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A.l GENERAL 

APPENDIX A 
BORING LOGS 

This appendix includes the logs of 15 borings (SM-1, SM-lA, SM-lB and SM-2 through SM-
13) drilled and cored in this investigation as well as the logs of two brings (R-8 and R-9) 
drilled and sampled in 1989. Locations of the 15 borings performed in this investigation and 
the two 1989 borings with respect to the planned tunnel alignment are shown in Plate 2 of 
the main text. Logs and individual locations of these borings are presented in this appendix. 

Explanations to the boring logs are provided in the following sections. 

A.2 EXPLANATIONS TO LOGGING OF SOIL SAMPLES OBTAINED 
IN THIS INVESTIGATION 

Soil samples were described in accordance with the Unified Soil Classification System. Keys 
for soil description include the following: 

o Run No. 

The core/sample run number. Runs are counted consecutively from the top. Runs 
without any core/sample recovery are also counted. 

o Begin/End Time 

Start and end of each core run. The elapsed time and core length of each run are used 
to calculate the rate of drilling. 

o Core Recovery (%) 

The percentage of core/sample recovered for each run. It is calculated by dividing the 
total length core/sample recovery by the length of the core/sample run. 

A.3 EXPLANATIONS TO LOGGING OF ROCK CORES OBTAINED 
IN THIS INVESTIGATION 

The rock core logging procedures were specifically developed for this project to facilitate 
rockrnass classifications/characterizations in accordance with the Geomechanics Classification 
of Joint Rock Mass (Bieniawski, 1989) and the Q-system (Barton et. al. 1974). The 
description for "Run No." "Begin/End Time" and "Core Recovery" are the same as those 
described in Section A.2. Other relevant keys/legends for rock core logging are described 
below: 
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o ROD (Rock Quality Designation) 

ROD is defined as the sum of total length of all core pieces longer than 4 inches as a 
percent of the total length of rock drilled during the coring run. It is intended to reflect 
the in-situ fracture characteristics of the rock mass. 

o Discontinuity Frequency 

Number of natural rock discontinuities (i.e., excluding those caused by drilling or handling 
and excluding bedding planes) per foot for each core run. This is an indicator of in-situ 
fracturing characteristics of the rock. 

o Structural (Discontinuity) Descriptions 

Descriptions of all structural features or discontinuities present in the rock core. The 
features to be described include joints, shears, bedding and foliation. Faults may be 
inferred and mentioned in lithic description. The following characteristics were recorded 
as applicable. 

~ 

The type of discontinuity is designated on the log as follows: 

Discontinuity Type 

Joint 
Shear 

Bedding or foliation 

Joint Set Characteristics 

Designation 

J 
s 

B or F 

The number of joint sets present in the rock mass. Strongly developed parallel joints were 
counted as a complete joint set. In general, if there were a few "joints" that were visible 
or only occasional breaks in the core, they were classified as "random". Description and 
designation of joint set characteristics are provided below. 

Description 

No or few random joints 
One joint set 
One joint set plus random 
Two joint sets 
Two joint sets plus random 
Three joint sets 
Three joint sets plus random 
Four or more joint sets, random etc. 
Crushed rock, soil like 
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Designation 

A 
B 
Bl 
C 
Cl 
D 
D1 
E 
F 



Spacing 

The spacing between (parallel) discontinuities was measured along the vertical axis of the 
core. For more than one joint set, the worst case was recorded in the appropriate column 
within the boring log. Standard terms and designations are as follows: 

Joints 
Spacing Bedding Layers (Fractures) DesignatiQn 

>2rn (>6.6 ft) massive very wide M 
0.6m to 2m (2' to 6.6') thick wide T 
0.2m to 0.6m (8" to 2 ') medium moderately close MM 
60 to 200mm (2.4 to 8") thin close TH 
10 to 60mm (0.4" to 2.4") very thin very close VT 
10mm (0.4") laminated extremely close L 

Joint Roughness 

Joint roughness denotes the frictional characteristics of wall contact. They were applied 
to the weakest joint sets. Standard descriptions and designations are as follows: 

Description Field Recognition 

Very Rough Near vertical steps and ridges occur on the 
discontinuity. 

Rough Some ridges and side-angle steps are evident; 
asperities are clearly visible; surface feels very 
abrasive. 

Slightly Rough Asperities on the discontinuity surfaces are 
distinguishable and can be felt. 

Smooth Surface appears smooth and feels smooth to the 
touch. 

Slickensided Visual evidence of polishing and movement are 
visible. 

060793.APN/ 92-2050-01 A-3 

Designation 

VR 

R 

SR 

s 

SK 



Planarity 

This denotes the surface planarity of the discontinuity. Standard descriptions and 
designations are as follows: 

Description 

Discontinuous 

Wary 

Planar 

Stepped 

Open 

Discontinuity Filling 

Field Recognition 

Not continuous 

A moderately undulating surface, with no sharp 
breaks or steps. 

A flat surface. 

A surface with asperities or steps. The height of 
the asperity should be estimated or measured. 

Separation exists between surfaces 

Designation 

D 

w 

p 

s 

0 

Discontinuity filling characteristics were applied to the weakest and least favorably 
oriented joint set or discontinuity. Standard descriptions and designations are as follows: 

Approximate 
Description Sep~ration D~~i1matiQn 

Tightly healed or unweathered 0 I 

Slightly weathered with non-clay 0 to 1 mm II 
coating 

Moderately weathered with some clay 0 to 1 mm III 
coating 

Highly weathered with clay 0 to 1 mm IV 

Non-clay filling 1 to 5 mm V 

Clay filling 1 to 5 mm VI 

No clay filling >5 mm VII 

Clay filling >5 mm VIII 

Type of non-clay or clay filling is provided in lithic description. 
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Degree of Weathering 

The degree to which the walls of a given discontinuity have weathered was estimated by 
the presence of a stain, relative hardness of the discontinuity wall to the parent rock, 
presence of a noticeable discontinuity filling, etc. Terms used to describe the degree of 
weathering are as follows: 

Description on Log 

Fresh 

Faintly Weathered 

Slightly Weathered 

Moderately 
Weathered 

Highly Weathered 

Completely 
Weathered 

Residual Soil 

Field Description 

No visible sign of weathering. 

Weathering limited to the surface of major 
discontinuities. 

Penetrative weathering developed on open 
discontinuity surfaces but only slight 
weathering of rock material. 

Weathering extends throughout the rock mass 
but the rock material is not friable. 

Weathering extends throughout the rock mass 
and the rock material is partly friable. 

Rock is who11y decomposed and in a friable 
condition but the rock texture and structure 
are preserved. 

A soil material with the original texture, 
structure, and mineralogy of the rock 
completely destroyed. 

Designation 

F 

FW 

SW 

MW 

HW 

cw 

RS 

The dip of the discontinuity feature is defined as the angle of the plane (in degrees) 
relative to the horizontal direction. 

Discontinuitv Sketch 

A schematic sketch of observed discontinuities, depicting fracture, configuration, dip, joint 
sets, etc., is provided. 
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o Type or Rock and Lithic Descriptions 

A standard lithological description of each rock type was recorded on the log forms. 
Variations from the general description were noted for each run as they occurred. The 
lithological descriptions included the following information: 

Rock Type 

Type of rock of a geologic unit. 

A description of the overall color of the rock, as well the color of specific minerals and 
matrix where applicable. Color was described using the rock color chart terminology 
published by the Geological Society of America. The color chart provides a standardized 
method to describe the color by name (e.g. dark reddish brown), hue (e.g. 5 year), value 
(e.g. 3) and chroma (e.g. 2). 

Texture 

The texture of the rock was based on the grain or crystal s~es of the predominant 
minerals and any matrix material present. Standard descriptions and designations are as 
follows: 

Size 
Descrintion/De~iimation (mm) Fi~lg R~~Q!mitiQn 

Very Fine-grained <0.06 Individual grains/crystals can 
not be seen with hand lens 

Fine-grained 0.06 to 0.2 Visible with hand lens 

Medium Grained 0.2 to 0.6 Visible to naked rye 

Coarse Grained >0.6 Clearly visible 

Additional textural information in terms of the presence of voids, the degree to which the 
voids have been filled and the nature of the filling, and for sedimentary rocks, any obvious 
cementation, including the mineralogy of the cement, are also presented in the core logs. 

Other Descrintions 

Any other information that best descnbes specific characteristics of the rock core. 
Examples include gouge material type, open voids, caving conditions, etc. 
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o Packer Test Interval 

The interval ( test zone) where the packer test was conducted is shown. 

A.4 EXPLANATION TO LOGGING OF TWO 1989 BORINGS 

The fonnat of the logs for these two boring was somewhat different from that for the 
borings in this investigation. These 1989 boring logs also included core recovery, ROD, and 
lithic description as defined in Sections A.2 and A.3 as well as structural description which 
was in less detail than that in the boring logs for this investigation. 
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Lithic Description 

ALLUVIUM (Qal): CLAYEY SAND (SC); 
moderah nddiah brown, fine- to 
coane-srt.ined aand, low plutic day, 
trace sravel, muaive, dONly apaced, 3-8 
mm wide fracture, lined with white 
noncalcareo111 fine srained material 

- fracture, line with white noncalcareou, fine 
srained ma~rial 

- -
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Lithic Description 

ALLUVIUM {Qal): CLAYEY SAND &o SANDY 
CLAY (SC/CL); moderate nddiah brown, 
fine- &o coane-,rained nnd and low 
plutic day, aome ■ilt, trace ,nv■l up to l 
cm in ■iH, mu■ive 

lisht brown ,o moderate brown, trace 
cobble-■iaed p-anodiori&e da■u 

- 10 cm chick wall cemented layer 

- hishly friable 

- lS cm thick well cemented layer 

CLAYEY SAND (SC); moderate brown, fine- k> 
COVH-,rained ■and with low plutic day, 
trace ,nvel- and cobble-■iNd 
c,anodiorice duu, moderately to hishly 
friable 

Borins tenninated at 1~ fNt on 11/10/92. 
Piuometer inatalled on U/11/g2_ 
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LOG OF BORING SM-IA 

Client PB/Dl\OM Project: Metro Red Line-Segment 3 

Location: N415068S/E4183025 Surface Elevation (ft): 492 

Inclination (Deg.): 85 Bearing: NOE I Depth (ft): 180.0 

= The Earth Tedmology 
-- Corporation 

Project No.: 92-20S0 

Boring No.: SM-lA 

Depth to Water Table (ft): 16 

Started: 11/18/92 Finished: 11/21/92 Core Dia. (in.): 2.4 No. of Core Boxes: 8 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 Fluids: Bentonite/Clear mud Eauinment 
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Lithic Description 

GRANODIORlTE (pl); dark yellowiab oran11, 
li1ht brown, lisbt &o dark ,-ray, DM<lium 
,nined, dec:ompoeed io fin•· io 
coarae-srained aand and ■ilt, poorly 
cemented and very friable l~/RlO 
wuhed out] 

lcban1e to face di■chars• diamond impre,-nated 
bit with ■olid inner tube; 36' of«• cuin1 
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dark yellowi■b brown 

moderate yellowi■b brown 
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black dillcoloration on joinu, intermi&tent clayey 
IIODU 
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blocked off at 48.6 '] 

• li1ht ll'&Y, unweathered ,-ranodioriie frqmenu 

. 
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lock ahoe] 
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Client PB/D.MJM Project Metro Red Line-Segment 3 

Location: N4150635/E4183065 Surface Elevation (ft): 487 

Inclination (Deg.): 90 Bearing: NA I Depth (ft): 170.0 
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poli■hed ■beara, moderately friable 

moderately cloeely ■paced 7 mm wide 
caliche-lined join~ 
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Lithic Description 

GRANODIORITE (cd)i li.ihl olive brown, li1ht 
olive ,ny, dark yellowiah brown, 
moderate yellowiah brown, medium 
grained, decompoud to fine- to 
medium-grained ■and with clay and ■ilt, 
■ome remnant ,nvel and cobble-■iud 
frarment, or granodiorite, ■cattered 
diacontinuoua clay-lined 1hean !core R43 
blocked off] 

7.~ ALLUVIUM (Qal): CLAY (CL); yellowi■h brown 
=-..: to olive brown, dry to ■li&htly moilt, 
::::, :.:. plutic clay with fine- io coane-p-ained 
...:..;;E. ■and, trace gravel-■iaed granodiorih 
~ cluta, ■catter.d powdery caliche 

I:--=: 

§ 
~ 

~ IJl'Mi•• to SANDY CLAY (CL); at ron1 brown 

~ 
~ 
=== .... --,_ -=-=~,:--,-:-:,=,....,,...,...,.,=-.,..,,...,...,,.,==..,.....,~.,-:-:,.....,..,,-=,-,==----l 
:::·:~: CLAYEY SAND/SANDY CLAY (SC/ CH); 
;::..,:_·_;: yellowiah Nd, dry to ■li&htly moiat , hi1hly 
:=:d.:,.; plutic clay, fine• ,o co11n1e•cn,in.d ■and, 
;;2'.•;: muaive, noncalcanow 
::.:·.:::; 
~ - yellowi■h brown 

100 
=:+--+---+---+---+---+--+--+--+--+---1=~=•::.";,_:.:i. SANDY CLAY (CH); dark reddilh brown, dry to 

,:::--:S: ■li&htly moiat, hi&h plutic clay with 

-
- gs 

~ medium-crained ,and, trace gravel 

t-=:~--+--+---+--+-+---i--+--+--1---£·~ .. ~:-: 

-
-

11:60 

~ 
~ = · .;~ 
~-:-. 
~ - diatinct contact 
-···-

118 
......,,...,,....+---+--t--1---+--+---+---+--1---+---lt::i;--.. __,,i ·~ 

:~Jj 
..·::-~· ·· 
~-~ .__ 
~-♦-.-: ... 

~-= 
~-:-".-: 
-·.:.:-= 

SILTY SAND/SANDY SILT (SM/ML); yellowi■h 
red, dry to lli1htly moi■t, medium- to 
coane•crained ■and and low plu\ic 1ilt, 
trace gTavel, mu■ive 
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-
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Lithic Description 

Borinr ,erminated at 170.0 1 .. , on 12-07-Sl2. 
Backfilled with cement-bentonite alurry. 
Stat ic water level at lS.4 fHt on 12- 1-112. 
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Client PB/Dl\,fJM Project Metro Red Line-Segment 3 I 
I 

Project No.: 92-2050 Location: N4150635/E4183065 I 
Boring No.: SM-lB Page No.: 5 of 6 I 

' ,.. 
Structlf:ra I/D.i sc.ont inui t!al 

I 
X I 

..... ::,I esc:r1pt10n ~ I ,.. 
:,'I + 

+ ~ -:71 
GI Cl/I L. ,..., :,u 111- · 
GI 0 LIJL. GI ~ cc +. 1/1 :JI 1:11 ,-.. ~10 1 

> CII L. C . > ... z ,.c "' -CII 1:11 1/1 + • OI L.L I ..... C'-' 0 +:::, u,CII C CII - •c - 1:11 .c Lithic: Description 
J:. C -a, u 0 ca- GI .... - C L &!: '- CII u CII,! I GI §; .u Ill C + + :, DIE a:: 0 OGI u J:. IO u- .c ...., ., .xc I 
C. a:: ~- a:: u '- c"' "' DI . C 

~I Ill CD!-- w.&.. 
._ _L. C. :, Ill Ill= .... .;,L. ., 

o"' lU Q. (I) C '- - (I) 0 - o'.L. GI -C ...,.c 0::'. 0.. 8 u :% C 

- .___ 
GB.ANODIOIUTE (sd); lirhi olive brown, lirht 

~ ' ' ~ :%, olive sray, dark yellowiah brown, 
~ moderaie yellowiah brown, medium 
~ 

10:40 i-..'' Jl'ained, decompoHd io fine• to 
~ 

I B43 ' ► 
,~~ n - C, .. T - T\ - 'U/ - medium-Jl'ained aand with clay and ailt , -

RU 60 0 D RS aome remnant rravel and cobble-ais.ed 
I 

~ 11:44 - - - - - - ~ 
► ...._, - frarmenh o( sranodioriie, 1eattered -
► ~ I 

diaconhnuoua clay-lined ahean (con R43 
-, 

-14( --- 11:(i 

~ 
40-, 

► R4S 12:01 100 0 - - - - - - - cw blocked off) -
~ RS -
~ ~ -, 
► 

~~ 
., 

► -; - j - - 12:15 - R46 12:24 100 ==~ ALLUVIUM (Qa.1): CLAY (CL); yellowiah brown 

451 
- ...:..:..:-: to olive brown, dry to 1lirhtly moiat, --=--14 ::-=" plutic clay with £me- to coarae-rn,ined ..:-::; - . ·---- -"· aand, trace rravel-aised ,ranodioriie 

- --~ cluta, acatiered powdery ca.licb1 -··-- ..=-::: 

- ~-= 
- § - R47 

12:40 -, - 12:lil 100 ~ . -
"'1 - ~ -15( ,ndu to SANDY CLAY (CL); atronr brown 51 - ~-~ - § - . 

- ~ - ... - .. ·- ⇒ 13:15 ~ - ,....._ --R48 13:25 100 --,:: 
~ t:::: •• -
► 

...... CLAYEY SAND/SANDY CLAY (SC/CH); ... ,' -~1s· -.. -~ - yellowiah red , dry to alichtly moiat, hichly ss-... '• F-J plutic clay, fine- to coarae-cn.iJaed aand, -... ···:.·::. muaive, noncalcareou, -
~ ~ - -
~ 

• yellowiah brown -
► ~-... :.. -
~ -13:45 ~· .. SANDY CLAY (CH); dark reddiah brown, dry to ► --- -- R4~ - 100 ~--=== alirhtly moiat, hirh plutic clay with - 12/7 F...;:: medium-rrained aand, trace rravel 

61 -161 - ~ 
► 

R50 ► - 911 .;.;;...-: 
... ~-TI 
~ 

~ ► .. :-::: 
~ ~--=== -
~ ~ - -
► i:..:. - dittinct contact -
~ 

-16' SILTY SAND/SANDY SILT (SM/ML); yellowiah -
~:.::~~.;.'. 65-

► 
RU 

- '--• • - nd, dry to alichtly moiat, medium- to GB ~-£.' -- - ..:..:..:.:-:.: coane-rrained ,and and low plaatic ailt, -
~ -
► .,:;·:~-: irace gravel, mauive -
~ i::-==- ---... .,:.: ·:.--:- -- ~--= -
~ ~-==--:: -... 11:50 -. - ~··"'.""- --• I ,.., 
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Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 I Boring Number: 

Borjng Location: 1850 La Brea Ave. 

Health and Safety: -
Drilling Equipment: Failing F- IO 

Drilling Method: Hollow Stem Auger 

Boring Diameter: 8-inch 

Hammer Information: 
Downhole Hammer:140-lb and 30-inch drop. 

:,, 
en ~" 0 

+- +- -Q. QI 0 Description QI QI ..c o'+- .... 
'-' ·-

..J 

A 

V 

~ 
ASPHALT 

SM-IC 

= The .t.arlh 1 ecnnoaogy 
-., Corporation 

Sheet l of _6_ 

I Elevation and Datum(f eet): 481.0 

Date Started: 12/ 17/ 92 Date Finished: 12/ 17/92 

Total 75.5 
Depth to 46.0 Depth (feet): Bedrock(f eet): 

Number of 47 Depth to 24.0 Samples: Water (feet): 

Completion Information: Grouted to surface 

Logged By: Checked By: 

G. Miller P. Guptill 

Sa moles I 
fu l QI 

C u 
:JI 1 ~~~8 ~~ I ·- 0 ·- c.. CC.. Cf> Ill ·- m+- 3- QI W..c U Ill+- O·- oC o,-.. ::,,-- ... :,_ 

t'"' Cf) ,a ,a - C: .0 Cl. - :, > ex 1:51/l ~ ~ E :JI 0 ·- QI ::>- u O::> cc 0 a::....., 
U ·- QI ~ I- u u ~8--- Ol E 

'+- t!) QI o Cc QI;: a:: I:o 
u co 

~ CLAYEY SAND; dark yellowish brown (lOYR 4 /2), ■lightly SC Qal 
_-:=::: moi1t, medium den,e, medium- to coar■e-rrained _ 
~ sand, medium plastic fines , 11ightly micaceou&, 
~ abundant weathered (eld1par rrains, trace rravel -;--:- -
~ (plutonic) 

-~- -
.,;....:_: 

- ·:::.....:- - - -
~ 

- ··· ... • -
~--- .. ---· -I_:..,...:. 
I.:..:...:..,; -----:-----~-----: -

-~J . ·.--:- -
.!.,,_-

5-1---=-+ - dark brown (7.SYR 3/2) - lD '"___,_;., 12/24./30 18" /18' 

-~ ·. :\. - I _.._ 
1.r...:.:..,. 

I -~ ---- I -~ - -~ 2 D 13/21 /50 18" / 18· ! .... 
I - --=-- -..:..,....,... 

,..:.::.:..:.. -~ -.,.:.:..,.: 
-~ - o 1.-:..:.. 3 8 / 19/27 18"/ 18 .. ,. . 
_i7. . 

-

I 
--r:-:-
~ _..,__ -
':2 I 

' -~ - -
6 / 16/ 26 117"/ 18'1 ' 

~ with v~ry dark grayish brown mottling ( lOYR 3 / 2) 
4 D 

j 10:12; - .. .. 
JV 



Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 Boring Number: 

i .c'"' ........ 
Q. QI 
QI QI 
o'+-...... 

15 

20 

-

:,'I 
C) 
0 

0 Description 
.c .... 
_J 

-· -•- CLAYEY SAND; reddish brown (lOYR 3/2), slirhtly moist, 

_...., 
:._-., ~ -
..,__.. 
.,._;-
~ 
~ •. · .. 
~ 

medium denu, medium- to coarae-rrained ■and, 
scattered g-ravel, low to medium plastic clay fines, 
maaaive 

with dark reddish brown mottlinr (SYR 3/ .C ) 

reddish brown (SYR 4/3), moisture content increaainr, moiat 
to very moist, soft to medium dense 

SANDY CLAY; brown (l0YR 4/3), moist to very moist, 
firm, medium plastic clay, medium to coarae- rrained 
sand, mauive 

• moist to wet interval 

CLAYEY SAND to SANDY CLAY; olive brown (2.SYR 4/ 3) 
with reddish brown mottlin SYR 4 4 see below 

C -o en 111-u 1/1+-en ,a ,a 
::,- u 

U·-.... 

SC 

CL 

SC/ CL 

-. Corporation 

SM-IC Sheet 2 of _6_ 

u 
Samples 

:,'I QJ :,.: -0,.., c, .... :,'I C L. o- t. :,- L. - t. '-' w.c -c QJ QI 0 C: QI 0,.. :,.- :,- ' ...... o::, .D Q. - :, > 0~ L.1/1 
.... c 

C QI 
QI e jl CD 0 0 0:: ...... C 

1/1 QI 
·- e (!) :, u u --I- QJ 0 C Cl·-z QJ 

0 cu I-0:: ,= 0 
u CD 

Qal 10:ll 

s D 7/ 13/ 21 1r/ 18 

6 D 5 / 9/17 18• / 18 

7 D 8 / 14/22 1s· / 18 

10:32 

8 o 10/ u / 19 18·/1s 

9 D 7/ 10/13 18"/18 

10 D 5 / 8/8 18" / 18 

11 D 6/ 8/ 11 18" / 18 10:59 

12 D 5/ 7/ 7 18·/ 18 

13 D .C / 7/ 11 18" / 18 

u D 6/ 15/ 17 1s· / 18 
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.._ Corporation 

I Project Na me: Me tro Rail - Los Angeles 

Project Number: 92-2038 I Boring Numbe r: SM-JC I Shee t 3 of 6 

:,, C u 
Samples 

.r:." 
Cl ·- 0 ·- I I CIJ X 

"tl ,.._ 0 :,, ........ - Descript ion 
(I) Ill · - Cl+-

t. L :l~s:::: CL 
C. CIJ 0 u111- O ·- :3 .... w .c 
QI CIJ .r:. Ul Ill Ill -c QI CIJ aC CIJ C) ,..._ ' '"' c'+- =>-u O=> .0 ll. _::, > e x LUI -; ~ C CIJ - e co 0 0 '"' U ·- CIJ :,, Q: '"' o c5. ._ .... ·- E - '+- (.!) ::, .... u u Cl ·-_,J z Ill I~ 1~8 CIJI-0:: a::i 

---.;:. ' CL.A YEY SA ND t o SANDY CL.A Y; olive brown (2.SYR ◄ /3 ) SC/ CL Q a.1 ~· 
-~ with reddish brown mottling (SYR ◄/◄), medium -

•. d en se t o denu, meciium- grained aand, 1ome coane-
-- to very coarse-grained aand, low p lutic fine■, - .....:.._· - o 
-~ 

musive, m1caceoua, loca li ~ed interva l, o f fine-gn .ined I S 13/ 21/25 18" / 18 
aand -..-: 

-~ - I ~ I .. . 
I 

I 

_~.-:-;- I - D 6/ 10/ 1 ◄ 18" / 18' 

I ~ 
16 

-~ -
~ I --~ -
~ - - I -~ 17 D 12/13 /30 18"/ 18 ,. . 
~ - -
~ I 

30- :_:_. - I -- 11 :18 --- - - - - I ·- 18 D 18/27 /27 18"/18' .. 
I I -~ -- -,_ ._ I - ---- -- .-- -- -

-..:_ CLAYE Y SAND; reddiah brown (SYR 4/◄ ), alightly m oiat , SC 19 D 2◄/31/61 ]8"/ 18 
>- med ium- to very coarse-grained aand, low plutie - . . -.. fines, ma11ive; coane- grained aand int,rval at 3:S.5' - -

- - -. 
- . - --:-::-· 20 D 13/36/◄9 18"/18' ... - . . -- · 
- - . -... . . 

35 - .. loverd r illed lrom 35 to 36 {eet , no aample] - -.. I 

-=- I I - . . . . --
~ -- : ·- 21 'o 13 6"/6" .. . 

- - . - -22 D 9/ 2◄ /72 18"/18' 

- . - -·. -- ·-- CLAYEY T O SILTY SAND; reddish brown (SYR ◄ / ◄ ) with 
' .. ligh t o live brown (2.SYR 5/ 3) band■ and streaks , SC/ SM - _:..-- - ,-.. 

...... ·. fine· t o m edium-grained aand, trace to aome c:oarse• 23 D 11/37/ 63 18" / 18' 

- - . to very coan e-rrained aand, trace gravel, n onplutic _ 

- silt 

-- -·. -. . . . . 
- - . . SILTY SAND to SANDY SILT; y ellowis h brown (IOYR 5/6) SM/ ML - 17 / H / 66 18"/ 18' 24 D 

,• . with very dark grayish brown ( lOYR 3/2) , ■ee below 12:00 . " 
~v 



Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 Boring Number: 

:n 
.c.,.... Cl -- 0 
Q. QI 0 
QI QI .c. o<+- -"" 

...J 

Description 

C 
-o 

C/1111-
U Ill
u, Ill Ill 
:::>- u 

U ·-
'+-

SILTY SAND to SANDY SILT; yellowi,h brown (l0YR 5/6) SM/ML 
with very dark grayi1h brown (l0YR 3/2) mottling, 
patches, streak, and pockets, fine-grained sand, trace 
coarae- to very coane-rrained ,and, 1cattered 
charcoal flecks, appear, to be randomly ,heared 

- charcoal fragments, moist to very moist 

DECOMPOSED GRANODIORITE; dark yellowiah brown 
( I0YR ◄/◄). very moi,t to wet, medium denH, very 
fri:,ble, medium• to coarse-grained, completely to 
highly weathered, extremely clonly 1heared and 
fractured, periodic interval, of alluvium- like material 
interspersed 

- sheared contact with alluvium-like material inclined to 6 
degrees, moi,t to ,lightly moiat below 

• slightly weathered granodiorite frarment 

- occuional inclusiona of dark reddish brown (atain) finely 
granular material within the granodiorite 

SM 

iiiiiiiii I IIC: &:.ae ••• •.,_~••••-•-DJ 

-. Corporation 

SM-IC Sheet 

u 
01+-
O·--c 
o:::> 
QI 
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Qal 

t. 
QI QI 

.D Q. 
E :n :, .... z 

Samples 

:::i-
oC - :, 

CD 0 u 

no 
sample 
taken 

:JI 
L 
QI 
::, 
0 
u 
QI 

a:: 

26 D 16/◄7 / 77 18" / 18 

27 D 6 / 8 / 21 18" / 18 

28 D 7/23/ 52 18"/ 18 

29 D 9/16/ 27 IS" /18 

30 D 8 / 11/ 25 16" / 18 

31 D 13/39/ 46 18"/18 

32 D 67 /6" 6" /6" 
50/0" 

33 D 41/6" 11"/ll 
150/ S" 

34 D 31/6◄ 13" / 13 
100/2" 

4 of 6 
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Projec t Name: Metro Rail - Los Angeles 

Project Number: 92-2038 I Boring Number: 

:,I C C) 
,i;" 0 ·- 0 -- CJ) Ill·-- Description Q. QI 0 U Ill+-
(IJ QI 

CJ) ,,, ,,, 
.c. 0 .... +- =>-u ...., U ·--
...J 

.... 

-~ 

DECOMPOSED GRANOOIORITE; dark yeHowiah brown 
(l0YR -4 / 4) , very moist to wet, medium denae , very -
friable , completely to highly weathered, medium- to 

-~ coane-grained, extremely clo.ely aheared and -fractured, periodic interval• or alluvium-·like material 

-

~ 
interapened -

- -
- • fracture surfaces stained reddiah brown (2.5YR 4/ 4) -
- -~ 
-

_, -
~\ 

- sheared contact 

·' \. SILTY SAND; yellowish brown (l0YR 5/4), alightly moist, SM 

-~ medium· to very coaru,-grained sand, low plutic ailt._ 

~ 
massive alluvium-like :r;one 

60- .. -

-~ - localized rock fragments (quartz-rich plutonic) -
-~ -
-~ -

-~ • localized rock fragment& (quarts-rich plutonic) -
',; -, 

-~ -, .. 
~ 

- sheared contact ,~ WEATHERED GRANODlORlTE; dark yellowi■h brown SM 

-~ (l OYR 4/4), moist t o 1lightly moiat, medium dense, -very friable, completely to hirhly weathered, 

-~ 
medium- to coarae-grained, extremely closely spaced_ 
clay-lined shears and fracture, 

-
~\ 

-
65 -

~ 
-

- clayey calcareoua 1hear zone, inclined 60 degree• 

-"". SILTY SAND; reddish brown (SYR 4/4), dry to ■lightly SM 
' ... "\ 

- '"'!"',.~ 
moist, very denae, medium- to coarae-grained 1and, _ 

i- •• trace gravel-ai&ed plutonic club, nonplutic fines , 
0 .... coanena downward, moderately friable, ma11ive -- ' ---. . ' - .. . -
~-- • 0 

- . · . . -- --... - -.. .. . -. . . . . - c,.tiQ -
-o·.P. -q ·.o 

.Q 
• gravelly interval 

- "_· -~I SILTY SAND to SAND; brown (lOYR 5/3), 1ee below SP/ SM 

"'" ~- -.., 

SM-JC 

u 
·-
01-
O ·- L 
-c QI QI 

.D o::::i Q. 
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"tl ,... 

:,I C L 
:3- L L...., _,..., 

UJ.C 
oC (IJ 0,... :,.- ... ::, +-

> _c ''"' _::, 0 ~ 5~ ~ Ill QI C QI 
ID 0 0 Q'.'-" ·- E u u ·- +-QI...., o C O)·-

QI 0 llJ I-a: :c 0 u IC 

13:0◄ 

22/ 62 16" / 16" 
100/-4" 

45 10· / 10' 
100\4" 

21 /68/lrn 18"/18' 

13:29 

22 / 100 12" / 12 

19/70/101 16"/ 18" 

. -

11 / 30/75 15"/18" 

33 / 100 12" / 12' 

130\6" 6"/6" 

66/100 12· / 12' 

I 
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I 
I 
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Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 I Boring Number: 

:JI C 
.t:.,.. Ol 

·- 0 -- 0 (I) 111-- Description u111-Q. QI 0 
QI QI .t:. (I) IV Ill 
c ... ::>- u -..., - U ·-... ..J 

.. . SILTY SAND to SAND; brown (I0YR 5/3), ■l ightly moiat to SP/ SM 
0 • dry, very denae, coane-grained ■and, trace gravel, - -,; . \D very friable, mu1ive 

- . .. -: . -
- . . -'. 

