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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: :

e USGS Deaggregation Too! (2008):
http://eqint.cr.usgs.gov/deaggint/2008/?PHPSESSID= 16t550cm6mgvan|3oe305n3u6

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

e EPA (1995). "RCRA Subtitle D (258) Seismic Design Gwdance for Mun|C|pa| Solid Waste Landfill
Facilities.” EPA/600/R-95/051.

e 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 NUI‘REG — 1620 regarding seismic slope stability
analysis. NOTE.: NUREG-1620 corresponds to NRC review of mine tailings reclamation projects, and /s
not directly applicable to the HW-MTW project site.

, ,

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

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

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

o NUREG 1620 indicates that if pseudo static analysis can be justified, the K, 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 k, values may not be applicable. Nonetheless, the associated k;, values were considered
herein for comparison.

3, Methodoldgy and Assumptions

1) Design soil profile used in the global stability analyses were established based on the information
obtained from five soil borings (GT01 and GT02, G105 through G109), which were drilled in close
proximity to the surface impoundments. The borings GT01 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), medlum stiff to stiff, dry with fleld 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 stlff 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 actlon above the water
table (NCHRP 2008).

Calculation 388996-GT-002, Rev. 2 : : Page 3 of 183



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). Effective stress
strength parameters (c’, ") 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).

¢) 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 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).

5) Liquefaction potential assessment was conducted uéing SPT N—Valués 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 the.computer 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 methodé
including Hynes-Griffin and Franklin (1984), Bray and Tavasarou (2007), and the Rigorous Rigid-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, ki, was applied to the
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9)

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).

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/lgeomembrane 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 resuilts of our deformation analyses:

o 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.

e 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.

e 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.

e 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.

e The conservative estimate of the Ilquefactlon mduced settlement of Soil Unit 4 (Iower sand) is 3
inches.

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

5. List of Attachments

Plan and Cross Sections of the Surface Impoundments

Subsurface Exploration Plan, Soil Boring Logs, and Geotechnical Test Data
Determination of Seismic Design Parameters and Liquefaction Potential Analysis
Soil Profile and Properties Used for Deformation Analyses

Permanent Deformation Analyses Using Newmark-based Methods

Pseudo static Stability Analyses (for reference only)

Estimate of Liquefaction-Induced Settlement

Veneer Stability Analyses of the Cover System

ITOomMmMoO®»
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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 Deformatioh of the Berm Co_m uted by Newmark-Based Methods

¢  Postliquefaction (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 é 475-year Event (in) Permanent Deformation in a i475-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 Su

e  Post-liquefaction (flow) analysis: FS > 2.8 (OK)
e Yield acceleration: ky = 0.42 g 7
. Permanent deformation based on Newmark-type analyses are shown in Table 2. A

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 Frankiin (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 (c’ = 100 psf, ¢’ = 34°)

e Post-liquefaction (flow) analysis: FS > 2.8 (OK)
s Yield acceleration: ky, = 0.46 g
e  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
Hynés-Grifﬁn and Franklin (1984) 0 <4 . <4 12
Rigorous Rigid-Block Analysis 0 0 ’ 1.5 8
/
'
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Attachment A | S

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

P

The subsurface conéitions 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:
4
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, thlckness is approximately 10 feet (Mackinaw
Outwash).
Unit4 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 representatlve 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: ¢ = 1150 psf; ¢ = 13 deg; Sy = 1540 psf; Sy/p = 1.76
Effective strength parameters: ¢’ = 0 psf; ¢’ = 34 deg.

Unit2 y =125 pcf;
Effective strength parameters: Cgasic = 0 psf; Ceeismic = 100 psf; ¢' = 35 deg.

Units  y = 127 pcf;

1&3  Total strength parameters: ¢ = 1260 psf; ¢ = 18 deg; S, = 2200 psf; Sy/p = 0.59
Effective strength parameters: ¢’ = 0 psf; ¢’ = 34 deg.

Unit4 y =125 pcf;
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Static (long-term): Cyaic = 0 psf; ¢” = 34 deg.

Seismic (not liquefied): Cseismic = 100 psf; ¢’ = 34 deg.

Seismic (partly liquefied): Su/p’ = 0.42

Seismic (fully liquefied): Su/p” = 0.17 <
Unit5 y =135 pcf:

Effective strength parameters: Csatic = Cseismic = 0 psf; ¢’ = 40 deg.

Both static and seismic properties of the sludge were evaluated from a series of Iaborafory tests incIUdihg
soil classification, Atterberg’s limits, consolidation, consolidated undrained trlaxral 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 erm lab test results are as follows:

Unconsolidated vy = 97 pcf;
Sludge Cee = 0.13; C. = 0; C, = 4.3x10™* in¥/sec; e =2;0CR =1
(Unstabilized) . ' '
Consolidated y = 97 pcf; ,
Sludge Static condition: ¢’ = 65 psf; ¢' = 37 deg; average S,/p = 0.47
(Unstabilized) Residual condition (liquefied): Su/p = 0.07

£a = 6% (axial strain in post-liquefaction condition)

Stabilized y = 105 pcf;

Sludge Static condition:  Su = 1800 psf;
(cement- Seismic condition: Su = 1440 psf;
treated)
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Engineering, Inc. Lab. Measured in. N . N . . . ) 20
cm/sec. . : . "
155 Moisture Content of Soil. Perforined at e
) Patrick Engineering. inc. Lab. - . . -
[ Unified Soif Classification Determined s ~ . 10
From Field Observation and Lab
Anglysis ) . - . . R -
$B-1'(1886) Soil Boring Drilled by RFW in 1986. . Yen:cal.Exaggeraison 25x #lg
« G-106'{1984)Soil Boring and Monitoring Well Made
by RFW in 1984, - ’ N
B-1(1981)  Soil Boring Made by A&H in 1881, .
o B-5(1979)  Soit Boring Made by ABH in 1878,
Calculation 388996-GT-002, Rev. 2 : - : ’ ) i FIGURE B4 HYDROGENOLQGIC
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Andrews Engineering, Inc.

Field Boring L‘og

3300 Ginger Creek Drive, Springfield, IL 62711 (217) 7872334
Site Information: ' | Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GT01
Location: Metropolis, IL. Northing“:ﬁ 183973 .8366. Well No.: N/A
County: Massac - Easting” B860069.2257 ~ Surf. Elev.: 380.29
Sile No.: 1278540002 B
AEEI No.: 91-135 Weather: Depth Information:
- Overcast, mild, {low 80's) Total: 60.5
— = Auger: 60.5
Drilling Cont_ractolp . Personn‘el: _ Core: N/ A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. N
~ City: 8415 Peabody Rd, Freeburg, IL 62243 Driiler: C. Dutton Dates-_
‘Equipment: CME 75 — 44" HSA /w 24" split-spoon Helper {s): M. Kurtz Start: , 5/12/2003
and 3" 0.0. x 30" Shelby tube Finish:  5/13/2003
Sample Type: D.— Continuous Barrel g ~ Split Spoon ‘Z, - Sheiby Tube m - Core D - Blind Orill
= Sample § © Borehole Detail Lithology Description/Comments usc =
c iz > vl ©
alc|d o1 2 |~<| & =
|21 o O o &l o
[ I 0 sl B o =z o m o R w
' ++++‘ Crushed limestone GRAVEL (road base) 380
1 + + - Yellowish brown (I0YR 5/6) clayey SILT;
" + + moist; stiff; few fine organic woody
a +,+ T organic fragments; few medium distinct
] 3 5. ++++_ yellowish brown (10YR 4/4) motiles
2 i 5 3.25 © 4+ + . . . ‘
o | s : = TR No reaction to 10% HCI solution.
: § [+t ,
£ WA
3 : @ + +
, TN
) [+
B SRR
4 2 3|15 T , i
5 , — No reaction to 10% HC! solution.
1.0 3 ~375
{5 | '
Color grades to light yellowish brown’
: (10YR 8/4) with few medium distinct
6 5 | 205 yellowish brown (10YR 5/6) mottles; few
3 , fine organic woody fragments
158 Slight effervescent reaction to 10% HCl
" soluiion. .
7
104 8
ST01 - 370
1.9' 4.0
9 - . ’ .
2 Medium stiff; color grades to light
! 5 - brownish grey {10YR 6/2) with few medium
10 5 | 20 o prominent dark yellowish brown {10YR
4 i = 4/4) mottles; few fine organic woody
15 6 s fragments
S No reaction to 10% HCI solution.
il g
L
154 12
ST02 . - 365
2.0' 4.25
181/ |s103
18 3.0
14
15 !
5 4 |30 .
20 alculation 388996-GT-002, Rev. 2 - Page 21 of 183
NOTES: i
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L

A Andrews Engineering, Inc.

3300 Ginger Creek Drive, Springfield, IL 62711

{217) 787 -2334

Field Boring Log

Site Information:

Location:

Boring Information:

Name: Honeywell International, Inc. Coord. System: Local {feet) Boring No.: GT01
Loc/ation: Metropols, IL. Northing: 183973.83606 Well No.: N/ A .
County: Massac Easting: 860069.2257 Suri. Elev.: 380.29 ‘
Site No.: 1278540002 or o .
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 Orilling Services, Inc. Geologist: M. Hewitt, P.G. )
City: 8415 Peabody Rd, Freeburg, IL 62243 Oriler:’ . C. Dutton Dates:
Equipment: CME 75 — 44" HSA /w 24" split-spoon ~ Helper (s): M. Kurtz ; S.ta_rt.‘ 5/12/2003
and 3" 0.0. x 30" Shelby tube ' Finish:  5/13/2003
Sample ‘Type: D - Cohiinuous Barrel }X{ - Split Spoon |Z - Shelby Tube m - Core D— Blind Drill
= Sample § o Borehole Detail Lithology Description/Comments usc o
c |z > onl »
2lclgl |83 7: ¢ 5
o|3|>| o o | | &l = )
ol |- =2 o m|o £ - i |
; T No reaction to 10% HCI solution.
15 15 5 /0,07, 360
7007,
1% k ] Liant brownish grey (10YR 6/2) sity
CLAY. moisi; mecwum.stiff; trace organic
2 i woody organic fragments; few medium
17 8 "5 35 distinct dark yellowish brown (10YR 6/4)
is | 7 ) . mottles .
’ 4 .| No reaction 1o 10% HCI solution.
18 '
o1 Color grades to light yellowish brown
-2 N [IOYR 6/4) '
19 7 4 |35 N . ,
25+ , . No reaction to 10% HCI solution.
) 1.4 8 . 3
| o
4 3 -
6 .
2 8 s | g 30 » No reaction to 10% HCI solution.
\ .
22 )
> 4
3 .
© ?
./ »
3023 = e
ST4 c . | 350
20 20 € |
24 o
7, Strong brown {7.5YR 5/8) clayey SAND;
1 5 - // /-/ 71 mist; medium stiff; many coarse prominent
25 9 20 '/7 // pinkish grey (7.5YR 7/2) moitles
15 Ve No reaction to 10% HCI solution.
Very pale brown (10YR 7/3) to strong
26 brown (7.5YR 5/8) fine to medium grained
SAND; moist; medium dense
i .
7 6 |<0.25 )
352 LN - No reaction to 10% HCI solution.
15 21 —345
4 28 .
16 3
1 |<o. " s
2 L 5 ; 02 No reaction 10 10% HCI solution. ‘
- @
3 3 7 Dark yellowish brown (IOYR 5/6) cl
. , vy ark yellowish brown clayey
40 1 14 | 175 V7274 SAND! moist: medium dense
NOTES: Calcu!ation 388996-GT-002, Rev. 2 Page 22 of 183
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Andrews Engineering, Inc. Field Boring Log
3300 Ginger Creek Drive, Springtield, IL 62711 (217) 787-2334 ' ‘

Site Information: ‘ Location: Boring Information:
Name:  Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GT0O1
Location: Metropolis, IL. Northing: 183973.8366 Well No.: N/A
County: Massac Easting:  '860069.2257 Surf. Elev.: 380.29
Site No.: 1278540002
AIEEI No: 91-135 .Weather: - Depth.Information:

N Overcast, mild, {low 80's) Total 60.5
-~ X : Auger: 60.5

Drilling Contractor: Personnlelz _ Core: N/ A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. i
City: 8415 Peabody Rd, Freeburg, 1L 62243 Driler:  C. Dutton - Dates:

Equipment: CME 75 — 44" HSA /w 24" split-spoon Helper (s): M. Kurtz Start:  5/12/2003
and 3" 0.0. x 30" Shelby tube Finish:  5/13/2003
Sample Type: [ B - contivous Barrer <] - spit Spoon 7] - sheiby Twoe ] - core [ ] - siina oril

: Sample g ' o Borehole Detail Lithology Description/Comments uUusc =
=g - 18 =] 2 2
Fagll Zd > Tol 2
= 41} [} z |— e} >
colc|la - O (&) £l = 2
134 = > o @® — Q- -
Dl =z | oo 22 oy

3! 154 15 1 Strong brown (7.5YR 5/6) fine to medium 340
grained SAND; moisi; medium dense
132 No reaction {o 10% HCI solulion.
33 S105 Palé brown (I0YR 6/3) clayey SAND;
7 , moist; loose; common coarse distinct
10 15 yellow (I0YR 7/6) mottles i
134 \
8
o | 45 3 Wopors No reaction 1o 10% HCI solution.
1.5 16 : \ 335
136 i :
Pale brown (10YR 6/3) to yellowish brown
(10YR 5/8) sandy silly CLAY: moist; soft .
to medium-stiff; common coarse prominent
dark yellowish brown (10YR 4/6) mottles
1 8 ‘
" 2 130 © '

50> M , ' =2 No reaction to 10% HCI solution. :

15 | 5 g S 330
38 <

m
1381/ |s108

19’ 0.75

40
4
1.
55 4 5 » s : 2 No reaction to 10% HCI solution.
15 [ 9 . ( 325
142
43 “ :
18 7 175 | .

60 alculation 388996-GT-002, Rev. 2 ‘Page 23 of 183
NOTES: :
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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.: G701
Location: Metropoiis, 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 DEDth Information:
, Overcast, mild, (low 80's) Total 60.5
o g Auger: 60 .5
Drilling Contractor: Personnel: Co?e: 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%" HSA /w 24" split-spoon Helper {s): M. Kurtz S}art.. 5/12/2003
"and 3" 0.0. x 30" Shelby tube Finish:  5/13/2003
Sample Type: D - Continuous Barrel }Av‘ - Split Spoon = Shelby Tube m - Core D - Blind Drilt
= Sample é o Borehole Detail Lithology Description/ Comments usc ’%
=ls |18 || 2 » =
fo Zz [1¥] g = Eﬂ 'g 4 =
§lSIS| s | 812 ]El = 3 I
O |- z 1 a8 ‘m o -3 (5 , 21]
h N i % ion.
23 5 ) -(]C_J o W 77/—/1 o reaction to 10% HCI solution ‘——_ 320
S : End of Boring = 80.50 feet (319.79' MSL)
S Borehole abandoned with. a high solids (10
@ ppg) bentonite grout and bentonite
chips.
65— -
K
1 - !
70— 1
— 310
N
75 -
~305 .
;
80~ Calculation 388996-6T-002 Rev. 2 B Page 24 of 183
NOTES: i ' ’ ' 9 .
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ey, Andrews Engineering, Inc. * " Field Boring Log
3300 Ginger Creek Drive, Springfield, IL 62711 {217) 787-2334 S e .
Site Information: Y Location: Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: GTG2 -
Location: Metropolis, IL.’ Northing:  183357.7307 ~ Well No.: N/ A
‘ County: Massac Easting”  860033.0457 Surf. Elev.: 377.26
Site No.: 12785400027 "~ ' .
AEEI No.: 91-135 Weather: Depth Information:
. Overcast, mild, (low 80's) Totali 62.0
— Auger: B2.0
Drilling Contractor: Personnel: Core: N/ A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. - )
City: 8415 Peabody Rd, Freeburg, 1L 62243 Driller:  C. Dutton Dates:
Equipment: CME 75 — 44" HSA /w 24" split-spoon Helper {s): M. Kurtz Start:  5/13/2003
“and 3" 0.0. X 30" Shelby tube : , Finish: 5/14/2003
Sample Type: [I - Continuous Barrel K{ - Split Spoon IZ - Shelby Tube l]:) - Core D - Blind Drill
= Sample § o Borehole Detail Lithology Déscription/Comments usc a
=ls S el 2 ' ' =
clz = ool 2 .
alcld S 12 |—~cl & =
0|3 >| © i) o o=l = o
ol -] = o (D |T LS w
_ ++++‘ OO,\% Crushed limestone GRAVEL (road base) L
11 + .+ A ] \ Yellowish brown (10YR 5/6) silty CLAY;
o ++ + moist; medium stiff, trace organic woody
a +'+T+“ : . organic fragments; common medium
. 3 Z | prominent grey {10YR 6/1) mottles
| O + -+ p ) '
2 | 4 15 o + + o X — 375
3 4 ] -|-+++- . No reaction to 10% HCI solution. B E
. 5 ]
t H A+
3 § [+ -
+ 4+ 1 Color grades to grey (2.5Y 8/1); few fine
3 4 distinct yellowish brown (10YR 5/6)
_ 5 4 2 3 2.5 Ra 1+1+ i No reaction to 10% HCI solution.
'I 13 2
I N
4 6 4 R -
STO! —370
14’ 4.0 | -
7 ' ,
1 Color grades to light yellowish grey (2.5Y
_ 2 8/2) . ,
8 3 5 |32 : .
10— . 5 7 1 ‘ No reaction to 10% HCI solution.
19 AN .
—- Yellowish brown (10YR 5/6) to light grey
3 (10YR 7/2) clayey SILT; moist medium
] o stiff, trace woody organic fragments;
10 4 2.0 o fractures ‘surfaces - 365
14" < No reaction to 10% HCI solution.
b= -
" 2 :
Color grades to very pale brown (I0YR
1 ‘ 7/3) .
15— 12 5 G Ik No reaction to 10% HCI solution.
' 122 | 6 ’
13 ‘
1141 /.
S102 360
. 1.8 40
' ‘ 15 ,
' Color grades to light yellowish brown
16 ! (I0YR 8/4); soft; common medium distinct
5 3 | 20 strong brown {7.5YR 4/6) mottles.
20NOTES: Calculation 388996-GT-002, Rev. 2 B A Pége 25'0f 183 -
‘ Page 1 of 4




Andrews Engineering, Inc. . Field Boring Log
3300 Ginger Creek Drive, Springfield, IL 627# (217) 787-2334 Do
Site.Information: Location: | Boring Information:
Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.. 6702
Location! Metropolis, IL. Northing: 183357.7307 Well No: ~ N/A :
County: Massac Easting: 860033.0457 - Surf. Elev.: 377. 26 ‘
Site No.: 1278540002 ) . . g
AEET No: 9i-135 Weather: Depth Information:
ST Overcast, mild, (low 80’s) Total: =~ 62.0 -
— - - - Auger: 62.0
Drilling Cont_ractorT _ Personn'el. _ Core: N/ A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. )
City: 8415 Peabody Rd, Freeburg, 1L 62243 Driller: - C. Dutton Dates: :
Equipment: CME 75 - 44" HSA /w 24" split-spoon Helper (s): M. Kurtz Start:  5/13/2003
and 3" 0.D. x 30" Shelby tube : Finish:  5/14/2003
Sample Typé: E - Continuous Barrel |ZI ~ Split Spoon IZ - Shelby Tube m - Core D - Blind Drill
= Sample § _— Borehole Detail Lithology - Description/ Comments usC =
R 18 || 2 N 2
S1Z o > A :
Bls|&l s 5123 a5 2 g
o | — =z o m o -1 . D]
' - N i % HCI solution.
6 ) 5 T ' 7775 o reaction to 10% HCI solution
17 104/
' ‘ . VS
S
7/0/0/% , A
181/ jstos : NN Light arey (I0YR 7/2) silty CLAY; moist; - 355
. 9 35 . : stiff; trace organic woody fragmenis; few
- .. fine distinct yellowish brown (10YR 5/8)
9 motties .
25120 / lst04 “ A - —\
20 45+ N
2 . \ /
B ‘ o "
22 . 6 \ : -
7 ol 30 \\ No reaction to 10% HCI solution. 350
23 \
= | .
2 o
24 16 |15 w : ‘
30 81 . ' 2 . No reaction to 10% HCl solution.
® S Light yellowish brown (10YR 6/4) sandy
3 S silty CLAY; maist; stiff; few fine distinct
] ) L/ yellowish brown (10YR 5/6) mottles
26 ‘8 1225 - ' . ~ .
9 ’\ZJ, 7 e No reaction to 10% HC! solution. 348
27 o4 , |
+— o Color grades to brownish yellow [10YR
2 /S 6/6); few fine distinct strong brown
28 0 4 | 40 ./ (7.5YR 4/86) motiles
357 5| s //_A  No reaction to 10% HCI solution.
: ] 29 . . . - N _ - M -'
vy Yellowish brown (10YR 5/6) fine to medium
N 5 _-/ /./ /1 grained clayey SAND; moist; medium dense
4 1,7 7 : ' . '
30 9 | 25 : Y. o . B
: L 7. 721 No reaction to 10% HCI solution. 340
15| 8 : 2 A A
] f | 3% ‘
. /./ /./ : . L
3 . %0 . ‘ :
‘ . 1,7, 7] Color grades to pale brown (10YR 6/3); ' ‘
3 .8 . N 7/ 7 ) few fine distinct strong brown (I0YR 4/6) i
P 9 [ 20 Jo 277 motties; becoming more silty :
40 TCalculation 388996-GT-002, Rev.2 ‘ v " Page 26 of 183
NOTES: : .
Page 2 of 4




#£gy, Andrews Engineering, Inc. Field Boring Log
3300 Ginger Creek Drive, Springfield, 1L 6271 (217) 787-2334 _
Site Information: ' Location: Boring Information:
_Name: Honeywell International, Inc. o Coord. System: Local {feet) - Boring No.: G702
{ Location: Metropolis, ItL. Northing: 183357.7307 Well No.: N/A
County: Massac Easting» 860033.0457 Surf. Elev.: 377.26
Site No.: 1278540002 : )
AEEI No.: 91-135 Weather Depth Information:
: Qvercast, mild, {jlow 80’s) Total 62.0
Auger: 62.0
Drilling Contractor: ‘ Personnel: Co?e: N/A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. - .
City: 8415 Peabody Rd, Freeburg, IL 62243 Oriller:  C. Dutton Dates:
Equipment: CME 75 — 44" HSA /w 24" split-spoon Heiper {s): M. Kurtz Sfart_' 5/13/2003
and 3" 0.0. x 30" Shelby tube Finish:  5/14/2003
Sample Type: [ 1 - contivous Barrer ] - spiit Spoon [ ] - Shewy Tuve  [J] -core [ ] - Bind orin
= Sample § o Borehole Detail Lithology Description/Comments usc 3
=l | 8 [T El ' %_),
c|Z > [ a0<d B4
E‘. o 3 8 Z - c 2 =
s3> o © o P N py
ol |- z o m o b ]
32 Y T b 77 No reaction to 10% HCI solution. £
/. /7
] ’/./ /.
Vs
33 . St S
] ] /./ /./
9 /_/ y 335
Vo
/./7/./
'/./ 77
134 5T05 Y, 7.
s/
7,7
1.8 2.5 /.
45 177,
v
135] / {5706 1365 \
/7 7
1.9' 15 a4
v 330
/.//// _
136 1 //7/7'
-~ '/Z /'/
2 V., 7
5 o 7,7
: 5 %
37 8 | 225 v 7 :
50— {8 = 1772771 Noreaction 1o 10% HCI solution. -
i5 | 10 g 7y
S 7/
© /'/y/x
|38 ' 7’7y
1 Strong brown {7.5YR 5/6) fine 1o medium - 325
grained SAND; moist; medium dense
Attempt to collect Shelby tube sample
from 54-55 ft unsuccessful. No sample
J N coliected. : '
39
55 — 0.3
. 140 SRR - - -
i . \ Light yellowish brown (10YR 8/4) silty
) CLAY,; moist; soft; common medium distinct
. \ strong brownw (7.5YR 4/6) mottles
4 4
41 2.1075 . g
) 1.5 3 § No reaction 1o 10% HCI solution. 320
1421/ |s107 1
60— 20 10 1 :
Calculation 388996-GT-002, Rev. 2 '
NOTES: Page 27 of 183 |
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e, Andrews Engineering, Inc.

