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Previous Drilling History Summary Table

Air-Percussion Logs
ENGEO INCORPORATED, 2004

Boring Logs
WOODWARD-CLYDE CONSULTANTS, 1981
GEOMATRIX CONSULTANTS, 1989
GOLDER ASSOCIATES, 1991



DRILLING HISTORY, PREVIOUS CONSULTANTS, SRQ

Boring Date Elevation | Depth | Orientation Drilling Consultant
No. Collared (feet) (feet) (az/plunge) Method i
P-1 3/4/91 18 3.0 0/90 | Auger Probe Golder
p-2 3/4/91 13 50.1 0/90 | Auger Probe Golder
P-3 3/1/91 9 13.0 0/90 | Auger Probe Golder
P-4 3/1/91 15 5.0 0/90 | Auger Probe Golder

- Hollow stem
B-1 3/1/91 5 51.1 0/90 auger/SPT Golder
Hollow stem
) C 26 -
B-2 3/1/91 8 29.5 0/90 auger/SPT Golder
B-3 3/4/9] 22| 235 090 | Hollow stem Golder
auger/SPT
Hollow stem
i, Q 2 jolde
B-4 3/4/91 25 6.3 0/90 auger/SPT Golder
B-5 7/24/91 19 80.0 0/90 | Tricone/SPT Golder
B-6 7/25/91 23 70.5 0/90 | Tricone/SPT Golder
B-7 7/26/91 20 40.0 0/90 | Tricone/SPT Golder
Rock bit to :
N C 2 p .
U-1 8/8/91 8 268.0 185/45 48.5". HO Core Golder/Geomatrix
. Rock bit to .
_ 22/C 2 3 4
U-1A 8/22/91 20 260.0 45/60 50.0°, HQ Core Golder/Geomatrix
Rock bit to :
) C o : .
U-2 0/3/91 121 7190 146/45 60.0°. HQ Core Golder/Geomatrix
Rock bit to .
- 9/24/S 279 solde ;
U-3A 9/24/91 16| 277.0 177/60 90.0°, HQ Core Golder/Geomatrix
Rock bit to
U-4 10/3/91 18] 3430 90/45 130.0°, HQ Golder/Geomatrix
Core
Rock bit to
- C 3

U-5A 10/14/91 1056.0 0/90 16.2". HQ Core Golder

U-6 7/11/91 2201 250.0 0/90 HQ Core Golder/Geomatrix
Rock bit to .
ny. 20/86 .

G-1A 10/20/89 140 3549 4.5 HQ Core Geomatrix
G-2 11/6/89 38| 3427 HQ Core Geomatrix
G-3 11/20/89 30| 200.5 HQ Core Geomatrix

Rotary to 13.4 .
2 s . .
1 4/17/81 166 24.0 0/90 NX Core Woodward Clyde
Auger/rotary to
2 Aaug Y .
2 4/20/81 32.5 0/90 16" NX Core Woodward Clyde
, 30y
3 4/14/81 40| 920 0190 | ROWIYLO62.0% | 4 ard Clyde
NX Core
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ENGEO

INCORPORATED
Boring Date Elevation | Depth | Orientation Drilling Consultant
No. Collared (feet) (feet) (az/plunge) Method
Rotary to 95.57,
2 ard Clyc
4 4/13/81 261 1004 0/90 NX Core Woodward Clyde
‘ Auger/rotary (o )
S 4/16/81 19.1 0/90 [1.5". NX Core Woodward Clyde
6 4/16/81 14 14.0 0/90 | Auger/rotary Woodward Clyde
Auger to 2.8
2 : o
7 4/21/81 147.8 0/90 NX Core Woodward Clyde
. Auger to 9.0,
2 C ’ ;
8 4/29/81 163 150.0 0/90 NX Core Woodward Clyde
- Rotary to 33.2
,) 3 - ™~ "
9 5/8/81 127 43.0 0/90 NX Core Woodward Clyde
Auger to 48.8
99 & ’ .
10 5/11/81 59.2 0/90 NX Core Woodward Clyde
: Auger/rotary to
2 ,
11 5/12/81 &5 66.5 0/90 52.5. NX Core Woodward Clyde
Total: 5191.7
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Air-Percussion Logs
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ENGEO AIR-PERCUSSION BORINGS

TOTAI DEPTH TO
. DATE ELEVATION - | GROUND
BORING DRILLED (FT) D(EFIT]?;}I WATER LOG
(FT)
0" to 40° Black Shale, weathered gray-
brown to
40 to 66" Dark gray Siltstone,
Not Sandstone and Shale inter-bedded
AP-1 4/16/04 137 123 Encountered
66" to 106° Sandstone and Siltstone
106’ to 123° No Recovery
0" to 34" Sandstone with Shale, dark
gray-brown to black
Not . s
AP-2 4/16/04 128 119 ) 347 to 62" Sandstone, yellow-brown
Encountered
62’ to 109" Sandstone and Shale, dark
gray to black, inter-bedded
0’ to 46” Sandstone and Shale, dark
Not gray to black, inter-bedded
AP-3 4/16/04 76 123 Encountered | 46’ to 123" No Recovery due to blowout
of circulation air from ground fractures
0to 27" Sandstone, dark gray
Iy Tyl g Al
AP-4 4/16/04 108 123 Not 277 to 58” Shale, black
Encountered
58 to 123" Sandstone and Shale, dark
gray to black, inter-bedded
0" to 16" Clayey Sand, yellow-brown,
Fill
AP-5 4/16/04 89 91 Not ) 16" to 50° Sandstone and Shale, dark
Encountered ) ‘
gray to black, inter-bedded
50" to 91" No Recovery
0’ to 94’ Shale, dark gray to black
AP-6 4/17/04 &1 106 74
94 10 106" Sandstone, dark gray
0’ t0 92° Shale, dark gray to black
Not
. 2
AP-T 417104 & 2 Encountered | 82’ to 112° Sandstone, dark gray
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ENGEO

INCORPORATED
DEPTH TO
‘ TOTAL
DATE ELEVATION | | GROUND
BORING | oy LED (FT) DEPTH | o\ 1ER LOG
(FD) o
(FT)
0’ to 84" Shale, dark gray to black

AP-8 4/17/04 80 123 Not

Encountered | 84° to 123" No Recovery

0’ to 52° Shale, gray-brown to brown
and orange brown mottled

Not
AP-9 H17/04 68 62 Encountered | 527 to 62° Shale, dark gray to black
0’ to 8" Sandy Clay, vellow-brown, Fill
v 78S OTavYV- ;
AP-10 4/17/04 49 48 Not 8’ to 28 Shale, gray-brown
Encountered
28’ to 48" Shale, dark gray
0’ to 25" Sandy Gravel, yellow brown,
AP-11 9/17/04 25 47 Not il
Encountered
25" 10 47" Sandstone, dark-gray
0’ to 4* Sandy Gravel, yellow brown,
AP-12 9117/04 29 47 Not Fill
Encountered

4’ to 47" Sandstone, yellow-brown

0’ to 24’ Sandy Gravel. yellow brown,
Fill

24’ to 61 Sand, coarse-grained, rounded
AP-13 9/17/04 29 78 30 and Sandy Gravel, rounded, Beach

Sand, saturated

61" to 78 No Recovery, hard drilling,

probable bedrock
0’ to 18" Sandy Gravel, yellow brown,
Fill
Estimated at | 18 to 62 No Recovery very soft drilling
- 2 &
AP-14 ITI04 = 82 18 probable Bay Mud

62’ to 82" No Recovery, hard drilling,
probable bedrock
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TOTAI DEPTH TO
DATE ELEVATION o | GROUND
BORING | R1LLED (FT) Dgg,[;“ WATER LOG
(FT)
0’ to 32" Sandy Gravel, yellow brown,
Fill
Not 327 to 60 No Recovery very soft drilling
> ) .
AP-15 7104 37 2 Encountered | possible Bay Mud?
62’ to 82" No Recovery, hard drilling,
probable bedrock
0’ to 15" Sandy Gravel, yellow brown,
Fill
AP-16 212/05 40 54 36’ 15" to 50 No Recovery very soft drilling
50" to 54° No Recovery, hard drilling,
probable bedrock
0’ 10 40" Sandy Gravel, yellow brown,
Fill
AP-17 22005 37 56 ) Not 40’ to 46 No Recovery softer drilling
Encountered
46’ to 56” No Recovery, hard drilling,
probable bedrock
0’ to 15’ Sandy Gravel, yellow brown,
Fill
AP-18 212/05 35 50 Not 15° to 427 No Recovery softer drilling
Encountered
42" to 50’ Weathered Graywacke,
brown to gray brown, hard.
0’ to 15° Sandy Gravel, yellow brown,
Fill
15 to 33’ Weathered Graywacke,
AP-19 2/2/05 32 38 8" (Perched) brown to gray brown, hard.
33’ to 38° Graywacke, bluish-gray,
hard.
0’ to 8 Sandy Gravel, vellow brown,
Not Fill
AP-20 2/2/05 35 50 ©
Encountered

8 to 50" No Recovery soft drilling.
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WOODWARD-CLYDE CONSULTANTS

Boring Logs
1981
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RECORD OF AUGER PROBE # P-1
STA. Pt OFFSET L R ELEVATION SHEET t+  OF i
PROJECT NO. $13-7043.400 DRILLING DATE w491 DATUM MSL
INCLINATION 30° AZMUTH  HA DRILL RIG Hollow Stem Augerflotary
t NOTES
w 8 SO PROFILE SAMPLES
wd - —n
Se]E 8 PIEZOMETER
@ = a >
z ‘2’: 3 SO PROFILE ¢ § £lul sows ,é SAMPLE DESCRIPTION L
- G
& |z DESCRIPTION = EIE| ewm |3 STANDPIPE
= o T b3 INSTALLATION
-0 Light olive brown (2.5Y 5/6) Well Graded Gravel. FiLLy GW No groundwater
enceuntered,
1
- 2
Highly weathered, pate greenish yellow (10Y 8R2) very weak
. 3 SANDSTONE Refusal @ 3.0 fL
Botiom of hole @ 3.0 fL :
=
] -~ 5
&
— @
J .
— 7
4 i 4
~ §
} 10
DEPTH SCALE o.7s rnch x 1 fool LOGGEC BY R W Bednash
DRLLING CONTRACTOR  Mdler Pacitic Engineeang Group Gofder Associates CHECKED  F. K Mundy

CARILLER Bob Lanr CATE  Apnl 1901



RECORD OF AUGER PROBE # P-2
STA. P-2 OFFSET L R/ ELEVATION SHEET 1 OF
PROJECT NO. #13-7043.400 DRILLING DATE 3/4/91 DATUM MSL
INCLINATION 90° AZIMUTH  HA DRILL RIG Hollow Stem Auger/Rotary
w o SO PROFILE SAMPLES HOTES
4 E 8
O i) o
P owioxE <4 e > PIEZOMETER
b SAMPLE DESCRIPTION
E g 2 SOIL PROFILE g g [& |u| Blows & —
& z DESCRIPTION < gis 6 IN. o STANOPIPE
o o & o O
2 ] z o IHSTALLATION
- Loose, yellow (2.5Y 8/8 ;7/6) fo dark brown c-{ SAND with Siits Groundwater
and Gravel (FILL). SW not measured.
- 5
— 10
— 15
— 20
o 25
Soft, dark gray (SY 4/1) L. Sandy CLAY (BAY MUD). a
- 30
~— 35
Highly to completely wegthered, pale greenish
yellow (10Y 8/2), very weak SANDSTOHE
- 4D
- 45
<o Bottom of hole @ 501 11 1 [SPT 50/0.1 in.