~ . -'. - . --· .. . ... -~ SILTY to CLAYEY SAND; dark reddiah brown (2 .SYR 3 / 4) , SM/SC -:-, ·1 
- ·~~ •lirhtly moist , very denae, medium- rrained ■and , -- 1ome coarae-grained ■and, t race very coane-rrained -·~ 
- ·.:::+ ■and and rravel , nonplutic fine■, moderately friable , _ 

maaaive 
~ --~ -·--':lo:--. - rounded cobble-aiud plutinic rock fragment -

75-~_:: 
-=--- -

·-
- Boring t erminated at 75.5 feet . -

Perched groundwater encountered at 24 fNt . 
- -
- -
- -
- -

- -
- -
- -

80- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

oc --

SM-IC 

u -.,, ... 
o- L 
-c Ill QI 
o::> .D Q. 
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(.!) :, I-:z 
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,__ 
D 

-◄6 D 

~ 
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Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 J Boring Number: 

Borjng Location: 1850 La Brea A\'e. 

Health and Safety: 

Drilling Equipment: Failing F-10 

DrHling Method: Hollow Stem Auger 

Boring Diameter: 6-inch 

Hammer Information: 
Downhole Hammer:140-lb and 30-inch drop. 

:l'l 

~" 
Cl 
0 +-+- -Q. QJ 0 Description QI QJ .r:. a..., .... 

'-' ·-
..J 

~ 

SM-ID 

= The Earlh Technology 
-- Corporation 

Sheet 1 of 4 

I Elevation and Datum(feet ): 476.5 

Date Started: 12/21 / 92 Date Finished: 12/21 / 92 ; 

Total 
Depth (feet): 
Number of 
Samples: 

45.5 

27 

Completion Information: 

Logged By: 

G. Miller 

C: u 
·- 0 ·- t.. (I) Ill·- Cl+-

U Ill+- O•- QI QI 
(I) Ill l\'J - C: .D Q. 

::::>-u o::::> E ::,, 
U·- QJ :, I-... (!) z 

::3+-
0 C: 

-5 
IOU 

Depth to 
Bedrock(fee t): . 33.5 

Depth to 
Water (feet ): 41.5 

Grouted to surface 

Checked By: 

P. Guptill 

Samoles 
I ' J I ::,, I ::JI a,~ -g~ 

t.. I ... t.. '-' LU c.. 
OJ o" I:,>-'+- :, -+- ' .J::. > 0~ It. Ill U +- C: C:'"' 
0 c::: '-' CC: Q Ill QI ·- QI u I 11/'-'·- .... C)e QI 0 0 C: QI ·-
a:: I:o a:::,1-
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I 

V @ ASPHALT i 
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1= 

s·t:-2 
~ --ES 

-1. r-

~ -1:!:;a 
i-:-;......... 

- ·--,,:-
E:i= 

CLAYEY SAND to SANDY CLAY; very dark 1rayi1h brown 
( l0YR 3/2), 11ightly moist, medium denn to firm, _ 
fine- to medium-grained ■and , low to medium plutic 
fines, trace coarse-grained ■and, muaive -

-
-

-

-

-
-
-
-
-

-

SC/CL 

- ~ -~.,..,.,.,,,...,-::-:--,--:-:----==--:-:-=-e-=-:-:-=--,-...,...,.....---,,,,...,..,,-:-=---1-,=-~:-+ 
~ SANDY CLAY t o CLAYEY SAND; dark brown (7.SYR CL/ SC 
-~ 3/4), alightly moist, very hard to very denae, low _ 
.~ plastic fines, some fine-grained sand, trace coane to 
-- very coarse - grained 1and, clay coating,, on ped 

- • • 1uriace1 -

===-· -~ - -
-~ -

. _ .F, - carbonate-lined shear 

JV 

Qal 

-1 D 9 / 35 / 50 18"/18' 9 :59 

I 
I 
I 

2 o 11/40/ 78 18"/ 1s· ! 
I 

' I 

-3 D 9/67/109 14" / 18"

1 

-- l 4 D 54/ 106 12"/ 12'1 
10:19 



Project Name: Metro Rail - Los Angeles 

Project Number: 92-2038 Boring Number: 

:,, 
~,-.. en ...... 0 
Q. QJ 0 QJ QJ .c c'+- +-..., 

...J 

Description 

SANDY CLAY to CLAYEY SAND; dark brown (7.6YR 
3 /-'), alightly moiat, very hard to very denac, low 
plutic fmea, aome fine-grained ■and, trace coane to 
very coarae- grained ■and , muaive, clay coatinr-

CLAYEY SAND to SANDY CLAY; brown to atron1 brown 
(7.SYR 5/4-5/6), alightly moi■t, very hard to very 
denae, fine-p-ained ■and , trace coane- to very 
coane-rrained aand, low plaatic f1nea, maaaive, 
irre1ula.r clay coatin11 on ped 1urlace1 

CLAYEY SAND; gradea to brown (7.SYR -' / 4) and reddish 
brown (SYR 4/ 4), sli1htly moist , denae to very denae 
fine- to coane-rrained ■and, low plutic fine,, 
musive, irregular clay coa.ting■ on pad 1urlace1 

rradea to reddi■h brown (SYR •I•) 

reddish brown (SYR 4/-') to yallowi■h red (SYR 4/6), weak 
to no clay coatinp 

C I 
-o 

en Ill·-
U Ill+-
en Ill Ill 
=>- u 

U·-... 
CL/SC 

SC/ CL 

SC 
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6 D 37/73/10 18"/18 

7 D 29 / 55 / 97 18" / 18 

8 D 22/43/70 18"/18 

9 D 20/30/76 18-/18 

10 D 11/ 15/36 13• / 18 

11 D 22 / 31/62 18"/18 

12 D 31/34/60 18" /18 

13 D 30/55 H" /14 
100/2" 

14 D 48 10" / 10 
100 4" 

Q/ ;-.: "O ,-.. 
:,, C: L - L..., w.c o,-.. ::,.- :,+- ' ..., -c 0-X LIil Ill QJ CCII a:: ...., C ·- e ·--Q/ 0 C 0) •-

0 QI .... I: 0 u a:, 
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Project Name: Metro Rail - Los AnJ?eles 

Project Number: 92-2038 Boring Number: 

:,I 

J:.,... t7I 

+- +-
0 

a. CII 0 
a, CII J:. Cl~ +-

'"' 
..J 

30 

35 

Description 

CLAYEY SAND; rcddioh brown (5YR 414) lo yellowish 
brown (I0YR 5/4), slightly moist. dense 10 very 
dense, fine- to eoanc-gnined und, low plastic fines, 
massive 

SILTY SAND TO SANDY SILT; rndcs 10 strong brown 
(1.5 YR 4/6}, dry, very dense 10 very hard, fine- to 
coarsc-rnincd sand, elastic silt, massive , clay 
coatings on pcd surfaces. scattered manganese 
coatings-deposits on pcd surfaces 

SILTY SAND; rradcs to yellowish brown (I0YR .'\14). dry 
very dense, friable, fine• 10 coarsc-rnined sand, 
slightly elastic sill, massive 

• very friable and porous interval 

• fault zone. carbonate- lined. sharp contact 

GRANODIORITE; y~llowish brown to olive gny, very 
coarse•gnincd, massive, very friable, cxtn:mcly 
doicly spaced, carhon111c-lincd/f1llcd fncturcs and 
shears 

• reddish hrown clay-tined irTcgular fractures 

SM-JD 

C. u 
-o en.,,_ !71+-

U Ill+- O·-
en Ill Ill - C. 
:::::>-o 0:::::) 

U·- Cl) 
~ t!) 

SC Qal 
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SM 

gd 
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:, u 0 ·- +-.... QI 0 C z QI Cl Ct:'. :C D u 

15 D 92/100 12·112· 

16 D 57/100 12"/12" 

17 D 46/ I 00 12· 112· 

Ill D 110/ 100 12"/12" 

19 D 3/69/100 18"/18" 

20 D 21!/I 00 12"/12" 

21 D 59/100 12"/12" 

22 D 54/100 12"/12" 

23 D 23157174 1s ·11x· 

24 D 49/56/46 18"/18" 
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·- E 
01•-
QI I-

ID 

I ":ss I 

12: 17 

12:3~ 



Project Name: Metro Rail - Los Angeles 

Project Number. 92-2038 I Boring Number. 

:,i C .r:,-.. CD -o 0 -- - u,111-
C. QI 0 Description UIII+-
Ill QI .c U> Ill Ill 

c ... =,- u -..., - u-... ..J 

:i 
GRANODIORITE; yellowiah brown to olive p-ay, very 

coane-srained, muaive, very friable, extremely -
cloaely apaced, carbonate-lined/filled fracturea and 
ahean -

- aharp contact, no obvioua 1hearin1 

-~ 
CLAYEY SAND; lia'ht reddiah brown (SYR 6/4), moiat to SC 

wet, looae to medium denae, fme- to coane-srainad _ 
aand, medium plutic flnea, muaive, extremely cloaely 

:~~ 
apaced carbonate-lined/filled irrerular fracture■ -

,radea to atron, brown (7.SYR 4/6) to yellowiah red (SYR 
[._, 4 / 6), ali&ht.. moiat (moiature content decreuin& -
' downward) - -

- -
- -

45 ----
--· 

-
~ 

- Boring terminated at 4S.5 feet. -
Perched sroundwater encountered at 41.5 fHt. 

- -
- -
- -
- -
- -
- -
._ -

so- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

--.., ., 

SM-ID 

u -a>+-
o- L.. 
-c QI QI o:> .D Q. 
QJ e :,, 

t.!) i .... 
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2S o 
Qal 
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Client: PB/DMJM Project 

Location: N41S1304/E4182262 

Inclination (Deg.): 90 

LOG OF BORING SM-2 

Metro Red Line-Segment 3 

Surface Elevation (ft): 720 

Bearing: NA I Depth (ft): 431.0 

~ The Earth Tedmology = Corporation 

Project No.: 92-20S0 

Boring No.: SM-2 

Depth to Water Table (ft): 198 

Started: 9123/92 Finished: 10/13/92 Core Dia. (in.): 2.4 No. of Core Boxes: 22 

Driller: PC Exploration, Inc. Drilling Method: Mud Rotary Drilling Ingersol-Rand 300 Fluids: Air/Bent./Clear mud Eauioment 

Logged By: D. Burke Checked By: G. Miller Page No.: 1 of 13 
,... 

Struct'g'a I /O_i sc.ont i nu i t1,1 ~ :JI ""' escr1pt10n ,-,. 
:JI +-

+- -0,... 
L -:::ri 

OJ . C:111 CII " ::,u 
OI " OJ 0 ~L > ~ cc ... Ill :JI C ~ z ,.c "' -OJ CII L 01 Ill .. ' 01 . 

'-' C'-' 0 +-::I en CII C CII - +c - 01 .c Lithic Descl"'iption .c C -CII u 0 Ctr CII +- - C L 
c __ 

L Qj u 
+- ::, 01e CII 0 0 CII 0. +U u .c Ill o_ QI 0 +-
Q. Q: ~- Q: et: UL :,i cl'II Ill Cl C u_ .c ..., OJ 
Qj u»- lllU. ~ _L Q. ::, ,a 111_ .. .:,/. 

C CII - 0111 (/) 0 - au- Ill Q. en 
L C ~ Q: Q. CII -0 ::i C - u 

_v I08:2S ti; c, ARTIFICIAL FILL (af): SILTY SAND and - ~/23 :<0 '., GRAVEL; dark yellowish brown, dry, - ~- ~- friable lair ro,ary wi,h Chria Drill - t, ~ -•. ; ( ,,ra, apax) bit) ... ' , ' .::) ... ·o:-:=. ... -:a .. ... ~ .. 
~8:29 .-~o ... ..,___ 

'--5 R.l ~8:3S 30 0 - - . . . - - HW . ' - GRANODJOIUTE (sd): dark yellowish brown ,o • I ... . •. moderate brown, coane sn,ined, chiefly ... , , \ 

placioclue with bioti,e, quart&, and ... '., • . .,. I 

... ·- hornblende, muaive with locali&ed peia&ic .. \i- foliation, extremely cloeely 1paced ... 

~ 
limonite(?) atained joinu, brew ln&o ... \ 
irrerularly llhaped 1and- and pavel•li!e~ .... 

.... - lo8:40 -" · fracmenu 
'--10 R.2 IOa:66 0 0 - . . . - . - cw , . 
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e The Earth Teclmolozy 
-- Corporation 

LOG OF BORING SM-2 

Client PB/D:MJM Project Metro Red Line-Segment 3 

Project No.: 92-20S0 Location: N4151304/E4182262 

Boring No.: SM-2 Page No.: 2 of 13 
,,... 

Structlfr.a I /D.i sc.ont inui tw X :JI ,-.. ...... .. e1ocr1pt10n .. .. 'tJ,... ::n -::n "'-QI . Cl/I L ,-.. :,u QI Ill QI 0 UH. QI X cc ... Ill :JI OI ,-.. ~> 
~ z ,.c > ..... -QI QI L OI VI .. •g, C . 
'-' C"" 0 .. :, "'QI C QI - .. c - a, .c Lithic Description L'--
.c C -QI u 0 CD" QI .. - C L c_ L QI u QI QI .. :, Ole QI 0 0 QI Q. .. u u .c Ill c_ QI 0 .. .Yo .. 
Q. 0:: a,- 0:: a: UL ::n clll Ill a, C u_ .c "" QI ~ QI ~ 1111.. ~ -'- Q. ::, Ill Ill_ .. ~ 

QI 0111 Ill Q. "' 0 L - "' 0 - cu. QI - 0.. 
0 ..,.c a: 0.. 

~ u :I 0 --... .,v RG og:21 0 0 - - - - - - - HW GRANODIORITE (sd): dark yellowiah brown to .,., -. . ... cw moderate brown, coane ,rained, chiefly -.. - plasioclue witb biotite, quart&, and -... 
hornblende, mauiv• with localised sneiuic 

. ... . ... 
'R7 og:so foliation, u:trem11ly clONly •paced . ... ~g:ss •o 0 >-' J . . - . . HW limonite(?) 1tained joint•, brew into -... ine,ularly 1baped aand· and ,nvel-1ised . ... 

frarmenta -
-35 35-... 

~ 
.. .. .. 

I- . ... .. ... 
og:•o 

.. - - . ... R8 og:•s 0 0 - - - . - - - - . ... .. - .. 
-40 40--... .. ... -... -... . 
.... 

~Q:48 
. ... T9 .. ... og:ss 70 0 >-' J - - . - - HW . .. 

I 
medium ,ray to medium ~ht ,ray, ICUkNd - .. ... ;- , uyatallin• calcik• lin•d joint. or Yti.m, . 

-45 ,.. .... limonite common on fracture 1urfacu 45-... t' ,, . .. .. .. I,, .. ... .._ l • . ... ,, . ... - joQ:58 -... RlO 10:18 18 0 >-' J . . . . . HW 1 f -. -... , . .. -- --so ' ' - s0: -- --

~ 
-- -- -- RU 

10:21 -- 10:27 0 0 - - - - . - - - -- .--... -- -
-55 .. 55-- -- -- •./ -- -- -... - 10:30 ,..I -... Rl2 10:37 56 0 >-' J - . . - - HW 

·\ - ' . -... • ' t · .• -... -
f-60 

I 
60-... -... -... . ... -.. -

I-
RlS 

10:SQ 
... 10:43 32 0 >4 J - - . - - HW 
... 

- - ~ - r--..•J---~-
U..I U..I 



= The Earth Tcdmology 
-- Corporatioo 

LOG OF BORING SM-2 

Client PB/DMJM Project Metro Red Line-Segment 3 

Project No.: 92-20S0 Location: N41S1304/E4182262 

Boring No.: SM-2 Page No.: 3 of 13 

" Structural/Discontinuity .-: :,'I ,.., ...., 
+- Description +-+- 't),-.. :JI ·-:JI "'-L QI . CUI QI 

,... :JU a> ,.., QI Ill QI 0 LI.IL ~ cc .... U'I :,i ._> ~ z ,.c > ..., -QI QI L D) Ul +- •m C . ..... C'"' 0 +-:::J (I) QI C QJ - +-c - DI .c Lithic Description LL .c C -CII u 0 C 0- QI +- - C L c:_ L QJ u Ill QI +- ::, me CII 0 OQI Q. ._u u .c Ill o_ QJ 0 +- .:,i:+-
Q. 0:: ~ 0:: 0:: UL :,'I clll Ill 01 . C u_ J:. ...., QJ uC: QJ u»- UlLL. 

._ __ L 
Q. ::, Ill "'- +- .JI! ~ 0 QI 0111 (/) 0 - c1I-- Ill Q. en Q. L 0 ~.c 0:: Q. CII -8 u ::i 0 

,-

~ 
GB.ANODIORITE (id): medium ,ray to medium -... li,ih& ,ray, coUH crained, ehieOy -.... 

plapoclue and bioiii• wi&h quarts, and -,-
hornblende, mMlive wi&h loc&lised ,in■iuie -,-

10:48 foliation, extremely elONly spaced -... 
RU -- 110:55 40 0 >4 J - - - - - MW limonite(?) a&ained joint• and calcite 

7~ 

,-
veininc, break, into irnrularly shaped ... 
aand- and ~v•I- and cobble-air.ed --70 -

~ 
frarm■nt, -... -,... -,- -.... 

R.15 
10:58 -,- 11:10 73 0 >4 J - - - - - MW -,-

~ 
-... -,-75 75-.. --

Rl6 
11:12 -~· -- 11:19 46 0 >4 J - - - - - MW -- -- --

~ 
-- -- - - -- --80 80-- 11:21 -,... 

Rl7 '> -... 11:28 56 0 >4 J - . . - - MW -,... -,- --

~ 
-,... 
. .. -.. ---85 85-- 11:31 -- Rl8 . , -- 11:35 0 0 - . - - - . . -.. -,-

11:36 -.. 1
Rl9 !mud rotary drilling with Chris Drill (1tratapu:) -.. U:20 17 0 >4 J - - - MW -,- bit , uaing bentonite and cl■ar mud) -.. -r-90 90-,-

~ 
-,-

14.:25 -... 
R20 -,_ 17:00 16 0 >4 J . . - - - MW -- -,_ ... - -,_ 

-,- . -:- -.. 
IL'\' -r-95 17:02 95-.. 

R21 30 0 J MW . '· -,_ 17:10 >4 - - . - -.. ' --.. -,_ 
-,... 
-,- -,... 

17:12 -.. r---. -•v -· .vv 



LOG OF BORING SM-2 

Client PB/DMJM Project Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N41S1304/E4182.262 

Boring No.: SM-2 Page No.: 4 of 13 

" Struct~a 11'0_ i sc_ont i nu i tw N :,i ...., escr1pt10n " :,i .... .... .... ~ '- -:,, 111_ a, . CIII a, " :,u 
Q " GI Ill a, 0 ~'- N cc .... . Ill :,i ....> ... z ,.s:. > ""' -GI a,'- 01 Ill .... •01 C . 

'V C'-' 0 +-:::, u,GI C a, - +-c - 01 .r:. Lithic Description LL .r; C -a, u C C 0" a, .... - C L c_ L a, u II a, .. :::, me GI 0 OGI 0.. ..,.u u .s:. Ill 
o_ a, C .. .:it. .... 

0.. a:: 111-- a:: a:: UL :,, clll Ill 01 C ~= .l:. ""' II ~ a, a- I/IU. .... -'- D. :::, Ill .. .:it. 
C II - 0111 "' 0 - ~ Ill 0.. Cl> D.. '- C ..,.s:. a:: D.. 

a, -8 u :i C .. R.22 17:18 14 0 >4 J - - - - - HW ' G&ANODIOJUTE (cd): medium ,ray'° DMCliwn -... cw lishl ,ray I - ,rained, chiefly -... 
placjoc.lue and biotite with quarts, and -.. ~,., 
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45 -.:-t 30-: .. 
~ .. 

40 -.. 
20 
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-.. SR p cw -... 
'I \ -- - -.,;.:, L.:, .I 
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I 

\ chiefly plqioclue and bictite with quartz, 

' and hornblende, mauive with localised 
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--~ ,.,, 

E VT R w VI MW ~--~-
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.. 
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~~ 

Cl VT R p IV MW 
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~ liS 
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liO . ' . ~.r 
3S ~-' 

~,~. 
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SR w cw \'" ~ 40 
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TH s w cw 
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"" -cu QI L a, Ill .... • CD C . 
"" C"" 0 •:J (I) QI C CII - •c a, J:. Lithic Description LL ..c C -GI u 0 cc- CII .... - C: L c_ L CII u QI QI .... :, o,e QI 0 OGI C. ...,u u .c: IU o_ CII 0 .... .:it. .... C. D:: GI- 0:: a:: UL :JI clU IU Cl C: ~= J:. "" CII 

~ QI 101-- ll1U. I- _L C. :, IU .... .:it. 
C QI - 0111 (I) 0 - a'- IU Q. en 

C. L 0 ..,..c: a::: C. CII -0 u :I C _U .. tr?:~ CRANODIOIUTE (ad): medium SRY ,o mediwn -... 

~ 
lisM sray, medium ,o c:olll'M cn,ined, -.. 
chieny placioclue and bioti,e wi,h quarb, -
and hornblende, muaive with localiaed -.. 

~; -- R.37 
16:11 sn•iuic , ~ua,ion, extNmely donly ■paced -- 16:S0 16 0 >4 - - - - - - SW 

' iron oxioe ■tained joint,, bNakl into -.. cw - il'Nplar piec• ,o coane sravel-■iH -- ---J 7' 
- 0.4 m wide clayey war aone(7) 75-- . -- . ' -' · .. 

-~ , , .:;J' -.. ~ -.. 
R38 

15:S7 
~',.~ -.. 16:50 70 0 >-t J Dl VT R p II SW ...,, 

rn•wic foliation indined H desreu, no calcih -... SR w 10 ...-:;, ., vein■ or clay ,ou•• widen, -.. - ... --181 
75 ~t 80-.. , / --

~I -- -- 60 ,-:-?, -- ~"':, -16:01 <lln ,.. 
R.3~ ~It-_ I -,.. 16:08 12 0 >-t J - VT R - II SW -- SR bNau into irnsular cobble-■iHd &&,menu, - -- - joint ■urfac• an ■tained --Jg• - 85-- .. - ·, , ---

~ 
-- -- -.. 

R-t0 
16:18 -16:30 40 0 >• s - VT SR w VIII SW z:~~ • 0.6 m wide ■hear son• compoeed of clay and -SK p II CW 

45 ~ rock ~nu up co S cm in ■iM -,.. 
---191 

~ 
90-- -- -.. -- -.. 

16:40 -- R41 -.. 16:60 60 0 >4 s - VT SR w VIII HW --~ 10 cm wide pale ,reen calcano1H rock &&,menu -.. SK p cw '-- within ■imilar broken and 1heand matrix -- 40 ·~t ---19' ~---' - moderate yellow lo Jishl olive brown day sou•• 95-~ - ... , .. -~ -- · ,:-,,. -/., ' -
™ 

-... -,.. 
17:00 -.. 

R42 '~ -- 17:16 66 0 >-t J - VT R s II SW -- s SR w 

I 
- vein quarts -- --201 
- 13 cm wide clayey ■hear sone 00--- VIII cw -- -- cn•i11ic foliation, chiefiy biotite (60%) -- -,.. 

17:20 c,n, -- R4S -,.. 10:30 g2 0 >4 J Dl VT R p II SW 
v~ -- g/26 s SR w FW 5 l,l,." 1 coarae (J'ained with quart■ vein, to 3 cm wide -45 II - " ' --ft 

_v, - -.~v.J 
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11:31 '·?.- -... 11:40 100 39 ◄ J Cl VT R p V F 30 ~~ , .. -,... TH SR s 60 ,,~ very clo■ely ■paced joint■, calcueoua couinp on -... 30 r ,- • joint ■urfacu -... ..::i -... 30 .- -
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I 
- .: 

... 
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Lithic Description 

',; GB.ANODIOlllTB (ird): mecliwn dark sraY ,o 
..,..__ 11:2-i1-----+--+-+...,..-1-.,,,.--+....,.._....,,.,,.,...,1--,,-,-+-.,....+-.,,,...+-~~. 

1 
dark sray, mecliwn t.c, coane ,rained, 

80 

R7l lOO o 7 J Bl iH :~ W I F 40 .'.;. chiefly biome with plapocl ... , quari&, 
S S V 50 ~[~f' and hornblende, IDIIAi•• with loealiaed 

D l{i, sn•iNic foliation, very dONly ■paced 
70 [/.~, · joinb, abundant < 1 mm wide, day- and 

'" ..,....._ 1--+-1-o_._>_l_0-4-_J_+--B-l-+-L_._S __ R--11--,,-+-,--+-.,,,...+--f',,~- white noncalcanoua mineral-lined ahean; 
- R.72 12

=
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~321 lffi" ::~:-10-o--0-... >-1-04---~--B-1--T-LH--1--:-:-...-!-,i,,,v-ii-1 -F--;-n1 
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Client: PB/DMJM Project 

Location: N4152110/E4181964 

Inclination (Deg.): 90 

LOG OF BORING SM-3 

Metro Red Line-Segment 3 

Surface Elevation (ft): 686 

Bearing: NA I Depth (ft): 394.0 

~ The Earth Teclmology 
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Project No.: 92-2050 

Boring No.: SM-3 

Depth to Water Table (ft): 43 

Started: 9/27/92 Finished: 10/12/92 Core Dia. (in.): 2.4 No. of Core Boxes: 29 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 Fluids: Bentonite/Clear mud Eauioment: 
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.. ~- I .... HW [change to diamond imprernated drill bit at - SR w 
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,.. 

Structlff a I /0,i sc.ont i nu I tw ;:,.: :J'I ....... escr1pt10n ,.. 
:J'I • +-

+- ,,,._ 
'- -:J'I Ill_ 

QI . Cl/I ,.. :,u QI Ill QI 0 UJL QI ;:,.: cc +- • Ill :J'I ICD ,.. ... z ,.c > ....... -GI QI L. 0) Ill • •o, C . .... > 
..... ~ 0 .:, en Ill C QI - •c m .s:: Lithic Description '- '-.s:: C -w u C CO" QI • - C '-

c_ '- QI u ci,111 
• :, DIE QI 0 ow Q. .u u .c Ill o_ QI C • .:it.• 
Q. Q: 111-- Q: Q: UL :JI clll ,a OI C u_ .r. ..... QI ~ QI ID- I/ILL. .... _L. Q. :, Ill Ill~ +- .:,t. 
C QI - offl cn 0 - cu. ,a Q. en Q. '- ..,.c QI -8 C u 0:: fl. 3 C 

- TH s w 60 -✓ ... GRANODIORITE (sd): medium dark cray, ''° \' -- 60 , ~, coane ,rained, chiefly placioclue, biotite, -- tm 16:21 
. ::"✓-' quarts and hornblende, muaive, vary -- '"" n ,I. T ,.. 

V"T' C:'I> D ft 11' 

~~ cloaely spaced, up to 7 aun wide -- ~ ·-- ·-- n .,. -- RS• 07:16 100 17 • . 7 J Cl VT s p II F 
l, .,. calcite-lined joinu -- 9/SO TH SR w HW 20 -~ -,, - 30 --;.-- -- , -- ->-}0' 07:29 .. ,, .I-'·'I 05-

Rll5 '-I=- -- 07:•3 100 0 >6 J C VT s p II F -- TH SR 30 ,'!-4 -- 70 ,. I - -- 60 i-· -- -,,, -4.5 

~ 
- -- 35 -- Rll6 

08:01 --11( 08:09 100 23 3 .• J Cl VT s p II F 20 10-- MM SR 65 -- ~- .... 
65 ~I,; --

i 
-- 20 -- 08:26 -- Rll7 08:60 86 0 3 .• J Cl VT s p II F - 16 mm wide quarts vein -- 65 -- TH SR - ~ 

- \ t'j- J --11• 
36 r,tt.-.: 15-- D',~ -- -- 70 

i 
-- -- 09:11 

30 -- Rll8 -- 09:23 100 0 •. 2 J Cl VT s p II F 25 -- TH SR 20 -- 66 --12( 20 ~ 20-- -- 60 ,- -... 70 ~ -... 
no:n 60 -... -... Rll9 09:U 4. 0 3.2 J D VT s p IJ F 16 -- TH SR w 60 ; -: --· ... 

45 i:.- -... 
-12· 60 ,< ' -- .. 26 , I I " 25-

~-~ -... 55 -- 45 

~ 
-... 

10:18 -... 
R•o -... 10:26 100 0 5.2 J D VT s p II F -... TH SR w 16 

f£ -- 25 -... 
10:$7 65 I ' -

-131 - 30-... R•l 10:46 100 0, >10 J D VT s p II F 16 [i -... TH SR w 20 -... 
45 ,... - I -... 85 -- R'2 

11:02 --
iosus 100 0 >6 J D VT IR p lI F -- -- 10/5 s w V FW 10 -... 26 ~- -- ·-'.J, JJ 
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Client: PB/DMJM Project Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N4152110/E4181964 

Boring No.: SM-3 Page No.: 5 of 12 
,-.. 

Structlffal/Discontinuity X :JI ..., escription ,-.. 
:,I +- +-

+- "0,-,.. -:JI UI_ 
QI . C:111 '- ,..,, :,u GI Ill 
QI 0 LIJt. GI X cc: +- • Ill :,I Q ,-.. ... z ,.c: ::,, ..., -QI QI'- Q Ill +- • DI C . 1-::,, 

..... C'-' 0 +:, Ul QI C Ill - +-c: - m .c: Lithic Description L'-
L C: -111 u 0 CD" QI +- - C L &= '- Ill u Ill QI 
+- ::, DIE Ill C OQI Q. .,u u .c: Ill QI 0 +- .:it.,._ 
Q. 0:: w-- 0:: 0:: UL ;JI clll Ill m . C 

u- .c: ..... II ~ QI a:»- uu. I- -'- Q. :, Ill UI= +- .Jtt 
C QI - 0111 (I) 0 - d'- Ill Q. (I) c.. L C ..,.c: 0:: c.. QI -D u ::J: C u 

- 66 l'/4~ GB.ANODIOBITE (sd): medium ir•Y &o medium -- 20 ~-1 dark Jra.Y, coarae sramed, chiefly -- 09:U TO plagioclue, biotite, quart, and -- R(ll 
'.L' hornblende, muaive, very clonly apaced -- 09:61 9( 0 >( J D VT R p II F ul:< -- TH s w V FW : ,'-y_ up to 7 mm wide calcite-lined joints -- 25 

~f!: 
-- 86 -- 60 

-14( 
80 

~ 
40-- -- 25 -- 30 -- -- 10:12 -- R-t-t 10:2( 86 0 >( J Cl VT R p II F -- TH s w V FW 20 ;-·;l -- 65 ~~ --

i 
-- -

-)4' TO 45-,.. 30 -- 66 -- -- - 10:57 -- R(6 12:25 85 0 >5 J Cl VT R p II F -- s TH s w V FW I \ -\ -- I -- ... \ - - -- ;,,. ' 
- 20 cm wide ■bear &one, partially altered io --15( I so--- SW ., ·~ rrayiah blue snen clay, iron oxide atain -- - 12:llll ·-· on nearby joint■ ~:' -- R(6 12:43 96 32 >4 J Cl VT R p II F -- MM s w V FW -- t -- -- -- ~ -- --15' ss-

13:02 ,J·~ -- R47 -- 13:11 100 15 >Ii J D VT R p I] F 86 '•t -- TH s w V FW 35 

I 
-- 65 -- -- 40 -- -- 70 -

-16( 
R48 

13:39 60-13:48 93 17 4 .7 J Cl VT R p II F ~~ - -- TH s w V FW ,_\ dark yellowiah ireen mineral (chlorite? ) on aome --
~ 

fracture aurfacu, calcite on others -- -- ... , -- R49 
U :06 

~(! -... 90 90 0 - - - - - - F ----
l~ - - - -R.50 U:38 98 0 >4 J D VT R p 11 ...- - I·, - F '"' -

-16~ TH s w V FW 85 
~ 65-- ,_ -- ~t- -- 70 -.. 85 -- : ~ -,.. -.. 70 ~ -,.. 

