

25

26

i -
Strong brown (7.5YR 5/8) clayey SAND:
mist; medium stiff; many coarse prominent
pinkish grey (7.5YR 7/2) mottles
No reaction to 10% HCI solution.

-350

-345

Very pale brown (lOYR 7/3) to strong
brown (7.5YR 5/6) fine to medium grained
SAND; moist: medium dense

35-2?7 7 No reaction to 10% HCI solution.

28

29

16

21

21
No reaction to 10% HCO solution.

1.5'

, 3ol

E311,R
40J 12 14 1.75

Calculation 388996-GT-002, Rev. 2
NOTES:

(1OYR 5/6) clayey
dense
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* Andrews Engineering, Inc. Field Boring Log
3300 Ginger Creek Drive, Springfield,-IL 62711 (217) 787-2334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GTOI
Location: Metropolis, IL. Northing, 183973. 8366 Well No.: N/A
County: Massac Easting: 860069.2257 Surf. Elev.: 380.29
Site No.: 1278540002 ....

AEEI No.: 91-135 . Weather: Depth.Information:
Overcast, mild, (low 80's) Total: 60.5

Auger: 60.5
Drilling Contractor: Personnel: Core: N/A

Name: Harriss Drilling Services, Inc. Geologist: M. Hlewitt, P.G.
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:

Equipment: CME 75 - 4Y4" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/12/2003

and 3" O.D. x 30" Shelby tube Finish: 5/13/2003

Sample Type: - Continuous Barrel - Split Spoon 0 - Shelby Tube ]- Core E - Blind Drill

a)

0
z
C;

Sample

F- ; U

o a

z a:

0

0

Fn

Borehole Detail Lithology

(D0.

F--

0"

Description/ Comments
af)

"a

31

32

33

34

1.5' is

ST05

13

1.0'

45-I35

36

1.5

0,75

3.0

0.75

1.25

C

C0

*1 50-l 3

.7

Pale brown 0IOYR 6/3) clayey SAND,
moist; loose: common coarse distinct
yellow IIOYR 7/6) mottles

No reaction to 10% HCI solution.

Strong brown (7.5YR 5/6) fine to medium
grained SAND: moist: medium dense
No reaction to 10% HCI solution.

38

39

40

ST06

15

USC ý:

U)

340

335

-330

325

1.5'

1.9'

1.5'

/ /1/
/77/7

7/
/77
1777/7717/1/17/7

/7
/.7i//

17
/71.77

71/77/1/ /*
/77
/1

*77/17
77
7/4 7 7/7
/74 7 7

7777/7711/7
/77
7777

/7777
77/777/
/1/77

/7
77/7/

777 7.
/77
7777/7777

/. 7/7777
77w

Pale brown (O0YR 6/3) to yellowish brown
(1OYR 5/6) sandy silty CLAY: moist; soft

to medium-stiff: common coarse prominent
dark yellowish brown (0OYR 4/6) mottles

No reaction to 10% HCI solution.

No reaction to 10% HCI solution.
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43
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* Andrews Engineering, Inc.
3300 Ginger Creek Drive, Springfield, IL 62711

Field Boring Log
(217) 787-2334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GTOI
Location: Metropolis, IL. Northing: 183973.8366 Well No.: N/A
County: Massac Easting: 860069.2257 Surf. Elev.: 380. 29
Site No.: 1278540002AEEI No.: 91-135 Weather: Depth Information:

Overcast, mild, (low 80's) Total: 60.5
Auger: 60.5

Drilling Contractor: Personnel: Core: N/A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. ,
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:
Equipment: CME 75 - 4Y4" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/12/2003

and 3" O.D. x 30" Shelby tube Finish: 5/13/2003

Sample Type: Continuous Barrel - Split Spoon - Shelby Tube ]-j7- Core - Blin Drl

€-

0.

65-

70-

75-

0Z¸

Sample

T- 0 flJ
'_-6 ZM

0ED-
o

0j
0n• 0

Borehole Detail

0

CD r

CE

0)
m

Lithology Description/Comments USC :3

F--3201.5' 9
No reaction to 10% HCI solution.

End of Boring = 60.50 feet (319,79' MSL)
Borehole abandoned with a high solids (10
ppg) bentonite grout and bentonite
chips.

-310

-305

0

80-T , Calculation 388996-GT-002, Rev. 2NOTES: Page 24 of 183
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Andrews Engineering, Inc.
3300 Ginger Creek Drive, Springfield,,IL 62711

Field Boring Log
,(217) 7 8 71-23 3 4

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GT02
Location: Metropolis, IL. Northing: 183357. 7307 Well No.: N/A
County: Massac Easting:' 860033. 0457 Surf. Elev.: 377.:25
Site No.: 1278540002......... .AEEI No.: 91-235 Weather: Depth Information:Overcast,'mild, (low 80's) Total' 62.0

Auger: 52.0
Drilling Contractor: Personnel: Core: N/A

Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. -
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:
Equipment: CME 75 - 4A" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/13/2003

, and 3" O.0. x 30" Shelby tube Finish: 5/14/2003

Sample Type: Continuous Barrel R' - Split Spoon - Shelby Tube - Core -Blind Drill

Same.Te.

a1

5-

0
z
C-
Z)

10

a
H

Sample

0
o i

z o

0
ED)

Borehole Detail

C

0::

Lithology

0J

01

Description/Comments

2

3

4

5

6

7

Vz U
(U

''E

(D

8 7

2

STOI

3

4

5

1.5

2.5

4.0

3.25

2.0

f.5

+
+

++
+

±±
±
±
±

++
+++

Color grades to grey (2.5Y 6/1); few fine
distinct yellowish brown (10YR 5/6)
No reaction to 10% HCI solution.

Yellowish brown (IOYR 5/6) silty CLAY;
moist; medium stiff; trace organic woody
organic fragments: common medium
prominent grey (lOYR 6/1) mottles

No reaction to 10% HCI solution.

,rushed limestone GRAVEL (road base)

Color grades to light yellowish grey (2.5Y
6/2)

No reaction to 10% HCI solution.

USC D

03

375

-370

-365

360

9

10

11

0

C!)

C:

to
(Un

15-
12

13

Yellowish brown (lOYR 5/8) to light grey
(10YR 7/2) clayey SILT; moist medium

stiff; trace woody organic fragments;
fractures surfaces
No reaction to 10% HCI solution.

Color grades to very pale brown (IlOYR
7/3)
No reaction to 10% HCI solution.

Color grades to light yellowish brown
UIOYR 6/4); soft: common medium distinct
strong brown (7.5YR 4/6) mottles.

Page 25'of 183

14 ST02

1.8' 4.0

15
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Andrews Engineering, Inc.
3300 Ginger Creek Drive, Springfield, IL 62711

Field Boring Log
(217) 787-2334

SiteInformation: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GT02
Location' Metropolis, IL. Northing: 183357.7307 Well No.: N/A
County: Massac Easting: 860033.0457 Surf. Elev.: 377. 265
Site No.: 1278540002
AEEI No.: 91-135 Weather: Depth Information:

Overcast, mild, (low 80's) Total: 62.0
Auger: 62.0

Drilling Contractor: Personnel: Core: N/A

Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G.
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:
Equipment: CME 75 - 4A" HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/13/2003

add 3" O.D. x 30" Shelby tube Finish: 5/14/2003

Samrple Type: - continuous Barrei - Split Spoon - Shelby Tube [ - Core E - Blind Drill

Borehole Detail Lithology Description/Comments

No reaction to 10% HCI solution.

USC

ED
5)

0

Co

0)

7....

Light grey (IOYR 7/2) silty CLAY; moist:
stiff; trace organic woody fragments: few
fine distinct yellowish brown (IOYR 5/6)
mottles

No reaction to 10% HCI solution.

No reaction to 10% HCI solution.

Light yellowish brown (lOYR 6/4) sandy
silty CLAY: moist; stiff; few fine distinct
yellowish brown (lOYR 5/6) mottles

No reaction to 10% HCI solution.

Color grades to brownish yellow (IOYR
6/6); few fine distinct strong brown
(7.5YR 4/6) mottles

No reaction to 10% HCI solution.

.7 /

Yellowish brown (IOYR 5/6) fine to medium
grained clayey SAND: moist: medium dense

No reaction to 10% HCI solution.

Color, grades to pale brown (IOYR 6/3);
few fine distinct strong brown (IOYR 4/6)
mottles; becoming more silty
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Andrews Engineering, Inc.
3300 Ginger Creek Drive, Springfield, IL 62.711

Field Boring Log
(217) 787-2334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. , Coord. System: Local (feet) Boring No.: GT02
Location: Metropolis, IL. Northing: 183357. 7307 Nell No.: N/A
County: Massac Easting:, 860033.0457 Surf. Elev.: 377.26
Site No.: 1278540002
AEEI No.: 91-135 Weather: Depth Information:

Overcast, mild, (low 80"s) Total: 62.0
Auger: 62.0

Drilling Contractor: Personnel: Core: N/A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. Core: /
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:
Equipment: CME 75 - 4,V HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/13/2003

and 3" O.D. x 30" Shelby tube Finish: 5/14/2003

Sample Type: - Continuous Barrel - Split Spoon - Shelby Tube ]jj - Core - Blind Drill

Borehole Detail

2
0
CJ
3:
o

C
0)l

Lithology

X//

/7.'/

/X/

//'
/7,!
77,43,
77'

// /,

Description/Comments

No reaction to 10% HCI solution.

No, reaction to 10% HCI solution.

USC
U)

LU

335

-330

/t

Strong brown (7.5YR 5/6) fine to medium
grained SAND: moist: medium dense
Attempt to collect Shelby tube sample
from 54-55 ft unsuccessful. No sample
collected.

-325

-320

Light yellowish brown (lOYR 6/4) silty
CLAY; moist; soft; common medium distinct
strong brownw (7.5YR 4/6) mottles

No reaction to 10% HCI solution.

Page 27 of 1832
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Andrews Engineering, Inc.
3300 Ginger Creek Drive, Springfield, IL 62711

Field Boring Log
(217) 787-2334

Site Information: Location: Boring Information:
Name: Honeywell International, Inc. Coord. System:' Local (feet) Boring No.: GT02
Location: Metropolis, IL. Northing: 183357. 7307 Well No.: N/A
County: Massac Easting: 860033. 0457 Surf. Elev.: 377 . 26
Site No.: 1278540002WAEEI No.: 91-135 Weather: Depth Information:Overcast, mild, (low 80's) Total: 62.0

Auger: 62.0
Drilling Contractor: Personnel: Core: N/A

Name: Harriss Drilling Services, Inc. Geologist: M. Hewitf, P.G.
City: 8415 Peabody Rd, Freeburg, IL 62243 Driller: C. Dutton Dates:

Equipment: CME 75 - 4A' HSA /w 24" split-spoon Helper (s): M. Kurtz Start: 5/13/2003
and 3" O.D. x 30" Shelby tube Finish: 5/14/2003

Sample Type: - Continuous Barrel - Split Spoon. [ - Shelby Tube J - Core -- - Blind Drill

0.

0
Z
C-

Sample

0

F6 I-

0

F0(-
or

ou

Borehole Detail

0
co

'20T

Lithology Description/Comments USC
U)

LU

1.9, 1.25

End of Boring = 62.00 feet (315.26' MSL)
Borehole abandoned with a high solids (10
ppg) benlonite grout and bentonite
chips.

65-

70-

75-

80-j

NOTES:
Calculation 388996-GT-002, Rev. 2 Page 28 of 183
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A&MAN

Uanonle Boring
Log

PROJECT No. CFS 82-005
BORING No. G- 102

PAGE 1 OF 1

PROJECT NAME MONITOR WELL INSTALLATION, ALLIED CHEMICAL COMPANY

BORING LOCATION METROPOLIS WORKS, METROPOLIS, ILLTNOIS SURFACE ELEV. - -

DRILLER CANONIE DRILLING DATE; START 3-16-82 FINISH 3-16-82

SAMPLE BLON U.C S uI SOIL DESCRIPTION bM ,UNT I'' I: U...S. Itl >(- ý quj7F. >t- SOIL S OI zDESCRI O
lITERVAL - 6 TYPE .w F Zo AND REMARKS

:.T TO 6....... .....6:5,

10.0

NOTE: I)ESCRIPTIQNS AND DEPTHS FROM
OBSERVED AUGER CUTTINGS.

LIGHT FROWN TO YELLOW-FROWN, SILTY
CLAY, Lnw TO MEDIUM PLASTICITY.10 (rl

- .44- -- 4 4-1 - - I - t -

20

30

'4.

___________I

ML-CL 14.0 GRAY, CLAYEY SILT, Low PLASTICITY..__

CL LIGHT FROWN, SILTY CLAY, MEDIUM
20.0 PLASTICITY.

BROWN, SANDY SILT, SOME CLAY AND

ML-CL, FINF TO COARSE GRAVEL, GRADING I

SC WITH DEPTH TO CLAYEY SAND, MEDIUM
28,0 PLASTICITY.,

SP, BROWN, FINE SAND AND SILT, SOME
ML, FINE GRAVEL, LITTLE CLAY. LAYERS I
SC OF GRAY, CLAYEY SILT AND REDDISH

36.0 BROWN, CLAYEY FINE SAND.

CL LIGHT BROWN, SILTY CLAY, LOW TO

MEDIUM PLASTICITY.

144 .0J 1RWCAE IT O OI¶D

40O

_40j i
50 __

709z§-

ML

48,

-RWCAYEY SILT, LOW TO MEDIUM
PLASTICITY, SOME VERY FINE SAND,

INCREASING MOISTURE CONTENT.

SP-SM LIGHT BROWN, SILTY, FINE SAND,
LITTLE CLAY, SATURATED.

I

tO;•::
- -4-

80 Eli END BORING AT 76.0 FEET.

WATER TABLE AT 48 FEET ON 3-16-82.
Page 29 of 183
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DRILLING LOG

WELL NUMBER: G-105 OWNER: Allied Chemical

LOCATION:West edge of ADDRESS: Metropolis, IL
... Plant _ _ _ _ _ _ _ _ _ _ _Plant TOTAL DEPTH \86.5'

SURFACE ELEVATION: WATER LEVEL:

DRILLING Cannonie DRILLING Hollow DATEII/ 3 0-
COMPANY: METHOD:Cann-n- DReILL E• 1 PA

DRILLER: Jerry HELPER: auger

LOG BY: M. Hutson

~ ~ ~~p'DESCRIPTIONIS(
SO (COLOR, TEXTL

SKETCH MAP

iNoTE 'S:

OIL CLASSIFICATION
IRE, STRUCTURES).

0-2' Reddish brown silty clay w/trace sand;

moist, soft, medium plasticity. (CL)

S1 SS 2-4' Gray to reddish brown, silty sand w/trace

gravel; moist, firm, low-medium plasticity

(SM)...

S2 SS

S3 SS 4-30' Gray to yellowish brown, mottled, silty

S4 SS clay w/trace sand and organic debris;

$5 SS most to dry, firm to hard, low to medium

S6 SS plasticity. (CL)

S7 ST

S8 SS

S9 SS

Sl0 SS

12 SS

13 SS
,ag ou ... o- t

S ff*1
I

GT-002, Rev. 2
rageov 01 loi



RILLING LOG

WELL NUMBER: G-105 (cont) OWNER: _

LOCATION: ADDRESS:

SKETCH MAP

TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: METHOD: DRILLED:

DRILLER: HELPER:

LOG BY:

cP ~ DESCRIPTION ISI

~~ (COLOR, TEXTL

NOTES:

OIL CLASSIFICATION

RE, STRUCTURES)

I)

S15 SS

S16 SS 30-34.5' Gray to yellowish brown, sandy silt

S17 SS w/some clay; hard, dry, low plasticity

(ML)

S18 SS 34.5-37.5'Yellowish brown, fine-medium grained

sand w/trace silt, dry, soft, (SM)

S19 SS

S20 SS 37.5-41' Yellowish brown, fine grained silty sand

to clayey sand; dry, hard, low plasticity

S21 SS (SM-SC)

S22 SS 41-65' Gray to yellowish brown silty sand to

S23 SS sandy clay; firm to hard, dry to moist,

k24 SS low to medium plasticity. (SM-SC)

S25

S26

Cal

sS

55

-ulatioir 38899 GT-002, Rev. 2 Page 31 of 183



DRILLING LOG

WELL NUMBER: G-105(cont) OWNER:

LOCATION: ADDRESS:

SKETCH MAP

TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: -METHOD: DRILLED:

DRILLER: __ HELPER:-

LOG BY:

\X DESCRIPTION /S

S27 SS 65-70.5' Gray, fine-mediu

S28 SS sandy clay; wet,

NOTES:

OIL CLASSIFICATION

IRE. STRUCTURES)

im grained clayey sand to

soft, non-cohesive, (SC)

S29

S30

S31

ss

ss

as

70.5-86.5'Dark yellowish brown,, fine-medium

grained, silty sand and gravel; wet,

hard, non-cohesive. (SM-SP)

Boring terminated 86.5' below the surface.
-4-+-4 1

K
Calcujation 38996- 002, Rev. 2 Page 32 of 183



0

.4J

75~

C C

q

CL

Ai-

Location or Coords:

Well G-105

Well Construction Summary

Elevation: Ground Level 3 7 4 - I

Top of Casing .PVC 376.47

Drilling Summary:

Total Depth 86.5'
3 3/4"

Borehole Diafi-ter_3 _3/4_

Driller Cannonie Construction
Company

Rig Mobil B-40

Bit(s)

Drilling Fluid

Surface Casingj 4 " Locking Steel

Well Design:

Basis: Geologic Log X Geophysical Log-

Casing String(s): C=Casing S=Screen
0 _.56 C

56 -81 S

81 -86 C

Casing: C1 2w PVC Sch. 40

Construction

Task

Drilling:

Geophys. Logging

Casing:

Filter Placement:

Cementing:

Development:

Other:

Well Develop
To be done 1

Time Log:

I Start

Date

11/30

11/31

11/31

Time

8:00a

Finish

Date Time

11/31

11/31

11/31

)ment:
y Allied personnel

Screen: 211 PVC Sch. 40
.020 slot

S2

Centralizers

Filter Material insitu sand and peagravel

Cement pre-mix cement

Other__PI buckets bentonite pellets

n 388996-GT-002, Rev. 2

Comments:
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DRILLING LOG

G-106 Allied ChemicalWELL NUMBER: _________ OWNER:___________

LOCATION:West edge of ADDRESS: Metropolis, IL
plant

TOTAL DEPTH 8 6. 5

SURFACE ELEVATION,: WATER LEVEL:
DRILLING Cannonie DRILLING Hollow DATE

COMPANY. _METHOD: DRILLED:' 1 . 28/ 8
DRILLER: Jerry HE LVEM -- John

LOG BY: M. Hutson

DESCRIPTION/IS

(COLOR, TEXTL

0-2.5' Reddish brown to d

Bmoist, soft, low p

OIL CLASSIFICATION

JRE. STRUCTURES)

ark brown, silty clay;

lasticity. (CL)

Sl SS 2,5-14'

$2 SS Gray to reddishbrown, mottled, silty clays

S3 SS w/tracevery fine grained sand, soft to

S4 SS firm, moist to dry, low to medium

S5 SS plasticity (CL)

S6 SS

S7 SS 14-17' Gray to yellowish brown, mottled, silty

clay w/trace very fine grained sand, dry,

firm, low plasticity (CL)

8 ST

39 SS 17-20' Light gray to yellowish brown, mottled

Ccclayey silt w/trace fine sand; firm, dry,

. low plasticity, (ML)

Calculation 3 38996-( -002, Rev. 2 Page 34 of 183



DRILLING LOG

.. ELL NUMBER: G-106 (cont) OWNER: "

LOCATION: ADDRESS: _

TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: _'METHOD: ,DRILLED:

DRILLER: HELPER:-

LOGBY:

DESCRIPTION /

$, .4~ ~(COLOR, TEXT

SOIL CLASSIFICATION

URE, STRUCTURES)

IF]SIO SS

Sil SS 20-29' Gray to yellowish brown, silty clay

S121SS w/trace fine grained sand; hard, dry, low

S13 SS to medium plasticity. (CL)

S,14 SS

S15 SS 30-36' Gray to yellowish brown silty clay to

516 SS clayey silt w/trace very fine grained

S17 SS sand; dry, hard, low plasticity, (CL-ML)

S18 SS 36-40' Gray to yellowish brown silty sand w/some

clay to silty clay w/some sandý dry, hard,

low tomedium plasticity (SM-CL)

19 SS 40-53' 'Gray to yellowish brown mottled silty clay

w/trace very fine grained sand; moist, soft

S2 isb,38899 GT-002,Rev.2 to firm, low to medium plasticitpdtj 183

II



SKETCH MAP

DRILLING LOG

WELL NUMBER: G-106 (contLoWNER:

LOCATION: ADDRESS:

TOTAL DEPTH "

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILiNG DATE
COMPANY: _METHOD: ' DRILLED:NT• . NOTES:

DRILLER: HELPER:

LOG BY:

A
.~9.