DEPTH SCALE 075 inch = § luot
ORILLING CONTRACTOR Mifiee Pacric fr‘»()(ﬂ{tﬂ(!g Group
DROLLER Bob Lany

Golder Associates

LOCGEDBY R W. Bedniash
CHECKED P K Mundy
DATE Apni 1991




Ottt Summepeamett  Sountmemmwd  Goocmsinnd

e

AN j

.

RECORD OF AUGER PROBE # P-3
STA.P3 OFFSET L R ELEVATION SHEET 1+ OF 1
PROJECT NO. 013-7043.400 ORILLING DATE a/1/91 DATUM MSL
IHCLINATION ¢0° AZIMUTH  NA DRILL RIG Hollow Stem Augefmoury
w 8 SOIL PROFLE SAMPLES wOTES
-t PRe—
e E § PIEZOMETER
“wl= i1 z SAMPLE DESCRIPTION
EiElg SOIL PROFILE £l ls]u| slows & -
& 3 PESCRPTION < 2181 ewm |3 STANDRIPE
@ 8 g o HSTALLATION
e Light ollve brown (2.5Y 5/6) ¢-f SAND with silt and Grave swW Groundwater
(FiLL}. not measured,
e 2
=
- &
S 3
——10
B Soll wet @ 11.0ft.
e 12
Highly weathered, pale greenlsh yellow (10Y 8/2),
very weak SANDSTONE,
Botiom of hole & 15.0 1 Refusal @ 13,011
14
- §8
e 18
20
DEPTHSCALE 0.75 inch = 2 foot LOGGED 8Y A W, Badnash
DRILLING CONTRACTOR  idilter #30rec Engincering Craug GOfd{?f Assocfates CHECKED ¢ K Mungy

DRI LER Bob lany DATE Apnrl1931




RECORD OF AUGER PROBE # P-4
i
{ STA. P4 OFFSET L R ELEVATION SHEET i OF
: PROJECT NO. 913-7043.400 DRILLING DATE /vyt DATUM MSL
INCLINATION $0° AZMUTH  NA DRILL RIG Hollow Stem AugerMotary
" 8 SOIL PROFILE SAMBLES HOTES
< & o —
Selk 9 PIEZOMETER
©owlxE a x SAMPLE DESCRIPTION
Etle SOIL PROFILE § § .1 BLows § —
g‘ g CESCRIPTION : g E 6 W, 8 STANDPIPE
= o z & INSTALLATION
. O Light olive brown (2.5Y 5/6) Gravelly SAND (FILL) SW Ho groundwater
encountered.,
S sl ]
- 2
— 3
- 4
Highly weathered, pale greenish yellow (10Y 8723,
} vty weak SANDSTOHE,
- 5 Refusal @ 5.0 ft.
j . Botiom of hote @ 5.0 1. e
i
} —~ 7
) - &
4
— 9
5 -
10
| DEPTH SCALE 675 inch = 1 foot LOGGED BY B W, 8ednssh
DRILLING CONTRACTOR  baller Patitic Engineenng Group G]& GO{def Associates CHECKED P K Mundy
DRULER Bob Lans d DATE Apat 1881




STA B-1
PROJECT HO. 913-7043.400

RECORD OF BOREHOLE # B-1

OFFSET L R

ELEVATION
ORILLING DATE 31a1

SHEET 1
DATUM #SL

OF

3

DRILL REG Hollow Stem AugerfRotary

DRILUNG CONTRACTOR  8ilier Paciflc Engincering Group
DRILLER Bob fanx

Golder Associates

CHECKED P. K. Mundy
DATE Apel 1691

INCLINATION 900 AZIMUTH HA
“ 8 SO PROFILE BAMPLES NOTES
ig| : -
= 2 z SAMPLE DESCRIPTION PIEZOMETER
z el g SOUL PROFLE g g g w | Blowsy g —
& E DESCRIPTION g g E: ew |3 STANDPIE
2 K] g u BSTALLATION
Y Compact, mottied , yellow (25Y 8/8; 7/6) to dark brown Well Start Time : 0745
GndodolGRAVB,,G(MhBIucSmdﬂom,mgm Harnmer Welght = 140 ibe
fragments. GP Drop =30 in.
- FL. 1 BPT stz |67] S
0-1.5 asphatt didveway Is 1 in.
thick. Road base ts approx. 18
- 2 Compact,ﬁghtoﬁwbtwu@SYS&)WdGndodGmUy . thick.
SAND (FILL). W
2 BPT] W22HSs  le7] 52
- 4 mmwdwmmmﬁhmmwmm
PoodyGrtdodSandmevd(FlLL).
Gp
= 5Lr-6.5". Sandstone Bouklers.
8
- 6 s ¢e1] wzn0  |e7] s Y4 6
Very denss, kght yellowish brown (2.5Y 6/4) Well Graded o
- SAND with Clay and of Gravel. (FILL).
— 8 SW! 45PY BHYME (57 S4
sC
Dmﬂgfﬁw&oﬂshhwnmw)memdodo( GW
Sandy GRAVEL. (FILL).
b 10 GW
— 12
Compact Sandy GRAVEL, § ISP 24614 3 5SS
- 14
- 16
- 18
Looss, dark gray (2.5Y NAX) Clayey SAND. S PPl 34 57) 5%
- sc
SPT = Standard Penstration Te
20 £ = Plston Sampler
DEPTH SCALE 075 lnch « 2 fok LOGGED B8Y R W, Bednash




RECORD OF BOREHOLE # B-1
STA. B OFFSET L R ELEVATION SHEET 2 OF 3
PROJECT NO. 913-7043 400 DRILLING DATE 3491 DATUM MSL
NCUINATION 90 ATIIUTH  HNa ORleGHOﬁOWStemAugedRo{uy
4 8 804 PROFILE BAMPLES HOTES
§5 g g % SANPLE DEBCRIFTION PIEZOMETER
£tle SO PROFILE g g & Jw| srows |i —_—
i & DESCRPTION 2 g g T STANDPIPE
[#] (o]
& G g w IRSTALLATION
.. 20 Looss, dark gray (2.5Y N4K) Clayey SAND, (FILL). s
L 22 e e o mn o s e o o o
Soft, dark SY 4/1) Fat Y WU

oray € ) Cloy (BA Ok CH| 7 5PV 2212 Joe 57 W=851 %
- 24
- U1 W=528%

1] P 67
— 26
. 28
— 30 Sand and Shells increase with depth. CHiz [ p 94 U2 W=zdd2%
L~ 32
34
— 8] S| tH2M S8 W=608%
36
. 38
SPT = Standard Penetration Tett
40 P = Plsion Sampler

DEPTH SCALE 0,75 inch « 7 foot

ORLLING CONTRACTOR  bille Pecliic Engineering Group

DRELER Bob Lany

LOGGED BY R W. Bednesh
Golder Associates CHECKED P, K. Mundy
DATE  Apnit 1994




RECORD OF BOREHOLE # B-1
STA. B-1 OFFSET . A ELEVATION SHEET 3 OF 3
PROJECT NO. 913-7043.400 DRILLING DATE 3191 DATUM #MSL
INCLINATION 50° AZIMUTH  NA DAILL RIG Hollow Stem AugerRotary
u 8 SOIL PROFILE SAMPLES NOTES
3 £ g § 8 - PEZOMETER
BAN
EE|S SO PROFILE o8 sl § PLE DESCRIPTION
a I X a 1= In
¥ 1z DESCRITION S ZIE] ewm |8 STANDPIPE
b G 2 o INSTALLATION
40 Soft, dark gray (SY 4/1) Fat CLAY 8 5P 12 $9 W=35%
CH
- 42
— 44
10]SPT  11H2 S-10 W=4014%
- 46
— 48
e 3
= 5O 11 BPY 273650 511
WWWW :
blus green MMMS&WM(BEDQOCKL
- End time 2 1
Bottom of hole @ 61.1 f1. 200
- 52
-~ 64
e 56
- 58
SPT = Standard Penetration Tedt
60 P = Piston Samgpler

DEFTH SCALE 075 Inch o 2 toot

DRELING CONTRACTOR  Biker Peciic Enginesting Group

DRELER Bob Lara

Golder Associates

LOGGED BY R W, Bednash
CHECKED P, K. Mundy
DATE Apeit too1




RECORD OF BOREHOLE # B-2
STA. B-2 OFFSET f A ELEVATION SHEETY H OF 2
PROJECT NO. 913-7043.400 DRILLING DATE 3/v/94 DATUM WMSL
INCLINATION oo AZIMUTH  NA DFILL RIG Hollow Stem AugchRoL‘zry
- o SOt PROFILE SAMPLES hoTES
wd S ——
= | E 1
@l ¥ o 18 o SAMPLE DESCRIPTION PIEZOMETER
Edle SOU PROFRE g g §lwi slows |§ -
g, g DESCRIPTION z E & em 18 STANDPIPE
@ o z w INSTALLATION
e @ Asphalt driveway. Start Ume : 1230
Compact, pale olive (5Y 83) Clayey m-f SAND with ¢c-f Hammer weight = 140 Ibs.
Gravel(FILL). Drop =301in,
- VP 2risii Jer) s
sC
b 2
2 ISP 1181y &7
- & S-2
Color : Mottled pale ofive (5Y 6/3) with brownish yellow
(10YR &6) (FILL).
T Soft, mottled, dark gray (2.5Y N&/0) with black Lean CLAY L
(BAY MUD).
— & 3 ISP v 67} $-3 W= 35.1%
— &
e 67] U1 Y 8.5
Loose, gray (5Y &/1) Clayey SAND. (BAY KUD). se
e 10
Sudlih 4
B Soft, black CLAY with Gravel. (BAY MUD). CL| 4sPY 2112 677 S-4
- 14
16
Compact, gray (5Y 5/1) Clayey GRAVEL. cel| P[5FY w70 44 ssa
558
b 18 Highly to completely weathered, extremely weak SANDSTONE.
5PY = Standard Penelration Tehkt
20 P = Piston Sampler

OEPTH SCALE 0.75 inch = 2 loot LOGGED BY R W Bedrash

DRILLING CONTRACTOR Muler Paciic Engineenng Group QD Golder ASSOCiateS CHECKED P.K. Mundy

DRELER 8ob Lanz DATE Apnil 1991



RECORD OF BOREHOLE # B-2

STA. B-2 OFFSET L R ELEVATION SHEET 2  OF 2

PROJECT HO. $13-7043.400 DRILLING DATE 3/1/¢1 DATUM MSL

INCLINATION 07 AZIMUTH  HA DRILL RIG Hollow Stem Auger/Motary
I S SOIL PROFILE SAMPLES HoTES
d S [—
i g P
IR I 318 = SAMPLE DESCRIPTION EZOKETER
Eela SOIL PROFRE 218 |G| sows lu “““

- &
g S DESCRIPTION 2 2 E 6 . & STANDPIPE

b4 ] 2 w INSTALLATION
20 Highly to completely weathered, exiremely weak
SANDSTONRE.
- & BPT a2 k7] 56
- 22
- 24
- Highly weathered, extremelyto very weak SANDSTONE. 7 SPT 223rree (33 s7
- 26
- 28
& BPT! 30/50 501 Sampler driven 12 in.
S-¢
Bottom of hole @ 20.5 11 End time : 1500,
— 30
L 32
34
- 38
- 38
SPT = Standard Penetration Tekt
40 P = Piston Sampler