(217) 787-2334

al

Field Boring Log

3300 Ginger Creek Drive, Springfield, IL 6271

Site Information:

Location: -

Boring Information:

Name: Honeywell International, Inc. Coord. System: Local (feet) Boring No.: 6GT02
Location: Metropolis, IL. Northing: 183357.7307 Well No.: N/ A
Counly: 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
— - X Auger: 62.0
Drilling ContractqrT _ Personnel. - Core: N/ A
Name: Harriss Drilling Services, Inc. Geologist: M. Hewitt, P.G. .
City: 8415 Peabody Rd, Freeburg, 1L 62243 Driler:  C. Dutton Dates:
Equipmenit: CME 75 ~ 4%" HSA /w 24" split-spoon Helper {s): M. Kurtz S'ta_rt.- 5/13/2003
and 3" 0.0. x 30" Shelby tube _Finish: 5/14/2003
Sample Type: D - Continuous Barrel & - Split Spoon, |Z] - Shelby Tube m - Core D - Blind Drill
= Sample § o Borehole Detall Lithology Description/ Comments usc %‘
“le | 8 el 2 ' =
e lZ . > o v w
alc 8] . a Z 17 cl 8 =
o|3|>| & o | 2 1asl = o
Qx| .Z o m o 3R '_H Loy
5
o
. (s8]}
143} / [s708 I
_9 B
19 1.25 S _l' .
@ End of Boring = 62.00 feet (315.28° MSL) 315
Borehole abandoned with a high solids (i0
. ppg) bentonite grout and bentonite
] chips. .
65— -
L
— 310
70 ]
] - 305
75ﬂ " L T
i —~ 300
80- Calculation 388996-GT-002, Rev. 2 B Page 28 of 183
NOTES:
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camonie Béring'
. Log -

PROJECT No. _CF8 82-005

BORING ‘Na. _62102

PAGE _1__ OF _1

PROJECT NAME  MONITOR WELL INSTALLATION, ALLIED CHEMICAL COMPANY

BORING LOCATION _METROPOLIS WORKS. M‘ETROPOLIS, ILLINOIS SURFACE ELEV - -
DRILLER _CANONIE DRILLING DATE: START 3-16-82 FINISH_3-16-82
- BLOow 18 ey — .
x| SAMPLE _CCUNT  |WEJUSCS 55 au <zl SOIL DESCRIPTION <
N T wrERvAL o 1 6 1ez2 %) z% ! : wi
5 1 e freee [TwrErRvAC | 0176 [12 S TvPe |52 TSF| 20 AND REMARKS EC
2 drroMl TO | e {12 B g2 a s O _
1 T S U SR M NOTE: DESCRIPTIQNS AND DEPTHS FROM | |
L U - S P OBSERVED AUGER CUTTINGS. ]
i | L1eHT RROWN TO YELLOW-RROWN, SILTY [
10 cL 10,0 || CLAY, Low To MepIuM PLASTICITY.
1 ML-CL 14,0 {| GRAY, CLAYEY SILT, Low PLASTICITY, | |
B cL |l LyenT Brown, SILTY CLAY, MEDIUM |
20 . 20,0 |t PLASTICITY,
b RROWN, SANDY SILT, SOME CLAY AND .
ML~CL., FINF TO COARSE GRAVEL, GRADING |
Tl sC- | WITH DEPTH TO CLAYEY SAND, MEDIUM )
28.0 || PLASTICITY,
30 SP, RrOWN, FINE SAND AND SILT, SoMe |
' . L ML, FINE GRAVEL, LITTLE CLAY. LAYERS B
- sC oF GRAY, CLAYEY SJLT AND REDDISH
36.0 || RrROWN, CLAYEY FINE SAND,
- -
40 ' cL ' LIGHT BrowN, SILTY CLAY, Low 1o
R _ I T MEDIUM PLASTICITY.
uy,0
. ML 16,0 | RROWN, CLAYEY SILT, Low TO MEDIUM
o . v 48.0 )| PLASTICITY, SOME VERY FINE SAND,  f
50 = “ININCREASING MOISTURE CONTENT, i
o ’ SP-SH LIGHT RROWN, SILTY, FINE SAND, '
LITTLE CLAY, SATURATED, L
60
70 L
{ L
[ . . L
80 ~ END RORING AT 76.0 FEET. L
WATER TABLE AT 48 FEET oN 3-16-82, _
d ion 383996-GT-0h2 2 1 : : _Page 20 of 183




AN S oo "~ | skeTcH MAP ) T

DRILLING LOG
.. WELL NUMBER: G-105 OWNER: Allied C}rlemical
Locaion; West edge of apoRess; Metropolis, IL .
Plant .
ToTAL DEPTH___ 2863
SURFACE ELEVATION: e WATER LEVEL: -
DRILLING priLLING Hollow paTell/30- _ .
DRLUNG  Cannonie  giniie _S.t.em______DHILLE%éﬁ_{]_l_,LBA ———— —
DRILLER: Jerry HELPER: :
LoG BY: M. Hutson - _ - :
é\ oﬁﬂz f(q?- ' DESCRIPTION/SOIL CLASSIFICATION
od“‘ < g,;v@ 2y ~ (COLOR, TEXTURE, STRUCTURES). -
0 . ' =
' , 0-2" Reddish brown silty clay w/trace sand;
— - ——
moist, soft, medium plasticity. (CL)
+= = ; g -
Sl | ss 2-4" 'Gray toreddish brown, 'silty sand w/trace
S N S .
gravel; moist, firm, low-medium plasticity
| (SM) 3 ,
S2 | 88
++
S3 | SS 4-30' - Gray to yellowish brown, mottled, silty
S4 | ss ' clay w/trace sand and organic debris;
--r-— —
S5 | ss most to dry, firm to hard, low to medium
S6 | ss| " plasticity. (CL)
S7 | ST .
S8 | ss
S9 |ss
S10] SS
S11}SS
S12] SS
“““ S13] SS
T Pagesoot 18—
b at blGT-002, Rev. 2 -
Sf&'(”‘lﬁ’i"ﬂ 38899b(GT. ev.2 ‘
-T-l-—— —




@DRILLING LOG

"WELL NUMBER:

LOCATION:

G"'].OS (COnt) OWNER: '

SKETCH MAP

ADDRESS:

SURFACE ELEVATION:
DRILLING

COMPANY:

DRILLER:

LOG BY:

. 5y
Q“é\ N <
Y \ o
&t e
0 5}3"‘ [2a

DRILLING
METHOD:

S

< <
v&®9
o )

TOTAL DEPTH
WATER LEVEL:

HELPER:

 DATE
DRILLED:

NOTES:

DESCRIPTION / SOIL CLASSIFICATION

—_

~

(COLOR, TEXTURE, STRUCTURES)

[ W

S15| SS |
Sle6| SS 30-34.5" Gfay to yellowish brown, sandy silt
Sl? SS w/some clay;Ahard, dry, low plastici£y
(ML) |
S18} SS 34.5-37.5'Yellowish brown, fine-medium grained
- sand w/trace silt, dry, soft, (SM)
S19¢ SS
S20f Ss 37.5-41" Yel}owish brown, fine grained silty sand
) .‘to clayey sand; dry, hard, low plasticity
§21} SS (SM-SC)
S22} S8 41-65" Gray to yellowish brown silty sand to
{ls23]| ss sandy clay; firm to.hard, dry to moist,
S24| SS 3 low to medium plasticity. (SM-SC)
S25| SS
S26| SS
Calfulatior| 38899p{GT-002, Rev. 2
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A=A b o | SKETCH MAP }
______ DRILLING LOG
) ¢
~105{cont

WELLNUMBER:G {cont) OWNER:
LOCATION: : ADDRESS:

TOTAL DEPTH
SURFACE ELEVATION: —_____ WATER LEVEL:
'DRILLING DRILLING DATE
COMPANY: METHOD: __ __DRILLED: —=
DRILLER: v' - HELPER: -
LOG BY: -

DESCRIPTION /SOiL CLASSIFICATION
(COLOR, TEXTURE. STRUCTURES) - -

827| S8 65-70.5' Gray, fine-medium grained clayey sand to

$28| SS N sandy clay; wet, soft, non—coheéive,l(SC)

70.5-86.5'Dark yellowish brown, fine-medium

L TE T . A
f ' S29] §S : grained, silty sand and gravel; wet,
” S30| SS hard, non-cohesive. (SM=-SP)
S31| SS

Bofing terminated 86.5' below the surface.

Calculation 388996- iT-OOZ, Rev. 2 > Page 32 of 183




Mark A. Hutson

Personnel

Location

ST IAY

s’ g

g w
°vv°‘ v ® ¥
al al XX

~

~iFalg

Well Construction Summary

Location or Coords:

Well G-105

Elevation: Ground Level

374 16

Top of Casing_TVYC_376.47

Drilling Summary:

Construction Time Log:

| Other

ula'tibn 388996-GT-002, Rev. 2

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

81
86

56
81

S
C

Casing: c1_2" PVC__Sch. 40

c2

2" BVC  Sch. 40

. St
Screen .020 slot

S2

| Total Depth 863" Start Finish
o rer S 4" Task :
Borehole Diameter 3/ Date | Time | Date | Time
- i Drilling:
Oriller__Cannonie Construction 11/30]8:00a| 11/31
Company ‘

Rig_ Mobil B-40 Geophys.Logging:
Bit(s Casing:

“ 11/31 11/31
Drilling Fluid
Surface Casing_ 4" Tocking Steel Filter Placement: | 11/31 11/3)
Well Design: Cementing:

' - | Development:

Basis: Geologic Log _ £ Geophysical Log Other:

Well Development: _
To be done by Allied personnel

Comments:

Centralizers

Filter Material insitu sand and peagravel

Cement pre-mix cement

T% Buckets bentonite pellets

?




DRILLING LOG

G-106
WELL NUMBER:

umAﬂowweSt edge of

SKETCH MaP

Crvay famey

Allied Chemical
OWNER:

ADDRESs: Metropolis, 1L

plant

SURFACE ELEVATION:

pRiLLING HOllow

TOTAL DEPTH_86 .5
WATER LEVEL:

DRILLING ; DATE

company; _C3DNONIE ygerap pRiLLED: 11/28/8¢ NOTES:
DRILLER: ___JEerTy HECPER: John .
locgy. M. Hutson

*

DESCRIPTION/SOIL CLASSIFICATION
(COLOR, TEXTURE. STRUCTURES)

@ .
é‘\ 6?— C)
- \?(', \'Ob ‘_\\)“\ {(Qe %\'68 .
& & e et s
v 69&' ":'p’h ¥ 6}\}‘

0-2.5"' Reddish brown to dark brown, silty ciay;
I moist,}soft, low plasticity.;(CL)- '
i S1 |ss 2,5-14"
--:A_-SZ SS Gray to reddish brown, mottled, silty clays
1 i S3 |Ss w/trace. very fine gfained sand, soft to
1 S4 | 8S firm, moist to dry, low EQ medium
1 S5 |8s plasticity (CL)
4 ]
S6 | SS
1 —.87 Ss 14-17" Gray to yeilowish brown, motﬁled, silty'
T ‘clay w/trace very fine grained sand, dry,
N firm, low plasticity (CL)
T —-88 ST
1L __S9 SS 17-20' Light gray to yellowish brown, mottled
- ’ clayey siit w/fface fine sand; firm, dry,
low plasticity, (ML) | |
1 CamuTnongssggsq;nooz,Rev.z Page 34 of 183
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{ SKETCH MAP : R
. ,
DRILLING LOG
W, numser: G106 (cont)  owner:
LOCATION: - ADDRESS:
. TOTAL DEPTH
SURFACE ELEVATION:—_ WATER LEVEL:
. DRILLING . DRILLING DATE
! COMPANY: _ METHOD:________ DRILLED: s
DRILLER: : HELPER:
LOG BY: ’ ‘ : '
. { ' N - o . . ’ .
P G <t - -
& e Ao DESCRIPTION / SOIL CLASSIFICATION
< ¢ % e ® :
o 1SSy (COLOR, TEXTURE, STRUCTURES)
l :
{ 810 S8 '
$11} sS 20-29' Gray to yellowish brown, silty clay
8§12} SS | w/trace fine grained sand; hard, dry, low
. si3{ss| || to medium plasticity. (CL)
‘ S14| ss
S15| 88 1l 30-36" -Gray to yellowish brown< silty clay to
1816} SS | o clayey silt w/trace very fine grained
S17| ss - sand; dry,'hard, low plast\ici.ty, (CL-ML)
S18| SS. 36-40' Gray to yellowish brown sii_ty sand w/some
N clay to silty clay w/some sand; dry, hard,
low to medium plasticity (SM-CL)
‘ S19{ SS 40-53"' " Gray to yellowish brown mottled silty clay
o w/trace very fine grained sand; moist, SOft
S 2ODIp] 38809RGT-002. Rev. 2 to firm, low to medium plasticityP%dty 183




DRILLING LOG

WELL NUMBER:

x..é.@@%ﬁ.;.ﬁqﬂ © | SKETCH MaP . —

G-106 (cont) .

LOCATION: .. ADDRESS:

SURFACE ELEVATION: —___ WATER LEVEL:

DRILLING : DRILLING DATE

COMPANY: _ _METHOD: < __DRILLED: N
DRILLER: - HELPER:

LOG BY: __

TOTAL DEPTH _

DESCRIPTION/ SOIL CLASSIFICATION
* (COLOR, TEXTURE, STRUCTURES)

S21| s8 53-78"
522) S8 Gray to yellowish broyan finél—medium grainéd
523| 8S sand w/some silt and ,gravell; wet below 591,
5241 S8S soft, (SM-GM)
) I :
S25} SS
T -‘526 SS 78-83' Gray to yellowish brown, very fine grained
1 silty sand and silty clay' wet, soft, low'
plasticity (SM-CL).
1 -—
1 S271SS 83-86.5' White to gray, fine to medium grained
:-_ ) sand; wet, soft, non-cohesive (SP)
—_— . . - =
Boring terminated 86.5 below surface
. . : - 1 - ‘./ - : - .
. Calcylation $889964GT-002, Rev. 2 . Page 36 of 183




Personnel_Mark A. Hutson

@

Cula

Location or Coords:

Well Construction Sum

Well . G-106
mary

370:56

Elevation: Ground Level

Top of Casing

PVC 373.08

| Total Depth

Drilling Summary:
85"

Borehole Diameter__3_3/4"

Driller Cannonie Construction

Task
Date
Drilling: N
11/28

Construction Time Log:
’ : Start ~Finish

Time | Date Tirﬁe

1:00p| 11/29| 3:40p

Company

Bit(s)

Drilling Fluid

Surace Casing_4" Locking Steel

Geophys.logging:

Casing:

3:40p}.11/29] 4:00p

11/29

Filter Placement: {11/29

Well Design:

Basis: Geologic Log X Geophysical Log____
Casing String(s): C=Casing S=Screen
0 .

- 50 . C. - )
50 - 75 S -

75 - 85 C -

Cementing:

4:00p| 11/29] 4:30p

Development:

Other:

2" PVC sch 40

Casing: C1

c2

Screen: Si 2” PVC Sch 40

.020 slot

S2

Well Development:

To be done by Allied personnel

Comments:

30" stick-up on plastic casing

Centralizers _

Filter Material insitu sand backfill

Gement Pre-mix concrete

Other 1% buckets 'b'entonite pellets

00 388996-GT-002. Rey. 2

Page 37 of 183
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~ o SKETCH MAP

. DFILLING LOG

WELL NUMBER. __ G (O] owner:_Allied

-+, LOCATION SCAL;FJJ.ZE.SL___ aporess: _(Netropadlis, | .
e forne ponds | ,

- TOTAL DEPTH___ (517
‘SURFACE ELEVATION. 34 T4/ wATER LEVEL:

DRILLING DRILLING DATE . S
COMPANY: Lasf%r: _METHOD: ﬂﬁﬁ jr__omueo: STET
DRILLER: { _HELPER: _ Jdhn '

LOG BY: L . Wﬁ\TIfI

. ‘ ) 3 ——
. d«‘é\ AP ‘»r"‘:«e* d,@“e 7 DESCRIPTION / SOIL CLASSIFICATION
o Sy ‘ : {COLOR, TEXTURE, STRUCTURES)
) .

| Mediwm stidf +o st'usc\’-"gro;y c(m{ to éiHy clawy,
10 7 5 "~ mottled brown, grades to hard silt with 1
1L Ay Iss 65 Hrace sand oolitic—like fextore  (ml) |
1 4 |k _

_ 2 {5515

Y—3— — » —~
il 15 {ssle ~
- 413 155 2 | .
T H B . k
1Y . 4 L _

SS51 7

B I sl A ]
1L —r ]
1 e lssie |k _

3 - i
6 |55 S8}

R B WE— ‘7 . —
1 = i _
1] ol | 1

TPl | 1.5¢

R  Dense 1o very dense white o groy silty Jine |
B - sond 10 sandy silt) motfled Brodn (sm)

_l g |ss| 20 | f | 7

Page 38 of 183
Ca&mlaﬂonﬁS&SQB-GT-OOZ, Rev. 2
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] SKEICH MAP

- BRILLING LOG

“weLL NUMBER._GDIOT _ owner . _Allfed
. LOCATION _southwest avoress _Mefropalis,
ToTAL DEPTH___ (7
SURFACE ELEVATION. D64 T4 . WATER LEVEL: ,

DRILLING ' DRILLING

DATE
prANY:__LQ¥nﬁ___METHoo:__Hﬁ_ﬂ___.omueo:
| Al ,

NOTES:

DRILLER. HEwPER __John

LOG BY: L. Wex{er

_ = ' .
i #6&‘ 5 <P DESCRIPTION / SOIL CLASSIFICATION
] 1A (COLOR, TEXTURE, STRUCTURES)

Dense fo very dense white to gray silty fine
1 7 -sord fo Sa\izdy silt, mottle D;’{Dwﬂ\{(Sm)

4L 19 185 379‘-

4 - SN | B
(0 |55 |lag,
e allien - -
- | | 20
q"— R 136 Whife. mediom 40 coarse sand and boown 3fne
T s qravel, (sw) ‘ 7.3/
=2l Very dense gaay clayey silt ) mot fed brown:
— — — - — (ml> R —
1 e 1k ) i
L 12155 | 15 i | )
1L ' | 33.0°

Stiff 4o very stiff gray silty day to dayey
T Wi las | |F 8ilt, grading fo Sandy silt) mottled brown
J i S 71 (m{-' sm) ' : '

- - l(é' -
- dHH 185 Al ,

g ' b—

—} 1115 155 7(?7 i

Page 39 of 183
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¢ snc LM MAP ’ |

. DRILLING LOG

weLL NUMBER _ GLOO T owner___ Allied

ocation _Sauthwest  avoress [Metropohs, -
L_Mﬂﬂf___d_{)ﬁ&d_s_ = [L : .

TOTAL DEPTH___(Af
SURFACE ELEVATION .0 . T4} wWaTER LEVEL:

88!LUNG DFULL!NG DATE _'Z/li/ﬂl_
MPANY: [ Q;ﬂ:ﬁ ME THOD: DRILLED
"~ DRILLER: HELPER NO_TES'

106G BY: _ L. We}lfpf

3 y -
@l@@ Z o ge»"“ﬁ DESCRIPTION /SOIL CLASSIFICATION
o NN (COLOR, TEXTURE, STRUCTURES)

D—_]' Same a5 above
1L 4 1 i
b - 1 .
b {55 ~
1 A ' A4, O°
(7 1951 Joll Medivm dense, .so.hd\( si it and silty fine to
I 1 medium sand (5m) o B
- o I | ' B
ol |
A 113 |5 7 | i
2 |
1L o A | ]
B 9155 i |
I o | - ‘ | N
1o -
1 e s 2 | _
T i 55,5
0 Ny 1ss (850 -Very  derse, white ovd brown medium to A
A 4i|| coarsegrained sand and dFine gravel, Some
1 Ffine sSand (sw). .
_}[_ . - —
T - .
__J:L . RPage 40 of 183

" : K ;3 o
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ont TCH MAP

'DRILLING LOG

WELL NUMBER __ G (O] owner __Allied
__.10cATION _S0Uthwest aooress-_[Netropolis,
T __rney. of Dnrd.s TR

JoTAL DEPTH___ !
SURFACE ELEVATION . 74" waTER LEVEL: -

gglLUNG DR!LLING DATE »
MPANY: Z {Z¥ 4 iﬁ —__METHOD: DR!LLED _Z'ZBJ&Z
DRILLER: HELPER —_— NOTES :

tos BY: L, WP\M v

DESCRIPTION /SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES)
] 30 1 Same
as above
1L dlaa}ss)dz L ' .
40O
1L 4.0’

£.0. 8.

‘ ' — S Page41 of 183 ‘
cAcliicr 00m. e 2 ‘sneer 4. oF 4
Calculation 3 8996-GT-002, -




SKETCH MAP = ]
. DRILLING LOG
wert nomser OW (0B owner: A [ iedl .
~ LOCATION __SQ_QF;%:\&Q%_ ADDRESS" X !1&;{:1"0@3‘ 15,
) (orney ,‘DO . |

i
. . TOTAL DEPTH_ A
SURFACE ELEvATION. 2o 0 927 wateR LEVEL:

DRILLING DRILUNG DATE
COMPANY: LQ% Nne. — METHOD: DR!LLED

DRILLER: AL HELPER doh ¥al

NOTES:

wocey: L. We \{&V‘

(,_9 - -
t ,,e& DESCRIPTION/SOIL CLASSIFICATION
S s“"” (COLOR, TEXTURE, STRUCTURES)

> —1 ' medgum~ dense \u‘gh’r brown clcwe.y, Si _H\{ sand
e e > .
41 asiie L -
1+ - LSt £f o Verystidf gray and brown doy 1o A
T 1z jLsiity dlay, plastic = e) '
I Na st N

s s k ]

AL I R

b 413 15517 |1 i
Z

| B |
(o]

y 4L ] Sl il S B |
i ] — i
1L 415 (8514 |+ . B

9 J
1L 5. 1+ |
e 18517,

rii:tﬁ sfull | ' 1

Page 42 of 183
C;Iculat\on 4#8006.GT-002, Rev.2 i sueer _ [ or 4




. UDRILLING LOG

-wet numeeR._GOLOB  ownen_Allied

. LOCATION q ' ADDRESS- _U].QICQF{)(_L&;__
. onds 1L

SKETCH

TOTAL DEPTH_ &7

s
SURFACE ELEVATION 3pla,. 920 wATER LEVEL:

DRILLING

COMPANY: _L_Q_;Pm;___
Al

DRILLER:

DRILLING

LOG BY: L.Wev‘ er

_HELPER: _I0h N

DATE

metHoD: H A pruten’1f-

MAP

. NOTES:

_ W\@ec“ 7 cﬁ‘:;v‘c V | DESCRIPTION / SOIL CLASSIFICATION
N eV \a - Y .
& 2 A ( (COLOR, TEXTURE, STRUCTURES)
2
SOkme.OsS QbO\/e
4L dlq i | = |- . | aa.0’
‘ Medivm dense 4O very dense white, gray,
1t lrand brown fine to mediom- grained sard, 7
1t z ||Arace qravel, orod; o Sandy ol lt. ~5rm)_
o |ss |40 draver, grodivg - ndysilt. p-sm)

) —t -~ 4ol ; I

NL —~ - -

¥ r : 24
L Al 1ss (B 1L .

iz ||
1k ql J
[2-155 | 3@

I i1 - ~
1L — _
4+ 13 |s513eiL |

3%
4155] - )
<+~ C = . 36’5/—
1b dlis |ss| o fl stidf toven stiFf gm silty coy 1o ¢faye -
‘ ol =2* groy Y Y<¥
1 | si I, brace sand, Piottled brown (cl-ml)

B S 16 |ss 35 = N -

.—l ! 5 Page 43 of 183

CeidulaoR'888996-GT-002, Rev. 2
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1 SKETCH MAP
DRILLING-LOG -
~WELL NUMBER. (AOI0R owner:__Allied
(o . -ADDRESS"
‘ _~ TOTAL DEPTH 7’
SURFACE ELEVATION 987 waten LEVEL:
DRILLING DRILLNG |45 DATE
COMPANY: /\aynf; METHOD: DRILLED Z&JQ!X] T
pRILLER: Al HELPER: _JOh N ‘
/
10G BY: Lt Wﬂ\!r(’f'

DESCRIPTION /SOIL CLASSIFICATION
(COLOR, TEXTURE. STRUCTURES)

| 5am& as above
1t 4 4{7 g
1 117 185 A _
e | N 7
4 7‘9 o ~
— B 155 T ]
] - >
A4 g lss|— - .
h | ] ) F- L/8i5/ i
1 52 {E
- Very dense, white, qroy, oind brown silty fn
. 22 {NE
i A0 155 | 54 —{-on{medtum 5%& 8(5m) ! ]
T EY B \ = ]
35
1 1A 1SS ol 7
1 _ -
4 Jﬁ(o | .
N Sl Al il
i ! 56.0°
5580 Ver\( dense brown medivm to coarse 5&.nd Srz’:lchg
T R3PS Llbto mediom grovel . (soo) ST
_ | e 1 .
' __1 L——_ Ll‘l{ 55 k.ég&%{;‘ g_’_r_nnol Rev. 2 Page 44 Of 183
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mowes \_J/ oaiwm [ skevcH map
DRILLING LOG
.~ WELL NUMBER. _BO0B OWNER: ﬂllﬁd
TOTAL DEPTH é:"l /
SURFACE ELEVATION - 392/  WATER LEVEL-
DRILLING DRILUNG DATE
. company: Lavne METHOD: DRILLED NOTES,
priLLer. Al “HELPER: __John '
L0G BY: __ Ay MQ\T/PK

DESCRIPTION /SOIL CLASSIFICATION
" {COLOR, TEXTURE, STRUCTURES)

Some a5 above

4L ’ . N XeX

' o ' f 183
L_Ga,ledlagm_igaggﬁ;f T-002 Rev 2 . : Page 45 0
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SKETCH MAP -

- ‘DR&LLI’NG LOG
WELL NUMBER,_ @09 - ownen._ Allied

=, LOCATION __ aporess- [Mefromolrs,

, —_mﬁ‘%%“ﬁaz 1L

F( TOTAL DEPTH__"I8.57

' SURFACE ELEVATION. 1L BG _ WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: _%s,m_&__usﬁgo HAA __ oRweo. ME_[W e
DRILLER: HELPER: _Jh N : -
LOG BY: L. va’x ’ ' s :
. - 9 ” .
‘ v«(&_“ “\\sﬁ:‘«i 5 DESCRIPTION / SOIL CLASSIFICATION
o Sy : (COLOR, TEXTURE, STRUCTURES)
&l ) < . . .
~ St o very st ff arcu{ ond brown st H\{ clay,
I 0 || Clayey silHand sift (mi-cf) | 8
i P 1Issts ik _
8
1 Hzlss I a

——— b — b al v

[\ T ] . 58 i h

- T 3 55 ? — —
N -5 55 = A

)

—t - * el -
1L 1 _
1 dls 85 78 _ _
1 % L 3

ss| @

L dLe al 1

y _
1 17 15 T ~
1 9

) | 3 B
o N ssie 7

_,__l. l L 7 Page 46 of 183

CculatioR"3¥8996-GT-002, Rev. 2 SHEET OF



- e v wst B TVIAPF

DRMUNGLOG

WELL NUMBER. _@M_ﬂ__,___ owner__Allied

LOCATION %ﬂ&ﬁi‘_—__ ADDRESS'_‘mf‘tCD.PdJ:S.,___
TN (xXneyr ar C\!'f& : [L.

