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OUTH CAROLINA GEOLOGY

GGMS-1

Generalized Geologic Map of South Carolina
2005

Revised by
Willoughby, Howard, and Nystrom, 2005
Original compilation by
Maybin and Nystrom, 1997
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DESCRIPTION OF MAP UNITS

COASTAL PLAIN
QUATERMARY
[ Halocene
[ Pleistocene
TERTIARY
[ Pliocens
[ Paleccene, Eocane, and Miocene
CRETACECUS
[ Upper Cretaceous

TRIASSIC
[ Triassic basins

BLUE RIDGE AND PIEDMONT SIGNIFICANT STRUCTURAL FEATURES
[ Blue Ridge AZ Augusta zone

[ Chauga beilt Brevard zone

[ Walhalla thrust sheet CA Cross Anchor fault Seala 1 :1,000,000

[ Sixmile thrust shest AR Ready Riverfault zone T T
[ Laurens thrust stack 5 Senaca thrust T T

[ Kings Mountain terrane [EEN Modoc shear zone 0 W W N W

[ Chariotta terrane BRSZ  Buzzards Roost shear zone

[ Carolina torrans (slate bett) [EHBH] Gold Hill/ Silver Hill shear zone

[ savannah River terrane KMSZ  Kings Mountain shear zons

[ Augusta temane BTsZ  Boogertown shear zone

[EESEN Lowndesville shear zona South Caralina Department of Natural R

Geological Survey
3

Colurbia, 52 2iet2
(=)

INTRUSIVE IGNEQUS ROCKS

[ Gabbro SIGNIFICANT WAVE-CUT SCARPS
[ Granite 0S  Orangeburg scarp
85 Surry scarp
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TH CAROLINA COASTAL PLAIN
GEO-HAZARDS

GEOLOGIC HAZARDS
of the South Carolina Coastal Plain
2012

5C Department of Natural Resources, Geological Survey
and
5C Emergency Management Division, Office of the Adjutant General
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MAP GUIDE
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|:| High Potential for Liquefaction 4
|:| Low Potential for Liquefaction
|:| Potential for Collaspe

= Potential for Sinkholes

- Potential for Landslide

|:| Low geologic hazard potential

Fall Line

Liquefaction features caused

by 1886 Charleston Earthquake
Prehistoric Liquefaction features %
Known Sinkhole Occurrences
Limestone Cave

Landslide Occurrence

)JUTH CAROLINA COASTAL PLAIN
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~=ORGETOWN, SOUTH CAROLINA

Third Oldest City in the United States
paniards 1526, French 1562, Engllsh 1721, Chartered 1729

GEO VIRGINIA 2018

o0 =3 :
%4 'EEDRGETGWN i ol H
e || e
.l=.1 rnad : = H -."..' ki
x Hice Fialrs—— — St ot f [ L
0 x\ y - T “_“—g s
N ; U Hl'llﬂdlﬂlr [
£ Sy L
S .= ,__,./ ; £ q"f |
Va /} L |
o i =
F : - §-—
/' / [
S /A =4
B =,
7 J'-:\ ." ‘.! Waccamaw Pt
L= / -
e s _
sk M‘ r S TIE RER~ =
o ‘-:.\'\ B, wmtl_-lr ﬂ;
L , l\ .
\
14 =
S, .-f’::*_h:'._.
T s B
=t h::aﬂ‘lu‘lnl-ﬂft_g_r’nl.h.
P £ e T BMz 5 % - LITTLE RIVER
ol Tl S | lle 10568 S085_ i - “.‘)
] H\‘_‘ _____ 8 Marrvl £ _4 ¥ _,:c/‘ ke ] o MINTAN BAY
i \1 Sarrprt
A PIT RIYER
5 ; L’f;%ﬁ: X ETTH'
e ==e- M

County Population = 63,000
MHI = $41,500

il



GEO VIRGINIA 2018

:ORGETOWN'S “MOST” FAMOUS SON
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GEOLOGY SNAP SHOT
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ROTOSONIC BORINGS

Georgetown Drainage Project Investigation
Georgetown County, South Carolina

LOG OF BORING No. Pump Station #1

Northing: 563780.359
G5144.00 Easting: 2522063.975 N
Date Drilad: 11/30/201 1 Supenvisor: J. Stewart e ous Roto-Sonic Sample
Casing Length (ft): Approx. Ground Elevation (f1): 4.5
Hammer Type: [ Gravity A [ Other:

Water Level: Not Recorded

|E|rillir| Method: Rolosonic

a g | STD.PENETRATION TEST DATA b
MATERIAL DESCRIPTION 55 W b o 3 blowsity
°© 5 § 3|7 5 10 20 40 70

Brown/Yellow Dark Gray, Silty Fine to Medium
SAND (SM

Diark Gray, CLAY [CL] wilth Incurated Layars
{Tap of Wiliamsburg Formation)(Slightly
Galcareous Siltstone)

2

|
B D
R

IIFJ

10.0 % Calcium Carbona
Hord Leyer (25:6.06.0—

Hard Laysr{:}l.u-:{s.n'] :

Hard Layer (48.540.0) ©

{ark Gray, Sity CLAY (GBI ?f/ﬁ? P
77 .
]
’égg 56.0] I~ RS
£ ] B : o
ééé 58.0J 98.1 % Calcium Carbonale ~
77 M.
7
™=
277 B oo
" Gray, Calcareous Clayoy Fine io Medum | 1| 68.0]] I i
T SAND (505, wih Siiciied Layer at 68 065, ] Hord Layor (60.0°60.0) © :
LEGEND Continued Next P
SAMPLER TYFE DmLLlNG'M—_SQQ
SS - Spiit Spoon NQ - Rock Corg, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
ST - Sheloy Tube GU - Cullings CFA - Continuous Flight Augers AC - Rock Core

AWGE - Rock Core, 1-1/8" CT - Continuous Tube

DC - Driving Casing

PHD - Percussion Harnmer Drill

v

—> Pleistocene (Estuarine)

Williamsburg Formation
Very Stiff to Hard (CL/CH)
Paleocene

Limestone
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APLIFIED GEOLOGIC PROFILE

SKETCH 1

CHARACTERIZED SUBSURFACE STRATIGRAPHY

CROUND SURFACE

Urban Fills &

SANDS & CLAYS ~ . v o «—

e GEoLoérCALY RECENT DEROSITS {TERTIARY) _ Estuarine Deposits
e " S Williamsburg
VERY DENSE/CEMENTED SILTS & CLAYS .
Formation
Paleocene

LIMESTONE (CARBONATES)

«<— Limestone
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SKETCH 2

CHARACTERIZED GROUNDWATER HYDROLOGY

GROUND SURFACE .

— T

gl |SURI%E AQUlF_E_FI
——— ‘OPEN. TO. ATMOSPHERE:
_ QCCURING IN, SOILS WITH -
LCIW 0 MGDERATE. HYDF:‘AULIC
4 C»ONDUCTIWT‘F' B b ea

AQUITARD - DOCES b EADILY SMIT WATER;

7 VERY LOW HYDRAU LIL_ CONDUCTIVITY

[LOWER CONFINED AQUIFER* ] —

NOT HOMOGENOUS OR ISOTROPIC. CONTAINS LIMESTOMNE
DEPOSITS WITH HIGH VOID CONTENT AND SOLUTION
CAVITIES.

VERY HIGH HYDRAULIC CONDUCTIVITY

*THE PRE—CONSTRUCTION HEAD PRESSURE IN THIS

[LOWER CONFINED AQUIFER| IS EQUAL TO OR
SLIGHTLY HIGHER THAN THE [SURFACE AQUIFER]

“|[ED HYDRO-GEOLOGIC PROFILE

Discontinuous
High Void Content

Solution Cavities

Very High Hydraulic
Conductivity

il
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STORMWATER DRAINAGE PROJECT

Significant Flooding During Heavy Rainfall and High Tide
Confluence of 2 Major River Systems
In Area Bounded by Blue Line
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WET WELL CONFIGURATION

GEO VIRGINIA 2018
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"WET WELL DESIGN
KING PILE SYSTEM
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| NG PILE SYSTEM INSTALLATION

GEO VIRGINIA 2018
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Temporary Steel Casing Installation Temporary Casing Clean Out
Vibratory Hammer
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NG PILE SYSTEM INSTALLATION