DEPTHSCALE 075 inch = 7 loot LOGGED 8Y R.W. Badnash

DRILLING CONTRACTOR  Milier Paciiic Engineenng Group Q@ GQ[der ASSOCiateS CHECKED  P. ¥ Mundy

ORILLER Bob tanz DATE Apeal 1991



RECORD OF BOREHOLE # B-3
STA. B3 OFFSET L B ELEVATION SHEET 1+ OF 2
PROJECT NO. 913-7043.400 DRILLING DATE 3/4/91 DATUM MSL
INCLINATION 90° AZMUTH  NA ORILL RIG Hollow Stem Auger/MRotary
H
w 8 SOIL PROFILE SAMPLES oTes
d o P
S e E S PIEZOMETER
R K o 18 % SAMPLE DESCRIPTION
Etle SOIL PROFAILE ol ju] slowsy 1] —
& z DESCRIPTION - it sw |2 STANDPIPE
bt S 5 2 w INSTALLATION
ry Compact, light yellowish brown (10YR 6/4) Well Graded Start time : 0930 No groundwater
GRAVEL (FiLL). GW Hammer weight = 140 Ibs. encountered.
) Drop =30 in.
- 1 BPT] &7 33 S8-1
L 2
1.5, Boutder
. Compact, grayish brown (10YR 5/2) Well Graded GRAVEL 2 kel anans 2| s.2
with roots snd weed fragments (FILL). ow
&
Cotor changes 1o fight yetlowish brown (10YR 6/4), 3 BPT 12hit 2] s
e roots decresse.
- 2
Cotor changes to & mottied, grayish brown {10YH 5/2) with bleck, 4 BPT tazng 54
- decomposed wood present.
10 Compsct, mottied, grayish brown (10YR 5/2) with black Well Gw
Graded GRAVEL, gravel composed of Sandstone, decomposed
wood present.
— 32
Cotor cfungcstcamomed,vcfypclcomngc(wm 8/2) GW| 5 SPE 216 (22] 5.5
L 14 to modersie yellow brown (10YR 5/4).
16
o 18
Completely weathered, brown, wery weak SANDS“'FONE“ - 6 BPT 22723739 122 S-6
- Weit graded GRAVEL (FILL?).
SPY = Standstd Penetration Tost
20 P = Piston Sampler
DEPTH SCALE 075 wnch = 2 loot LOGGED BY R, W Bednach
DRILLING CONTRACTOR  Miller Paciic Engineering Group GO,der ASSOCiateS CHECKED P. K. Mundy

DRILLER B8ob Lanz DATE Apnl 1991



STA. 8.3
PROJECT HO. 9137043 400
INCUINATION 90° ATMUTH  MA

OFFSET 9 R

RECORD OF BOREHOLE # B-3

ELEVATION
DRILLING DATE 3/4/91

SHEET 2 OF =z
DATUM uSL
ORILL RIG Hollow Stem AugerfRotary

DEPTH SCALE
(FEET)

THOD

BORING ME

SO PROFILE

SAMPLES

SOt PROFILE
DESCRIPTION

HOTES

BLOWS/
LI

GRAPHIC LOG
uscs
HUMBER
TYPE

SAMPLE DESCRIPTION PIEZOMETER

STAROPIPE
INSTALLATION

RECOVERY

:

o

Bottom ol hole @ 23.5 11

Auger breaks.
End time : 1115,

SPT = Standard Penetration Vst

P = Piston Sampler

OEPTH SCALE 0 7% inch 5 7 fool

DRILLING CONTRACTOR  Mufier Faciic Enginee nng Group
DRILLER fob Lens

Golder Associates

LOGGED BY B W Bedrash
CHECKED P, K. Mundy
OATE Apeid 1893




RECORD OF BOREHOLE # B-4

Highly weathered, very pale orenge (10YR 82) to moderate
yeltowish brown (10YH 5/4), extremely wesk 10 very weak
gl SARDSTONE.

Botiom of hole @ 63 ft.

[

1 BPT e [33% 58

2 BPH 150050 133% S.2

STA B4 OFFSET L 2] ELEVATION SHEET 1 OF 1
PROJECT MO, 913-7043.400 ORILUING DATE w4/91 DATUM MSL
IHCLINATION 90 AZMUTH HA DRILL RIG Hollow Stem Augerﬁ?oury
- g SOR. PROFILE SAMPLES NOTES
o E & p—
1€ S PIEZOMETER
@ ow)ox bt x SAMPLE DESCRIPTION
FEle SOU PROFILE g 2 el | elows ¥ —
g, g DESCRIFTION 2 -1 E ¢ . 8 STANDPIPE
4 S 2 - HHSTALLATION
—0 Light ofive gray (2.5Y 5/6) L GRAVEL (FILLY. Start time 1100 Mo groundwater
P Hemmer weight = 140 [ba. encountered,
Orop =30 in.
- 1
o 2
L 3 )

End time : 1215,

SPT = Standerd Penetration Tedst
P = Piston Sampler

DEPTH SCALE 0.75 inch = 1 toot
DRILLING CONTRACTOR Miller Pacilic Engirearng Group
DRULLER Bob Lany

Golder Associates

LOGGED BY R, W. Bednesh
CHECKED P ¥, Mondy
DATE Apeil 1991




[ - RECORD OF BOREHOLE # 3-S5 suer | o 4
STA. B~ OFFSET  -L R ELEVATION -« DATUN
PROJECT NO.F 13 ~7055. 200 DRILLING DATE 7/24 [a | ) DRILL RIG FAi (g
INCLIRATION Fp @ AZIMUTH tSoo
fom]
& < [4a)
2 Z SOIL PROFILE S SAMPLES KOTES
Ly o~y fat
M = A P - .
= W o SOIL PROFILE = | 3 | fw] sLows/ & SAMPLE DESCRIPTIOR PIEZOMETER
e = DESCRIPTION |7 IE|IE s [ o
G & & Ells e STANDPIPE
ok |lo-35! Demse, ol g “[swf i feer ;1;/;« ,@',-‘3;, Sauhet. Dewsc ot~ 5“}/573,) ¢ —
é <5_7/5‘/~5) oL Shrop c; SA~L it € Gowed | moicr (Frod,
S | Semted (Fiey, o
a
“~f "0 . . -
N : SAMPLE 2. Dense) olive beean (2.5 45)
- i; B P . m‘SAN(S,Ccmc. Gromenehs e ]
« S M 5P o . .
3.5-557, Benre, - 25 d/njar ] Sheits | mmotse (Fred)
4 IS ol v (a5 4) |- |
A58 feco 2. Gy, |9
3 § P?"(*W Q'M Gl[,{,)' 6) 5’, SL%M.,,((—VQ US""W] Sdpc(" G‘C)"" "\Y'L‘Nj R
PR e 5 ] SAmPLE 3. Compact, Olive gy (S Y SA)
2 E5. [R5 Corp¥ g e = GEyEETT,
L Im ‘. / , C-€ SAVG witlh € Corrruels M\cxm.w]
@ (O (Sy T ee | to o ey of S5 (FIL)
N 4 SM‘"’D wild c-.¢ (de% é Coter L‘,f\m,‘c ot 4,"
t [ Few Choys , it Somtef] @ i
—|(Fiey, d 5o [4 7| 3/e/5 |24 SAurEA. Compret oliveq o (5H)
m: g e P { 2 Uit b roan_ S“)/Lyj’) Pt -
L - ’
Q\ '_ SA/\/D W‘LL C.—Q w, pw
- 2 v Cf\ojk , el somtell CF Ly | 1
© .
g | -
‘} O m;Z/Q/L, —% RO SAMPLE — FELL THRovGH SHOE lOOJ’E:
b R
I R 0. B
t .
Py O
da
'\\3 .-/' o
~ 0
- { . —
| & o
& PN L ]
9 o
- g‘ Pesiler AL 7¢h "’7 o ]
v JSw| ] S/efe o | /o sAmbUE - SHoE BLockED DFF- CoubAT
T2 N 5 FST S AMPLE &, DA CoTivGs - SAME AS
© SAMPLE 3, V N
f=4
&
N .
(\ S . B e e———
B lmr-2a’ L
8% L‘ < Corpck, Shee |
mmo{( 75y 4/&) and
v \: 1
ot S 171 257 F’j) —Z ]
(F’“L)‘ ’ r[»/““‘f D.‘_P;_f,\ [ m*J‘[
. 18,20 (0L Ar)
. RIPAIL N

DEPTH SCALE | = o

DRICLING CONTRACTOR 7/ < fe ir. - ive Gy GolderAssvciates

CHECKED

s sinsncserl G G B BYe b e D g ol



RECORD OF BOREHOLE # 5-4 %  sueer 2 or 4

STA. Bw/zg QFFSET LR ELEVATION DATUK
PROJECT RO.“T13- 7055 200 DRILLING DATE 7/_14/q, DRILL RIG mrivinG s
"HCLINATIOR 9p° AZIMUTH
S SOIL PROFILE g SAMPLES ' KOTES
’__.
s . — —
; = A
E w SOIL PROFILE g § g w i BLOKS/ ‘Z‘ SAMPLE DESCRIPTION PIEZ&HETER
= = DESCRIPTION = Szl 6 I |3 STANDPIPE
1S S = & INSTALLATION
& ] o & el 5707 SE SameLE & Compack, AN&S (2.5v4/6] —
S TS24 COWTMH S‘*“««‘ . <p ‘ and S rome me( 7.5 YR ‘V.,)) S 4
© LNM (‘ZSY 4/6) A—j\/thy SAMD, Poar Serted @':u_\) - Ociile
< . . -
B d«\xﬁw(ésy%) - adds Bk e of med
L~',’g m- £ Savd /er‘7 Serded] L i
~ &}LL)‘ .
EN
S |
Q{
- Y 24 Lese rABion. ook St i Cutiings ]
g 24~ C"W?M"‘r © Hon eguing prbnl CareAabon.
(-‘ ot
2 |C GRaveL el m <. ol lael Tl /8[a |25 sAmPLET  Conpacky qryist Ll (v2)
J 4 50 r-5| ‘ totsia (585 s
™ ot covod oty 5ot g0 and welizen biois ok
& [Flu), ! M{7 - bluish whie( ST83) ¢, teaveL -
:‘ ’O.D ((:N,Ut‘ 5ANOSWNEJ' QW e W‘j
0 _‘J’M wood { F:'LL) , Drilee o 8.8 49 ‘-A?,M,,({ N
. o ; 27" DENer savus oot 0 ermael Zone, i
27.0- A5’ Compeck [0 P .Szmétsj J
o\lwe_(S'yS"/‘i)!m,snw -0 ]
e L £ 6—0,»{,( ) Po"ﬁl‘f
N GG ERIE 2‘} SAKPLE B. Compiet, Olive (ST
1. i
Q. . SAAD wedl €. CGrauxd (£LUE
D .SMQJTDNE)) prerty sermbed (Fied) . —
O
uO e
0 - ' -
L stfiofwfa |2 )0 s amPLE - FELL THRovGH SHOE = Co nlact
,o., 1
.WQV —
8.5 SAMAEBS. DR eoTTings, Spag 45
ABove
o —
P ' = ‘ -~ ) R ST "I NV Y A AN Y ¥ 3 S
AL -2 e MeD-Golder Associates LOGGED-BY-C-

TCUTNG CONTRACTOR = —c e 7 " it e Ny CHECKED

V6o e




DoTtren o~

) . RECORD OF BOREHOLE # 8%§ SKEET 3 OF 4
STA. B~ g OFFSET - L R ELEVATION DATUK
PROJECTNO. 913- o055 noo DRILLING DATE 7/x4/a ORILL RIG Fricoag )5
INCLINATION qp° AZIMUTH
[
ad < (%]
g é SOIL PROFILE S SAMPLES ROTES
] « > e
! SOIL PROFILE =gl BLows/ | & SAMPLE DESCRIPTION PIEZOMETER
— ) = a | o gg g.. g
=4S DESCRIPTION g il 6In |3 STANDPIPE
= S @ = W INSTALLATION
“io}: 27.0- 425 Co q |3 '4/"/’7 N SAuPLET. Con et iy ofia brovan ]
S |otwe (5’>/57,,) *‘OM (AS’YWb) - € SAN( Cecw e-€
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Test Equipment Design & Fabrication

GBO Laboratory & Field Testing
Consulting Services

Test )
Unlimited , Dr. Anders Bro

January 30, 2000
Mr. Mike Kapuskar
Fugro-Earth Mechanics
7700 Edgewater Dr., Suite 848
Oakland, CA 94621
Letter Report
San Francisco Oakland Bay Bridge
Seismic Safety Project
Yerba Buena Island, Phase-2 Exploration
Rock Testing Program

This report details a suite of 111 unconfined compression tests, 21 modulus tests
and 51 direct shear tests. GTU set up a rock testing lab on the island to expedite sample
delivery and more easily coordinate the testing effort. An additional benefit of this
arrangement was to more easily select samples suitable for testing and to reduce sample
disturbance. As the cores were logged and stored in the refrigerated core shack, samples
were chosen and withdrawn for testing. The samples were prepared and tested on Yerba
Buena Island between the dates of October 23, 1999 and January 10, 2000. An additional
direct shear sample was tested at GTU’s Nevada City lab on January 30, 2000.