DC, ~ ~ 0
AG

~

DESCRIPTION i SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES)

S21I SS 53-78' 1

S22 SS Gray to yellowish brown fine-medium grained

S23 SS sand w/some silt and.grave!; wet below 59',

S24 SS soft, (SM-GM)

S25 SS

S26 SS 78-83' Gray to yellowish brown, very fine grained

silty sand and silty clay' wet, soft, low

plasticity (SM-CL)

S27 SS 83-86.5' White to gray, fine to medium grained

sand; wet, soft, non-cohesive (SP)

Calm lation C88996-

Boring terminated 86.5 below surface

;T-002, Rev. 2 Page 36 of 183



I

L~3

Id

*4

r4

4

9

no

'I

41

a

9

*4

4

V

Well. G-106

Well Construction Summary

Elevation: Ground Level 370 ;56

Top of Casing PVC 373 ..08

Location or Coords:

Drilling Summary:
Total D nth 85

Construction Time Log:

Borehole-Diameler 3 3/4"

Driller Cannonie Construction
Company

Rig Mobil B-40

Bit(s)

Drilling Fluid

,Task

Drilling:

Geophys. Logging:

Casing:

Filter Placement:

Cementing:

Development:

Other:

Date

11/28

11/29

11/29

Start Finish

Time

l:OOp

3:40p

4:0o;

Date

11/29

,11/29

11/29

Time

3 : 4 0p

4: 00p

4: 30pSurface Casing 4" Locking Steel

Well Design:

Basis: Geologic Log X Geophysical Log-.
Casing String(s): C = Casing S =Screen

0 - 50 C-

50- 75 S
75 85 C

Casing: Cl 2" PVC Sch 40

.___________ I - I

Well Development:
To be done by Allied personnel

Screen:

C2

2" PVC Sch 40
. 020 slot

S2

Centralizers

Filter Material insitu sand backfill

Comments:
30" stick-up on plastic casing

Page 37 of 183

Cement Pre-mix concrete

Other 1½ buckets bentonite pellets
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S"DRILLING LOG

WELL NUMBER. C•i(O7 OWNER: All(t'ed
LOCATION ADDRESS, 0Et+c_ djsl.C c n.. .: rj • r .- " n : o r , 5 U L- kI

-: _____ _____0_ "TOTAL DEPTH,

SURFACE ELEVATION. 3%V5 .'1L4 WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: -La.Lnf r -METHOD: I5-' DRILLED: 1jL){

DRILLER:. HELPER: _Jckn

LOG BY: L, \./I Jerf,

- cf'DESCRIPTION I

~t, ~(COLOR, TEX
SOIL CLASSIFICATION

TURE, STRUCTURES)

I 51

4F
3 554

44 55 7

565 14~

17

?n3

I2Es 1126

rno~itU4d brou.>n gro.de.s to hox. 6-Ilt uI±

4-race 6 c~ct 'oo I i i c I I kc- e ~ -(

12517

5o-hd -t

~996-GT-002, Rev. 2

o ve.ry de-r~5e~ Luhii-e- -Ic' rO~'j 5~lt~1 sine

s5clrnd i It;1 rnoff le4 2ro w n 6srrm)

/ Page 38of 183
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"RILLING LOG

WELL NUMBER. J)02.q OWNER. AI l
LOCATION - -t ADDRESS MP±tr01L&,i.-.'td ccrne}-nl:r c•"d IL,
F I TOTAL DEPTH H.f. .

SURFACE ELEVATiON,_Q4-t'" WATER LEVEL:

DRILLING DRILLING DATE
COMPANY:. lvt'I'p. METHOD: H5A DRILLED:

DRILLER. -______ HELPER' ink Q)

LOG BY: vI -ve--

, DESCRIPTION5
(COLOR. TEX

l~en~e0ve~rý c4e-n~e. iwV

SOIL CLASSIFICAT)ON

TURE, STRUCTURES)

•ii-t- o qra 5ily sin)-off [6c br'own (5mn) -7

[55' =ID

'0%

[I 55

55

3(,

-I"

15

7
57

jq
tJ

Wihie-i mecAiuri -i-o coarse- 5c.nct cundc brown ifnci roole •3 -7
q

Vervf dern 5t 3c
(-•l) clkoie I roumo

m

33.0

~Th
I

13
st;f%4o vewry s-iY .3 ra silty C4o.t( tc cofale.>
f s 9' 3rt, i i ± +0 6o,rnJ y s f li m ottled brow n

- (p,,- s )

/I

7.
15 ..557I 7 7

ca~cqja~ojqgg96-GT-00z, K-ev. •
APage 39 of 183

SHEET .. OF



-,. i %m MAP

*bfLLI'NG LOG

WELL NUMBER -. X•IAVO OWNER: A IILed
LOCATION .AOAuf West3 ADDRESS. rlptfL/L-

rcrr) :--cnnc rd -7 IL'___
________:,______--_____ TOTAL DEPTH.-..

SURFACE ELEVATION' 3-. - WATER LEVEL:

DRILLING DRILLING f1lA DATE
COMPANY: vp_ .. METTHOD: DRILLED: J44L
DRILLER: L L HELPER:' -_Tohi---

LO GBY: L r.

NOTES:

ak aSI V 01896

Calculation 388996-GTOO02, Rev. 2



•1r. I CH ýMAP

-PRILLING LOG

WELL NUMBER

LOCATIN Cef5t
OWNER. 'A(( i1ed
ADDRESS- •nfrc0ol,'s,

IL
TOTAL DEPTH . ,fi

SURFACE ELEVATION L A. WATER LEVEL:

DRILLING DRILLING DATECOMPANY. layV pe) METHOD: .-IfSA- RLE:fti/7~~~.. DRILLED:.(I..

DRILLER: -- Al HELPER:_ - _____

LOG B3Y. 4 IAI-eV?,r



MAP

• . DRILLING LOG

WELL NUMBER.6 D OWNER: il e4
LOCATION ADDRESS. M troj:n( f5

....... ___;____-_ ___ TOTAL DEPTH 6 r'7

SURFACE ELEVATION. -(D WATER LEVEL:

DRILLING DRILLING u5A DATE -(lirri
COMPANY: - METHOD: DRILLED: 0

DRILLER: J:\ I HELPER, _ _ _ _ _ n'_

LOG BY: L. W{.A

~4' \cP ~DESCRIPTIONIN
(COLOR.TEXT

55 I

10-
_5510

. 9 R

75.5

._~~'_'

D/7g-GTOO2Re-
Ca cU 55-fl3_



' .DRILLiNG LOG

WELL NUMBEIR. CtU0 OWNER: Allied
-. LOCATION 5ty -ADDRESS - i S

__TOTAL DEPTH __

SURFACE ELEVATION • WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: La,.Mv•e- METHOD: DRILLED: I"14(

DRILLER: . HELPER: J k'-A\

LOGBY: /_.., ________
I,

DESCRIPTION I SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES)C

C~l)/

i

Meccburr dteri5e- -io ver-y dte.*-6'e Wbi-/e, 3 roi.Y,

-cLrnd brownr 4-oh elor--nd 0-~
V.cx-e- 3raV 4ro-0 +c 0 Snck yi 11- ý m)

-sfi&f +covex.-ý 5i1'fl 5 (zx'y sil-(y Cclck 1 +0 C~aye-

61 rtC 5ar4i 0rnoff t-c. br-ocn

Page 43 of 183
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SKETCH MAP

DRILLING- LOG

WELL NUMBER.C -L&. OWNER: Allied
,)CAION~~A a~as .- ADDRESS- __________

-~ ~ nrrvo rA- cj s IL
___ __ __ _ _ "TOTAL DEPTH

SURFACE ELEVATION WATER LEVEL:

DRILLING ,,DRILLING_ DATE
COMPANY: .• -,,,M METHOD: DRILLED: NOTES:
DRILLER: HELPER: _____"__NOES_

LOG BY: _-, $ie .!e•



DRILLING LOG

_ WELL NUMBER. (0 !i(Q01 OWNER: Al I id!" 'ADDRE SS• ...•eI1,2_L,:; ..
@OCATION IL~fP ADES

TOTAL DEPTH 60T

SURFACE ELEVATION • WATER LEVEL'

DRILLING DRILLING UCA DATE
COMPANY: -_L.V METHOD: 145A DRILLED

DRILLER: _. _-____- _- ___' HELPER-- _ 'TtiAr

LOG BY: L .

SKETCH MAP

NOTES:

I



b.KETCH MAP

* DRILLING LOG

WELL NUMBER,. _O__ _q_ - OWNER. AW Ad
SLOCATION -rrbtm+ ADDRESS- 3 J rn rn5L.

_...._-~___ __ __ __ __ __ __ __ TOTAL DEPTH - N 2,.L
SURFACE ELEVATION,± 2Pi, _ WATER LEVEL!

DRILLING DRILLING DATE
COMPANY: J l If-" METHOD: 11 DRILLED.
DRILLER -JHELPERi _ __ ___'_

LOG BY: L. c



- ., - . - , lnpr . ,

S,DRILLING LOG

WELL NUMBER. G:103 _ OWNER: l(Ce'4
LOCATION w ADDRESS IUf±rnpi•s'_,."

0A TOTAL DEPTH. 1R/'.5-

SURFACE ELEVATION WATER LEVEL:

DRILLING DRILLING DATE ,COMPANY;: /o -METHOD: 9 ,. DRILLED:
DRILLER.- 'A( _- HELPER: __.__3_1_ '

LOG BY: Wey ej"

~4'- ~-'~ ~DESCRIPTION IS

(COLOR. TEXTL

NOTES:

OIL CLASSIFICATKIN

)RE, STRUCTURES)

)

9

10

1I

,55

55

c~ above

£0

If
7

.7
I

3 .5' -

'3I'6,

15

55

55

S.

5.

,3t

14.

3JS

I-F9

Mer~m-to V"x~ desme- b mur3, 51 S)> ne-~ 5an
- nm

F
SAS, lV DIE86

:Calculation 388996-GT-00 2 , Rev. 2 7ýSHE ET - F



bKE1CH MAP

.DRiLLIlNG LOG

WELL NUMBER.. L OWNEV A hei
LOCATION. norX -W .... ADDRESS.Ol I-,-

__________~_ _ _TOTAL DEPTHJ"/J,5"

SURFACE ELEVATION 3 WATER LEVEL"

DRILLING DRILLING DATE "
COMPANY: L.MV'r ET -METHOD: 9-SA DRILLED Lj•_•_.•7 NOES

DRILLER: _ A_ HELPER:

LOG BY: -

C AsIa DRev.86Calcu atilon,388996-GT-002, Rev. 2



DRILLING LOG

WELL NUMBER.- O)- OWNER: -A [e.l,
J(:OCAT ION .. Jr wnl * ADDRESS" -C-phL,

ycc> r 0(IL
r TOTAL DEPTH '78.5'

SURFACE ELEVATION 322Z,•L WATER LEVEL:

DRILLING DRILLING R-- DATE ,,/
COMPANY: LavLQ -2METHOD: DRILLED:/

DRILLER. -j -HELPER- a'n _T T

LOG BY: LMe ev P1 -

SKETCH MAP

NOTES:



bKEICH MAP

' DRILLING LOG

'WELL NUMBER._LLf 10 OWNER: Al•I•e•
LOCATION thren1 ADDRESS (*(LL16r•C - -

_______:"____________ TOTAL DEPTH 3

SURFACE ELEVATION ,375, WATER LEVEL

DRILLING DRILLING DATE
COMPANY: LCk no- METHOD: HA ... -- DRILLED: J4L 1L
DRILLER: A HELPER: _ _'(_r_ 1

LOG BY:

I

5

A, •SI DISM

Calculation 3 88996-GT-002, Rev. 2



-,r t i- MAP

-D RILLING LOG

WELL NUMBER. 62LLQ OWNER. Alled
-. LOCA*ION i'ý'trbCP- LQ ADDRESS- ±CL

LOCATJI-P 5-a rbce. IL

act TOTAL DEPTH '-13'
WSURFACE ELEVATION WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: LaJ.6 METHOD: --.L DRILLED: .4 61
DRILLER. _ J HELPER" 7011-nr__

LOG BY: L. We,- 'r
i

I

1

"AS V D'.86
Calculation 388996-GT-002, Rev. 2



S"DRILLING LOG

WELL NUMBER. L C LOOIi OWNER: Allied
LOCATION. (7l,1/-j , i'L-nlf f ADDRESS- *J2Js±c l5

p T- IOTAL DEPTH D

SURFACE ELEVATION _32-5.50 WATER LEVEL:

DRILLING DRILLING DAT
COMPANY: jinfe --METHOD: j DRILLED:

DRILLER: -HELPER- Jr).h r'n

LOG BY: We4#-

~ ,g. ~ ~DESCRIPTION IS
'~'~"'-fS 9~(COLORTEXT(

Oense ctrcx ctnci broLov

13 55 '9
I I-

F ro An"- 4 f~ 0 t -
Lohif - Sfr-I 5oRnci _5~

5
;_ VeCi; oand bc

Ve-rN d ense- reA - LroultL

-<5 55

SKETCH MAP.

NOTES:

OIL CLASSIFICATION

JRE, STRUCTURES)

m r5 e-

•0.5' -

_52,51
d~r~e-o cc' e- w

Y\rj Co)

Paoe 52 of 183
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DRILLING LOG

-WELL NUMBER. t*,.(C) OWNER. A llied
AtCAT I0N iad ,'Iacn- fL± ADDRESS Jtfropc5:W: wVo.<'s- 'fe. IL

om %-./ TOTAL DEPTH '73-

SURFACE ELEVATION3.._) WATER LEVEL:

DRILLING / - DRILLING qcA DATE
COMPANY: METHOD: D A _ DRILLED: b(,
DRILLER. Al HELPER -J•':xfl

LOG BY: L--. Vie_/e ,

. Alsl w D1586 * AS~ D~66SHEE-T q OF liE



U.S. SIEVE OPENING IN INCHES I
04 3 21, 1 314112 3ffi3 4 6

U.S. SIEVE NUMBERS I
8 10141620 30 40 50 70100140200

I IYDROMETER

i0o It I I I ' T• 79--I~ -111

90

-14- i ~ P IC H- IC';I I 4- !!ii

Cf~f-&-4-~ !II:~1 II 4-f4 1r11 I: I 4-~ iliFi II I 4-.II
%m%,r N|

=70

EE ~;EE7

I
I -.- f ICEI I - 4-. i Fi iir. ! -f iiii i I 4 2111 4-- M111 i El 4-4-- iiii

40 • 1-- I . .. -.. - . --- F-H-- 4 -+f--- -I i i F = ! i i P ! !

10--
: i [

100 10 I
GRAIN SiZE IN MILLI METE R3

0. 0.01 0,001

I GRAVEL I SAND
COBBLES Voase SILT OR CLAY

line Icoarsel medium fine I
I|

SPECIMEN IDENTIFICATION SIEVE % PASS SOIL CLASSIFICATION

Boring: GT-01 3 Inch 100 Brown silty CLAY, trace sand and organic

Samie. ST-01 iSamples obtained 2 100 (CL)Depth~ ~ .....1 12 100

oe -iF o1 tfrom-theberm1

, 1 100 %GRAVEL %SANJD %SILT %CLAY

NOTES: 3.4 100 0 3 74 23

3f8 100

#4 100 MC% I9d•qjPrAc LL PL P1
.-.---- -- 724-6 95-7

#400 . . . .. ..... .. . - _ _ __00 9_ l' l% ... _.................... ... ..... .

4j #i0oo L0 I%-

#200 97 21.

PROJECT HonaywolliMotropolis Works JOB NO. L 75,293
LOCATION iolis |llino~s DATE . June 29, 2010

SOIL DATA SHEET
Testing Service Corporation

Calculation 388996-GT-002, Rev. 2 Carol Stream. IL 60188 Page 54.of 183
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0)

Iota! Normal Stress, tsf -
Effoctfivo Normal Stress, tst - - -

,Tctal unitvweightf 97*11.25 =121 pcf:

Specinen No. - 2 3

Water Contont, % 24-1 25,4 25.5
Densitypl 97.9 96-6 96.5. S-traio, %•. .. 90.0 91.9 92.4

*2 Void Ratio 0,721• 0.7448 0.7461
Dfameter, in. 2.820 2.K20 2.K20
Height, In. 5.600 5.600 5.600

a
U)

S

5
C

Water Content, %
U3 Dry Density, pcf

Saturallon. %
Vold R.zBoj Diameter, in.
Height, in.

Strain rate, In~rmin.
Eff. Cell Pressure, psi
Dev. Stress at Failure, tsf

Excess Pore Pr., tsf
Strain, %

UII. Dev. Stress, tsf
Excess Pore Pr., Wsf
8hrain, %

i Failure, Wsr
Y3 Failure, tsf

25.9
97.9
97.1)

0.7218
2.831
5,55K

26.3
96.6
95.3

0.7448
2.843
5.508

25.1
96.5
91.0

0.7461
"2.854

5,469
0.002

4.20
2,24

-0,60
14.8

0.002
8,40
2.28

-0.33
15.0

0,002
14.00
2.76
-0.10
15.1

Axal Strain, % k

*1
Type of Test:

CU with ?oe Pressures
Sample Type; Slhelby Tube
Description: Brown and gray silty to very silty

CLAY, little sand, trace silt Lcsm% (0Il)

3.15 3.22 3.87
0.91 0.94 1.11

Client: (JI-2M Hill Inc, Chicago, IL

Project; Honeywell/Metropolis Works
Metropolis, Illinioi~sLL= 39 PL= 17 PI= 22

Assumed Specific Gravity= 2.70
Remarks:

Figure I

Source of Sample: (IT,. r- Depth: 9'- 11'

Sample Number: S - 1
Proj. No.: L..75,293 Date Sampled:

TRIAXIAL SHEAR TEST REPORT

.-...... Testing Service Corporation
I..