. (_y‘ yotAaLDEPTH____TR.B 7 '
L , . B - ~
SURFACE ELEVATION 1 LBG’  WATER LEVEL: '

DRILLING omumc; DATE
company: _Layne METHOD:_ HAA____bRiLLED!, Z{L‘Hﬁ{ 87

! NOTES:
DRILLER. Al HELPER: . IOhN

-

10G BY: -_&M‘Sf_e.ﬁ__.__

(3
S5 ee‘dﬁ DESCRIPTION /'SOIL CLASSIFICATION
\'
ky"‘ o 5,»"” (COLOR, TEXTURE, STRUCTURES)

) _
: j Some as above
-+~ - - ~
1 419 |Iss o , | | .4
4 ] _ B
4L A4 M
r 7 -~
L Jletss| sl ]
/——[»— —g - | .—*
C 5
o B I R Y * -
11 5" - 33577
T 2 |ss| 7o | Mectivm 4o very dense brown, si Ity Sine sand -
1L LT () i
1 i |
21 ] ]3 ) 3% - -
T Wk |ss|i= 0 )
N 41 .
1+ a‘{%‘ B i
| . 34 1L {
. [5 185 AN .
1 4 L } 7 ]
@ .3 §
Lt ki

cacision | - - SHEET o OF
‘Caloulation 388996-GT-002, Rev. 2 ’ Y



SKETCH MAP
o p__éﬂ;uwe LOG » - - |
weLL NUmBeR._O(DI0Y . ownen.___Allred : - ‘
LOCATION. gggg%ﬁ «. . aooress Vlletropolis ' -
p YOTAL DEPTH_ 18,57 o o
SURFACE ELEVATION 537 2.8 waTER LEVEL:
DRILLING DRILLING DATE \
COMPANY: ég)me METHOD: . Hﬁﬂj___omueo ot '
DRILLER: HELPER: _JOh N QIES: . :
LOG BY:___L__._WE.\{JZK__T_
. { . - _
\3
S 0@‘5 _ DESCRIPTION / SOIL CLASSIFICATION
s 2 a° ‘}V\' Ca |
| ASPASP . (COLOR, TEXTURE, STRUCTURES)
O—y Soome as above 410
, 17l ss 1%_2 Very dense white and brown fine 1o mediom
- 4olf Sord, +roce coorse sond  (suw) ~
_ | |
1L % 1 R
4 18 1951 3¢, i -
Al - 1‘;{ n | | | ]
|5 SR i | 55 - -
i q _gq’
AL 4857
R | . 5. | Stits brouwn and groy sity c‘(aY fo dcu(e}( st [t -
i 201557 i trace fine sord (]~ m i)
1 i - ._
T l‘ 55 [ [~ n
1+ 4l ‘45 - . _
Bl 22.155 | 7, | .
W 1T e A | | )
1 d|23|ss| e . 5.0
i S Very dense. WhH'e, and brewn fine fo coo.rse
T T ~ oond, troce vae,l (50) .
RN | R T N 1 . ‘ ' o
L 124 s |13 | |
] | €0 ' Page 48 of 183
. TASIW
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s . ' N : | SKETCH MaP , T

"DRILLING LOG

__ WELL NUMBER. [21n){e: owner.__Allied

aiocaTion . NOCthwest - ADDRESS‘_mq'_CQP_Qb:S,p__
. cornec of Fn:ﬁﬁ (L .

To7AL DEPTH__78.5]
- {
SURFACE ELEVATION D77.86 1 waTER LEVEL:

DRILLING

DRILLING DATE
COMPANY: La,ync: METHOD: DRILLEDrI NOTES,
DRILLER. Al ~HELPER' ‘
LOG BY: L. We\’!&r‘ 7
- v«(&"‘ DESCRIPTION/SOIL CLASSIFICATION
* (COLOR, TEXTURE, STRUCTURES) .
O—
L_fio.rrw:. Qs above
(a2
1L dlasiss | B |-
= 40
S—T— — -
o - ~
L __L__ i n
g B p— - p— .
—d.L—T — \ p—
o—t 4 =
S S T =
s B — A o -
15717 B
— — —
o : ' s
AL R EOR.
4 . o ) : 0§83
Calc a‘ggq %Ulgabg 1-UUZ, ReV. £ E

S:‘EET L oor 4




. . DRILLING LOG

-wELL NUMBER. _GLOL O

LOCATION

owner.__Allied

SKETCH MAP

ADDRESS: &

— . ,
SURFACE ELEVATION. 3194 5 07 wateR LeVEL:

DRILLING

COMPANY:

DRILLER:

DRILLING DATE
AI METHOD: “ﬁfL . DRILLED:

TOTAL DEPTH 13’

HELPER: _J O

NOTES:

- -

LOG BY: ,/-- Wﬁ\T{a(

<« F o
-

DESCRIPTION ! SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES)

—

B Distorbed sor | - covld not ’O‘b+0~l'n- samples-
oren. was erxcavated “4o check :FO( boried

Iines

o'

511 ]
R |
g §
4 -
4| ]SS lz
1+ A RE
, 2. 15515
b 5
SS Lf’?
i 4l A
_rL_ —d
- - 14
__ Hlas|™

St EF, qrovy ond

brown si 1ty clay to da\{e\{

silty Frace fine sand (d—ml)
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onc L MAP ‘

. DRILLING LOG

wewL numeer GO ownen _Allied

LOCATION ' O ADDRESS
o WaSte Storbg e, (L
\‘ rad ~ ot DEPTH 1.3/
SURFAGE ELEVATION 319,507 WATER LEVEL: :

DRILLING DRILLING DATE '
COMPANY: La}/nP METHOD: L_____DRILLED:
A

DRILLER. HELPER _IOhN

NOTES:

-

LOG BY: L . Wﬂ\lc’f
R

3 . -
< € , DESCRIPTION / SOIL CLASSIFICATION
<t & e e :
* Sl (COLOR, TEXTURE, STRUCTURES)

Same. a5 above | _
5 5557 | ‘ |
1§ 57| |
1L 5 b |
U e fss| =l 1
L 7 7 |  Jb.5 T
q ~ 20 . : . .
S BN 7135 4ol Mediom o very dense groy and browdn 5 Hy
d1 1 fine sard 3r‘o.din3 +0 medivm sand i
1 gq | (sm - sp) |
L &1a8s il |
1 37 ]
4 419 1as|33 |- i
53]

1 I?L n \ | ' ]
e =&l | | _
LR . Sq 2 ]
. '— i 155 oIl |
++ - . L : 38 5/ |
@ - | _Sece next pagqe S
@, ss| % LASLAAN

It

Raags-
" AST M D586 Sy - o R 52
Calculation 388996-GT-002, Rev.2 _ sweeT L oF _Z__



S SKETCH MAP.

" DRILLING LOG
wetll Numeer. _OW[1O ownen.__ Allied

LOCATDN._QC%Z:O_CLUIL_‘{ZQ__ aooress [(efrocolis,

_waste oraqe [ L

ol ad ~ TOTAL DEPTH 137

SURFACE ELEVATION -325.50"_  WATER LEVEL:
DRILLING

DR!LLING DATE /A
COMPANY: L_J?_nﬁ__uemoo DRILLED NOTES.
DRILLER: _HELPER: gl .

\

LOG BY: L. W&g{e’r

. W\é‘“ , ge&'ﬁ DESCRIPTION / SOIL CLASSIFICATION
F P (COLOR, TEXTURE, STRUCTURES)

p P

T - i DenSE_ chr‘a and brown medivm to- cco.rse, .
- 1z | .
| 9 |L | 1
H 413, | _
1 | From M4 to 4q feet - layer of loose, |
white fine se.nd (sp)
T - —
1 A | - ]
>0 T 5 1 5057 7
L 19519 |E Very ot 55 qray and brown silty Clay 10 .
i doqe\{ st @ - m)
I i | 5._7_-5’ .
1 - I Very- dense red-brown Fine 4o orse sand -
b A4 » |L grading to mediom gravel (sw) ]
] 15155 & -

\ - ] I~ \ . —
B i 5 ' ' )

__Page520f183
SHEET 3_ oF _4__

CalduSalih 368896-GT-002, Rev. 2



DRILLING LOG

—WVELL NUMBER. GLolD ownen.__Allred
@y o ad jacent to_ appress: 'S
: waste 'storage
oad - TOTAL DEPTH 737

SURFACE ELEVATION. 31590 waTER LEVEL: _
DRILLING DRILLING “ A DATE
COMPANY: La\me, METHOD: __ S DRILL’ED:W&Z&Z
DRILLER. A/ ; "HELPER _JOh N :

wosey: L. Wever
ve

SKETCH MAP

DESCRIPTION /SOIL CLASSIFICATION
(COLOR, TEXTURE, STRUCTURES)

15| Same as above .
I dliels| 2L ]
1 - " -

Yy —1E. L o
b - ) pa
1L ] 73.0°
E- OI 8\
31 L .-
_j |_Caicdiation basacaldT 002 Rew 2 . .Page 53 of 183
" ASTW™ D15B6
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’ .
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS i HYOROMETER

6 43 215 Tyat2a3 4 € 510441629 38 49 50 70100445200 '
00 T 7 IR T % LR !

o0 BN

80 H ‘

60

50

30 \

20

(L [EaR)s
el

10}

100 T30 . 0.1 6.01 _ 'o.nmw
GRAIN Si{Zi: N MILLIMETERS .

GRAVEL ' SAND
COBBLES |"coarse | fine  |ooarse] medium | fine \

SPECIMEN IDENTIFICATION SIEVE % PASS E SOIL CLASSIFICATION
Soring: GT-01 : : 3 Inch 100 Brown sitty CLAY, trace sand ard organic

SILT OR CLAY

CGTUOE e i 2 100 cL
Sample; STO1__iSarmples obtained | R Ly
Depthl 8.0-11.0 | from the berm -

R i 1 100 PUGRAVEL | %SAND | 46SHT | %CLAY.

NOTES: : ' T34 " 100 0 3 {74 23
38 100
#4 100 MC% [fdry(pey L PL P

""""""""" #%0 10D [246 | 957  ;'""?:9. |7 22
#40 g9
# 100 g5 Loke
e TR T PP e ¥

PROJECT Honaywoli!ﬂolm poits Works B JOBNO. L.-75203
_LOCATION ~Wietropalis, Minois » DATE . June 29, 2010
eret . SOIL DATA SHEET

. Testing Service Corporation .
Calculation 388996-GT-002, Rev. 2. Carol Stream, IL 80188 ' 4 Page 54 -of 183 y
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24 2T — T R T
C, tof L0717 01 fii il e
$,deg 65 1 ms. | © ]
Tan{h) | 0.30 0.66 - jead
e l . i 1.
) dFLT- : = T L .
S Eann e s Lz"""?gjr \“‘%L:;:\t .
g X ] ol - ’d--‘ .-:?’ ._q__:-r;%-::_-\\ \:‘_\‘:
5 L PR .
e [t Py gk ™~ ~,
0 LT A ] N N
: T b ST TR
& ..-4"')"' rg . AT _\f
CIS 7 A AEasnyaas I
. g ’é j’l,,- ﬂ.{v LJ - N : \ \}\ A -
s
. / PATAN TN A3 LD N
IASBAY (AT | \ \[-
A iy -] h :
11/ / {,, i . \ [ JAH
L ARERiI WA ;. ! )
ola7] | thir P 1\ LSS ‘{kl Hi
0 X _ 14 2.1 28 as 4.2
" Total Normal Siress, sf ‘
Effoctivo Normal Stress, tsf — — —
Total unit weight = 97¥1.25 = 121 pcf |
3 R Specimen No. : 1 2 3
T A Walsr Gontent, % 241 254 - 255
28 T _1; Dy Density, pe! 979 966 965
1/ B & { Saturation, % 90.0 31.9 92.4
NANBP = £ | Vaid Ratio C Q7218 07448  0.7401
B 2 AT Diameler, in. 2820 2820 2820
5 WA Meight, in. 5600  5.600  S.600
@ 7z Water Content, % 255 263 25
B ST T 1 | Dry Density, pef Y79 966 -7 965
% V 2 | Saluraticn, % 076 953 31.0
= T % Vold Rako 0.7218 0.7448 0.7461
o % " | Diameter, in. 2831 2841 2854
= %_ . Height, in. 5338 5508  5.469
A Sirain rate, infmin. Q002 0002 0.002
L Eff. Call Pressure, psi 4.20 840 1400
/ : Doev. Stress at Failure, isf 2,24 228 276
ol L "r 4 Excess Pore Pr., isf 060 - 033 000
0 5 10 15 20 Sirain, % 14.8 15.0 151
s - |UI. Dev. Stress, tsf ‘
fodal Straiy, % Excess Poje Pr., lsf
Strain, %
—— a; Fatlure, tsf 3.i5 122 387
Type of Test; Oy CCOHS, ,
CU with Pose Pressures a; Failwe, tsf _— 4.9 0.9+ 111
Sample Type: Shekhy Tube Chiant: CH2M Hilt Ing, Chicago, IL
Description: Brown wnd pray silty to very silty
CLAY, little sand, irace silt scams (CC1.) ~ {iProject; Honeywell/Metropolis Works
Li=3y Pi=17 Pl= 22 dMciropolis, Hhinois
Assumed Specific Gravity= 2.70 Source of Sample: GT . ! Depth: 9*- 11"
Remarks: Sample Number: 5-1 .
Proj. No.: 175,203 Date Sampled:
TRIAXIAL SHEAR TEST REPORT _
Figure 1 Testing Service Corporation
Testerl ¥k o1 002.Rev. 2 . Checked By: LL Page 55'of 183



r .5, SIEVE QPENING [N INCHES i 1.5, SIEVE NUMBERS i HYDROMETER A
6 %3 245 T41233 4 6 gibd 416y 3‘3A+)50m‘°°1492°°
100 FIIMEENTEE UM mpifsr 1T H \Iilil_

HIR

80 | i | BN

60 —

30

26

700 —10 3 61 0.0 0.001
: 'GRAEN SIZE N MILLIMETERS .

GRAVEL ' SAND
cearse | fine  Jcoarse| medium | fine

SPECIMEN IDENTIFICATION SIEVE % PASS - SOIL CLASSIFICATION
Boring: GT-04 3 inch 100 Brown and gray silty CLAY, some sand,

SILT OR CLAY

' COBBLES

Sample: ST04 ' ‘ 2 100 {race organic (CL-CH)
Dopth:! 29.0-31.¢ | 'Samples obtgin’ed from | 112 100 '
i “the native clayey soil: . | {1 ' 100 Juoraver | wsano | wsHT | %ctay
NOTES; : “ér?Wthe"b'erm 34 F 100 0 26 3w | a3
8 160
[ #4 w00 | mew Payipd] L PL Pl

#1 IR 1 R T N L Y I
#40 160 : '
B | : 4100 o —
# 200 72 30

PROJECT _ Honeyweil/Metropolis Works JOBNC. L-75293
LOCATION — Motropolis, lilnois _ - DAIE June 28, 2016
eros ' . - SOIL DATA SHEET
- Testing Service Gorporation
Calculation 388996-GT-002, Rev. 2 Carol Stream, i 60188 Page 56 of 183 y

SQILGENR 75303 GPJ TSS ALL GRT 741200




1-3}Ii AT NEENE N f i1 -
; '. N -E_:—E— T . .; ; H 1 H i E—l. ' ; : i ; i
~ 1 ; .; ! ’ H ) ] I _I T ] .
; I i i 1 ! R
| g A f . !
3 IFI,II‘IIII'TI‘I‘III'!'%L‘-‘ i
MK 4 > L Lt [ q. " e .
A I |- ) 4 I
% .2 . /:// i -
g 121 : N H-
£ 114 : N
A N
= / \ A
5 o / \ :
| |
| L \
0 i i Lk i 1
0 (X 1.2 18 - 24 3 38
_ Nommal Strass, tsf _
Total unit weight = 102¥1.23 = 125 pcf
3 Specimen No. ) 1
< Waler Gontert, % BETES
251N Dry Denslty, poil 1017
. / 1 N & | Saturation, % 95,7
| / . NSRS 2 | Void Ratio 0.6577
B 2 S Diameler, in. 2860
7 ‘ '1 Height, in. 3.560
g ] l Water Content, %, 244
@15 +; | Dry Density, pcf i0L.7
2 [ T @ [ Saluration, % 160.0
> - % Void Rallo 0.6577
a i Diameter, in. 2.360
Hoight, in. 5.5GD
/ Strain rala, in./min. 0125
.5
® : } Back Pressure, pst 0.00
6 / : T Celi Pressure, psi 5.00
6.5 10 % 20 | Dev. Stross at Failuss, tsf 276
Axial Strain, % UR. Dev. Stress, tsf '
o, Fallure, tsf - 3.12
Type of Test: . '
Unconsolidated Undrained O Falur, tsf : 036
Sarmpie Type: Shelby Tube Client: CH2M Hilf nc, Chicago, IL -
Dasgcription: Browa and pray silty CLAY, little - - o
{  sand, trace siit seams (CL/CII) Project: Honeywell/Metropolis Works
1L=50 PL=i4 Pl= 36 Metrapoliz, 1lhnos
Assumad Specific Gravity= 270 Source of Sample: Gt~ | Dopth: 29 3i°
Remarks: ’ Sample Numbser: S -4 .
Proj. No.: 1.-75,253 Date Sampled:
TRIAXIAL SHEAR TEST REPORT
Figure _ _Testing Service Corporation
Tostamt #¥=i8os oroo2Rev2 Chacked By: LL " Page 57 of 183




i

CONSOLIDATION TEST REPORT

8211 7 1 5 L I I B ! BRI : :
: l RN o
: 1 : Py v i i | :
B i L ; i H : [ H
B o : ! : ARk Bk
¢ ‘|! ! : H H | s
8016 —t ; o : ; Pl
. . 4 : | B .
e Diad o . ‘
T - : |
e . H : ! !
1801} . Pl i ' ;
! N HE ] :
| i
L B . i
i ' :
¢ } » .
~ ;o ] .
7626 | ‘B \\ HES : i
i . BRE \ : f
B wg putans o o I IR : S
| EE B, ¥ Dot H T X :
. i i a0 SR S o WO D :
1431 P : I o g ; e SN I T
; : E f“‘;_-_--....,'_.___ i L
o : } ] “"l—..(\ :
) H i i . :
[ : X :
i ! i
R4 - [ .
g e M : R i
> _ AT i
. - _ Pl |
X : i
™y H b
7041 \\ i e Pl
i i ; \'\ i P i i
4 e ; j :
. $ N L P
6846 L ;
) '\\\ o
5651 = J\ i
; TN
5 t I \.\ I
; ; : % DR R R
i f : ' Ol b M“'--u-..‘ L
sosa| |- : ; i T
i S HEEE IR R EE Pl ;
? : SRR Al SRR N i
e R HERE ||H TRRERE |
| ! | il i pali ittt [il:
; 2 )

5

t

Appiiéd Pressure - tsl

i0

20

Natural

Dry Dens.

. _§atur3!ion
857%

Moistuze

{pef)

]

253%

938

30

36

Sp. Gr.