The sample preparation and testing procedures followed the ASTM Standards and
ISRM Suggested Methods. :

This letter report presents the test results and highlights any behavior exhibited
during the tests which might have some bearing on interpreting the test results.

This report is accompanied by a set of data sheets and plots. The standard test
procedures used by GTU are appended to this report. The sample photographs and a ZIP
disk with all of the test data and GRAPHER files are also included with this report.

Sample Description

The rock which was tested in this program ranged from a medium gray coarse
grained sandstone (locally called graywacke) to a dark gray siltstone (which in many
cases had characteristics of shale). A few of the samples were unaltered, but the majority
of them exhibited some form of alteration, to the extent that a few samples could almost
be considered strong soil.

Generally the sandstone was a medium grained, slightly altered material, with
calcite, and occasionally quartz, healed fractures. The grains of the sandstone typically
consisted of gray claystone and siltstone clasts, with feldspars and possible some quartz
making up the other portion of the samples. Although some samples were homogeneous,
most of the samples exhibited some banding, probably due to bedding, with bedding
angled between about 40 and 50 degrees to the core axis. The bedding was delineated by
thin darker gray layers of either finer grained sandstone or siltstone. These thin beds often
resulted in planes of weakness through the samples. The siltstone was generally quite
fissile, with bedding generally between 40 and 50 degrees to the core axis. The planes

27069 N. Bloomfield Rd., Nevada City, CA 95959  Tel/Fax (530)470-0583 email: abro@mindspring.com



were generally smooth and slickensided. The slickensides were probably due to
microshears within the mass rather than due to displacements of any significant
magnitude, similar to those found in clayshales of the Bay Area. As with the sandstones,
the joints were often coated with calcite, although due to the slick nature of the bedding,
the calcite generally adhered poorly to the siltstone.

At shallower depths, near the soil-rock interface, many of the joints became clay
coated or filled. These filled joints appeared to be quite weak. Oxide staining was also
prevalent, as were oxide coatings on the joints. Alteration of the rocks was expressed by
an increased degree of fracturing, more open joints which might be partially calcite filled,
and in the sandstones, a change in color from a medium to a tannish gray and ultimately
to a brown color. The brown sandstone could be easily gouged with a knife whereas the
strongest of the unaltered sandstone could be extraordinarily strong.

A small number of sandstone samples may have been taken from a shear zone.
These samples appeared to consist of fragmented sandstone floating in a matrix of rock
flour. The rock flour was very fine medium gray silt sized particles, which often was in a
quite thin layer between the small medium gray sandstone clasts. The sandstone clasts
were generally angular, and the matrix seemed to flow around the clasts.

Sample Preparation

The unconfined compression, modulus, and direct shear test samples were
prepared using the procedures presented in the appendices. Some of the unconfined
compression and modulus test samples were quite fragile as they contained many poorly
healed fractures. In these cases the samples were first wrapped with heat shrink plastic
wrap, and the wrap heated to confine the samples. They were then cut and surfaced in the
regular manner. The wrap was removed just prior to testing. In a few cases, the weak
sample ends had to be strengthened by either filling voids near the end with hydrostone (a
strong plaster) or gluing the joints on or near the ends with cyanoacrylate glue.

After cutting and grinding the samples, they were stored in buckets of water. In
the case of highly altered and weak samples, they were stored in a large plastic bag with a
few wet towels to maintain a high degree of humidity. For these weakest of samples, the
water bath tended to result in the samples falling apart, possibly due to lack of
confinement and reduction of negative pore pressure along the sample joints.

In a few cases, the ends of the unconfined compression samples were flat, but not
parallel. This condition was a result of the weak, partially open fractures which passed
through the sample. These joints deformed as the samples were removed from the core
grinding jig, rotating the ends and resulting in the non-parallel condition.

Test Procedures

Unconfined Compression Test Procedure
No deviations from the appended test procedure were required for these tests. A
222 kn. (50 kip) load cell was used for the weakest samples and a 890 kn. (200 kip) load
cell was used for the samples which appeared stronger on initial examination.



Modulus Test Procedure
No deviations from the appended test procedure were required for these tests. A
222 kn. (50 kip) load cell was used for these tests.

Direct Shear Test Procedure

No deviations from the appended test procedure were required for these tests. The
shear box was configured with the smaller sample holder, and the normal loads were
applied using a pneumatic cylinder. 8.9 kn. (2 kip) load cells were used to measure the
normal and shear loads. Generally, two sets of three stage tests were performed on each
sample. One set was performed at very small shear displacements, in an attempt to
capture the initial unsheared failure strength of the joint. The second set was performed at
relatively large displacements to obtain a measure of the joint strength in an unmated
configuration.

Test Results
Unconfined Compression Tests
Boring | Sample Depth Description Density | UC Strength
(kn./m’) (MPa)
) (peh (psi)
Bist 151-44 | 44.7-45.2 | Gray sheared sandstone with thin siltstone 26.08 6.98
interbeds and a few calcite healed joints. (166.0) (1012)
151-45 | 45.2-45.7 | Gray sheared sandstone with a few calcite 26.20 18.78
healed joints and voids. (166.8) (2724)
151-48 | 48.8-49.3 | Gray highly sheared sandstone with a few 26.11 2.16
calcite healed voids. (166.2) (313)
151-123 123.8- | Dark gray thinly bedded siltstone with 26.28 4.19
124.2 bedding about 38 degrees to the core axis, (167.3) (608)
with one calcite healed bedding joint.
151-187 187.5- | Bedded siltstone with bedding about 52 26.17 0.55
188.0 degrees to the core axis. (166.6) (80)
B152 152-90 | 90.9-91.3 | Gray interbedded sandstone and siltstone 26.33 17.96
which has been sheared and rehealed with (167.6) (2605)
calcite. Bedding is about 47 degrees to the
core axis.
152-129 129.8- | Gray sandstone with a few nearly horizontal | 26.63 106.93
‘ 130.3 calcite healed hairline fractures. (169.5) (15,509)
152-145 145.8- | Dark gray siltstone with a 1-inch thick bed 26.34 47.36
146.3 of medium gray fine sandstone, with (167.9} (6869)
bedding about 61 degrees to the core axis.
152-177 177.0- | Gray sandstone with a few calcite healed 26.80 165.05
177.5 hairline fractures about 53 degrees to the (170.6) (23,938)
core axis.
B153 153-6 6.0-6.5 | Tan weathered sandstone with many dark 25.43 13.25
brown oxide coated joints. (161.9) (1922
153-13 | 13.0-13.5 | Light to medium tan intensely weathered 25.31 7.09
sandstone with several dark brown stained (161.1}) (1028)
joints,




B133 153-19 | 19.0-19.5 | Tan massive sandstone with one partially 26.00 31.24
{cont.) healed fractures about 30 degrees to the core | (165.5) (4531)
axis.

153-26 | 26.3-26.8 | Tan weathered sandstone with calcite healed 26.00 11.60
fractures, one with large voids. (165.5) (1683)

153-51 | 51.3-51.9 | Gray sandstone with breciated clasts of 26.19 15.24
siltstone with many calcite healed fractures (166.7) (2210)

153-58 | 58.0-58.5 | Massive gray sandstone with a few calcite 26.61 66.21
healed hairline fractures about 10 degrees to | (169.4) (9602)
the core axis.

Bi55 155-17 | 17.2-17.7 | Gray coarse grained sandstone with two non- | 26.36 40.81
through-going calcite healed fractures about | (167.8) (5919)
65 degrees to the core axis.

155-23 | 23.7-24.2 | Highly fractures and sheared siltstone with 26.19 0.03
an open joint about 60 degrees to the core (166.7) (~3)
axis and a calcite healed joint about 36
degrees to the core axis.

155-54 | 54.0-54.5 | Gray fine grained sandstone with a few 26.41 60.77
calcite healed joints 9 and 40 degrees to the (168.1) (8814}
core axis.

155-69 | 69.0-69.5 | Gray sandstone with several calcite healed 26.08 3.76
fractures, with a major one about 24 degrees | (166.0) (545)
to the core axis.

155-77 | 77.0-77.5 | Gray sandstone interfingered with siltstone 25.97 16.46
with nearly axial jointing. (165.3) (2387)

155-83 | 83.8-84.3 | Dark gray siltstone with two interbeds of 26.20 17.21
fine sandstone with bedding about 52 (166.8) (2496)
degrees to the core axis.

155-99 | 99.3-99.8 | Gray fine grained sandstone with an axial 26.45 55.75
calcite healed fracture about 17 degrees to (168.4) (8086)
the core axis.

155-127 127.5- | Gray sandstone with many calcite healed 26.58 3525

128.0 hairline fractures and a few calcite healed (169.2) (5112)
joints, 22, 30, and 40 degrees to the core
axis.

B156 156-10 | 10.2-10.6 | Dark gray fissile thinly bedded siltstone with | 25.64 1.69
a few open bedding plane fractures about 60 | (163.2) (245)
degrees to the core axis.

156-11 | 11.5-11.9 | Gray thinly bedded sandstone with bedding 26.03 23.27
about 52 degrees to the core axis with a (165.7) (3375)
poorly healed diagonal joint about 21
degrees to the core axis.

156-16 | 16.0-16.5 | Gray thinly bedded sandstone with a few 25.87 1.45
dark gray thin siltstone beds about 49 (164.7) (210)
degrees to the core axis.

156-22 | 22.5-23.0 | Gray bedded sandstone with bedding about 26.48 79.31
55 degrees to the core axis. (168.6) (11,235)

156-31 | 31.5-31.9 | Gray bedded sandstone with bedding about 26.50 99.99
58 degrees to the core axis and two nearly (168.71 (14,502)

axial fractures.




156 156-35 | 35.7-36.2 | Medium to dark gray thinly bedded 26.36 29.92
(cont.) sandstone with bedding about 57 degrees to (167.8) (4340)
the core axis.

156-67 | 67.8-68.2 | Dark gray siltstone bedded about 53 degrees 26.23 20.37
to the core axis with two calcite healed joints | (167.0}) (2954)
about 26 and 38 degrees to the core axis.