R51 
15:22 

\\ -.. 15:-tO 80 10 4 .3 J Dl VT R p II F 25 -- --J /I I V 
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Client: PB/DMJM Project: Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N4152110/E4181964 

Boring No.: SM-3 Page No.: 6 of u 
" Struct~a I /0.i sc.ont i nu i tw X :J'I ...., escr-1pt1on ,... 
:J'I .... ... .... -n,._ -::JI 111_ 

GI . Cl/I '- ,... :::,u GI Ill 
GI 0 WC.. GI X cc .... . Ill :,I Q ,... ... z 'ce > ...., -GI QI c.. Cl Ill .... •a C . ... > 

...., 0 .... :, Cl) CII C QI - +-c - Q .t:. Lithic Oescr-iption '-~ 

.t:. C -a, u 0 CIT cu .... - i L a-= L CII u GI.., .... ::, Ole Ill 0 OGI :,; ,._u u Ill Ill 0 .... .:tt.c 
0. 0:: a;- 0:: a: UL C: Ill Ill 01 C: u- .t:. ...., GI ~ Ill D- lllu.. ... -'- Q. :::, Ill Ill= .... .:,t. 

0 GI - glO Cl) 0 - clJ- Ill D. Cl) Q.. 
c.. 0 ...,.c 0:: D.. GI -,o_ u :z C 

... TH s w V FW 85 II ', ,- QBANODIOBITB (sd): medium dark snY, -I; ' ,-
~ 65 

~ 
coane ,raioed, cbieOy placioclue, biotite, -- quan& and hornblende, muaive, very -- 30 cloNly 1paced calcite- and -- PA -- ..._ 16:10 ii- chlorite(?)-lined joinu -- R52 16:24 100 35 2 J C TH SR p 11 F 40 11."'- " 

-
... MM s V FW 60 t,(- -... 70 I )-..,. -
>--] 7' 

RSS 
16:42 / ' 75-... . 80 40 l J B TH SR p 11 F 40 

~ 
-. ... - ~ -... R54 0 0 - - - - - - - - -... - 08:20 
-... R55 100 17 S.4 J Cl TH SR p II F 25 

R 
-... 10/6 s V FW 45 
. 

~ VIII -... 65 
- 7 mm wide day Nam wiib rock fn(menu -

~ 20 -
-1s, lnSl:06 80-: 
~ R56 !09:SS 100 0 :>li.7 J Cl VT SR p 11 F 8 5 ... TH s w V FW 10 -... 16 -... ® -
... 70 . 
... 

I09:li7 65 -
.... 

R67 
-

... 10:08 85 0 >Ii J D VT R p II F ~ ·-... s w V FW 15 -
---18' MW 

~ 
85-... '• 66 - . -

.... 20 
,,,. -- - -

70 ~ -- ~A - 8 cm wide aone of rock ·fra,ment, to 12 mm in -- 10:35 --- -- R68 11:05 100 20 6 J D VT R p II F 30 & aise with men day -
- TH s w V FW -
... MW 25 ~.!. -... 65 ~ .. /' . 
1-191 R69 

11:30 90-
~ 11:41 75 0 6 J D VT SR p JI F H ~ - 0.4 m wide aone of fractured rock with men -- TH s w FW 35 i·~ day -... 70 

. :,; -
11:50 .. ' - ..._ -

.... R60 12:07 95 0 >6 J D VT SR p 11 F t;·:: " -

.... TH s w FW ~, -... ~ -.. w~ - 10 cm wide aone of fractured rock -- -
-19' 95-- 12:27 ).J \ -- - -.. R61 12:56 90 0 >5 J Cl VT SR p II F so 

~' 
-- TH s w V FW -.. 40 -

I- 65 

~-
- 12 mm wide cryatalline calcite-lined joint -

.... 25 -
I- 60 -.. -
--201 13:19 -· '00-- R62 13:SO 82 16 >4 ; J Cl VT R p II F 40 

I 
-

.... TH s w V FW 46 -

.... ~ 

~ -
~ - 15 cm wide aone of . ractuNd rock, rock 

. 
I- 65 
~ 16 ~~~ fra&ment, to lS mm in ai&e 
~ 

U:10 20 i , ,· 

- - ~ ~ 
i,.:,.:..., .. ..,, , VJ 
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Client: PB/DMJM Project: Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N41S2110/E4181964 

Boring No.: SM-3 Page No.: 7 of u 
,..., 

Structural/Oiscontinuit~ ~ :::n ...... Description ,..., 
:,, +- +-+- 't)...,. 
L -:,, 111_ QI . CIII QI 

,..., :, CJ 
U) ,..., QI"' QI 0 I.LIL > ~ cc +-" 11'1 :,, 
C I-> ~ z ,.c ...,, -QI QIL Cl 11'1 .... •c, . ...,, C"" 0 +-:, {I) QI C QI - +-c - Cl .z:. Lithic Description LL .c C -GI u 0 CIT QI +- - C L c._ L QI u CII QI 

+- :, CIE QI 0 OQI a. ... u u .c ,a o_ QI 0 .... ~+-
ll. Q: ~- n:: n:: UL :,, eta Ill Cl . c u_ .c "" QI 

~ QI ~ lllu. I- _L ll. :, ,a 111_ +- ~ 
QI 0 ,a Ill Q. U) C L - ...,.c en 0 - ~ QI - Q. 

8 C u 0:: Q. ::i C 

... R63 U :20 100 0 6.8 J Cl VT SR p II F ~- GRANODIORITE (cd): medium darlt sr&Y, -... TH s w V FW / / , ::- eoane srained, chieny plagioclue, quart&, -... MW 25 ==-~ biotite and hornblende, muaive with very -... ,:.,,.;::, cloaely ,paced, up to 7 mm wide -
~ - U :-t3 ··- -... R6-t 16:50 100 0 >10 J Cl VT R p II F r;:;~ calc:ite-lined joints; @ 207', 10 an wide -... TH s w FW S5 

if t &one of, fractured roc:lt, roc:lt (rapnentl to -... 
•n lS mm in ,ise -... ...___ 16:05 -,_21( R66 16:lS 05 0 >6 J Cl VT R p II F --~ b IO-... TH s w FW so re, -... 66 ~ - 16 c:m wide sone of vein quarts and -... - 16:26 
~ -... R66 16:.(3 100 0 >-t.7 J Cl VT R p II F 20 ,ranodiorite fracments with c:lay -... TH s w FW 66 
~-...: -- - 16:53 

~ 
-- R67 17:02 8.( 0 >.( J Cl VT R p VIII F - 1 c:m wide rreeniah cray clay-lined joint -- TH s w V FW -... .(5 --21· ~IS-: .. ... .(0 -... 

66 -.. 
~i -... 70 -... - 17:3.( -~ R68 107:53 100 0 >6.7 J Cl VT R p II MW -... 10/7 TH s w ~ 

- very clotely fractured quarts vein - - -... --221 30 .ix_ 
- 20 c:m wide creeniah cray clay in weathered, h20-... HW /~ -... I08:13 ,,. 

fradured rock - -... R69 108:23 100 25 6 J Cl VT R p II F ~~ -... TH s w FW 35 -... 
108:38 55 B:-~ . ... - @ 

-... R70 lo8:46 100 65 3 J Bl VT SR p V MW 
- 7 mm wide c:lay nam -... MM s w FW -- 10 --22' 1ffi" 

09:00 
125-- .. 09:10 96 23 >5 J Bl VT SR p V F 45 - TH s w FW 85 

.. ... -- \\ -- 35 J' - IS mm wide c:lay Ham with calcite -- -- 20 I -:. , -- 20 -09:.(0 -- - - -- R72 09:52 100 0 >5 J Cl VT SR p II F .(0 ~,, --231 s w V SW ->/. 30-: ... 'i:-~ - fractured quarts vein with c:alcite '- ...___ 10:09 rr -'- R73 10:20 100 20 ll.6 J Cl TH R p II F ~- -... MM s w FW .(0 -... h " 'I- met uomaii&ed son• c:onsiatinr of aphanitic: -~ I,, " " feldspar and quarts vein, within altered -.. 
~I, " bluilh rreen cranodioriie -... .,, -.(5 ,( -,_23' I, I 35-... I- ... -

R74 11:01 
'1 ' -- 11:.(3 0 0 - - - - - - - - -.... - .. , -- - -- , 

-'- ./ ,, -... - 12:10 I .~ -... R75 13:15 20 0 0 .8 J C TH SR 75 s: -- -..... , 
• -IV 
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LOG OF BORING SM-3 
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Page No.: 

Struct1.1ra I /D_i sc_ont i nu i tw 
Oe5cr1pt10n 

8 of u 

,.. 
+
Ill 
Ill ... 

...... 

-n,.. 
CUI 

UJL. ,.c 

:,I 

'Ill -::,i--~---~---~--------
J:. 
+
Q. 
Ill 
C 

. 
0 z 
C 
:::, 

0:: 

C"" 
-111 
ICDE 
Gi

a>-

> 
0 
u 
Ill 
0:: ., 
B 

,.. 
X ...... 
C 
C 
0:: 

:,u 
cc 

-111 
+-:::J 
CO" 
0111 
UL 
v.... 

C 

ICD 
C 

u 
Ill 
Q. 

en 

UI 
UI 
Ill 
C 
.r: 
DI 
::, 
0 

0:: 

'Ill 
C 
Ill 

Q. 

,.. . 
ICD g ...., 
Q. 

C 

J:. 
u 

+
II 

~ 

Lithic Description 

-,.. 10 .1~ GBANODIOIUTB (pi): IMCiium dark ,ray, _ 

~ U:S01-,,.,,.,..+-,.,,,..+--+--,--+-=--+==--+--==="""'""""'::--t-::---t-::--t---1 ; ' ,,:. -
COUN ,nined, chiefly plqiocl-, biotita, -... 

,.. 
,.. 
... ... 

R76 14:20 100 67 2 J C VT SR P I F - - quans and mafic minuala, muaive, very -

MM 40 ,-.,' . dOMly •paced, up to a mm wide pMn : 
-1":H--+---+---+---------------+-------~· .,-
R77 1":'8 100 0 >5 J D 1 VT R P I F ---✓ :> 

tinied calcite-lined, locally ~Mly healed • 

TH s W 20 %;;; ~~ --... : if,:. 
- 8 cm wide extremely cloaly jointed quan1 vein --

-24• ,45-
,.. <' ~ • 13 cm wide quarts vein 

:_ 65 ~..j 
_ 15 :21l--+---+---+--,-----=--,-+-,-,--1--,,,---..-+-..... _-~.,, ,:-

- R.78 U:67 90 25 S J Cl TH SR P I F 65 ? 1 
- S W 60 ; -~ medium to coane p-ained, sneiuic foliation 

: - 16:0Bt-,-,-+--,-+-....,,..+--:---+-=--+-=-===--+--==:-i-=:--t-::--+-,:,--t----1'/.~>';~ 
- R71l 16:lll 100 0 >6 J D VT SR P I F 85 yt. 
-251 TH S 70 ~,;_. 

: -=--18:U t--:--,-+--,-+---+---+--+--+---11---t--+-,=,--t--T_6--1~';f"; 
,_ RaO so o - - - • • F 
>- R8l "'T:SBt-

100
,-,-+--,-+-....,,..+--:---+-=--+==--+-,,,--1e--:::--t-..-+-=-+---1:.:i_ ~ ~ p~oclue and quarts with biotiia and 

,.. "' 0 >5 J D VT R P 1 F S6 L'T.- bomblanda, ,-.rally -iva (driller 
- 10/1 TH S W ll 16 t%, •✓ reporu inCN&Nd Wahr 1-) 

~
2
S: R.82 ;;~: 100 26 2.5 J Cl TH :a i, I F :

4

",

5 

I;:--~·:. 
_ ......,_i"rut..,:47~.,......+--=--+~+-::--+-=:-t-=:,:--i-=:~l-:::--+-:::-+-::--+-r...._n-i 
- RBS IMl:01 76 O 0.-t J Cl TH SR P 11 F 
- W - 1 mm wide "'1ciia-lined joint - ~--, : ~ ~~~ 
- ~ ~~5i:i:!J:•Ii n,~nl:J: n;:~~:-::~:;:. :t::;:.:l:::;.:~~~;:~~::t:i~:l:::::ff-"~v; · 
- R.85 10:07 100 20 s J Cl TH SR P 11 F 50 ~ 

~
261 

R.86 l0:s7...,..100,-,-+--o-+-6--,-,J,--+-,D,--+-:,T:::H~-s:::_:,--1-:p::--+-,I""I-+-F-=:-+-:-
0
ft--11.~ \ •• - .... - ........ Jolo• 

: R.87 11:171--100---~6..,.8-+-l -+-J-,,-+-C-=--+-:T:::H,:--i,-H •.• ,-+-¥1~-:o:ll.-+--:F,-+--111"-1,""'l .. .' ' 

: MM : t 26 ~ coar"N ,rained, cliatindly sn•iuic 

- 75 o/P. 
~6! I~;~,. 
... ,-.--12:Zl---+---+-------------.-+-..--+-----+---L 
: R88 12:S4 100 18 >6 J D ~~ s: : 11 F 

65 
~ - S cm wide quarts vain 

20 ~ : i;i--,; · 7 mm wide Jrffnish cray clay-lined joint : =~----2 71 - 1S:17t-,-+----+--,--+---:---+....,..-+-=~-,,,--e--::,--+-,::--t-::--t---1~\ " no sn•iuic textun 
,_ Rall lS::SS 100 65 2.5 J C TH R P 11 F 60 :(1 
>- MM SR 66 ,,.._ ----
,_ .J • faint sneiuic foliation, inclined 46 desreu, with 
,. ,___ 1":10--+---+---+---+------+-=--+----t---+-,---=---~! x~' calcite and chlorite(?) on fracturu 
~ U:22 es O >6.7 J D TH R P II F ';""'\I 

: VT SR W 46 I,)~ 
- ',:...' - '~-85 \" 
- I 

-----
---

. 50--------- .;; 

-ss---------
'60-: ---------
. 65----------

70---
"' 

I., 
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Boring No.: SM-3 Page No.: 9 of 12 
..... 

Struct~a I /0. i sc.ont i nu i tw ~ :,i 
"" escr1pt10n ..... 
~ +- +-+- ~ L -~ Ill_ 

Cl.I . c~ QI " :,u a, ..... GI Ill QI 0 LI.JC:. > ~ cc +- • ~ ~ C I-> ... z ,.c "" -a, GIL a, ~ +- • Cl . 
"" C'-' 0 +-:, (I) GI C GI - +-c - a, .c: Lithic Description LL .c C -111 u 0 CO" GI +- - C L &= L QI u GI GI 
+- :, DIE QI 0 0111 Q. ,..u u .c "' 

QI 0 ... ,:it+-
Q. c:: GI- 0:: a: UL ::11 C: Ill "' a, .c u- .c: "" Cl.I ~ QI CD- 1/U. I- -'- C. :, "' Ill= +- .:it. 
0 QI - o"' (I) 0 - cU- Ill Q. en Q.. L 0 ..,..c 0::: Q.. QI -

8 u ::i: C 

... R.91 15;03 100 20 4.5 J D TH R p II F ~ CRANODIORITE (rd): medium dark rraY, -... 15;23 s w FW 25 coarse Jrained, chiefly pla,ioclue, quanr. , -... I biotite and hornblende, renerally m&Nive, -- 15 
locally faintly rneiuic, very cloeely -... 

J 20 . / 
■paced, up to 7 mm wide calcite- and -- 65 

~ 
chlorite-lined joints; 8 cm wide fractured j - - 16:04 pale Jrffn aphanitic mineral vein with R92 16:20 100 0 4.5 J D TH R p II F 

~28( 25 

~ 
c;a.lcite at 276' and 2 c;m wide quart5 vein s '80-.. , 277' -16:35 ~p - - -- R.93 08:23 100 0 >7.S J D TH R p II F 60 

,, 
-- 10/9 VT s 20 I -- 08:40 70 -- - • 3 cm wide extremely cloeely fractured quart& -- R5il4 08:50 100 0 >5 J D TH SR p II F 26 , 

vein with clay -- VT s w VJ 66 ' ., ' -... . -.... 28' 86 I 1 85-... 
60 ff, ,I -

~ 
20 very cloeely fractu.-.d with calcite, chlorite, and -... 1 

clay on IOmt 1urface■ I09:26 i:n -... 
R96 -

~ j()Q;SO 100 0 6.3 J D TH R p II F 

I 
-... VT s w 20 cneiuic foliation, inclined 60 desna -... 

70 -L.. 
, . - -85 , ... 

_.n -.... 291 - 10;12 
90-... R96 10;56 100 0 2.7 J C TH SR p II F 40 · ' -

~ ., -... - 11;09 -~ 
~ 

-... R.97 13:16 100 30 3 J C TH SR p II F 6 -... VT s w 15 \ renerally mu■ive [driller change■ to new -... 
R~ ~3" diamond impnrnated bit] -L.. 

R5il8 
13:27 

• 1 mm wide calciit and chlorite(? )-iined joint. -... 13:37 100 5-4 1.6 J Bl TH SR p JI F 50 

~ 
-- MM s 50 --29' 95-- '• 60 

· 1cattend tightly healed calcite• lined joint, -- 'I;.,',~ -- 70 -- 20 '' ... -- ~~ --

~ 
-- - 14:23 -... R95il 14:37 100 66 2.8 J Cl TH SR p II F 40 -- MM s w 

• 13 mm wide calcite-, chlorite(?)- and moderate -.... 301 4.5 00-- 66 ndcfuh brown clay-lined joint■ -14:lili , .... - RUO • faintly gneiuic interval -- 16;09 100 85 0.5 J A MM s p II F ,, ,,,, -- _..,,,.. -- ...... ., 
- 1 mm wide calcit1 and chlorite(?)-lined joint -1&;22 '>n ... I/, - liuo1 -- 15;3'& 100 80 1.2 J Bl MM s p II F 45 ~ -... TH SR 'I..' -L.. 45 J' \. ---30' 

65 ~ OS-.... -
~ 40 - • 13 mm wide calcite-lined joint -... 

10 .~, . . -... 
~~ - 7 mm wide tiJhtly healed calcite-lined joint -... -.... 

1R102 
16;07 

~ 
-... 16;20 ~00 60 2.3 J B TH s p II r -... MM SR • I 

- 1 mm wide calcite- and chlorite(?)-lined joinh -~ 40 -- \ -.J 11 .,iv 
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Boring No.: SM-3 Page No.: 10 of u 
" Structlfra I /0.i sc,ont i nu it.., ~ :JI -- escr1pt10n ,... 
:,I .. .. .. -0,-.. L -:,i 111_ 

QI . Cl/I "" ::,u QI Ill QI 0 LLIL QI 
~ cc ... Ill :n Cl ,... 

... > ~ z \...C. > ,., -111 111 '- 01 Ill .. • Cl C . 
"" C'-" 0 .-:, (,/) QI C QI - +- C - C) ..c. Lithic Oe$cription LL ..c. C -QI u 0 ccr QI .. - C '- c._ L QI u QI Ill .. :, Ole QI C OQI 0. ._u u ..c. Ill o_ Ill 0 .. ~ .. 
0. a:: ""- a:: a:: UL Jl clll Ill C) C u_ L ,., QI 

~ QI ID- UM. I- -'- 0. :, Ill 111_ .. ~ 
QI 0 Ill Ill 0. Cl) 0 L -

~ 
Cl) 0 - cl'- Ill - Q.. 

s 0 a:: Q.. :I C 

... 46 ~· GB.ANODIORITB (ad): medium dark rraY, -... 
IR.10:s 

18:38 

I 
coarN 11'Mfted, chieDy plafioclue, quan&, -... 16:60 100 23 4.3 J Cl TH - - - - bioti~ and borr.;.,iende, renerally muaive, -- VT 10 -- 86 locally faintly sn•iuic, very clONly -- 40 ■paced, calcite• and chlorite(?)•lined -- joint■; 6 cm wide calcite• and dark srayiah -- RUM 

11:12 

[~ P""n clay-lined jointa with rock -- 11:22 100 0 >8 J Cl VT R p Il F -
-31' TH SR w FW fncmenta ~ 311' 

!]5-- . 30 f:-t. - 10 cm wide feldapar vein -- 45 ~'t'-; -... 
1R106 

11:37 

~J -I- IOB:12 29 0 - J - - - - Il F -- ~0/10 FW 

~ 
- 13 mm wide calcite-lined joint -- -- - -- -- ~/ --32 "8:30 ,1;,. ~20-: ... B.lJl6. •m n - - - - - - - ,,. 

~ ... 1R101 10:36 89 17 2 J Cl TH R p II F 10 ... VT SR w , .... 1-... 

~~ ... lli - 90 -
'-

u: ~ -- Rl08 
11:24 - ~ 

'- 11:33 100 28 2.8 J Cl VT SR p II F -
~32. TH s w MW I....,,. 

• 15 cm wide fractuNd aon• of cruahed rock with m25-35 

~ 
-... ,o bluiah SJ'MR clay -

I- -... 61i '~ chiefly plafioclue and biotih with quan& and -... ,o ~'9. -12:0S 

~~ 
hornblende ... 

RI® -... 12:16 100 0 >8 J Cl VT R p II F 70 -... TH s w 66 -'- 31i r I ---331 12:31 ~,; ... \ 13<>-:: I- iuio 

~ 
'- 12:46 100 44 2.2 J D VT SR p II F -... MM s w calcite on healed and lOON fractures, chloritt on -
I.. 40 ,1- IOOM frac&ura -... 

I\ -'- ....,z: -... 60 -Ml ij ... -I.. 
30 ---33' iuTI 

13:16 35-100 17 4.3 J D VT SR p II F 25 
., 

I.. 13:30 

I -I- TH s w 65 abundant 7 mm wide calcite- and -... chlorite(?)-lined joinh -
~ 70 -... 30 ~ -... 

iffii 
14:04 ~--~ -.. H :151 100 70 1.6 J Bl TH R p II F 25 -... MM SR w 20 ~ faintly gneiuic, chiefly plagioclue with quarts, -I.. 

//.,,./. bioti&e and hornblende ---341 iffi 
14:48 

~~ 
40-100 0 2 J B TH R w I F I- -ft -- IR114 J Cl TH R p u F 

. ... 16:12 100 20 3 . ... s w 46 ~ - 3 cm wide calcite- and rrayish ,rnn clay-lined .. 45 .. 
' '' joint 

I- 45 

~~ - 7 mm wide calcite- and rrayish rreen/ reddiah 
I.. 

brown clay-lined joint H ... 16:48 66 - .,.. \ 
.,.,, , .. ., 
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Struct~a I /D. i sc.ont i nu it~ ~ ::,, ..... escr1pt10n ,.., 
:JI +- +-

+- ~ L -:,i 111_ 
II . CIII ,-.. ::,u QJ I'll 
II 0 uJL QJ 

~ c:c: +- • Ill :JI Cl ,.., 
~ z ,.r:. > ..... -11 11 '- OI Ill +- • Cl C: . ..... > 
..... C"' 0 +-::S (I) QI C: II - +- C: - OI .r:. Lithic Description LL 
.r:. C -QJ u C CD" QI +- - C L a-= L QI u QI QJ 

QI Q. .. u QI 0 +-+- :, CIE 0:: 0 OQI :JI u .r:. ,a u- .r:. ..... II 
.x.+-

0. 0:: ~- 0:: UL c"' ,a Cl . C ~ QI CD- 1/U,. ..... _L 0. :I ,a IA= +- .:,/. 
QI o"' ,a 0. U) 0 L U) 0 cl'- QI - A. 

0 ...,.r:. 0:: Q.. 
8 u :i C 

- Rllli 17:00 98 n 1.4 J Cl TH R p II F 
.. , __ 

GRANODIORITE (sd): medium dark ,ray, -- MM s s Vll 20 ~~ coarse srained, chiefly pla(ioclue, quani, -\ - I~ biotite and hornblende, faintly rneiaaic, T. 
- 65 E-- so ~ very cloeely 1paeed, calcite- and 

f3 - chlorite-lined joint, 
- ~:-✓'l - dari: 1t1eiuic bandinc inclined 40 dep-eu - 40 ;/,,, - [//~ -
-35( 17:li0 £ - 150--R.116 07:11 95 0 >5 J D VT R p II F - , - J.- -- 10/11 TH s s HW 15 , ... " • 10 cm wide extnmely cloeely fraetund aone -- 40 

~~ 
-- with pale p-ayiah l'J'ftn 1ou1e -- 40 - Ii cm wide cruahed rock aone -- 60 

~ 
-- !07:23 "n -... 

Rl17 -----... U:34 100 0 4.4 J Cl TH R p II F - -
.-35• s w , one joint eet parallela ,rneiuic foliation JSS-... '. 60 ~~ -... 4S I - 13 mm wide quart& vein -... 4S -... -... 66 ~ I , -... - 7 mm wide calcite- and chlorite(?)-lined joint -U:64 ~£ - Rll8 -

lli:11 100 37 2.7 J Bl TH SR p ll F -, 
. - -... 

I I ' -... MM s 20 ~1= ■cattered 13 mm wide ti1htly healed calcite-lined -
-361 26 

~~ 
joinu and 7 mm wide calcite- and ,60-... chlorite(?}-lined looee joint, -... lili 11- I -- Rll9 

lfi:27 -- "'--:::. -... lli:44 100 60 1.3 J Bl TH R p 11 F -- I'';-.' -... MM s s 46 , , ,, -... 60 ~ - lS mm wide aphanitic IJ'&yi.ah IJ'ffn ti1htly -- 25 
,-

healed 1ou1e(?) sone -... 
li0 ~(1 -... ---36' 60 65-16:10 -1 ... ... 

Rl20 100 0 3 .8 J Cl TH R p II F I 'I -... 16:20 li0 -... s s ~ ... /. 
- O.ll-ll cm wide tightly healed 1ou1e sone -... 60 ~t~ -... li0 - 0 .3-3 cm wide tightly healed 1ou1e sone -... ~'r -... r -... -- 70 ~~ •ome joinu parallel to sneiaaic foliation, inclined --371 16:42 ~~ from 60 to 70 desreu 70-... [iii' ,, - -... 100 60 6 J D TH R 30 -... 

Riii 
,. 

I 
-... 17:17 97 0 2.7 J Cl TH R 

p II F 25 
- thin calcite and chlorite on fradun aurface■ -... w 60 '. -s ' - -... -... I -... iuii 

17:Sli , -
-37' 107:39 95 62 0.5 J Bl VT s p V F .. 

75-... 10/1~ TH 60 ~, ... -- '_, 
~-:; -... 35 -I•'\) 

.. - -- 75 «~ -- 60 ~' --
~ 

-- 40 -- - 08:03 - 0.3-S cm wide ti1htly healed 1ou1• sone --- --JU• WV 
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Lithic Description 

GRANODIORITE (sd): mecliwn dark p-ay, 
c:oane ,nined, chi.tty pla,iodue, quart&, 
biotite and hornblende, loc:aJly faiaUy 
1t1eiuic:, very c:IOHly ■paced, calcite- and 
c:hlorite(?)-lined joint■ 

• 3 cm wide day 11am 

- 3 c:m wide clay 11am 

Dorine krmina&ed at 3Sl4 feet on 10- 12-Sl2. 
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Client PB/DMJM Project: 

Location: N4153637 /E418U68 

Inclination (Deg.): 90 

LOG OF BORING SM-4 

Metro Red Line-Segment 3 

Surface Elevation (ft): 960 

Bearing: NA I Depth (ft): 626.0 

!!!!!!!!! The Earth Technology . 

- Corporatioa 

Project No.: 92-2050 

Boring No.: SM-4 

Depth to Water Table (ft): 97 

Started: 9/8/92 Finished: 10/6/92 Core Dia. (in.): 2.4 No. of Core Boxes: 45 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-80 Fluids: Bentonite/Clear mud Eauioment: 

Logged By: P. Smith Checked By: G. Miller Page No.: 1 of 19 
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Structural/Discontinuity X :II ..., Description " ::n +-
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QI 0 WL GI ~ cc +- • Ill :JI 01 " ... :z ,.c > ..., -GI QI'- DI Ill +- •o, C . ..., c:-,., 0 +-:J en a, C GI - +-c - DI .t:. Lithic Description .t:. C -GI u C c:cr GI +- - C: L C,_ L GI u 

+- :, me GI 0 OQI Q, .. u u .t:. 111 o_ GI C +-
0. 0: Gr- 0: 0:: UL :JI c111 111 Cl C u_ .t:. ..., QI 
GI a- lllL.. I- -'- 0. ::, Ill 111_ +- .:,t 
C QI - o111 en 0 - ~ 111 0. (/) 

'- C ...,.t:. 0: Q. GI -0 u ::J: C - u 
V Rl 17:16 ., ':.. ARTIFICIAL FILL (al): SILT io SAND ... 

:'--;° : ... fJ/8 (SM/ML); dark yellowiah brown, fine- to .... 
0 =---.~ very fine-grained aand, alichily elutic ailt , ... . .... 

trace cobbl .. up to 26 cm in aise, very ... . --... ~:.:.- loose and uncemenied, muaive, abundant .. -- -. animal burrow■ in upper S feet ldrillinc •' -. f-::" . --: .. 
• •o with surface Hi diamond bit] - .-:-;--;· -5 ...__ 17:2S 

~a•:-: - 17:28 t..·~O· .. .. -: .. 
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---10 "1u 17:36 i,.!. . ....... p-anodiorii• .. 17:39 : :e. ... .. ~-.:-.. .. ...__ 17:H ~.-::· .... R3 .. ll4 GB.ANODIORJTE (sd): very pale yellow \o .... 107:41 100 27 2.8 J Bl TH s p IV CW \fl-
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~ 
p-ained, chiefly placioclue with quart1,, .. 
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-15 ...__ cloaely apaced clay-lined jointa ... RS 07:67 100 18 4.0 J Cl VT s p JV CW 

~ 
.. :so - 60 .. .. - _ ... 
- 1/.: - 10 .. 20 ~~' .. 

~8:17 60 ,.:::-, 
-20 R6 

,_ 
... 08:23 100 0 - J A VT SR p IV cw u ~1 ... completely di■intecrated to couae-crained ■and .. 0 - ' with finu from 20-38.S' ... p ... 80 I .. ,, ' . ... 0 ' ... 70 I I• 

' .. 
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Client PB/DMJM 

Project No.: 92-2050 

Boring No.: SM4 

" ~ ::n ...., ..... :n +-
+- ~ -::n 
QI . C:111 '- " :,o 
QI 0 l.1H. QI 

~ cc: ::> ~ z '\..C 0 
..., -GI ..., ~ +-:I .s:. C -Al u 0 Ctr QI ... ::, OIE Al c:, 0 GI Q. 

Q. c:: ~ a: c:: UL ::n 
GI ~ 1/ll.. I-

C QI -'-
0 C -- I > - ., R.8 0Q:ll0 100 0 - J 

-------- ""':48 ,-35 - RQ !09:62 100 0 - J -... -... -- RlO 
10:l( - 10:24 ag 50 ll.S J --40 RU 
10:37 - 10:47 88 0 , .s J ----... 

... - Rl2 
11:lll - 11:21 SIT 60 2.8 s 

..-45 ---... ... -... - Rlll 
11:40 - 11:47 100 14 6.3 s 

rSO --... 
12:0ll ... 

RU ... 12:08 92 26 1.s s 
... --- 12:26 -ss -RU 12:SO 100 0 ll.7 s ------- 12:57 ... Rl6 lS:03 100 36 4.0 s 
-
-60 --- - -
- R17 - Q8 1( ll .7 J ---- lS:53 ---..,., 
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Location: N4153637 /E4181l68 

Page No.: 2 of 19 

Structural/Discontinuitw 
Description 

+- • Ill :JI UI " QI'- C . 01 Ill +- • 0) - 0) .c (I) Al C QI - ... c: Lithic Description ... - C '- a-- t. Al u 
.. u u .s:. fO GI 0 +-
c"' Ill Cl C u= .c ...., II 
- '- Q. ::, Ill Ill~ +- ~ 

o"' U) 0 - j5LJ.. Ill D. Cl) 

..,..s:. GI -u a: CL ::z C 

A VT SR w JV cw I .._\ I CB.ANODIOBITE (sd): very pale yellow &o 
0 ';-~ moderaie brown, medium '° co-

'. :,.,,,. ,rained, chiefly placiodue witb quart&, 
"Y bioUte and homblmde, muaive, 40 ': ' 
~~ extnmely clouly apaced day-lined joint• 

80 

~-' ... 'f ~ ~-A VT SR p IV cw 1~,~ 
~'./. 

40 '"' .. .. , .. 
70 ~,V', 

I . 

~ Bl VT SR p IIJ SW 40 
50 very clouly apac:ed day-lined joints 

Cl VT SR p IIJ SW 20 f~ so 

I 50 
- febic dike 18 

Cl VT SK p III SW ........... 
Vil 50 ~, ... 

I-~ 
80 I ',I'. 

60 
'!(,-~ 

ll0 ~~ 
80 ,; . ....: ,'-20 "'"'·'-'';,,:. Cl VT SK p III SW 40 - --
60 -~ llO 

: 
, .. ... 