2,70

Qverburden
{tsf}

.88

s

C["

initial Void
Ratio

.02

0.797

MATERIAL DESC_RI?TION

uscs

AASHTO

Browa and Gray silty CLAY, Tittle sand, trace st seams

Lo

Project No. L-75,293

Client: CHIM Hill Inc, Chicago, IL

Projeci: chcywc'llchtropoﬁs Works
Metropolis, [Hinois

Source: GT-1

Sample No.:S-4

Elev/Dopth: 29'- 31

Testing Service Corporation
Carol Stream, I

ERelnarké:

Figure

Caloulation 388996-G1-002, Rev. 2
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é 1.5, SIEVE OPENING IN INCHES 1 U.S. SIEVE NUMBERS | HYDROMETER )
6 A3 215 12al2353 4 B 510 (41850 30 40 50 7 10D,49200
100[ T T EITE TR T T T A\RBREET

801 - | * A e

50

A0

30

10
ol 5 X 5 5 : 4
’ 100 10 ' 1, 0.1 6.01 0.401
GRAIN S1ZE [N MILLBAETERS : C
GRAVEL ' SAND
COBELES coarse | fine lcoarse| medium | fine SILTOR CLAY
SPECIMEN IDENTIFICATION ‘| SIEVE % PASS SOIL CLASSIFICATION
Boring: GT-02 3 inch 160 Srown sitly CLAY, trace sand and organic
-Sample; STOL e armpies: obtained— 2 i b
nea :
ool 6050 ] oo berme |2 | @
' : § 100 [AGRAVEL | %SAND | %SRT | %CLAY
NOTES: . _ 3/4 C 100 0 t 78 21
i . - - :
#4 160 MC% ey ipef| LL PLbopt
5 #10 100 40 {187 | 88 |18 21 |
b | #40 100 ‘
E #100 ) L0i%
o # 200 o 23
5] PROJECT _ HonsywslliMetropolls Works . JOBNO. _t-752983
51 LOCATION mtropoils, Iinois DATE June 24, 2010
3 R SOIL DATA SHEET
& ~ Testing Service Gorporation , ‘
g Calculation 388996-GT-002, Rev. 2 - Garol Siream, IL 60188 : : Page 59 of 183 y




12 ' i . _]I H ; HIS E R l i 7 I g T ! : i — hg : - |
:_ ; -[ -; REEEE T l 3 i N ;—ii—‘ i
SUZ 0965 [ ad s b Ll L L
2ui=u. » UST - SEERRRILL m} 5
Su=096tst IaGEERsadd JiaNRRiee SERAN i
3 i ] i P
5 03 : = S H ]
. v : “
2 : 4 1 . \ .
8 vd INIH =
s {/ i ‘ N
= .
2 1 HN
2 o4 1A ht
7 ~ : \
- / i
L J 1A
f }
il i T
i} 0.4 0.8 1.2 1.6 : 3 24
) Normal Stess, tst )
Total unit weight = 114¥1.14 = 130 pcf
3 .
Specimen No. | 1
[Waler Content, % ‘ 4.1
2.5 _ l_!;rypenslfy',pcf . 113.7
8 [Saturation, % 87
: : = |VoldRatio - . D.4822
B2 ; Dismeler, in.. 2,750
g P Height, in. - . 5.550
2 : di Water Content, % 179
w18 7 % | Pry Density, pof 113.7
% & i Saluration, % - 100.0
'g . L . % Void Ratllg 0.4322
a 1 74 : Diameter, in. - 2.750
s Nk Heloht,in. 5.550 )
05 —}/ ] - J . pStraln rato, indmin, A 0.125
’ 1t Back Pressure, psi . : 0.00
o /! - 1 N i 1% {Cell Pressure, psi ) G6.30
o § 16 5 2 ipev. Skessat Failure, Isf 1.92
Avxiad Sirain, % ‘ Ui, Dov. Stress, tsf
a, Failure, laf ' 2.37
Typo of Test: . '
Unconsolidated Undrained :" Paiture, tsF — 0.45
Sample Type: Sheiby Tube Client: CH2M Hilj Inc, Chicago, IL
Desciiption: Brown silty CLAY, little sand, moist o '
i) : f Project: Houeywell/Metropolis Works
: Metropolis, iliimeis ’
Assumed Specific Gravity= 2.70 Source of Sample: GT-2 Bepth: 6- &'
.§ Remarks: : - [iSample Number: S- i ,
Proj. No.: 1.-75,293 “Date Sampled:
: . TRIAXIAL SHEAR TEST REPORT
Figure - Testing Service Corporation P

Tested By KBes-eroozron. 2 w—— CheckedBy: 1L .———  Page60of183
/



S0;LGENR 78253 8P TSE ALL GOT Y14 C

U.S. SIEVE OPENING IN INCHES . , 1 US SIEVENUMBERS - | - HYDROMETER
68 43 295 TauMeaygd 5 8 31014650 30 404 5O yn980y,200 "
100 I HIAL !'fﬁ IR RRIRE IR ?' il ‘—L,w
: = N
80 j \»\
. 80 COF N IR JPOvOvn—" i i I S W SN S SN S I A S S Sm— vy B N A N B NN Y SR
70 o
G0 a
50}
40
20 \\. ....... —
e
10
4] : : :
100 10 1 0.1 0.01 0.00%
_ . GRAIN SIZC N MILLIMETERS
GRAVEL 'SAND .
COBBLES coarse | fine  |coarsel medium fine SIETOR CLAY
SPECIMEN {DENTHICATION SIEVE % PASS SOIL CLASSIFICATION
Boring: GT-02 o, |3 ek 10 | Brown and gray silly GLAY, lrace sand and
Sample: ST-02 'Samples obtained from. '} 2 1% | organic (CL) _—
Popth: [16.0-18.0] _ the native clayey soil . |} 1172 e -
- |below the' berm - m1 100 {%OGRAVEL [ %SAND | %SRY | %CLAY
NOTES: 3/4 100 o | 3 | 18 13
a8 T
#4 100 MC% [deyipelf L | PL Pl
#10 180 [209 | 1018 34 B | -19)
#40 100 T
g #100 5 ToTR
#1200 ot | 25
PROJECT _ HoneywellfMetropolis Works JOBNO. L-75283 . .
LOCATION Metropolis, lllinois DATE  June 29, 2010
' SOIL DAYTA SHEET : '
Testing Service Corporation o
Carol Stream, IL 60188 Page 61 of 183 y




S T wom T Efloeive ¥, L [ibrpe | er L LR
Cotsf 0788 - | 0 - | ) i - :
%, dog 218 ‘ 340 .
Tanld _ D40 0.67
" 1L
)7 2
W N
ﬁ i A _,.-f/:
w [
5 1 A
Q * L
= - 1] .
BT
|1 94 P /
Ll Y 3 . - . .
/|'.-’ ‘ '}l ﬁ': . h
et I T LT T L
P - . - . . 'l}
ol:d R P . . & { . " . : . ‘
0 1 : 2 - 3 4 5 B
Total Normal Stross, tsf
Effactive Normal Stress, Isf -« - —
“ Total unit weight = 106*1.21 = 128 pf
8 T ﬂa_ve;imen No. L 4 2
. T . Water Contenl, % T (209 209
5| 43 _ _ |Bry Bensily, paf _~ 1065 1059
4 [ 2 [Saluralion, % 96.6 95.3
N 1L . 1 | < |Void Ratio 0.5834 0.5%12
B 4 . i 42 Diameter, in. 2.820  2.820
oy BT | e T ) Height, in. 5.500  5.500 .
2 i ¢ Tl : 7 Water Content, % 9. 156
@ 3 1] 77| .| {7} o | Dry Densily, pef 113 1199 ,
g / J/"’ - l?g Saturation, % o 10060 1900
F3 + /) {44 14 | 5 | Void Ratio ~ 0.5150 0.4053
o 2l s A - Diameter, . 2719 2705
: / /{ ' Height, in. 5420 5280
y T 1. | Slrain rate, inJmin. 0.002  ¢.802
i JI,' A : T} {Ef. Cell Prossure, psi 0,50 20.80
=411 - Dev. Stress al Falluso, s - 292 410
o J' . ] Excoss Pore Pr., isf 068 0.1
h) 5 10 15 1) Strain, % 15.2 15.6
. ) : UR. Dev, Stress, tsf
Axiaf Strain, % Excess Pore Pr., tsf
_ | _ Strain, % :
Type of Test: G Eaf]lum. ::; ?EO fég
CU with Pore Prossues G, TEue, 18 .
Sample Type: Shelby Fubc Glient; CII2M I1ill Ine, Chicago, 11,
Gescription: Biown sad gray silly CLAY, Litile:
- sand, frace silt scams (CL) Project: Honcywel/Mctropolis Works
Li= 34 PL=t5 Pl= 19 Mctiopolis, Ittuois
Assumed Specific Gravity= 2.70 Source of Samplo: GT-2 Depth: 16- 18
Remarks: . Sampie Number: § - 2 ' :
Proj. No.; 175,293 Dato Sampled:
_ , TRIAXIAL SHEAR TEST REPORT
Figure o ~ Testing Service Corporation

Tested By: KR _ . Checked By: Li :
_Calculation 388996-GT-002, Rev. 2 , . Page 62 of 183



CONSOLEDATION TEST REPORT

484 v

o1 02 08 ] 2 5 g 7
' Applied Pressure - isf

10 20

! ] ) T H B l R | ™
: ' ' & ' . !.: o
s IREHIRNI [
é 1 ’ 1NN ‘ H : HEEE
58 : l REREE ! i 1o : —i' .
: : P H | i
i BN N g; My
B2 T i = IEREE P i ; i1 ;.__
. e S S A I N i
P ; \"! ,'| b
506 \ . ; i ;
\ .
™ ]
\\ J
\ I
™ H
' N, :
sy G- - =
54 ; ; i ‘: : :
E ) ' \i :
s ' ' 1 \\ BN
o :
> '-g\ ~
g -
'--:.::l
é.)
502 : : | ‘ $\
E' ] B :. !' ’ E I\ .
ERITIE RN . NG i : PN
- ™ i N i
arebl L NI R . (' A PG LT
\“."'*h |\
-‘.“-.‘.- H H
450 [ b, |
H i H
424 H 3: i AR i ; i i

Overburden

Natural
L Dyy Dens. 1L Py
Saturation M()lslure {pch)

57.4% |[o5% | 1032 | 34 | 1901 270

Sp, Gr. {Z%}

1.45

{1sf)
1.06

Co

C, intéal Void

Ratio

0.9

0.00

0.633

_MATERIAL DESCRIPTION

- USCS

CL

AASHTO

Brown sad gray silty CLAY, Title sand, frace sili seams, CL

Cifont: Cii2M Hill Inc, Chicago, TT.

Honeywell/Metropolis Works
Mctropolis, [linais

Project No. 1-75,293
Project:

iSource: (71'- 2 Sample No.:S-2 Elev.fDapth: 16 I8’

Testing Service Corporation

Carol Stream, iL

Remarks:

Flgure

Calculation 388996-GT-002, Rev. 2
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Table B1

Summary of Laboratory Test Data on Clayey Soils

7/20/12010
” oy T . iR Shear Strenigth Parameters. R ompressibility Parameters™ : -
¥ : - Cohi - ~ Friction Angle, S B ) <
o . - . Und d St th < e,
Soil Unit Average Depth | .Moisture Content. Plasticity index Total Unit Weight Total = <Effective Total Effective " ramg reng ‘ & °
) RN - | - (%) (%} Joi2 lped) ftsf) oo {tsf) (deg) .~ {deg) (tsf) (- ) )
10 25 22 121 0.72 0 165 335
Berm
7 14 21 130 0.96
Native Clayey Soil 30 23 36 2125 1.38 .15 0.02 0.80 224
il 17 31 19 128 075 0 2 34 0.03 0.00 063 137
Table B2
Average Soil Properties from Laboratory Test Results
N o - I Shear Strength Parameters”
. Cohesion, ¢ Friction Angle, ¢ I
Soil Unit Total Effective Total Undrained Sheér Strength, Su
e - fsf) | T fesh) (deg) {tsf)
Berm 0.72 0 16.5 0.96
Native Clayey Soil 0.79 0 22 1.38
Table B3
Design Soil Properties for Global Stability Analyses
s E U etective stress Total'str :
Soit Unit . Cohesion, ¢' Friction-Angle, ¢' Cohesion, ¢ . v se " |F sJel
= RN SRR N —T) {psl —i! fosfl il s L
Berm i " 126 o 0 . - 34 1152 1536 1.76
Native Clayey Soil 127 0 34 1264 2208 0.59

Note: Reduced the total stress shear strength p.

Calculation 388996-GT-002, Rev. 2

by 20% for seismic stability anjlyses to

A

Design values for
static global stability
analyses

Lccount for the excess pore water pressure buildup during the seismic event.

Design values for
pseudo-static global
stability.analyses

Page 64 of 183




Table B4. Summary of consistency of Soil Unit 4 (Lower Sand) from all test borings in the project vicinity.

] ]

L 1 CB13 [ GB-140 G8-15 GE-16S G102 & 105 G106 - G107 G108 G109

I Ground Elevation {ft):[ 336.7 1 335.3 375.8 376.5 365 374 372 364.7 366.92 377.96
SOIL LAYER F Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPT N Top Elev SPTN Top Elev SPT N Top Elev SPTN Top Elev SPT N TopElev _ | SPTN

X Soft CLAY, Lt. Firm C| ayg_rey SILT, Firm SILTY CLAY, Firm Clayey Firm-hard Sandy Soft-firm Stity SUR-V. Suff Sty SUR-V. SUH Sifty SUff Sitly CLAY,
Overlying Sail Grey N/A_|Lt Yw. Br. N/A Grey N/A SILT, it. grey N/A__|Silty CLAY. Lt Br.] N/A |CLAY, Gray N/A CLAY, Gray NA CLAY, brown {14 - 50 CLAY, brown 10-19 brown 11-18
Fine to medium SAND 308 N/A None N/A 313 N/A 313 N/A 319 N/A 308 N/A 319 N/A 320.7 13-26 318.42 53-103 320.96 65- 96

777 {not 227 (not 777 (not
) encountered at encountered at encountered at
Yellowish-Brown SAND (wiand GRAVEL) 302 N/A 322 N/A elev, 301) N/A 304.5 N/A elev 290) N/A 303.5 NIA 294 N/A 309.2 91 310.92 140 -226|  elev299) N/A

Note: Borings GT-01 and GT-02 did not extend below the GWT, so they are not included in the table B4

Calculation 388996-GT-002, Rev. 2 . Page 65 of 183



Figure B5: SPT N-value Profile

380 s
4P
370 AN e 5T-01 ::
S N
¥ Upper Clay (1) - ™ °™ 1]
Bl PP y ( ) 1 ==GW-107 |
360 Z ‘ 5 —>¢=GW-108 | |
L) " = GW-109 T
\ ; «% -4
350 b
3
$ 10 Sand (2)
: .
: 330 = i
Lower Clay (3) 7 '
. | ‘
320 -5
Lower Sand (4) |
i =
310 Very Dense
1Sand (5)
300
0 20 40 60 80 100
SPT N-value

Calculation 388996-GT-002, Rev. 2 ‘ Page 66 of 183



SPT BLOWCOUNT (N,)
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Reference: Figure 97, FHwa (2002) - Evaluation of Soil and Rock Propertieg

Eff. Stree at
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Figure B6b. Estimate friction angle of cohesionless soils

) @
ANGLE OF INTERNAL FRICTION ey
VS DENSITY P
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z 3Blws ’;' ]
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w 25 : . . MATERIALS WITHOUT ——
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< st alnt,
Mo g AL ¥4
2 L ¢ ) 4 ¢
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(- 1 ! 1 1 1 | i J
0.55 0.5 045 04 . 035 03 0.2% 0.2 0.5
. POROSITY,n
{G=268)
" 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)
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-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) 2t06 0.0101 | 0.0071 | 0.0066 | 0.0059 | 0.0054 | 1.315 | 0.908 89.0 61 36 25
C-10 4t06 0.0111] 0.0098 | 0.0094 { 0.0085 | 0.0077{ 1.273 | 0.957 90.3 62 38 24
C-18 810 10 . : 80.3 58 32 26
E (Bulk) 2to0 6 0.0156 | 0.0081 | 0.0078 | 0.0071 | 0.0057 [ 1.421 | 1.092 94 .4 62 38 24
E-13 4t06 81.9 50 35 15
E-39 4106 0.0102 ] 0.0072 ] 0.0067 { 0.0055 | 0.0039 [ 1.846 | 1.077 106.3 66 38 28
D-17 4t06 | 0.0194] 0.0173] 0.0166 | 0.0152 | 0.0124 | 1.395 | 1.077 107.8 60 36 24

Calculation 388996-GT-002. Rev. 2

Page 69 of 183



Table

B6

Static Strength Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

b. For the undrained direct shear tests, Su/P' is estimated as the ratio of Peak Shear Strength to Norma! Load (N}

Average Su/p' = 0.47

(used for total stress analyses)

Chamber
Pressure Approx. Approx. Pore
(o3) 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 [CPW] Failure (PP) [ Failure (A} Failure S, /P (see Note 1) Parameters Test Notes:
Basedon¢' | Based on q/p
Initial (w,) | Final (w,) p q and A Ratio ¢ 2
[ (pst) (%) (%) {psf) {ps) {psh) {psf) {psf) - - {deg) (psf)
CU Triaxial Tests (ASTM D4767) .
399 82.8 63.2 267 102 % 535 300 0.56 66 267 0.40
E-13 4106 2797 378 548 1540 68 % 3080 1950 063 4337 | 1540 0.36 39.5 28.9
401 78.6 67.1 221 8.3 % 442 400 0.90 622 221 0.36
1300 84.1 74 724 5.2 % 1448 1050 0.73 2024 724 0.36
C-18 7to 10 2800 87.0 53.7 1886 0% 3772 1800 0.48 4686 1886 0.40 39.5 115
399 95.0 73.4 92 8.7 % 183 330 2.13 491> 92 0.19 .
B-19 4106 T1.1 549 448 T8 % LR T50 T06 1735 448 0.26 30.8 50.9 N
D-9 4106 358 103.2 ©/.4 415 9.2 % 830 430 0.52 814 415 0.51 NIA NIE
Pond C/E 400 96.8 71.4 595 10 % 1190 150 0.13 995 595 0.60 :
Bulk 1200 94.4 71.2 700 10 % 1410 700 0.50 1905 705 0.37 718 Test Performed by Kemron in November 2009. Provided here
Kemron) |  Bulk 2000 988 733 1445 5% 2880 1200 0.42 3340 1430 032 | 374 150 |for comparison.
éuecf Shear Tests (A5 TM D3080) § Average: 038 1 '
398 8.4 78.4 443 0.25 in T :
1298 98.0 73.8 837 0.25in ¥ Shear Rate: 0.0009 infmin
E-39 4106 873 §1.7 2281 0.25in N/A N/A N/A N/A N/A N/A s NIA 382 |+ 9.2 |(Approximate DRAINED shear) -
655 115.0 77.6 701 0.25in 1.07 [ ¥
1143 101.8 83.7 875 0.25in 0.77 : ] Shear Rate: 0.125 in/min
D17 | 4to6 112.8 714 546 0.25in N/A NIA N/A N/A N/A 052 1 N/A N/A_ |3 N/A_ fApproximate UNDRAINED shear)
Interface Shear Strength Test on Large Sample (12-inch square) - EPDM Liner to Pond §iudge {ASTM D5321). N ]
400 94.4 72.2 359 0.1in . 0 : Shear Rate: 0.005 in/min (Approximate DRAINED shear)
- - ! ' 1300 psf specimen dried to anticipated post-consolidation
E(Bulk) | 2to6 1300 66 85.5 1082 2.3in NIA N/A N/A N/A N/A N/A L NA 39 ' 38 Imoisture content prior to test
400 82.6 68.2 , 347 0.1in 0.87 1 N Shear Rate: 0.2 in/min (Approximate UNDRAINED shear)
E(Bulk) | 2to6 1300 91.3 65.3 704 U.7in N/A N/A N/A N/A N/A 0.54 b ONA N/A 1 N/A  |Geonet used to drain sample during consolidation.
- - + - T
Notes: . M. '
1. The undrained strength ratio (Su/P') is defined as follows: [ :
a. Forthe CU Triaxial Tests: S,/P'=sin (¢} /[1+(2*A-1)"* Sin{¢)] : 1
b. For the CU Triaxial Tests, a lower-bound estimate of S,/P' can be calculated by ratio of g/p : :
'
)
1
1
1
1

Calculation 388996-GT-002, Rev. 2

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 c
Honeywell-MTW Surface Impoundment Closure

Initial void -
Sample Depth | Initial MC ratio Final MC | Finale Measured Strain (at psf): P, Cee Cee C,
W € Wy e 125 500 1000 | 2000 | 4000 | (apparent) * Range (avg)
(f) (%) (%) %) | @ | ) | % | %) psf - - X10” in‘/sec
. 0.11t0 6.4
E-39 4106 74.98 1.91 51.15 1.28 6.33 11.85 | 14.89 | 18.36 | 21.85 None 0.12 § ~0 (3.2)
. ‘ ] 7 2.97-9.35
D-17 4t06 89.67 2.29 59.99 1.5 7.07 12.58 | 16.31 | 20.29 | 24.16 None 0.13" ~0 (6.3)
’ 1.93t0 5.26
C-10 2t05 68 1.73 53.35 1.33 2.18 4.63 6.97 | 10.31 | 15.04 800 0.15 ~0 (3.4)
Pond C/E : ;
Bulk - : : .
(Kemron) ,':“ ey s 1.0t0 4.001%
| (See Note 1) |  Bulk 85 2.335 N/A N/A 9 14 16 19~ | 22 Nomey 8| 0.16**| ~0 (2.6) " ¥
N [] N . [] [ ]
. i
Notes: S ' 1 '
1. Test performed by Kemron in November 2009. Results provided here for comparison. ' : '
. 1 ' '
. |
1 [}
! £ ! : .
L} ¥ N
: + Cce=0.13 . Cv=4.3E4
e0=2.0 :
. -
' ‘ Assume

Calculation 388996-GiT-002, Rev. 2
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J

" Table B8

_ Calculation 388896-GT-002, Rev. 2

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

~

Cyclic Direct Simple Shear Test Results on CaF2 Sludge
5 MTW Surface Closure Preliminary Results
N Post-Cyclic Undrained Shear Strength (S,) Results
RESTITATS,
Pre-Cyclic Conditions Cyclic Loading Results S, (Peak} S, @ 5% Strain (See Note 2)
Moistura
Initial Percent | Content after #Cydes to Applied Shear | Applied Shear | “Adjusted” or Correspond.
Normal | Assigned | Initial Moisture | Axial Strain | Moisture {total), { Consolidation, |~ Liquefaction Stress @ Stress @ Average Shear Strain | Memb, Memb. Memb.
Test ID Sample Load CSR Content, w, | Buiing Consol. %M W {See Note 1) Cycle 1 Cycle LF Applied CSR Su atPeak Su | Corr. | Su({Corr.} Su Corr. | Su {Corr.) Su Corr, | Su (Cotr.}|Test Observations
(psf) % infin % % psf psf psf 3 psf psf pst pst pst psf pst pst
CDss-1 E-29 1200 0.2 98.8 0.145 49.7% 75.1 40 220 140 0.150 243 4.4 12 23 235 12.5 222.5 120 54 66 Sample did not liquefy after 40 cydes,
T Test end at 22% strain. Residual S,
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 Determined 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
CDss4 E-39 750 0.3 104 0.170 51.0% 78 i0 185 120 0.210 175 9 17 158 50 12.5 7.5 115 54 61
- ey | Aial strain i by ~2% during
CDSS-5 E-39 - 1850 03" g2.8 0.218 48.1% 72.2 ) 500 370 0.235 295 12 20 275 130 125 117.5 215 54 -161 loading
. - : . Axial strain adjusted by -0.7% prior to
CDSS-6 D-17 1850 ° 0.3 107.8 0.320 51.9% 74.2 4 500 480 0.265 190 58 sS4 136 35 125 225 155 54 101 loading
CDSS-7 E-39 1850 0.2 96.3 0.300 49.1% 89.8 10 350 280 . 0.170 220 12 20 200 30 12.5 17.5 190 84 136
g 3
CDSsS8 D-17 1200 0.3 111.2 0.320 52.7% 61.6 4 280 200 0.200 ! Post-cyclic consol test performed = 0,041 inch setlement at 1200 pst ; S
N T N
. “ '
CDSs-9 E-39 1850 0.15 83.75 0.210 45.6% 59.8 40 280 280 0.151 Sample did not liquefy after y{éydas. Post-cyclic consol test performed = 0.011 inch settlement at 1850 psf. y
Assumed Gs = 248 ~ N N N 1
'
Notes: - 1 . '
1. Liguefaction is defined at the load cycle at which either the pare pressure parameter (Ru) > 0.9 or Shear strain > 5%. Liquefaction was not observed after 40 cycles of loading for Samples CDSS-1 or CDSS-9. :

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 B8

’ Post-Liquefaction Residual S, vs. Normal Load
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Attachment C

DETERMINATION OF SEISMIC DESIGN PARAMETERS AND LIQUEFACTION POTENTIAL ANALYSIS
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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:

e . 2475-year return period: / * PHA = 1.01g
e 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:

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

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

e 2475-year return period: ki, = 0.50g
e 475-year return period: kn = 0.17g

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

e 2475-year return period: k, = 0.67g

e 475-year return period: kn = 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 liguefaction (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 reductlon) in the lower
sand layer can be evaluated.