156-72 | 72.3-72.8 | Sheared and recemented siltstone with a 26.26 1.57
calcite healed fracture and a partially healed | (167.2) (228)
fracture about 40 degrees to the core axis.

156-136 136.5- | Sheared and recemented gray sandstone with | 26.25 10.12

137.0 | jointing about 37 degrees to the core axis. (167.1) (1468)
B157 157-5 5.0-5.5 | Gray highly fractured fine grained 26.00 0.16
sandstone, (165.5) (23)

157-55 | 55.1-55.6 | Gray sandstone with a few small siltstone 26.23 63.06
clasts and a calcite healed hairline fracture (167.0) (9146)
about 30 degrees to the core axis.

157-68 | 68.3-68.8 | Sheared and recemented gray sandstone with | 26.05 21.93
stringers of siltstone and a few calcite healed | (165.8) (3181
joints about 12 and 25 degrees to the core
axis.

157-92 | 92.9-93.4 | Gray sandstone with two calcite healed 26.64 70.56
hairline fractures about 22 and 31 degreesto | (169.6) (10,233)
the core axis.

157-113 113.0- | Sheared and recemented mass of siltstone 2642 62.01

113.5 and sandstone with a few calcite healed (168.2) (8994)
irregular hairline fractures.

157-127 | 127.9- | Gray sandstone with large clasts of siltstone 2645 24.02

128.3 with many random fractures. (168.4) (3484)

157-148 148.0- | Gray sandstone with many calcite healed 26.75 58.58

148.5 fractures and a main one about 11 degreesto | (170.3) (8496)
the core axis.
B158 158-9 9.0-9.5 | Gray moderately weathered sandstone with 26.31 62.88
several calcite healed hairline fractures. (167.5) (9120)
158- 18.0-18.5 | Gray bedded sandstone with bedding about 26.19 27.78
18A 49 degrees to the core axis with many (166.7) (4029)
siltstone clasts and a few minor calcite
healed fractures.
158- 18.5-19.0 | Gray weak breciated sandstone with some 25.79 3.01
188 large siltstone clasts and one weak joint (164.2) (437}
about 36 degrees to the core axis.

158-24 | 24.5-25.0 | Dark gray siltstone with a few thin interbeds 26.23 9.51
of sandstone bedded about 40 degrees to the | (166.9) (1379
core axis.

158-47 | 47.0-47.5 | Gray bedded sandstone with a few siltstone 26.15 11.31
interbeds about 53 degrees to the core axis (166.5) (1641)
with a few bedding plane fractures and one
calcite healed fractures across the bedding.

B159 159-8 8.5-8.9 | Tan moderately weathered massive 26.17 62.88
sandstone. (166.6) (9120)




B159 159-24 | 24.5-25.0 | Gray sandstone with a few oxide stained 25.43 3.67
(cont.) joints and oxide staining about 1/4 inch from | (161.9) (532)
the joint, with one joint about 52 degrees to
the core axis.
159-29 | 29.0-29.5 | Gray sandstone with a slightly open oxide 26.30 36.94
stained joint. (167.4) (5357
159-33 | 33.0-33.5 | Gray massive sandstone with a few open 25.97 4.82
fractures and calcite healed fractures. (165.3) (699)
159-34 | 34.5-35.0 | Gray highly fractured siltstone with calcite 26.03 4.04
healing of most joints. (165.7) (586)
B160 160-10 | 10.5-11.0 | Gray to tan slightly to moderately weathered | 26.56 73.87
sandstone with two calcite healed fractures (169.1) (10,713)
160-18 | 18.5-19.0 | Tannish gray moderately weathered 26.33 50.46
sandstone with two calcite healed fractures (167.6) (7319)
about 28 degrees to the core axis.
160-35 | 35.7-36.1 | Tannish gray slightly weathered sandstone 26.59 124.17
with no fractures. (169.3) (18,008)
B161 161-12 | 12.7-13.2 | Tan severely weathered sandstone with 25.68 10.46
many weak, generally axial fractures withon | (163.5) (1517)
about 23 degrees to the core axis.
161-25 | 25.0-25.5 | Tan sandstone with a poorly healed joint 26.22 4.81
about 33 degrees to the core axis. (166.9) (697)
161-50 | 50.0-50.5 | Gray moderately weathered sandstone with 26.31 17.80
many oxide stained and calcite healed joints | (167.5) (2582)
with a thick calcite filled joint about 53
degrees to the core axis, and some axial
joints.
161-79 | 79.0-79.5 | Gray sheared and recemented sandstone with | 26.26 7.56
several steeply inclined shears. (167.2) {1096)
B165 165-12 | 12.3-12.8 | Brown intensely weathered sandstone witha | 25.61 16.49
few partially healed fractures. (163.0) (2392)
165-31 | 31.8-32.2 | Gray moderately weathered coarse grained 25.81 41.49
sandstone with one non-through-going (164.3) (6017)
fracture.
165-48 | 48.7-49.3 | Gray interbedded sandstone and siltstone 26.22 20.17
with bedding about 40 degrees to the core (166.9) (2926)
axis.
165-54 | 54.0-54.5 | Gray sandstone with a calcite healed axial 26.42 147.46
fracture. (168.2) (21,387
165-76 | 76.3-76.8 | Gray sandstone with a few calcite healed 26.58 65.01
hairline fractures about 32 and 53 degreesto | (169.2) (9428)
the core axis and one thick calcite filled joint
about 42 degrees to the core axis.
165-90 | 90.5-91.0 | Gray sandstone with one calcite healed 26.63 87.81
hairline fracture about 32 degrees to the core | (169.5) (12,736)
axis.
B166 166-2 2.0-2.5 | Tan massive sandstone with one healed axial | 26.11 47.78
fracture. (166.2) (6929}
166-8A | 8.2-8.7 | Tan sandstone with one weak joint about 13 26.12 41.66
degrees to the core axis. (166.3) (6042)




B166 | 166-8B | 8.7-9.2 | Tan sandstone with one weak axial joint. 26.09 26.92
(cont.) (166.1) (3903)
166-24 | 24.0-24.5 | Olive tan sandstone with a few tight 26.48 62.90
fractures about 20, 35, and 50 degrees to the | (168.6) (9122)

core axis.

166-32 | 32.0-32.5 | Olive tan sandstone with one slightly altered | 2644 83.88
joint about 52 degrees to the core axis. (168.3) (12,166)

166-50 | 50.5-51.0 | Gray moderately weathered sandstone with 26.77 27.60
several weak calcite healed oxide stained (170.4) (4003)
fractures.

166-73 | 73.5-74.0 | Gray coarse grained sandstone with a few 26.72 70.02
minor calcite healed hairline fractures about | (170.1) (10,156)
20 degrees to the core axis.

166-88 | 88.5-89.0 | Gray sandstone with several calcite healed 26.63 96.63
fractures about 8 and 40 degrees to the core (169.5) (14,015)
axis.

B167 167-27 | 27.5-28.0 | Gray highly sheared sandstone with 25.46 0.20
sandstone clasts floating in a rock flour (162.1) 29
matrix.

167-29 | 29.5-30.0 | Gray sandstone with a steeply inclined 26.36 18.26
recemented shear zone and several calcite (167.8) (2649)
healed hairline fractures.

167-34 | 34.5-35.0 | Gray sheared and recemented sandstone with | 26.37 12.31
a shear about 24 degrees to the core axis. (167.9) (1785)

167-39 | 39.5-40.0 | Gray sheared sandstone with many nearly 26.26 17.15
vertical calcite healed hairline fractures. (167.2) (248T)

167-44 | 44.5-45.0 | Gray sheared and recemented sandstone. 26.33 17.67

(167.6) (2563)

167-64 | 64.5-65.0 | Gray sandstone with a shear zone about 37 26.50 50.22
degrees to the core axis and two calcite (168.7) (7284)
healed hairline fractures about 26 and 32
degrees to the core axis.

167-91 | 91.3-91.8 | Gray sandstone with one small calcite healed | 26.72 186.51
joint near the sample end. (170.1) (27,050)

B171 171-71 | 71.5-72.0 | Tan severely weathered sandstone with a tan 25.02 12.65
coated joint about 54 degrees to the core (159.3) (1834)
axis.

171-77 | 77.0-77.4 | Gray moderately weathered sandstone with 26.01 11.45
several oxide stained weak joints and shears | (165.6) (1661)
along the core axis.

B172 172-59 | 59.9-60.3 | Tan severely weathered sandstone with weak | 25.31 10.36
axial joints. (161.1) (1502

172-66 | 66.0-66.4 | Tan severely weathered sandstone with a 25.59 2.81
weak joint about 22 degrees to the core axis. | (162.9) (407)

B174 174-60 | 60.1-60.6 | Tan weak sandstone with an oxide stained 24.99 5.38
joint about 42 degrees to the core axis. (159.1) (781)

174-77 | 77.2-77.6 | Tan severely weathered sandstone with a 25.56 24.29
few random oxide stained fractures. (162.7) (3523)

B301 301-14 | 14.8-15.3 | Olive gray sandstone with two calcite healed | 26.50 27.57
hairline joints about 14 and 22 degrees to the | (168.7) (3999)

core axis.




B301 301-34 | 34.3-34.8 | Gray fine grained sandstone with several 26.64 42.24

(cont.) calcite healed joints about 37 degrees to the (169.6) (6126}
core axis.

B302 | 302-30 | 30.5-31.0 | Gray fine grained sandstone with a few 26.17 33.99
siltstone clasts and calcite healed joints (166.6) (4930)
about 14 and 40 degrees to the core axis.

B303 303-15 | 15.0-15.4 | Gray siltstone with thin vertical bedding 25.07 4.83
with thin interbeds of tan fine sandstone and | (159.6) (700)
a cross bedding fracture about 12 degrees to
the core axis.

303-17 { 17.1-17.5 | Tan and gray thinly bedded siltstone with 25.48 8.36
bedding about 26 degrees to the core axis. (162.2) (1213)

B305 305-54 | 54.7-55.2 | Tan to gray moderately weathered sandstone | 26.20 25.65
with two weak joints about 27 degrees to the | (166.8) (3720)
cOre axis.

305-69 | 69.0-69.5 | Gray slightly weathered fine grained 26.64 87.97
sandstone with two calcite healed joints (169.6) (12,759)
about 46 degrees to the core axis.

305-74 | 74.4-74.9 | Gray sandstone with oxide stained calcite 26.67 19.34
healed joints about 36 degrees to the core (169.8) (2805)
axis and a few calcite healed axial joints.

305-88 | 88.3-88.8 | Brown intensely weathered sandstone and 25.01 4.19
gray bedded siltstone with the contact about | (159.2) (608)
32 degrees to the core axis.

B312 312-89 | 89.3-89.7 | Gray moderately weathered sandstone with 25.46 10.13
tan oxide coated joints (162.1) (1470}

312-97 | 97.5-97.9 | Gray sandstone with a few oxide coated 25.46 15.22
joints. (162.1) (2208)

312-116 116.1- | Gray sandstone with a few calcite healed 26.55 137.96

116.6 hairline fractures about 26 and 60 degrees to | (169.0) (20,009)
the core axis.

B502 502-4 4.6-5.0 | Tan to gray moderately weathered sandstone | 26.11 26.10
with several calcite healed joints and one (166.2) (3783)
unhealed joint about 46 degrees to the core
axis.

502-5 5.0-5.5 | Gray slightly weathered coarse grained 26.31 69.16
sandstone with one calcite healed fracture (167.5) (10,030)
about 30 degrees to the core axis and one
oxide coated healed fractures about 65
degrees to the core axis.