Bl VT SK p VIII SW -80 ,- 7 mm wide, alickenaided day Mam within a U,ht ~, -:;:: so '..!,. - ,ray altered son•; rock ia lichi sray below 
so .. ' - tbia interval 

' \ 

~f; 
Bl VT SK p III SW 

ll0 
20 I • 

,~ 
0 

'i]; 60 

Bl VT SK p vm SW ~ r~ k>,, 
50 .' ... , 
40 -;,-
30 ,-:::;: ... , 

Cl VT SR p Ill SW 

~i 
- 4 cm wide clayey son• with auban,ular 

ll0 , sravel•aised sranodiorite fracment1 

" , 
60 "{1,', 

I 

+-
111_ 
QI Ill 
.... ::> 
'- '-GI QI 
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-
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35----------
40---

--~ 
-

45--------
--

50----------ss---
-------

60---
':" 

--1 
VJ 



= The F.arth Tecbnolo:y 
-- Corporatioo 

LOG OF BORING SM-4 

Client: PB/DMJM Project: Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N4153637 /E4181l68 

Boring No.: SM-4 Page No.: 3 of 19 
,-.. 

Structlfral/Oiscontinuity X :JI '-' escription ,... 
::n +- +-+- -0,-.. 
'- -::n Ill_ a, . Cl/I ,-.. :::IU a, ltl a, 0 UJL a, 

~ cc +- • 1/1 :JI Cl ,-.. 
1-:,, ... z ,.c > ...., -cu a,'- Cl 1/1 ·o C . 

0 +- Cl .c '- '-'-' C'-' +-:I en cu C a, - c.= - Lithic Description .c C -Cl.I u 0 CIT a, .... - C '- L a, u Cl cu .... ::, DlE a, 
0 0 a, C. ..,_u u .c. ,a o_ a, C .... .:it.+-

C. 0:: ~- 0:: 0:: UL ::n clll Ill Cl .c u_ .c '-' a, 
~ a, a:»- 1/lu. I- -'- C. ::, Ill 111_ .... .:,/. 

C a, - 0111 cn 0 - ~ ltl 0. U) 
~ L 1-\.c a, -8 C u 0: ~ :I C 

... Rl8 17:20 100 lS 7.6 J Cl VT SR p lll SW ~~' CB.ANODIORITE (sd): li1ht sray, medium io -... co&rH srained, chiefly pla,ioclue with -... 70 \' '.~ quarts., biotite and hornblende, muaive, -... llO 

~~ very cloaely ■paced iron oxide ■tained and -- - 17:40 -... Rl9 17:47 ll-' •. 3 s Bl VT SK p Ill SW clay-lined join\& -80 ' ... 
7 ... ... 40 ~ ,.,_ 

7~ ... 70 
18:04 n \ --:--... ---- I.,,• R.20 lo8:00 70 0 - J A VT R p lII MW extremely cloeely 1paced clayey fracture aone I -

~ 
... 9/10 from 70.6-76' [~an,, io diamond ... 80 impreinaied bit) .. 

!08:H .. - - peJmatite? 

3 
... R21 !08:21 83 0 - - A VT s p Vlll cw ... -
-75 751 - IOS:40 - --- ~ - R22 I08:55 100 41 • . 9 J Cl VT s p n SW - llO SJ'Hni■h ,ray, medium to fine srained, rare ... 

~ clay- lined fracturu ~ ... .. 50 ..J ... ' , ~ - -

81 
... if,!, -so !09:10 an ... ---- , [>;' ... R23 !09:17 100 56 7.1 J Cl VT s p V F = \ .. 60 I,-... ... ,. ... 10 ... .,,,. :, .. , , ' ... 20 ~,- -.. .;~ -- 40 , I• --85 - I09:ll4 _, 

85-- R24 09:43 100 0 8.0 s Dl VT SK p V F medium to coane irained, irace pyrite -- mineralir.ation on fraciure 1urface1 -- 50 -- -- 30 -- ""':54 -... R.25 10:0ll 100 0 6.4 Ii Dl VT SK p vu F -... 40 -... 20 -f-90 10:12 90: ... -... R.26 10:17 100 0 7 .ll s Bl VT SK p V F :so -... 
60 

~ 
-... - 10:25 -... R27 10:31 100 33 4.ll s Cl VT SK p V F 70 -... -... -... 60 ~,, _ -... 

•n 
,_,, -r-95 R28 10:49 .... ,_ 

95-... 10:59 100 ll8 3.7 J Cl VT R p V F 15 rr'!: -... 
_l.-~ -- 30 -.. - I\ I f • -- _,,, - -50 i.- -- ,, /; -- ---- 11:16 

c;.~ 
-- R2~ 11:24 100 67 2.3 J Cl TH R p I F 40 -... ' I 

~ - ; -
Jv - -

\11,1 
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R.30 12:10 100 40 fi.2 J Cl VT R P I F 10 

i, I • 
80 -... I, 

~ Pft. ;, ;•, 
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Lithic Description 

GRANODIOJUT& (&d): li1ht IRY lo l"ff!Wh 
ITIIY, medium io coarN p-ained, chiefly 
plasiodue with quart&, bioliie and , 
hornblende, mu,ive, very c1-1y 1paced 
ii1htly healed joinia, rare pyrile 
miner&liaation on joint aurfacu 

- I'...._ 
-

80 
' .... ~ I localised iron oxide aiaininc of joini aurfac:u 

: ~-~ ---
... 60 ('{ ,, we,Jdy foliaied 
... 0 1 . .,, 

~111- lS:07 -~~,' - IU2 lS!lS 85 13 4.5 J Cl VT R P I F 

-- Sli 'l,. 
... go --~~ : ;~ 
.,. 70 \ , 
..,. _lS!50 _.. 
.,. IU3 U:01 100 0 7.0 J Bl VT R P I F 70 'l, I,. ---------
:-11 ! R3

4 
U:011--

10
-
0
-+-

0
--+-9-_-6+-J-+---C-1-+..,..V""T,,...+-,,.R---1,......,.P-~l--l--F--+--L~~, exiremely clo.ely 1paced joinia from 115-132' 

..,. U :17 40 '1 1 

.,. 70 'r,, 
: _ U:291----l---+--....... ---+-----+-.......... ,,...+------1.,_-~--+--...1,....1.1•n~..-
.,. IUfi lfi:Ol 100 20 6.0 J Cl VT R P I F 70 _ ,.- [driller addl polymer - clear mud - to drillinc 
.. fluid] 

: 40 ~~~ 
~12, .;:~')\ 
: ~ 
... ~~ 
: i--- lli:2:S n "';; __ _ 
: IU6 16:31 S3 O - J A VT R W I F so rat l"aliled iron oxide aiain~ on joint aurfKM 

~ 70 ~ - O.S m wide clay-lined fracture 10ne 
- l 2 ,......._ lli:(11-.,-8--+---+---+---+-~----~-----1------1...-.---1...-.---1...-.--1W11"""-I;-, I 
.,_ ·• R.37 ie:26 • 0 - J A VT SR P J F ao "I I , driller addl polymer - clear mud - io drilliq 

VJ Quid] ~ ... ... ... ... .. 
~ 

60 , I ,, 
' ., , ,. 
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Lithic Description 

GB.ANODIORITE (sd): lirht JnlY to (J'ffrulh 
JnlY, maclium io c:oane mined, chiefly 
pla(ioclue with quart&, bioiiie and 
hornblende, i nc• pyrite, -ive wiih 
localiMd rn•iuic foliaiion, pe(JDalii• and 
xenolitba, very cloeely ,paced chloriie- , 
calcite- and lisbt colored noncalcareoUI 
mineral-lined joinu and ,bun; 1 mm 
wide calcite-lined joint at 346.6' 

- 7-12 mm wide vein with 6-10 cm wide altered 
&one adjacent 

BASALT DIKE; dark ,ray, aphanitic:, locally 
iirhtly healed, clOMly 1paced 1licken1ided 
fractune lined with chlorite, 1eaitend 
uolilea and pyrite 

GRANODIORITE; lirht cr&Y to snenilh PY, 
medium io COUN ,rained, chiefly 
pla(ioclue with quart&, biotiie and . . -
hornblende, trace pyrite, -ive with 
locali&ed rn•iuic foliat ion, pe,matilt! and 
raNI xenolitba, very cloeely epaced 
chloril•· and lirht colored noncalcareoua 
mineral-lined joinil and ,bean 

cloeely apaced and locr.lly &isht ly healed jointl 

- 12 mm wide, cliac:ontinuoU1, open and 
cry1talline calcih-lined vertical joint 
!driller indicate, water lou] 

!driller adda polymer to drillins fluid] 

- rrooved and alickenaided ahear 
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Lithic Oe$cription 

ALTERED BASALT: lirht rraY to ,reeniab rraY, 
aphanitic, chiefly placjoclue, doeely 
■paced chlorite• and calcite• lined jointa 
and 1hean 

faulted contact 

GRANODIORITE (sd): lirht rray to rneniah 
cr&Y, coane mined , chiefly placioclue 
with quart&, biotite, and hornblende 

- 0.3 m wide extremely doeely 1paced chlorite-
and clay-lined fracture aone - -

sradu to aphanitic altered (drill rod chaUer] 
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LOG OF BORING SM-5 

Client: PB/Dl\fJM Project: Metro Red Line-Segment 3 

Location: N4154583/E41810S2 Surface Elevation (ft): 1226 

Inclination (Deg.): 90 Bearing: NA I Depth (ft): 890.0 

= The Earth Tedmology 
-- Corporation 

Project No.: 92-2050 

Boring No.: SM-S 

Depth to Water Table (ft): 

Started: 10/8/92 Finished: 12/2/92 Core Dia. (in.): 2.4 No. of Core Boxes: 58 

Driller: PC Exploration, Inc. Drilling Method: Mud Rotary Drilling Longyear38 Fluids: Bentonite/Clear mud Eauinment 

Logged By: M. Curtis Checke~ By: G. Miller Page No.: 1 of 26 
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w .:o·. joinu, rounded clui■ eompoNd of 
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A MM SR p V HW 
~~· are aubrounded and ■heand, eompoNd of 
~ 
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sravelly ■andatone layer -... ....._ 16:05 :. :6: -... Rl5 16:16 67 10 u J A TH SR p II HW .... -. ' -... io.~ • -.... ·.,:,,; -... ~~ -... 

~ ;, . .- -.... 75 
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-'-
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16:30 ttn -
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:\~ -... -.... ~-. -17:25 ·o·, 
~ 

Rl8 i;,O, -... 107:58 88 22 - - - - R p II HW . .'ok- -... llo/12 
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SR S t;)':' 
7'0 , . .-o'C 

DJ~ 
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R25 11:0li 15 O Ii J A VT SR S II SW f"P.( very friable inwval 

R p ~~~ 
-0~ .. .. ~ 

i-- 11:161--.+---4----1-----l--+,,..,...4----+----4-,........1...,....---II--~- ... ~ . 
R26 11:35 60 10 2 J A VT SR S II SW 

W FW -~~ -~-( 
-~---

1/.~c 

~ 
?.bj; 

............ 11:46 .,, '(>'O' 

---------os-------
-
. 
-

10---
---- --

15-------
---

20-: 
--------

25---------

--
R27' u :001--,,a.,,.1+""&0--!.-2......j......,,.J-+-_ -+-_-+--::L,.....~----4-_-+.,,,F""w~.JWY8o:c 

B ~•.-o...,,_.,.,..,.===---,.----,...,....,.....--,,----1 O· ·, • SANDSTONE; moderate yellowi■h brown, 6ne· ~-
80 ·-:::;;; to medium-,rained aand, locally rare 1ilt 

: ,:·,;;, laminae, weakly cemented, moderately __ 
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Lithic Description 

friable, cenerally mu■ive, moderately 
clo■ely ■paced joint• 

--80 ~~r.:: 
76 · . .-(:: 

- 12:201-,,...,,...-1-,--+.,.....,,+-::--+-=----le-==-+-==--l-'="""-+-.,,.,.+=,.,-+--f ·. ·. ;. , _ 
R28 IS:36 100 34 2.5 J Bl TH SR P 11 FW 

45 
. ; :"'.'-,' -

B kt::;:.:: -
65 · ~: ~-.... - part• alone ■ilt laminae : 

-]4( ~~~C~07N~G~L~O~M~E~RA~=T~IC~S~AN~D=sT=07N~E~;-m-•-~~--~--~,~ ~-· ~-. ,,iB cr&Y, medium- to coane-,rained aand --
-... ... ... ... 
... ... 
'-14' ... ... ... ... ... ... ... ... 
--is1 ... ... ... ... 
... ... ... 
... 
-15. ---------
-16i -... 
-... 
... 
-.. .. ... 
L--16' .. ,. 
-... ... 
... ... ... 
... 

.I. I 

70 ~: •. with fine to coarse ,ravel, well cemented, -
..__. 13:461-~-1-,--+--+--:--+-=----l,..,,=-+-==--t-,,.....+..,,.,..+=,,.+----1' · c weakly friable , mauive : 
R30 13:64 100 72 0.6 J Bl TH SR P II FW cj: :2 -

VI ~ - 4 mm wide clay-lined fractuN : 
~~:( CONGLOMERATE; matrix ■upporied, fine to • 
~.:ci; coarN ,ravel and cobblu to 20 c:m, cluta -
-:;6,~ are rounded and 1beared, matrix con■iat1 45-

• of medium ,ray fme- to coane-p-ained : 
■and and ,m . 

...__ 14:16t-,,,:-=-+-:-:-+-:~-+--=-+~+=+=+-=--+-=-I-=,,.+-~ C, 
RSI 14:21 100 60 0.8 J Cl TH SR P 11 FW 'l):.'·. SANDSTONE; medium U.ht ,ray, we to : 

,_..: .. ,:: medium-,rained and, ■ome ■ilt, trace -
·; ::;::·'. ,ravel at 148', well cemented, weakly _ _ -
:·':-,; _._ friable, mauive, unfractund • 
~;. ·•·1-,,..,,..,..,,..,,..,,....,...,..=-.=--...,...-----,,...,,,----~ ,~ 

45 ::::•:,: CONGLOMERATE; matrix 1upponed, fine to 5v-:: 
8:L: coarse sravel and cobbl11 (60-70") to 20 _ 

cm, club are round■d and 1heared, 
R3i" !!:!!+-:-1-=oo:::-1~50=-l-::-o-=s➔-:J--i~A,--1-:MM~-=-+-=s:-:R::-i--::p:--+--:1::-1-+-::F:::W:-:--l--t.J · compoud of plutonic■, quan■ite, b•alt 

• -'O and ■late, matrix con■i1u of medium rray 
~-~ fin•- to coane-,rained ■and and ■ilt that 

10 ~i-:~ ia moderately cemented and •lichtly 
friable, mauive, moderately clo■■ly 1paced 

60 . 0> joinb 

~ -u~ ~~ 
R33 15:131--10-0-+--6-0-i-0-.-6-1--J...-1-B-l-1-T .... H---,1--,S~-p~-Il----F-W--l,----V.O't ""6o,..._-=-ao""9',,...clut■ up to Ii cm lone 

!~ 1~. ·.. . -atret:a-::d 1heared ■late clut within 1ilt 

- acattered cobbla to 10 cm 

10 

_15:30 DA~ 
R32 1r·.~sl-10,....0-+--4-2-+--0.-4-1--J,--I--A,.-1-:,MM...,,..,-+-S"'R"""""i--,,p~....,.II--I--F:-:,W,,,..+-60--t{,!;O, 60-609' cluu up to 10 cm 

-
-
-
-. 

55------
--
-

60---
------• • i.-':'1. -C::cO:-::N""G""L=-o=-ME=R.A..--,T""'l""'C_S,,...AN~D=-s""'T""O.,...N,..,.,,,E-; m-ed""'i_wn_~ 

~•;..,,;, ,ray, fine- to coane-crained ■and, aome 65-:: 
...;,0 gravel and cobbla, well cemented, weakly 
I'>-·• • • friable, mauive, moderately clo■~ly apaced -

,__ 16:051-..,...,...-1-,--+---+----,,--+--,-t-,-,,,..,..+-,=--+-~-+----+--,,,--+-~~:~ joint■ , 1ubrounded club compo■ed of · · : 
R.S3 16:2• 100 7:S 0.6 J A MM SR. P - F °".ti• quartzite, plutonicat and bualt -

70 ~ •: • ~ - 20 cm thick ■and■tone layer -
~ ·~·· -w ~~~ -.. ' ' . . ·- ·--

I V 
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Lithic Description 

cmco FORMATION (Kc): 

·,.:~ 
-16:4lii----------+-------------+---4---; • . 
RU 16:54 100 . 76 1 J B TH SR S 11 F 65 c'··= 

CONGLOMER.ATIC SANDSTONE; 
medium SRY, medium- io coane-snined 
■and with fin• io coarN snvel, well 
cemenkd, weakly friable, maaive p •... 

;;,v.;.-
35 · .;:¥. 

{;:l~"f .. ·o 
65 1f?-° 

..__ 17:l0t-:-:~-::::-t-:-:::-t--;--t--:--+::;;-t-::-:;:--t-::--+-;;--+--::-+--f,-:l,·O:~~· 
R35 17:26 100 62 1.2 J A TH SR S 11 F ~s 

p 45 ~ 
7li P,c; 

• .6 m ihick ■andaione lay■r with ■iii laminae 

CONGLOMERATE; matrix ■upported, fin• to 
coane snvel and cobbl• io 20 cm, cluia 
an rounded and ■heared, compoNd of 
pluionic:a, quartai\e and buali, mairix 
con■iata of medium SRY, fin•· \o 
coane-sralned And ihat ia poorly 

_ camented and very friable, mauiv■, 
cloeely spaced joinu 

~~•:-

~ ARKOSIC SANDSTONE; mocierah yallowiah 
·•dj brown, rrad• from medium• k> 

R36 ~;:;~9-:=-7-+-""67,,..-t-,1,-.8,,-+.....-J-+"""c""1-+:eT""H,..._.,,R,-1....,,,p--+....,.,V-+""'F,,,....+--l~'.:',; fine-srained And with lilt, weakly 
llO/U SO ~: -=-nted, moderuely friable, maaive, 

23 :,: : .!j very clONI)' apaced irn,ular joinu below . 
:--;•. 113' 

60 

1----~ln.,•:40~=-=-+-::=-+-,,-.,,,.-t--,,--t-,::-e--+:-::::-+-=➔....,,,.-+---+--,,,--t-....... n-L 
R37 iOa:55 100 27 3.8 J Cl VT SR S I F ' 

uace rounded rravel-1iaed volcanic duu up to 6 
cm 

.. .. ,_ 

.-191 .. .. 

TH p 60 ~ •• v.: 
"''•\ 

20 ~ -,rac-,-,u-ban,ular io 1ubrounded snvel-liaed 
50 l?.~t I · -•--

.. ,_ 

f? N vo canac: ~u up k> 2 c:m 

1----~""'•v:10 an ~~• 
R38 IOll:23t-,,88.,,--~45::-t-2,-.""6 +-""J-+"""c""1-+""VT=".....,R,-t,-,,,,w,-+-.,,.l-+-F,,,-+,-,s;51Mo-f~•~~t .. .. .. 

... .. 

.-194 .. . .. .. .. 

... .. .. .. ,_ 
-201 .. .. 
.. 
---
- - -

40 ~:: .. ~ 

:so ~-~ --------------------1 ;.~ CONGLOMERATE; matrix 1upponed, fill• 
snvel (70") from 1 \o 6 cm, duu an 
1ubrounded, compoNd of plu&onic■, 
quanllii• and buab, macrix conei■ia oC 

- 00:S7~--4--.j...--+---+---+---+---.-~---1...._--11-.111.1 ""....,.;. rnediwn pay fine-,rained aand that ia 
R311 011:54 85 33 2.2 J A VT S P I F moderately cemented and friable, maaive, 

TH 70 clo■ely 1paced, healed, calci\e-lined joini1 

50 - 0.S m \hick ■anda\One layer 

. )' 
o· 

r::!: ii" 
_ 10:101--,,,,,..+...,..,.-4--,-+-,,--+--,--+,,.,,,,..+.:,,.,,-l---:,,-+,,=,,,,+-,~~....P~r:i2i►JS~ 
R40 10:17 · 87 lS 1.6 S A VT SK S vm F :::~~ 

p ~~ 
~ 

- ■catt.red cobbl• io 20 cm 

--------
15----------
80----

---- --
85------

---
90: 

--------
95-

-

. .., ., 
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Lithic Description 

CHICO FORMATION {Kc): CONGLOMERATE; 
matrix aupporied, fin• io coarae sravel 
and cobblu (70%) to 12 cm, cluu &N 
rounded to ,ubrounded, c:ompoaed of 
plutonica, bualt and 1laie, matrix conailt• 
of medium sn,y fine- to c:oane-(rained 
aand that ia poorly cemented and very 
friable, muaive, cloaely apac.d clay- and 
calcite-lined joinb; acattered S cm wide 
alic:kenaided and poliahed clay Ham& from 
205.6-207' ~ _ 10:S91--..--+--+--+----l.----4---..---+--+----+-: ... n°u....,~~ 

- R42 11:U 100 S7 2.2 S A VT SR W I F 'Jt/P --,.....--
- TH )'.~ cJ'.. SO% club and fine• io coarH•Jrained aand 
~ ;.o:i 
: 6~-
,-21 ~ ;_;. ·,C-: • 0.S m thick fine• io coarH•srain•d arkoaic 

--------
~ 10-: -

-
-------

15-
~ 

~ 

~ ... 

30 ,·,:,t: aandaione layer 
'•' '· '''t-,:~.,..=,-:-,:,-,-:=,-,-,~,,,..,,.,..,=-====-----:,,....---1 

.'_';":\:; CONGLOMERATIC SANDSTONE; medium 
-

.._ 11:32 ~-,-..--,-+.,....,-+--=---+--,---li-==-+-,,,...-..-,,.-+~-+-----+-'"" ..... n-c , . · ~ sraY, fme- io coane-lf&ined 1and wiih 
Rtll 11:49 83 0 2.8 J A VT R D 1 F LO~ sn,vel (SO%) to 2 cm, well cunanied, 

~; weakly friable, rnuaive, moderaiely doaely 
(:f. ~ ,paced joinu, aubrounded io 1ubansular 
•~••· dub com--' ofplutonic:a, buah and-
~ · ~·•) -
r-,'I~~ 1late, doaely 1paced calcite-lined, healed 

----
:-22( 

lJ ~/,,'.' joint■ 
- I,'.· , 
-

1 
-..'•' - 0 .S m thick 1andaione layer 

- _ 12:0S1---+---+-----+---------+--+---+----------ll' 'Y.: 
- R•• 12:lS 100 32 2.6 J Bl VT S P I F I•~.:: 

W 40 ~,,.,. : ~~ i,...,, .. 
- ~o·• - ~~ r R<& ::::1-10.,..0,-+-,6,-,0-+-_-+--,,S-1-,B,e,-l-+,V:-:T=-t-:-sK=-+-,p=--+-=v"='1-+-F=--+-~-o-i.;~·r1,; ul-ly d-1, ,ho_d =•• oliokUWd.i ,ad 

.,.. F 70 1triated, dut, are 1heared and 
: 60 . • alic:kenaided 

~a-~o·: CONGLOMERATE; matrix aupponed, fine ,o -,-231 ------... ... -.... 23 
~ 

-~ ... 
---

60 
S: • coane sravel and c:obblu (60-80%) to 12 

cm lon,, dui1 are 1ubrounded to 
, ' auban&11lar, composed of pluionic:a, bualt 

,.,,._ U:221-:-:-+--,-+--+-:--+--,-11-==-+-=-=::--+--::--+:-==+--=-+--1-"ll:Jtl and ,late, matrix conaiail of medium JraY 
R46 IS:46 G2 0 - S A VT SK P VIII F ~ ~ fme- to coane•srained arkoaic 1and that 

F ;,; ,-i ii poorly cemenied and very friable, 
~ ':"( muaive, extremely cloaely spaced, 
,, :,0:, alickenaided and poliahed clay- and 
) ,= calcite-lined joint• 
~~ 

~ ~ - 0.S m thic:k aheared clayatone layer 
,___ U:001-,-,,.,,-+-.,,-+-,-,-+--:-+::::-:-+.=+=-+-:::--+"'='="-+-=-+--t~P.il 
R47 14:15 100 0 4.4 S Cl VT SK P VJ F 40 ~ 

80 ~;g_-; 
:,•.-:: • O.S m thick aandatone layer 

60 ,:-.·~-t. 

--
-----

20--: 
---
----

25--------
-

30----

'V 
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~~~ CHICO FOIUolATION (Kc): CONGLOMERATE; 
mairix 1upporied, fin• io COUN ,ravel 

li0 C/(1' aad cobbl., ( 60· 'TO") io 8 cm, c:luil an :.-, ·~ 
A VT R w I F _)~ 111brounded io 1ubanplar, compaaed of \ _ .. , 

TH ?.~' pluionica, buah and llaie, mairix coDliah 
10 of medium ,ray fine- io c:oane·,rain•d 
liO >.6* arkoaic aand ihai ia moderaiely cemented 

a:6. and waalr.ly friabla, mauiva, extramaly 

~ 
c:l011ely spaced, 1lickenaided and poliahed 

16,~ 
c:lay• and calcite-lined joini• 

Bl TH SR p I F -:.p,"i} 
459' c:luil up io lS cm ~~ .. ·,::; 

! i 

I 70 

\)'{:~ 40 

·1 Bl VT SK p I F N •• so ii• .. - APdy inien'al 
• &,; 

H .,,.•: ..... _,. 
"'t):. 

~ 20 

A VT R w I F •J5.9·~ aoi c:luil up io 8 cm, poorly cemanied and vary TH ~~ 50 friable ( c:luil are lOON in matrix) 
t,140 
~ 

~-~ 
Cl VT R w I F ~~ p 60 709' duil up to Ii cm, poorly cemanied and vary 

~ 
friable 

40 

so ~~ 
20 ._~ 

,,?:5: 
Bl TH SK p I F ~:~ 'Tlii¼ duil up to Ii cm 

MM 

I 
- llickenaidad eurfac., 40 

so 
I 

- llickenaided surface, 
~ 20 ~-'1:c::: 

A TH VR s I F ~--- IO§C dub up to Ii cm ~" D rd~ 
20 ;..;rt:: _,.., 

+-
111_ 
cu I'll .... > 
~~ 

.x.+-

~ 
A. 

---------
45----------
50---------
. -- . 

-ss----------
60----------
65----------
70------------

4;. IJ 



Client PB/DMJM 

Project No.: 

Boring No.: 
,... 
X ..., 

92-2050 

SM-5 

:,i 
+-

LOG OF BORING SM-5 

!!!!!!!! The Earth Tecbaology 
- Corporation 

Project Metro Red Line-Segment 3 

Location: N4154583/E4181052 

Page No.: 

Struct1.1ra I /O_i sc.ont i nu i tw 
uescr1pt10n 

of 26 

,-.. 
+
u u 
~ ..., 

:,i 
L u 
> 
0 
u 
CII 

0:: 

-:n--..--..--..------------~ 
..t:. 
+-
0. 

~ 

. 
0 z 
C 
:, 
0:: 

Ill 
L 
8 

,-.. :,u 
~ cc 
..., -CII 

+-:, 
C Ctr 
C, 0Qj 
0:: UL 
~ 

C 

OI 
C 

u 
Ill 
0. 

Cl) 

11'1 
11'1 

] 
OI 
:, 
0 
0: 

:,i 
+-

L 
Ill 

.C 
Ill 

a.. 

,-.. . 
OI 
Qj 

C ..., 
0. 

C 

Lithic Description 

... ... ... 
-

if. 
_ os:s2..._ ______ --+--+--+---+----+..--+--------~--~::..:,,(.( 
R55 09:U~lOO 33 U S A VT SK P I F :,j;<Jl 

CHICO FORMATION (Kc): CONGLOMERATE; ~ 
matrix ■upported, fine to coarH crave! 
and cobblea (76") lo 20 cm, clut■ are 
1ubroundad to ■ubanrular, compo■ed or 
plutonict, bualt and •l•te, matrix comiat• -

- ,. I 
...,.._ I09:2s D.b.o 
R56 I09:3St--10-0-+--,-65--+-2-+-S-,--+-,,,B-l-+-,V""'T"'""'""'s""K.,,-+-P,.....+-I..-i--.F.....-1-----v~, 

of fine• to coarse-,rainad ■and lhat ill ~ 
poorly cementad and very friabl1, doeely 
apaced jointa and •bean; 1lickenaided ,

8 ■urface@ 278', cru.■had and Criabla below 

---... 
~2s• ... 
... ... ... 
----
-291 --------

TH 6 .::.i,. 40% club 
30 /Y -bualt clut to 13 cm 

80 ~i 
·p;,~ 

- ■lickenaided ■urfac .. 
_ 09:501-:-,,.,,...+-,,.,,....+--:-+-~+,,..,..+.=+=4-..,.--1-,,.,...,,,..l--=-I-.J-IW..~..(1;,.,'J~ 
R57 10:05 100 63 2.4 S Bl VT SK P Vlll F I 

TH 30 
40 

- 0.6 m thick ■anclatone layer, fine to medium -

.• : · ,rained 
t • I • I 

SO 

1
.: ~: ·~ '. -17 cm lonr plutonic clut 

_ 10:221----+----+------+------t-.-=-+----------+---. - 16 cm wide ■heand clay ■um 
R58 10:31 100 77 1.2 J Bl VT R W I F • 

TH S 80 J<J• 60% dut■ up to 5 cm 

~~- •( 

30 ~:ff..' r9
· i 

,-. - 10:43 t-:-,:-::--1~:--t-:-,:-+--:--+---:---+,=-+-=-+--=--+-::--l--::~,----(,O • ,.. R59 10:67 100 67 1.8 J A TH R S I F 
~ VT 30 60-60% clut, up to I cm ... ... 

~~ ~,1 
_ 11:11 t-:-=-::-+--::-:--+--:~+---:-+.=-:-+.:-:::+=-+-:::--+---:--+--:-+-~:,jli,~ ----

... ... ... ... ---... 

R60 11:21 100 66 2.2 J Bl ~~ SR P l F 
70 

~., .... °' extrem■ly do■ely fractured, cru.■hed and Criable 

40-60% clut■ up to 20 cm 
60 

_ 13:38 
R61 11:26 100 100 0.4 

110/2( 
J A MM S p 

- gnnodiorite clut to 20 cm 

Ill F 
60-80% clut, up to 6 cm 

- 2 mm wide clay-linad joint 
• 3 cm lone imbricated ■late cluu 

~ 
~g5.J 

-
------

~90-: 
-
-
--
--
. 

95-

j 

.J . 
. 
. . 
----

OS-

~ 
- 7 

• !V 
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Lithic Descl"iption 

~P,•. CHICO FOltMATION (Kc): S.. above 
; ' 

•A ":"~?,' SANDSTONE; JMd.ium licbt cr&Y, 
.....__ 11:471--+--,--l--4--,,--l-,,,--i-=4..,.,,.4-,,--1---,,,,....-1--,,,--i~"-+·' ·,; · coane-crained And with fine-,nined 
R62 12:00 100 97 1.2 J Bl TH SR p II F '.';.'· ■and and snvel up to 5 cm, poorly 

S t:~ cemen,ed, moderately friable, IDUlive, 
60 ,¥.0

,': doeely ■paced joinu; 1 mm wide 

---------;:: >, c&lci,e-lined joint @ Sil' 
-~ : :· t 

115-
••• &, • 

•A ~ .. ~':'.-"f":==-=-::~~=~==-=-:-:-====----:-,----I R63 !~:;~1-10'"'0-+"""8~5-+-l-.4-i--,J,--1-,,,C-l-+T=H-i--,S,--ii-,,,p,--ii-,,,I,,..I -1--,,F,--iµIL./O~ ·.::, CONGLOMERATIC SANDSTONE; medium 
SR S III · · licht IP'Y, snd., from fine-pained ■and 

; 'c.i : ·' to ■mall cobblu, well c:emen,ed, weakly .. ,:.•6'.-,' C I _.., 
60 ~•.· •• .,,.·< riable. muaive, mociera&ely d- y apac ... C '-' join&■, rounded duill compoNd of 

_ ~.•, quan&ite, ,ranodioriie, and bu&lt 

·- ~~ - 2 mm wid• day-lined joint 
.____ 12:(8t-e-~+-:-:-+~4--:--l--,--i-..,.,,-4,-,,,4-,,,-l--,,,,....-l.....,,,--il-J"'-~d ,"<1-_.._ ..... .....,.....,.,...........,.,... ______ ......, ___ -l 
R6( lll:00 100 97 0.2 J A M S P II F :. .·: CONGLOMERATE; matrix aupponed, fine ,o 

B t::. • coane ,ravel and cobble■ (80-70") ,o 8 
I:! CJD, du&■ an rounded, compoNd of 

plutonic, quar&&ik and ba■&lt, matrix 

20 

--------

---- . 
-

25---... ... ... 
.... 