'
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C1. Determinétion of Seismic Design Parameters
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Lat = 37.17
Long = 88.76
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Figure C1. Project location (Latitude and Longitude)
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aUSGS ,  National Seismic Hazard Maps - 2008
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Figure C2. Peak Horizontal Acceleration (PHA) obtained from USGS 2008 hazard
maps for 975-year seismic event.
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National Seismic Hazard Maps - 2008
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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 GW-108 (assumed original SPT N-values GW-109 {assumed original SPT N-values)
Layer Layer Tayer
. Thickness, Thickness, . Thickness,

Depth (ft) | Elev (ft) N-value di di/Ni Depth (ft) | Elev (ft) N-value di di/Ni Depth {ft) | Elev (ft) N-value di di/Ni
1.0 363.7 11~ 1.0 0.09 1.0- 365.9 25 1.0 0.04 ' 1.0 | 376.9 16 1.0 0.06.
3.5 361.2 8 2.5 0.31 a 3.5 363.4 9 2.5 0.28 3.5 374.4 10 25 - 0.25
6.0 358.7 15 2.5 0.17 6.0 360.9 19 2.5 0.13 6.0 371.9 16 2.5 0.16
8.5 356.2 16 2.5 0.16 8.5 358.4 20 2.5 0.13 8.5 369.4 11 2.5 0.23
11.0 353.7 32 2.5 0.08 : 11.0 355.9 18 2.5 0.14 11.0 366.9 15 2.5 0.17
13.5 351.2 30 2.5 0.08 13.5 353.4 12 2.5 0.21 13.5 364.4 15 2.5 0.17
16.0 348.7 48 .25 0.05 16.0 350.9 19 2.5 013 | 16.0 361.9 16 2.5 0.16
18.5 346.2 54 2.5 0.05 18.5 348.4 16 - 2.5 0.16 18.5 359.4 13 2.5 0.19
21.0 343.7 100 2.5 0.03 23.5 343.4 30 5.0 0.06 21.0 356.9 18 2.5 0.14
23.5 341.2 100 2.5 0.03 26.0 340.9 27 2.5 0.09 23.5 354.4 15 - 25 0.17
26.0 338.7 100 2.5 0.03 28.5 3384 47 2.5 0.05 26.0 351.9 19 2.5 0.13

- 28.5 336.2 100 2.5 0.03 31.0 335.9 68 2.5 0.04 28.5 349.4 27 2.5 0.09
33.5 . 331.2 14 5.0 0.36 36.0 330.9 20 5.0 0.25 31.0 346.9 89 2.5 0.03
36.0 328.7 50 2.5 0.05 38.5 3284 10 2.5 0.25 33.0 344.9 26 2.0 0.08
38.5 326.2 16 2.5 0.16 41 325.9 19 2.5 0.13 ) 36.0 3419 94 3.0 0.03
41 323.7 14 2.5 0.18 43.5 323.4 13 2.5 0.19° 38.5 339.4 23 2.5 0.11
43.5 321.2 18 2.5 0.14 48.5 318.4 53 5.0 0.09 41 336.9 62 2.5 0.04
46.0 318.7 26 2.5 0.10 ' 51.0 315.9 85 2.5 0.03 43.5 334.4 65 2.5 0.04
48.5 316.2 13 2.5 0.19 . 53.5 313.4 100 2.5 0.03 46.0 3319 100 2.5 0.03
51.0 313.7 24 2.5 0.10 56.0 310.9 100 2.5 0.03 48.5 329.4 12 2.5 0.21

ofeen 3.5 | e 311 2 : 2.5 o 0.03 | 585__ ) 3084 | _..100f_25__|__003_ 51.0 326.9 12 2.5 0.21
60.0 304.7 82 6.5 0.08 50.0 " 306.9 100 0.02 53.5 324.4 T11 . 2.5 0.23

. 65.0 299.7 100 . 50 0.05 65.0 3019 100 . 0.05 . 56.0 3219 18 25 0.14
70.0 294.7 - 100 5.0 0.05 © 700 296.9 100 . 0.0% 58.5 319.4 92 2.5 0.03
75.0 289.7 100 - 5.0 0.05 75.0 291.9 100 0.05 61.0 316.9 65 2.5 0.04
80.0 284.7 100 5.0 0.05 80.0 286.9 100 0.05 65.0 312.9 100 4.0 0.04
85.0 2797 100 5.0 0.05 85.0 2819 100 5.0 0.05 - 70.0 307.9 100 50 0.05

_ 90.0 274.7 100 5.0 0.05 - 90.0 2769 106 5.0 © 005 . 75.0 302.9 1060 50 - 0.05
95.0 269.7 100 5.0 0.05 95.0 2719 100 5.0 . 0.05 80.0 287.9 100 50 0.05

100.0 264,7 100 5.0 0.05 - 100.0 266.9 100 5.0 0.05 85.0 29289 100 . 50 .05

- Sum=| 100.0 2.87 “Sum = 2.89 90.0 287.9 100 5.0 0.05
Site Class D Nave = 35 Site Class D 35 95.0 2829 100 5.0 C.05

1000 277.9 100 5.0 0.05

Sum = 100.0 3.50

Site Class D |- Nave = 29

Assumed SPT N-values
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Table C2. Site Class Determination Co_nsidering Unstabilized Sludge (NEHRP 2006)

Calculation 388996-GT-002, Rev. 2

< -

GW-107 (assumed unstabilized sludge) GW-108 {assumed unstabilized sludge) GW-109 {assumed unstabilized sludge)
Layer Layer Layer
Thickness, Thickness, . Thickness,

Depth (ft) | Elev(ft) .{ N-value di di/Ni Depth {ft) | Elev (ft) N-value di di/Ni Depth (ft) Elev (ft) N-value di di/Ni
1.0 363.7 1 1.0 1.00 1.0 365.9 1 1.0 1.00 1.0 376.9 1 1.0 1.00
3.5 361.2 1 2.5 2.50 3.5 363.4 1 2.5 2.50 3.5 374.4 1 2.5 2.50
6.0 358.7 1 2.5 2.50 6.0 360.9 1 2.5 2.50 6.0 3719 1 2.5 2.50
8.5 356.2 1 2.5 2.50 8.5 358.4 1 2.5 2.50 8.5 369.4 1 2.5 2.50
11.0 353.7 1 2.5 2.50 11.0 355.9 1 2.5 2.50 11.0 366.9 1 2.5 2.50
13.5 351.2 1 2.5 2.50 13.5 353.4 1 2.5 2.50 13.5 364.4 1 2.5 2.50

" 16.0 348.7 1 2.5 2.50 16.0 350.9 1 2.5 2.50 16.0 361.9 1 2.5 2.50
18.5 346.2 54 2.5 0.05 18.5 348.4 16 2.5 0.16 18.5 359.4 13 2.5 0.19
21.0 343.7 100 2.5 0.03 23.5 343.4 80 5.0 0.06 21.0 356.9 18 2.5 0.14
235 341.2 100 2.5 0.03 26.0 340.9 27 2.5 0.09 23.5 354.4 15 2.5 0.17 .
26.0 338.7 100 2.5 0.03 28.5 338.4 47 2.5 0.05 26.0 351.9 19 2.5 0.13
28.5 336.2 100 2.5 0.03 31.0 335.9 68 2.5 0.04 28.5 349.4 27 2.5 0.09.

. 33.5 331.2 14 5.0 0.36 36.0 330.9 20 5.0 0.25 31.0 346.9 ‘89 2.5 0.03
36.0 328.7 50 2.5 0.05 © 385 . 328.4 10 2.5 0.25 33.0 . 344.9 26 2.0 0.08
38.5 326.2 16 2.5 0.16 41 325.9 19 2.5 0.13 36.0 3419 94 3.0 0.03
41 323.7 14 2.5 0.18 43.5 3234 13 2.5 0:19 38.5 3394 23 2.5 0.11
43.5 321.2 18 2.5 0.14 48.5 3184 53 5.0 0.09 41 336.9 62 2.5 0.04
46.0 318.7 26 2.5 0.10 51.0 315.9 85 2.5 0.03 43.5 334.4 65 2.5 0.04
48.5 316.2 13 2.5 0.19 53.5 313.4 100 2.5 0.03 46.0 3319 100 2.5 0.03
51.0 313.7 24 2.5 | 0.10 56.0 310.9 100 2.5 0.03 48.5 329.4 12 2.5 0.21

e fomeee 9.3 5 e e 311 2 e e 9L e s 2. S o 0. 03 o o 58.5 308.4 100, 2.5 0.03 51.0 . 3269 12 2.5 0.21
60.0 304.7 82 6.5 0.08 60.0 306.9 100 1.5 0.02 53.5 324.4 11 2.5 0.23
65.0 299.7 - 100 5.0 - 005 - 85.0 3018 100 5.0 Q.05 56.0 321.9 18 2.5 0.14
70.0 294.7 100 5.0 . 0.05 70.0 ° 296.9 1007 5.0 0.05 58.5 3194 92 2.5 0.03

" 75.0 - 289.7 © 100 ‘5.0 008 - 750 - 2319 100- 5.0 0.05 61.0 3169 65 2.5 0.04
80.0 28477 100 5.0 005 | 1800 286.9 100 5.0 0.08 65.0 - 312.9 100 4.0 .04
85.0 279.7 100 5.0 © 005 . 850 2819 100 50 - .05 700 3079 100 5.0 0.05
80.0 2747 " 100 5.0 - 0.05 90.0 . 276.9 - 100 5.0 0.05 75.0 302.9 100 5.0 (.05

'95.0 269.7 | 100 5.0 0.05 - 95.0 2719 100 - 50 0.05 80.0 297.9 100 5.0 0.05-

© 100.0 264.7 100. 540 - 0.05 - 100.0 *266.9 100 5.0 0.05 8540, 2929 100 5.0 0.05

. Sum=|"100.0 17.93 Sum =" 10020 1784 30.0 2879 100 5.0 0.05
Site Class E Nave = 6 Site Class E Nave = 95.0 2829 100 5.0 0.05
100.0 277.9 100 5.0 0.05
ik S8 = a2 T006 T T TeaT
Site Class E Nave = 5
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PGA=Ss/2.5=0.2g PGA=S5s/2.5=0.3g PGA=Ss/2.5>0.5¢g

NEHRP (2006) Table 3.3-1 Vjalues of Site Coefficient F,

Mapped MCE Specjral Response Accjl/eration Parameter at 0.2|Second
| | \/ ~ Perio | \%
Site Class Ss < 0.25 Ss=0.50 Ss=0.75" | Sg=1.00 Sg > 1.25
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 12 1.1 1.0 1.0
D 1.6 14 | 1.2 11 1.0
E 25 |17 AN 12 09 | Noo
F b b b _ b b
“ Use straight line interpolation for intermediate valuds of Ss. =~
b Site-specific geotechnical investigation and dynami¢ site response analyses shall be perfprmed.

L o PGA = 0.27g --> Fpga = 1.4 - (1.4-1.2)/10%7-= 1.26

PGA =1.0g -->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
. Latitude .. | " Longitude - SiteClass' | ° ModalM
(4“7 Ground B 3 CSoodeg . -] degT 2: . " (=) ()

10% in 50 yrs or 475-yr return period 37.47 . -88.76 - 027 D 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 Liquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

|Project name (number):

Honeywell Matropolis Works Facility

Engineer.

H. Pham

M. Gavin

08/1310

[Soil boring number: GW10T7](A)

li\pproxima(e borehole diameter (inch): 5.0)(B) L Hammer Energy Ratios

Soil boring ground surface elevation (f): 364.7)(C ) Hammer Type 1 Recommend*

Groundwater depth during field exploration {ft): 41.0({D) Safety 42% - 72% 60%

Design groundwater depth (ft): 41.0)(E) Donut 30% - 60% T 50%

Design filveut, H (R): {Positive for fill, negative for cut} 0.0J{F) Automatic-Trip 48% - 78% 80%

Unit weight of filt'cut material {pcf): 125){G) 1) after recommendations by NCEER, 1997

SPT hammer energy ratio (ER): {Enter percentage} 60{(H) 2) for good-quality equipment and procedures

Liner used in sampler? {Yes or No} Nol{l) |conforming ta ASTM D-1686.

Peak horizontal ground acceleration (2 ,,./9): 0.34|{J) (475-ysar svent)

Design earthquake magmtude (M): 7.7{{K) :

Factor of safety criterion: {1.0 or higher} 1.0{{L)

(U] {2 3} {4) (5} {6a) {6b) ) 8) {9) {10) [4kd) {12) {13) {14) (15) {18) (17 {18) .
‘ Restricted
Interval Field Estimated Relative interval Field Design Field Design Effective Hammer Borehole Red Sampling
Bottom SPT Fines Density Bottom Interval Effective Total Total Effective Effective Overburden Energy Diameter Length Method
Depth N Value Caontent D, Elevation Thickness Unit Overburden Qverburden Overburden Qverpburden Correction Correction [of ti cti [o! i
FC (%) (%) Weight (pcf)

(1s)

Co

Cr

Calculation 388996-GT-002, Rev. 2
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(18} {20} (21} (22) (23) (24) {25) (26) {27} (28) (29) {30) (31) {32) (33) (34) (35) (36)
Residual Undrained Strength, S, {tsf)
Energy Stress Cyclic Cyclic CRR CRR Magnitude
Corraction No Fines Clean Reduction Stress Resistance Overburden Static Shear Scaling Factor of Olson & Idriss &
Only _ Comection Sand Coefficient Ratio Ratio Carrection Correction Factor Safety Liquefaction Idriss Stark Boulanger " Kramer Weighted
(Nodoo T CSR CRR; 5 K, FS Susce) Comments (2002) (2007) (2008) Average
11 18 0.99 0.219 0.188 0.62 1.00 1.00 0.93 0.80 NO [Above GWT
18 26 0.99 0.218 0,323 0.60 1.00 1.00 0.93 1.38 NO
17 26 0.98 0.217 0.309 0.60 1.00 1.00 0.93 1.33 NO
43 56 0.97 0.215 10.000 0.60 1.00 1.00 0.93 >4 NO
37 49 0.97 0.214 10.000 0.60 1.00 1.00 0.93 >4 NO
55 71 0.96 213 10.000 .60 1.00 1.00 0.93 >4 NO
S: 58 58 0.96 211 10.000 .60 0.96 1.00 0.93 >4 NO
100 101 101 0.95 .210 10.000 .60 0.81 1.00 0.93 >4 NO
100 95 95 0.95 209 10.000 .60 0.87 1.00 - 0.93 >4 NO
100 90 113 .94 0.208 10.000 0.60 0.84 1.00 0.93 >4 NO
100 8% 107 .93 0.208 10.000 0.60 0.81 1.00 0.93 >4 NO
14 1 14 .90 0.199 0.148 0.66 0.79 1.00 - 093 0.55 NO Above GWT -
50 37 41 .88 0.195 10.000 0.60 0.74 1.00 .93 >4 NO
16 11 14 0.86 0.190 0.153 .64 0.74 1.00 .9 0.56 NO [Above GWT
14 9 12 0.84 0.186 0.135 .68 .75 1.00 .9 0.51 NO Above GWT
18 12 15 0.82 0.187 0.160 .64 .72 1.00 9. 0.58 YES 0.28 0.32 0.58 0.27 0.35
26 17 20 0.80 0.187 0.218 .60 .68 1.00 .9; 0.75 YES 0.53 0.4 1.38 0.47 0.66
13 8 11 0.78 0.186 0.124 0.69 .74 1.00 0.9 0.46 YES 0.15 0.2 0.32 0.19 0.22
24 15 18 0.76 0.186 . 0.195 0.60 067 1.00 0.93 0.66 YES 0.47 0.4 1.45 0.40 0.63
91 56 56 0.74 0.184 10.000 0.60 0.66 1.0¢ 0.93 >4 NO -
82 48 - 48 0.68 0.179 10.000 0.60 0.64 1.00 0.93 >4 NO =
. Average S, 0.46
- Average p' 279
Average S,/p' .07
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SPT-Based Liquefaction Analysis Using Simplified Procedure and Residi

h Esti

§ Strengtl

[Projsct name (number): Honeywell Metropolis Works Facility
Engineer: ’ H. Pham
Reviewer: IM, Gavin
[Date: _fosro2/10

[soil boring number: GW107|
Approximate borehole diameter {inch): 5.0]
Soil boring ground surface elevation (ft): 364.7|
Groundwater depth during field exp ion (ft): 41.0
Design groundwater depth (fty: 41.0
Design fillicut, H (f): {Positive for fill, negative for cut} 0.0
Unit weight of fillcut material (pef): 125
SPT hammer energy ratio (ER): {Enter percentage} . 60
Liner used in sampler? {Yes or No} No!
Peak harizontal ground acceleration (a,,/g): 1.00;
Design i {M): 7.7
Factor of safety criterion: {1.0 or higher} 1.0

(A)
(B)
(C)
(0}
(E}
{F)
(G}
(H)
0]
{J) (2475-year event)
(K}
)

Hammer Energy Ratios
1

Hammer Type Recommend*‘™
Safety 42%-72% 60%
Donut 30% - 60% 50%
[Automatic-Trip 48% - 78% 80%

1) after recomimendations by NCEER, 1997
2) for good-quality equipment and procedures

conforming to ASTM D-1686.

(1) 2) (3) 4) {5) {6a) {6b) {7) {8) 9} {10} (1) (12) {13) (14) {15) (16) (17) (18)
: ' Restricted

4 Interval Total Field Estimated Relative Interval Field Design Fietd Design Effective Hammer Borehole Rod Sampling
» - Boftom Interval Unit N SPT Fines Density Bottom Interval Effective Total Total Effective Effective Overburden Energy Diameter Length Method
f Soil ) Waeight N value Content D, Elevation Thickness Unit o O [of o2 tion [of i Correction Correction

. N FC (%) (%) {f) () Weight (pef) tsf) (ts1) (tsf) (tsf) Cy Ce Cs Ce Cs

00 7

0.064 1.70 1.00 1.02 0.75 1.10

0.222 .56 1.00 1.0 0.75 1.10

0.381 A1 1.00- 1.0 0.75 1.10

0.540 29 1.00 1.0 0.75 1.10

0.699 18 1.00 1.0 1.00 1.10

0.857 1.09 1.00 1.02 1.00 1.10

1.016 1.02 1.00 1.02 1.00 1.10

1.172 0.95 1.00 1.02 1.00 1.10

1.329 0.90 1.00 1.02 1.00 1.10

1.485 0.85 1.00 1.02 1.00 1.10

1.644 0.80 1.00 1.02 1.00 1.10

1.802 0.76 1.00 1.02 1.00 1.10

2.120 0.69 1.00 1.0 1.00 1.10

2.279 0.66 1.00 1.0 1.00 1.10

2.437 0.63 1.00 1.0: 1.00 1.10

2.596 .60 1.0 1.0: 1.00 1.10

2.674 0.59 1.0 1.0 1.00 1.10

2.753 0.58 1.0 1.0 1.00 1.10

2.831 0.57 1.0 1.0. 1.00 1.10

2.909 0.56 1.00 1.02 1.00 1.10

3.000 0.55 1.00 1.02 1.00 110

3.236 0.52 1,00 1.02 1.00 1.10

Calculation 388996-GT-002, Rev. 2
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{19) {20) {21) 22) (23) {24) (25) (26} (27) (28) - (29) (30) (31) (32) (33) (34) (35) (36)
- N Residual Undrained Strength, S, (tsf}
Energy Stress Cyclic Cyclic CRR . CRR Magnitude
Correction No Fines Clean Reduction Stress Resistance Qverburden Static Shear Scaling Factor of Olson & Idriss &
Only Carrection Sand Cosfficient Ratio Ratio Correction *Correction Factor Safety Liquefaction Idriss. Stark Boulanger Kramer Weighted
Ngg {Ny)eo (N )ages Ty CSR CRRzs f Ko K,, | MSF FS Susceptibility Comments (1989) {2002) {2007) (2008, Average
i i . e i i
11 16 24 1.00 0.648 0.272 0.80 1.00 1.00 0.93 0.39 NO Above GWT ‘
8 1 18 0.99 0.645 0.188 0.62 00 1.00 0.9 .27 NO Above GWT
15 18 26 0.9% 0.641 0.323 0.60 .00 1.00 0.9 .47 NO Above GWT
16 17 26 0.98 0.637 0.308 0.60 .00 1.00 0.9 .45 NO [Above GWT
32 43 56 .97 0.633 10.000 0.60 .00 1.00 0.9 >4 NO
30 37 49 .97 0.630 10.000 0.60 1.00 1.00 0.93 >4 NO
48 55 71 .86 0.626 10.000 0.60 1.00 1.00 0.93 >4 NO
54 58 58 .96 .622 10.000 0.60 0.96 1.00 0.93 >4 NO
100 101 101 .95 .618 10.000 .60 0.91 1.007 0.93 >4 NO
100 95 95 .95 .614 10.000 .60 0.87 1.00 0.93 >4 NO ~
100 90 113 .94 611 10.000 .60 0.84 1.00 0.93 >4 -NO
100 85 107 .83 0.607 10.000 .60 0.81 1.00 0.93 >4 NO -
14 1 14 .90 0.586 0.148 0.66 0.79 1.00 0.93 0.19 NO [Above GWT
50 37 41 .88 0.573 10.000 0.60 0.74 1.00 0.93 >4 NO
16 1 14 .86 0.559 0.153 0.64 0.74 1.00 0.9 0.19 NO Above GWT
14 9 12 .84 0.548 0:135 0.68 0.7 1.00 0.9: 017 NO [Above GWT
18 12 15 .82 0.548 0.160 0.64 0.7 1.00 0.9 0.20 YES 0.28 0.32 0.58 0.27 0.35
26 17 20 0.80 0.548 0.218 0.60 0.6 1.00 0.9 0.25 YES 0.53 0.43 1.38 0.47 0.66
13 3 1 0.78 0.548 0.124 0.69 0.74 1.00 0.9 0.16 YES 0.15 0.26 - 0.32 0.19 0.22
24 15 18 0.76 0.546 0.195 0.60 0.67 1.00 0.83 0.22 YES 0.47 0.42 1.45 0.40 0.63
91 56 56 0.74 0.543 10.000 0.60 0.66 1.00 0.93 >4 NO |
82 48 . 48 0.68 0.527 10.000 0.60 0.64 1.00 0.93 >4 NO
Average S, 0.46
Average p' 279
Average S,/p' 017

Calculation 388996-GT-002, Rev. 2
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' SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual Strength