T"JtA1qXbW&&1&T-N2-;-Rv. 2 Checked By: LL
Page 55,of 183



U.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS EHYDROM•ETER
6 4 3 2 1_5 1 314 112= 3 4 6 010 141620 30 ,5 70|00140200

- .. .... . .I ..

..... . l ~l.l

50 ..
.- !........ . ...110>

!1 -

.. ........ . .. .

GRA SIZ INMiLIET

I coreIfn 0aslmdun fn I t:I

IL

GRAIN SIZE IN MILLIMETERS

I GRAVE-L SAND
COB S coarse fine coarsel medium SITineLA

-( SPECIMENi IDENTIFICATION SIEVE % PASS SOIL CLASSIFICATIONsad

Boring: GT-01 3 inch 100 Brown and gray sifty CLAY, some sand,

Samplo ST-04 2 100 (race organic (CL-CH)

pSamples obtained from 1 1/2 100
.th nate layVe soil 1 100 %GRAVEL I %SANDI %SILT %CLAY

NOTES; Db-eothte-4berm g4 100 0 28 39 3'3

3/8 1o0

t!4 100 MC% ' dwy (pcf -LI PL I P1

S#10 100 23.3 101.7 60 14 3-

0 40 100

- #100 83 LO0%

#200 72 3.0

PROJECT Honeywell/Metropolis Works JOB NO. L - 75,293
LOCATION Metropolis, Illinois DATE June 29, 2010

,G-t .. SOIL DATA SHEET

Testing Service Corporation
Calculation388996-GT-002, Rev. 2 Carol Stream, IL 60188 Page 56 of 183
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Normal Stress, tsf

otal un it weight =102*1.23 =125 pcf,

Specimen No. I

Water Confent, % .2.

_Dry ensity, cf 10 .7j
75 Sahirualion9,6, 9.
- VoiM Ratio 0.6577

Diameter, in. 2.860
Height, in. 5.560U)

U)
*4114*(4

-S
'I)
0

Water Content, %
i Dry Density, pdf

0 Saturation, %
* Void Rallo
Diameter, in.
Ho[ght, in.

Strain rate, in.rmin.

Back Pressure, psi

Cell Prssure, p0i

Dev. Stress at Failure, tsf

Ut, Dev, Stress, tsf

4y Fallure. 1sf

u3 Failure, 1sf

24A
101.7
100.0

0.6577
2.860
5.560
0.125

0.00

.(00

2.76

3.12

0.36

Axial Strain, %

*1
Type of Test:

I hnconsolidated Undrained

Sample Type: Shdely 'l'ubc
Description: Brown and gnty silty CLAY, little

sarnd, t•ace silt seanis (CIJCTI)
LL- 50 PL= 14 P1= 36
Assumed Specific Gravity= 2.70
Remarks:

Figure _

Client: CH2M Hill hic, Chicago, IL

Project: Honeyweil/Melropolis WorkR
Metropoli.-, llhnois

Source of Sample: (rr- I Dopti

Sample Number: S- 4

Proj. No.: [-75,293 Daft
TRIAXIAL SHEAR TES

v! 29'- 31

Sampled:

T REPORT

Testing Service Corporation
r- ........ V.

Tf A M GT 002, Rev. 2 .2 Checked By: LL Page 57 of 183



CONSOLIDATION TEST REPORT

Applied Pressure - tsl

L I Sp.Gr. Overburden

MATERIAL DESCRIPTION

PC
(tsf) Cc 0 -IInitial Void

Ratio

0 1 .9 0.02 0.797

Browi and Gray silty CLAY, littlu sand, trace silt seams

1 oct No. L-75,293 Client: C(J2M-lull Inc, Clicagu, IL

ject: Horncywcl!/Mctropolis Works
Meiropolis, llhiuoiis

Source: GT- I Sample No.: S - 4 Elev.

Testing Service Corporation

Carol Stream, IL Figure
Calculation 388996-GT-002, Rev. 2



U.S. SIEVE OPENING IN INCHES t' U.S. SIEVE NUMBEERS i
810141420 30 40 50 70100140200

HYI)ROMEMITR
6 4 3 2 1ý 1 314 1t2 318 3 64

a •

]VU I !11 I I l l ' I I I I i. II I FI *..--1
-- I-I I~I~II I I--I 11111 CI 4--I ~IEiI 1.1 I-f-----------i-I-I4-~dtI

90 I L.I- - 4--- urn FF1 i- 1 E ii p i i i F j-

111.111 1 I--i CIII C I I.

I

70 1-4- ý . . . . . . . I . . I ý I . k i 1 1 F 1 F 1 1 1 ;

-i +- i i i H ii i --.i.. . IIF--

50. .. ... ..

40

.. . . . . .

: , . .. .- 4•2 0 ........ . ! - -

-, --

101

I ....... .....10-- 1- -1
S100 10 GRAIN............O 1 0.100i .0. '

GRAIN SIZE IN MILLIMETERS

COBE GRVE SAND -SILT OR CLAYI Coarse I fine Jo aysel m edium ,.._-...fi.ne .......•......

SPECIMEN IDENTIFICATION SIEVE % PASS SOIL CLASSIFiCATiON

Boring: GT-02 3 inch GO Brown silty CLAY, Irace sand and organic
Sample: ST.0I 2 . .(CL)

........ ...... I"'A plsob ain d
Deph; '- ' a . .. 11/2 1O

1 0fromthe 0 GAVEL %SAND %SILI %CLAY

NOTES: 3/4 100 0 i 78 21

3/8 100

#4 100 MG% 6dzy (pcf LL K p

~FU100 [1- 1. 39 18 2

#100 09 LO%

# 200 9. "

PROJECT HoneywolIlMetropols Works JOB NO. L_ - 75,293
LOCATION Illinois DATE June 29, 2010

SOIL DATA SHEET
Testing Service Corporation
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F1lSLj _ 0.9sf

~-' o.a

S
.1

-c
CO

Normal Stress, tsf

,TdtaI unit weight= 114*1.14= 130_pcf

42

42

CO

C

a~
ci

I

Specimen No, 1

IlWater Content, % 14.1

'. Saturation, % 18-
_ Void Ratio 0.4&22

Diameter, in. 2.750
- Height, in- 5,550 -
Water Content, % 17-9

T Dry Density, p4t 113.7
SSeurarton, % 100.0
Void Ratio 0-4922
Diameter, in. 2.750
Height. in. 5.550

Strain raot, inJmin. 0.125

Back Pressure, psi 0.00

Cell Pressure, psi 6.30

Devy Sliress at Failure, 1sf 1.92

Ul. Dov. Stress, tsfAxial Strain, %

Typo of Test:
U Inconsolidated Undrained

Sample Type: .-'hclby Tube
Description: Urown silty CLAY, little sand, in oixi

(el.)"

Assumed Specific Gravity= 2.70
Remarks;

Figure

a1 Failure, Wsf

a1 Failure. tWt

2.37

0.45

Client: Cl2M HilH Inc, Chicago, IL

Project: HoueywelelMetropolis Works
Metropolis, Illinois

Source of Sample: (UT- 2 Depth: 61- 8'

Sample Number: S - I

Proj. No.: L4-75,293 Date Sampled:

TRIAXIAL SHEAR TEST REPORT

Testing Service Corporation I
TeC51'elploy 8099U--k-3-I-V-V-2,r--It;v.2

Checked By: LL Page 60 of 183



U.S. SIEVE OPENING IN INCHES .- U.S- SIEVE NUMBERS, I HYDROMETER
6 4 3 2 1.5 1 3W4 1 2 3/8 3 4 6 810141620 30 •5'7010D140200

.1 - .
IUloo I I' I

.I.
f-I

i

90

80

70

601- /( ,

:4-: 2 I II :24-::-------+ .-4 --.- I

I4

501 . .-1 - I 4-f -- il

as1 I. -. - 1122 - i 1 --.- pl

.... 1I)11; - ' i : I: E p . f-I iitttEU7LIiiL~IhIIL:Ki 14--- r-"•:C :2 4-1 2;: R-

1~F1I-4-4-I' I2I~I 4: -I-I 11125 I C 1-4--

201- - 14 F.*4-4".L4-i4 tl --------- 4--I-

-4-4 1.111::-: hLL[ ; 4-. ..
. I ~I1III~

ffl-IH-i-10

0

1-4-k 2111 44 1I~

-4- 12 r1 .4 .......

JL _____________ Li IL

100 "10 I
GRAIN SIZE IN MILLIMETERS

0.1 0.01 0-00w

COBBLES
GRAVEL

coarse Ifine
! SAND
1cSe1 medj[riu line I SILT'OR CLAY

SPECIMEN IDENTIFICATION

8orin,: GT-02

SIEVE % PASS SOIL CLASSIFICATION

3

2

inch 100
•100e-.

BFown and gray silly CLAY, trace sand and

Sample.6 ST-02 Sampe obtained from

Dept: ~1.0'-8.0 the native clayey soil

organic (CL)

d 1112 100

below the berm
-I I 4

1 100
I 4 1

%GRAVE-L %SAND3 %SILT %CLAY

0 78 19NOTES: 3t4

3/8

100

100

100 MID% 16dfy pd~ ILL P I -i
.I.... . . I --

) 

. .

#10

# 40

100

100

20.96 -1018•o- i~Iii 1~
. . ............ T .. . . . .. i .. . . [ i

I-

C

-j

5

c.2

1- I I * I

......... .....
# 100

#200

LOS% I I
2.5

Ii I 1 I

ZCP
9

Z

6W1

PROJECT HoneywelIlMetropolIs Works
LOCATION M---er-ojpolis, Illinois

JOB NO. L- 75,293
DATE June 29 2010

U• IU
SOIL DATA SHEET

Testing Service Corporation
Carol Streamr, IL 60188
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3

I

U)

Total Normal Stress. tsf
Effective Normal Stress. 1sf ...... -

Tot .al u -nit weighit-4 06*1.2-1= 128 pc .f

0
a
Cl)

0
.5
0
0

7Specimen No. 2
I pWater Conitenti, % 20.9- 20.94

ycf Deni106.5 10p5f_•-9
- Saluration, % 96.6 95.3

E Void Ratio 0.5834 0.5912
Diameter, in. 2.820 2.820
Height, in. 5.500 5.500 4
Water Contonl, % 19.1 15.0
Dry Densily, pcf 1111.3 119.9

* Saturation, % 100.0 100.0
Void Ratio 0.5150 0.4053
Diameter, in. 2.779 2.705

__Height, in. 5.420 5.280
Strain rate, iniml"n . 0.002 0,002
Eft. Cell Prossure, psi 6.90 20.80
Dev. Stress at Failure. tsf 2.92 4.10

Excoss Pore Pr., tsf -0.68 -0.10
Strain. % 15.2 15.6

Ult, Dev. Stress, tsf
Excess Pore Pr., tsf
Strain, %

U, Failure, 1sf 4.10 5.70
(73 Failure, 1sf 1.1$ 1.60

0

Axial Strain, %

*1
Type of Test;

CU with Pore Prussurses

Sample Type: Shelby 'rube
Description: Biown and gray silly CL.AY, little

s siad, itrace fil scams (CL)

Client;, CI12Mv lill 1Inc, (:ihivugo, Ii,

Project: IloncywcvultfMcropolis W~orks
LL= 34 PL= 15 Pl= 19
Assumed Specific Gravity= 2.70
Remarks:

Figure

Metropolis, IlliNois
Source of Sample: OT - 2 Depth: 1- 18'

Sample Number: S - 2

Proj. No,; L-75,293 Date Sampled:

TRIAXIAL SHEAR TEST REPORT

Testing Service Corporation
Tested By: KR

Calculation 388996-GT-002, Rev. 2
Checked By: LL...
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CONSOLIDATION TEST REPORT

0
p
C',

'0
.5

Natural Dens. . Overburden In VoidL Dry e . L Sp. Or. . ( Ri
Saturation Moistlure (pc P P . t) (Ratio

87.4% I U i0r 103.2 34 7191 2.70 1 1.06 ].45 0.09 0.60 0.633

MATERIAL DESCRIPTION USCS AASHTO

lrowit and gray silty CLAY, little saoid, irace sill scamis, CL CL

Projoct No. L-75,293 .Clent. CII2M Hill Inc, Chicago, IT. Remarks:
Project: Honerywel/Metropulis Works

Metropolis, Illinois

Source: GT- 2 Sample No.: S - 2 Elev.Weptbt: I6'- 13'

Testing Service Corporation

Carol Stream, IL Figure
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Table B1
Summary of Laboratory Test Data on Clayey Soils
7/20/2010

Shear Strength Paameters Compressibility Parameters'

Cohescnon c T Friction Angle,

Soil Unit Average Depth Moisture Content Uiniid tmit Plastiity Inde x Total Unit W eight Total +_Eff ective Total Effective .Shea Strength C, C. ", OCR

H_ _ -) tý' (ft) • (%) (%) (%(p, (t ) (ts) (deg) (deg) (tsf) (HI - ) (1 H

Berm 10 25 39 22 121 0.72 0 16.5 33.5

7 14 39 21 130 0.96

Native Clayey Soil 30 23 50 36 -12S 1.38 0.15 0.02 0.80 2,24

17 21 34 19 128 079 0 22 34 0.09 0.00 0.63 1.37

Table B2
Average Soil Properties from Laboratory Test Results

[ ________________ ________________ Shear Strength Parameters

T Cohesion, tal . e Friction Angle, --drained Shear Stre.ngth, So

[ Soil Unit Totalronit Weight Total gffctive" Total - , Effective

ý(pct)-ý Itt tt (deg 7 (deg)' (tat_ _
4erm 226 0.72 0 16.5 33.5 0.96

Native Clayey Soil 127 0.79 0 22 34 1.38

Table B3
Design Soil Properties for Global Stability Analyses

Short-tr simc
Effective stress analysiý Total stress analys aea.....

Soil Unit Total Unit Weight Cohesion, c' Friction Angle,<t' Cohesion, c Friction Angle, iii S ""

___ L________ (Per) .dI(L

Berm 126 0 34 1536 7176

Native Clayey Soil 127 0 1464 8 2208 0.59

Note: Reduced the ttalstress shearastmngth param er by 20%for seisnic stobility lmeao por wine, prere buildup during the aesmic event.

T

Design values for Design values for
static global stability pseudo-static global
analyses stability.analyses
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Table B4. Summary of consistency of Soil Unit 4 (Lower Sand) from all test borings in the project vicinity.
GB-13 GB- McO G845 S-lAS G- 102 r- 105 G106 G 177 G103 G019

Ground Elevation (Ift): 336.7 335.3 375.8 376.5 365 374 372 364.7 366.92 377.96
SOIL LAYER Top Elev SPT N Top EleY SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev . SPT N

Soft CLAY, LL Firm Clayey S ILT. Firm SILTY CLAY. Firm Ciayey F;rm-had S andy Soft-clot Silty Stiff-V. Stilt S t S f/-V , Stilt Si ty Stiff Sitty CLAY.
Dyeren Sort Gr0 N/A Lt Yw. Br. NA Grey N/A SILT. It grey N/A Sifty CLAY, Lt Br. N/A CLAY. Gray N/A CLAY. Gray N/A CLAY, brown 14-50 CLAY, bW.- 10- 19 Stoyn 11 -16
IFineootmdium, SAND 309 N/A None N/A 33313 MIA 13 N/A A 39 N/A 31 N/A 320.7 13-26 318.42 53-103 320.96 65-96

??? (not ?7? (tnot ?7 (not
encountered at entcounterd at encounteted at

Yellowsh-Brown SAND (Wand GRAVEL) 302 N/A 322 N/A elev. 301) N/A 304.5 N/A elev 260) N/A 303.5 N/A 294 N/A 209.2 91 310.92 140-226 e tv 299) N/A

Note: Borings GT-01 and GT-02 did not extend below the GWT, so they are not included in the table B4
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Figure B5: SPT N-value Profile

Upper. Sand (2)

Very Dense
Sand (5)

0 20 40 60 80 100
SPT N-value
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Figure B6a. Estimate friction angle of cohesionless 
soils

60Of 

c h s o l s so l

z
0

0
-j

1-20
I-

0
100 

20200,

VERTICAL EFFECTIVE 
STRESS d•° (kPa)

Reference: Figure 97, FHWA (2002) - Evaluation of Soil and Rock Properties
Eff. Stree at

Mid-Layer

Calculation 
3 8 8 996-GTO002, 

Rev. 2
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Figure B6b. Estimate friction angle of cohesionless soils

-_m EFF1ECTht STRESS"

- m FAIJURE EhlVEL..O

ARX MATE RREL

E.MATERIALS WIT10

m m nPLASTIC FINES

1 1 l i I I 1 I I I 1 I I
1.2 1.I LO 0.9 C1SO]. 050.7(05 (15 (15 045 04 035 (15 0.25 0.2

VOID RATIOSF

I IN I 1 I I I

0.55 0.5 045 0.4 0.35 (3 0.25 0.2 0.15POROSITY, nl

(0.6)

150

0.15

FIGURE 7
Correlations of Strength Characteristics for Granular Soils

Native sandy soils were described as medium dense to dense SP or SC
Assumed that common fill is SW/SP

(1) Upper sand (SP/SC): Unit weight = 125 pcf; Friction angle = 35 degrees
(2) Common fill (SW/SP): Unit weight = 130 pcf; Friction angle = 36 degrees
(3) Cover soil (SM): Unit Weight = 120 pcf; Friction angle = 33 degrees
(4) Lower Sand (SP/SW): Unit Weight = 120 pcf; Friction angle = 34 degrees

Reference: NAVFAC DM 7-1 (1986)

Calculation 388996-GT-002, Rev. 2 Page 68 of 183



Table B5
Index Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

Moisture
Sample Depth Gradation Parameters Content Atterberg Limits

D85 D60 D50 D30 D10 Cu Cc w LL "PL PI
/ (ft) (mm) (mm) (mm) (mm) (mm) (-) (%) (%) (%) (%)

C (Bulk) 2 to 6 0.0101 0.0071 0.0066 0.0059 0.0054 1.315 0.908 89.0 61 36 25
C-10 4to 6 0.0111 0,0098 0.0094 0.0085 0.0077 1.273 0.957 90.3 62 38 24
C-18 8 to 10 80.3 58 32 26
E (Bulk) 2 to 6 0.0156 0.0081 0.0078 0.0071 0.0057 1.421 1.092 94.4 62 38 24
E-13 4 to 6 81.9 50 35 15
E-39 4to 6 0.0102 0.0072 0.0067 0.0055 0.0039 1.846 1.077 106.3 66 38 28
ID-17 4to 6 0.0194 0.0173 0.0166 0.0152 0.0124 1.395 1.077 107.8 60 36 24
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Table B6
Static Strength Test Results on CaF2 Sludge
Honeywelt-MTW Surface Impoundment Closure

U namber
Pressure Approx. Approx. Pore

(C3) or Deformation Deviator Excess Pore Pressure Total Stress Path
Normal Load Peak Shear at Peak Stress Pressure at Parameter at Parameters at Undrained Strength Ratio, Drained Strength