502-8 8.2-8.7 | Tannish gray moderately weathered 26.12 53.77
sandstone with many calcite healed joints. (166.3) (7798)

502-29 | 29.5-30.0 | Gray coarse grained bedded sandstone with 26.25 68.33
large rounded siltstone clasts and three (167.1) (9910)
calcite healed joints 65, 65, and 90 degrees
to the core axis and bedding about 70
degrees to the core axis.

502-35 | 35.0-35.5 | Gray sandstone with a few thin siltstone beds | 26.34 67.23
about 56 degrees to the core axis near one (167.7) (9751)

end and a few calcite healed joints.




B502 502-37 | 37.9-38.4 | Gray fine grained sandstone with a few 26.53 37.54
(cont.) siltstone beds near one end with several (168.9) (5445)
calcite healed fractures.
502-40 | 40.1-40.6 | Dark gray fine gray sandstone with siltstone 26.30 38.66
at one end with a few calcite healed joints. (167.4) (5607)
502-41 | 41.0-41.5 | Sheared siltstone with overturned sandstone 26.11 0.10
beds. Contains many fractures and a major (166.2) (~14)
shear about 50 to 67 degrees to the core axis.
502-42 | 42.3-42.8 | Dark to light gray bedded sandstone and 26.19 19.26
siltstone with many calcite healed fractures (166.7) (2793)
and joints.
502-43 | 43.3-43.8 | Dark gray thinly bedded sandstone with 26.14 10.36
unhealed and calcite healed bedding joints (166.4) (1502)
and one calcite healed joint about 49 degrees
to the core axis.
502-46 | 46.4-46.8 | Dark gray fractured sandstone with bedding 26.05 0.34
about 55 degrees to the core axis. (165.8) (~50)
502-47 | 47.0-47.4 | Dark gray highly fractured siltstone with a 26.00 0.08
shear zone about 50 degrees to the core axis. | (165.5) (~12)
502-49 | 49.9-50.3 | Gray siltstone with an open joint about 64 26.23 13.00
degrees to the core axis with several (167.0) (1886)
unhealed and calcite healed fractures.
502-50 | 50.8-51.4 | Dark gray highly fractured siltstone with 25.95 2.11
many unhealed, poorly healed, and calcite (165.2) (306)
healed joints.
502-59 | 59.7-60.2 | Dark gray bedded siltstone with bedding 26.17 57.39
about 75 degrees to the core axis. (166.6) (8323)
502-60 | 60.4-61.0 | Dark gray bedded siltstone with one calcite 26.15 43.52
healed bedding joint about 79 degrees to the | (166.5) (6312)
core axis.
Young’s Modulus Tests
Boring | Sample | Depth Description Density | Strength v E
(kn/m’) | (MPa) (GPa)
() @) | (si) (x10° psi)
B151 151-61 61.3- | Gray sheared sandstone and 26.05 21.11 NA 594
61.8 | siltstone with one thin calcite (165.8) | (3061) | (.72) (8.62)
seam
151-64 | 64.3- | Gray bedded sandstone with 26.44 74.45 34 69.0
64.8 | bedding about 53 degrees to the (168.3) | (10,798} (10.0)
core axis.
151-171 | 171.8- | Gray sheared sandstone with 26.05 5.12 A7 10.6
172.3 | many fractures and calcite healed | (165.8) (743) (1.54)
fractures.
151-193 | 193.0- | Gray fine grained sandstone with 2647 25.05 36 37.4
193.5 | several hairline fractures and a (168.5) | (3633) (5.43)
few calcite healed joints.




B152 152-51 51.5- | Gray fine grained sandstone with 26.39 49.72 38 359
52.0 | one hairline calcite healed joint (168.0) | (7211) .21
about 29 degrees to the core axis.
152-63 63.8- | Medium and dark gray sandstone 26.50 78.80 25 300
64.3 | with a few siltstone clasts. (168.7) | (11,428) (4.35)
152-99 | 99.3- | Gray sandstone with three calcite 26.56 82.69 22 55.6
99.8 | healed joints , with one about 32 (169.1) | (11,993) (8.06)
degrees to the core axis.
152-132 | 132.9- | Gray fine grained sandstone with 26.30 40.09 32 46.0
133.2 | several calcite healed joints about | (167.4) | (5815) (6.67)
30 degrees to the core axis.
152-150 | 130.5- | Gray sandstone with a calcite 26.52 50.26 .30 33.8
150.8 | healed hairline fracture about 30 (168.8) | (7289) 4.90)
degrees to the core axis.
BI58 158- 51.0- | Bedded siltstone with bedding 26.17 13.89 NA 276
51A 514 | about 57 degrees to the core axis, | (166.6) | (2014) (.56) (4.00)
with a partially open calcite
healed fracture.
158- 51.7- | Dark gray interbedded sandstone 26.23 14.10 34 15.3
5B 52.2 | (80%) and siltstone (20%) (167.0) | (2045) (2.22)
158-62 62.7- | Gray sandstone with three calcite 26.48 66.20 .16 51.4
63.1 | healed joints. (168.6) | (9601) (7.46)
158-72 72.0- | Gray sandstone with a few calcite 26.41 65.52 21 43.6
72.5 | healed hairline fractures (168.1) | (9502) (6.33)
158-81 81.3- | Gray sandstone wit several 26.37 67.66 .16 36.3
81.7 | hairline fractures about 25 degrees | (167.9) | (9813) (5.26)
to the core axis.
B159 | 159-15 15.5- | Tan sandstone with two joints and | 25.34 14.15 NA? 10.1
16.0 | a point load fracture which has (161.3) | (2052) | (.10} (147)
been glued.
159-21 | 21.0- | Highly fractured and sheared 23.89 0.10 NA' NA'
214 | siltstone. (152.1) (~15)
B502 502-13 13.0- | Tannish gray moderately 26.00 21.42 .36 30.0
13.5 | weathered sandstone with two (165.5) | (3106) (4.35)
oxide stained joints about 8 and
45 degrees to the core axis.
502-25 | 25.8- | Gray bedded sandstone (1/3 of the | 26.14 041 NA? 34
26.2 | sample) and dark gray bedded (166.4) {~60) (.09) (0.49)
siltstone with a few fractures.
502-27 | 27.5- | Dark gray interbedded sandstone 26.30 45.46 41 28.1
28.0 | and siltstone with one healed (167.4) | (6593) (4.08)
fracture near one end.
502-31 31.0- | Dark gray interbedded sandstone 26.30 16.33 .39 26.5
31.5 | and siltstone with several calcite (167.4) | (2369) (3.85)
healed fractures.
502-53 53.1- | Interfingered sandstone and 26.23 17.34 NA 345
53.6 | siltstone with an axial calcite (167.0)y | (2515) | (.65) (5.00)
healed joint.

1. These values could not be determined due to the extreme weakness of the sample.
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Direct Shear Tests

Boring | Sample | Depth Description Initial Joint Final Joint
(ft) Strength Strength
Sj d; Sj o;
(KPa) | (deg) | (KPa) | (deg)
(psi) (psi)
B151 151-33 53.0 | Undulating bedding plane joint in very 340 384 105 24.7
thinly bedded sandstone and siltstone. (58.0) (15.2)
151-124 | 124.2 | Planar and smooth bedding plane joint in 62 19.7 103 20.5
siltstone. 9.0) (14.9)
151-156 | 156.3 | Rough joint in gray sandstone with a thin 208 39.8 132 28.8
calcite coating and some pyrite crystals (30.1) (19.1)
on the joint.
151-192 | 192.7 | Planar joint across siltstone beds with a 208 297 10 247
thin calcite coating. (30.1) (1.4)

B152 152-48 48.1 Well mated slightly rough joint with a 255 35.1 57 326
thin calcite coating in fine grained gray (37.0) (8.2)
sandstone.

152-62 62.8 | Well mated slightly rough planar joint in 112 419 112 31.9
fine grained gray sandstone. (16.3) (16.3)

152-82 82.5 | Well mated undulating joint in siltstone 8t 262 50 18.0
with a sparse calcite coating and (L7 (7.3)
slickensides in the direction of shearing.

152-118 | 118.7 | 1/4” thick intact shear zone with sheared 468 315 205 204
siltstone and calcite. (67.9) (29.8)

B153 153- 11.0 | Rough dark brown oxide coated joint in 75 441 26 337
11A tan sandstone. (10.9) (3.8)

153- 11.2 | Planar smooth dark brown oxide coated 19 256 5 224
11B Jjoint in tan sandstone. (2.8} 0.8)

153-20 20.5 | Rough dark brown oxide coated joint in 65 36.6 43 304
tan sandstone with a sparse brown clay or | (9.4) (6.3)
silt coating.

153-24 24.7 | Undulating joint in tan weathered 17 339 44 26.1

. sandstone with dark brown oxide 2.5) (6.4)
staining.

153-52 52.1 | Undulating polished joint in siltstone. 132 26.0 69 25.9

(19.1) (10.0)

BI55 155-5 58 Rough planar joint in weathered tannish 46 433 14 30.0
gray sandstone. (6.7) 2.1

155-12 12.5 | Undulating joint in siltstone with calcite 48 40.7 28 325
and brown oxide coating. (7.0) “4.1)

155-15 15.0 | Planar intact joint in gray sandstone. 91 40.0 36 33.1

(13.2) (5.2)
155-45 452 | Wavy joint in dark gray siltstone. 238 334 66 27.7
(34.5) (9.6)

B156 156-8 8.5 Planar slightly rough brown oxide coated 14 342 11.7 233
bedding joint in gray siltstone. 2.1 (1.7)

156-14 14.7 | Well mated slightly rough planar bedding 43 338 23 25.5
plane joint with brown oxide coating in (6.3) (3.3)
gray sandstone.