[Project name {number): JHoneywell Metropolis Works Facility
Engineer: H. Pham -
Reviewsr: M. Gavin
[Date: 0802110
[Soit boring number: i . GW108](A} -
Approximate borehole diameter (inch): 5.0|(8) Hammer Energy Ratios
Soit boring ground surface elevation (ft): - 367.0](C ) c Hammer Type N Recommend*
{Groundwater depth during field exploration {f): 46.0[(D) - [safety 42% - 72% 60%
Design groundwater depth (ft): 46.0](E) Donut 30% - 60% 50%
Design filicut, H (R): {Positive for fill, negative for cut} 0.0§(F) [ Automatic-Trip 48% - 78% 80%
[Unit weight of fillicut material {pcf): . 125)(G) 1) after recommendations by NCEER, 1997
SPT hammer energy ratio (ER): {Enter percentage) B0j(H) 2) for good-quality equipment and procedures
Liner used in sampler? {Yes or No} - . Nol(l) . conforming to ASTM D-1686.
[Peak horizontal ground acceleration {ama/g): *1.00}(J) (2475-year event)
Design earthquake magnitude (M): - 7.7HK)}
Factor of safety criterion: {1.0 or higher} 1.0}(L) . e
() 2) (3) (4) {5) {62) {6b} ) (8) ) {10} {11) {12) {13) {14) {185) {16) {7 (18) - . B
. . Restricted - .
Interval , . Total Field Estimated Relative Interval Field Design Field Design Effective Hammer Borehole Rod Sampling
Bottorn . - interval ~.Unit SPT Fines Density Bottom Interval Effactive Total™ Total Effective Effective Overburden Energy Diameter Length Method
" Depth Soit ' Waeight © Nvale . Content Elevation Thickness Unit Qvarburden -Overburden Qverburden Overburden Correction Correction Correction Correction Corraction
(ft) Type FC (%) Waeight {pcf) (tsf) (tsf) C, Cp Cs
5 7 = - - e - - —
100 366.0 1 64.6 0.064 0.064 0.064 0.064 1.70 1.00 1.0 0.75 1.10
80 363.5 .5 64.6 0.222 0.222 0.222 0.222 1.56 1.00 1.0 0.75 1.10
100 361.0 .5 64.6 0.381 0.381 0.381 0.381 1.41 1.00 1.0: 0.75 1.10
9 358.5 5 4. .540 0.540 0.540 0.540 1.29 1.00 1.02 0.75 1.10
[} 56.0 .5 4. .699 0.699 0.699 0.699 1.18 1.00 1.02 1.00 1.10
7! 53.5 . 4. 857 0.857 0.857 0.857 1.08 1.00 1.0: 1.00 1.10
8 51.0 . 4, .016 1.016 1.016 1.016 1.02 1.00 1.0 1.00 1.10 ) , e
82 348, 5 64.6 N 175 1.175 1.175 1.175 0.95 1.00 1.0 - 1.00 1.10
100 343. 5 62.6 487 1.487 1.487 1.487 0.84 1.00 1.0 1.00 1.10 .
91 341, 2.5 62.6 644 1.644 1.644 1.644 0.80 1.00 1.0: PR 1.10 e
X 100 338.! 2.5 2.6 .800 1.800 1.800 1.800 0.7 1.00 1.02 1.0 1.10 -
31 125 68 15 100 336. 2.5 2.6 .956 1.956 1.956 1.856 0.7, 1.00 1.02 1.0 1.10 .
38 7 20 15 78 331.0 5 4.6 2274 .274 274 274 0.6¢ 1 1.0: 1.00 1.10 Bl
38.5 7 10 15 58 328.5 2.5 4.6 2.432 432 ,432 432 0.6: 1. 1.0: 1.00 1.10
41 7 15 73 326.0 ‘25 84.6 2.591 ° .591 501 591 0.60 1. 1.02 1.00 1.10
43.5 7 15 62 3235 2.5 64.6 2.750 750 750 750 0.58 1. 1.02 1.00 1.10
485 ~ SM 125 15 100 318.5 5 626 3.062 3.062 .984 984 0.55 1.00 1.02 1.00 1.10
51 SM 125 5 100 316.0 626 3,219 3.219 3.063 .063 0.54 1.00 1.02 1.00 1.10
53.5 SM 125 100 5 100 3135 62.6 3.375 3.375 3.141 3.141 0.53 1.00 1.02 1.00 1.10
- 56 s ©_SW - 135 100 (] 100 311.0 X 726 3.544 3.544 3,232 3.232 0.52 1.00 1.02 1.00 1.10
58.5 s SW - 135 100 5 100 308.5 . s 728 3.712 3.712 3.322 3.322 0.51 1.00 1.02 1.00 1.10
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-~ -
~
{
(19) {20) (21) (22} (23) (24) (25) {26) {27) {28) (28) (30) (31) (32) {33) {34) (35) {36)
R Residual Undrained Strength, S, {tsf)
Energy Stress Cyclic Cyclic CRR N CRR Magnitude
Corraction No Fines Clean Reduction Stress Resistance Qverburden Static Shear Scaling Factor of Olson & - ldriss &
Only Correction Sand Coefficient Ratio Ratio . ) Correction - Corraction Factor Safety Liquefaction idriss. Stark Boutanger Kramer “Weighted
Neg. (Na)so Ty CRR, ¢ MSF FS Susceptibility Comments {1999) (2002) (2007) (2008) Average
4 K NO

9 12 1 0.99 0.645 0.206 0.60 1.00 1.00 .93 0.30 NO Above GWT

19 3 3 0.89 0.641 0.763 0.60 1.00 1.00 .93 1141 NO ~

20 2 3 0.98 0.637 0.562 .60 1.00 .00 0.93 0.82 [] Above GWT

18 4 3 0.97 0.633 3.829 Q 1.00 .00 0.9, >4 0

12 5 23 .97 0.630 0.253 0 1.00 .00 0.8 0.37 o] Above GWT

19 22 31 0.96 0.626 0.571 .60 1.00 .00 0.8 0.85 Q Above GWT

16 17 17 0.96 .622 0.182 0.60 .96 1.00 0.9. 0.26 NO Above GWT

80 76 76 0.95 .614 10.000 0.60 .87 1.00 0.93 >4 NO

27 24 34 0.94 .611 10.000 0.60 .84 1.00 0.93 >4 NO

47 40 53 0.93 .607 10.000 0.60 .81 1.00 0.93 >4 NO

68 55 60 0.92 0.599 10.000 0.60 .78 1.00 0.93 >4 NO

20 15 18 0.88 0.573 0.192 .61 0.74 .00 0.93 0.23 NO Above GWT

10 7 10 0.86 0.559 0.112 .71 0.79 .00 0.93 0.15 NO Above GWT

18 13 16 0.84 0.546 0.170 .64 0.72 .00 0.93 0.21 NO Above GWT

13 8 11 0.82 0.533 0.125 .69 0.74 .00 0.93 0.16" NO Above GWT

53 33 37 0.78 0.520 10.000 0.60 0.66 1.00 0.93 >4 NO

85 51 51 0.76 0.518 10.000 0.60 0.65 1.00 0.93 >4 NQ

100 59 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 0.60 0.64 1.00 0.93 >4 NO

100 . 57 57 0.70 0.507 10.000 0.60 0.63 1.00 0.93 >4 - NO

Calculation 388996-GT-002, Rev. 2 Page 94 of 183




SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual gth 1

Project name (number): Honeywsll Metropolis Works Facility A
Engineer: H. Pham - '
Reviewer: M. Gavin .
|Date: 08/02/10 N
[Scil boring number: R GW10s(A)
|Approximate borehole diameter {inch): 5.0/(B) Hammer Energy Ratios
Sail baring ground surface elevation (ft): 377.9](C) Hammer Type Recommend*
Groundwater depth during fisld exp ion (ft): - 58.0|(D) . Safety 42% - 72% 60%
|Design groundwater depth (ft): 58.0|(E) Donut 30% - 60% 50% ’
Design fill'cut, H {ft): {Posttive for fill, negative for cut} 0.0|(F} Automatic-Trip 48% - 78% 80%
Unit weight of fil’cut material (pcf): 125{G) 1) after rec‘ommenda(ions by NCEER, 19897
SPT hammer energy ratio (ER): {Enter percentage} - B604(H) 2) for good-quality equipment and procedures
Liner used in sampler? {Yes or No} Noj(l} conforming to ASTM D-1686, -
Peak horizontal ground ion {amadg) 1.00(J) (2475-year event) .
Design earthquake magnitude (M): 7.7§(K) . -
Factor of safety criterion: {1.0 or higher} 1.0}t : - . N L.
{) (2) 3) (4) 8 {63) {6b) {7} (8) (8) {10) a1 {12) {13) {14) (15} (16) 7) {18)
. . ° Restricted .
Interval ) Total Field - Estimated Relative Relative Interval Field Design Fietd Design Effective Hammer Borehole Rod Sampling
Bottom - interval Unit . SPT Fines Density Density Botton Interval Effective Total - Totat Effective Effective Overburden Energy Diameter Length Method
Depth Soil Weight ~ N Value Content D, Elevatian Thickness Unit Overburden Overburden Overburden Qverburden Correction C i [« ti Correcti Carrection
() Type (pcf} N, FC (%) ( (%) () (R} Waeight (pcf) (tsf) (tsf) {tsf) (tsf) Cn Cr Cs
1 -
3.5 127 1 90 4 374.4 .5 64.6 0.222 0.222 0.222 0.222 1.56 1.00 1.0: 0.75 1.10
[ 127 1 90 8 371.9 .5 64.6 0.381 0.381 0.381 0.381 1.41 1.00 1.0: 0.75 1.10 R
8.5 127 1 90 7 369.4 .5 64.6 0.540 0.540 0.540 .540 1.29 1.00 1.0: 0.75 1.10
1 127 1 90 7 366.9 .5 4.6 0.699 0.699 0.699 .699 1.18 1.00 - 1.0 1.00 1.10 T
135 N 127 15 90 87 364.4 .5 84.6 0.857 0.857 0.857 .857 1.09 1.00 1.0: 1.00 1.10
16 127 6 90 82 361.9 .5 64.6 1.016 1.016 1.016 018 1.02 1.00 1.0: 1.00 1.10
18.5 127 3 90 3 75 359.4 .5 64.6 175 1.175 1.175 1.175 0.95 1.00 1.02 1.00 1.10 B -
21 127 8 90 85 356.9 .5 64. 334 1.334 1.334 1.334 0.89 1.00 1.02 1.00 1.10 I
235 127 5 90 80 354.4 .5 64.. .492 1.492 1.492 1.492 0.84 1.00 1.02 1.00 1.10 ! -
26 127 18 90 81 51.9 .5 64, 651 1.651 1.651 1.651 0.80 1.00 - 1.02 1.00 1.10 -
28.5 127 27 15 91 49.4 .5 64, 1.810 . 1.810 1.810 1.810 0.71 1.00 1.02 1.00 1.10 .
3 27 9 15 100 146.9 .5 64.6 969 .969 1.969 1.969 0.7, 1.00 1.0 1.00~ . 1.1 -
335 27 6 15 86 44.4 .5 64.6 127 127 2,127 2.127 0.6 1.00 1.0 1.00 1.1 )
36 25 4 15 100 341.9 .5 62.6 284 .284 .284 . 284 0.66 1.00 1.0 1.00 1.1
38.5 25 3 15 82 339.4 .5 62.6 .440 .440 440 .440 0.63 1.00 1.0: 1.00 1.1
41 125 2 15 100 336.9 .5 62.6 596 2.596 596 596 0.60 1.00 1.02 1.00 1.10
43.5 125 65 15 100 34.4 .5 62.6 .752 752 752 752 0.58 1.00 1.0 1.00 1.10
46 125 100 15 100 31.9 .5 62.6 .909 .909 809 .909 0.56 1.00 1.0: 1.00 1.10
48.5 125 1 20 80 129.4 .5 62.6 3.065 .065 .065 3.065 0.54 1.00 1.0 1.00 1.10
51 127 1 20 80 6.9 .5 64.6 3.224 224 3.224 3.224 0.52 1.00 1.0: 1.00 1.10
53.5 127 1 90 58 4.4 .5 64.6 3.382 3.382 3.382 N 3.382 0.50 1.00 1.0 1.00 1.10
56 127 1 20 71 1.9 .5 64.6 3.541 3.541 3.541 3.541 0.48 1.00 1.0: 1.00 1.10
58.5 135 92 15 100 9.4 .5 726 3.710 3.710 3.694 3.694 0.47 1.00 1.02 1.00 1.10
61 135 65 15 100 6.9 .5 72.6 3.879 3.879 3.785 3.785 0.46 1.00 1.02 1.00 1.10
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{19} (20) {21) (22) {23) {24) {25) {26) 27) {28) (29) (30) (31) {32) (33) (34} (35) (36}
Residual Undrained Strength, S, {tsf)
Energy Stress Cyclic Cyclic CRR CRR Magnitude
Correction No Fines Clean Reduction Stress Rasistance Overburden Static Shear Scaling Factor of Olsan & {driss &
Only Carrection Sand Coefficient Ratio Ratio Correction Correction Factor Safety Liquefaction idriss. Stark Boulanger Kramer Weighted
Neo {N1)sa {Ny)socs Iy CSR CRRy5 7 K, Ka MSF FS Susceptibility Comments {1999) {2002} {2007) {2008) Average
s 7 i - * A N RN - o M - i b o2 SRS et 2 Hw
1 23 33 1.00 0.648 0.60 1.00 1.00 0.83 1.32 NO
3 21 0.99 0.645 0.60 1.00 1.00 0.9 0.33 NO Above GWT
9 28 0.99 0.641 0.60 1.00 1.00 0.9: 0.53 NO Above GWT
2 9 0.98 0.637 0.62 1.00 1.00 0.9 0.30 NO Above GWT
0 9 0.87 0.633 0.60 1.00 1.00 0.9 0.60 NO ~Above GWT
1 ] 7 0.87 0. 0.60 1.00 1.00 0.93 0.51 NO Above GWT
1 [] 7 0.96 0. 060 1.00 1.00 0.93 0.50 NO Above GWT
1 14 22 - 0.96 0. 0.62 0.96 1.00 0.93 0.34 NO Above GWT
1 18 27 0.95 0. 0.60 0.91 1.00 0.9 .46 NO Above GWT
15 14 22 0.95 0.614 0.60 0.87 1.00 0.8 .32 NO Above GWT
19 17 25 0.94 0.611 0.60 0.84 1.00 0.9: .39 NO Above GWT
27 23 27 0.93 0.607 0.60 0.81 1.00 0.8 .41 NO Above GWT
89 72 78 .62 .599 .60 .78 .00 9! >4 NO
26 20 23 .90 .586 .60 .76 .00 .9 0.32 NO Above GWT
94 69 75 .88 .573 .60 .74 .00 .9, >4 - NO B
3 16 20 .86 659 .60 .72 .00 .9 0.25 NO Above GWT
2 42 46 .84 0.546 0.60 .70 1.00 0.83 >4 NO
65 42 47 0.82 0.533 0.60 0.68 1.00 0.93 >4 NO
100 63 68 0.80 0.520 0.60 0.67 1.00 0.83 >4 NO
1 7 14 0.78 0.507 0.7 0.7 1.00 0.93 0.20 NO Above GWT
1 7 13 0.76 0.493 0.7 0.7 1.00 0.93 0.20 NO Above GWT
1 6 12 0.74 0.480 0.7 0.7 1.00 0.93 0.19 NO Above GWT
1 10 17 0.72 0.467 0.6 0.6 1.00 0.93 0.23 NO Above GWT
9 49 S3 0.70 0.456 0.60 0.61 1.00 0.93 >4 NO s
65 34 38 0.68 0.451 0.60 0.60 1.00 0.93 >4 NO
—
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Attachment D

SOIL PROFILE AND PROPERTIES USED FOR DEFORMATION ANALYSES
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Elevation (ft)
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Figure D1. Cross section A-A showing subsurface and groundwater conditions.
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o Material Properties
] Material: Soil Unit 4 - Lower Sand
i Unit Weight: 125 Ib/ft3 Material Properties
: Strength Type: Mohr-Coulomb Material: Consolidated Sludge
2. Coheslon: 0 psf Unit Weight: 97 Ib/t3
o | Friction Angle: 34 degrees Strength Type: Mohr-Coulomb
4 Water Surface: Water Table Cohesion: 65 psf -~ .
’ Friction Angle: 37 degrees MS::{' ‘:Il' C;TT;‘; ::/"RJ
- Water Surface: Piezometric Line 3| St‘ :?r c Mehr-Coulomb
3 Custom Hu value: 0 rength Type: Mohr-Coulom
i Cohesion: 0 psf
l - = Friction Angle: 36 degrees
4 Material: Stabilized Sludge| E
& Unit Weight: 105 Ib/ft3 Weltai Siidtace: Wals Tale
] Material Properties Strength Type: Undrained - -
: Material: Soil Unit 2 - Upper Sand Cohesion Type: Constant Material Properties
] Unit Weight: 125 Ib/ft3 Cohesion: 1800 psf Perched water table Material: Geomembrane Interface
] Strength Type: Mohr-Coulomb Water Surface: None Unit Weight: 120 Ib/ft3
4 toi Strength Type: Mohr-Coulomb
Cohesion: 0 psf Cohesion: D psf
i Friction Angle: 35 d : " o M.B
8- V\;‘:t;‘:r‘surgc:' Watee;'::zle Matenst Fover Sol Friction Angle: 30 degrees
¥ - Unit Weight: 120 Ib/ft3 Water Surface: Water Table
4 Strength Type: Mohr-Coulomb
] Material Properties Material Properties Cohesion: 0 pst
o Material: Soil Unit 1 and 3 Material: Berm Material Friction Angle: 33 degrees
5 Material Properties Native Clay Unit Weight: 126 Ib/t3 Water Surface: Water Table
Material: Soil Unit 5 - Very Dense Sand Unit Weight: 127 Ib/f3 Strength Type: Mohr-Coulomb
] Unit Weight: 135 lb/ft3 Strength Type: Mohr-Coulomb Cohesion: 0 psf ~ 5% Slope|
8- Strength Type: Mohr-Coulomb Cohesion: 0 psf Friction Angle: 34 degrees
1 Cohesion: 0 psf Friction Angle: 34 degrees Water Surface: Water Table
] Friction Angle: 40 degrees Water Surface: Water Table
b Water Surface: Water Table EETTy X \\\
] GWT @ EL. 320 0 “\\‘*&1\\\\\\\‘\\ )
2
” ]
8
2]
E . L Bedrock
[ T T S ) T T (2 0 P B T T 51 T | B et e e T T T T T T T T T
250 -200 -150 100 50 [ 50 100 150 200 250 300 350 400
Figure D2. Static soil properties used in (long-term) condition.
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Material Properties

Material: Soil Unit 5
: Unit Weight: 135 Ib/ft3
8- Strength Type: Mohr-Coulomb
Cohesion: 0 psf
Friction Angle: 40 degrees
Water Surface: Water Table

8- Material Properties

g Material: Soil Unit 2

Unit Weight: 125 Ib/ft3
Strength Type: Mohr-Coulomb|
Cohesion: 100 psf

Friction Angle: 35 degrees Ma(eﬁa} Prnpeu?igs
] Water Surface: Water Table Material: Stabilized Sludge
8- Unit Weight: 105 Ib/3

—{ Strength Type: Undrained
Cohesion Type: Constant

: Material Properties: Cohesion: 1440 psf
E Material: Soil Unit 4 Water Surface: None
i Unit Weight: 125 Ib/t3
1 Cohesion: 100 psf Material Properties - .
g‘- Friction Angle: 34 degrees Material: Berm Material Ma!ena} Properties
’ Water Surface: Water Table| Unit Weight: 126 Ib/t3 Ma{tenalf Consolidated Sludge
| Strength Type: Su/p' = 1.76 Unit Weight: 97 Iblﬁ?
] Water Surface: Water Table| Strength Type: Su/p' = 0.07
N Water Surface: Piezometric Line 3|

Material Properties

7 Material: Soil Units 1 and 3
Unit Weight: 127 Ib/ft3
Strength Type: Su/p’ = 0.59

Water Surface: Water Table| - “«;\\\\\\\\\\\\\\\\\\\\\\\\\

250 =200 -150 -100 50 6 50 1 60 |§0 200 zs';o 3(')0 3%0 460 450 500 550

Figure D3. Soil properties for seismic stability analysis assuming no liquefaction in the lower sand layer (Soil Unit 4).
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b Material Properties

i Material: Soil Unit §

’ Unit Weight: 135 Ib/f3

8- Strength Type: Mohr-Coulomb
i Cohesion: 0 psf

K Friction Angle: 40 degrees

J Water Surface: Water Table

2 Material Properties

Material: Soil Unit 2

Unit Weight: 125 Ib/t3
Strength Type: Mohr-Coulomb|
Cohesion: 100 psf

Friction Angle: 35 degrees
Water Surface: Water Table

Material: Soil Unit 4
Unit Weight: 125 Ib/3

Material Properties
Material: Berm Material
Unit Weight: 126 Ib/t3
Strength Type: Su/p' = 1.76
Water Surface: Water Table|

3_: Strength Type: Su/p' = 0.17
> Water Surface: Water Table
8-: Material Properties

S Material: Soil Units 1 and 3
| Unit Weight: 127 Ib/ft3
Strength Type: Su/p’ = 0.59

.: Water Surface: Water Table

Material Properties
Material: Stabilized Sludge|
Unit Weight: 105 Ib/t3
~——1 Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1440 psf
Water Surface: None

Material Properties
Material: Consolidated Sludge
Unit Weight: 97 Ib/ft3
Strength Type: Suwp'= 0.07
Water Surface: Piezometric Line 3

250 -200 -150 JIDO i -50

g_
g

Figure D4. Soil properties for seismic stability analysis assuming full liquefaction in the lower sand layer (Soil Unit 4).
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B Material Properties

Material: Soil Unit 5

5 Unit Weight: 135 Ib/ft3

g-| Strength Type: Mohr-Coulomb|
Cohesion: 0 psf

. Friction Angle: 40 degrees

4 Water Surface: Water Table

§_‘ Material Properties

Material: Soil Unit 2
Unit Weight: 125 Ib/t3
Strength Type: Mohr-Coulomb)
Cohesion: 100 psf
Friction Angle: 35 degrees
Water Surface; Water Table

3 Material Properties

. Material: Soil Unit 4

§ Unit Weight: 125 Ib/ft3
= Strength Type: Su/p'= 0.42
] Water Surface: Water Table

- Material Properties

& Material: Soil Units 1 and 3
- Unit Weight: 127 Ib/t3

y Strength Type: Su/p' = 0.59

b Water Surface: Water Table

Material Properties
Material: Berm Material
Unit Weight: 126 Ib/f3
Strength Type: Sulp'= 1.76
Water Surface: Water Table|

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

Material Properties
Material: Stabilized Sludge,
Unit Weight: 105 [b/ft3
——— Strength Type: Undrained
Cohesion Type: Constant
Cohesion: 1440 psf
Water Surface: None

Material Properties
Material: Consolidated Sludge
Unit Weight: 97 Ib/#t3
Strength Type: Su/p' = 0.07
Water Surface: Piezometric Line 3|

WW

250 ~200 -150 -100 &0

o-]

s ~ 100 '

Figure D5. Soil properties for seismic stability analysis assuming partly liquefied state in the lower sand layer (Soil Unit 4).

.Iculation 388996-GT-002, Rev. 2

Page 102 '



Attachment E

PERMANENT DEFORMATION ANALYSES USING NEWMARK-BASED METHODS
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E1. Lower Sand Layer Is Fully Liquefied
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Summary:

. Assumed the lower sand layer (Soil Unit 4) is fully liquefied (Su/p’ = 0.17)
e Post-liquefaction (flow)} analysis: FSmi, = 2.8 (OK)

* Yield acceleration: k,=0.2 g

e 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 criterié (6-12in)
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Method: janbu comrected
FS: 2.756270

Figure E1. 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

0.000
0.500
4 1.000
1.500
2.000
2.500
3.000
1 3.500
4.000
4.500
Peage Global Minimums
5.500 Method: bishop simplified
FS: 2.843510
6.000+ Method: janbu corrected
i FS: 2.764650
8- Method: spencer
b FS: 2.838610
Method: gle/morgenstern-price
FS: 2.822830

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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| safety Factor

0,000
0.500
1.000 Global Minimums
Method: bishop simplified

1:500 FS: 2.779640
2.000 Method: janbu corected

FS: 2.881730
2.500 Method: spencer

FS: 3.336160
3.000 Method: gle/morgenstem-price|
2 500 FS: 2.928440

\q\\\\\ﬂiﬁ

'§ =SS AN

L 0 T T e Y T S 0 S 9 4 0 L 35U 8 e 0 5 S TR T O T T e Y S O e B G T S e Y T 0 ool L o i i v
-200 -150 +100 50 o S0 100 150 ! 200 250 300 350 400 450

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

.Iculation 388996-GT-002, Rev. 2

Page 108 '




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

Safety Factor
0.000

0.500
1.000
1.500
2.000
2.500

3.000

4.500

5.000

6.000+

Global Minimums
FS: 0.985088
FS: 1.019630

Method: spencer
FS: 1.075220

FS: 1.028960

Method: bishop simplified

Method: janbu corrected

Method: gle/morgenstem-price
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Figure E5. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (wedge failure surface).
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Table E1. Input motions used for Rigorous Rigid-Block Analysis (475-year event)

1omett

Less than or equal to”

R

Ies

Arias tntensity (ns)
Duration (5.95%) (s} - -
Pedk Acceleration (g)
tean Period (s)
‘-Eph:enuil Disizmce (km
Focal Distance (km)

Rwy[i(e i {km)

Focal Mechatdsriz (7] Al (5] Strike’stip ) Hormat
sité Classirication: ¥ All* [ Hata rock [£] soft rock (2] sutf soit [ Son soil.