Sample Depth (N) Moisture Content Strength Strength (od.) Failure (PP) Failure (A,) Failure SJP' (see Note 1) Parameters Test Notes:
Iniial(w• Fnal(wf IBased on 0' Based on q/p

fP q and A, Ratio c '

(t ps7-- N% N (psf) I(psf) (psf) (ps0 (psf) - - (deg) (psf)
CU Triaxia Tests (ASTM D4767)

399 82.8 63.2 267 10.2% 535 300 0.56 666 267 0.59 0.40
E-13 4 to 6 29 8. 8 1540 6.8% 3080 1950 0.63 4337 • 1540 0.54 0.36 39.5 21

401 78.6 67.1 221 8.3 % 442 400 0.90 622 221 0.42 0.36 II 39 !151300 84.1 74 724 5.2 % 1448 1050 0.73 2024 724 0.49 0.36
C-18 7 to 10 2MY- 87.09 53.7-- 186 0 7 7772 189 04 66 18 .604 39.5 115

399 95.0 73.4 92 8.7% 183 390 2.13 491 92 0.19 019 30 0B---- 4 MtIT29 91.1 64.9 448 6. 9 6 .6 1746 448 0.33 0.26 30. 809

0-9 4 to 6 399 132 64 41 9.% 0 430.2 14 15 NA0.51 NIA NIA

Pond C/E 400 9.8 71.4 555 10% 1190 150 0.13 995 595 1.11 0.60
Bulk 1200 94.4 71.2 700 10% 1410 700 050 1505 705 0.61 037 i' Test Performed by Kemron in November 2009. Provided here

tKem~ron-- Bulk 4. 37'4 ' 50 for comparison.

rect Shear Tests (ASTM D3080) Average: I 0.5__ 0.3_ |_

398 89.4 78.4 443 0.25 in
1298 95.0 73.8 837 0.25 in Shear Rate: 0.0009 in/min

E-39 4 to 6 1 81.b3 61.7 2.25 in N/A N/A N/A N/A N/A N/A N/A 38.2 9.2 (Approximate DRAINED shear) -

655 115.0 77.6 701 0.25 in 1.07 -

1143 101.8 63.7 875 0.25 in 0.77 Sheer Rate: 0.125 in/min

D-17 4to 6 1. 7.4 I 9.25 1 N/A N/A N/A N/A N/A 0.52 * N/A N/A ( N Approximate UNDRAINED shear)
Interface Shear Strength Test on Large Sample (12-inch square) - EPDM Liner to Pond Sludge (ASTM D5321). - -

400 94.4 72.2 359 0.1 in .T- T -Shear Rate: 0.005 in/min (Approximate DRAINED shear)
(l 2 t 6 1 6 65.5 - 1300 psf specimen dried to anticipated post-consolidation

EBulk) 21o6 1300 66 65.5 1082 2.3 in N/A N/A N/A N/A N/A N/A * N/A 39 38 moisture content prior to test
400 82.6 68.2, 347 0.1 in 087 * - Shear Rate: 0.2 in/min (Approximate UNDRAINED shear)

(Bulk) 2 to 6 In /U . N/A N/A N/A N/A N/A ____4___ N/A N/A * N/A Geonet used to drain sample during consolidation.

Notes:
1. The undrained strength ratio (Su/P') is defined as follows:
a. For the CU Triaxial Tests: Su/P' = sin (fl / [1 + (2 * .f - 1) * Sin(f')]

b. For the CU Triaxial Tests, a lower-bound estimate of SJP' can be calculated by ratio of q/p

b. For the undrained direct shear tests, Su/P' is estimated as the ratio of Peak Shear Strength to Normal Load (N)
Average Su/p' = 0.47
(used for total stress analyses)

Average friction angle: 37 deg
Average cohesion: 65 psf
(used for long-term static analyses)
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Table B7
Consolidation Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

Initial void

Sample Depth Initial MC ratio Final MC Final e Measured Strain (at psf): Pc' Ce, Cre Cv

iW_ eo Wf ef 125 500 1000 2000 4000 (apparent) _ Range (avg)
(ft) (%) (O) (%) (%) (N) (N) N(O) p sf -0% in /sec

'- 
1 0. 11to 6.4

E-39 4to6 74.98 51.15 1.28 6.33 11.85 14.89 18.36 21.85 None IFO1 -0 - (3.2)

1.5 .07 12.5 1 6.3 2029 Nne .13 0 297-9.35
D-17 4to6 89.67 2.29 59.99 1.5 707 1258 1631 20.29 24.16 None 00.131 ~ (6.3)

II 1 1.93 to 5.26
C-10 2 to 5 68 1.73 53.35 1.33 2.18 4.63 6.97 10.31 15.04 1 800 10.15 ~ -0 (3.4)

Pond C/E L-• L•
Bulk a .s~l •1.0 to 4.011%

(Kemron) # I tO %
(See Note 1) Bulk 85 2.3351 NIA NIA 9 14 16 19-. 22 Norme, % 0.10, -o0 , ( _1

Notes:
1. Test performed by Kemron in November 2019. Results provided here for comparison.

Cce= 0.13

I

CV = 4.3E-4
eO = 2.0

Assume

OCR = 1
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Table B8
Cyclic Direct Simepie Shear Test Results on Cae2 Slud
HonayeyIIMTWaVSurtene Inmpoundmenet Closure Prelimeinary Results

P..t•VCI•c g~~nedlR She., Strength S .. KUIt.

S.. 0• 5% Strain (See Note 2)
Pe-Cvclic Conditions Cyclic Loading Result. S. IPeakl

S... . ... Str..in (See. Note..
Moisture

Inital Percent Content after # Cycles to Applied Shear Applied Shear 'Adjusted" or Correspond.

Normal Assigned tideal Moisture Axial Strain Moisture (totil), Consoidaton. Liquefacton Stress Stress@ Average Shear Straon Memb. Memb. Memb.

Test ID Sample Load CSR Content, w, During Consol. %M cu (See Note 1) Cycle 1 Cycle LF Applied CSR So at Peak Su Corr. Sc (Cor..) Sc Corr. Sc (Corr.) Su Corr. So (Corr.) Test Observations

(psf) % onin % %_ pf pof psf % psf plf pst pSo pst psf pi pt f

CDSS-l E-39 1200 0.2 98.8 0.145 49.7% 75.1 40 220 140 0.150 243 4.4 12 231 235 12.5 222.5 120 54 1 66 Sample did not liquefy aher 40 cycles.

Test end 0t22% srrain. Residual S5

CDSS.2 E-39 1200 0.4 91.5 0.235 47.8% 70.1 & 400 250 0.271 300 15 24 • 276 20 12.5 7.5- Not Determnned not reported.

CDSS-3 E.39 1200 0.3 90.3 0.185 47.5% 72.1 11 325 210 0.223 265 10.5 18 247 35 12.5 22.5 122 54 68

CDSS-4 E.39 750 0.3 104 0.170 51.0% 78 10 195 120 0.210 (70 9 17 158 50 (2.5 37.5 115 Sd 61

r,--,,-,,--__ _ - ial strain increased by -2% during

C DSS-5 E-39 • | 85 0.3 92.8 0.215 48.1% 72.2 5 500 370 0.235 2 9S 12 20 275 130 12.5 117.5 215 54 161 1 | oadingI - I o - ..
-DS- D.1 190 5ie4 shrain adjusted by -0.7% prior to

CDSS-6 D-17 1. U 2. 51.9% 74.2 4 5.0 . 80 . (90 4W 54 136 35 12.5 22.5 155 54 lOt loading

CDSS-7 E-39 1850 0.2 96.3 0,300 49.1% 69.8 10 350 200 ,0.170 220 12 20 200 30 12.0 17.5 19W 54 136

CDSS-8 D-17 1200 0.3 111.2 0.320 52.7% 61.6 4 280 200 0.200 Post-cclic eonsol (est performnd = 0.041 inch senment at 1200 Uf

CDSS-9 E-39 1850 0.15 375 0.210 45.6% 59.. 40 280 200 0.151 Sample did not liquefy after ye. Post-cyclic consol rest performed = )..11 inch setement at 1850 psf.

Assumed G = 2.48

Notes.
1. Liquefaction is defined at the load cycle at which either the pore pressure parameter (Ru) 0 0.9 or Shear strain > 5%. Liquefaccon was not observed after 40 cycles of loading for Samples CDSS.1 or CDSS9.

2. Residual S. is reported as the representative S. measured at sheer strains between of 40 percent and the maximum measured shear strain (typically 45 to 70 percent)

Average Sur/p' = 130/1850 = 0.07
(used for pseudo-static analyses)

Axial strain = 0.041/1*100 = 4%
Assume average axial strain of
6% in the sludge
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Figure B7
Average Applied Cyclic Stress rxauo tra) vs. Cycles to Liquefaction

--- Pond E, 1200 psf
<>... - Pond E, 1850 psf

0 Pond E, 750 psf
A Pond D, 750 psf

'.x Pond D, 1200 psf

Note: No liquefaction observed
after 40 cycles for these
samples
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Figure B8
Post-Liquefaction Residual Su vs. Normal Load
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Attachment C
DETERMINATION OF SEISMIC 'DESIGN PARAMETERS AND LIQUEFACTION POTENTIAL ANALYSIS

0
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Summary

The bedrock Peak Horizontal Acceleration (PHA) at the project site was obtained from USGS 2008 hazard
maps located at:

http://gldims.cr.usgs.gov/nshmp2008/viewer.htm

Based on the USGS 2008 maps, the bedrock PHA associated with different design seismic events are as
follows:

2475-year return period: / PHA = 1.01g
* 475-year return period: PHA = 0.27g

According to NEHRP (2006), the site can be classified as Site Class D (Stiff Soil Profile) assuming that the
contained sludge will be stabilized. The Peak Ground Acceleation (PGA) values at ground surface
corresponding to Site Class D are:

" 2475-year return period: PGA = 1.01g x 1.0 = 1.01g
" 475-year return period: PGA = 0.27g x 1.26 = 0.34g

Accoring to Kramer (1996), the horizontal seismic coefficient (kh) equal to 0.5*PGA is commonly
considered appropriate for pseudo static stability analyses. These values are considered applicable for
comparison with IEPA and USEPA criteria. The design k, values are:

* 2475-year return period: kh = 0.50g
" 475-year return period: kh = 0.17g

Based on NUREG - 1620, the horizontal seismic load coefficicent, kh, could alternately be calculated as
67% of the PGA. NUREG 1620 is not directly applicable to the MTW project site, and therefore these
larger kh values are not directly applicable. Nonetheless, the associated kh values are as follows, and may
be considered for comparison:

" 2475-year return period: kh = 0.67g
" 475-year return period: kh = 0.23g

Liquefaction potential of the lower sand layer (Soil Unit 4) was evaluated using the procedure discussed
in Youd et al. (2001). This procedure uses field SPT N-values and fine content of the soils combined with
earthquake magnitude to calculate FS against liquefaction. Three test borings GW107 through GW109
were used for this analysis. Results showed that the lower sand layer (Soil Unit 4) encountered in
GW107 had a very high potential for liquefaction (even during a 475-year event) whereas the soil from
the same layer encountered in GW108 and GW109 would not liquefy. The liquefaction potential and
extent of the liquefied soil in Unit 4 are, therefore, not clear. However, it is reasonable to expect that the
undrained shear strength of Soil Unit 4 will be reduced in the post-liquefaction condition. Because of this
uncertainty, three conditions were considered in the stability analyses in which Soil Unit 4 was assumed
to be (1) non liquefied with no shear strength reduction; (2) partly liquefied with undrained shear
strength of the soil calculated as average of static and residual shear strength values; and (3) fully
liquefied with undrained shear strength drop to residual level. It is anticipated that by considering these
3 cases, the sensitivity of the berm stability to the liquefaction (or shear strength reduction) in the lower
sand layer can be evaluated.
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C1. Determination of Seismic Design Parameters
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Figure Cl. Project location (Latitude and Longitude)
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Figure C2. Peak Horizontal Acceleration
maps for 975-year seismic event.

(PHA) obtained from USGS 2008 hazard
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Figure C3. Peak Horizontal Acceleration (PHA) obtained from USGS 2008 hazard
maps for 475-year seismic event.
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Table C1. Site Class Determination (NEHRP 2006)
GW-107 (assumed original SPT N-values)

Layer
Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 363.7 11- 1.0 0.09

3.5 361.2 8 2.5 0.31

6.0 358.7 15 2.5 0.17

8.5 356.2 16 2.5 0.16

11.0 353.7 32 2.5 0.08

13.5 351.2 30 2.5 0.08

16.0 348.7 48 2.5 0.05

18.5 346.2 54 2.5 0.05

21.0 343.7 100 2.5 0.03

23.5 341.2 100 2.5 0.03

26.0 338.7 100 2.5 0.03

28.5 336.2 100 2.5 0.03

33.5 . 331.2 14 5.0 0.36

36.0 328.7 50 2.5 0.05

38.5 326.2 16 2.5 0.16

41 323.7 14 2.5 0.18

43.5 321.2 18 2.5 0.14

46.0 318.7 26 2.5 0.10

48.5 316.2 13 2.5 0.19

51.0 313.7 24 2.5 0.10
-53.5-= ý31!.2- ýýJ ý2.5ý- ý0.03-

60.0 304.7 82 6.5 0.08

65.0 299.7 100 5.0 0.05

70.0 294.7 100 5.0 0.05

75.0 289.7 100 5.0 0.05

80.0 284.7 100 5.0 0.05

85.0 279.7 100 5.0 0.05

90.0 274.7 100 5,0 0.05

95.0 269.7 100 5.0 0.05

GW-108 (assumed original SPT N-values)
Layer

Thickness,
Depth (ft) Elev (ft) N-value di di/Ni

1.0 365.9 25 1.0 0.04

3.5 363.4 9 2.5 0.28

6.0 360.9 19 2.5 0.13

8.5 358.4 20 2.5 0.13

11.0 355.9 18 2.5 0.14

13.5 353.4 12 2.5 0.21

16.0 350.9 19 2.5 0.13

18.5 348.4 16 2.5 0.16

23.5 343.4 80 5.0 0.06

26.0 340.9 27 2.5 0.09

28.5 338.4 47 2.5 0.05

31.0 335.9 68 2.5 0.04

36.0 330.9 20 5.0 0.25

38.5 328.4 10 2.5 0.25

41 325.9 19 2.5 0.13

43.5 323.4 13 2.5 0.19

48.5 318.4 53 5.0 0.09

51.0 315.9 85 2.5 0.03

53.5 313.4 100 2.5 0.03

56.0 310.9 100 2.5 0.03
ý58.5_• ý308.•4- - 100 _ ý 2.5 - ý0.03--

60,0 306.9 100 1.5 0,02

65.0 301.9 100 . 5.0 . 0.05
70.0 296.9 100 • 5.0 0,05

75.0 291.9 .1.00 5.0 0.05

80.0 286.9 100 5.0 0.05

85.0 281.9 100 5.0 0.05
90.0 276.9 100 5.0 0.05

95,0 271.9 100 5.0 0.05

100.0 266.9 100 5.0 0.05

GW-109 (assumed original SPT N-values)
Layer

Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 376.9 16 1.0 0.06.

3.5 374.4 10 2.5 0.25

6.0 371.9 16 2.5 0.16

8.5 369.4 11 2.5 0.23

11.0 366.9 15 2.5 0.17

13.5 364.4 15 2.5 0.17

16.0 361.9 16 2.5 0.16

18.5 359.4 13 2.5 0.19

21.0 356.9 18 2.5 0.14

23.5 354.4 15 2.5 0.17

26.0 351.9 19 2.5 0.13

28.5 349.4 27 2.5 0.09

31.0 346.9 89 2.5 0.03

33.0 344.9 26 2.0 0.08

36.0 341.9 94 3.0 0.03

38.5 339.4 23 2.5 0.11

41 336.9 62 2.5 0.04

43.5 334.4 65 2.5 0.04

46.0 331.9 100 2.5 0.03

48.5 329.4 12 2.5 0.21

51.0 326.9 12 2.5 0.21

53.5 324.4 11 2.5 0.23

56.0 321.9 18 2.5 0.14

58.5 319.4 92 2.5 0.03

61.0 316.9 65 2.5 0.04

65,0 312.9 100 4.0 0.04

70.0 307.9 100 5.O 0.05
75.0 302.9 .500 5,0 " 0.05

80.0 291.9 100 "5.0 $ 0.05

85.0 292.9 100 5.0 0.05

90.0 287.9 100 5.0 005

95.0 282,9 100 5.0 0.05
100.0 277.9 100 5,0 0.05

P=

DI 100.0 264,7 1 100 5.0 0L05 "

Site Class D Nave 35

Sum 100.0 2.89

Assumed SPT N-values

Sum = 100.0 3.50
Site Class D I Nave = 29
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Table C2. Site Class Determination Considering Unstabilized Sludge (NEHRP 2006)
GW-107 (assumed unstabilized sludge) GW-108 (assumed unstabilized sludge)

Layer
Thickness,

Depth (ft) Elev (ft) N-value di di/Ni
1.0 363.7 1 1.0 1.00

3.5 361.2 1 2.5 2.50

6.0 358.7 1 2.5 2.50

8.5 356.2 1 2.5 2.50

11.0 353.7 1 2.5 2.50

13.5 351.2 1 2.5 2.50

16.0 348.7 1 2.5 2.50

18.5 346.2 54 2.5 0.05

21.0 343.7 100 2.5 0.03

23.5 341.2 100 2.5 0.03

26.0 338.7 100 2.5 0.03

28.5 336.2 100 2.5 0.03
33.5 331.2 14 5.0 0.36

36.0 328.7 50 2.5 0.05
38.5 326.2 16 2.5 0.16
41 323.7 14 2.5 0.18

43.5 321.2 18 2.5 0.14

46.0 318.7 26 2.5 0.10

48.5 316.2 13 2.5 0.19

51.0 313.7 24 2.5 0.10
_53.5_ I311.2_ _91_ _215_ _0.03-

60.0 304.7 82 - 6:5 0.08

65.0 299.7 100 5.0 0.05

70.0 294.7 100 5.0 0.05

75.0 289.7 100 5.0 0.05

80.0 284!7 100 5,0 0.05

85.0 279.7 100 5.0 (0,05

90.0 274.7 100 5.0 &005

95.0 269.7 100 5.0 0.05

Layer
Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 365.9 1 1.0 1.00

3.5 363.4 1 2.5 2.50

6.0 360.9 1 2.5 2.50

8.5 358.4 1 2.5 2.50

11.0 355.9 1 2.5 2.50

13.5 353.4 1 2.5 2.50

16.0 350.9 1 2.5 2.50

18.5 348.4 16 2.5 0.16

23.5 343.4 80 5.0 0.06

26.0 340.9 27 2.5 0.09

28.5 338.4 47 2.5 0.05

31.0 335.9 68 2.5 0.04

36.0 330.9 20 5.0 0.25

38.5. 328.4 10 2.5 0.25

41 325.9 19 2.5 0.13

43.5 323.4 13 2.5 0:19

48.5 318.4 53 5.0 0.09

51.0 315.9 85 2.5 0.03

53.5 313.4 100 2.5 0.03

56.0 310.9 100 2.5 0.03

-58.5_ _. 308.4-.. 100_ _ 2.5_ _0.03...