.____ 1s:171-e-~+-:~+-=-=-+--=--+-.,..-+:-:::-:-+-==-~-:--~,.....~-1--c::u 
R65 13:33 100 98 0.6 J A MM SR P II F 

c:on■ia&a of JMd.ium CR>' fin•- io 
couu-crained ■and tha, ii poorly 
cemen,ed and very friable, mauive; 20 cm 
thick conclomera,ic aandaton• layer @ 
325' 

--

-------... 
--33' -------... ... 
~34( ... ... 
.... 
.... 
... 
... ... ... ... 

., .... 

: I \S0-80% clui up to 1 cm 
4S ~-~! CONGLOMERATIC SANDSTONE; medium 

9.a; licht IP'Y, fine- ,o medium-crained ■and. 
,0::0 ■ome p-avel, w.U c:enMDied, weakly 
~:J:•. u-iable, mauive, moava,ely doaely apaced 

- lS:481-,:.,....+-,,.,....+-,,---+-..,,...-+-:"'."-+-==-+---+-,,--+~,-+-,,,,-+----t:',; 0:~ joint■, rounded da■&a compoNd of 
R66 14:00 82 82 1.4 J Bl TH SR P II F 60 tC?·•f quan&iie, plutonica, and bu&li 

~ - veaiclllar ba■ah cla■t up '° Ui cm 

-~·. ,,.,,._,.,,.,,... 
; : , • • 30-40" da■u up to S cm 
•o·~ i,~·., v,; ~-. 

- u:201-,:.,....+-::-:-+-,...,,.-+-..,,...-+--:--+-==-+-=-+-=-+--,,,,-+-,,,,--11--~•• b.~ 
R67 1':32 92 57 2.2 J A TH R S II F oo• 

S p V 8 40-60% club up io 1 cm 
~: ... 

80 .• #·, 
0~,, ---
-, ~•,.~. - 25 c:m ihiclt ,andaion• layer !,:,,~; 

-. 
. 
. 

t30-: ---------
t3S---------
t40-: --=·•: ~, 

.....__ 1':501--,-,,.,..+-,,.,....+--e--+--,,--+--::e--+-:-:::-+..,,.,,,-+-=-+--,,,,-+--,,,--11-...,.. "e-+...:(') • '*.,,..,,.,..,.,,.,,...,,.,..,,,,,.,,,...,.~,.....--,-------,,....,,---f 
R68 15:09 100 S2 >5 J C VLT SR PS IVI F 

60 

;·-:-.· • .• · ~ CONGLOMERATE; ma,rix aupporled, fine to 
-

coane p-avel and cobbl .. (60") to 8 cm, 
dub are aubrounded, compoaed of 
plutonic■, quan&i&e &nd ■late, matrix 

' -

---. 
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Lithic De~cription 

!Y 2. comiata of medium dark gray fine-grained 
~ aand and ■ilt that ia poorly cemented and 

- lfi:U1---+--+--+-.,,-+-cc--+:--:=+-,,.,,,..+=--+-..,,.,.-+--=--+---f';::/i very friable, muaive, extremely clouly 
R69 fo7:lil 100 23 5 J Bl VT SR P 11 F 58 ~ ■paced joint, below S.4' 

~0/21 B S VJ ~-?;.,:: SILTY SANDSTONE; medium gray, fint·,nin■d 
~~- ■and and ailt, poorly cemented, very 

----
----

~35( 30 It- •• and clay-lined joint• 
:..,;• ·?-: friable, muaive, very cloHly ■paced clean 

---... ... 

~ •. t-." (3) 5 mm wide intenecting clay-lined fracture• 

- lo8:061--:,.,.....+--,,--t--,,--i--,,.....-11-----1-------+--+--+--+-~:":,;., 0 CONG LOMER.A TIC SANDSTONE; medium 
R70 10:25 63 8 5 J - - - - • • ;.;, '. •1 dark gray, fint·,nined aand and ailt with 

~•,_ gravel (10-20%) up to 8 cm, well 
40 Wj cemented, weakly friable, mauive, 

a.•~ moderately cloeely 1paced joint&, rounded 
... 35' ~ cluta compoeed of quarbite, plutonica, 

~.~• and bualt ... .. .. .. ... ... 
.. ... 
.... 361 ... ... .. ... 
... ... ... 
-
-36' - '• 
--------
-371 ------
... ... 
1-37, ... ... ... 
~ ... ... ... ... ... 

ro.'~ · elute 1how 1h1arinr and warpinr, ■bean lined 

JUi: 10:46t--:-=-+--:--+--+--+--+--+---+----+----+----+-"<A-•➔~de..k:I with calcite • 

~ '_",.n : · · - · · • · - I~~· · lbattered and 1heared quartsite dut : 

R73 13
=
45 98 46 2 J A MM SR P VI F • 

B 58 · - • 
•O•,~-:--:::-===-.,,,..,.=,,...,.=,----,------,.....,,.---- • 
;:.:.;~-, CONGLOMERATE; matrix 1upported, fin• to &60-

~
:Q coane gravel, trau cobbl•, elute are ~ 
(j( 1ubrounded and lbund, compoaed of 

,__ 14:011-,-.,..,..+-,-,-+--+--=--+-:--+-=-+--=--+-------+---+-~-~~nia plutonica, quarbite and alate, matrix 
RU 14:10 100 83 1 J Bl TH SR P II F t: ~< con.iau of medium gray 6ne•rn,ined 1and 

V ~ and ■iii that ia poorly cemented and very 
20 I;: friable, muaive, dOHly ■paced joinil 

~ • 5 mm wide clay-lined joint 
D.ti 

' 5oi)i; club up to a· cm 
~o· 

.___ 14:261--:-=~--+-=--::-t--.-+-=:--+-::-::-+-::--+-::--+-:-:-+-=-+~~-u 9: 
R'TS 14:40 100 67 0.8 J Cl TH S P V F ~ 

40 ~-

= ~ 
l-::-:::-::-i-::-::-+=--::-+-.---11-;::-:--;-;-;-:-:+~t--:--+-:::-+-=-+---t=;~,.,t· .___ 14:6' _.., 

R76 15:08 100 g5 0.8 J Bl MM S P II F ~~ 

VI 50 ~ 

60 -~. 

'Tok elute up to 8 cm, pnerally ,late and 
plutonic cluta 

• matrix compoud of grayiah yellowish rr-en ,ih 
and ■and 

70-BOl)i; dut1 up to 10 cm 

• imbricated cluta 

R'T'T ~::!1!--:-'.10:::-:0:-+~9:-:7;-+~0:-:_8::-t--;J-;~B~l:--i~MM~:+~S:--t--:p::--+-:V:-:-+-F:::-+---f .a- matrix medium gray to rre■ niah gray 
W VI 15 , • plutonic clut• to 16 mm 

• 1cattered bualt cluta to 8 cm 
65 

7 

-
~10---

---
---~1s--
-

,uv 
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Lithic Description 

~:{· cmco FORMATION (Kc): 
~--~ CONGLOMERATIC SANDSTONE; 

_ l&:66 .··c,-o peeniah ,ray and -diwn py, 
R78 16:081-100-+-9-ll-+-1-.S-+--,J--i-B,,..-l-+T ...... H-+--S--R-+-p--+---II-+---,,F--i-~-._ .... ; . fine-p-ained aand with aili and fine io 

w 40 :~ coarae ,ravel, well «men'-<!, weakly 
~•~ friable, mauive, moderaiely cloeely apactd 

45 :r:i; joinu,_rounded ~Uil compoeed of alai•, 
~ .~ . quarb1i•, plutoruca, and ran bualt 

i
•·-~ -■c:aUered irnplar 1 mm wide calc:iie-lined 
~ I joints 

-16:211--+---l--+---+---+--+--+--+--+--+--~•-r- ~ CONGLOMERATE; matrix aupporied, fin• io 
R79 16:SS 100 72 1.6 J Cl MM SR P II F 60 .,. c:oane snvel and cobbl .. (80%), cluta are 

SO ~i! 1ubrounded and lheand, compoNd of 

50 
~~ plutonica, quvbiie and alaie, matrix 
,-: i conaiata of DMdium ,ray fine-,rained aand 
~~ . and aili thai ia well cemen'-<i and 
l<~t IIIOdera&ely friabl•, mauive, clouly apacecl 
4. ~ Joinu 

i----18:li0i-,,.,-,,-+-:---+--+--=--+--,--+=-+...,,..-+...,...-+ ...... -+--.,,--l-~•"~~'ill~WJ1 - ll clean and tirbtly healed parallel joint, 
R80 17:03 100 65 1.2 J A TH S P V F ;..~ .. 

U 
45 

~ dut1 up io 25 cm 
li0 ~ - ll mm wide clay-lined joint 

·,~ ,.. 
= ►;_'i:J cobbla and c,avel 

65 ~¥~ 
- 1 T:171-:-::-::--1~=--,r-=-~l--::--lr-::--l~~r-:::::-ir-:::--l--::-l~:-l-:--l~►;tl 
R81 08:0ll 100 83 0.6 J A MM SR P ll F • ~ 

l0/22 !!! C 

~ I. -parts alone beddinc 
li8 .f."•: • ARKOSIC SANDSTONE; medium qht era>', 

f..,~ fine-,rained aand, ■ome ~ilt; ,rae• ~val, 
1-,--f,,"'oo":181--.+---1---+-...,..-+---+,...,......+,......,-+----+------I-----I.-~, •.".- . well c-ted, weakly friable, -ve, 
R82 08:SO 100 57 0.6 J A MM SR P ll F :::. widely apaeed joinu 

VI 82 1-: -scattered abaiiered cobblea 
i:. - 1 mm wide healed clay-lined joint 

~ 
50 '• -

• ;!} 

60 ,;-~, ,. ;;-,. .. : 
- 0.li m thick coane-,rained aand and con,oried 

lilt with very thin clay inierbec:la, parts on 
beda 

..,...._.ul:(21------1------...-------+-------1~~-=• 
R83 0~:00 93 17 40 J Cl VT SR P II F 60 •·• ,., __ _ 

s • .;-,, with c:oane-,rained aand-ailed alaie particlu 
V,l:.~_ir - 0.6 m thick aand,tone layer with 6 parall•I 
,. joint■ 

80 ~. ~ 

':.4P - ahaU•red quartaite dut to 7 mm 

~OG:121-,--,-+---+--+---+---+--+--+--+---1---ii--~: ~•::.: 
R84 ~ll:23 92 0 - - - - - - - • i 
_09:ll01-=--:--t-:=-t--:::--+--:::--t--:::~t-:-:=-l-:-:::-l-::::--l-::-:-l-::--lt--:--~.HI 
R81i 09:42 94 47 3 J Cl VT SR P II F ~, 

CONGLOMERATE; matrix aupporied, crave! up 
to Ii cm, cluta are 11ibrounded and 
aheared, compond of pluionica, quart&ite 
and alaie, mairix conaiai■ of medium IRY 

I 

----
----

85----------
190---

---- --
195----------
00----------

105---------
10-: ----

. ., 
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Lithic Description 

V ' ·•/ 

'------1----+---+---+--~------+----------+-e~~~.·.;, ~ • . :_ .. · ..--- 10:00,-- -.n --~ 
R86 10:29 97 65 0 .4, J A MM SR P II F , . , 

coarse- to fint-,rain■d aand and 1ilt that 
ia moderately cement■d and w■akly 
friable, mu.iv■, cloaely apac:ed joint• 

- . , 
.. ·• 1---------------------1 

----
---

'-42( .... 

6

2

0

0 

t:,.

1 
.. °!. CONGLOMERATE; matrix aupported, p-avel 

...., (70%), trace cobble, up to 6 cm, matrix 
conaiata of medium ,ray coane- to i20-: ... ... ... 

.... 

.... .. .. --42' ----
--.. 
.... 
--431 .... 
.... 
.... 

.... 

.... 
.... 
... 
f-43' .... 
.... 
... 
.... 
.... 
... ... ... 
.... 
'-44( .... 

o .,~ medium-,rained aand and ailt 
:&•~_, 
;...Oy" - 10:(41----+--+--+--+----11-----+-.,.....-+-~+-:-:--+---+---1~0~--------------------< 

R87 10:66 100 52 2 J Bl TH S P II F SO of • CONGLOMERATIC SANDSTONE; medium 
SR W V 

60 
1"_ , 6 ,ray, fme- ,rained aand with ailt and fine 

VI ·c, '. •. to c:oane crave!, well cemented, weakly 

-
-

---
-

50 •~~

0

•.~ friable, muaive, doaely apac:ed jointa, 
D. rounded duta compoaed of alate, 

quartaite, and plutonic:a 
- 2 mm wide day-lined ,·oint 

125..: 
ao .,!.;6 

- ll:131----1---+--l---+---11----1---1----1---1---+---1~~--•0 • 3 mm wide clay-lined joint 
R88 11:29 100 37 2.2 J Dl VT SR P V F Ob,~~ 

W VI 45 ~.:... 

10 ~::p•,; 
so ,z .. •' 

l---+---l----1--..... --l---l---+--1----1--..... l:IU.-k'~r 1 - 11:(4, "n ~ 
R89 12:25 88 47 0.6 J A MM SR P VI F o,0 b 

~ • 0.4 m thick, completely aheared and ahattered 
~ conglomerate layer 

1o'.Z: 

50 ~ - 25 cm wide, extremely cloaely ■h■ared and 

R90 13:oei--,96.,,...+-,3,.,,3-+-,l,-.8:--+---,J,-i-C-=-1 +T=a+-=s:::eR-+-""'p~-+-::1::-:11:-+-=r-+-6-S-,°f!',~ clay-lined fracture 110n• 

S ~~$?~ 30-609' club 
•c,'I(';< 

60 ~o.i 
~. _.;e> • 2 cm wide clay-lined ■lickenaided ahear 

• 3 cm wide clay- and gravel-lined ■licken■ided 
■h■ar 

- 13:421-~-+---l---+-=-+"""!e'~+-,,,,,,-,,-+-:~+=--+-:-e-+-=--l-...... n~'il' c+-::,..,,.,=.,,..,,..,..,=,....=,----,-- ---,------,,--1 
.., 14,11 100 20 1 J Bl TH SR P V F 1. CONGLOMERATE; matrix ■upported, gravel 

from 1- 6 cm, clut, are rounded, 
compoaed of plutonica, quartsite, bualt 
and alate, matrix conaiata of dark p-ay 

----
j 

30-: -----
-
--

35--
--
---

--

.... 

.... .. ... 

.... .. 

.... ... 
--44' .. 58 Uij,,rn11-::=-=~"'fm~e-=-::-::t::-::o~--==---:-,·,.,,craa=-·,,.,n,.,,ed=-aan-d-,.,--,....,.----f 4 5~ 

BRECCIATED CLAYSTONE; medium dark 

. 

... 
-- - 14:35•1-----1----l---.+--,,-+-+,...,..,.,-+---+--+=~-=-4- --I 

~2 14:63 7ll 23 >10 J A VT - - Vlll F " "' 
- s ~ ~ ---.. .. .,, 

gray, plutic clay, trace gravel, very . _ 
weakly cemented, very cloaely aheared; 
!driller indicated that hole "1quna■• onto 
the roda] 

. 
-
-
---
-
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Lithic Description 

68 .;_,:,:, cmco FORMATION (Kc): 
;.;, ':"~ CONGLOMERATIC SANDSTONE; 

_ 16:201--+--+--+--,,--+---+,,..,...,.,+,.,,,,,.-+--,.--+-,---+-,,,---t---1~~ -dium ,ray, fine- ,o c:o&rH•,rained 
ag3 17:10 98 40 0.6 J A MM SR P 11 F ~8- ■and, aome p-avel azid ■ilt, w.il c:emen,ed, 

B TH 76 o';~ weakly friable, mauive with loc:aliud 
P:":7 ended beddin&, very dOHly 1paced jointa, 

60 ',~,( rounded c:lut■ from C:OUM-p-ained 1and 
V.~ ,o cravel c:olllilt of plutonic:■ and ■beand 

58 ,;~:,:., &nd warped ■late and quart&itt 
v.a·c. 

R95 1
1

7
6

'._~oOf--8-9-+-l-7-+-l-.4-+-J---t-A--1-T-H-+--S-R-+--
5
-+-n-+--F---t__.;.

7
0;;...i.:.,~ ~ 60% c:lut■ up to 6 c:m; (drillin& 1witebed to NQ 

• · : S ; : con u&i~ diamond imprepated bi,] 

l0/2E ~~ 
1/•.c, 
-A;~•:: - 10 c:m thick aanchtone layer 

62 ~ - 0.4 m wide cxtnmely dOHly ,paced joint■ 
- 16:6G........,.,,.......t--+--+-...,,.....+,.......+=-+----+---+---+----t---lola~ within 10f\ p-ay clay IOUP aone 
Rff U:64 96 44 2 J Bl TH SR S 11 F ~ .. ~• 

l0/27 s v •1!!, - 2 mm wide open and calcite-lined joint 
80 ~--~ 
60 ~ ,oi c:lut■ 

i£,.~'1 
30 ~ - 6 cm wide extremely cloeely ■heared and 

1tW ~::!: f-=-33::-1r-o:--l-3::-_-:g+-.J:--l-:A:--lhy:-::T=-lr-::5:--l--=p:-i--v:-::-1 +-;:F:-+~=--i~~ijli;,-.~ •• ~ ■lic:kemided ■iltatone layer 
s ,,o, • (core blocked off by ■beared quarlsite duta) 

:i: ,11• 

------
--.ss----------

460---
---

- a 

-
J65---------

-47l -
.. . . 

,o ' ,· :· 70: 
- 2 mm wide p-ay clay-lined alicken■ided ■bear _ 

_ 1e:10+-::~+-=-=-+---=--+---=--+-=~t-:-:=-t-:=--t-:=--"=:::-t-::-,i--,.;.1.;;.o-lil .... ,.. _ 
: R.98 ie:36 89 17 3 J Cl VT S P Vlll F ~a•; ~ : 

: 50 ~ : 
: 10 ~~ •• ~ : 
~47; i ~ -(2) 6 mm wide day-lined jointa 175-- ~~'.~- r,:~,.,,,,,,....,,..,....,.,,,,.,,,....,.,,,,.,,,..--,-------,---,---+ -
,. ,..,....,,..,,. H:591-.-,~+-:=-+-...,,.....+=-+-+~-+--+--4--l---::,.......,f--c;;i~~i?.";u'I, CONGLOMERATE; mairix ■upponed, p-avel -
: R-9~ llo/

2
• lOO 75 0 B • M • - - F ~ from 1-6 c:m, duta an rounded, mairix : 

.. RlOO 10:1•1~ ,_l_O_O-i--27_.1--3_.1--J-.,-D-l-i-T-H_.1--S_._p_.1--ll_._F--1---1:::i~<?~ c:on■i■t■ of dark ,ray fine- to _ 
- W 22 c:oar■e-,rained aand _ 
: 78 ·~t~ -quart■ite cobble to 16 c:ni : 

_ ' SANDSTONE; medium li&ht &BY, fine- to _ 
-481 • medium-,rained aand, 10me ■U& and 80-
- ► I coane-,rained ■and, trace fin• ,ravel, -
: ag ~ poorly c:emented, moderately friable, -~ 
_ ;:-:-:-:- 10:2111---+--+--+---+---+-=--+---+---+-----+---1--- mu■ive, c:lOH)y ■pac:ed jointa _ 
- Al01 U:06 86 0 2 J Cl TH S P ll F :,.-
- S w- VI 70 ""o'?,: 
: _ 60 ~ - cobble& from 10 cm to 16 cm 

,o., 
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:II • 

Page No.: 

Structural/Discontinuit~ 
Description -:::11--~-~-~-~-----~-~-~ ::,u 

cc Cl'I :II 
,..., . 

15 of 26 

Q,I ... ...., 
.i; • D. 

0 z 
C 
:, 

-QI 
.::, 
C 0-
0 QI 
UL.. 
IIILI.. 

DI 
C 

Cl'I • 
Q,I -

.f ; 
DI 
QI 

C ...., 
.i; 
u • Q,I 

Lithic Description 

-

GI 
C 

-49( 

0:: 

C 

u 
"' D. 

Cl) 

,,. . C 
:, "' 
0 -

0:: D.. 
0. c}!i 

C 

;-::~; CHICO l'OBMATION (Kc): S.. above 

70 ~~-:;.;; CONGLOMERATE; mairix aupporied, fine to 
12:25 :"i~ iuiii 
12

:(S~g""7-t-""'67,...-+-0-.6-+-,,-J-+-..,..B-l--+-MM--,,+-S,-,R-+-S---+-,-V.,,..l-t--,,F,--..!--r 5.J., coane sravel and cobblu (60·80") to 5 
;q0 ::~ cm, cluu are rounded and abeared, 
1s·~ · compoeed or pluionica, quari&ite, alr.ie and 
19

9
q, bur.Ii, matrix conaiau of mediwn dark 

"'c. •. IRY, fine- io c:oane-srr,ined aand and ailt 

-
60 ~f'.: that ia poorly camenied and very friable, 

- 50 .A';\,._<J muaive 
- Ile± 
: Rl03 ~::~~l--=7~(-+-=5"'5-+-=0-.6~---=J--+-C~l +.T=,H:-:--11-S""R=,-l--=S~+--,l"'I-+""'F=,-,+---P;iy~~~S:i!./;I, • dark ,neniah IRY clay-lined ■hear 

: 1·oo CLAYEY SILTSTONE; olive black, elutic ailt 
- • and plutic clay, well cemented, muaive, 
,:49' acaitered irreJUlar join&■ 

: j_,. ---
... ~ 13:(21---+--+-------------------~-~.( 
,.. tUOt U:13 83 59 0.8 J A TH S P VI F --.o;:, 
,- ~v, 
... B VT 70 '·ti:~4 ""50.,,..-'"'6""0"'%,..cluu up to 2 cm - I~'"- -2 mm wide IRY clay-lined joint 
- 58 --SO( . o, , • 8 cm thick fine-snined nndatone lr.yer 

: 
58 ~~. - O..S m thick fine-srained aaadatone layer 

"'" _ l(:20t-:-::::::-t-:::-+--::--+--;--+-:-+.=+-::-+-:::-:--t--:-:--+-::--+--i;"~~., 
,- IR.105 U:-&8 100 38 6 J A VT R W V F :~ 
... L D ~ • 0..S m thick dark sraY cravelly aUtatone layer 

: S ;;

1
~ · 0.3 m wide extremely clOHly aheared sc,ne with 

,-. ; ' abeared slate cobble to 8 cm, cr.lcite-lined 
,- - 15:00t-:::-::-t-::::-t--':""""-t---:-+-;---t-:=+=+-::--t--::--+-=-+---r.,at;; ,·ointa 
-so•Rl06 15:30 100 33 l J A TH SR P II F ~~· 

~ i~ 709' cluu up io 2 cm 

..., 16:401--+-,-+---+-..,,...-+-,,,,.--+-,=-+---4---4---4----+-S-O-JiJ~1]l~~ .... 7 - 15 cm thick 1andatone layer 
: !U07 15:55 01 79 2 J Bl TH SR P II F ~~:~ 
: B 

65 
j~ ""50.,,..-'"'6""0""9',..duta up to 1 cm 

,.. ~ - 15 cm thick irre1Ular olive black 1ilt1tone layer 

~SH 30 ~ 
~~ ... ... ... ... 

... ... 
-
-SI' ... . 
... 
-------..... 

16:161--,-,,.,,....+-,,.,,-+-,.....,....-+--,,--+--,-+=-+-=4-..,...4 ...... 4-,..--+--l....._• eJ '• • 15 cm pluionic d•t 
Rl08 16:35 100 56 1.1 J A TH SR. P IJ F _).,~< 

S 
25 

~-~ -60---70"""9'.,..dut, 

~-:-: 

~~l 
85 .<J.~ 

lG:5l ~_f.! - 1 mm wide clay-lined joint 
~~7:lOt-::-66::-i--2::-::9:-+-:-1-::,5+-;Jrl-;;B::-:l:-+~T:;-;H+,S;;-;R.rl-;p;::--~ll;--t-..F-+--~~~-

~0/2S S ~ 
~i~ -15 cm thick sandstone layer 
6~. •:• 

----
---

190-: ---

J -----
---

100--
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" .... 
cu 
cu 
~ ..... 
.I:. .... 
2-
c 

. 
0 z 
C :, 

C: 

" ;:,.: ..... 
:n 
L cu 
> 
0 u 
cu 

C: 

cu 
L 
8 

" X ..... 

8 
C: 

:n 
+

Struct1.tt-al/O.is~ontinuity 
uescr1pt10n 

->1--~-....--...... -"T'"--,----,---,---,.-~ 
:, 0 
cc -cu 

+:::, 
CO' 
CCII 
UL 
llll.L. 

C 

D) 
C 

u 
Ill 
Q. 

en 

Ill 
Ill cu 
C 

i 
:, 
0 

C: 

; 
C 
Ill 

C. 

DI 
C 

C. 
GI 
.r; .... 
Ill 
GI 
:l 

" . 
DI 
QI 

C ...., 
Q. 

C 

.I:. u .... 
GI 

~ 

Lithic Description 

V-'-.:,.- CHICO FORMATION (Kc): CONGLOMERATE; 
~j matrix 1upponed, fine to coane ,ravel 

---

- OT:231--+----+--+--,--+---+=e-+..,,.,,-+...,,,.--+....,.,,---,1....,,,-;1--~ _ .. ,~ (60-70"), trace cobblu, club an 
RllO ~7':44 100 66 0.2 J A TH SR P 11 F ,,,-;-,._ rounded, 1beared and warped, compoeed 

S Vlll ,:..~~:; of plutonica, quarbite, bualt and slate, 
p..:. '(/ matrix comiab of medium dark rray fine• 

70 /·:~ to coane-rrained ■and 
:::..52 "7':5S1--+--+---+--+,.....+,----+--+--=--+--,---+-~---V")JJ?:> '. 
,... R.111 ~:07 83 60 2 J Bl VT S p II F ~-. - 2 cm wide olive ,ray clay- lined ■bur 
,_ ; - 16 cm wide con&lomemic ■and■tone layer 
1-

: 1R112:;!!,1--+--+-2-.2-+-J,--+-,c,-1-+""v""T-+""s,--+-,P,--+-,l,,..I-+-=r,--1---,1·..: '°" duu ••'°•rm 

~JI SR S ,j;. 
,... o~· 

~ : 1,.-_""1nio•:s2....,,.,,...+---+,--+--,--+=-+==-+-,,.--+--,,,---t...,,.,~"""".....,1--~ , .. Q 
,_ Rl1Si09:U 88 12 1.4 J Cl TH S P VI F S5 ~--'?, - 20 cm thick ■and■tone layer 

... 11/3 i:1 
~ 

60 
'it~) -3 mm wide clay-lined joiDb 

~3 ·~=~ L. ., •· ~ SO% dub up to S cm 
,... 1--~~~-:341--+---+---+---+---+----l----+----I----II--I--O~ ~ 
.. ~ 10:22 89 89 0 - - MM - - - F o,i,._1> • S0-40n club up to 1 cm 
~ IR115 10:27 95 72 0.8 J A TH S P III F ,~{ =-=,,.,.. 

: 10:54 56 ,~ ~ :~ ~o:: ::.bd::: ~~=-t aupponed 

-S41 .. -- ~ ~ -.. ~ ll:18t--::-=-t-::':""-t---:-,+-:-+::':"-t-=:-+-::::-+-:::-t-:-:-:--i---:::--II--IS''~- ,. 
.... inl16 11:40 97 S2 1 . J Bl TH SR P VJ F ~ - coniorwd beddinc 

W f %~ matrix eupponed, l"Nlliah ,ray ■ilt 
60 §?.7.i 

-S4' - '• 

---------
~25---------

- . 
-~3s---
-----
-

14~ ---------
145---I BRECClA; matrix ■upponed, ,ravel up to S cm, 

club are ancwar and ■heared, mairix 
conaia•• of reddiah brown dav and 

11:M - ' 
Rli7 1':«.....,.8""9-+-..-11:-1--=o--t--=-s--t--_ --t--_-t-_---i~w;-1-_-1--F::-1---:~:u.-.::"'-:~=-:::;-co-:::ane=:;-::-rraan::-:-:=· ::::-ed-n.n-:-d~--~:---:-:--:----f 

40 :,_ .., CONGLOMERATE; matrix ■upponed, cobbla 

---

1-... ... ... 
,_ 
... ... .. 

D. ~ rounded, abeared and warped, matrix 
_ con■iata of ■ih and day, very cloaely 

abeared 

---
so-= 

1"11 with intentitial ,ravel (80"), dub are 

----- U:10~::-=-+-:::--+--=-+-::-+-+--+--+~:-t---1-.:--11--l!C'~!t-::=-:-:-:==:-:::-=:==---:--:----:--:-:---,---:-~ 
iRllllJ.1:SO 100 05 0 S • • - W - F :fr, GRAVELLY GOUGE; rr■yiah red, hich plulic 

--
11/4 ~ clay with ailt, aome coarae-p-ained aand 

50 -• and ,ravel, cluu are rounded, ■beared 

~ ll··•D t--::::-+-::::-t--::-1--::-it--t--;---~;;-;--t--+-;:-+--fi~i:.=~~ and warped, very clDHly ■paced chaotic _ ...,. ~e and undulator:, ahur■ 
IR119 12:04 77 65 0 S - - - W - F ~ 

-

JJJ 
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" Structlfr.a I /0. i sc.ont i nu i ty X :JI ..., escr1pt10n ,.... 
::,i ... ... ... -0,.... 
L -::,t "'-Ill . Cl/I Ill " :,u 

IJI ,.... 111111 Ill 0 UH. X cc .... Ill ::,i I-> Ip z ,.c > ..., -GI GIL IJI Ill ... • UI C . ..., C'-' 0 +-:I (I) Qj C Qj - +-c: - IJI .c Lithic Description LL .c C -a, u 0 Ctr Qj +- - C L a-!: L Qj u GI Cl/ ... :, . me Ill C OQI Q. ,..u u .c Ill Ill 0 ... ~+-
Q. 0: GI-- 0: 0: UL :JI clll Ill IJI . C 

u- .c ..., Ill ~ Ill CCI- UlU. I- _L Q. :, Ill Ill= ... .x. GI glll Ill Q. Cl) C L - 1-).c (I) 0 - ~ GI - a. 
8 0 u 0: Q.. ::J: 0 

... -cs I CHICO FORMATION (Kc): GRA YELL Y -... GOUGE; ,rayiab red, hich plutic clay -... 70 with SO% ,ravel-1iHd, 1heared and 3 ... 12:16 ... R.120 16:47 g7 65 1 J A MM SR s V F 

I 
■battered plutonie duu to 6 em, 

... '1/10 F R MW 60 l completely ■beared 

6J 
... 

CLA YSTONE; dark Cl'ffJlilb ,ray, very fine ... 
,rained, well cemented, donly ■paced 2 ... 

'-561 \ mm wide c:alc:iie-lined joint• ... 
GRANODIORITE (sd): lisbt ,ray and pale J - ,Y,, 

... ~ sreen, medium sramed, quart&, fekbpar, 7 16:41 -- and biotit• with local ehlorite alteration, ... 
IR.121 j__;<f 7 ... 10:-CO 80 63 1.2 J Bl TH SR w V MW trace pyrite, mU1ive with local sneia■it 7 ~ F D foliation 80 ,-, J ... s ~ - Ii mm wide wavy calcite-lined joint I - 7 - 86 

~ 
· irresular and dilcontinuoUI calcite-lined and .., 

-56' iron ■tained jointa ~65~ -... ... 
7 ... 

IR.122 
11:17 

~ 
J ... U:11 100 0 10 J Cl VT SR s VI MW ... V 1 ... - completely altered, senerally P'fflliah sr&Y - -

•7~ 

... 

~ 
adjacent joint■, Katiered calcite-lined -57, joint■ .... ... 

J ... 
• S mm wide chlorite(?)-linecl joint ~ 

IR123 
1":36 i ... 16:17 98 "2 1.4 J Cl TH SR s VII MW - : 

... w 'I• J ... I 'I ~ ... 
~ • 16 mm wide cblorite(?)-lined joint ..; 

--57• 1757 - It, I 

~ -
~ • 22 mm wide wavy altered sone adjacent 1 mm -- IR.124 

15:SS r,L ", wide calcite ·lined joint - 16:10 92 0 6 J A VT SR s vu HW 

~ ~ ... L w VIII very cl011ly ■paced day-lined joint■ up to 20 mm - wide, joint■ locally 1urrounded by ~ -... alteration 
'-581 I I , 

8°1 ... ... 