Re;qr&s éé!ected'(\inlts"és‘indir'::ated above): -

Sort by [Earthquake

|th men{Record .

i |

2 arthquake . | "< - Record . . Magnituda - -Anas It - " __=Duorgtien. " PGA Mean Per, ~_Epi.Dist Focal Dist, ™ . Rup Dist .. Foc tiech, ' __Analye
Cape Mendocing 1892 |RIO27 7.1 5 153 0385 054 719 542 185 Reverse V]
Chi-Chj, Talwan 1 CHY)05-00 7.6 .4 2858 M 0.245 0. 40.7 42.0 14.9 Reverse v
Chi-Chi, Taiwan 1 CHY008-09i [7. .0 1243 ,364 0. 30.7 42, 149 Reverse v
Chi-Chi, Taiwan 1 [CHY034-00! 7 81 24.4 .31 0. 46.5 47, 202 Reverse
Chi-Chi, Taiwan 19! CHY041-27 7. 1.541 30.2 .30 0.4 1.6 52, 26.0 Reverse
Chi-Chi, Taiwan 19! [CHY 101271 7. 2.320 304 .25 1.85 2. 33. 11.1 Reverse Vi
Chi-Chi, Taiwan 1 MST-000 A 0.822 9.0 38 0.45 8, 88.8 37.0 Reverse 4
Chi-Chi, Taiwan 1 NST-080 7.6 0.714 102 0.309 0,39 8.2 383 370 Reverse v
Chi-Chi, Taiwan 1 [TCU047-270 7.6 1.454 187 0.301 0.74 5. .9 32.0 Reverse v
Chi-Chi, Taiwan 1 CU052-270 7. 2.885 15.6 .34/ 157 8.4 N .7 2.2 Reverse N4
Chi-Chi, Taiwan 1 CU087-00 7. 2.618 23.0 .32 0.75 B 5 0.3 Revarse 4
Chi-Chi, Tawan 1 CU072-00i 7. 4.963 24.0 .40 0.58 .5 229 7.4 Reverse V]
Chi-Chi, Taiwan 1 CU074-001 7. 3.11 19.7 .34 0.68 .7 214 137 Reverse v|
Chi-Chi, Taiwan 1 CU075-27 7. 2.97° 27.0 0.33: 0.77 19.7 22.2 15 Reverse 2
Chi-Chi, Taiwan 1 CU076-27 7. .51 295 0.30. 0.5¢ 15.3 18.4 2.0 Reverse Vi
Chi-Chi, Taiwan 1 CU079-00 7. .83 270 0.39° 0.4 8.3 13.2 10.0 Reverse v
Chi-Chi, Tarwan 1 CU089-27 .002 241 0.33! 0.4 .5 12.2 8.2 Reverse V]
Chi-Chi, Tatwan 1 CU095-27 738 7! 0.51 4.4 95.0 43.4 Reverse 4
Chi-Chi, Taiwan 1 WGK-090 . 2,274 .334 1.00 1.0 32.7 111 Reverse [4
iDum, Turkey 1999 “[02C-180 1 695 .34 0.69 .5 138 8.2 Strike-slip v
El Centro 1940 EC9-18 7.0 1.705 .31 0.54 11.4 19.6 8.3 Strike-slip [}

DZC-18| 7.4 1.08 1212 0.99 1111 1124 14.2 iSirike-siip V]
0ZC-271 7.4 1.33 0.353 0.87 111.1 112.4 14.2 trike-slip 4
[SKR-09! 7.4 1.75 .37 041 44.3 47.4 3.3 trike-slip %
[YPT-330 - 7.4 1.32; .34 1.34 .4 19.0 44 trike-stip [}
[DAYAN 7.4 1.424 21 0.33 4.0 48.5 17.0 everse v
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Table E2. Summary of Calculated Permanent Deformations (475-year event)

<
Step 1; Select Records | Step 2: Perform Rigid-Block Analys.is_b' Step 3: View Resuits {" R . 3 -
e .. Perompnaysy . N .l . T . Gearounum L . )
Earthguake - i Record Displacement i (om} Dispiacement 2 (cm) i Average Disp. (em) i

Chi-Chi, Taiwan 1995 - TCUD47-271 2. 1. N 1.8
Chi-Chi, Taiwan 1 CHYD41-27, 0 . 0.5
Chi-Chi, Taiwan 1 ITCU078-27 2. 1.4
Chi-Chi, Taiwan 1 NST-080 0. 0.2
Chi-Chi, Tatwan 1 CHY034-000 1.4 4 2.8
Kocaeli. Turkey 1993 DZC-180 . . 0.7

{Ei Ceniro 1930 ECS-180 1. - 0.7
Chi-Chi, Taiwan 1999 TCU067-000 2. 3.9
Tabas, Iran 1978 DAY-L! . 0.3 4
Chi-Chi, Tamwan 1 TCU075-270 .0 4.5
Chi-Chi, Talwan 1! N ITCU08Y-270 8
Chi-Chi, Taiwan t IWGK-080 N 0.3 . ..
ChI-Chi, Taiwan 1 CHYD0B-000 17 . 1.2
Duzce, Turkey 1999 B DZC-180 2.1 ) 3.0
IChi-Chi, Taiwan 1999 TCU052-270 108 - 118 11.2
Kocaeli, Turkey 1999 YPT-330 0.0 0.3 N 0.4
Chi-Chi, Taiwan 1899 TCUOQ74-000 1.9 2.3 2.1
Chi-Chi, Taiwan 1999 y CHY101-270 0 0.3 0.2
Kocael), Tui 1899 DZC-270 2 1.8 2.0
Chi-Chi, Taiwan 1999 CHYG06-090 0. 2.7 1.7
Kocaell, Turkey 1999 SKR-080 0. 0.4 0.3
Chi-Chi, Tatwan 1999 TCU095-270 0.2 1.6 0.9
Cape Mendocino 1982 IRiD-270 0.1 3 0.7
Chi-Chi, Taiwan 1988 NST-000 0.1 0.3 0.2
Chi-Chi, Taiwan 1999 TCUD79-000 0.7 0.7 07
Chi-Chi, Taiwan 1989 ITCU072-000 13 2.0 1.6

B . . T ) - : L L Mean value is: 1.6 cm
& space dati ¢ comma defifni - LA e . . . : R - : Median value is: 0.9 cm
N - - N Standard Deviation is: 2.2 cm

Piot istogram ofHevmaik displocements

Plot Hawmark

nts versus time |

¢
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Figure E6. Calculated Permanent Deformations (475-yr Event)

Newmark dlsplacement versus time

.......................................................................................................................................
¥ '

"

| ' t
o

1‘0“_...-.-..§__

‘Newmark displacement (cm) .

0 0 o 0 40 o dn 0 B9 9 0o 10 170 d90 a0 150 feo 70
. Time (s)

B chi-Chi, Taiwan 1999 - TCU047-270 B Chi-Chi, Taiwan 1999 - CHY041-270  Chi-Chi, Taiwan 1999 - TCU076-270
| Chi-Chi, Taiwan 1999 - NST-090 ' Chi-Chi, Taiwan 1999 - CHY034-000 ™ Kocaeli, Turkey 1999 - DZC-180
' El Centro 1940 - EC9-180 ' Chi-Chi, Taiwan 1999 - TCU067-000 % Tabas, Iran 1978 - DAY-LN
| B chi-Chi, Taiwan 1999 - TCU075-270 M Chi-Chi, Taiwan 1999 - TCU089-270 ~ Chi-Chi, Taiwan 1999 - WGK-090

Chi-Chi, Taiwan 1999 - CHY006-000

" Duzce, Turkey 1999 - DZC-180 B chi-Chi, Taiwan 1999 - TCU052-270
Kocaeli, Turkey 1999 - YPT-330 ¥ Chi-Chi, Taiwan 1999 - TCU074-000 " Chi-Chi, Taiwan 1999 - CHY101-270
B Kocaeli, Turkey 1999 - DZC-270 B chi-Chi, Taiwan 1999 - CHY006-090  Kocaeli, Turkey 1999 - SKR-090
Chi-Chi, Taiwan 1999 - TCU095-270 Cape Mendocino 1992 - RIO-270 B 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)

I‘{‘ Search records by nropemes r Select mdmdual records [ -

lculation 388996-GT-002, Rev. 2

Grealer than or equal to:  Less than or equal to: -
7 8.5
Arias Intensity (mv/s)
Duration (5-95%) (s)
Peak Acceleration (g) [0.8 1.1 :
‘{Mean Period (s).
[Epicentrel Distance (km; . — . .
Focal Distance {km) ST - <, o
Ruxxture Dlsmm:e (km) . L
Focal Mechanisim: = Al [] Strike-stip (] Hormal (] Reverse [[] Obtique normat [7] Oblxque reverse
Site Classification: [ All [Z] Hard rock (7] Softrock £} Stif soil {3} Softsol o o
T ~ =
Records selected {units as indicated above): = - Select all for analysis ] ~ Deselect all for apalysis |
Sort by armquate | =]tnen[recora [wan]>] - - Display properties of: ® Records 3 Stations
.. Record Magtiude PGA to . o iean Per. i Fac, Mech, Analze
CPM-090 7. .389 038 .35 10. 146 Reverse
Chi-Chy, Taiwan 189 CHY028-000 7. 912 0.821 .58 32, 345 7 Reverse
Chi-Ghi, Taiwan 189! CHY080-000 7. .054 0.902 .85 31 334 7. Raverse
Chi-Chi, Taiwan 1 ICHY080-270 7. 9.295 58 0.83 31 334 70 Reverse
Chi-Chi, Taiwan 1 TCU065-270 7. 7.669 14. 112 25| 278 1.0 iReverse v
Chi-Chi, Taiwan 1 TCU129-270 7. 9.259 010 0. 13, 170 1.2 Reverse v
Chi-Chi, Taiwan 1 IWNT-090 7. 7.886 .958 0.34 11, 158 12 Reverse. v/
Duzee, Turkey 1939 BOL-090 7. 431 22 . 9. 404 7.8 Strike-slip V]
Duzce, Turkey 1999 VO-000 7.1 .978 70 .31 3.1 252 82 Strike-slip 4
Tabas, fran 197 TAB-344 7.4 187 12 ki 1.1 742 30 Reverse 4
5. - o i o ;Qele highiighted recordfs) | Go to Perform Rigid-Block Analysis page
10 of 10 records selected {or analysis + - N - N 3
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* Step 1: Select Records r Step 2: Perform Rigid-Block Analysis T Step 3: View Re:

e e e . {Perform Analysis' -~ - i l -~ Clear output

- - -_Earthquake Record - . _ - _ Displacement 1 {cm} Displacement 2 {cm) Average Disp, (cm) _
iTabas. iran 1678 {TAB-344 47.5 47.2
[Chi-Chi, Taiwan 1999 ITCU085-270 248 50.5
Chi-Chi, Taiwan 1399 CHY028-000 243 42.2
Duzce. Turkey 1399 BOL-030 14.4 193
Chi-Chi, Taiwan 199! [CHY080-000 44.7 60.3
Chi-Chi, Taiwan 199! T-030 12 14.1
Chi-Chi, Taiwan 199 [CHY030-270 57. 57.5
Duzce, Turkey 1999 IVC-000 28, 25.7
Chi-Chi, Taiwan 1999 TCU126-270 17.4 182
Cape Mendocine 1992 CP4-090 18

2.0

- ‘)?lot g_\istogram e;m_qagg gsmggmgnpq

Piotwith[10 | bins®

Piot Hewmark displacements versus time

o i

Calculation 388996-GT-002, Rev. 2

Mean value is: 34.6 cm
Medianvalueis:42.3¢cm
Standard Deviation is: 22.0 cm

.{ ¥} Displaytégend.
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35

Figure E8. Permanent Deformation Based on Bray and Travasarou (2007)
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0.4

Page 117 of 183



Figure E9. Permanent Deformation Based on Hynes-Griffin and Franklin (1984)

10.0
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0.9
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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
~ o Post-liquefaction (flow) analysis: FS > 2.8 (OK)

¢ Yield acceleration: k,=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 Ai\/lean Maximum
Bray and Travasarou (2007) 0 0 ’ 3 6
Hynes-Griffin and Franklin (1984) -- <47 <4 13
Rigorous Rigid-Block Analysis 0 0 7 2 .10

.‘alculatiovn 388996-GT-002, Rev. 2
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| sagety Factor
| 0.000

2
»i

0.500

' <042

1.000
1990 Global Minimums ]
2.000 Method: bishop simplified
FS: 1.020480
2.500 Method: janbu corrected
FS: 1.027380
3.000 Method: spencer
FS: 1.049790
%500 Method: gl
4,060 FS: 1.035040

- 4.500
5.000

5.500

6.000+

L N
e SR \

Figure E10. Determination of yield acceleration assuming the lower sand layer in fully-liquefied state (circular failure surface).
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| safety Factor
2] Yy

Global Minimums

Method: bishop simplified
FS: 0.991414

Method: janbu corrected
FS:1.013500

Method: spencer
FS: 1.039690

Method: gle/morgenstem-price)

FS: 1.041720

/

’ < 0.42

Figure E11. 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)

Step 1: Setect Records™]_Step 2; Perform Rigid-Block Analysis | Step 3: View Results |~

Qleér oulput

- B g Perform Analysis . - : * - o B
o ~-Earthquake -~ - Recard N Gisplacement 2 (cm) Averagg Disp. (cm)

IHChi-Chi, Taiwan 19 TCU047-27 .0 0.0

§:Chi-Chi, Taiwan 1 - CHYD41-27 0.0

t , Taiwan 1 TCU076-27! 0.0

|, Taiwan 1 NST-090 0.0

Chi-Chi, Taiwan 1 CHY(034-000 . 0.0
IKocaeli, Turkey 1999 L. DZC-180 0. 0.1
ECQ-180 0. 0.

igChi-Chi, Taiwan 1999 TCUOB7-000 0. 0.

fiTabas, Iran 1978 DAY-LN 0. 0.

#Chi-Chi, Taiwan 1999 ITCUQ75-270

#Chi-Chi, Taiwan 1999 [TCU083-270

iChi-Chi, Taiwan 1999 [WGK-080

{Chi-Chi, Taiwan 1999 [CHY006-000
Duzce, Turkey 1999 DZC-180

FiChi-Chi. Taiwan 1898 TCU052-270 ]

3 Kocaeli, Turkey 1939 YPT-330 .

§ Chi-Chi, Taiwan 1995 TCU074-000 0.

EiChi-Chi, Talwan 1999 CHY101-270 0.0
Kocaell, Turkey 1999 D2C-270 0.0
Chi-Chi, Taiwan 1999 CHY006-090 .0
Kocaeli, Tuskey 1999 SKR-090 .0

(Chi-Cni, Taiwan 1999 TCL095270 o
Cape Mendocing 1892 RiQ-270

F3Chi-Chi, Talwan 199! MST-Q00
Chi-Chi, Taiwan 189! TCU078-000 X
Chi-Cni. Taiwan 189 TCU0O72-000 0.

* Plot histogram of

. Plot Hewmark displacements yersus time. . -

Plot with{10 bins

[} Display legend

Mean value fs; 0.0 cm
Median vatue is: 0.0 cm
Standard Deviation is: 0.0 ¢m!

™

Calculation 388996-GT-002, Rev. 2
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Figure E12. Calculated Permanent Deformations (475-yr Event)

Newmark displacement versus time

0.0000000 § ; .
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Chi-Chi, Taiwan 1999 - NST-090 ' Chi-Chi, Taiwan 1999 - CHY034-000 ™ Kocaeli, Turkey 1999 - DZC-180
El Centro 1940 - EC9-180 ™ Chi-Chi, Taiwan 1999 - TCU067-000 * Tabas, Iran 1978 - DAY-LN

B Chi-Chi, Taiwan 1999 - TCU075-270 B Chi-Chi, Taiwan 1999 - TCU089-270  Chi-Chi, Taiwan 1999 - WGK-090
Chi-Chi, Taiwan 1999 - CHY006-000 ' Duzce, Turkey 1999 - DZC-180 M Chi-Chi, Taiwan 1999 - TCU052-270
Kocaeli, Turkey 1999 - YPT-330 ™ Chi-Chi, Taiwan 1999 - TCU074-000 = Chi-Chi, Taiwan 1999 - CHY101-270

B Kocaeli, Turkey 1999 - DZC-270 M Chi-Chi, Taiwan 1999 - CHY006-090  Kocaeli, Turkey 1999 - SKR-090
Chi-Chi, Taiwan 1999 - TCU095-270 * Cape Mendocino 1992 - RIO-270 B Chi-Chi, Taiwan 1999 - NST-000
Chi-Chi, Taiwan 1999 - TCU079-000 ¥ Chi-Chi, Taiwan 1999 - TCU072-000
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Step 1: Select Records | Step 2: Perform Rigid-Block Analysis |, Step 3: View Restits

e n (o POTOMAMNSS o R L s Cearowpnt o -
- Record Displacement 1 {orm) 1 “Displacemnent 2 {om} i Average Disp. (cm)
1abas, iran 1973 A8-344 6. 5.9
Chi-Chi. Taiwan 1999 TCU065-270 0. 2.5
Chi-Chi, Tatwan 1999 ICHY(28-000 8. 10.0
Duzee, Turkey 1993 BOL-090 ’ 1. 3.8
Chi-Chi, Taiwan 1999 ICHYD80-000 0.7 12.4
Chi-Chi, Taiwan 1999 IWNT-090 14 1.8
Chi-Chi, Taiwan 9 [CHY080-270 6.7 12.4
Duzce, Turkey 1992 VO-000 2.5 240
Chi-Chi, Tatwan 1999 1CU129-270 1.6 1.8
{Cape Mendocing 1992 CPH-090 0.4 0.4

| mislog;a‘mﬂof I,I},wgi!afk isplacements -

Plot Hewmark displacements versus ime. . -

Calculation 388996-GT-002, Rev. 2

v Mean value is: 5.2 cm
Medianvalueis: 3.8 cm
Standard Deviation is: 4.6 cm.
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Figure E13. Calculated Permanent Deformations (2475-yr Event)
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I| safety Factor

8- 0.000 ®
: <042
0.500 Global Minimums
Method: bishop simplified 1.042]

1.000 FS: 0991414
1.500 Method: janbu corrected

FS: 1.013500
2.000 Method: spencer &

FS: 1.039690 Qé}
2.500 Method: gle/morgenstem-price| |
3.000 FS: 1.041720 2

Figure E11. 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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Yield Acceleration (after Idriss and Boulanger, 2008).
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E3. Lower Sand Layer Is Not Liquefied
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Summary:

-

e Post-liquefaction (flow) analysis: FS > 2.8 (OK)
* Yield acceleration: k,=0.46 g
o Permanent deformation based on Newmark-type analyses:

e Assumed the lower sand layer (Soil Unit 4) is not liquefied (¢’ = 100 psf, ¢’ = 34°)

Permanent Deformation in a 475-year Event (in) Permanent Defqrmatidn 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
Rigbrous Rigid—BlocI; Analysis ‘ xO 0 1.5 8

.Iculation 388996-GT-002, Rev. 2

7
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Figure E16. Determination of yield acceleration assuming the lower sand layer in non-liquefied state (circular failure surface).
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-| safety Factor

- 0.46

FS: 1.079890

Method: gle/morgenstem-price|

.000
.500
.000
.500
.000
Global Minimums :

o Method: bishop simplified
.000 FS: 1.084050

Method: janbu corrected
-500 FS: 1.100670

Method: spencer
e FS: 1.222140

o 50 100 150 200 250 300 350 ' 465

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)

[ "step 3: view Resuts . .+

e A JPerform . Clearoutput - - . .
- " Regord t2tem) .
i, Taiwan 1999 [TCU047-27! £ 0.0
, Taiwan 1998 CHY041-27] £ 0.0
. Taiwan 1899 TCU076-271 0.0
. aiwan 1999 INST-090 A 0.0
ghi~Chi, Taiwan 1999 CHY034-000 0.0 . 0.
iKocael, Turkey 1999 . DZC-180 0.0 0.0 0
1940 ECS-180 0.0 0.3 {K
Chi-Chi, Taiwan 1889 [TCU087-000 0. 0.0 0. N
n 1978 [DAY-L 0.0 0.
, Taiwan 1 TCUQ75-270 0.0 .
Taiwan 1 TCU08S-270
IWGK-030
CHYO0DE-000
#Dwuzce, Turkey 1999 DzC-180
Chi-Chi, Taiwan 1999 TCU052-270
[YPT-330 A X
[TCU074-000 .0 0
CHY101-270 0.0 0.0
DzC-270 0.0 0.0
[CHY006-090 0.0 0.
SKR-090
TCU095-270
|Ric-278 X X
MNST-000 0.0 0.0
TCU073-000 0.0 0.0
TCU072-000 0.0 0.0
- % R B
E *
. v = Kean value is: 6.0 cm
- ¢ space deli O comma ’ Median value is: 0.0 cm
) < a Standard Deviation is: 0.0 cm

Calculation 388996-GT-002, Rev. 2
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Figure E18. Calculated Permanent Deformations (475-yr Event)

Newmark displacement versus time

placement (cm)
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,
Ty & >
~.+ Earihquake . - Displacement 1 {cmj Displacement 2 {cm)}, Average Disp. {cmy i
(Tabas, Iran 1978 [TAB-344 2. 4.8 3.7
Chi-Chi, Taiwan 1999 [TCUB65-270 3. 0.0 1.
[Chi-Chi, Taiwan 1999 ICHY028-000 9. 6.1 §
[Duzce, Turkey 1399 BOL-090 4. 1, 3 |
Chi-Chi, Tatwan 1 CHY380-000 18.8 0. A H
[Chi-Chi, Taiwan 19 WHT-030 7 1.6 1. - 1. |
Chi-Chi, Taiwan 19 [CHY0B0-270 143 3.1 8. |
Duzce, Turkey 1999 VO-000 0.6 g 1.2 i
Chi-Chi, Taiwan 1999 TCU129-270 1.5 .2 1.3 i
Cape Hendodine 1992 CPM-050 0.4 3 03 !
. i - i B . " .
- ¥ N -
o . 3 .
& R -
\ :
i . .
N HMean value is: 3.8 cm
Median value is: 2.6 cm
Standard Deviation is: 3.5 cm
togram of Hewmar P ’
“ 4] Diépl_ay legend - > ’ "
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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 (2b07)
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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)

&
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Table F1. Summary of factor of safety obtained from pseudo static analyses

Design seismic

Liquefaction state in
Unit 4

Factor of safety, FS

event ki = 0.5*PGA k, = 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 retumn Partly liquefied 0.90 0.71
period
Non liquefied 0.96 0.74

Calculation 388996-GT-002, Rev. 2
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.| safety Factor
| 0.000
7
0.500 023
1.000
1.500
2.000 1
2.500 A
3.000 b
1 3.500 £
4.000 Global Minimums
Method: bishop simplified -1.157
4209 FS: 1.143000
B . oo Method: janbu corrected
: FS: 1.142020 )
5.500 Method: spencer
FS: 1.173890 >
6.000+ Method: gle/morgenstern-price| .
FS: 1.157390
i L
] 5
&
8-
R
v
8|
i
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Figure F1. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (circular failure surface, k,
=0.67*PGA).
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4 safety Factor

0.000

0.500 Global Minimums

e FS: 0.899853
1.500
FS: 0.930942
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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, k, =

.Iculation 388996-GT-002, Rev. 2

0.67*PGA).
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-| safety Factor

0.000
0.500 ;
e 1.000 #M(
1.500
2.000
2.500
& 3000
: Global Minimums
3.500 Method: bishop simplified
4.000 FS: 1.595240
Method: janbu corrected
4.500 FS: 1.548880
Method: spencer
= 5.000 FS: 1.608950
Method: gle/morgenstem-price
5.500 FS: 1.598500

6.000+

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, ky, = 0.67*PGA).
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-| safety Factor

§-_ 0.000
7 0.500 Global Minimums 7 . €023
Method: bishop simplified
1.000 FS: 1.525320
Method: janbu corrected
1.500 FS: 1.558620
2 000 Method: spencer
. FS: 1.629560
2.500 Method: gle/morgenstem-price|
FS: 1.630160
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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, k, = 0.67*PGA).
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-| safety Factor
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0.23
0.500 2
4 1.000
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8 Method: gle/morgenstem-price|
. FS: 1.640690
8
b
2
2.4
—_— — T R R S B — e B
300 250 200 -150 100 50 0 50 100 150 200 250 300 350 400

Figure F5. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (circular failure surface, k; =
0.67*PGA).
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‘| satety Factor

0.000
.500 -« 023
.000 Global Minimums T
Method: bishop simplified oL
-500 FS: 1.730010
Method: janbu comrected
-000 FS: 1.755920
.500 Method: spencer
FS: 1.733610
.000 Method: gle/morgenstem-price
FS: 1.715030

L0004+

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

=0.5*PGA).
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| safety Factor
| 0.000

« 017

9509 Global Minimums
L Method: bishop simplified

FS: 1.125470
1.500 Method: janbu corrected

FS: 1.168120
2.000 Method: spencer
2.500 FS: 1.216930

. Method: gle/morgenstem-price|

3.000 FS: 1.173290

3.500

4.000

Figure F8. Pseudo static analysis of the exterior berm in a 475-year event assuming full liquefaction in the lower sand (wedge failure surface, k; =
0.5*PGA).
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-| safety Factor
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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, k, = 0.5*PGA).
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-| safety Factor
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Figure F10. Pseudo static analysis of the exterior berm in a 475-year event assuming partly liquefied state in the lower sand (wedge failure
surface, k, = 0.5*PGA).