60.0 306,9 100 1.5. 0.02

65.0 301.9 100 5.0 0.05

70.0 296.9 100 5.0 0.05

75.0 291.9 100 5.0 0.05

80.0 286,9 100 5.0 0.05

85.0 281.9 100 5,0 0.05

90.0. 27E.9 100 5.0 0.05

95.0 271.9 100 .. 5.0 0.05

GW-109 (assumed unstabilized sludge)
Layer

Thickness,
Depth (ft) Elev (ft) N-value di dilNi

1.0 376.9 1 1.0 1.00

3.5 374,4 1 2.5 2.50

6.0 371.9 1 2.5 2.50

8.5 369.4 1 2.5 2.50

11.0 366.9 1 2.5 2.50

13.5 364.4 1 2.5 2.50

16.0 361.9 1 2.5 2.50

18.5 359.4 13 2.5 0.19

21.0 356.9 18 2.5 0.14

23.5 354.4 15 2.5 0.17

26.0 351.9 19 2.5 0.13

28.5 349.4 27 2.5 0.09

31.0 346.9 89 2.5 0.03

33.0 . 344.9 26 2.0 0.08

36.0 341.9 94 3.0 0.03

38.5 339.4 23 2.5 0.11

41 336.9 62 2.5 0.04

43.5 334.4 65 2.5 0.04

46.0 331.9 100 2.5 0.03

48.5 329.4 12 2.5 0.21

51.0 326.9 12 2.5 0.21

53.5 324.4 11 2.5 0.23

56.0 321.9 18 2.5 0.14

58.5 319.4 92 2.5 0.03

61.0 316.9 65 2.5 0.04
--- , . . -3 15 .. ....9 - - -.Ld6 ....... ..... 4 -.0 . .. .. q W ...

70:0 307.9 100 5.0 0.05

75.0 302.9 100 5,0 0.05
80.0 297.9 100 5.0 0.05-

850. 292.9 100 5.0 0,05
90.0 287.9 100 5.0 0.05

95.0 282.9 100 5.0 0.05

100.0 277A 1.00 5.0 0.05

Sum = 100.0 18.31

[100.0 1264.7 100. 5.0 0.05

S um . . .100.
Site Class E Nave = 6

000 "266.9 100 5.0 0.05ý
........ • . .... um =r 100T0---- -1i7:84$

Site Class E Naveu=

Site Class E Nave = 5

Assumed SPT N-values
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PGA = Ss/2.5 = 0.2g PGA = Ss/2.5 = 0.3g PGA = Ss/2.5 > 0.5g

NEHRP (2006) Table 3.3-1 Vlalues of Site Coefflcient Fa

Mapped MCE Spec ral Response Acc eration Parameter at 0.2 Second•, Perio• a

Site Class Ss <-0.25 •S=6F5 Y iSt =0.75, Ss= 1.00

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 L 2___ 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9

F b _ b _ b _ b _ b

a Use straight line interpolation for intermediate valut s of Ss.
b Site-specific geotechnical investigation and dynami site response analyses shall be per rmed.

PGA = 0.27g --> Fpga = 1.4 - (1.4-1.2)/10*7 = 1.26

PGA = 1.Og--> Fpga = 1.0

Iculation 388996-GT-002, Rev. 2
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Table C3
Honeywell Metropolis Facility Works - Seismic Design Parameters
8/13/2010 II.. - , .• " • • • .. ... 1 2:- • - , 1 • •. .

Latitude Longitude P. GA (B/C), Site Class': F ý-ga PGA (D) - Modal M

Ground Motion ',-.:deg deg~ . g g.-.

10% in 50 yrs or 475-yr return period 37.17 -88.76 0.27 D 1.26 0.34 7.7

2% in 50 yrs or 2,475-yr return period 37.17 -88.76 1.01 D 1.00 1.01 7.7

Note:
1. Site Class D was determined based on average SPT N value obtained in the upper 100 feet of soil between 15 and 50 bps (NEHRP 2006)
2. Based on Table 3-3.1 (NEHRP 2006)
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C2. Liquefaction Potential of the Lower Sand Layer
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SPT-Based Uquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

field exploration (ft):

(A)(B)
(C)
(D)
(E)
(F)
(G)
(H)
(1)
(J) (475-year event)
(K)
(L)

Hammer Energy Ratios
Hammer Type Ranne

1  
Recommend'

Safety 42% - 72% 60%
Donut 30%-60% 50%
Automatic-Trip 48% - 78% 80%
1) after recommendations by NCEER, 1997
2) for good-quality equipment and procedures
conforming to ASTM D-1 686.

i 121 131 14 ml nal l6ot 7- Iiil n1 1t I' lrl I'll'l 11.1I~iIB (17) I1.1

Interval
Bottom
Depth

Y4)

Interval
Soil
Type

Total
Unit

Weight
(pit

Field
SPT

N Value
N,

Estimated
Fines

Content
FC (%)

Restricted
Relative
Density

D,

interval
BoSom

Elevation
(If)

Interval
Thickness

(ft)

Effective
Unit

Weight (pot)

Field Design Field Design
Total Total Effective Effetive

Overburden Overburden Overburden Overburden
(tsf) L (tsf) (t1t) (tsf)

Effective Hammer Borehole

Overborden Energy Diameter
Correction Correction Correction

C. C, C,

Rod

Length

Correction

Sampling
Method

Correction
C.-
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f

(19) (20) (211 (22) (23) (24) (25) (26) (271 (281 (29) (30) (31) (32) (33) (34) (35) (36)

Energy Stress Cyclic Cyclic CRR CRR Magnitude Residual Undrained Strength. S, (tnt

Correction No Fines Clean Reduction Stress Resistance Overburden Static Shear Scaling Factor of Olson & driss & TAe
Only Correction Sand Coefficient Ratio Ratio Correction Correction Factor Safety Liquefaction Idriss Start Boulanger Kramer Weighted

N. (N,). (N() _ r. CSR IRRT._ f __ K. K_ MSF FS Susceptibility Comments (1999) 2 12002) 8 (2007) (08)

11 16 24 - 1.00 0.220 0.272 0.60 1.00 1.00 .93 1.15 NO
8 11 18 0.99 0.219 0.188 0.62 1.00 1.00 0.93 0.80 NO Above GVuT
15 18 26 0.99 0.218 0.323 0.60 1.00 1.00 0.93 1.38 NO
16 17 26 0.98 0.217 0.309 0.60 1.00 1.00 0.93 1.33 NO
32 43 06 0.97 0.215 10.000 0.60 1.00 1.00 0.93 04 NO
30 37 49 0.97 0.214 10.000 0.60 1.O0 1.00 0.93 04 NO
48 55 71 0.86 0.213 10.000 0.60 1.00 1.00 0.93 >4 NO
54 58 58 0.96 0.211 10.000 0.60 0.96 1.00 0.93 >4 NO
100 181 101 0.95 0.210 10.000 0.60 0.91 1.00 0.93 >4 NO
100 95 95 0.95 0.209 10.000 0.60 0.87 1.00 0.93 >4 NO
100 90 113 0.94 0.208 10.000 0.60 0.84 1.00 0.93 >4 NO
100 85 107 0.93 0.206 10.000 0.60 0.81 1.00 0.93 >4 NO
14 11 14 0.90 0.199 0.148 0.66 0.79 1.00 0.93 055 NO Above GWT
50 37 41 0.88 0.195 1O.OO0 0.60 0.74 1.00 0.93 >4 NO
16 11 14 0.86 0.190 0.153 0.64 0.74 1.00 0.93 0.56 NO Above G0T7
14 9 12 0.84 0.186 0.135 0.68 0.75 1.00 0.93 0.51 NO Above G0WT
18 12 15 0.82 0.187 0.160 0.64 0.72 1.00 0.93 0.58 YES 0.28 0.32 0.58 0.27 0.35
26 17 20 0.80 0.187 0.218 0.60 0.66 icO0 0.93 0.75 YES 0.53 0.43 1.38 0.47 0.66
13 8 11 0.78 0.186 0.124 0.69 0.74 1.00 0.93 0.46 YES 0.15 0.26 0.32 0.19 0.22
24 15 18 0.76 0.186 0.195 0.60 0.67 1.00 0.93 0.66 YES 0.47 0.42 1.45 0.40 0.63
91 56 56 0.74 0.184 10.000 0.60 0.66 1.00 0.93 >4 NO
82 48 48 0.69 0.179 10.000 0.60 0.64 1.00 0.93 >4 NO

Average S,, 0.46

Average p' 2.79
Average SWy' 0.17
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0 0

SPT-Based Uquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

Groundwater depth during 41.(

:A)
B)
C)

:D)
:E)
:F)Design diliout. H (If): (Pos

Unit weight of fillicut mater

Hammer Energy Ratios
Hammer Type Range. Racummend'-
Safety 42% - 72% 60%
Donut 30% - 60% 50%
Automatio-Trip 48% - 78% 80%
1) after recommendations by NCEER, 1997
2) for good-quality equipment and prucedures
conforming to ASTM D-1 686.

VI)
:H)

J) (2475-year event)
:K)
'LI

(1 2) (3) (4) (5) (6a) (6b) (-7) - 8 -(8) (91) -0 (11 J12) (13) (1)) A 15 16) (17) flat

Interal
Boftom
Depth

(ft)

Interval
Soil

T
ype

Total
Unit

Weight
- 1p-)

Field
SPT

N Value

N=

Estimated
Fines

Content
FC (%)

Restricted
Relative
Density

D,

Interval
Bontom

Elevation
Iffl

Interval Effective
Thickness Unit

IfVI Waiahtl onrl

Field
Total

Overburden
(ttf)

Design
Total

Overburden
toll

Field

Effective
Overburden

Itsfl

Design
Effective

Overburden
Irtof

Effective Hammer
Overburden Energy
Correction Corricton

C,. C=

Borehole
Diameter

Correction
C.

Rod
Length

Correction
C.

Sampling
Method

Correction
C.
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(19) (20) 1211 (221 (231 124) (25) (26) (27) (281 - f2g) (301 (32) (3) (34) (35) 36

Energy Stress Cyclic Cyclic CRR • CRR Magnitude T.Residual Undrained Strength6, (t)
Correction No Fines Clean Reduction Stress Resistance Ovenburden Static Shear Scaling Factcn cf l

Only Correction Send Ccefficient Ratio Ratio Ccnrection Ccrrection Factor Safety Liquefaction Idriss Stark Boulanger Kraner Weighted
Ne INe1,o (N,).e. r, CSR CRR5- f j KK . MSF FS Susceptibility to ((999) 20021 (2007) (2008) Average

1 16 24 1.00 0.648 0.272 0.60 1.00 1.00 0.93 0.39 NO Above GWVT
8 11 18 0.99 0.645 0.188 0.62 1.00 1.00 0.93 0.27 NO Above GWT
15 18 26 0.99 0.641 0.323 0.60 1.00 1.00 0.93 0.47 NO Above GVv-
16 17 26 0.98 0.637 0.309 0.60 1.00 1.00 0.93 0.45 NO Above GWT
32 43 56 0.97 0.633 10.000 0.60 1.00 1.70 0.93 04 NO
30 37 49 0.97 0.630 10.000 0.60 1.00 1.00 0.93 >4 NO
48 55 71 0.96 0.626 10.000 0.60 1.00 1c00 0.93 04 NO
54 58 58 0.96 0.622 0.000 0.60 0.96 1.00 0.93 >4 NO
100 101 101 M.9 0.6( 100.000 0.60 0.91 1.00' 0.93 >4 NO
100 95 95 0.95 0.614 10.000 0.60 0.87 1.00 0.93 >4 NO
100 90 113 0.94 0.611 1c.000 0.60 0.84 1.00 0.93 >4 .NO
100 85 . 107 0.93 0.607 t0.000 0.6c 0.81 1.00 0.93 04 NO
14 11 14 0.90 0.586 0.148 0.66 0.79 1.00 0.93 0.19 NO Above GWT
50 37 41 0.80 0.573 00.000 0.60 0.74 1.00 6.93 >4 NO
16 11 14 0.86 0.559 0.153 0.64 0.74 1.00 0.93 0.19 NO Above GWT
14 9 12 0.84 0.546 0.135 0.68 0.75 1.00 0 0.93 0.17 NO Above GWT
18 12 15 0.82 0.549 0.160 0.64 O.72 1.00 0.93 0.20 YES 0.28 0.32 0.58 0.27 0.35
26 17 20 0.80 0.549 0.218 0.60 0.68 1.00 0.93 0.25 YES 0.53 0.43 1.38 0.47 0.66
13 8 11 0.78 0.548 0.124 0.69 0.74 1.00 0.93 0.16 YES 0.15 0.26 . 0.32 O.9 0.22
24 15 (0 0.76 0.546 0.199 0.60 0.67 (.00 0.93 0.22 YES 0.47 0.42 1.45 0.40 0.63
91 56 56 0.74 0.543 (0.000 0.80 0.68 1.00 0.03 04 (O
82 48. 48 0.69 0.527 10.000 0.60 0.64 1.00 0.93 >4 NO

Average S6 0.46
Average y 2.79

Average S,Ip' 0,17
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SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

IProJect nar
IEnginees
IRevews
IDate:

, ftt:

(A)

(e)
(C)

(D)
(E)
(F)
lit)

Hammer Energy Ratios
Hammer Type Paines1 Recommeno'

Safety 42% -72% 60%
Donut 30% -60% 50%
Automatic-Trip 48% - 78% 80%
1) after recommendations by NCEER, 1997
2) for good-quality equipment and procedures
conforming to ASTM D-1686.

90
No

*t.00

(H)
(I)
(J) (2475-year event)
(K)
(L)

7.7
1.0

It) (21 131 (41 151 f6a1 ARM1 171 101 191 1101 1111 'nOr
far fgh '10' '11' 1121 1131 14 '15' 16 17 18

Interval
Bottom
Depth

(It)

Interval
Soil

Type

Total

oUn

Weight
(Dcp

Field
SPT

N Value
N-

Estimated
Fines

Content
FC l%l

RiLtvhe
Denm"',

Restricted
Relative
Density

DOr
1%1

Interval
Bottom

Elevation
Ifti

Interval
Thickness

fft1

Effective
Unit

Waiaht loof

Field Design Field
Total, Total Effactive

Overburden -Overburden Overburden
(tsn (ts) (tsf)

Design

Effective
Overburden

(tsf)

Effective

Overcurden
Correction

Ce

Hammer
Energy

Correction
Ce

Borehole Rod
Diameter Length
Correction Correction

Ce Cr

Sampling
Method

Corectioon
Cs
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(191 (201 (21l (221 (231 (241 1251 1261 f271 (281 (291 (30) (311 (3 ) (33) (34) (35) (36)

C S-~r :ýsi Re-sicb CRRCRRResidual Undrained Strength, S, (tal)
Coretin oFins Cla Rdutin Stes Rsstence Oeburden Static Sheer Scaling Factor of I~u

hOnly Coection Send Coefficient Ratio Ratio Correction Correction Factor Safety Liquection ldriss Stark Boilonger KWeighted
N• (1)• NI)•CSR CRR,,_ __f | K K SF ' F Susceptibility omments (199 9) (2002) (2007) (2008) Avre

25 36 48 1.00 0.648 10.000 0.60 1.00 1.00 0.93 >4 NO
9 12 19 0.99 0,645 0.206 0.60 1.00 1.00 0.93 0.30 NO Above GWT
19 23 32 0.99 0.641 0.763 0.60 1.00 1.00 0.93 1,11 NO
20 22 31 0.96 0.637 0.562 0.60 1.00 1.00 0.93 0.82 NO Above GWT
18 24 34 0.97 0.633 3.829 0.60 1.00 1.00 0.93 >4 NO
12 is 23 0.97 0.630 0.253 0.60 1.00 1.00 0.93 0.37 NO Above GWT
19 22 31 0.96 0.626 0.571 0.60 1.00 1.00 0.93 0.85 NO Above GWMT
16 17 17 0.96 0.622 0.182 0.60 0.96 1.90 0.93 0.26 NO Above GWT
80 76 76 0.95 0.614 10.000 0.60 0.87 1.00 0.93 >4 NO
27 24 34 0.94 0611 10.000 0.60 0.84 1.00 0.93 >4 NO
47 40 53 0.93 0.607 10.000 0.60 0.81 1.00 0.93 v4 NO
68 55 60 0.92 0.599 10.000 0.60 0.78 1.00 0.93 >4 NO
20 15 18 0.88 0.573 0.192 0.61 0.74 1.00 0.093 0.23 NO Above GWT
10 7 10 0.86 0.559 0.112 0.71 0.79 1.00 0.93 0.15 NO Above GWT
19 13 16 0.84 0.546 0.170 0.64 0.72 1.00 0.93 0.21 NO Above GWT
13 8 11 0.82 0.533 0.125 0.69 0.74 1.00 0.93 0.16 NO Above GWT
593 33 37 0.76 0.520 10.000 0.60 0.66 1.00 0.93 v4 NO
5 51 51 0.76 0.518 10.000 0.60 0.65 1.00 0.93 >4 NO
100 39 59 0.74 0.516 10.000 0.60 0.65 1.00 0.93 >4 NO
100 58 58 0.72 0.512 10.000 0.0 0.64 1.00 0.93 !4 NO
500 - 57 57 0.70 0.507 10.000 0.60 0.63 1.00 0.93 >4 NO
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SPT-Based Uquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

GWIoiI(AI

borehole dian 5.0
377.E

5q0.

_56a

(B) Hammer Energy Ratios
(C) IHammerType Render Recommend'

(D) Safety 42% - 72% 60%
(E) Donut 30% - 60% 50%
IF) Automatic-Trip 48% - 78% 80%
(G) 1) after recommendations by NCEER, 1997
(H) 2) for good-quality equipment and procedures

(I) conforming to ASTM D-1686,

0.0

125

nentage) 60

(J) (2475-year event)
I.,

(L)

It) (21 131 (4) 151 16al 161 M7 (a) 1g; t10t (ti (121 (13) 1141 I15) ItSI (171 (18)

Interval

Bottom
Depth

1III

Interval
Soil

Tvne

Total
Unit

Weight -

fDCfl

Field
SPT

N Value
N.

Estimated
Fines

Content
FC 1%)

R latnivir.

Di

Restricted
Relative
Density

D,
1 %1

Interval
Bottom

Elevation
(ttl

Interval
Thickness

(Is)

Effective
Unit

Weight locf)

Field Design
Total . Total

Overburden Overburden
(tstO ltii

Field
Effective

Overburden
(Ist)

Design
Effective

Overburden
(tsf)

Effective
Overburden
Correction

C.

Hammer Borehule Rod

Energy Diameter Length

Correction Correction Correction
C. C. IC.