~ 
... 

~ ... imi 16:SO 
: ~: • 6 mm wide calcite-lined joint ... 16:62 100 15 6 J E VT SR s vu HW -I ... L w VIII joint. infilled with clay and calcite, completely ~ ... 

friable ... 
~ -; ... 
~ \ 

.., 
--58' ,',· ~85-j ... ,. 

~ ... .... ... \ I 
7 ... 17:05 

~ 
.. 

iIT'26 !07:40 100 26 s J Cl VT SR s vu HW 7 ... .... ... ~1/1: p VIII moderately friable and blocky, joint■ primarily 7 ~ lined with calcite and clay J ... 
• 7 mm wide calcite-lined joint I ... 

- 7 . 
Jj ,,;,v 
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~ :,i ,... ,... 
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Q/ . CIII L 
" ::,u 

Q/ 0 LL.IL 
Q/ X cc 

Ip z ,.c > ..., -GI ..., C"" 0 .::, 
.I:. C -QI u 0 CO'" QI 

• ::, me Q/ 0 CCII 11. 
11. a: .,._ a: a: UL :JI 
Q/ 0- 11'11.L. I-

QI C '- -
8 C 

... ... .. - I07:5' ... R127 IOB:21 ~ 22 3 J ... 
--.. ... 
::-s9! .. .. .. 

Rm 
08:35 ... 09:22 100 67 1.2 J .. .. -... 

r-601 .. .. 
- 09:(0 .. R129 10:05 100 TT 2 J 
----
~o· ---- 10:20 
- Rl30 10:(7 100 89 30 J 

----
r-6}1 .. ... 

11:00 .. 
1R1a1 ... 13:U 100 100 6 J ... .. ... .. .. 

r-61' ... ,. 
... ... 

R132 
lS:23 .. 13:58 100 62 " J .. ... .. ... ... 

r-621 .. ... 1(:11 .. Rm 1":(0 100 Tl 3 J .. 
'" .. .. 
... 
... --

U.t., 
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Structlffa I ✓D.i sc.ont i nu i tw 
escr1pt10n 

.... 1/1 :,i 1:11 " QIL 1:11 1/1 ... •a, C . 
ci,QI C ~ - •c - 1:11 .I:. Lithic Description ... - C L a!: '- QI u 
.u u .c ID QI 0 • clD Ill CJ> C u= .I:. ..., QI 
-'- 0. :, Ill Ill..;. • ~ 0111 Ill 0. ..,.c Cl) 0 - cU- QI 

(.J a: 0.. :z C 
~.., GB.ANODIOlllTE (sd): wbi&e and pale snen, 
R .. ft 
i medium ,rained, quart&, feldspar, and 
,'- . chlorite/biotite, ,race pyrik, muaive with D1 VT SR s VII MW 

~ p 68 localised peiMic foliuion, cloNly spaced 

- day- and calcik-liaed joinia; roqh joint ~,, @I 691' with akpe up to 3 mm ~h 
65 

\ ,,'✓ 
f-<f · 1enerally pale Jl'ffn with acatkNd white to li1M 

~~ 
sray quarts and feldapar p-aina 

' , 
A TH s p VI SW 30 -1 - 3 mm wide clay-lined joint with T mm wide V ,s t!-.' chlorit• son• adjacent, acaitend l mm 

', J~ 
wide, ti1htly healed chlori&e-lined chaotic 

.,. I joinia 
66 - \ ~· ,_ ~v. dualr.y yellowiah J1'ffll and whiw 

v-A Bl TH SR p V SW 60 

~ s 1.6 m thick aone with 60 d•ll'M clippinJ joinia 
80 

, 

~~ 
fine srained 

60 

~~ I- medium ,rained, Sl'Mniah ,ray and white 
E VT s p VII SW 65 ✓ ' I • w - J ,a , _-

~--., 
- localised peiaaic foliation 

~~ ,..... _ ,, .. 
-- .. ,.A 

- Ii mm wide calcite-lined and open joinl 

I 
E VT s p VII FW 60 

- Mi of&, Ii mm wide calciw-lined joinia ,o 
- Mt of 2, 7 mm wide calcite- liaed joinia 

- 10 mm wide calcite-lined joint o&et Ii mm by TO 

~ 6 mm wide chlorite- and calci,e-lined 

~ 
joint 

- 6 mm wide calcite-lined joint Dl VT s p VII FW 78 ., ' -SR w ' 
~ 

very cloHly ■paced calcite- and chlori,e-lined 
"8 

i 
joints, aome locally liJb&ly healed 

80 
I 

I -D1 VT SR p vu FW -1 

~ 
- 2-10 mm wide calciie-lined joint R s 85 

- 12 mm wide calcite-lined joint 

,~~ - 0.3 m wide extremely closely apaced fraciun 
~ 1011e, joinia up io 2& mm wide 

• UI_ 
QI ID 
I-> 
LL 
QI~ ~· ~ 

0.. 

---------
~95----------
00------------
05----------

DlO----------
plS----------
1p20-----

·-------.... ., 
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0. 0:: a,.- 0:: 0:: UL :,i 

QI ~ 114. ... 
C QI -L 

8 C 

.. - 16:02 - litrn 16:00 100 76 2 J ------r-63( -- 16;17 - Rm 16:33 100 45 2 J ------r-63' -- iffis 
16:45 

- 100 100 2 J 
- ~ 

- iITs'1 U/U 100 32 4 -
J - ~:23 -----641 ---- "":39 

- R138 ~9:67 100 23 2.6 J 
---
1-64' .. .. 
I-... 

IR139 
10:11 ... 10:46 100 42 2.6 J .. F .. .. ... 

f-651 -I-... 
~ liuo 

10:69 
~ 11:19 100 7 3 J ... F ... --f-65' ... 
I-... 11:33 

llil - 100 43 2.8 J U :06 - F .. ... ... .. 
,-
vv 
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Str-uctlfra I /0. i »c.ont i nu i t1,1 
e»cr-1pt10n 

+- • 1/1 :,i 01 ,... 
QIL C . 0) Ill +- •a, - DI .c U) QI C GI - +-c; 

L QI u Lith ic Description +- - C L c_ 
+-u u ..c: l'U 

o_ GI 0 +-
cfll I'll 0) C u_ .c ..., QI 

--~ 0. ::, l'U 111_ +- .:it 
U) 0 - cl'- l'U 0. U) D..c: QI -... u 0:: Q. ::i 0 

~- CRANODIORITE (sd): white and dark ,rayiah 

- ~ J~ 
snen, medium lfl'&ined, altered quart&, 

Cl VT SR p VII FW felcbpar, and c.blori&e/biotite, trace pyrite, 20 ~ muain with localised rneiaaic foliation , 
60 .. I .._ cloaely ■paced clay• and calcite-lined 

~ joint■; alep■ up lo 10 mm hich alone - ... rough 3 mm wide calcite lined joint a t , ... ~ i.>:,- 626 ' 
, .. ,,' 
' .... Bl VT SR p VII FW ,, I; 

s 40 

~~ 87 - 7 mm wide calcite-lined joint ,, -
~ I 

" I It I ~---
~ - 2 cm &hick sn•iaaic bandinc, irNcular chaotic A TH SR 16 

calcite-lined joint■ 
Bl VT s p V FW 

VI ~ l m thick fractura aoo• with 12 parall•l jointa up 
~ to 1 mm wide, calcite- and clay- lin• d, _ 

inclined from 65-62 cl•peu 

\'-I I ,. 

~ Rf: 

Cl VT s 80 
,.. ... .,. ~,. ,,,x 
~ 40 

- acaUered tichtly htal•d di■continuou, jointa ' . 
80 ~~ I\',-p..-1. DI VT s s II FW 26 

SR D III ,-:): 
p 66 

~ 
• 36 mm wide white quart& vein 

,_, I 

\ 
' ~ - 1 mm wide calcite-lined j oint 

~~ \ , , 
Dl VT s p 11 FW 70 ._ ... , ~ 

D 
60 It \ ~ 

~ - (2) & mm wide pink calcite- lined jointa 

-1J 1urrounded by cblorile halo 
+ ,, 
, , .... ,✓.. - localised cneillic bandinc 
~ ... .. 

Cl VT s p I FW W V 1/- I .... ,_ 
D II - paru alone 6.6 cm thick pei■aic foliation 40 ; i_:; 

?;.- • h•aled up lo 2 mm wide calcit•- lined joint 

~ • acattered diacontinuou, t ichtly h•aled 
65 

di■continuou■ calcite-lined joint. 

+-.,._ 
QI I'll 
... :> 
Lt. 
CII QI 

.:,;+-

~ 
Q. 

-
-
-----
--

1130-
J 
---
----

1)35-----
-----

>40----------
•D45----

---
-
-
-

D50-. . 
---
J 
--ss-------
-
-

rA I ,..,., 
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GI . C Ill QI 

,-.. ::,u 0) ,-.. GI I'll 
GI 0 u.l '- X cc ... Ill ::n ....> ... z ,.c > ..., -QI GI'- 0) Ill .. •u, C . ..., C"" 0 +-:I Cl) QI C GI - +-c - C) .c Lithic Description L '-
.c C -GI u 0 co- QI .. - C L &= '- QI u GI GI 

GI 0. .. u QI 0 .. .:it. .. .. ::, ic,,e 0:: C 0 QI ::n u J:. ,,, u- .c ..., GI 0. 0:: ~ 0:: UL c"' IV DI C ·~ 
GI ~ ~ 

.... -'- 0. :, ,,, 111= .. .:it. 
0 GI o"' en 0 - d'- ftl 0. en 0.. 

'- C ..,.c a:: 0.. 
QI 

8 (,J :z C 

... ~-,~~ GRANODIORITE (sd): whiie and dark ,rayub -... V;: \ ,nen, medium ,rained, altered quarts;, -... 14:20 80 leldapar, and chloriie/biotite, trace pyrite, -... iITii 14:40 100 69 l J Bl TH s p II F .... ,., \ 
mu1ive with loe&liNd peiaaic foliaiion, -... 45 \ \ .... -... ~:.., douly apaced clay- and ca.lcite•lined -.. 7,) ;oinb -... - diaconiinuoua quarts; vein -... --1\ -

t-66' 1/, /) - 2.5 cm wide rneiaaic foliation 1>65-- .. 80 i...;w, -- .. e,, ..... -- R14S 
14:55 

~ 
-

l&:24 100 6S 0.8 J A TH s p I F 

,1~ 

- H - tichtly healed chlorite- lined joint 

- I - 12 
J - faint-men chlorite-lined joint - ~1, - so 

-671 
.. .,,, -

- ff(~ - _, white and P'fflUlh black 
- iu« 

lfi:U \ . 
- 16:16 100 86 0.6 J A MM s p VII F ~,,, 
- ~ 

moderately clouly apaced, tichtly healed -- 45 chlorite-lined, up to 10 mm wide jointa -- -- - -- - '•· -
-67' , ' \ )75-

I~~ - ~-- -- 66 -- ii« 
16:Sl \ ... - S mm wide, tichtly healed, ca.lcite- and -- 16:50 100 80 0.6 J A MM s p I F ~ -- Vil 1- chlorite-lined joint -- 70 I ,1 -- :--: ., -- ,>, -- ' - -

t-681 ._. I \ - 8 mm wide ca.lcite-lined joint ·~80-... 42 v ,_ 
- parta alone cn•iaaic foliation 

. ... 
~ 

17:05 -✓- . ... 107:&l 100 112 1 J Bl MM s p VII F --I::,.""".,., . .. 111/U ,, I - 20 mm wide fnduN r.one, S mm wide 
. 

... . - .. , \ . calcite-lined joint with chloriie halo . 

... so v'\• -... 50 
I,. I -, . - ln• :15 ~~. -

r-68. IR.147 108:28 100 50 0 .4 J A TH s p VII F '·. 85-... I - -... 40 
~~ - 10 mm wide calcite- and chlorite-lined joint -... iffii 

IOU& -... 109:20 100 67 1.2 J A TH s p V F 
,_,_ -... R s 

80 ~ 
cloaely ■paced, iicbtly healed, up io S mm wida -- ca.lcite- and chlorite- lined jointa -... - 10 mm wide rouch calcite-lined joini with 10 -... ,,_ -- ~ mm hich 1tep1 . 

f-691 ~ 1,90-.... -- lnft:S6 i.-,( -.. RUii l<Kl:55 100 66 0.6 J A MM SR s V F 

~ 
-... - 20 cm wide, chaotic, tichtly healed, -.. 

I- 50 N ,., chlorite-lined fractuN son• ... :I..,! 

-~ 
... 

I-~ ... .. ... 
.,.,. ,., ., 
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,0) ,..., +- • Ill ::n QIL C . 
0) Ill .. • 0) - 0) .c u, GI C QI - +-c Lithic Description +- - C L ~ L QI 0 

+O 0 .c ,0 QI 0 +-
c'° ,0 DI . C u- .c .... QI 
_L ll. ::, ,0 Ill= +- .Jtl. 

o"' U) 0 - cLi. Ill Cl. (I) 
..,.c a:: Q. QI 

u :I C 
,, - GBANODIORITE (sd): white and rreeniah -/~ black, medium ,rained - .. .. - - F ~\ ~ 

45 
I /~ - cneiuic: foliation 

A MM s p V F ?;:. 
40 

~ 
- 7 mm wide tni.naluc:ent pale men 

mineral- lined joint 

~ I , 
- 2 mm wide chlorih-lined joint ~ 60 ,, 

45 ,, I ; 
~,<-

A MM s p V F VI,, 
VII 

50 ✓ ..... .,✓ 
15 ===== - 2 mm wide c:hlorite-lined joint ,,,., 
35 ~ ..... ,, 

'?~ 
~ -

TO 

I Bl TH SR. p V F 
clonly 1paced, locally tirhtly healed, up to 6 mm 

wide, calcite-, chlorite- and pale peen 
mineral-lined joint. · · -

\ 
I,,\ 
~< 6 

~ - 3 mm wide open aad cry1talline calc:ite-lined 45 

" joint 
A TH s p 1 F v .. 1 

V 65 '·-~ 35 
- 10 mm wide, tirbtly healed, calcite-lined joint ~, ,, _, 

;, .!-:'. 
v,-40 I,. I 

A TH s p VII F c,'✓-SR s - 20 mm wide, t ichtly healed, licht P"Nn 40 ~ mineral-lined joint 
70 ,, 

• mafic: minaral-lined joint 

~ - 30 mm wide cneiuic: foliation 30 
I ' • 50 mm wide, ti1htly healed, li1bt men , .. ~ .. mineral- lined joini / I 

Bl TH s w Vll F ~ • 12 mm wide, tirhtly healed, li1ht men 
p 40 mineral- lined joint 

~ - 30 mm wide, iirhtly healed, licht men 

;!.~ mineral-lined joint 

,, ~ 

~ - - - - - F - · • I 

Cl TH SR w V F r,? '-1 • 0 .3 m wide hi1hly aliered scme c:ompottd s 45 .. -I 
.. <rii ,I , chiefly of feldapu-, lirhi men mineral, 
~~ .. 

35 
, and chloriie 
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Lithic Description 

'- •- GRANODIOB.ITE (id): whi\e and l'ffZUlh 
~ '..1 black, medi\lDI ,rained 

:::-:-= OG:Olit-,,,,,..,...,~,-+--+-.,..--+"="-+-=,-+-==+-==--+-...-+-=-+---t'..:~ 
n.ug ~G:25 100 ,s l S Cl TH SR W V F ✓-, 1'• p 60 r-:::f', - 1li cm wide fractuN aone lined with chlorit• 

,o ~, ,-
i,•J 
~-(i - uc:uate joint. lined with N1"P911tine 

)~.~ 
-OG:ss-----------+----+---+--+------~ ~ 
Rl60 10:t! 100 64 2 J Bl TH SR S V F ~~ 

60 ~- \-

,o ~ - 2 mm wide, roush and a\epped, chlorin-linec:I 

;-'~ joint ,,,., 
50 .>Ci, 

10:S7t-:-:=--=-T"":,-::--+--.--=-=--+-=,-t-...,,,.-+-=-+-.--~----r-_ \I' iuiI 11:20 100 ,6 1.6 J Cl TH S P V F '~ \ 
F ,o ~ ,-,. 

~,(--
46 V,;\1 .. -., ~,-, 

;, ,-
~ ~ .. 

11 :SO i..--c-' .. "!: Rl6i n:o81-1=-=o~o~li:-:6~--1--.4-t--:J,-+-:B:-:1~-=T:-::H:-+--,,s,-+-p=-+-=v,.,......~r,-+--f'I·, -'= 
F SR S M1 

•'+"t-,,,_ .. 
50 ~ 
20 1n!; 

- 12:20 !"'"">' R163 14:Ut-1--0--0,-+-66--+--2-+-,,.J--+--c--1-+-""'T""H:-+--s--t-w----+---v-+-F---+--~; .. '. 1 

- 15 cm wide fine-crained pyiah olive snen 
aberaiion aone 

- 15 cm wide fine-Cf'ained ,rayiah yellow peen 
altuation 1oOne with COVH c:ryatalline 
calcih 

- paru alons foliation 
- acaUeNd pyrite sraim \o 1 mm 

p 48 ~''.~ H _ locally tiahtly healed, chaotic joints lined with 
chlorih and lisht sreen mineral 

78 '~f 
~~; - 1':27~~1-:-=---t--=--t--:--t--,:::-:--r::-::::-1--:--t--=:-t--:,,-f-::--t---&;lc:'11 

R164 14:47 100 46 S J D 1 VT S W V F , ' 
P :: ~ - irnrular quan1 Marn 

,-,. .. , 
'l .. t1 

R165 ~:~;t-:-:
100

::-=-t-:1-:-
4
-t--:2::--t--J:--t--;:c:-:-1-t-:T::-;H;-t--:5::-~w:-:-t-:v-:--t-:F::-t----l.1~1_::~ - abundant lisM snen minerala 

~ 70 ~ 

60 ~ 
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Lithic Description 

GB.ANODIORITE (cd): white and rruniah 
black, medium ,rained, altered quart,, 
feldapar, and cblorite/biotite, trace pyrite, 
muaive with localiud peiNic foliation, 
cloaely 1paced aerpentine/chlorit•- uid 
calcite-lined joint■, locally tishtly healed 

~771 _ ~~,. 
_ l&:.CS rn ~~ • 10 mm wide, tishtly healed, chlorite-lined joint 
R16710g:oo1-l0-0-+-6-~-+-l-.8--+-J---1-B-l---1.-T-H-1--S-1--P-+--l -+-F--+-'ll,U,..-l?/~ ~ croucut by 2 mm wide irN,ulv and wavy 

~ ,_ V 68 ' ' calcite-lined joint 
111/2

1 ~ - ~ • chlorite alteration at contad ~ .. 
.... 70 ~ '.') 

1-n..i~ 
~ ~~~~ -77; 
: =-=!011:15 ~~t-::-1--::-t---;---t-~--t-=:-t--:::--t-~;-,;;-t:-;:;;-;-t---;w , 
.. Kl68lo11:33 100 0 3 J B VT S P U MW 60 l:1,~ 

~ 10:00 
~ D V 

BASALT DIKE; medium dark sray, apbanitic, 
moderately clOHly 1paced cblorite-lined 
jointl, vuiclu filled with cbloriie and 
white NOlite 

- ,ranodiorite indua.ion to 0.3 m 

- R1691oll:
37 

100 38 >5 J Dl VT R S ll MW ~,•: 

~ - ,ranodiorite inclua.ion to 13 cm 
~ ~ 
,-.7g

1 
~.i • fracturu are locally tisbtly healed 

: _ 10:06 ~ "rP.. · ,ranodiorite indua.ion to I ·cm 
: ~110 10:44'r7.10:::o:-t-.c-:-:o:-t-::1-:.s:-t--:J:--1-:c=:1:-t-=T~H:-t-S::R::-t--P=-+-::v-:-t-:s:::w::-+-

4
-
0

-iri~~'-l-ll..>;;l 

~ S Sl~ • ,ranodiorite inchuion to 10 cm 

: : 70 ~I,, GRANODIORITE: white and ,rayiah sreen, 
1- ~ medium ,rained, alkred quart&, feldapv, 
- and chlorite/biotite, trace pyrite, muaive 
:-78' 65 1 

with localiud peiuic foliation, cloaely 
10:571-:-::-::-+-::-:---t-"::"'""-t--:--t-~-r.=:-t--=--t--=-+.....,-+-::,-+---I~ ...... , t ap..:ed c:hlorita- and calc:ite·lined jointa, 

iu7i 11:37 100 52 2 J Bl TH S P V F ~\;I locally tichely healed, and up io 6 mm 
SR S Vil FW &O 1-;, \ wide 

D ~ 
w i-,-

-------

7 

70-, 
-; 

..: 

75-

"80-

~ - 13 mm wide, tichtly healed, cblorite•lined joint 
I I .._ •9o-= 

g ;_e.~ clonly ,paced, i.rreplar and diacontinuoua licht 
--79( -
: [in g;~~-100--t--6-0-+-2-....,J--C.,..-l-t-T=H-t--5,--+--P---+-V---+--F------r~,, brown calcite-lined joinl1 up lo 1 cm wide 
_ s _1p - 3 mm wide diacontinuoua calcite-lined joint 

- 20 " 

: 60 >'~ white and greeni■h black - , ,. - ~~ -79' 1· _-7.,. - ·~-- 12:22 ~=-=-+-::"'.""+-:~-t--:--t--::---+-=:-t--=--+-=-+-:-:-:,,.-+,-::,-+---1;,-... 1,, 
: Rl73 12:6-t 100 5' 1.2 J B TH S P VII F I , 1 _ 

- -13:00 ... - ,. . . 
_ Rl74 13:20 100 43 2.1 J Dl TH S p V F ~ - 12 mm wide mafic mineral• and chlorite-lined 

: :: ~ '~·-od .. __ ~ 



Client: PB/DMJM 

Project No.: 92-2050 

Boring No.: SM-5 
,.., 
N :,i ....,, ,.., 
:JI .. .. ~ L -:,i 

QI . Cl/I GI " fg QI 0 1.1.JL N > ... z 
·~ 0 

..., -cu 
'"' ~5-.r. C -GI u C a, 
+- :, UlE GI C OCII Q. 
Q. D: QI,- D: D: UL :JI 
QI 0- u-.. .... ., 

C '-
_B C 

.. .. 
~ 

13:U - [in - 13:50 100 ,1 2.4 J 
---.. 
~so· .. -.. U:05 
~ Rffi' 15:40 100 38 2.9 J .. .. .. 
,.. .. 
-811 .. 
-- 15:55 R177 - 16:10 100 ,o 1.8 J -.. .. 
~ ,.. 
:-SI! .. .. 

iffii 
16:30 ,.. 108:44 100 38 2.3 J ,.. 
P,1/2~ .. 

~ ,.. .. 
-821 --- - :oo 
- R.179 ~ :28 98 45 2 F - J -- 6 .. 
,.. 
-82. .. 0 .. 

""':•5 ,.. 
IR.180 100 71 1., J .. 10:10 .. 

,.. 
... .. 
~ 

... g31 .. .. 10:S0 .. iuii 12:0 100 H 3 J .. ... ... 
,.. .. 

13:00 ,- -ft .. .,_, 

LOG OF BORING SM-5 

Project 

Location: 

Page No.: 

Struct'g'a I /O.i sc.ont i nu i ty 
escr 1pt 10n 

CD ,.., ... 1/1 :JI GIL C . CJ) 1/1 +- •o, - OI .r. en! C Q/ - +-c - .E '- 6:: '- Q/ u .. u u Ill Q/ C +-
c:'° ,0 DI C: u_ .r. ..., II 
-'- Q. :, Ill Ill.;.. .. ~ 

c"' Ill A. cn cn 0 - ;;u. QI -~ 0:: Cl.. :z C 

I"/-
65 ~ I \ ,,, 

-:::_ I,< Cl TH SR p I F 30 
~~ s V li1 , • .!' 
--;'~ v_;;:: 
"-:f'"', ,-
' I -

~ A TH s p V F 
w Vil 60 I _. 

45 ,-.=: 
~, ,, .. ~ 
'"1' I 
✓~ :>N, 

60 ,., n 
- I A TH SR p V F 

~ D 40 
65 , ... ~ 

' ,,_ 

~ ,,-

I r;i: .-E TH s p V r 
VII 60 

72 ... 
' 

~ 40 . .... 
,I v, ,,_ 

I/_; 
I',,. ,. 

Bl TH s p V F 48 -;~ VT SR s VIII 30 ~ L w 
70 ''(: I 

~~. 
Bl TH s p VII r 

~ w 
50 

I ' 
2'0 ~-, 

, 1-

~ 
Bl TH s p V F ',') SR s ', . 

,~~ ~' ,- I ,_,;:. 

C Tbe Earth Terbmlogy 

-- Corporatioa 

Metro Red Line-Segment 3 

N4154583/E4181052 

24 of 26 

Lithic Description 

CRANODIORITE (sd); whiie and ,nenilh 
black, medium ,rained, &lier.cl quan~, 
feldspar, and chloriie/hiome, &nee pyrite, 
muaive wiih localiHd cnlillic foliation, 
cloaely 1paced chlorite- and ulciie•lined 
joint■, locally ii1htly healed, up to 6 mm 
wide 

- sneillie foliation to 5 cm 

• chlorite-lined joint io 16 mm 

white, li1hi cr&Y and ll'ffniab cr&Y 

- 3 mm wide calcite-lined and open joint 

- 20 mm wide, calcite- and cblorite-lined joint 

- peiNic foliation 

extremely dONly 1paced day/chlori\e• and 
calcite-lined fractun sone 

dON to very doeely ■paced, up to 7 mm wide, 
tichtly healed, calcite- and chlorite-lined 
joint■ 

- o., m wide fraduN ~n•, low an1le joint Ht up 
to 2 mm wide, lined with calcite and 
chloriie 
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Lithic Oescr-iption LL 
GI CU 
~+-

~ 
0... 

GRANODIORITE (id): white and cr-niah -
black, medium sra,ined -----

---
- >l mm wide wavy join& with chlorite below 40---- 12 cm wide , tightly healed, chlorite-lined -

fracture sone --- 2 mm wide, tightly healed, chlorite -lined join& ----- 20 mm wide, ti1hUy healed, chlorit.-lined joint -
~45-

- acaUered, tightly healed, up to 4 mm wide . . 
chlorite- and calcite-lined m.icrofault1 . 

. 
- 3-5 mm wide, chlorik-lined rou1h j oint, 1tep1 --up to 2 mm hirh -

- - --
~50----

- 5 mm wide, chlorite-lined joint --. 
. 
--

55--
- 10 mm wide, tightly healed, chlorite-lined join& -

-
-

- acatiered up io 12 mm wide, iighily healed, -
-

chlori&e-lined joint. -
- 10 cm wide, chlorite-lined ■bear aone --

860---
- 3 mm wide, ti1htly healed, chlorite-lined joint -

-
- 15 mm wide, chlorite- lined joint croucut by -

-tightly healed calcite-lined joint -
- 3 mm wide op.n joint --

~65----. . 

- 25 mm wide, tichtly healed, chlorite- lintd joint 
. 
-
-
-blaclt with very light rr•Y and white -
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... ~7- cmco FO.BMATIOH (Kc): CONGLOMERATE; JV -

~~ dark yellowilh oranae ma&rix, coarse • ... Qc, li pained, rounded to 1ubrounded p-avel : 
i--- 8:52 1--+--......,-4--4---+-=,..+-...... ...,._.-+...,,,,.~-=""""l----1~' and unall cobbla witb fine- to _ 
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35
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-35 -
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Lithic Descr iption 

CHICO FORMATION (Kc): 
CONGLOMERATIC SANDSTONE; 
mottled dark yellowiah oranr• and 
medium lirbi craY, fine- to coarae•srained 
arkoaic aand with f1J1e rravel, poorly 
(1ilica(?) cemented, muaive, very cloeely 
■paced (racture1 (rom 66-67.5' 

CONGLOMERATE; medium rr&Y matrix, 
cobbl .. with crave!, aome fine-srained 
aand and ailt , noncalcareoua cement, 
muaive, cluta composed of rranitic■ and 
quansite clut■ are 1heared and friable, 
matrix aupponed 

CONGLOMER.A.TIC SANDSTONE; medium 
lirbi rraY, fine- to meclium- srained sand 
with f1J1e rravel and ailt, poorly (ailica(?) 
cemented, muaive 

- -
- 3 mm wide healed fracture 

trace cobbl .. up to .3 m in diameter 

- 0.4 m thick conrlomerate layer 
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Lithic Description 

CHICO FORMATION (Kc): CONGLOMERATE; 
medium li&'ht CJ'IIY m&trix, cnvel and 
amall cobbla with fine- to 
medium-crain•d Hnd, trace ailt, poorly 
cemented, completely friable, mauive, 
mod■rately cloeely ■paced joinb, cluta 
compoHd of rranitica and quari&ite, clut 
auppor&ed, mairix ■upporled at 138' 

- 3 mm wide black clay-lined feature 

45 ~ - 15 cm thick fine- to madium-rrain■d ■andaton■ 
80 ij layer 
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• II 
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;,:J·,: with rounded cobbla up to 20 cm in 
.. ~,..._ diameter, ■om, rravel, trace ■ilt, weak .• µ. 
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72 ~.? clutl compo■ed of rranitic quarisite, and 

:O~~ bualt, clo■■ly apace jointa, clut 
~~ aupported 

-~15 ~ 
JU6 9:18 1-,-o-+-1-:7,-+-3-.-0-+--J---+-=B-t-,T=H+""s""R-+-=p-t-v=-1+-,Fe:-+---v.:&,t: 1on1 of very clo■ely apaced fracturu 

S SK ....t.,~-' ·--
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Lithic Description 

CHICO FORMATION (Kc):CONGLOMERATE; 
mairix medium licbi CRY, coarse p-ained, 
cravel and small cobbl• wiib fine- io 
medium-p-ained And, irace ■iii , 
noncalcanoua ceDMnt, mu■ive, 

1ubrounded duia compoaed of cranliic:a 
and mafic pluionic:a, very doaely ■paced 
day-lined ■bean, clut 1uppol1ed 

~17: ~ 
..., ,o. · 5 mm wide dark rr-nuh CRY day-lined 

... t-----=-=-+-=,-+....,,...,,,.-i--,,.......it--=,~+-:,......+-,.---+-,.---+--=-=-+-...,,....-+---c~v.~ c_·· msular ahear ._ - 9:45 tt{!)I 
..., R.38 9:55 go 65 l.6 J Bl TH S p II F -CO & 40 cm wide, CRY, fine- io medium-p-ained 
:: S ~ ■and.tone layer wiih very doaely ■paced 
... ~~:• . -~~ ~81 ~ 
... t1 • 10 cm wide fracture 90DI 

~ ~; 
:: - lO:061-....,....+----+-,....,,..-+--=--+-=--+-=➔--+--+.....,,,,...............,,,.......,~"" r::..._11:hj•~ 
~ IUII 10,12 100 3' 2.2 J Cl TH S~ P II F '° ~ -•rix .....-, 
;:-1s· :: ~1?:( 

= I .... .__ 10:2:sb:-:--+--;;--+;;-;:::+,-+-;:;-:-+-:.:..t-;;-;:;-t-;;;-i-;-~h;;-t-..u.i •n➔.~?Y.'C.-lh==-;-;::-:-:-=:-:--:=:-::-~====---:-:------1 
R40 10:32 93 0 3.0 J Cl TH SR P V F 1!2' CONGLOMERATIC SANDSTONE; medium .. .. .. 

--19 .. ... ... ... .. .. --.. 
--19' 
i-... ... ... 
I,. .. 
'-
i-.. 
--20( 
i.. ... ... ... -.. .. ... --.. ., 

D VI licht CRY, fme- to medium-p-ained ■and 
~ with rounded p-avel and eilt, poorly 

(ailica) cemented, mu■ive, doaely epaced 
joint■ lined wi&h white calche 

ARKOSIC SANDSTONE; medium CRY, fine• io 
~ medium-p-ained ■and with lilt, &race 

R41 !~::~~9~2-+---::o,-,~a=-=-o-t---=J-+--::c:--::1-+--:--:v=T:-+-""S"'R-+-"""s:---t-:-:II-+-=F-+---r~.~•: p-avel, poorly (eilica) cemented, mu■iv■, 
· D ao very doeely ■paced random joint■ 

. ' I. 
60 ?1 
~~ 
~~ 

70 -~ .. 
70 ~·.-. 