Pile Shell Installation Steel Shell Driven To
Design Tip Elevation




NG PILE SYSTEM INSTALLATION

GEO VIRGINIA 2018
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Installed System Concrete Placement
Prior to Concreting and Excavation Tremie Method




PILE SYSTEM INSTALLATION
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Artesian Conditions At Base of

Wet Well Excavation
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, PILE SYSTEM INSTALLATION

Finally A Dry Excavation!!
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G PILE SYSTEM INSTALLATION

Discharge Rates From Flowmeter
+/-90,000 Gallons Per Hour
+/-2M Gallons Per Day
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L” GEOLOGIC CROSS SECTION

Open Pit Limestone Mine — Holly Hill. SC

Open Cut @ Quarry
< 20 Miles NW of Georgetown




RO-GEOLOGIC CONSIDERATIONS

SKETCH 3

SCHEMATIC OF KARST GEOLOGY
PRIOR TO DE-WATERING OF LOWER AQUIFER

GROUND SURFACE -
R - o SEETT Al King Piles

7 sHALLOW GROUND WATER - .~

GEO VIRGINIA 2018

2watering e i s i ¥ n
WG - v e M g1 il g |
B (October ,_ Conditions Prior Tp

2011 +/35 Al Wet Well Dewatering

AQUITARD - VERY LOW PERMEABILITY

~—
~

Deep , :
d UPWARD PRESSURE OF GROUND
Dewatering WATER BELOW THE AQUITARD

October/November | SOLUTION CAVITIES

2011

LIMESTONE (CALCAREOQUS)
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¥
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PRINCE =

SINK HOLE [
s g }/‘

DEWATERING EFFECTS

HIGHMARKET
SINK HOLE
el

s

& 3
2 o ARRISH PLACE [
PARKING LOT Fd#

DEPRESSION '

PARRISH PLACE
SINK HOLE ON
FRASER STREET g

MR

Duke Street |
Sinkhole




_APSE/SINK HOLE MECHANISM

SKETCH 4

SCHEMATIC OF SINKHOLE FORMATION
FOLLOWING DE—WATERING OF LOWER AQUIFER

SHALLOW ~ . [0 I .. e
GROUND =~ 7" oy DEPOS]TS i

GEO VIRGINIA 2018

.I' WAITER. I I\ ;

AQUITARD

NC AND/OR
VERY LOW
UPWARD
PRESSURES
BELOW
AQUITARD

SURFACE SOIL
FLOWS INTO
SOLUTION CAWITIES

AR T

LIMESTONE (CALCAREQUS)

4 Phenomena Documented In Coastal South Carolina Since 1975
Jamestown Quarry +/-35M Gallons Per Day — Widespread Subsidence ?




RISH PLACE PARKING FEATURE

GEO VIRGINIA 2018

Opportunity for A Safety Minute?

il




UPS BUILDING COLLAPSE
PARRISH PLACE

AL L ay

; FA ¥ i,
T.‘.ert.l_FE Store :m

GEO VIRGINIA 2018

Collapse Occurred +/- 10pm November 17, 2011
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‘ OPHYSICAL CHARACTERIZATION

Fraser Street (US 17)
Inverted Resistivity Section

ER Line 3
: ELECTRODE 28] —
X

GEO VIRGINIA 2018

—B0 Fractured Williamsburg Formation

Highmarket Street
Inverted Resistivity Section

ER Line 9
[ELECTRODE 42} —

Possible Solution Cavities or
/’ /; Fractured Williamsburg Formation
| { Ohm-m

h Market=]

140.0 1680 1960 2.;4]? 2532.0
191

91

434

207

9.9
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THE "PROJECT”

GEO VIRGINIA 2018

Steel and Masonry, 3-Story, 79,300 SF County Judicial Center
Completed Spring 2008

Construction Value +/-$18,000,000 —




THE “PROJECT”

GEO VIRGINIA 2018
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- GEOTECHNICAL DESIGN

- Site formerly occupied multiple generations of structures

Grades raised approximately 4 to 6 feet
8" Tip Southern Pine Timber Piles** (vg)

35 feet minimum embedment
35 blows per foot at EOD

30 tons compression
10 tons uplift
4 tons lateral

Ground level concrete slab-on-grade ** (ve)

Geotechnical Exploration Methods?
Geotechnical Testing Protocol?
Conflicting Geotechnical Reports?
For The Sake of $?