Sampling
Method

Coection
Cý
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.(1) (20) (.2. (22) (23) J24) (25) (26) (27) (28) (28) (30) (31) (32) (32) (34) (35) (36)

Residual Undrained Strength, S, (tsf)
Energy Stress Cyclic Cyclic CRR CRR Magnitude

Correctione . No Fines Clean Reduction Stress Resistance Overburden Static Shear Scaling Factor of Olson & Idries &

Only Correcton Sand Coefficient Ratio Ratio Correction Correction Factor Safety Liquefaction driss Stark Boulanger Kramer Weighted

No, (Nr). (N,)_ ra CSR CRR, f I K. MSF FS Susceptbility Comments (1969) (2002) (2007) (2008)

16 23 33 1.00 0.648 0.913 0.60 1.00 1.00 0.93 1.32 NO

10 13 21 6.99 0.645 0.225 0.60 1.00 1.00 0.93 0.33 NO Above GWT

16 18 28 0.99 0.641 0.364 0.60 1.00 1.00 0.93 0.53 NO Above GWT

11 12 19 0.98 0.637 0.207 0.62 1.00 1.00 0.93 0.30 NO Above GWT

15 20 29 0.97 0.633 0.407 0.60 1OS 100 0.93 0.60 NO Above GWT

15 18 27 0.97 0.630 0.343 0.60 1.00 1.00 0.93 0.51 NO Above GWT

18 18 27 0.96 0.626 0.338 0660 1.00 1.00 0.93 0.50 NO Above GWT
13 14 22 -0.96 0.622 0.238 0.62 0,96 1.00 0.93 0.34 NO Above GVVT

18 17 27 0.95 0.618 0,331 0.60 0.91 1.00 0.93 0.46 NO Above GWT

15 14 22 0.95 0.614 0.243 0.60 0.87 1.00 0.93 0.32 NO Above GWT
19 17 25 0.94 0.611 0.301 0.60 0.84 1.00 0.93 0.39 NO Above GVVT

27 23 27 0.93 0.607 0.326 0.64 0.81 1.00 0.93 0.41 NO Above GWT

89 72 78 0.92 0.599 10.000 0.60 0.78 1.00 6.93 >4 NO

26 20 23 0.90 0.586 0.265 0.60 0.76 1.00 0.93 0.32 NO Above GWT
94 69 75 0.88 04573 10M000 0.60 0474 1400 0.93 >4 NO"

23 16 20 0.86 0.559 0.209 0.60 0472 1.00 0.93 •0.25 NO Above GWT~

62 42 46 0.84 0.546 10.000 0.60 0470 1.00 0.93 >4 NO
65 42 47 0.82 0.533 10.000 0.60 0.68 1.00 0.93 >4 NO

10 63 68 0.80 0.520 10.000 0.60 0.67 1.00 0.93 >4 NO

12 7 14 -0.78 0.507 0.147 0.70 0.73 1.00 0.93 0.20 NO Above GWTr

672 7 23 0.7 043 014 0.70 0.72 1.00 0.93 .20 NO Above GVWT

11 6 12 0474 O.8 O15 0.71 0.72 1.00 1 O.93 00.1g NO Above GWTr

1 10 17 U.72 0.457 0.178 0 .64:ý 0,65 1.00 0.93 0.23 NO Above GtVT

92 49 53 0.70_ 0.416 104000_ 0.60 0.61 1.00 0.93 >4 NO/

65 34 38 0.68 " 0.451 10.000 0.60 0.60 1.00 0.93 >4 1 NO
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Attachment D
SOIL PROFILE AND PROPERTIES USED FOR DEFORMATION ANALYSES
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Elevation (ft)

i i 699 t a

13 8R 111261 I 1726 it is$ a -- 0. 406 I -

2 3 .

R. A

.260 400~o

Distance (ft)

Figure D1. Cross section A-A showing subsurface and groundwater conditions.
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Material Properties
Material: Soil Unit 4 - Lower Sand
Unit Weight: 125 Ib/ft3
Strength Type: Mohr-Coalomb
Cohesion: 0 pot
Friction Angle: 34 degrees
Water Surface: Water Table

Material Propeties
Material: Soil Unit 2 - Upcper Sand
Unit Weight: 125 tb/It3
Strength Type: Mohr-Coulomb
Cohesion: S pet
Friction Angle: 35 degrees
Water Surface: Water Table

Material
Materia

Material Properties
Material: Soil Unit 5 - Very Dense Sand Unit W
Unit Weight: 135 11,113 Strengt
Strength Type: Mohr-Coulomb Cohesi
Cohesion: 0 psf Friction
Friction Angle: 40 degrees Water
Water Surface: Water Table

GWT EL 320 It

Material Properties
Material: Consolidated Sludge
Unit Weight: 97 Ib/flt3
Strength Type: Mohr-Coulomb
Cohesion: 65 psf
Friction Angle: 37 degrees
Water Surtace: Piezomaetric Line 3
Custom Hu value: 0

Material: Stabilized Sludge
Unit Wei ght: 105 IbiSt3

Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1800 psal Perched water table
Water Surface: None

Material: Co3r Soil

UiUnit 
Weight: 

120 
lb/ 

i

Strength Typ : Mohr-Coulonb

Material Prope Cohesion: 0 psp

.d 3 Material: itre Mterial FrctonAngle: 33 degrees
Unit Weight: 120 lblh3 Water Sortace: Water Table
Strength Type: Mohr-Coulomb

Womorb Cohesion: potFriction Angle: 34 degrees
Water Surface: Water Table

atedial: Common Fill
Unit Weight: 130 Ib/ft3
Strength Type: MohrCoulomb
Cohesion: D psf
Friction Angle: 36 degrees
Water Surface: Water Table

I
Material Properties

Material: Geomembrane Interface
Unit Weight: 120 lb/13
Strength Type: Mohr-Coulomb
Cohesion: 0 psf
Friction Angle: 30 degrees
Water Surface: Water Table

Properties
1: Soil Unit 1 an

Native Clay
eight: 127 Ib1i53
It Type: Mohr-C
on: O pot

Angle: 34 degr

F--.-/ o -. R

Sufae:Wter Table

trio coo 350 000
-z0o .200 .So rho ' -o o o " rio

Figure D2. Static soil properties used in (long-term) condition.

2so 'oo 3 400
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Material Properties
Matedal: Soil Unbit 5
Unit Weight: 135 lb/ft3
Strength Type: Mohr-Couloreb
Cohesion: 0 psf
Friction Angle: 40 degrees
Water Surface: Water Table

Material Properties
Material: Soil Unit 2
Unit Weight: 125 lb/lt3
Strength Type: Mohr-Coulomrb
Cohesion: 100 psi
Friction Angle: 35 degrees
Water Surface: Water Table

Material Properties
Material: Soil Unit 4
Unit Weight: 125 Ib13
Cohesion: tW0 pet
Friction Angle: 34 degrees
Water Surface: Water Table

Material Properties
Material: Berm Material
Unit Weight: 126 lb/1,3
Strength Type: SuIp' = 1.76
Water Surface: Water Table

III

Material Properties
Material: Stabilized Sludge
Unit Weight: 105 thIft3
Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1t440 psf
Water Surcce: None

Material properties
Mateial: Consonidated Sludge
Unit Weight: 97 Ib/ft3
Strength Type: Su/p' 0.07
Water Surface: Piezonetric Line 3

8-
Material Properties

Material: Soil Units 1 and 3
Unit Weight: 127151513
Strength Type: SuIp' = 0.55
Water Surface: Water Table

2L

g igg! :11 lilli s jig I!: ip j : i

-25'D F200 rOn -ron r o 0 st l anl0 mO 200 2o0u0io00 the o 460 4i Uoo

Figure D3. Soil properties for seismic stability analysis assuming no liquefaction in the lower sand layer (Soil Unit 4).
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Material Properties
Material: Soil Unit I
Unit Weight: 135 1b/t3
Strength Type: Mohr-Coulomb
Cohesion: 0 psf
Friction Angle: 40 degrees
Water Surface: Water Table

Material Properties
Material: Soil Unit 2
Unit Weight: 125 tb/t3
Strength Type: Mohr-Coulomb
Cohesion: t0O pet
Frction Angle: 35 degrees
Water Surface: Water Table

Material Properties
Material: Soil Unit 4
Unit Weight: 1251b/tt3
Strength Type: Su/p, - 0.17
Water Surface: Water Tablte

Meateret Properties
Material: germ Material
Unit Weight: 126 Ihb/3
Strength Type: S/p* = 1.76
Water Surface: Water Table

Material Properties
Materiat: Stabilied Sludge
Unit Weight: 105 th/b3
Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1440 psi
Water Surface: None

Material Properties
Material: Consolidated Sludge
Unit Weight: 97 lb/0f3
Strength Type: Su/p* = 0.07
Water Surface: Piezometric Une 3

Material Properties
Material: Soil Units 1 and 3
Unit Weight: 127 2h/0
Strength Type: Su/p`- 0.55
Water Surface: Water Tale

2

I I

rTh W

Mw"

44"

Fa o i. ro. .s . .s stability o ',so' 200 .e 0 i 0 . 0 . 450 350 55

Figure D4. Soil properties for seismic stability analysis assuming full liquefaction in the lower sand layer (Soil Unit 4).
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Material properties
Matenial: Soil Unit I
Unit Weight: 135 IbNV3
Strength Type: Mohr-Coulornb
Cohesion: 0 pat
Friction Angle: 40 degrees
Water Surface: Water Table

Su = 0.5*(0.17*p' + p'*tan34) = 0.42p'

Matearil Properties
Material: Stabilized Sludge
Unit Weight: 105 Ib/013
Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1440 pof
Water Surface: None

Materel Properhes
Materi.l: Consolidated Sludge
Unit Weight: 07 1h/ft3
Strength Type: Su/p'. 0.07
Water Surface: Piezomtric Une 3

Fi ur D2 , . So i p ron f o se s i stability .n 0 ,0 r assu m ng pr t l t in * 0 h 0o 0 5,0y 1 U nit50 56.

Figure D5. Soil properties for seismic stability analysis assuming partly liquefied state in the lower sand layer (Soil Unit 4).
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Attachment E
PERMANENT DEFORMATION ANALYSES USING NEWMARK-BASED METHODS
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El. Lower Sand Layer Is Fully Liquefied
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Summary:

0

0

0

0

Assumed the lower sand layer (Soil Unit 4) is fully liquefied (Su/p' = 0.17)

Post-liquefaction (flow) analysis: FSmjn = 2.8 (OK)

Yield acceleration: ky = 0.2 g

Permanent deformation based on Newmark-type analyses:

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Mean Maximum Mean Maximum

Bray and Travasarou (2007) 1 2 14 28*

Hynes-Griffin and Franklin (1984) < 4 8 6 40*

Rigorous Rigid-Block Analysis 0.6 4 14 31*

Note: (*) deformation exceeds design criteria (6 - 12 in)
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Safety F.+t+0

0.500

3.000

0.500

2.000

4.000

5.500

6£.000+

Global Minimums
Method: bishop simplified

FS: 2.648780 3.3'13
Method: janbu corrected

FS: 2,756270
Method: spencer

FS: 3,117430
Method: gle/morgenstern-pdce

FS: 2.845770

.4

.200 .150 _1009 AD so loo Igo 260 A50 300 350 400 450

Figure El. Post-liquefaction stability of the exterior berm assuming the lower sand layer in fully-liquefied state (non-circular failure surface).
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Safety Factor

0.500

2 oo

3.000

3.500

4.000

4.500

5.000

:.000:

I

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. . . . . . 0. . . . . . . . ..0. . . 400 . .
-201o .,;sIo .,'oo. 5 1 0 15. 200 300 3S '0

Figure E2. Post-liquefaction stability of the exterior berm assuming the lower sand layer in fully-liquefied state (circular failure surface).
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Saf.ty Fa.tor

0.000

0.500

0.0000.500

2.000

2.500

3.000

4.500

4.000

4.500

5.000

r1obal Minimmms
Method: bishop simplibed

FS: 2.779640 2.928

Method. J.b. -eted

FS: 2.881730

Method: 
spýFS: 3.336160

Method: gle/mogenstemim.

FS: 2.928440

7ý,

...I ..I I ................ ..........
1. Is. So - *00 10 o 2.0 M 050 000 350 400 450 50o 050

Figure E3. Post-liquefaction stability of the exterior berm assuming the lower sand layer in fully-liquefied state (wedge failure surface).
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-safety Factor

2.000

2.500

0,50
* 3.5000

4. 000 Global Minimumns

'4 Method: bishop slmplified

8- 4.50oFS: 0.996002

5.000 FS: 0.999538
Method spencer

5.500 FS: 1.048270
6.000+ I Method: gle rest em-price

FS: 1.0223.0

02

20 415 o o -50 o 100 2SO 00 20 300 350 400 050

Figure E4. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (circular failure surface).
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I-

Safety Factor
0.000

1.000

0.500

2.000

2.500

3.500

4.000

4.500

5.500

Global Minimums 1029Method: bishop $Impliled
FS: 0.985088

Method: janbu c-ted
FS: 1.019630

method: pencer
FS: 1ý 076220

Method: gla/morgonstemIxice
FS: 1.028960

/ ~

460 .05 -200 '.2 150 ' .,60 .0 0o 50. 160 ISQ 200 A50 300 550 ýI o 400 s60.0

Figure E5. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (wedge failure surface).
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Table El. Input motions used for Rigorous Rigid-Block Analysis (475-year event)

Seih- '~d yproerties Selel~ct itvldual records,

Greater than or equal to: Less than or equal .--

MomtenatMagnitolle8.

Arias intensity (5 liearctarcfl records

PeakAccelerm on(, ) 0.3 0.4

Eceni Distance (km)

Rupltire Listance (Jin) ___

orM_ Uech : a] A El Sokeslp Q Harris [n f Renorse E] Otiotine noia OI :qe .ever.e

sile Ciassitoca"os RI All El Hard roll El sort rock 0' Suit sll [D soft satý,

Records selected ftinitsas indicated above): [selectot • r.,ttal si. Dseel_ i atf_ analyss

E = : v " h q . ..ak e R e c o rd ............... .................................... ......... ........ ........................ ... T. .... .... ...... ........... ...... ............... ....

00,10 ouke R eco rd Iagnitu d e- -< 00,45 lnO l. ro ti n . 0 P A M e s wn e,. P AI E iD0 ist, F c.l 1 D iv t _ R u 0 0D tc loc 0 A lyz0
Cane end0od -1)02 5....-270 7.1 "..1.523 324

Mi . -..1992 . .. 0...5.. .. .... .. 1...2..2...1........................... ... ............ . 12 .9 .. ........... ........ R... I . ...S .......

Chi-Chi Taiwan 1999 CHY04 2000 70 612 30 243 0.304 0.903. . 40 '42. . . ... Reverse • rI
00,Ct, 1-00 -tt -0 0 ------- 101 ........... . . . . 20 . .. ._ . 0400.Ser ---- -------

Ch- CO, 7 400 1 oo 04004- 1-2-' ;''":" 70 .................. 7k 1...........................54 • .......................... •5 ; ......................... 36 2 ..... . .040.................. ........................... • •...... . . . . . .02.................... 0 2....0................................ - ...
Ch-:C. Tawian 1999 NSTHY00 . 73 0023 [0 -0 38. . 045. . 0032 O 370 Reverse • . ,•-•T•¢•~~~~~~ 8-1-8 0.1D- 1-- --- R.............6 .......................... .1- .................. se-................ ........................................................ .......................... .. ............................................................................ .

Chi-Chi Tamwan 1999 THU067-270 7.6 1 1230 0.30-
.....wa .9 -0 .. ......... . - -------- ...... 0741 18.052003 0lees

__ aiwan NW~ .01.052-270.7.k.2.0.5..... 0340 107 22 ......... - ....... U....

0111-Ci, Ta,4wan 10909 TU072-000 7.0 4 003 :240 0.400 0.50 12t -- 22 7.4- iReverle -- 'Ch-ChO Taw.. 1999 STU074-000 7k6 3.10 1172 0.349 050 n18- 2 1-7 ,Reoerse - V
Ch-OCh, Tarwen 1999 TCU075-270 7.k 2070 7.0 0333 0177 10.- 222 1.0 Po0er100 0'
011,-Chi.7,Taw13n 10099 TCU076-270 70 3.010 205 0.303 050 15.3 114 20 Re 3A -9 F

Chi-Chi, T4iwan 1999 TCU007-000 706 3.180 2720 020,3 045 023 132 i10.0 0e0e0 iCh-Chi,. Taiwan 1999 TCU080-270 7.6 3.002 24J 0.333 04 005 i12.2 0.2 Reverse IIChi-Ohi, Tlwan 1999 TCU005-270 7.6 1 730 12 10270 0514.4 003.0 243.4 1Reverse

Chi-Ch. Taiwan 1999 WGK-09O 7.6 2.294 23 10.334 1.00 31.0 :32.7 111 PReverse I 0'
DCuhelC, Tulrey1 14110 0.312 0.0 111.1 111. 1142 0S03MOe-0.i8 I [ -
Ch-Ci Taiwan 1940 TCU09-08 0 7,0 3.805 _24.1 0.393 04548. 13.4 10.0 IR. Sries ip

KChi-Ci, Tu ne 1:22~ke 1999 U0Z9-270 7.6 3 0 .5 0,8411. l124" .2irke-si
CKoChie. TKR-99T ?-4 13756 13, 0379 0.51 94.4. ,975 3.3 ,R~e-s.i

Kotael, Turkey 1999 YPT-30 7.1 1.69 116)391 41. 198 182 iStrike-slip

TalaCenlron 1940 DAY4_N0 7.0 1.705 2412 .313 0.54 11140 198.5 1.03 i~evrse I ip

ti02k rec26ords selected tar oanayr~is .
LýSi.artaleý reee -tqr.oln recordlst 0 oI Partor od1-moc Analysi paoel
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Table E2. Summary of Calculated Permanent Deformations (475-year event)

I Sre,,,~p~fl,,,,,Pl,,el~RlflCk0fleNSill I glee 1 View ReejOle I
-tp1 e~ eod ' tp2 err ip-~ Am~iqrSep 3: iewRss I ll~

Earthquake. Recrd " Ospilacerenl I (cr el Displacerment 2 (rm) I Average DiSD. (rM)
Chi-Chi, Taiwan 1999 TCU047-270 2.0 11.8 _i.

Chi-Chi, Tarien 1999 GHY041-270 06 .0.2 .5
Chl Ghi, Taiwan 1999 TCU076-270 12.0l08 114
C8-Chi, Treanlw 1999 NST-090 10 103 T2
CheChi, Taiwan 1999 CH0034-000 1A _ 12.6 _ _ _O
Kocaell. TurKey 1999 DZC-180 10.2 11.2 i0.
El Centro 1940 EC9ý180 311 107
Chi-Chi Toiwon 1899 TCU067-000 l2 - i0 4
Tabas, tran 1978 DAY-LN 10.6 - -------------------- "_ 1 "_
C0 -0Ch0 Tarwan 1999 -------- 14.5 -

ChlChhi, Taiwan 1999 1000 -0700
OR GOh, Taiwan 1999 IG-9 .
.0..G...T. . ....1989 - - - - - - - 0. C 0008 00. ............. . ...... ....... ......... . . ....

0.. Kr 1-9 6ff, -- 2A 3-

Ghi-Chi, Taiean 19989_ TC052-270 F1 66 - -_ t 11.2
Keanl arYP199T9-330 I..D0. .0. .

Gel-Gel laiean1999 Goit20 __ _ 2 0. 3 . . . ....2..

010 08n, Theeal 1990 OeOOle 0 27 11.7
Koerali Tufkey 1899 SKR-090 _________________ . ____________ 4_________ 0

08~~~ CCI la~~~ier 1988 -. ~~L .GOC7 .----.--- - ... --------. . .-... . ---.-...... ........

Cap GMl eendcn 1988 RIO-80-000 0.1 0.630
Chi-C0i, Taiwan 1999 10ST0009 0 0.7 0.7 1072... ....... . ......