- ll:ll5t-::-=-+--::...-+-:-:::-t-;--+--::::-:--t-:-:=-t-:::--+--::--t-::~t-::=--t--~:~ 
R42 12:00 98 37 4.0 J Cl VT SR S II F ~1•~., -2 lar~•- (~ cm and 2 cm) calcite depo■iia alon1 

D V · . Join., 
J;· . .. ~ , 
to~;~) 
•·o . ':. . ,, 
P' • 
'.. : ~ ~-· .,___ 12:091--~+-.,.......+-,....,...+-=--+-,,,..,,.-+=e-+"'!!"!:-+-,,,.-+--:,,...............,,,....,~-{' D • 

R43 12:21 60 0 3.-6 J Cl TH SR ~ lJ -F i ~ 
.- - 6 mm wide clay-lined ahear , ...... 

. 
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Lithic Description 

70 :-..r::. cmco FORMATION (Kc): ARKOSIC 

75 
t\:'; SANDSTONE; medium ,ny, f.ine· to 
\ ''-' :~ mediwn•sn,ined nnd with ailt, trace 

,__ 12:•01--+----+--+-:--+-=---f-,,,,c:-+-=-+-=--+--==--+--=-+-
7
_o---irq_,.;:--·¾.. cnvel, poorly ( ailica) cemented, muaiva, 

R44 13:02 88 SB 0.6 J Bl TH S P II F ~o ~~ ~e_ry cloaely apaced random calcite-lined 
V .. ,;,;, .. " .- \ JOlntl 

: 4o .. :.0t CONGLOMERATE; medium ,ny, fine-crained 
.,_211 >'J..( :l aand and dark IJ'&Y aih matrix, ,ravel 
._ SO ~t with cobbl .. , noncalcareoua cement, 
: ~ 5lj muaive, rounded clutl compoaed or 
~ >trv ,nnodiorite, plaaioclue•ricli and 
- - 13:181-,,,,....+,,,..,,...+.,.....,,-+-:--+-=-:-1f--=,c:-+-::::-+,=-+-==--+--=-+--i~'.':lr~,._,.,1. mafic-rich plutonica, and quarhite, clut 
_ R45 16:00 sn 60 1.2 J Bl TH SR P II F 26 ~ii-:-•. aupported 
- B MM S 70 - 5 cm wide ■lickemided, srooved and aheand : ~ ~ ~~~ 

:-21 • o :--i 

~ =~ '; .,___ lfi :121-,,,....+-....,,..+-+--,,.-+---..,....,.....,...+-,,,.,,.....+-~-+--==-+-=-+---u.~ 
: R46 lfi :2S 1>7 •a 0.6 J A MM SR S II F •y.,d 

~ B L 62 ~ - 10 mm thiclr. clayey 111Ddatone layer 

.,_22I ~r1 ARKOSIC SANDSTONE; medium lisht snY, 
··• ,,.,,, fine• to medium-lf'&ined aand with ■ilt, ~ 

~ ... ... 
.... ... ... ... 
-22 
--------

-... ... 
-... 
.... 
~23~ 
.... 
.... ... 
.... 
.... 
~ 

.. " 

poorly (ailica) c•mented, laminated 
.,___ lfi:S61-~+---+--+--=--+---..,....,,...,...+-,,,=,-+--=--+--=-+-=-+-.. ~•n~,,-.~: bedding from 221', maaaive ~ow, 
R47 15:41 100 42 U J A MM SR S 11 F ~~ moderately clOHly apaced jomta 

p 60 t-.i>y;,'1-==.,,,.,,..=e=-,-::=--....------,----,-l 
65 ~~·.'; CONGLOMERATE; medium Jray matrix, cnvel 

and ,mall cobbl• with fine-grained ,and 
70 and silt, noncalcanoua cement, muaive, 

l~ rounded cluta compoMd of granitica and 

25 
~ • quartsite, clut aupported 

- lfi :691----~-~-4--::-+-..... +=4-,,..,,..4-...,,....4,...,..,.-+-,,,,-+--V.18~ 
R.48 16:0S 100 30 1.6 J Cl TH SR. ; II F ~ ~ 

60 
,-6 

• 20 cm thic:i: aandaton• layer, very cloaely 
jointed 

60 
0 ,;,,./( 

~:C 
..o ~ 

,__ 16:161--..,,....+,,,.,,...+,,....,+-:--+--,,~f--==-~=-+,=-+-==--+--=-+-~li'i"i:E!•~~. 
R4g 16:20 1>5 63 0.4 J A TH S P II F 

VIII :,'11 - 0 .4 m wide rra.nite boulder 

40 ' d.o 
60 O.'t - 2.5 cm wide clay-lined joint to ... 

ti." • 
...... , :-o. 

_ 16:351--~-4--+-...,,-+,,--+=4--::--4--=--+.....,,,,-+-=-+--LI.L...161", ~Cll,.....,..,=-e:-:,.,,....,=-,---~=-e,..,..,.,.,.....----------1 
R.50 16:44 100 33 2.0 J Bl TH S P II F 40 lb_;>.:::. ARKOSIC SANDSTONE; medium light CRY, 

SR W ~ · , fine- to medium-rrained aand with silt, 
. ·~· .' poorly (ailica) cemented, muaive, doaely 
·~· '•,- acaced ioint1 

--
-------10-: 
---

---
15---

-
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---

20---. 
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25---
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Lithic Description 

.·.-_.0 IN above 
Sli d:~ CONGLO~RATE; DMdium snY mMrix, coane 

---;-.:"l<' -· ,ramed, well pvunded snv•I and ■mall 
,......_ 16:51i~--1--4----1---+-,,--+ ....... -+-........ -+-...,.....-+....,,..,,-+--=,....i-

68
,....i~/::.!9,?c.'.-ft eobblu with fine-,rained ■and and lilt, -

,... Rlil 17:00 100 6:Z >10 J D1 VT SR D V F 12??f \ noncalcareou■ cement, ma■1iv• -
: R W VII ~~1 CONGLOMERATIC SANDSTONE; medium : 
._ 40 •-:·.-"'· li1ht craY, fine- lo meclium-crain•d ■and -
t-24' ~~ with rravel, trace ■ilt, poorly (■ilica) ·n45-
"" '• 40 o·:~ cemented, muaive, very clOH to U:INmely -
: ~ clo■ely ■paced calcite-lined join&■ up to 6 : 
_ mm in width -
- ---- 17:1"~--1--4----1--.--+--+ ....... -+------+---+-,-+---,,,----1-,----I~ · , , _ Rli2 17:20 100 100 :s.o J A VT SR D V F ~/ .'·. - 0.4 m &hick nnd■tone layer : 

~251 RU 17,,a 76 '1 2.0 J 81 VT s: ~ ~ F ::: ii S~ 

~ ~~ j 
- _ 17:Hi---+-,-4----+--.--+-;.--+------+---+-~------1 ....... ,----11---.(1,'•, ;:C 
- Rli4 18·.00 100 71 U J Bl VT R W IJ F SO ·._•.♦• ·, 
: D 40 ~b 
:25' Sli ~ 
- ..... ,. 
- •• h• 
- _ 11:101-~+--,,--+---+--,,-4-=-~~e:-l-:-::,-~,.,-+-,,.,....-.,,.--1-·.:iift~i:..· : •. ,.,. 
- Rli5 D:24 100 0 2.0 J Bl VT SR W ll F so ~ 
: D/15 P 20 ~ 

:_261 - D:Sl 4o ~ 60-: 
.. Rli6 10:021-l-00--1-7 ... 7-+->-lO-+--,J--1....,D,,....l-+-L,--+---,,R.--1....,W...-~ll----+---,,F---.....:.;~4•;~ CONGLOMERATE; medium lilbl IRY matrix, • 
.. D "'~ cobbla with sravel, aome fin•-sramed • 
: ~~ ■and and ■ilt, noncalcareou■ c-nt, : ... I mu■ive, rounded clu'■ eompo■ed of -
'" rranilic■ and quansiie, very clo■e to -
: U:INmely cloMly ■paced, irNcu)ar and : 

chaotic, >1 mm wide, calcite-lined 1tre■1 _ 

:26 ,...,........,. 10:201--,,,,...+-,,.,,..+--+-.,,,..+--+--=-=-+--+--+-,----1....,,,-11----U:DJ frac&UNI vilibl• within clu&■ , faintly 65-
... '• JUT 10:48 87 17 - B - M • • - F ~~ vi■ible within matrix, dut ■upponed; 20 -
: ~ cm wide vani&e cobble II 264' : 

j .... ::~~88.,,....+-,4"'8--+-0-.4--+---:J,-ll--,A,--1-:::Tc=:H:+-=s""R-+-,p,,,-4-"'u-+-=F-+-!~---ill.~i~~~~:?1; ;, ...... , "'
hi

" d-.. .., ,.... \ 

~7( ~ '7~ 
: 1:.. : 
- ~J -
: ~ 11:!71-,,-,..,,..+-,.,,....+,,....,.+-:-+:=.,--+=:+-=➔-=--+-=:-+-=-+f---Fil.l,k,f6,l~~::. -
~ - - a .. 11~• 100 8 1.6 J Bl TH SR P ll F I 

--
·- --

'SS---------

IJ 
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Lithic Description 

... 60 1--;'i )- CHICO FORMATION (Kc): CONGLOMERATE; 
"'" )~\.. medium licht 1ny matrix, cobblu and 
,- • 5 ~'i?Et' rravela with fine-srained aand and ailt, 
: _ 12:10~-+---+---+---1---1---1----4---4---4---+-~'~J..£•"':O~ 1ilica and poorly (calcareoua) cemented, 
_ R60 13:•s 100 62 1.0 J A TH SR P II F 50 ~ mauive with localised clut imbrication, 
- R S clut, compoeed of rranodiorite and 
- quarbite, ,cauered very cloaely ,paced 
:_28'' I~ aon .. of >l mm wide calcite-lined joint1; 
_ " localiud sort aediment deformation within 
: 

55 
~ aandy 1ilt1tone layer @ 27Q' 

... •o 
- _ 13:661--,_+-,----+---1--4-e--i-:--=-,,+.,..--l-...,,...-+-=-+-=-+----f~ ~ 

R61 U:20 QB 70 1.0 J Bl MM SR P 11 F ~ ' ... ... 
I,. --28' --

V 75 lfQ~~ 

50 i 
60 

: _ U:40t-:-,.,,..+-,,-:-+-,,..,,...-+--=--+--,-+=+=-+-=--+-=-+-=-+----!1,c 

:ss bi:!~~ 
- R62 15:01 100 22 0.5 J A TH SR P II F 
'"" W 60 ;!! --------'"" c:: -. ,rad .. to mat rix 1upported, 60-709' cluu - -
_ ,.,,,.__ 15:101-,-,,,_i--,,.""'"",-.--.,-,,-l.....,~..,...,,-,-1-=.....+---+ ...... -+--..-+-~·,.~·. 
---29' R63 11:51 QB 26 1.1 J A MM SR P II F ~ 
.- ,, Q/22 S W 40 ,:~ 

: -~ 
: -12:oo....,._+--+--+--,,--+-,,...--+-,=-+-----4-...,...-4-,...,..-4-,-,,,.-+-°'-0--l~o:~ - rare quartr; monaonite rravel-aiaed dull 
... RS. 12:11 Ql U 1.6 J Cl TH S P JI F ~ •• • __ _ 
... V 60 jfL dut ai ... up to 8 cm in d iame,er 

:29• 60 i~~ 
,- >p~ 
,.. •5 ;.;, v,;, -. --. • . d' ... .. ~·!"'='; cu, air.ea up to .. cm m 1ameter 

... _ l2:lSl1-,-+--+---+-----l---+-=,-+---+-,--+---+------+-°'.;;.;O;;......+;;;O.•~( 

... R61i 12:27 63 16 2.1 J A TH SR P VI F ,~'.': 
: w ~ 

~m~·.·-.. 
...-301 ... ... ... .. 
,... ... 
.... .. 
~30· ... '• 
... ... ... .. ... 
I,. 

I,. 

'"" -

.. clut 1iau up to 8 cm in diameter 

.4 
65- ~ - 1 mm wide dark cr&Y clay- lined undulatory 
70 ~ ·• join, 

- 12:•ll1----1----.----4---+---+-----+---+-----

R66 1•·.liO 100 50 12 J Bl TH S P II F :: , .. •-: •. ~• ---
.. • duta compoaed of l'9Ci fine-mined aand■tone, 

SK V olive craY alat.e and rranodiorite; localised 
soft aediment deforma,ion within Andy 
ailt matrix 

D~•.'( 0.7 m thick, li1ht cnY, fine- to coane-,rained . 
on .i,;, • :,., aandatone layer 

R6f !!:~:~g-3-+-,.-7-+-l-.O--+-J~-C-l-1--T----H-+--S-+-P-+-V-I-+----F--+-
2
~0.l...lf?.:'~•, :-,~ - 4 cm thick r;one of ■oft 11diment deformation 

V ~~ CONGLOMER.ATIC SANDSTONE; medium 

40 
~~ light gray, fine- to medium-grained 1and 
h~ with cobble■ and 1mall boulden up to o.• 

--. . 
---. 

-

I .., 
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C Ill 

u .c: Ill u- .c: ..., CII Ill DI C -'- 0. :, Ill l/1= • .Jtt. 
0111 Cl) 0 - cl.I. Ill 0. Cl) 

1-tQ Q:; ~ 
QI -:::z C 

.. , ;.. min diameter, aome ,nvel and ailt 1',.•, J; ' •I CHICO FORMATION (Kc): 
A· CONGLOMERATIC SANDSTONE; 40 ,~. °"' .. ,, medium li1bi ,ny, fine- to :A')¥. 

A MM SR w u F . :, ·.;..; medium-cn,ined nnd with cobbla and 
R 0. .•. amall boulden up i o 0.4 min diameter, .. .o · 

~~- aome ,nvel and ailt, poorly (ailica and ~;r carbonate) cemented, muaive with -.. loacliaed laminaiad ailutone interbeda, of-:. ,, rounded cluu compoead or quarts 

~-~ mon&onite, panodiorite, and quart&ite , .,.,. 
--:~ A MM - - - F -..: . clut aiHa up to 4 cm in diameter, Kaitend alate 

L :-= t?· c:lut1 

i:-.=.: .. ·-~. 
- .5 m thick aanclatone layer ... . '!•£: 

70 :;:!t2 
- interbedded 1ilt1tone laminae 

;:~ 65 

A M - - - F ~.""i 
••P. 
~~ 
~(:~ 

i , 
" - 2 quart& monaonite cobblea up to 15 cm in .... 

A MM SR p II F . diameter . 
VI 

60 ')~ 

~ ,. ' 
46 ... , 

• --=.-... ·.:..· !driller noted ibat 111baunac:e condiiiom Soi 
""(; " .;· .. : "1ticky.• Con blocked off twice durinc 
•IJ,• run) 

A MM s p II F ~ ' - 0.6 m thick nncbtone layer, trace ,ravel so 
;{~ ' . . 

I 
. 

40-60% sravel and cobble duu . 
'70 
60 . 

A MM SR p II F . - 25 cm ihick coane-cn,ined 1anclatone layer • 
~l' .. I CONGLOMERATE; medium ,ny ~rix, ,ravel 

and cobblea with coane- to fine-srained 
1and, trace 1ilt, poorly (,ilica) cemented, 
mauive, rounded cluu compoaed of 

.. ~ ,nnodiorite, quart& monsonite, quart&ite, 
and elate, maa,ive, matrix 1upponed; a cm 

A M . - - F wide 1heand •late clut at 341' 
- irre,ular 1ilt1tone layer up to 15 cm thick 

• "'-QI Ill 
.... > 
'- '-CII QI 

.Jtt.~ 

~ 
~ 
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Lithic Description 

cmco FORMATION (Kc): CONGLOMERATE; 
medium sr&Y matrix, coarH rrained, 
,ravel and cobbla with coarse- to 
fine-rrained 1and, trace ailt, ailica and 
poorly (calcareoua) cemented, muaive, 
rounded eluu compoud of ,ranodioriie, 
quart& monaonite, quarir.ite, and alate, 
muaive, matrix aupporied 

- 3 mm thick ailt■tone layer with imbricated 
,ravel below parallel to beddin& 

very eloeely apaced irrerular and chaaotie j oint• 
up to 1.li mm wide lined with calcite 

• 25 cm diameter cobble 

40-50% ,ravel- and cobble-liHd eluta - -

increue in alate eluu 

fi0-60% ,ravel- and cobble-aind eluta 

60-70% ,ravel- and cobble-ai&ed cluta 

50-60% (1'avel- and cobble-1ind cluta 

.. 
111_ 
Cl/111 ~> 
LL 
QI Cl/ 

.:it. .. 

~ 
Q.. 

--.. 
--
~ 

151 
---

155-------. 
. 
-

161 
7 ..., 
-j 

65--
-
--
-
-
---

a70----
--
-
-
-

a75~ 

3 

J 
,uv 



LOG OF BORING SM-6 

c The Earth Teclmology 
-- Corporation 

Client: PB/DMJM Project: Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N4155041/E4180771 

Boring No.: SM-6 Page No.: 12 of 24 

... ... 
1-... ._ .. .. 
... ._ 

" +-
GI 
GI ... 
"" .i:; 
• Q. 

c!: 

-391 ... .. ._ 
._ 
._ .. 
... ._ 
._ 
-39• 

--40 .. 

. 
0 z 
C: 
:, 

0:: 

" X 
" :::,i 
L 
GI 
> 
0 u 
GI 
0:: 
GI 
'-
8 

" X ..., 
C 
C a:: 

Structi.u-a I /0. i sc.ont i nu i ty 
Descr1pt10n 

0) 
C: 

u 
111 
Q. 
en 

Ill 
Ill 
QI 
C: 

.i:; 
0) 
:, 
0 

0:: 

:::,i 
+-

'-111 
C 
111 

Q. 

01 
•o, C 

+-c -C:_ L o_ QI 
u_ .i:; 
Ill.;_ • 

~ : 
:z 

" . 
0) 
QI 
0 

" 
Q. 

C 

.i:; 
u • GI 

.:,t. 
en 

Lithic Description 

l), ':'-:'1 cmco FORMATION {Kc): CONGLOMERATE; • 
'?.,; ~.; medium ,ray matrix, cravel and cobble, .. 
~'.o:C with coUM• ,o 6ne-srained aand, uac. · 

i---14:40~.,..-+----+---+---+--+,,.,,,...,+--,,--+--,,--+-=~---~1--t::"t>·~ ,m, poorly (1iliu) c:emen,ed, weakly : 
RBS 14:59 100 97 0.2 J A MM S P VI F ~c'C friable, muaive, rounded cluu comJ>OHd _ 

lli:04 
lli:15 

vi .~ of cranodiori,e, quarcai,e, llate and rare -f-lQ'r. 
b~ • ~C quarts monsoni,e, muaive, matrix : 
ti..~•t iup;,oned SS-,Y.• .. SANDSTONE; medium li~ht cr&Y, fine· ,o -

50 ,•.' ',f medium-~n•d aand with coane-~ed -
• ' ·, aand-1iaed cluil of alate, poorly (1ilic:a) : 

- lli:211--:--+----+-,--+----+-,,..--t-=,-+--,,--+...,..-+-----t----t---t• · c:emen,ed, faint lamina.ted beddinc _ 
RM lli:45 100 85 0.8 J Bl TH S P I F _ 

~:.. -.··.~ 85 :,:,.. _ 

:::~·: :t-c=-o=-N=o-=-L-=o':"'ME=RA:-:-::T:::I-:::C~S~AN:-::::D=-:S==T:::O:::N~E::-;-aMd--,::--ium--~.90,-: 
· • · ·• SRY, fine· ,o mediwn-~ed sand with -
~ ; ~. snvel, aome cobbl11, trace lilt, poorly • 

40 t:8. (ailica.) cemented, -ive, aubrounded : 
_ 18:lDi-,,~+-,--=-=-+-.,,--+--=--+---t-....... -+--+--+---1--..--1-~•n-r·o~ cluu compoMd of quansite, buali, . 
R86 18:25 100 100 0 B - M - - - F ~ •.D • p-anodiorite and lla&e, cloeely ■paced -

D~~; joinu -
. r.,', -!p• - : 
•/Jii, 40% ,ravel-1ind cluu, WlfradUNd a95-
~}. :, -
• •~L• • 
~~ . 

--- 1s:41~'="="+-,~+:"""'.'-+--:--t--=--+=.-+--,,-+-,,,-i~~1-:=-+---t.~(.'.A:c. • 
R86 7:37 100 Sl3 0.4 J B TH S P VI F 70 ;_~ • 

Sl/24 B MM 67 ~l)•.;. 30-40% rravel-■iaed clui■ up to S cm in ■ise : 
L t;1.i -inierbedded ailt laminae • 

50 It),.. "0'"-
;.,• :·~ - partinc alone 1 mm ihic:k c:lay■tone layer • ,v-
v~, -

ll 

~~ -
~ 1iif :;~: t-1=-:00:-::-lr-:-73=-i-:-=-+---:--+~-+=:+=-+--=--+-::-==-+-=-+-'"w..."v.l:jjg: • localised imbricated dub : 
... 2.0 J Bl TH SR ~ lII F 80 30% ,ravel-a.ind clutl up io 5 cm in ■ise : 

... -
~40' 60 

t;. clONI)' spaced fracCUNI up to 3 cm wide lined los--= 
... '• V TO with whi,1 calc:i,e infillinc around _ 
... diljoin,ed ,ravel and ,and ,rain, _ 
... b',~.~ - 8 cm vuicular buali dut -
~ _ 1:21 ~,,.,,.-+-~+-:--+-:-+-=--+=:-+~,...+...,,,,~--,,,-,-l~,--i--~~i!:•·:,·~~ w - 18 cm quart& monsoni,e clu, with abundant -
~ R88 9:32 100 68 2.0 J E VT s

5
R P V F ~ ■true frac,\INI : 

~ 30_ "f,~~ cravel-■i'9d clue, up ,o 2 cm in ,in _ 

-411 25 ~-~~·. l 0-: ._ ~~ . 
. ,:.9~ -
t~t . 

n "2 ... ,o,,I. . ~ 
JW ;~~031-,-,10""0,+""77=-l~-:--i--:--+-::--,➔-:-:::-f-=-t--:--+-'::"'"-l--:-+,l5W0~1/•_. • • 

1.2 J Dl VT s: p II F 20·30% aubrounded ,ravel-■iwd imbrieated : 

50 
. . .; c:luta up to 1 cm in 11ir.e • 

~ __ -
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Lithic OescriJ>tion 

CHICO FORMATION (Kc): 
CONGLOMERATJC SANDSTONE; 
medium lirht ,ray, fine- to coane-cramed 
aand with ,ravel and cobblea, trace 1ilt, 
poorly (ailica and carbonate) cemented, 
muaive, aubrounded cluta compoMd of 
quart&ite, vuicular bualt, ,ranodiorite, 
quart& monaonite, and alate, cloaely 
apaced joint. 

-i~ ·:-; 
.,.__ 11:211---+--4---+---4--~--i---+--4---+---4-·.:i.··:l....l,• · ;, . 
Rill 11:35 100 74 0.8 J A TH SR P II F 60 ~;~ --.,,.-----,.-,--.-

t--: ~L· 20% rravel-1iwd cluu up to 1 cm Ion, r~·,.,,o 
f • 

80 :op;· 
,:'.,;": 

bo. ,: ) 

~·~ 
70 t;t.,_; . 

_ 12:01-..... --------+--i...,,.---.,,...-------+--'-'"-I.. ~::o.· Rll2 12:20 100 ll3 0.4 J B TH SR P VJ F ,.,..,,__,, 
:.,ii':·. 

30 j·.''/ 
i;;.,o:• o·•~;. 

~
'k~ 

75 ~:<: ---
60 ;')2 aubangular cluia up to 4 cm loni within dark 

Rll3 12:48 100 100 0.4 J A MM SR P 11 F ~ 

matrix compoaed of fine- to medium-crained 

-12~·1-.,.,,..+-,=-+-~+~+~+~~=➔~➔~➔~~-~,~~b··---~-y~~~ 

46 aand and ailt 
-43• 60 ,,:o:t ____ 
.. ~•o • '- matrix compoaed of medium- to coarwe-,rained 
... ,i'"•-~ and and 1ilt ~ ,,.•.or •• 
... o.,_;t. ---
... - 13:021----+---+---+-----4---1-.-----1-.,...-+----4-~-+-=--4-----r:•,; V'-1, matrix compoaed of fine- to medium-rrained 
:: Rll4 14:46 100 100 0.2 J A MM S P I F ~:~ 1and and ailt, localincl fine croubeddin& 

: ~~ 
~44'' ~ ~ 

II 70 : : •,•: 
~ •• fl, , ._ r, .. : :-; 

20 cm thick cyclic: atratific:ation of fine- to 
medium-irained aand and ,ravel with 
medium crained sand 

: ~· 
: R95 ~::~:1-100.,.,,..+-,83---+-,0,-.8,-+---,J~'"'B=,-,-l+T=H+-=s""R-+""'p,,....+-,J""l➔-F=--+---<t .. ~.~~ 30-.co§i; crave!- and cobble-■i.&ed clut1 up to 8 '- .< cm in ai&e 

~~_:o ... .. 
'--44' ... ,. 
... ... ... ... ... ... ... ... -

·O ,'( 

&-~ r<.;,°r: 
0~ 

_ 16:381------,-.-+---+-,----+--~--l---+---+--1-:..--1--+c'~-'?~ -:-:-~c----,---,---,-~ 
Rll6 15:Sl 100 .CO • J • • • • • F ~~ 40-SO~ sravel-aiaed clui1 conai■tini of quarts 

~ mon1oniie and IJ'&nodiorite 
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Lithic Description 

30 ~ CHICO FORMATION (Kc): 
i,X·i" CONGLOMER.ATIC SANDSTONE; 
: -1: · medium lishl ,ray fine- w c:oarH•p-aiaed 

_ 16:H~-+---+--+--4----+---+---+--+----t----t--r...::, '('c; und with ,ravel ~ cobb1-, irace ail&, 
R97 16:llO 100 67 1.2 J Cl TH SR P II F 40 ~ poorly (1ilica) cemenied, weakly fri~le, 

;i, ~ ma11ive, ■ubrouaded dub compo■ed of 
1-: ;1·, quanr.i&e, veaicular bualt, p-anodioriie, 

quarts snonsoniie, and ■late, cloHly 
70 ° ■paced join&■; 10 mm wide 1iliy ■and 

35 
~'8 soup aone ~ 463' 

- 17:001---+-.,.......+--+-:--+--+-=-:-:-+-:--i--,,:--l-:,:--l-:,--ll----t.";$! 
R98 7:S6 100 77 0.8 J A TH SR P Il F 60 ,o, ·,. 

9/25 •. ~~ 40~ sranl-aised imbricMed duu up io 1 cm in 
.co ~-~ liM 

•o~ 
:"; ;_,:• fine. to medium•srained ■and 
'• :, :;, • localiaed aili laminM 

- a:oo i--,-~-l--+~-+-=-+-=+..,...,.....+.,.......+,,,,_-1--,,......~~;1,1fto-t,,~~ 
agg 8:S6 100 62 2.0 J Cl TH SR P II F ~-~• ' • 

v ~ 309' sravel•aised duu eompoeed chi10y of ■late, 
tr, , ~ buali, aad quaruite 
~ - 5 mm wide cry1talline calciie•lined joint 

---------ss-. 
--------

60---
---- . . 

, 65-. B:r~. 
~~;.~ . 
~-~ -

_ 8:31 ~-+---+--4----+---+---+--+---+----t---~.a ••u._ft~;,p,, • - bladed sravala abow imbricuion : 
IR.100 8:48 100 20 4.0 J Dl VT S P II F r-,"-.;•:~;-:-:1--,.,.......=-------------,--,.---------i _ 

9/25 --~-. ~ SANDSTONE; medium li1ht CRY, fine- &o -
., medium-,rained und, trac41 ailt and -65 ,, pavel, poor!,- (1ilic:a) c:eDMDted, -lve, ,

7
,n...: 

• extremely to very clONI)' spaced joint 11&, • 'V--: 
clean and 11DOOth, and some calcite-lined _ 
up to 2 mm wide -

9:15 t-:-:::::-+-:::::--+-:~+-.-+.+;;:;;;-t-=:--t-;;:-t-;;rl-;:-i--t'::'· ~.,.~• +---· ..:1::0.,:cm::,:..;?.qu::ari::;.::=si::ie~co::b::b;:1::.e-· _______ -i : 
iuiii' 9:27 100 go 0.4 J A TH S P II F 0. ~ CONGLOMERA.TIC SANDSTONE; Sl'Y·, fine- -

V 60 ~ •."e: to coar■e-srd. 1and w / pave! and cobb1- -
~~ : ~·o: CONGLOMERATE; COVH srd., crave! and 
-o: i}_ ■mall cobbl .. 
~. •T•' 

15----~:i; 
60 : :?, == 10:02~--+----+----+-..,,.....+-,,....-t~~...,,,..-+-e:--+-,,.......+-=-+---l"7.':Y· · ...... ~,,..·.;i-.,,-~=-===,.,,,,,......,,,..-----,-...... ....,.-....,........,....,...~ 

KlU:i 10:18 100 82 0.6 J A MM S p II F 60 C:,,•,:,;.; SANDSTONE; fine- to med.·srained 1and with 

--
SR 35 f1i 1ilt, irac41 ,ravel 

C·~ ; • •• - 0.S m thick conslomemt layer 
V! ... ~· ., 80 ' • •. , .. ,. 

10:521---+-,.-+-,.-+-,.-+-,.,--+-,,,,-+-,.-+-,-+-,----+-,----1--~~:: ·.;-
iiuiii 11:0ll 100 50 1.0 J A TH SR P . II F : o•.• 

S ~ ~- CONGLOMERATIC SANDSTONE 

----
180-

10.;, 

. 

. 

. 

I 
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Lithic Description 

CHICO FORMATION: CONGLOMERATIC 
SANDSTONE; fme- io coane-rrain.d 
1and with rravel and cobbl .. 

-

~~ - 11:291--+--+--+--+--+--+-,,-+..,,,..-+..,,.,.-+-=-+..;-L.1,L.ft~i<:o/..q . ..,,...~,,...,,.,,,...,,.,..,,,,,.....-~---,,...,.---=-------1 
IRlOf 11:0 100 2.0 J Bl MM S P II F 65 ~••·. SANDSTONE: medium lirhi rraY, fin•- to 

F VT VIII fO t>; ¥. >~ , . .:.:._.\ 
coane•rrained ■and with 1ilt, poorly 
cem■ni■d, muaive, clOHly 1paced joinia 

,o 1\1.t· ~ 
~~ - 0.3 m wide, extremely clOHly ■paced roure 

~- - l"·.02 rn V.° •: aone? - • 1--+--+---+---+---+---+---+---+---+---+-...W.L.{ f. , - ·. 
1R105 U :f7 100 83 6.0 J 01 VT SR P VIII F • • · ' · 

TH s u 60 ~ • • o., m wide, extremely clOHly ■paced roure 
I ~ aone? 