il



(&1

E.O.D. Resistances: 6 bpfto > 100 bpf

GEOTECHNICAL CHALLENGES

8T0<¢ VINIODHIA OF9
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SKETCH 4

SCHEMATIC OF SINKHOLE FORMATION
FOLLOWING DE-WATERING OF LOWER AQUIFER

+/-4’to 6’
New Fill

SHALLOW ~ " [
GROUND -+
CWATER . e

AQUITARD

PRESSURES
BELOW
AQUITARD

" SURFACE. ..
.. :DEPOSITS . '~

NO AND/OR
VERY LOW
UPWARD

SURFACE SOIL
FLOWS INTO
SOLUTION CAVITIES

b\ \ A

LIMESTONE (CALCAREQUS)

=OTECHNICAL CHALLENGES

Pile Supported
Load Bearing
Elements

+/- 35’ to 40’

NOT FOR DISTRIBUTION
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CPT-3

e G
S0
3o

©

=~ 313

&
O 0

314 23

30

o
o g0 B
28
© A & Sy 9
2

317

NOT FOR DISTRIBUTION
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e et
91

292

A B-6/P-6
55 g-6/P-
> =&
- PASSED
257 = FAILED
* RESTRUCK
sP>8 « PASSED BY 652
50 * TEST PILE
261
i
263
S |rpe4
65
67
268
0w A o KJrse
70
276 5C-2

CPT-2

B-1 i
& 122014 s0TL BORING LOCATION
PTih  12-2014 PTLOCATION
-4/P-4
B4 & 08-2015 SOTL BORING & PIEZOMETER LOCATION

SC-1 Mg 112015 SETSMIC CONE LOCATION
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low Stem Auger
sign Phase

BSURFACE CONDITIONS

POST WET-WELL
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Project:

Georgetown Judicial Center
Location: Georgetown, South Carclina

BSURFACE CONDITIONS
POST WET-WELL

CPT: C-4

Total denth: 44,13 ft, Date: 2/16/2015

Cone resistance qt

Friction ratio

GEO VIRGINIA 2018

28+

34
36
el E
44 -

424

2
>
2

144
16
18+

& 204

EEZ—

S 24+
26
20
30+
324
B
36+
k1B
404

432

44 T

L S A S B
S50 100 150 200 250

Tip resistance (tsf)

Fore pressure u

32+
34
364
Inq
4104

432+

43+

NOT FOR DISTRIBUTION

010 o 3n 40
Pressure [psi)

SBT Index

1 2 3
Ic SBT

SBT legend

Drepth {ft)

Soil Behaviour Type

Zity sand & sandy =it
Sand & sity sand
Hky sand £ sandy sit
Tand & sty sand
Siky sand & sardy sit

Clay

Clay & sity clay
Eky sand £ sandy sit

Sand & sily eand

Ziky sand & sandy sil
Siky sand & sandy =it
Clay & silty clay

Clay
Siky sand & sandy sit

Ziky sand & sandy =it

Clay & sity clay

Siky sand & sandy sit
Sand & sty eand
Zand & sily sand
Sity sand & sandy sit
Sand & sily aand
Clay B aity Clay

Tand & sty sand
Zensittva tine graned

Clay & sity clay

Clay

Clay & silty clay

Ziky sand & sandy =it
Eiky sand & =it

4 b 8 10 1% 14 1@k 18

SET (Robertson, 2010)

B 1 Sesitive fire graived [l 4 Qoyey smio sty cey [0 7. Gravely s b s

B 2 Crganic matedal
B 3 Clay o sty clay

O s sty sand to sancty st [ 8. very stff sand io cleyey sand
B 6. cean send to sity sand [ 9. very <t fine grainest

I



Project: Gaurgemwn]ﬂmal[am
Location: Georgetown, South Carclina

BSURFACE CONDITIONS

POST WET-WALL

CPT: C-3
Total depth: 36,78 ft, Dete: 2/16/2015

Cone resistance gt

GEO VIRGINIA 2018

T T T T
100 200 3040
Tip resistance (tsf)