.k:ulation 388996-GT-002, Rev. 2

Page 150 .



| satety Factor
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Figure F11. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (circular failure surface, k;,
=0.5*PGA).
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’| safety Factor
i 0.000

0.500 M o
Global Minimums
1.000 Method: bishop simplified 2.031
FS:2.047940 -
1 Method: janbu corected
FS: 2.079750
Method: spencer
FS: 2.051260
Method: gle/morgenstern-pricey
FS: 2.030550

Figure F12. Pseudo static analysis of the exterior berm in a 475-year event assuming no liquefaction in the lower sand (wedge failure surface, ky
=0.5*PGA).
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] satety Factor
0.000

Global Minimums

Method: bishop simplified
§ 1.000 FS: 0.513407
- Method: janbu corrected
1500 FS: 0.530363
Method: spencer

FS: 0.579751
2.500 Method: gl
FS: 0.552103
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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,
kn = 0.67*PGA).
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;| satety Factor
0.000

0.500
1.000

1.500

Global Minimums

Method: bishop simplified
FS: 0.453552

Method: janbu corrected
FS: 0,474042

Method: spencer
FS: 0.539952

Method: gle/morgenstern-price
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<« 067

Figure F14. Pseudo static analysis of the exterior berm in a 2475-year event assuming full liquefaction in the lower sand (wedge failure surface,
kn = 0.67*PGA).
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1 saety Factor
0.000

0.500
1.000
1.500
2.000
B 2.500

- 3.000

4.500
— 5.000
5.500

6.000+

Global Minimums
Method: bishop simplifed 0.713]
FS: 0.691182 -
Method: janbu corrected
FS: 0.701328
Method: spencer
FS: 0.725733 %
Method: gle/morgenstern-price
FS: 0.712818 g

.‘\w\m\\\\\\»

o

Calculation 388996-GT-002, Rev. 2

Figure F15. Pseudo static analysis of the exterior berm in a 2475-year event assuming partly liquefied state in the lower sand (circular failure

surface, k, = 0.67*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, k, = 0.67*PGA).
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_| safety Factor
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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,
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kn = 0.67*PGA).
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| safety Factor G o
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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, kj
=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,
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kn = 0.5*PGA).
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3‘3 Safety Factor
0.000
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0.500 Global Minimums )
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500 Method: janbu corrected &
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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,
kn = 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, ky, = 0.5*PGA).
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| safety Factor
- 0.000
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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, k, = 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,
k, = 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, kj
= 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)gcs, 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 o :

Date: 8/5/2010

Engineer: H. Pham

475-YEAR EVENT

Tokimatsu and Seed (1987)
Ishihara and Yosemine (1990}

. RS TR B
FOS for Lig: CSR Reduction | |8 Vertical. |I&Y-Incremental’
: “Potential “Factor (rd) . | - -:Strain .- - L‘Sett. (inchés)
Lower Sand 43.5 15 0.46 0.82 0.027 0.785
Lower Sand 46.0 20 0.59 0.80 0.022 0.645
Lower Sand 48.5 11 0.36 0.78 0.034 1.006
Lower Sand 51.0. 18 0.52 0.78 0.024 0.705
Note: Input data is highlighted in yellow. See the i i ial spreadsheet for N1(60)cs, FOS for Liquefaction Potential, and CSR values.
2475-YEAR EVENT
Tokimatsu and Seed (1987) ) “Ave. ;Sett. (in‘c'he) ‘ ’ r"f3i ’

Ishihara and Yosemine (1990)

. oo - - lFOSforliq.] .7 i Y CSR Reduction | |&Y Vertical [I&Y Incremental | I&Y Total Sett. | 'T&S Vertical". |. Increm
0. SoilUnit -~ | . Depth (ft) N1(60)cs . |~ Potential | -~ CSR:* | Thickness (ft) Factor(rd): |~  Strain Sett. (inches) | . (inches) . | . Straii -l Sett. (inches)
Lower Sand 60.0 15 0.20 0.55 2.5 0.69 0.027 0.795 3150 - 0.019 0.570
Lower Sand 62.5 . 20 025 0.55 2.5 0.67 0.022 0.645 2.355 0.015 0.450
Lower Sand - 65.0 11 0.16 0.55 25 0.64 0.034 1.005 1.710 0.023 ~ 0890
Lower Sand 67.5 18 0.22 0.55 2.5 0.62 0.024 0.705 0.705 0.016 0.480
Note: Input data is highlighted in yellow. See the I ion-p jal spreadsheet for N1(60)cs, FOS for Liquefaction Potential, and CSR values.

8/5/2010

Calculation 388996-GT-002, Rev. 2 ' ) Page 167 of 183



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 (k,) 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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. | . S
CH2MMILL SQES%QTMMMH&NMMU\S.MQ%“&WW 5y __H.Eriasd

VENEER  STABILI T CHECK._CE THE._ROMD._COVER._ SHEETNO._|___ DATE OBAB 1o

SXSEM PROJECT ND. _ 40335 - HW.TS

FVENS : A= 3° ¢ NCLNED M&A‘E)
' Y= 25 pcs (CHIT WEIGHT OF SOL ABOVE EEOMEMRANE)
F = 30° (&acion MBLE. OF SON/CEOMEMRANE WTERFACE,)
FOR 4TS.YR BUENT, kK, = 0.239 (T hesomed ki = 0WT* 764D
ki «.-.0.1'73 (rF assomeD ky = OSE PEAD
R 2415 MR QleNT: K, = QuTy  (IF AsSumMED Yy = O.6TFEA)
| | ‘ Kh = 08g (TP AscoMed Ky, = OS* fea)

« VERTICM @Ree (FROM THE WEksMT oF sch) :
Ro= (29)(3)(i25/ wsB) = 4pazd b/g. ‘

g HORIZONTA. CORCE. AOM EARTHQOMCE. (NErtaL Pece )
= (0.23)(R) = (0.23)(4434) = 074
W (RD = (047) (4A34) = 7900

(Sco¥R a.'a'?r)

Ry = (ow)(ﬁ) (067 (@A) = Bi44q
= Co =) (.PJ) = (0 ".‘a") L%"’M) = 13470
" brivik FORCE

(2500 4R EIENT)

PP”“ Pps = R]én?f’ ,'-f' Pﬂ ws3
= BAZ)008) + (014 (1.0) = 1314

= (48434)(00%) + (730 y(Loo) = 10327 (Beo-vR )

fl

Hoa34) (6.05) + (> 00) o B ‘

¢ ) >+ ( ‘wm )] 7o (2500 ¥ A
(#A24) (0.05) ¢ (22470 (L.00) = 28817

. RESISTNG RoRCE - '

(B - Pyo YTan B0° o (Px;z,% ~ Pysind® ) "mu 20° '

= [L%ﬂw)(im) (1074 (D. 05)] (058) o zeﬁsz (oo e
= [AA24)(1.00) — (7a20)(0.05)] (0.58) - 26992 .

= [(46424)(1.00) - 651444)(0/-’5)3 (©28) = ze.zsrs (2500 R maw).
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Attachment |

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:1V slideslope of the exterior berm was
checked assuming that the sliding surface coincident with the interface between the berm soil and the
filter/bedding fayer 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 (k,) 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 dlsplacement was |
calculated using Newmark-based methods.
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Job No. L

</ CH2MIHILL.
o Sheet No. |
Job Name HOMEYWEL, MEIROPOLS WASTE EACIUTY Date _l070t /2800
. Subject __STABIITY CHECK 0F RIPRAP 0N 3H.\V SDESIOPES Computed By H_fHAM

Checked By M. &Avin :

L
1 S

Cﬁaez_l;éewmb)
MSE(R): = 25° (BEPDINGD

O (2) . dp = BO” (ALTER -NWLT)

. - J
\ ‘ NOE. BEODINI MATERIM. 15 EXPECTED TO HANE BT LEAST 5% HNES.
AN MPPARENT (OHESION 6F S0 FEF UNDER SEISMIC LOADINY is
THEREFORE (OMGIDERED APRLCABLE (NCHRP 2008 )

. Assw?sime/mwrs :

_RIPRAP ¢ )5 139 pck ( AeRAGE um WEIGHT ¢F RIPAR + auea/%@mw)
= 35 (WEW GRADED ewo & GRAVEL BEDDING)
= E@v 30" (NWGT ALTER))
=0
kk 0.1 3 (24715_Y& EVENT)
ky, = 0254 (415w EVENT)

THE CIPRAP LAYER i6 DRY
, CALCULNTIONS -

. VETICAL FORCE: (V). :
Ve c*za)cz)cea/we(e We 15650 b/t
\/ Ve 2% o (15, lpbO)éW\(f)lif),__ 45{% ' L\o/a&
\{3 = \iem M = (15, 150) cos({&tr)m waeo &b/&&..
umzomm, FORCE () -
= t(;‘x o) (15,650 10, 4o lo/sk (475 R)
' « (0.23)(15, ¢50) ﬂxs ao.o “o/é:«\* 475 _ve.) I
) , ax = ﬁcO;—;.(@W... (o 486) (co518.4)= ﬁqso tb/:fg (2415 v
. . ‘ , = (5 600)(005164—)—~ 3, ‘Hé \%; (&15 ve)
I &5 - Rém BM = ,C!O%G)seﬂ(?)¢)~ aam b/j} (2415 W)
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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.
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TABLE 9:3 Typical Vaiues of the Coefficient of Consolidation ¢,

N
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cm2/$, X104
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Boston blue clay (CL)
" (Ladd and Luscher, 1965)

Organic silt (OH)

(Lowe, Zaccheo, and Feldman, 1964)
Glacial lake-clays (CL) .
(Wallace and Otto, 1964)
Chicago silty clay (CL)
(Terzaghi and Peck, 1967)
Swedish medium sensitive clays (CL-CH)
(Holtz and Broms, 1972)

L. laboratory
"2, field

San Francisco Bay Mud (CL.
Mexico-City clay (MH)
(Leo'nards and Girault, 1961)
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Honeywell Metropolis Works Facility -,
Consolidation Settiement of the Native Clays Below the Bottom of the Pond (Option 2b)
(Assumed the clays are overly.consolidated) )

Item Parameters Value . Notes
1 Unit Weight of Cover Soil (pcf): 125
2 Unit Weight of Common Fill {pcf): 125
3 Increment in Unit Weight of Stabilized Sludge (pcf): 8
4 Thickness of Cover Soil {ft}): 3
5  Thickness of Common Fill {ft}: ) 7
6  Thickness of Stabilized Sludge (ft) 16
7  Surcharge from Cover Soil {psf): 375 (1) x (4)
8  Surcharge from Common Fill (psf) 875 {2} x (5)
9  Surcharge from Stabilized Studge (psf} 128 {3} x (6)
10 Initial Overburden Stress (o',) at the Middle of the Upper Clay Layer {psf): 2822 (see soil profile)
11 Initial Overburden Stress (c',) at the Middle of the Lower Clay Layer (psf): 6602 (see soil profile)
12.  Average OCR 1.8 g
12 Average Re-Compression Index (C,) of Clays: 0.020 ~ : (fll'om TSC lab report)
13 Average Initial Void Ratio (e0) 0.720 (from TSC lab report)
14 Average Coefficient of Consolidation of Clays (C, - in2/sec): 4.65E-04 (using US Navy 1971 chart)
15 Average Coefficient of Secondary Consolidation (C,.) of Clays: 1.00E-03 (from TSC lab report)
16~ Total Consolidation Settlement at Completion (in) 0.60
17 Total Consolidation Settlement after Fill Placement (in) 0.45
18 Time to Complete Consolidation (190) after Fill Placement (day) 1216 Max of t90 computed in 2 clay layers
19 Consolidation Settlement (Waiting for Pre-Cover Fill to Consolidate) - in 0.14
20 Consolidation Settlement (Not Waiting for Pre-Cover Fill to Consolidate) - in 0.59 <assume 1 month for fill placement>
21 Secondary Consolidation After 30 Years - in

\

Calculation 388996-GT-002, Rev. 2

0.23 <assume the design life of the facility is 30 years>

+
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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 due to 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:

e USGS Deaggregation Tool (2008):
http://eqgint.cr.usgs.gov/deaggint/2008/?PHPSESSID=16ts50cm6mgvnfvi3oe305n3ub

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

o 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.

e 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). >
e 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.

e 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. L|st of Attachments

Plan and Cross Sections of the Surface Impoundments

Engineering Properties of Sludge

Determination of Seismic Design Parameters and Liquefaction Potential Analysis
Seismic-Induced Deformation (Lurching) of the Sludge Using Newmark Rigid-Block Method
Estimate of Liquefaction-Induced Settlement of the Sludge

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. '

mmoO®>

EPRI (1990). Manual on Estimating Soil Properties for Foundation DeS/gn EPRI ER-6800, Final Report
August 1990. v

7

Department of Navy (1982). Soi/ 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 analy5|s to model slope performance during earthquakes.” Open-/-'//e 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). Seisrmic Analysis 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 Shaklng "
Journal of Geotechn/ca/ 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 Iaborator§/ 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 e§timated 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 (%u) 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;

Consolidated Sludge
(Unstabilized)

Ce = 0.05; C. = 0; C, = 4.3x10™* in%/sec; e; = 2; OCR = 1

y = 97 pcf;

Static condition:

Seismic condition;

¢’ = 65 psf; ¢' = 37 deg; average S,/p = 0.47
SJ/p’ = 0.07 (residual shear strength)

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

Stabilized Sludge
(cement-treated)

y = 105 pcf;
Static condition:

Seismic condition:

S. = 1800 psf;
S, = 1440 psf (80% of static shear strength);

Sludge/EPDM Liner Interface
(at bottom of the pond along
the sideslopes)

v = 105 pcf;
Static condition:

Seismic condition:

C'static = 38 psf; ¢'staric = 39 deg;
Cseismic = 100 DSf, Deeismic = 33 dEQ (atan(0.8*tan39°))

Calculation 388996-GT-001, Rev. 2
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Table B1

Index Test Results on vCaF2_ Sludge
Honeywell-MTW Surface Impoundment Closure

' Moisture

Sample Depth Gradation Parameters i Content Atterberg Limits
D85 | D60 D50 D30 D10 Cu Cc w LL PL Pl
(ft) (mm) | (mm) | (mm) | (mm) | (mm) () » (%) (%) (%) (%)
C (Bulk) 2t06 0.0101 | 0.0071 | 0.0066 | 0.0059 | 0.0054 | 1.315 | 0.908 89.0 61 36 25
C-10 4106 0.0111 ] 0.0098 | 0.0094 | 0.0085 | 0.0077 | 1.273 | 0.957 90.3 62 38 24
C-18 8to10 | ) : 80.3 58 32 26
E (Bulk) 2t06 0.0156 | 0.0081 | 0.0078 | 0.0071 | 0.0057 | 1.421 1.092 94.4 62 38 24
E-13 4t06 ; 81.9 50 35 15
E-39 4t06 0.0102 | 0.0072 { 0.0067 | 0.0055] 0.0039 | 1.846 | 1.077 106.3 66 38 28
D-17 4t06 0.0194 | 0.0173 | 0.0166 | 0.0152 | 0.0124 | 1.395 | 1.077 107.8 60 36 24

Calculation 388996-GT-001, Rev. 2
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Tabie B2

Static Strength Test Results on CaF2 Sludge
Honeywell-MTW Surface Impoundment Closure

Average friction angle: 37 deg
Average cohesion: 65 psf
(used for long-term static analyses)

Chamber
Pressure Approx. Approx. Pore
(a3) or Deformation’y Deviator | Excess Pore Pressure Total Stress Path !
.Normal Load Peak Shear at Peak Stress Pressure at | Parameter at Parameters at Undrained Strength Ratio, Drained S}rength
Sample | Depth. (N} Moisture Content Strength Strength (Gev) Failure (PP} | Failure (A} Failure S,/P' (see Note 1) Paramaters Test Notes:
Basedon¢' | Based ona/p '
Initial (w) | Final (w) p q and A Ratio ) 1 C
(ft) {psf) (%) (%) (psf) (psf) (psf) {psf) (psh) —~ — (deg) |+ (psf)
CU Triaxial Tests (ASTM D4767) . iy
359 82.8 63.2 267 0.2 % 535 300 0.56 66 267 0.59 .40 b
E-13 4106 2797 B87.8 5438 1540 6.8 % 3080 1950 0.63 4337 1540 0.54 0.36 38.5 28.9
401 78.6 67.1 221 8.3 % 442 400 .90 622 221 0.42 0.36
1300 84.1 74 724 5.2 % 1448 1050 0.73 2024 724 0.49 0.36
C-i8 7to 10 2800 87.0 537 1886 0% 3772 1800 0.48 4686 1886 066 0.40 395, 115
399 95.0 73.4 92 8.7 % 183 390 2.13 491 92 0.19 0.18
B-19 4tos | 1298 L] 549 738 55 % B35 350 7.06 1726 448 0.33 0.5 30.8 50.9
D-9 4t06 398 103.2 67.4 415 92% 830 430 0.52 314 415 & 0.51 N/A N/A
Pond C/E 200 6.8 71.4 595 10 % 7190 150 0.13 595 595 111 0.60
Bulk . 1200 94.4 71.2 700 10 % 1410 700 0.50 1905 705 0.61 0.37 Test Performed by Kemron in November 2009. Provided here
(kemron) | Bulk 2000 88 733 1345 5% 7880 1200 0.47 3440 T420 | poe0.08 o082 | 37.4 50 Jtor comparison.
Direct Shear Tests (ASTM D3080) Average: | | 0.58 L2
398 89.4 78.4 443 0.251n s
) 1298 99.0 73.8 837 0.251n . :"‘\ Shear Rate: 0.0009 in/min
E-39 4106 2738 81.3 61.7 2281 0.251n N/A N/A N/A N/A N/A N/A 1 NA 38.2 9.2 l(Approximate DRAINED shear)
655 115.0 77.6 701 0.251in 1.07 [
1143 101.8 63.7 875 0.25in 0.77 : Shear Rate: 0.125 in/min
D-17 4106 1809 112.6 714 946 0.25Tn N/A N/A N/A N/A N/A 0.52 « N/A N/A N/A  |(Approximate UNDRAINED shear)
Tnterface Shear Strength Test on Large Sample {12-inch square) - EPDM Liner to Pond Sludge (ASTM D5321). ¥ .
400 94.4 72.2 359 0.11in M Shear Rate: 0.005 i/rmin (Approximate DRAINED shear)
¢ | 1300 psf specimen dried to anticipated post-consolidation
E(Bulk) | 2to6 1300 66 65.5 1082 2.3in N/A N/A N/A N/A N/A N/A fON/A l 39 © 38 i moisture content prior to test
400 82.6 68.2 347 0.1in 0.87 . “‘-—“-*:‘“-““ Shear Rate: 0.2 in/min (Approximate UNDRAINED shear)
E(Bulk) | .2106 1500 91.3 66.3 704 0.7 N/A N/A N/A N/A N/A 0.54 fN/A N/A  [s0n N/A  |Geonet used to drain sample during consolidation.
. [
Notes: 1 .

1. The undrained strength ratio (Su/P’) is defined as follows:
a. For the CU Triaxial Tests: S,/P'=sin (¢")/[1 + (2~ A;- 1) * Sin{¢")}
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)

Calcutation 388996-GT-001, Rev. 2

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

Thial void '
Sample Depth | InitalMC | ratio | FinalMC | Finale Measured Strain (at psf): P, Ceo Cre C,
Wi " & Wi e 125 500 1000 | 2000 | 4000 } (apparent) : Range (avg)
(ft (%) (%) %) 1 @) | ) | ) | % | psf -- - x10™ in*/sec
. _ 0.11t0 6.4
E-39 4t06 74.98 1.91 51.15 1.28 6.33 11.85 | 14.89 | 18.36 | 21.85 None 0.12 ~0 (3.2)
] 2.97-9.35
D-17 4t06 89.67 2.29 59.99 1.5 7.07 12.58 | 16.31 | 20.29 | 24.16 None 0.13 ~0 (6.3)
‘ o , 1.93t0 5.26
. C10 2105 68 1.73 53.35 1.33 2.18 4.63 6.97 | 10.31 [ 15.04 | i 800 0.15 ~0 (3.4)
Pond C/E - .
Bulk /“ /:‘ Y /l N
(Kemron) : : -y e 1.016 4.0
(See Note 1) Bulk 85 2.335 N/A N/A 9 14 16 19 22 | Néne | 0.0 ~0 (2. b)
. : . ! I
Notes: ) 1 . i ! X
1. Test performed by Kemron in Novemben2009. Results provided here for comparison. : : 1
: i I :
1 1 ' !
! + Cce=0.13 _
' o Cv=4.3E-4
X ‘ .
e0=2.0 i g
Assume o S
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Table B4

Cyclic Direct Simple Shear Test Results on CaF2 Slud

MTW Surface Closure Preliminary Results
Post-Cyclic | il Shear Strength (S,) Results
Sy
Pre-Cyclic Conditions . Cyclic Loading Results S, (Peak) S, @ 5% Strain {See Note 2)
Maisture
Initia} Percent | Content after #Cydes to Applied Shear | Applied Shear | “Adjusted” or Correspond,
Normal Assigned | Initial Moisture'|  Axial Strain [ Moisture (total), | Cansclidation, |  Liguefaction Stress @ Stress @ Average Shear Strain | Memb. Memb. Memb,
Test ID Sample Load CSR Content, w, | Duting Consol. W (See Note 1} Cydle 1 Cycle LF Applied CSR Su atPeak Su | Corr, | Su (Corr.) Su Corr. | Su(Corr.) Su Corr. | Su (Corr.) |Test Observations
(psf) % infin % % psf psf pst % psf psf psf psf psf psf psf psf
CDSS-1 E-39 1200 0.2 98.8 0.145 49.7% 75.1 40 220 140 0.150 243 44 12 231 235 125 222.5 120 54 66 Sample did not liquefy after 40 cycles.
N Test end at 22% strain. Residual S,
CDS8S-2 E-39 1200 0.4 91.5 0.235 47.8% 70.1 6 400 250 0.271 300 15 24 276 20 12.5 7.5 Not Determined not reported.
CDSS-3 E-39 1200 0.3 90.3 0.185 47.5% 721 11 325 210 0.223 265 10.5 18 247 35 125 225 122 54 68
CDSs4 E-33 750 0.3 104 0.170 51.0% 78 10 195 120 0.210 175 9 17 158 50 12.5 3rs 15 54 61
f T < v Axial strain i by ~2% during
CDss-5 E-39 1850 03 928 0.215 48.1% 72.2 5 50¢ 370 0.235 295 12 20 275 - 130 ¢ 125 117.5 215 54 161 loading
' B : ¢ R . . Axial strain adjusted by -0.7% priof to
CDSS-6 D-17 1850 0.3 107.8 0.320 51.9%. ‘742 4 500 480 . 0.265 190 58 54 | . 138 35 125 22.5 -158 54 101 loading
CDSS-7 E-39 1850 0.2 96,3 0.300 49.1% £s.8 10 350 - 230 0170 220 12 12 200 30 12.8 17.5 190 54 136
” H &
CDSS-8 D17 1200 0.3 1112 0.320 52.7% 61.6 4 280 200 0.200 ‘ Post-cyclic consol test performed = 0,041 inch setfiement at 1200 psf 3 "
T
” !
N -
CDSS-9 E-39 1850 0.15 83.75 0.210 45.6% 59.8 40 280 280 0.151 Sample did not kiquefy after 40 gycles. Post-cyclic consal test performed = 0.011 inch setlement at 1850 psf. !
Assumed Gs = 2.48 t
‘Nu(es' °

1. Liguefaction is defined at the load cycle at which either the pore pressure parameter (Ru) > 0.9 or Shear strain > 5%. Liquefaction was not observed after 40 cycles of loading for Samples CDSS-1 or CDSS-9.
2. Residual S, is reported as the representative S, measured at shear strains between of 40 percent and the maximum measured shear strain (typically 45 to 70 percent)

Calculation 388996-GT-001, Rev. 2

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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