BI56 | 156-27 27.0 | Rough well mated slickensided bedding 84 385 45 26.8
(cont.) plane joint in siltstone. (12.2) (6.5)
156-58 58.9 | Intact shear zone in siltstone with some 105 16.7 70 218
granular filling and calcite coating. (15.3) (10.2)
156- 64.0 | Planar bedding plane joint with a thin NA' | NA' 46 18.5
64A calcite coating in siltstone. ®6.7)
156- 64.3 | Planar slightly rough calcite coated joint 58 21.6 83 16.4
64B in gray sandstone. 8.4) (12.1)
B157 157-8 84 Wavy joint in dark gray siltstone. 41 40.6 3 29.1
6.0) (0.5)
157-26 26.0 | Planar joint in gray sandstone with a tan 23 297 45 269
oxide coating and a tan silty sand filling, 3.4 (6.5)
157-40 40.5 | Slightly rough joint in dark gray siltstone. 26 28.2 69 217
3.7 (10.0)
157-49 49.5 | Planar joint in dark gray siltstone with a 24 22.3 20 19.3
thick (~1/327) calcite coating. 3.5) 2.9)
Bi58 158-29 29.5 | Smooth planar joint in siltstone. 10 21.5 33 212
(1.4) (4.8)
158-54 54.3 | Undulating joint with a thin calcite 197 233 54 223
coating in siltstone. (28.6) (1.9)
158-70 70.1 | Planar slightly rough joint with a thin 250 42.4 112 263
calcite coating in gray sandstone. (36.2) (16.2)
158-76 76.3 | Planar smooth joint in siltstone. 26 25.2 34 21.6
(3.8) 4.9)
B160 160-33 33.0 | Planar well mated and slightly rough joint | 223 420 40 29.5
in sandstone with dark brown staining. (32.4) (5.8)
160-57 57.0 | Rough calcite coated joint with dark 212 459 99 30.8
brown oxide staining in gray sandstone. 30.7) (14.4)
Bl61 161-17 17.8 | Slightly rough joint in weathered tan 41 36.8 i8 246
sandstone with a brown oxide coating, (6.0) (2.6)
161-24 | 24.0 | Planar intact joint with a 1/8” thick soft 13 16 | NA® | NA®
tan clay filling. (1.9)
B165 165-32 32.5 | Planar smooth siltstone bedding plane 46 16.0 26 10.5
with a thin brown clay coating. 6.7 3.7
165-49 49.5 | Clean slightly wavy siltstone parting at a 12 19.1 10 263
sandstone/siltstone contact. (1.7 (1.5)
165-53 53.8 | Clean well mated slightly rough planar 157 386 49 33.1
joint in gray sandstone. (22.7) (7.1
B166 166-14 14.9 | Poorly mated slightly wavy joint in tan 32 29.0 21 18.8
sandstone with dark and light brown (4.6) 3.0
oxide coating.
166- 26.0 | Well mated slightly rough clean joint in 54 34.6 46 293
26A tannish gray sandstone. (7.8) (6.6}
166- 26.7 | Slightly undulating joint in gray 38 357 12 294
26B sandstone with a dark brown oxide (5.5) (1.8)
coating and a thicker tan oxide coating. ,
B167 167-19 19.5 | Slightly rough planar joint in tannish gray 23 33.1 26 279
sandstone. (3.4) (3.8}
167-24 24.9 | Slightly curved joint in weathered 34 12.9 34 143
siltstone with a calcite coating. (5.0) 4.9)
B301 301-10 10.9 | Slightly undulating joint in tannish gray 18 39.8 l 303
sandstone with a sparse tan siit coating. (2.6) (0.2)




B302 302-14 14.0 | Planar oxide stained joint in tan 30 30.4 28 29.0
sandstone. 4.4) (4.0)

B303 303-8 8.1 Planar smooth joint in severely weathered 9 111 12 12.8
siltstone with slickensides and coating of | (1.3) (1.7
weathered calcite and tan clay.

B303 303-16 16.9 | Planar joint in weathered brown 29 279 32 225

{cont.) sandstone with a black sandy coating (4.2) (4.6)
(possibly organic).

B305 | 305-50 50.8 | Well mated rough planar joint in tan 53 35.7 23 283
sandstone with brown oxide staining. (1.7 33

305-58 58.3 | Well mated planar joint in tannish gray 91 329 52 29.1
sandstone with dark brown oxide (13.2) (7.5)
staining.

B312 | 312-81 81.2 | Intact oxide stained joint in tan sandstone 83 10.3 92 93
with a thin gray and tan clay coating. (12.0) (13.4)

BOO- | 0154-34 | 34.3 | Intact quartz filled joint with some voids NAT | NAT | NAT | NA’

154 in tannish gray sandstone.

1. The initial data file was lost for this sample and the sample was retested. These are the retested results.
2. This sample seemed to exhibit a constant shear strength irrespective of normal load, in the manner of an
undrained clay. Much of the filling squeezed out of the joint during the test.

3. The joint strength could not be attained prior to the sample rotating out of the shear box. The shear
strength exceeded 1.74 MPa (252 psi) with a normal stress of 0.30 MPa (43 psi) and exceeded 2.94 MPa
(426 psi) with a normal stress of 1.17 MPa (170 psi).

Sample Behavior and Test Interpretation

Unconfined Compression Tests

This suite of unconfined compression tests resulted in a range of strengths from
0.10 MPa (14 psi) to 186.51 MPa (27,050 psi) for the sandstone samples and between
0.03 MPa (5 psi) and 57.39 MPa (8323 psi) for the siltstone. Cumulative distributions of
unconfined strengths for the two rock types (Figure 1a) demonstrate that there does not
appear to be any large grouping of strengths. However the siltstone does not generally
exceed about 20 MPa (2900 psi) and the sandstone generally does not exceed about 70
MPa (10,150 psi). The histogram (Figure 1b) of the sandstone tests indicate two main
concentrations of strengths, one between 10 and 20 MPa (1450 and 2900 psi)
representative of the more fractured rock, and another peak in the range of 60 to 70 MPa
(8700 to 10,150 psi) representative of the intact rock.

These distributions may not properly represent the real distribution found in the
field for two reasons. Firstly, the focus of the investigation was to try and characterize the
weaker rocks. Core which was clearly strong was often rejected for testing in preference
to somewhat weaker samples. The addition of these stronger samples would probably
have made the peak in the 60-70 MPa range in the histogram more pronounced. It is
unlikely that exceedingly strong values would have been obtained as these strengths
appeared to develop in rock with an unblemished nature (medium gray homogeneous
texture with no fractures, calcite, or quartz veins) which was quite uncommon. It is likely
that the core which was generally bypassed for testing was in the 50 MPa (7000 psi) to 80
MPa (12,000 psi) range.




Another distortion to the distribution arises due to the weakness of the insitu rock.
Rock which turned to rubble while being drilled, or rock which was too fractured to result
in sufficiently long samples could not be tested. These samples would likely have been
quite weak and thus would have resulted in a much steeper distribution, with a
corresponding weaker average rock mass strength. The addition of such weak samples
probably would have tended to fill in the histogram in the 0 to 10 MPa range.

The high siltstone strengths were clearly anomalous, and should not be relied
upon for generating strength. the siltstone in particular was difficult to sample and a great
majority of the siltstone core could not be tested due to its fissile and flaking nature. More
often than not, insufficient lengths of core could be found from which to prepare samples.
It is likely that if more samples could have been found for testing, they would have had
strengths less than about 10 MPa (1500 psi) or so.

The mode of failure in the unconfined tests likely impacted the measured
strengths. Samples generally failed along joints and planes of weakness where such
favorably oriented planes were available. The inclination of bedding (40-50 degrees)
coupled with the weak nature of the calcite healed joints or poorly healed joints, resulted
in samples which often failed prematurely along these planes of weakness. If the holes
were drilled in another orientation relative to the bedding, one might expect to get a
different strength distribution.

Modulus Tests

Of the samples selected for modulus testing, three could be classified as siltstones
and the balance were sandstone samples. The siltstone moduli were 27.6 GPa (4.00x10°
psi) and 3.4 GPa (0.49 x10° psi) and the third sample was too weak to be able to measure
a modulus. The sandstone moduli (Figure 2) also covered a large range, with the bulk of
them falling between 30 and 40 GPa (4x106 psi to about 6x10° psi). These Youngs’
moduli were evaluated on the unloading and reloading portions of the stress strain curves
and are quite a bit higher than the initial tangent loading moduli.

A few of the poisson’s ratios exceeded 0.5. At first these values might seem
unreasonable as they exceed the 0.5 theoretical limit of a perfectly plastic material. But
these materials are not homogeneous anisotropic materials. The fractures which pass
through the samples can concentrate deformations, by sliding on joints for instance, and
cause local deformations which exceed the theoretical limit. Vertical fractures are other
features which can result in excessively large radial deformations. If the radial gauge is
positioned so that it picks up some component of this deformation, then an excessively
high poisson’s ratio would be evaluated. Similarly, exceedingly low poisson’s ratios can
also develop. For these reasons, the ratios below about 0.2 are thought to be
unrepresentative of the rock mass. The majority of the Poison’s ratios fall between 0.32
and 0.40 as depicted in Figure 3.

During one of these tests (Sample 158-51B), the sample was held at a constant
load which appeared to be sufficiently below the peak strength (as indicated by the slope
of the stress-strain curves) for a short period of time, and the sample progressed to failure.
This behavior clearly demonstrated creep behavior of the sample and highlights the
possible need to address the time dependent behavior of the weaker, more clay rich rocks.



Direct Shear Tests

The initial normal stress used in these tests was calculated to be the overburden
caused by 1.25 psi per foot of sample depth. This stress was doubled for the second stress
level and doubled again for the third stress level. In a number of cases, this last level of
loading exceeded the capacity of the loading ram and load cells used in the pneumatic
system. In these cases a peak load of 8.9 kn. (2000 Ib.) was used for the last load, 1/2 of
this for the second stage load, and half again for the first load.

The cumulative distributions of friction angles for the sandstone and siltstone
(Figures 4 and 5) demonstrate that the initial strengths are clearly higher than the final
strengths. For the sandstones, most of the initial friction angles fall in the range of 33 to
40 degrees, whereas the majority of the final friction angles lie between 25 and 31
degrees. Although there seems to be a bit of scatter in the shear intercepts, there does not
appear to be a large impact of shearing on these values and they generally range between
20 and 80 KPa (3 and 12 psi).

The siltstone joints (Figure 5) demonstrated a somewhat different trend. The
initial friction angle distribution was quite broad, ranging quite uniformly from about 18
degrees to about 40 degrees. The influence of shearing was to tighten this range of values
to between 18 and 28 degrees. The shear intercepts did not appear to be particularly
impacted by the shearing, and generally ranged from about 10 to 80 KPa (2 to 12 psi).

For both sandstone and siltstone joints, the exceptionally high shear intercepts
encountered in the initial shearing stages were significantly reduced to below 130 KPa
(19 psi) in all cases.

Four tests on clay filled or coated joints should be highlighted. Samples 161-24,
165-32, 303-8, and 312-81 had friction angles of 1.6, 16.0, 11.1 and 10.3 degrees
respectively. The behavior of Sample 161-24 was quite different from the other samples
in that the strength did not appear to increase with confining pressure. The strength
appeared to be that of an undrained clay (which was in fact filling the joint). At one point
during this test (a shear displacement of about 0.16 inch), shearing was halted and the
sample allowed to sit for about 10 minutes. After this period, shearing resumed and the
sample was found to be a bit stronger, indicating that consolidation had occurred.
Alternatively the soft clay could have continued to squeeze sideways out of the joint
resulting in a larger percentage of the normal load being taken by the wall rock-to wall
rock contacts, with the corresponding increase in strength.

The final direct shear sample, Sample 0154-43, consisted of a quartz healed joint
in sandstone, with a number of voids in the filling. It was thought that the joint would be
weak, but testing proved otherwise. Before the joint could shear, the sample was pulled
out of the shear box, making it not possible to fail the sample with the current test
configuration. One could only state that the joint strength exceeded the shear stress
applied to the joint.

In a few samples (156-58, 165-49, 167-24, and 303-8) the final friction angles
were found to be higher than the initial friction angles. At first this behavior might feel
counterintuitive, but might be explained in light of the disturbance to the joint surface. In
the cases of the last three samples, the joints were quite smooth prior to testing. Under
these conditions, the friction angles and strengths might be expected to be representative
of the smooth surfaces and be quite low. As the samples sheared, gouging developed (as
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seen after most of the tests) and the smoothness of the surface would have been disrupted,
indicated by a non-polished rough oval spots at the contacts between the two sample
halves. Such a set of roughened contacts would likely be stronger than the initial smooth
polished surface.

In the case of Sample 156-58, the joint was intact and consisted of a granular
filled and calcite coated surfaces. Perhaps is this instance the granular filling started to
bare against the wall rock after some level of shear displacement was realized and thereby
mobilizing its contribution to the shear strength.

The increase in joint friction angle could also be explained by the deterioration of
the calcite coatings. Prior to testing, some of the samples had thin calcite coatings,
completely coating the joint surface. These coating were generally adhered poorly to the
rock (in particular to the smooth siltstone surfaces). As shear displacements developed
along the joints, the calcite layer would often break apart, allowing the bare wall rock to
come in contact with each other. Thus the initial strength would be representative of the
calcite layer whereas the final strength might be representative of the rock-to-rock
contact.