14+

24 -

28+

L

J2+

34

ELE

Friction ratio

Fore pressure u SET Index Soil Behaviour Type

1 C Ziky sand & sandy sit
2 2 Siky sand & eandy sit
3
4] 4 Siky sand & sardy st
Clay & silty clay
B 5 Clay & siky cly
! ? Siky sand & sandy =il
B 8
104 10
1724 12 Zand & sity sand
144 14
o~ 187 16
g '. E
'E_ 18+ = 18
=]
=%
204 a
12+ 22 Zang & sily sand
24+ 14
26 26
Siky sand & sandy =il
254 28 Eity sand £ sandy sit
| Siky sand & sandy sit
204 30 Zand & sity sand
| Zity sand & sandy =it
EE iz Wery dansafsldl sal
Ziky sand & sandy =il
4 | 34 Wery denserialil| sl
LT | 36
L LI N LA L N N A L L B N R LN JELEN N
Bl -5 @ 5 1015 2025 30 353 1 2 3 4 o 2 4 & 8 10 1% 14 18 18
Pressure [psi) Ic SBT SET (Robertson, 2010)
SBT legend

B 1 Sencitive fine graivest [l 4. Qayey sitto sty oy [ 7. Gravely s b sl
B 2 Crganic material [ 5 sty andtmssndysit [ 8 very it sed to clayey sand
B 3 Osytosiycey D 6. Clean sand to sity sand [] 9. viery stff fine graines
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WHERE ARE WE NOW?

Jits Related To Drainage Project (>25)
/suits Against Judicial Center Design Team
otracted Litigation (> 6 Years)

| Geotechnical and Structural Deficiencies

ECS Characterizes Geotechnical Deficiencies for Owner
ECS Undertakes Independent Analyses for Owner
Forensic Assessment w/REA

CPT & SCPT Soundings

Mud Rotary SPT Borings

Refraction Microtremor

SSHA

== Liquefaction Triggering Analysis

Foundation and Slab Repair Design w/REA

NOT FOR DISTRIBUTION
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WHERE ARE WE NOW?

Seotechnical and Foundation Design Shortcomings

iquefiable Deposits Upper 35 feet ** (+/-2” to 57)
Peat & Very Soft Marine Clay Layers (LL's > 85, PI's > 45, g, < 5 tsf) **

Installed Pile Lengths 14 to 38 feet **

Working Pile Loads
Actual Compressive As Much As 25% Greater Than Design (REA)
Actual Uplift As Much As 20% Greater Than Design (REA)
Actual Lateral As Much As 75% Greater Than Design (REA)

Interpreted Pile Capacities As Low As 50% of Working Loads (FS=1)

Timber Piles Structurally Inadequate
Working Stresses During Lateral Loading >>>> Allowable

il
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WHERE ARE WE NOW?

ptual Geotechnical Repairs

nderpinning w/ Cased Micropiles ($5M per HBI) **

Ground Level Slab
New Micropile Supported Structural Slab ($2M per HBI) **
HDPE Grouting of Pleistocene Deposits ($1M) X
Low Mobility Grouting of Limestone ($2M to $3M) X

GEO VIRGINIA 2018

Collateral Work
Remove and Replace Existing Finishes ($3M to $4M)

Definition of “Sinkhole” — Engineering vs. Coverage
County Operations Relocation During Repairs (18 mos. @ $6M to $8M)

@ Estimated Damages ($15M to $18M or more) m

NOT FOR DISTRIBUTION
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FUN FACTS

ly Considered Driven 55’ PSC or ACIP & Structural Floor Slab
e Engineered - Driven Timber Piles and Slab On Grade ($600,000 net)

ollow Stem Auger Borings by GER (Max. Depth 35’)
No Laboratory Testing by GER

GEO VIRGINIA 2018

Conflicting Versions of GER Design Level Reports (seismic risks???7?)
Design Level Geotechnical Reports Don’'t Bear Firm or EOR Seals

+/-375 Timber Piles Installed September/October 2007
Production Pile Lengths 14 to 38 Feet

2 Pre-Production Static Load Tests w/Questionable Results
6 of 10 PDA Tests During Driving, Axial Capacity Concerns

GER Not Retained For Construction Observations (would it have mattered?)
wansl CMT/SI Firm Refuses To Write Letter “Certifying” Foundations
GER Reviews Sl Driving Records, “Certifies” Pile Capacity (FS = 1.5) ? S
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THANK YOU !

il



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43