Chi-Chi, Taiwan 1999O 100TC072-000 1,3 12.0 1.0

sme 999911 t3 00 definnrded 0 Space defirnnied 0) comma deflnimied
Mean value iem 1.6 cal
Median value is: 0.9 cm
Standard Deviation is: 2.2 crn

plotlhiograee ffir - diepteewemenl MivW10-7 himst0 1n

lIEiii teayiegehd'P1ot 1e--arl ldpl.a.. n-t. Oers utlime,
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Figure E6. Calculated Permanent Deformations (475-yr Event)

Newmark displacement versus time
--------- ---------- - - -- - - - - -- --- -- - - -- - ---- - - -- - -- - - - - - - - - - - - - -

10
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ci5
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Time (s)

* Chi-Chi, Taiwan 1999 - TCU047-270 U Chi-Chi, Taiwan 1999 - CHY041-270 Chi-Chi, Taiwan 1999 - TCU076-270

Chi-Chi, Taiwan 1999 - NST-090 Chi-Chi, Taiwan 1999 - CHY034-000 N Kocaeli, Turkey 1999 - DZC-180

El Centro 1940 - EC9-180 * Chi-Chi, Taiwan 1999 - TCU067-000 • Tabas, Iran 1978 - DAY-LN

* Chi-Chi, Taiwan 1999 - TCU075-270 U Chi-Chi, Taiwan 1999 - TCU089-270 Chi-Chi, Taiwan 1999 - WGK-090

Chi-Chi, Taiwan 1999 - CHY006-000 Duzce, Turkey 1999 - DZC-180 I Chi-Chi, Taiwan 1999 - TCU052-270

Kocaeli, Turkey 1999 - YPT-330 Chi-Chi, Taiwan 1999 - TCU074-000 • Chi-Chi, Taiwan 1999 - CHY101-270

* Kocaeli, Turkey 1999 - DZC-270 U Chi-Chi, Taiwan 1999 - CHY006-090 Kocaeli, Turkey 1999 - SKR-090

Chi-Chi, Taiwan 1999 - TCU095-270 Cape Mendocino 1992 - RIO-270 2 Chi-Chi, Taiwan 1999 - NST-000

Chi-Chi, Taiwan 1999 - TCU079-000 • Chi-Chi, Taiwan 1999 - TCU072-000
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Table E3. Input motions used for Rigorous Rigid-Block Analysis (2475-year event)

1: Search records by properties elect indiedual recordsto
- Greater than or equal to: Less than or equal to:

Momenot Magnitude 17 85_
Artas th e t sity f(a ls) tarh ce. ,

Durtiton0 (05-9% (a -ta Itnarhfieds.
Peak Accelerataon () 0.8 ... . . . . .. 11 . . ..
Mean Period (s)t

1Epicialttra Distance (kttm000O~pee1 eud on
rocale stanie (ka) '____"_________
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Table E4. Summary of Calculated Permanent Deformations (2475-year event)
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Figure E7. Calculated Permanent Deformations (2475-yr Event)

Newmark displacement versus time
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Figure E8. Permanent Deformation Based on Bray and Travasarou (2007)
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Figure E9. Permanent Deformation Based on Hynes-Griffin and Franklin (1984)
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E2. Lower Sand Layer Is Partly Liquefied
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Summary:

" Assuming that the lower sand layer (Soil Unit 4) is partly liquefied (Su/p') = 0.42

* Post-liquefaction (flow) analysis: FS > 2.8 (OK)

* Yield acceleration: ky = 0.42 g

* Permanent deformation based on Newmark-type analyses:

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Mean Maximum Mean Maximum

Bray and Travasarou (2007) 0 0 3 6

Hynes-Griffin and Franklin (1984) -- < 4 < 4 13

Rigorous Rigid-Block Analysis 0 0 2 10
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Figure E1O. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (circular failure surface).
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Figure Ell. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (wedge failure surface).
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Table E5. Summary of Calculated Permanent Deformations (475-year event)
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Figure E12. Calculated Permanent Deformations (475-yr Event)

Newmark displacement versus time
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Table E6. Summary of Calculated Permanent Deformations (2475-year event)

Steola: Select Records Step 2:Perform gdd.ltek Analysis ,. Step3?: View Reot
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Figure E13. Calculated Permanent Deformations (2475-yr Event)

Newmark displacement versus time
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Figure Ell. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (wedge failure surface).
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Figure E14. Permanent Deformation Based on Bray and Travasarou (2007)
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Figure E15. Permanent Deformation Based on Hynes-Griffin and Franklin (1984)
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E3. Lower Sand Layer Is Not Liquefied
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Summary:

0

0

0

0

Assumed the lower sand layer (Soil Unit 4) is not liquefied (c' = 100 psf, 4' = 340)

Post-liquefaction (flow) analysis: FS > 2.8 (OK)

Yield acceleration: ky = 0.46 g

Permanent deformation based on Newmark-type analyses:

Permanent Deformation in a 475-year Event (in) Permanent Deformation in a 2475-year Event (in)

Method Mean Maximum Mean Maximum

Bray and Travasarou (2007) 0 0 2.5 5

Hynes-Griffin and Franklin (1984) 0 < 4 < 4 12

Rigorous Rigid-Block Analysis 0 0 1.5 8
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Figure E16. Determination of yield acceleration assuming the lower sand layer in non-liquefied state (circular failure surface).

Calculation 388996-GT-002, Rev. 2 Page 131 of 183



8-

Safety F,,tor
0.000

0.500

1.000

1.500

4.000

4.500

5.0005.500

4 0 03

Global Minimums
Method: bishop simplited

FS: 1.084050
Method: janbu comected

FS: 1.ID0670
Method: spence,

FS : 1. 222 1 40
Method' gle/molle-tem-pri..

FS; 1.079890

8-

I

R_
I

ý12

A W. ?-.Lr ýW i

, ,60h ...... 4.50 . . . . . . . Q6 , . , , . I . . . . I I . . , , 004 . . . . . . . 4 . 50o *10,0 140, , o , *'' '*5 00 '5 '0 350' ' 400

Figure E17. Determination of yield acceleration assuming the lower sand layer in non-liquefied state (wedge failure surface).
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Table E7. Summary of Calculated Permanent Deformations (475-year event)
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Figure E18. Calculated Permanent Deformations (475-yr Event)

Newmark displacement versus time
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Table E8. Summary of Calculated Permanent Deformations (2475-year event)
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Figure E19. Calculated Permanent Deformations (2475-yr Event)

Newmark displacement versus time
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Figure E20. Permanent Deformation Based on Bray and Travasarou (2007)
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Figure E21. Permanent Deformation Based on Hynes-Griffin and Franklin (1984)
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Attachment F
PSEUDO STATIC STABILITY ANALYSES (FOR REFERENCE ONLY)

(I
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Table Fl. Summary of factor of safety obtained from pseudo static analyses

Design seismic Liquefaction state in Factor of safety, FS

event Unit 4 kh = O.5*PGA kh = 0.67*PGA

Fully liquefied 1.17 0.93

475-year return period Partly liquefied 1.91 1.60

Non liquefied 1.91 1.64

Fully liquefied 0.55 0.53
2475-year return Partly liquefied 0.90 0.71

period
Non liquefied 0.96 0.74

.j
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Figure Fl. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (circular failure surface, kh

= 0.67*PGA).
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Figure F2. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (wedge failure surface, kh =

0.67*PGA).
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Figure F3. Pseudo static analysis of the exterior berm in a 475-year event assuming partly liquefied state in the lower sand (circular failure
surface, kh = 0.67*PGA).
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Figure F4. Pseudo static analysis of the exterior berm in a 475-year event assuming partly liquefied state in the lower sand (wedge failure

surface, kh = 0.67*PGA).
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Figure FS. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction
0.67*PGA).

in the lower sand (circular failure surface, kh =
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Figure F6. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (wedge failure surface, kh =

0.67*PGA).
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Figure F7. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (circular failure surface, kh

= 05*PGA)
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Figure F8. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (wedge failure surface, kh =
0.5*PGA).
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Figure F9. Pseudo static analysis of the exterior berm in a 475-year event assuming partly liquefied state in the lower sand (circular failure
surface, kh = 0.5*PGA).

Calculation 388996-GT-002, Rev. 2 Page 149 of 183



Sc.oty F--to

- 00 Global Minimums 146

1.000 FS: 1.830680

1.500 Method: janbu son'eeted
FS: 1.868730

Method: sp-nce
FS: 1.953580

2.500Method: g9e/morgensteon-pdce
FS1 1.948460

3 .500

4.000

4 .500

0.000+

50 0

" • I .. . . . . . .• . . ... . . .2• . . . .. . . .1 . . . . . .l€ . . . . . .. . .-.. .. . . .. . . .. . 5 . .. .., .. . . . . . . . . . . • o. . ... • . ... . .• . . . . . . . 3 o. . . . . .~ .. . . .. . • . . . . ., . . .

Figure F1O. Pseudo static analysis of the exterior berm in a 475-year event assuming partly liquefied state in the lower sand (wedge failure
surface, kh = 0.5*PGA).
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Figure F1l. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (circular failure surface, kh
= 0.5*PGA).
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Figure F12. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (wedge failure surface, kh

= 0.5*PGA).
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Figure F13. Pseudo static analysis of the exterior berm in a 2475-year event assuming full liquefaction in the lower sand (circular failure surface,
kh = 0.67*PGA).
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Figure F14. Pseudo static analysis of the exterior berm in a 2475-year event assuming full liquefaction in the lower sand (wedge failure surface,
kh = 0.67*PGA).
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Figure FiS. Pseudo static analysis of the exterior berm in a 2475-year event assuming partly liquefied state in the lower sand (circular failure
surface, kh = O.67*PGA).
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Figure F16. Pseudo static analysis of the exterior berm in a 2475-year event assuming partly liquefied state in the lower sand (wedge failure

surface, kh = 0.67*PGA).
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Figure F17. Pseudo static analysis of the exterior berm in a 2475-year event assuming no liquefaction in the lower sand (circular failure surface,
kh = 0.67*PGA).
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Figure F18. Pseudo static analysis of the exterior berm in a 2475-year event assuming no liquefaction in the lower sand (wedge failure surface, kh

= 0.67*PGA).
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Figure F19. Pseudo static analysis of the exterior berm in a 2475-year event assuming full liquefaction in the lower sand (circular failure surface,
kh = 0.5*PGA).
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Figure F20. Pseudo static analysis of the exterior berm in a 2475-year event assuming full liquefaction in the lower sand (wedge failure surface,
kh = 0.5*PGA).
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Figure F21. Pseudo static analysis of the exterior berm in a 2475-year event assuming partly liquefied state in the lower sand (circular failure
surface, kh = 0.5*PGA).
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Figure F22. Pseudo static analysis of the exterior berm in a 2475-year event assuming partly liquefied state in the lower sand (wedge failure
surface, kh = 0.5*PGA).
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Figure F23. Pseudo static analysis of the exterior berm in a 2475-year event assuming no liquefaction in the lower sand (circular failure surface,
kh = 0.5*PGA).
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Figure F24. Pseudo static analysis of the exterior berm in a 2475-year event assuming no liquefaction in the lower sand (wedge failure surface, kh
= 0.5*PGA).
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Attachment G
ESTIMATE OF LIQUEFACTION-INDUCED SETTLEMENT
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Summary

In this analysis, the amount of post-liquefaction settlement was estimated using the simplified procedures
developed by Tokimatsu and Seed (1987) and Ishihara and Yoshimine (1992). Inputs for the Tokimatsu
and Seed (1987) and Ishihara and Yoshimine (1992) include the corrected (N1) 60cs, cyclic stress ratio,
and the factor of safety against liquefaction. The liquefaction-induced settlement is approximately 3
inches.
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@/

LIQUEFACTION-INDUCED SETTLEMENT OF LOWER SAND LAYER

Project: Honeywell Metropolis Works Facility

Boring # N/A •
Date: 8/5/2010

Engineer: H. Pham

475-YEAR EVENT

S (in) 2 Tokimatsu and Seed (1987)
13 I shihara and Yosemine (1990)

Ave. Sett. (inch.)2

ff2 T ~T&S7
FOS for Liq -; CSR Reduction &Y Vertical I&Y-Incremental" i&•YTotalSett. -T&SVertical Incremental: T&S Ttal Sett.:

SoilUnit Depth (ft) -NI(60)cs '. Potential CSR Thickness (ft) Factor(rd) . ,Strain Sett. (inches) (inches) . -v Strain I Sett. (inches) (i- (inches)<

Lower Sand 43.5 15 0.46 0.24 2.5 0.82 0.027 0.795 3.150 0.019 0.570 1.770

Lower Sand 46.0 20 0.59 0.24 2.5 0.80 0,022 0.645 2.355 0.005 0,150 1.200
Lower-Sand 485 11 036 0.24 2.5 0.78 0034 1.005 1.710 0.023 0.690 1.050

Lower Sand 51.0, 18 0.52 0.23 2.5 0.76 0.024 0.705 0.705 0.012 0.360 0.360 .
Note: Input data is highlighted in yellow. See the liquefaction-potential spreadsheet for Nf(60)cs, FOS for Liquefaction Potential, and CSR values.