Conclusions

1) Due to the high degree of fracturing, the distribution of unconfined strengths
developed from this testing program may be somewhat skewed to the right. In addition, a
decision was made to test a less than representative number of the strong intact samples,
thus reducing the density of test results in the high strength region of the strength
distribution curves. As a result of these two influences, both of weaker and harder rock
may be encountered than might be expected from the strength distribution plot.

Many of the sample failures were joint controlled. Thus kinematics plays an
important role in assessing the samples’ strengths. If the core had been drilled at a
different orientation to the main jointing orientations, different strengths might have
developed. The concrete/rock bond strength might be higher than expected if ones bases
the strength on other rock strength-concrete bond strength relationships. The high degree
of fracturing found in this rock mass would tend to weaken the rock mass, but might not
necessarily degrade the rock/concrete bond strength.

2) The modulus tests and some of the direct shear tests demonstrated aspects of
creep. It appears that the weaker rock can creep and relax. In one modulus test, axial load
of less than the ultimate strength was inadvertently left on the sample for a fairly short
duration, which culminated in the failure of the sample. In a few of the direct shear tests,
the test displacement rate was reduced with a corresponding reduction in shear load.
When the shear displacement rate was stopped altogether, the shear load started to relax.
These behaviors are indicative of creep and relaxation, and should be addressed in
evaluating the long term load bearing capacity and deformability of the rock mass.

3) Due to the highly fractured nature of the rock mass, a fairly good representation of
the joints was obtained for this testing program. Joints in rough sandstone joints resulted
in the highest friction angles, and the smooth planar siltstone joints resulted in the lower
strengths. Of particular note are the clay filled joints. It was often difficult to obtain good
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quality clay filled joints suitable for testing. But those that were obtained resulted in very
low friction angles, as low as about 2 degrees, although more typically around 10
degrees. If such joints are encountered in the field, it might be expedient to remove any
removable blocks bounded by these joints rather than trying to support such blocks. Since
these clay joints typically occurred near the soil/rock interface, they may not be difficult
to deal with. On the other hand if such a joint is encountered in a deep excavation, it may
pose a serious stability problem.

for Test Unlimited
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Modifications to RMR for mining

Table 4.4: Rock Mass Rating System (Afler Bieniawski 1989).

49

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

FParameler Range of values
it For this low range -
Strength Point tanj >10 MPa 4 - 10 MPa 2-4 MPa 1-2 MPa uniaxial compressive
of strength index test is preferred
1| intact rock ) Uniaxial comp. >250 MPa 100 - 250 MPa 50 - 100 MPa 25 - 50 MPa 5-2501-5, <1
material  Istrength MPa | MPz | MPa
Rating 15 12 7 4 P 1 0
Drilt core Quality RQD 90% - 100% 75% - 90% 50% - 76% 25% - 50% < 25%
2 Rating 20 17 13 8 3
Spacing of discontinuities >2m 06-2.m 200 - 800 mm 60 - 200 mm < 60 rmm
3 Rating 20 15 10 8 5
Very rough surfaces | Slightly rough Stightly rough Slickensided surfaces | Soft gouge >5 mm
Not continuous surfaces surfaces or thick

Condition of discontinuities  [No separation Separation < 1 mm Separation < 1 mm Gouge < 5 mm thick or
4 (See E) Unweathered wall Slightly weathered Highty weathered of Saeparation > § mm
rock walls walls Separation 1-5 mm Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10 m None <10 10-25 25 - 125 > 125
tunnel length (fm)
Ground | (Joint water press)/ .
5 | water |(Major principal o) g <01 0.1,-02 02-05 > 0.5
General conditions Completely dry Darmp Wet Oripping Flowing
Rating 15 10 7 4 4]
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Sirike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 « 81 80 « 61 60 « 41 40 « 21 <21
Class number I it il v Y
Description Vary good rock Good rock Falr rock Poor rock Vary poor rock
D. MEANING OF ROCK CLASSES
Class number | il I} v v
Average stand-up time 20 yrs for 15 m span | 1 year for 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span | 30 min for 1 m span
Cohesion of rock mass (kPa} > 400 300 - 400 200 - 300 100 - 200 <100
Friction angle of rock mass (deg) > 45 35 - 45 25-35 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) <1m 1-3m 3-10m 10-20m >20m
Rating 6 4 2 i 0
Separation (aperturs) None < 0.1 mm 0.1-1.0mm 1-&mm > 5 mm
Rating 6 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 8 5 3 1 0
Infilling (gouge) Nona Hard filling < 5 mm Hard filling > 5 mm Soft filling < 5 mm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderately Highty weathered Decomposed
Ratings 6 5 weathered 1 ¢
3
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING™
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 0~ Drive with dip - Dip 20 - 45° Dip 45 - 90° Dip 20 - 45°
Veary favourable Favourable Very unfavourable Fair

Drive against dip - Dip 45-80°

Orive against dip - Dip 20-45¢

Oip §-20 - Irrespective of strike®

Fair

Urfavourable

Fair

* Some conditions are mutually exclusive . For example, if infilling s present, the roughness of the surface will be overshadowed by the influence of

the gouge. In such cases use A4 directly,
** Modified after Wickharm et al (1972},




Intact rock properties
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Table 11.3: Values of the constant m; for intact rock, by rock group. Note that values in

parenthesis are estimates.

Rock Class Group Texture
type Coarse Medium Fine Very fine
Conglomerate  Sandstone Siltstone Claystone
Clastic (22) 19 9 4
e (GrEyWacke
z Chalk
= Organi
rganic
% - Coal
= (8-21)
@ . Breccia Sparitic Micritic
@1 | Non- | Carbonate (20) Limestone Limestone
Clastic (10) 8
Chemical Gypstone Anhydrite
16 13
s Marble Hornfels Quartzite
> Non Foliated R
= 9 (19) 24
& Migmatite Amphibolite  Mylonites
CZD Slightly foliated (30) 75 .31 (6)
?5 Foliated* Gneiss Schists Phyllites Slate
= 33 4-8 (10) 9
Granite Rhyolite Obsidian
33 (16) (19)
Light o }
Granodiorite Dacite
(30) (17
175 Diorite Andesite
2 (28) 19
El.l . Gabbr .
Z. Dark 1abbro Dolerite Basalt
<) 27 ¢ o
= (19) (17)
Norite
22
Extrusive Agglomerate Breccia Tuff
pyroclastic type (20) (18) (15)

* These values are for intact rock specimens tested normal to bedding or foliation, The value
of m; will be significantly different if failure oceurs along a weakness plane.

In deciding upon the value of o, for foliated rocks, a decision has to be made on

whether to use the highest or the lowest uniaxial compressive strength obtained from
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Table 11.6: Estimate of Geological Strength Index GSI based on geological descriptions,

GEOLCGICAL STRENGTH INDEX

it

From the letter codes describing the structure

723
oy g 3
g1 8 £
[0 po 4 £ [ang
o o h= = o
L = o 2o =
and surface conditions of the rock mass (from » g @ w 8 @
Table 4), pick the appropriate box in this chart, 3 3 I S5 S
: ; © c = © © ©
Estimate the average value of the Geological = = © €3 T
Strength Index (GS1) from the contours. 7 % & 72 @
Do not attempt to be too precise. Quoting & 3 s B 2 z B
range of GSI from 36 to 42 is more realistic ] = e g o T
than stating that GSI = 38. w| £ K 5| £2| £@
Z 2 @ 2 o= 0=
&} z £ z zE zE
£ 5 g 5| 25| £5
S = S| 8| 55| 53
O 4 > @ e E g
G 8 = = B o | XoR
wiog = E| 588|888
% O3 a = DE A D >
[ = £ @ &
[T I S S XS |>ap
[ P Q5 o |0%g s
e TR Oz | Tk |O25|ulE
ol >> O W oS>0 e
DECREASING SURFACE QUALITY &>

STRUCTURE

/

BLOCKY - very well interlocked g0

undisturbed rock mass consisting
of cubical blocks formed by three 70

orthogonal discontinuity sets /

60

VERY BLOCKY - interlocked,
partially disturbed rock mass with
multifaceted angular blocks formed
by four or more discontinuity sets

50

BLOCKY/DISTURBED- folded
and/or faulted with angular blocks
formed by many intersecting
discontinuity sets

~r DECREASING INTERLOCKING OF ROCK PIECES
>
O~

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with a mixture or angular and
rounded rock pieces




Slide Analysis Information

Document Name

File Name: sec e pro

Project Settings

Project Title: SLIDE - An Interactive Slope Stability Program
Failure Direction: Right to Left

Units of Measurement. Imperial Units

Pore Fluid Unit Weight: 62.4 Ib/ft3

Groundwater Method: Water Surfaces

Data Output: Standard

Calculate Excess Pore Pressure: Off

Allow Ru with Water Surfaces or Grids: Off

Random Numbers: Pseudo-random Seed

Random Number Seed: 10116

Random Number Generation Method: Park and Miller v.3

Analysis Methods

Analysis Methods used:
Bishop simplified
Spencer

Number of slices: 25

Tolerance: 0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Circular

Radius increment: 10

Minimum Elevation: Not Defined
Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack

Material Properties

Material. FILL

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

Friction Angle: 25 degrees
Water Surface: Water Table
Custom Hu value: 1



Material: Material 2

Strength Type: Generalised Hoek-Brown

Unit Weight: 155 ib/ft3

Unconfined Compressive Strength (intact): 50000 psf
mb: 0.0471656

s: 8.57494e-006

a: 0.522344

Water Surface: Water Table

Custom Hu value: 1

Material: GRAYWACKE

Strength Type: Generalised Hoek-Brown

Unit Weight: 165 Ib/ft3

Unconfined Compressive Strength (intact): 1.008e+006 psf
mb: 0.477966

s 0.000240369

a: 0.505734

Water Surface: Water Table

Custom Hu value: 1

Material: Bay Mud

Strength Type: Mohr-Coulomb
Unit Weight: 70 (b/ft3
Cohesion: 100 psf

Friction Angle: O degrees
Water Surface: Water Table
Custom Hu value: 1

Global Minimums

Method: bishop simplified

FS: 1.153320

Center: 2411.272, 257 479

Radius: 668.344

Left Slip Surface Endpoint: 2689.538, -350.181
Right Slip Surface Endpoint: 3031.777, 9.170
Resisting Moment=3.21391e+009 Ib-ft

Driving Moment=2.78667e+009 |b-ft

Method: spencer

FS: 1.237560

Center 1769676, 974 469

Radius: 1611.930

Left Slip Surface Endpoint: 2689.855, -348.007
Right Slip Surface Endpoint: 3060510, 9.034
Resisting Moment=7 .44461e+009 Ib-ft

Driving Moment=6.01558e+009 Ib-ft

Resisting Horizontal Force=3 4059e+006 b




Driving Horizontal Force=2.75212e+006 Ib

Valid / Invalid Surfaces

Method: bishop simplified
Number of Valid Surfaces: 1341
Number of invalid Surfaces: 0

Method: spencer

Number of Valid Surfaces: 328

Number of Invalid Surfaces: 1013

Error Codes:

Error Code -108 reported for 712 surfaces
Error Code -111 reported for 301 surfaces

Error Codes

The following errors were encountered during the computation:

-108 = Total driving moment

or total driving force < 0.1. This is o

limit the calculation of extremely high safety
factors if the driving force is very small

(0.1 is an arbitrary number).

-111 = safety factor equation did not converge