2475-YEAR EVENT

Settlement.T•i•) i atsu and Seed (1987) I Sett.

~~~ shhr and Vosamine (1990) , , (nh .7'

~ ~ . ~ I.1 II I T&S
SFOS forl, . - " CSR Reduction M&YVertical l&Y Incremental I&YTotal.Sett. ',T&SVertical' IncrementaI T&STotalSett..

Soil Unit : Depth (ft) NI(60)cs Potential CSR_ Thickness (ft) Factor (rd)< Strain Sett. (inches) (inches) Strai"i -_ ,Sett.(inches) .(inches)

Lower Sand 60.0 15 0.20 0.55 2.5 0.69 0.027 0.795 3.150 0.019 0.570 2.190

Lower Sand 62.5 20 0.25 0.55 2ý5 0.67 0,022 0.645 2.355 0,015 0.450 1,620

Lower Sand 65.0 11 0.16 0.55 2.5 0.64 0.034 1.005 1.710 0.023 0.690 1.170

Lower Sand 67.5 18 0.22 0.55 2.5 0.62 0.024 0.705 0.705 0.016 0.480 0.480

Note: Inpu
t

data is highlighted in yellow. See the liquefaction-potential spreadsheet for Nl (60)cs, FOS for Liquefaction Potential, and CSR values.

8/5/2010
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Attachment H
VENEER STABILITY ANALYSES OF THE COVER SYSTEM
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Summary

The veneer stability of the cover system was checked assuming that the sliding surface coincident with
the soil/geomembrane interface. Tension cracks were assumed in the cover soil above the
geomembrane. The buttress effect at the edge of the pOnd was assumed to be negligible. The friction
angle at the critical soil/geomembrane interface was assumed to be 30 degress. Two values for seismic
coefficient (kh) were considered in the analysis which equal to 67 percent and 50 percent of the PGA.
The stability was checked for both 475-year and 2475-year events.
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Permanent Base Sliding Block Displacements as a Function of
Yield Acceleration (after Idriss and Boulanger, 2008).
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Attachment I
EVALUATION OF THE VENEER STABILITY AND SEISMIC-INDUCED'PERMANENT DEFORMATION OF THE

RIPRAP LAYER
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Summary

The veneer stability of the protective riprap layer on the 3H:IV slideslope of the exterior berm was
checked assuming that the sliding surface coincident with the interface between the berm soil and the
filter/bedding layer below the riprap. The buttress effect at the toe of the sideslope was assumed to be
negligible. The friction angle at interface of the berm soil and filter/bedding layer was assumed to be
either 30 degrees (NWGT filter) or 35 degrees (gravel and sand bedding). Two Values for seismic
coefficient (k1) were considered in the analysis which equal to 67 percent and 50 percent of the PGA.
The stability was checked for both 475-year and 2475-year events. The slope displacement was
calculated using Newmark-based methods.
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CASE 1 (phi = 35): ky = 0.45g
D-2475 = 8 cm = 3 inches
D-475 = minimal

CASE 2 (phi = 30): ky = 0.37g
D-2475 = 10 cm = 4 inches
D-475 = minimal
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Permanent Base Sliding Block Displacements as a Function of
Yield Acceleration (after Idriss and Boulanger, 2008).
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Attachment J
CONSOLIDATION SETTLEMENT UNDER THE WEIGHT OF THE COVER SYSTEM
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Summary

The consolidation settlement of the native clay layers (Soil Unit 1 and 3) were estimated using one-
dimensional consolidation theory assuming that these layers are saturated. In reality, these layers are
mostly dry (i.e., above the groundwater table) and settlement should occur rapidly. The primary and
secondary consolidation settlements calculated in this section are therefore considered conservative.

S
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TABLE 9-3 Typical Values of the Coeffic•ent of Consolidation c,
I..

C,

Soil cm/s, x.10-4  m2 /yr

Boston blue clay (CL) 40 _ 20 12 _ 6

(Ladd and Luscher, 1965)

Organ'icsilt (OH) 2-10 0.6-3"

(Lowe, Zaccheo, and Feldman, 1964)

Glacial lake-clays (CL) 6.5-8.7 2.0-2.7

(Wallace and Otto, 1964)

Chicago silty clay (CL) 8.5 2.7

(Tetzaghi and Peck, 1967)
Swedish medium sensitive clays (CL-CH)

(Holtoz and Broms, 1972)
I.. laboratory 0.4-0.7 0.1-0.2

2. field 0.7-3.0 0.2-1.0

San Francisco Bay Mud (CL) 2-4 0.6-1.2

Mexico City clay (MH) 0.9-1.5 0.3-0.5

(Le6nards and Girault, 1961)

I',

"A

oe ,,

10 2

50

30

20

0

0'0

U

10

101

5!0

E

2,0 o'

1.0

A

10 4

.0.5

0.3

0.2

4 X' 10 L2•0
80 100 120

Liquid limit (ILL)

0.1

Fig. 9.10 Approximate correlations of the coefficient of consolidation Cv
with the liquid limit (after U.S. Navy, 1971).
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Honeywell Metropolis Works Facility-. Consolidation Settlement of the Native Clays Below the Bottom of the Pond (Option 2b)
(Assumed the clays are overly consolidated)

Item Parameters

1 Unit Weight of Cover Soil (pcf):
2 Unit Weight of Common Fill (pcf):

3 Increment in Unit Weight of Stabilized Sludge (pcf):
4 Thickness of Cover Soil (ft):
5 Thickness of Common Fill (ft):
6 Thickness of Stabilized Sludge (ft)

Value
125
125

8

3
.7

16

Notes

7
8
9

10

11

12

12

13

14

15

16-
17
18
19
20
21

Surcharge from Cover Soil (psf):
Surcharge from Common Fill (psf)
Surcharge from Stabilized Sludge (psf)

Initial Overburden Stress (a') at the Middle of the Upper Clay Layer (psf):

Initial Overburden Stress (cr') at the Middle of the Lower Clay Layer (psf):

Average OCR

Average Re-Compression Index (Cr) of Clays:

Average Initial Void Ratio (eO)

Average Coefficient of Consolidation of Clays (Cv- in2/sec):

Average Coefficient of Secondary Consolidation (C,) of Clays:

Total Consolidation Settlement at Completion (in)

Total Consolidation Settlement after Fill Placement (in)

Time to Complete Consolidation (t90) after Fill Placement (day)

Consolidation Settlement (Waiting for Pre-Cover Fill to Consolidate) - in

Consolidation Settlement (Not Waiting for Pre-Cover Fill to Consolidate) - in

Secondary Consolidation After 30 Years - in

375
875
128

2822

6602

1.8

(1) x (4)
(2) x (5)
(3) x (6)

(see soil profile)

(see soil profile)

0.020

0.720

4.65E-04

1.00E-03

0.60

0.45
1216
0.14
0.59
0.23

(from TSC lab report)

(from TSC lab report)

(using US Navy 1971 chart)

(from TSC lab report)

Max of t90 computed in 2 clay layers

<assume 1 month for fill placement>
<assume the design life of the facility is 30 years>

C
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1. Introduction:
The objective of this calculation is to evaluate the-seismic-induced lateral movement and settlements of
the sludge contained in four surface impoundments at the Honeywell Metropolis Works Facility. The
thickness of the sludge in the ponds is up to 16 feet along the flat bottoms. Nearly all of the sludge in
each pond will be stabilized with cement to an unconfined compression strength (UCS) of at least 25 psi
(3600 psf). Stabilization will extend all the way down to the bottom EPDM liner along the pond
sideslopes, and to within 12-inches of the EPDM liner along the flat bottom of each pond. The cover
system is sloped at about 4 percent with total thickness of approximately 9 feet at the center of the pond
including cover soil, drainage support layer, and common fill.

Seismic displacements along the unstabilized sludge layer dueto potential liquefaction were calculated.
Both static (consolidation-induced) and seismic (liquefaction-induced) settlements of the unstabilized
layer of sludge were also calculated.

2. Design Standards and Criteria:
The following documents were used as main references for design standards in our analyses and
development of our recommendations:

" USGS Deaggregation Tool (2008):
http://eqint.cr.usgs.gov/deaggint/2008/?PHPSESSID= 16ts50cm6mgvnfvi3oe3O5n3u6

" NEHRP (2006). Recommended Provisions for Seismic Regulations for New Building and Other
Structures (FEMA 45).

" EPA (1995). "RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill
Facilities." EPA/600/R-95/051. NUREG - 1620 (Rev. 1) - Standard Review Plan for the Review if a
Reclamation Plan for Mill Tailings Sites Under Title II of the Uranium Mill Tailings Radiation
Control Act of 1978 - Final Report (2003), U.S. Nuclear Regulatory Commission.

* Regulatory Guide 3.11: Design, Construction, and Inspection Of Embankment Retention Systems
at Uranium Recovery Facilities (January 2008), U.S. Nuclear Regulatory Commission.

Followings are some key guidance items provided in NUREG - 1620 regarding seismic slope stability
analysis. NOTE: NUREG-1620 corresponds to NRC review of mine tailings reclamation projects, and is
not directly applicable to the HW-MTW project site.

" Immediate and consolidation settlements should be calculated using the procedure described in
NAVFAC DM-7.1 (Department of Navy 1982).

* Liquefaction-induced settlement should be calculated using the Ishihara and Yoshimine (1992)
method.

3. Methodology and Assumptions:
1. Seismic design parameters including earthquake magnitude, distance, and Peak Bedrock

Acceleration (PBA) were determined using the USGS Deaggregation Tool (2008) based on the
latitude and longitude of the project site. The Site Class and site amplification coefficients were
determined from NEHRP (2006).

2. The magnitude of the seismic-induced lateral movement of the sludge was estimated for both the
475-year and 2,475-year return period earthquakes using the Newmark rigorous rigid-block
method utilizing a series of earthquake time histories with similar magnitude, PGA, and source-
to-site distance. The yield acceleration was first determined using a pseudo static stability
analysis in which the critical slip surface was modeled to form along the unstabilized (liquefied)
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sludge directly above the flat portion of the EPDM liners, and along the sideslope interfaces
between the stabilized sludge and EPDM liner. This slip surface geometry is effectively flat, with
no cumulative "downslope" direction - deformations are not expected to accumulate in any single
direction, but rather cycle around a common center point. The pseudo static stability analysis
was conducted using the computer program Slide version 6 (Rocscience, Inc).

3. Based on the above, for each earthquake time history, the seismic-induced deformation was
estimated using the acceleration value in the most conservative half-cycle of the earthquake
loading. This deformation was assumed to be the magnitude of the potential lateral movement.
of the sludge over the top EPDM liner.

4. The liquefaction-induced settlement was estimated using the Ishihara and Yoshimine (1992) and
Tokimatsu and Seed (1987) methods.

4. Results and Conclusions
Followings are the main findings based on the results of our deformation analyses:

* The magnitude of the lateral movement was estimated to be about 1 inch during the 475-year
event and 3 inches during the 2,475-year earthquake event.

* The anticipated liquefaction-induced and consolidation-induced settlement of the sludge would
likely be 1 inch or less when the thickness of the unstabilized sludge at the bottom of the pond is
12 inches.

5. List of Attachments
A. Plan and Cross Sections of the Surface Impoundments
B. Engineering Properties of Sludge
C. Determination of Seismic Design Parameters and Liquefaction Potential Analysis
D. Seismic-Induced Deformation (Lurching) of the Sludge Using Newmark Rigid-Block Method
E. Estimate of Liquefaction-Induced Settlement of the Sludge
F. Estimate of Consolidation-Induced Settlement of the Sludge

6. Additional References
Bray, J. D. and Travasarou, T. (2007). "Simplified Procedure for Estimating Earthquake-Induced
Deviatoric Slope Displacements." Journal of Geotechnical and Geoenvironmental Engineering, ASCE, Vol.
133, No. 4, pp. 381-392.

EPRI (1990). Manual on Estimating Soil Properties for Foundation Design, EPRI ER-6800, Final Report,
August 1990.

Department of Navy (1982). Soil Mechanics. NAVFAC DM-7.1. May 1982.

Hynes-Griffin, M. E., and Franklin, A. G. (1984). "Rationalizing the Seismic Coefficient Method."
Miscellaneous Paper GL-84-13, US Army Engineer Waterways Experiment Station, Vicksburg, MS.

Ishihara, K., and Yoshimine, M. (1992). "Evaluation of Settlements in Sand Deposits Following
Liquefaction during Earthquakes." Soils and Foundations, JSSMFE, Vol. 32, No. 1, pp. 173-188.

Jibson, R. W., and Jibson, M. W. (2003). "Java programs for using Newmark's method and simplified
decoupled analysis to model slope performance during earthquakes." Open-File Report 03-005, U.S.
Geological Survey (USGS).
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Kramer, S. L. (1996). Geotechnical Earthquake Engineering, Prentice-Hall.

National Cooperative Highway Research Program (2008). SeismicAnalysis and Design of Retaining Walls,
Buried Structures, Slopes, and Embankments - Report 611. Transportation Research Board, Washington
D.C.

Tokimatsu, K., and Seed, H. B. (1987). "Evaluation of Settlement in Sands Due to Earthquake Shaking."
Journal of Geotechnical Engineering, ASCE, Vol. 113, No. 8. pp. 861-878.
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Attachment A
PLAN AND CROSS SECTIONS OF THE SURFACE IMPOUNDMENTS
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Attachment B
ENGINEERING PROPERTIES OF SLUDGE
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Summary:

Engineering properties of the sludge were evaluated based on the results from a series of laboratory tests
conducted by GeoTesting Express (GTX 2010). The laboratory tests include moisture content, grain size
analyses, Atterberg's limits, consolidation, consolidated undrained (CU) triaxial compression, static and
cyclic (CyDSS) direct shear tests. The sludge was generally classified as highly plastic silt (MH) based on
the Unified Soil Classification System (USCS). Although the in-situ sludge is extremely soft, results
obtained from the triaxial and static direct shear tests suggest that the static shear strength of the sludge
will increase significantly after consolidation under the. weight of the fill cover. The static shear strength
parameters of the sludge at the EPDM liner interface were estimated from the bulk samples, obtained at
the bottom of the pond.

The CyDSS test results indicate that the consolidated and unstabilized sludge will "liquefy" after 12
earthquake load cycles (or less) at a cyclic stress ratio (CSR) of 0.17 (or greater). Since sludge
liquefaction during the 475-year earthquake event is indicated, the measured post-liquefaction residual
strengths (Su) will be used to model the unstabilized sludge in the seismic stability evaluations.

For stabilized (cement-treated) sludge, the undrained shear strength in static condition was estimated as
1800 psf. The shear strength of the stabilized sludge in seismic loading condition was assumed to be
equal to 80 percent of the static shear strength (1440 psf).

Results obtained from the drained interface shear test on the unstabilized sludge samples at the EPDM
liner indicated a cohesion of 38 psf and a friction angle of 39 degrees. In seismic loading condition, we
assumed a cohesion of 100 psf and a friction angle of 33 degrees (80 percent of static friction angle) for
the sludge/EPDM liner interface along the sideslopes. These shear strength values are conservative
because the sludge will be stabilized all the way down to the bottom of the pond at these locations and
so the static shear strength will actually be higher than those obtained from the interface shear tests
performed using unstabilized sludge.

Engineering properties of the sludge that were used in the analyses are as follows:

In-situ Sludge y = 97 pcf;

Cce = 0.05; Cr = 0; Cv = 4.3x104 in2/sec; eo = 2; OCR = 1

Consolidated Sludge y = 97 pcf;
(Unstabilized) Static condition: c' = 65 psf; 4' = 37.deg; average Sjp = 0.47

Seismic condition: Su/p' = 0.07 (residual shear strength)

e, = 6% (axial strain in post-liquefaction condition)

Stabilized Sludge y = 105 pcf;
(cement-treated) Static condition: S, = 1800 psf;

Seismic condition: Su = 1440 psf (80% of static shear strength);

Sludge/EPDM Liner Interface y = 105 pcf;
(at bottom of the pond along Static condition: cstatic 38 psf; ý'statc = 39 deg;
the sideslopes)

Seismic condition: Cseismic = 100 psf; ýseismic = 33 deg (atan(0.8*tan39O))

S
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Table B1
Index Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

Moisture
Sample Depth Gradation Parameters Content Atterberg Limits

D85 D60 D50 D30 D1O Cu Cc w LL PL P1
(ft) (mm) (mm) (mm) (mm) (mm) (-) (%) (%) (%) (%)

C (Bulk) 2 to 6 0.0101 0.0071 0.0066 0.0059 0.0054 1.315 0.908 89.0 61 36 25
C-10 4 to 6 0.0111 0.0098 0.0094 0.0085 0.0077 1.273 0.957 90.3 62 38 24
C-18 8 to 10 80.3 58 32 26
E (Bulk) 2 to 6 0.0156 0.0081 0.0078 0.0071 0.0057 1.421 1.092 94.4 62 38 24
E-13 4 to 6 81.9 50 35 15
E-39 4 to 6 0.0102 0.0072 0,0067 0.0055 0.0039 1.846 1.077 106.3 66 38 28
D-17 4to6 0.0194 0.0173 0.0166 0.0152 0.0124 1.395 1.077 107.8 60 36 24
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Average friction angle: 37 deg
Average cohesion: 65 psf
(used for long-term static analyses)Table B2

Static Strength Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

1,namDer
Pressure Approx. Approx. Pore

(a,) or Deformation' Deviator Excess Pore Pressure Total Stress Path
Normal Load Peak Shear atPeak Stress Pressure at Parameter at Parameters at Undrained Strength Ratio, Drained Sirength

Sample Depth (N) Moisture Content Strength Strength Failure (PP) Failure (A,) Failure S,/P' (see Note 1) Parameters Test Notes:

ItlwBasedono' Basedonq/p
Inta w) Final (w,) p I q and A, Ratio ' = C'

_ __s 1_T_ __V.___I (ft) (psf I N N (%) (psf)s) (s (psf) I (psp)- I (deg) 1 psH).U Triaxial Tests (ASTM D4767) _ ___

E JA Atýs
399 82.8 63.2 267 10.2% 1 535 300 0.56 666 1 267 0.59 0.40

F-I• 4

C-18 7to10 2800 87.0 53.7 1 1886 10% 1 3772 1800 0.48 1 4666 1 1966 0.66

R-1 4to6
399 95.0 73.4

D-9 4 to 6
Pond C/E

Bulk
'Kemron' j Bulk
irect Shear Tests (1

E-39 4 to 6

D-17 4to6
Interface Shear Stret

E lBulk) 210o6

E/Bulk) 2109

92

595
700

8.7 % 183 390 2.13 1 491 1. 92~ 1

1200 1 94.4 71.2 10% 1 1410 700 1 0.50 1 1905 1 705 ~0.61~

0.40
0.19
0.26

0.60
0.37

_i•N/A

S39.5 28.91I

/39.5 1151
306.8 50.91

= N/AI

Test Performed by Kemron in November 2009. Provided here
• A •

37.4 . 50 .1- CSA

D 73.8 837 1 0.25 in
N/A N/A

Shear Rate: 0.0009 in/min
kllA KIIA1

NIA :NI.::l 

N/A N/A 1 38

1143 101.6 I163.7 875 1 0.25 in 1 kl#A kllA •llA 5HUI 7 Shear Rate: 0.125 in/min
reuld 112.b 1 /1.4 94b .2b itn kllA &IIA kl#A kl#A

Ni/A Ni/A N//A Nt/A Nt/A . iN//A N Ni/ ri//A IiApproximate UNr/.iUAIiENu shear)
d Sludge (ASTM D5321). - - i _

1300 66 65.5 1082 2.3in kllA klFA I I ... ~

Shear Rate: 0.005 in/min (Approximate DRAINED Shear)
1300 psf specimen dried to anticipated post-consolidation

kllA
N/A ni/A IN//A / NiA N/A N/A N/A t t , 9 /1OSur c3m loest i pnr to tesi

0.87 * IShear Rate: 0.2 in/min (Approximate UNDRAINED shear)
N/A N/A N/A N/A N/A ___4 N/A N/A ,'. N/A Geonet used to drain sample during consolidation.

Notes:
1. The undrained strength ratio (Su/P') is defined as follows:
a. For the CU Triaxial Tests: S./P' = sin (f') / [1 + (2 * A5 - 1) Sin(fl)

b. For the CU Triaxial Tests, a lower-bound estimate of S,/P' can be calculated by ratio of q/p
b. For the undrained direct shear tests, Su/P' is estimated as the ratio of Peak Shear Strength to Normal Load (N)

Average Su/p' = 0.47
(used for total stress analyses)

Static shear strength parameters of the
sludge at the EDPM liner interface
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Table B3
Consolidation Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

0

Initial void

Sample Depth Initial MC ratio Final MC Final e Measured Strain (at psf): PC. Cce Ore Cv

Wi eo Wf ef 125 500 1000 2000 4000 (apparent) Range (avg)
(ft) (N) (%) (%) (%) (/) (0/( ) N(%*) psf ..-- x10- in /sec

S0. 11 to 6.4

E-39 4to6 74.98 1.91 51.15 1.28 6.33 11.85 14.89 18.36 '21.85 Non FO1 -0 (3.2)
• 1 - 2.97-9.35

D-17 4 to 6 89.67 2.29 f 59.99 1.5 7.07 12.58 16.31 20.29 24.16 None 0.13 -~0 (6.3)

C-10 2to 5 68 1;731 53.35 1.33 2.18 4.63 6.97 10.31 15.04 [. 800 1 0.15 i -0 (3.4)
Pond C/E L -'j

Bulk
(Kemron) 1.0 td 4.0

(See Note 1) Bulk 85 2.335 N/A N/A 9 14 16 19 22 Nbne 0.10 -0 (2. )

Notes:
1. Test performed by Kemron in November'2009.

1
Results provided here for comparison.

Cce = 0.13
Cv = 4.3E-4

eO = 2.0
Assume
OCR = 1
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Table B4
Cyclic Direct Simple Shear Test Results on CaF2

Honeywel[-MTVV Surface Impoundment Closure

Sludae

Preliminary Results

Postr-ycllc uneralnee Snear Strength S.) Results

Pre-Cyclic Conditions Cyclic Loading Results S. (Peak) Su @ 5% Strain (See Nete 2)

Meisture -

Initial Percent Content after # Cycles to Applied Shear Applied Shear "Adjusted" or Correspond,
Normal Assigned Initial Moisture Axial Srain Moisture (total), Consolidaton. Liquetacton Stress G Stress Q Average Shear Strain Memb. Memb. Memb.

Test ID Sample Load CSR Content, w, Dunng Consol. %M wc (See Note 1) Cycle 1 Cycle LF Applied CSR Su at Peak Su Cerr. Su (Corr.) Su Corr, Su (Corr.) Su Corr. Su (Corr.) Test Observauons
(pat) % inun % % psf pst pef % psf pOf psf psf psf psf pyt psf

CDSS-l E-39 1200 0.2 98.8 0.145 49.7% 75.A 40 220 140 0.150 243 4.4 12 231 235 12.9 222.5 120 54 66 ISample did not liquefy after 40 cycles.

Teet end at 22% strain. Residual Sý
CDSS-2 E-39 1280 .. 4 .1.9 0.231 47.8% 7..1 6 400 250 0.271 300 15 24 276 20 12.5 7.5 Net Determined not teported.
CDSS-3 E-3O 1200 0.3 90.3 0,185 47.5% 72.1 11 325 210 0.223 265 10.5 18 247 35 12.5 22.5 122 54 68

CDSS-4 E-39 750 0.3 thu 0.170 51.0% 78 to 195 120 0.210 175 9 17 158 50 12.5 37.5 115 54 61

......... .... Axial strain increased by -2% duing
CDSS-5 E-39 F 1850 0.3 92.8 0,215 48.1% 72.2 . 5 500 370 0.235 295 12 20 275 130 12.5 117.5 215 54 161 lading

1 Axial strain adjusted by -0.7% prior to

CDSS9D850 0.3 1'07. 0.320 51.9-A 74.2 - 4 500 480 ,0.265 190 58 54 . 136 35 12.5 22.5 1t5 54 1 o1 ladi•g

CDSS-7 E-39 1850 0.2 96.3 0.300 49.1% 69.8 10 350 280 0.170 220 12 20 200 30 12.5 17.5 190 54 136

CDSS-8 D-17 1200 0.3 111.2 0.320 52.7% 61.6 4 280 200 0.200 bnstyclc cons eht performed 0,041 inch aettlemrnt at 1200 cil a

C0SS-9 E-39 1850 0.15 83.75 0.210 45.6% 59.8 40 280 280 0.151 eSample rd not liquefy after 40yes. Post-cydc consnl test performed = 0.011 inch settlement at 1850 psI.
Assumed Gss 2.48

Nates:
1. Uquefacuon is defined at the load cyde at vvrich eilher the pore pressure parameter (Ru) 0 0.9 or Shear strain • 5%. Uquefacton mas not observed after 40 cycles oa leadng for Samples CDSS-1 or CDSS-9. 1

2. Residual S. is reported as the representative S, measured at shear strains bhtween of 40 percent and the maximum measured shear stran (typically 45 to 70 percent) I

Average Sur/p' = 130/1850 = 0.07

(used for pseudo-static analyses)

Axial strain = 0.041/1*100 = 4%
Assume average axial strain of

6% in the sludge
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Figure B1
Average Applied Cyclic Stress Ratio (CSR) vs. Cycles to Liquefaction
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Figure B2
Post-Liquefaction Residual S, vs. Normal Load
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