60 ~ 
!g ~ 

- 1':12t----+--+-~ ---e-l--~-~-+--+--+----+-";,,u.."-.f-'~% ~ ~ in-106 H:30 100 69 0.2 J A MM S P l F • •. ~ 
B L ~•:·. :• 

:: • .:~•; - 0 .6 m thick conrlomeratic Andaione layer - -
tz,·60, 

70 tT;f ~-- 2 cm wid• undulatory laminated 1ih1ione and 
~•:,;.,_,/ ■andy aih1cone layen 

j 
; 

7 

ocH 
ss ..,.,,.,,, 

W~•· ~ 
R10111's:05s1~10~0~~78~---,.o-+-B,,...-+--_ -+~M---~--+-_-+-_ -+-,F,:--~--1'~::~ CONGLOMERATE; meclium rraY matrix, --: 

~ 

~~ cobblea with ,ravel, aome fin•- ,nined -
~_l.t 1and, poorly cemenied, muaiva, = 
fs_f;:~ 1ubanrular clut■ avera(inJ 8 cm in 1i.M --: 
15'of.i are compo.ed of ,ranodiorite, quarbite, l057 
~~ ■late and quart■ monaonite, a•n■rall;r clut J 
<;''.'.C 1upporied, club may contain inherent ..! ~ :D fracturu ' = u:2a1--,,..,....1---+--+--=--+---+-=-+-e,,.,,,..-+--1--e-1--=~1----r'r'"
0

0,:c -
ttl08 u:,i> 100 fO 0.8 J A TH SR P V F 60 ~-c,· 60·TO% rravel- ii.Md club : 

20 "- , -, 

w 65 
liO 

......- 16:ll~,..,...+-,,.,....1-,--1-,,---i-,,,..,....~,-,,-,1,.....,,,-4...,,,--l-==:=-+-::-+----+"" 
Rl09 16:26 100 1>3 0.6 J Bl MM S D VIII F ~:~ 

p V 60 1 · .(-8 mm wide licht brown clay-lined, 
dilcontinuoua and healed joint 

, - 20 cm thick vary fine- rrained 1&11datone layer 

,o ~•-:•,1·;.- CONGL0MERATIC SANDSTONE: fine- co 
l--;_o;e:: ,o v.0 ·.: coane-rrd. ■and w/ crave! and c:obbl .. ;· = 17:001-,-,,.,,..+-,,.,....+-,,--+-,,-+-,-+--=-=+-=-+--=--+--=-+--=-+--i':' •·;·!· 1ubrounded elute compo■ed of qrt&iie, 

11.110 17:10 100 1>3 o ., J A MM SR P II F D.~-t>,l. vuicular bu&lt, rranodiorite, qrt,. 
60 ~ mon~onite, and al•te 

,o',: i/- - 0.3 m thick ■andatona layer . ~•:.• 

J 
..i 

I 

7 
""i 
7 --, 
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7 
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Lithic Description 

cmco FOB.MA.TION (Kc): CONGLOMERATE; 
nMCiium dark ,ray matrix, coarae IJ'&ined, 
,ravel with cobblN and fine- &o 
medium-srained aand, poorly cemented, 
1DU1iva, aubaqwar dut■ (60") raniinc 
from 2·10 mm in aiH ~d of 
,ranodiorite, quari&ite, alate, quart& 
monaonite, and bualt, matrix aupported, 
n mm tbiclt ailty aandatone layer @ 624' 

CONGLOMERATIC SANDSTONE; DMdium 
lirht p-ay, fine. to meclium•snmad nnd 
with cobblu, poorly cemented, muaive, 
rounded duta 

-- - D:5D 1--+---+---..--+-4----i---+--+-.a.... •..---+-•'U-rft:~-;;c> CONGLOMERATE; medium dark ,ray mairix, 
IRllS 10:08 100 82 1.0 J Cl TH SR P II F 62 ~~ •O. ,ravel with cobbl• and fine- to 

medium-srained aand, poorly cemented, 
-
~ 

~ 

~ 

-53' 60 

40 , mauive, aubansular cluta (609') ransinc fJf· from 2-10 mm in aiae compoaed of 
(~ iranodiorile, quanaile, alale, quana 

~ • ~" mon&onite, and banlt, matrix ■upported; 
~ r>t~ at 533', all joint■ are ti•htly healed; 10 cm 
: ----10:431-,-,-+-,,.,...-t-,...,..-+-,.,...-t-,.,...-t,"'"""-,+--+--+--i--,,e-i--....,.n_,.'!'~~ lhick 1and1ione layer a& IS6' 
~ IR114 11:00 D3 DS 0.2 J A MM - • - F !' ~~t 
~ ,~~1•• li0% ,raval·ai&ed clut■ avera•e 1 cm in ■i&e - ~ 
~ .. , 
rS41 )00.;• 
~ o .• ,; 
~ ·;,:: , • - 0.5 m thick coane-p-ained aandaione layer 

- i;;t'~ 
~ )~», 
• - ll:30f-7.:-':"'"r-::~+-:~+--:-+~+-=--+-~-+-=--+--+-:::-i-~·ftu...~··~z!9~•' 
• Rllli 11:48 100 63 0.2 J A T SR P - F 60 ;• -,------,-...,,.,,.,.,...-
~ clut ■upponed, 755' rrav•l•ai&ed clut■ ran,inJ 
• from 1 •8 cm in ■iH are imbricaied -rS4' -
: ~ 

12:30!--4---~~--,,--t--,,,,...-l-=,,,,.+..,,.,,,..-1-,,,....~,...+-,,,--4-IACIL..A~.,_i,OI 
- Rl16 12:52 100 61 0.4 J B TH SR P II F P,'6. 
~ B VT : ~ G0- 70" 1..vol-..... du1np to 6 rm luiu 

:-SSI ~ promineni clut imbrication 

: 00 -~~ - ~~ 
13:21i1-----1--..,....-1----1--,,.....,1--,--;...,...,....1--,,.....1--:,,.....1--,--1--:,,.....1---l'C7.;~ 

: Rl17 U:49 lOO 96 0.2 J A M S p J F ~ -_ .. ti,...•.,..ht..,.ly-,-b-,al..,.ed...,...joint 

~~gc; -<~ -- - -

--------
-

525--
-------

30---
---

- --
35----------
~40--------

--
,45---------
so-= ---
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Lithic Description 

. · , ,;. medium ,ray matrix, sravel and ■mall I·. CHICO FORMATION (Kc): CONGLOMERATE; 

~ cobbl .. with COUH• to fine-srained ■and, 
H:20~~+-~+~-+--::--+--:--ir==-+-==-+-=-+-=-+-=--+--iijt·.c:'°~~li.i poorly c:emented, mu■ive, elute compoeed 

iuii 14:43 100 70 0.6 J A TH SR P II F ~¾; · of granodiorih, quart1ite, ,late, bualt, 
75 ~~~I and ran peia, clut 1upported to 669', 

~~~ matrix 1upporbd below 

·•;;;>., 

701 
~ Iii :101-:-:--t--,--+---+-.,....,~-+---+-~+-----t----+--=--+---V.. n 
l!.119 lli:28 33 8 - J • - S P II F 50 ,t,;t,"c t?-~~E -8 cm chert clut with calcite-lined 1tre■1 

17,0'• fracturea 

~ (driller mialatched core tube and subeequenUy M IJl'OUDd up 1 m of core len in the rod■) 

t.E'~ 
~~ ~ 15:55~~...,..,..,-+-.,...,..+--:---+----+.,..,--,-+--=--+-~t-,,,,-+-,,,--+--+iv•(,.,.__ ____________ -=--_ _,,___,. _______ ---I 

KUO 10:46 100 100 0.8 J A MM S P II F ..-.\-.,.·. SANDSTONE: medium li&"ht array, sra,dea from 
9/27 f ,: .:·. coane to fme-srained ■and at 668.fi' to 

, • ,r,·, medium• to fine-srained 1and with ,ravel 
· •!;,, and ailt, 1ilic:a cement, mauive, auttered 
:;.;::, irre«ular cliacontinuous calcite- lined 
~ :'.;/ ti&"htly headed joint• 

: , •• 0 • 

._ i-- 11:06,,-.----+----------+-----------l~:: ;.;+-,,,.,,.,,.,,.,..,..,,.,...,,,,.,,..,..=,--------------+ 

... B L amall cobbl11 with coane• to fine·«rained 

-. 
---
---

60------
-
-

----

-

.., IR.121 11:39 100 93 0.4 J B TH SR S II F ;· .• •'• CONGLOMERATE; coarN srained ,ravel and 

:: ~-:--,~..,..:;.•an~d::....,---.,..,,,,.,,.,,.-,-"""",,..,,---,...,.,,~--,----1 
-57' c CONGLOMERATIC SANDSTONE; medium ~75-
... • 45 .. ,;.: li&"M lt'IY, very fine•anined 1and with -
: 

45 
;(.~. ,ravel, silica cement, mauive, rounded -

._ •
0

: .~-: cluts compoeed of quart&ite, veaicular -
12:01 ..r , . I>.• , b alt odi ' t art ·t -: iffii 12:07~10"'"0~...,9""0,-i-l:-.-:-2-+-J.,,....+-,,B,-l-i""T=H-+-S.,,....+--=-p-if-I-I -+-,,,,....+-""""-l~:.~.:~ .: ,I~ on e, qu & monsoru e, : 

"" :>;~ !. -•harp contad sra,da from very fine- to -
~ ,; :•f.' medium-srainecl ■and --ss1 ·i> ~ ., gn.: 
.. .'~•:·: t1v_ ...... 
Ii- -.:., •• -

~ ~ 12:!18~-+---1--4----+----li---+--+--4--4----+-
16
--t-t·:.~1/ -10 cm an&"Ular clut1 _: 

- KU3 8:00 100 100 1.0 J Cl VT S P II F 
.., 9/28 TH 60 · · CONGLOMERATE; medium dark array matrix, • 
... 1·•bc-u cobbles and sravel with fine- to -
"' coane-srained ■and sradin&' to silt, poorly -
~58' cemented, m,...ive, 1ubrounded cluts t85-: 
... compoaed o{ ~odiorite, quart&ite, llate, _ 
~ 4o . ~t and.bualt, IODII cluu exhibit ltl'III -

: ..,__ 8:29 ~,,.,...+-,=-=-+--4--,,,.....+...,,,.~i-,,,=-+-::---+-,=-+-=-=-4--=---+--'~~ fracturea and offaet1 up to 10 mm, 1tNU : 
,._ IR.124 8:44 100 76 1.2 J Cl TH Sil P II F 60 ~ fraetur11 are ti&"htly healed, clut _ 
:: B ~, -:~ : supported • 

... _ 60 ~o/.,. partl along bedding, imbricated cluta _ : .,., 
17 
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Struct'g'a 1/0.isc.ont inui tw 
escr1pt10n 

.... Ill :,i ID) ,...., 
QI t. ID) Ill .. • ID) C . 

(I) QI C QI - +-c - ID) ..c: Lithic Oe~cription ... - .E L ~ L QI u 
..,u u ,a QI 0 .. 
C: Ill ,a OI C 

u- .r::. .... QI 
_t. Q. :, ,a 111= +- .:it 
0 Ill Ill Q. (I) 

..,5 (I) 0 - cLi- QI -a:: ~ :i C 

...... :.rJ., CONGLOMERATIC SANDSTONE; medium 
~.,;.•:-: liaM Sl'&Y I fin•• lo --cnm•d und ··•· ·;:~ wilb ailt, sravel, and cobblu 
"~{:.o~ 

B MM SR p II F 66 
. . . SANDSTONE; medium U,b& sr&Y, very 
~·Er-60 . . . fine•p-ained aand with ailt, trace snnl, 
t =~~•: poorly cemen&ed, muaive, clouly ,paced 55 
:,}.•:• joints 

:'•J:~.:. 
··--· p • 1• • I 

; : :a:· ... '. 
Bl TH SR p II F ~1 CONGLOMERATE; medium dar-k ,ray matrix, 

s 30 ~e·· crave! and amall cobblu with fine• to 
{i5.. medium-,nined aand and ail&, poorly 
"io cemented, muaive, duu compoNd or ;~:-· sranodiorite, qumaice, and alace, matrix 
•.! . aupponed 60 .':. .... · . 

• 0.3 m thick aandatone layer . 
Dl VT s p Ill F 35 - 0.3 m wide axtNmely clOMly apaced, up to 1 TH II 70 mm wide day-lined fractur. aone within 

~ 
undy aitu,on• layer 

&o-eo7,, ,ravel•lliaed duia anrqin& 3 cm in 1iae 
~ ., 

I 
• 0.3 m wide axiremely clolely apaced, up lo 1 40 

mm wide clay-lined frac,ure aone within 
Cl TH s p II F I ,andy aihalone layer 

' SANDSTONE; medium liahi p-ay, fine· to 60 . 
. ~ium-,nmed aand wlth allt, trace 

48 . , cravel, poorly cemented ~s·· CONGLOMERATE; medium dar-k &r&Y matrix, 65 
-~~~ coane irained, ,ravel (70•80") with fine-

on to medium- p-ained ,and and aili, irace 

~~ 
cobbl .. , poorly cemented, - ive, Bl TH SR p II F 60 rounded club compoaed of alale, 

70 quanslce, and ,ranodlori,e, daai 
111pponed 

70 y 
~fc 

Aft 

matrix aupporied, 50- 60'- ,ravel- and Cl TH SR p II F 

I D cobble-ailed cluu up lo 5 cm in ai&e 
,howinr 1tNN fracturu and imbrica&ion 

Bl VT SR p II F 70 

~ 70-809' cobblu and crave) 8- lS cm in me D 60 
w 38 

~ 32 -

.. 
"'-QI ,a 
I-> 
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QI QI 
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Lithic Description 

45 ;::~S CHICO FORMATION (Kc): CONGLOMERATE; 
... - Sl:40 t---+---+---+--+--t--+-,-,,-+-::--+-~-+--+--l"'l_~t;- medium dark rraY matrix, co&rM ,rained, 
: IRlll2 Sl:50 100 11 ll.O J Bl VT SR p II F 80 ;=~~ ,ravel and amall cobbla with fin.- to 

-. 
-

--... 
~ -

._ D VIII 40 ~ coane•Jr&ined aand, poorly cemented, 

... W 60 ~~i mauive, cluta compoaed of ,ranodiorite, 
: 25 l~ quart&ite, and slate, matrix ■upported 

H°;31 f----+--+---+---l-=-~=-+-:-=-+-=-+~-+----l-
4
o_i;.;~· • O.ll m thick conclomeratic aandatone layer 

:: liii
33 

lO;S& lOO ,o 
10 

J Dl VT s: : .;\ F '5 ~~ 70-80% rnv.1-oind <Iulo up to S = U> •n 

; w 60 I 
..,. 75 
'"" - 11:031--+---+----+---+-,---lf--+---+---+----+-----+--i: -------~3. RlS4 11:llO 100 62 2.6 J Cl VT SR p II F 50-60% vavel-aiud elute up to 6 cm in aiae 

~ R W V 80 i~· 
... - n:481---+---+--+---,.-+---1t--+-----+-----+--,--+---+-"""'""'-ca-· ~ C ______ _ 
... Rl35 12:02 100 SO 1.2 J Bl TH SR P II F 56 t>:1 70-809' rravel·aiaed cluu up to 4 cm in 1iH :: . .. I 
~ ~~ 
: ~J 
~ _ 12:42+---+---+---+--+----+--=--+---+---+---+-~-..u.•n--v,:•::: • S cm thick 1andatone layer : 
._ IR136 lll:28 SIS 65 ll.O J El VT S P II F 40 t,, .. ~. . 
'- TH SR S SO 60- 70% rravel-,iHd clut, up to & cm in 1iH1 • 

~ matrix compoe1d of coane•Jr&ined ,and • 

~· n ~~ ~ 
: ~~ SANDSTONE; medium licht rray, locally ,rada : 
- e,

0
~,::. from coane- to fine-,n.ined aand with -

:: --.14:001--+---+---+--+--t-,-,-+---+---+-.....,,v-+~-+---f :::::• ailt, trace ,ravel, poorly cemented, : 
... IR137 14:20 100 &3 0.4 J A MM S p VI F so ,::~:.:;_ muaive with K&tter.d ,iltatone laminae, _ 

B TH t'f-A- very clDHly •paced, tichtly healed, up to 1 • 
L llO ~; mm wide calcite-lined joinu -

&O ;,::=·.: part■ alone microfaulted clay laminationa 1 >SQ-: .. •. ~ 
50 ~f 

- 14:S01---+--+-.,....-+---+-=-t-,---+---+----+--,-,-,-+--+--r._;t'). • SI cm thick 1iltttone layer 
IRlll8 15:10 100 62 2.1 J Dl TH S P VI F 19 ~I(~ 

~ _m_e_d-iu_m _ __ t_o_c_o_an_e_·_cr_ai_·_ned ,and 

56 ~:Ji 
J.~ -acattered crave) up to 5 cm in li&e 

:: Go >-"a·•· 
..,. ~ • 8 cm wide extremely cl01ely fractured sone 
... .___ 1&:381--,,-+--+-+--+~--1f------+-:--+---+=+--1----11Z!lr--: 
~ IR13SI 1&:55 78 18 1.5 ~ Bl TH SR : w F ~ 

,, ~ 

-
-. . 

. . . 
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-
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,~40----

-
- ------. 

-

---
---



LOG OF BORING SM-6 

= Tbe F.ar1h Tedmology 
-- CorporaboD 

Client: PB/DMJM Project Metro Red Line-Segment 3 

Project No.: 92-2050 Location: N415S041/E4180771 

Boring No.: SM-6 Page No.: 20 of 24 

... ,.. 
,.. .. ... ... ... 

.. 

... ,.. 
,.. 
---

,., 
+
QI 
QI ... ...... 
.r. .. 
a. 
QI 

C 

. 
~ 
C 
::, 
0:: 

,... 
X ...... 

:JI 
+-

Structural/Oiscontinuit~ 
Description -::,i~-----------------~ ::,u 

cc 
-111 
+-::, 
CU' 
0111 
UL 
1/lU.. 

C 

0) 
C 

u 
Ill 
a. 
U) 

Ill 
Ill 
QI 

! 
::, 
0 

C: 

'Ill 
C 
Ill 

~ 

IDI 
C 

i 
.r. 
+
Ill 
QI 
:x 

IDI 
QI 

C ..., 
a. 

C 

.r. 
u 

+
QI 
~ 
U) 

Lithic Descripticn 

-to ~-': ·;. CHICO FORMATION (Kc): SANDSTONE; 
• medium lieht ,ray, locally ind• from 

,,. .. coane· ,o fine-srained aand with lilt, 
~ 18:20~--+--4--+---+---+----+---+----+-,----l--,,,--!---I.'" .. . . irace ,ravel, noncalc:areoua cement, 

~

. , 

KHO 93 38 1.4 S Bl L SR P VIII F ·. • . • muaive with scattered lilutone laminae, 
J VT II 60 '.· •::.~~ very cloHly spaced, ti(htly healed, up to 1 

80 :.::": mm wide calcite-lined joinb 
~0 - 5 cm wide clay eauee aone 

I
., CONGLOMERATE; medium ,ray matrix, coane 

Jr&ined, ,ravel with smaU cobbla, some 
fine• to medium-,rained sand and 1ilt, 

:::-:-7:" 16:691--+---1--4---1--+--+--4---~----l--l-.lill ··-1:: nonc&lcanoua cement, mauive, rounded 
n.141 8:66 100 67 1.0 J A MM S P II F 60 p,0.'I and locally imbricated club (60-70%) 

9/30 B VT : ·..;i>.i coml)OHCI of sranitica, quari&ite, elate, 
~ and bualt, dub exhibit inteme strua 
~ fracturinc, matrix 1upponed; 2 mm thick 

60 . de.y laminu at 86&' 
~I 

,_ D:24 ~--+--4--+---+---+----+--+--+-~,--l-4'-'-<·,i~ - pan■ alone bedclinc 

W 
70 

;;. duu nqe from 3-10 cm in aiH, irn,war 
IR.U2 D:60 100 67 0.6 J Bl TH SR P II F I 

'.½: fnctuna and void■ surroundins cluu 
~7' ;:1 infllled by calcite ::-v .. ·.i: 
-
------r-68' ,.. 
,.. ... .. ... ... ... ... 
~8 ... ,.. .. ... ... .. ... ... 
... 
~91 ... 
... ... .. .. ,.. 
... 
,.. 
,.. 

go 1i -partinr alone cla:,aione laminae 
~~ • 0.-tm thick coarH-srained 1andatone layer 

- 10:181----1---4--4--+---+----1---+----1,-~----11---rovo: --....----
RU:S 10:38 100 78 0.8 J Bl TH S P 11 F 

45 
lit~ 70-80% ,ravel-aised dut1 up to 6 rm in aiH 

60 ~~ 
~bo 

70 ~~ • ii&hily healed aire• fradun •bow■ 1 cm offMi 
ii« ll:0

8 
60 r;i.-o.':I 011 ,ravel•aiHd quan&i'41 dut 

( ll:Ut-100-+-8--7-+-0-.G-+-J-+-C-l-+MM----+--SR-R-+-~-+-l-l-+-F-+--~f":'t,s~ 60- 70% sravel-siaed cluu up to 3 cm in aiH 

f~r,~ 'a 
70 '·· 

~~~ 
(0 !.,[if] • irnsular calcite-lined joint up to 4 mrn wide 

_ U:H,1----i--4---1---1---4---4-~----l~-1---1-......... •c~~"'2! with open void■ up to 1 mm wide 
IR.Ui 12:06 100 "1 2.0 J D 1 TH SR P II F "" 11 • 

65 'D, 60-70% ,ravel-liud duta up to 6 cm in aiu 

r.: - 26 cm thick sandatone layer 

~~ -v. • 3 mm wide clay1ton1 laminae 
.,,'!'t 

12:481---,-+-,,--4---+-...,,-.-+-,,,.,.-+-==-+-=-=,-+...,,,-+--,,,,,.....-,f-:,:-t---lu'•--'11.~ - 2 mm wide calcite-lined joint with open void, 
Rl461:S:03 100 61 2.0 J Bl TH SR P 11 ·F ~ up to 1 mm wide 

62 

S W V ~t 
v.-. 

---------
65---------

I 70-: -------- -

D80-: ------. 
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IJ85-
• 
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Lithic Description 

- ·- . ;,,_., 
~:-:,,_~ .. CBICO FORMATION (Kc): CONGLOMERATE; T • - ';~ 

medium licht cray matrix, coa.ne Jrained, E -... 
r-"; -::~ 

i.-- 13:40 :: ,'.I,• 
IRU7 8:42 .,_100-+--7-2-+->-fi-.O-+--J-i--A--... V-T---R--t-D--t-V--+-F--+--<D_~;,_-~~ 

,-ravel with ■mall cobbl• up to 6 cm in S • 
1-... ... ... 

■iH, ■ome fm•· ,o medium-srained aand T : 

10/6 S Vil ~. '•o 
and ■ilt, noncalcareou■ cement, mauive, 1 • 

~~'.c 
/ .·~ 

rounded club (80-70") comJ)OHCI of • 
cra,todiorite, quansite, ,late, quart, • 

-!:f-•r' 
~;-~ 

~nsonite, and bualt, very cloaely ■paced boo-= 
JOIDb • ... l:b ~t 

r;~;_& 
...__ 11:21 ·.·qc 

... ... ... ... 
1-... ... 

IRua 10:00-10-0-+--,-o-+--6.-0--J-1-B-l-+-T-H--S-R--S--ll--F---..,~-*~· o . 
R p v ':~ -. _rr_a_v_e,..1--,■iud cluts ranee from 1-6 cm in aiu, 

t/;~ matrix m■dium- to coa.n••srained aand 

::-10: ~ d~z ',-%.o,.-
f~ 

... ... ... ... ... ... ... 
...__ 10:2gr-:-::-=-+-:~+--=-=+-=-+=-+=+=-+-=--+--:::-+-::-+---t:;~';;~i 1Rug 11:20 100 27 >fi.0 J Cl VT SR S 11 F •~o (0-60% rrav■l-■iHd elute up to 3 cm in aiu 

p V 
... 
-71, ... ... ... ... 
I.. ... 
... 

i.-- 11:481-'."~r~~---t--,,--+-.,,....+=,-t-...,,..-t--=--+-=-+-=-+--t' 
Rl60 12:08 100 33 2.0 J Cl TH S P ll F 

SR S 

• 25 cm wide u.trem■ly cloeely ■paced fractute _ 
son, above 0.7 m thick very fine-,rained 
sandttone layer 

60-70% rravel-■iHd clut1 up to 3 cm in ei,e, 

% crav,1-sised club up to 6 cm in ai&e, 
cluta are deformed and warped 

~I' ~ 
~ ij, -8" thick ,and■tone layer 

... - 12:421---+--+--+---+---+--,--+---+--,--+--+--+-~v.·" :~ 

... IR161 13:10 100 61 >fi.0 J Bl VT SR P II F ·: ~ 
,- L s :cliD ""60'"'%.,...rra_v_e..,.1--an--,.d cobble-,i&ed cluu compoeed of 
'" ~ ,ranodiorite and quansite up ,o 10 cm in 
... 72( ~~~ \ ■i&e 
::-· ~ SILTSTONE; ,-rHnilb black, low pluUc eilt, 

~ ~&~ ~:~:l!;:;=:~~=~:=~v•l, well 

~ _ 13:'21-'."~-t-~-+-"'.'"'."'"'.T'-:--t--,--1-=~'!-':=--t-=--+--=-t--=-+---~•::..~s=~~ extremely doeely ■paced 0.6 mm wide 
... Rlfi2 14:04 100 23 t>l0.0 J A VT SR P II F I calcite-lined, &ichtly healed joint■, 
... S V cravel-•iHd duu are faint and appear to 
~ D ~- meld with the matrix 

.... 72' ~M - ero■ional contact with crayilh lfl'Hn clay,tone 
~ p loyvl=obo••~•"'' 
- 30 
- ~ 1_.:"1---+---+---t--+--+-~--+-c--+----+-....,'--+-.QU.."n-f"."" \' GRANODIORITE (sd): white and crayilh JrNJI, 
_ K.ll>:11 .. •• irw ,~ medium srained, quan&, feldtpar, and 
- U:611 100 85 1.6 J Cl TH S P II MW 35 ~ 1 , ehlorite, IIINliYe with locali&ed cneiuic 
: F , ~- foliation, clOHly ■paced clay- and 
- __ 20 t:--~:r, calcite-lined joint, 

,., 

----
-
-
-

05-. 
. 
---
-

j 
-

-
-------

20-: 
-----
---

.,.., 



Client PB/DMJM 

Project No.: 92-2050 

Boring No.: SM-6 
,... 
N :,, 
'"' ,.., :,, +-

+- -0..... -:,, 
QI . Cl/I L ,.., :HJ 
QI 0 UJL Qj X cc 
Ip z ,.c: > '"' -QI 

'"' CV 0 
ti .t:. C -QI u C Qj 
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1'1:48 ... iiii .. 1:20 100 83 s.o J .. 10/6 F .. 
--74• - ,. 
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ICJ) ,.., 

QI L ICJ) Ill +- • DI C . 
en II C Q/ - +-c - ICJ) .t:. Lithic Description +- - C L &.: L QI u 
.. u u .J:. fll QI C +-
clll Ill UI C u_ .t:. '"' II 
-'- D. :::, Ill Ill.;., +- .:it. 
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60 ,•.-✓. GB.ANODIORITB. (pl): white and p-ayiah srem, 
r..:,, I: medium ,rained, quarts, feldapar, and 

60 ,_ ' :- chlorik, ,-iujc folia,ion, doeely 1paced 
60 

~/4 clay- and calcUe-lined join'■ 
A TH s p V MW V. ,, 

VI 60 '' .... 
~ - 2 mm wide pale Jrffft b•al■d day-lined joint 

20 
~ - 2 mm wide pale JrNn b■al■d clay-lined joint 

30 I • 
.... 1 .. , -

40 ...!. ·-
,. ~ \ 
~ A MM s w Ill MW 'TO ,, 

VI SW 10 mu11iva ■truc,un, moduacely dONly ■paced 
i.,,.: ,- joinu an wavy and irnplar 10 •I•• 
~-; - peiaic interval, folialion r- :;,_... 

10 
,..,_ 
"''2 ... , 

\ -
-- D.' \ 

'\ I • 

A TH SR w V MW 60 
. . 
~~ VJ SW 10 
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liO ..~ 
, - I 

20 \ --
~ 15 - 16 cm wide ti1btly healed fracture sone 

-~ 
~ E VT SR w V MW 60 u:tremely clONly 1paced joint■, aome day- and 

D VI calciie-lined and otbera clean, 1,epped 
40 and abeand 

60 
~, .. 
1,_I I/ 

-- ~ - -,-11 Cl TH SR w Vll MW 10 

~i VT D clonly 1paced joint■, 2 cm wide calcik·lined and 
40 
~ open joint @712. 7' 

70 \, ,, 

I - 11 cm wide aone of u:tremely clONly spaced .. ~ - joint■ 
DI TH SR w VIII MW 10 t...,, D / .... faintly paiuic 48 
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Structlffa I /0.i sc.ont i nu i ty X :n ""' escr1pt1on ,-.. :n +- +-+- -0,-,. 
'- -:n 111_ cu . CIII cu ,... ::,u 

OI ,-.. CU Ill cu 0 LL!(.. X cc +- • Ill :n ..... > ~ z , .c > .... -cu cu'- OI Ill +- • Cl C . 
""' C'-' 0 +-::J (I) CII C cu - +- C: - D) .c Lithic Description LL .c C -CII u Cl Ctr CII +- - C L c_ '- CII u CIICII +- ::, Ole cu C CCII D. .. o u .c Ill o_ CII 0 +- .:it.+-
D. 0:: Cir- 0:: 0:: UL :n C Ill Ill D) .C 

o_ .c ""' CII 
~ cu a- ~ ..... -'- D. :, Ill 111_ +- .:it. 

CII 0111 Ill D. (I) 0 (.. - 1->0 en 0 - OU. ~ - a. 
8 

0 0: Q. C 

.... 70 1- / GR.ANODIORlTE (&If): white and rrayilh ,nan, -.... t:,,, , 
medium ,rained, quart&, faldapar, and -

~ li0 Ii,' - I chlorite, mueiv• with localiHd peialic -.... - I I 
foliation, moderately c:IOHly 1pacad clay• 

. .... 
tR161 

13:(li I • . .... 13:56 100 (3 3.0 J Cl TH SR w V SW (5 

~ 
and cakita-linad joint• . .... D Vil 50- • 7 mm wide open and cry1talline calcite-lined -.. 

80 joint . .. 
~ • Ii cm thick pale cr-n c:hlorite alteration r.one --77, ~70-.... cut by alic:kenaidad joint -.... 35 • 2-li mm wida, irreiular and wavy calcite lined -.... 

40 81 joint . .... -~ . - 14:30 
R162 I"', "j -- 1(:(2 100 100 1.2 J Bl MM SR w V SW -- p I - --"-- • •T.. - -.... , ,, . -'-77 - "1 localised ti&htly healed and altered jointa •75-.... ~:- -.... 

I ' -.... ~~- T • .... 1-I, E· .... 
IR.163 

lli:01 ... '" s -.... lli:31i 100 100 0.8 J A MM SR w l1I SW \ .. , cloaely 1paced, irre&War, healad and altered 
~ D ~-<. joint , T-. .. 30 -\ . . - 2 • \ .. , .... 

► \ ... . 
-781 .... 'SO-.... tZ11"' . .... ~ I :3-:, . 
~ (5 -,. . .... N~- . .... 

iR164 
16:69 ,~~ . .... 16:lli 100 100 0 .8 J A MM SR w V SW 70 ,,',;; moderately cloaely ■paced jointa . .. s p 30 ~ ' ) 

. .... . .... '·~ -.... 78 4 ' .:-\: ti&hlty healed and altered fracture ,one, faint '85-.. ,. 
t:z.:'.- deformation and ■wirl, which lac:k mafic: -.... -(ii -.. liO mineral, -.... ",:,::: -... 

IR1e& 
16:38 ~~x -.... 16:li0 100 g3 2.0 J Cl TH SR w V SW 26 i;, - \ -.... D VI 40 

'\ , ,.. -' ' ... 
r--,~ -.... 
l\f -.... 79l 

36 i..'~'' 'f9&-.... -.... D-,~ -~ -.. :,,,--; ti1htly healed and altered fracture 1one, irNlflllar -.... 
1R1ee 

17:25 

~ pla&ioclue phenocryat ahowe off■et and -.... 7:49 100 92 2.li J Cl TH SR w V SW 
deformation -.. 10/7 F p l1I !iii ~" ,· -.. \;;: -.. 28 !>--;, -::-19· 

36 ' ,. b95-1,- I -.. 
~ - irrelfUl&r calcite-lined joint varie, in width -... -- ,r ,:~ from Ii• 12 mm wide -'- Rl67 

8:18 __ , 
-.... 8:(2 100 90 3.0 J Bl TH SR P . VII SW 70 

~ - 20 mm wide coarae cryetalline calcite-lined -.... F R 0 V -'-
II \ '):: joint with up to lli mm wide open cavitiee -~ 26 --· .,., .. .... .., 
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Structlfr.a I /D_i sc.ont i nu i ty 
escr-1pt10n ... "' :JI m ,... 

QI'- m "' .. ·m C: . 
(I) QI C Ill - +c: - m .r:. Lithic Descr i ption .. - C '- s-= '- QI u 
._u u ~ 111 QI 0 .. 
c:111 ,0 D) C u- .r:. "' II 
-'- n. ::, 111 "'= .. .x 
o"' (I) 0 - c'J.. 111 0. (I) 

~ a:: CL. QI -3 0 

~ 
CllANODJOllrl'B (ad): while and dark ,rayiab 

Sl'ffD, medium srained, muaive wilb - loc:alised peiuic: foliaiion 
• 25 mm wide coarN cry1lallin1 c:r.lc:ile-lined ,_ 

Dl TH SR p vu SW 

~ 
joinl wi&b up io 15 mm wide open c:avlli11 

w - 20 mm wide c:OarN cry1lalline c:r.lc:ile-lined 
0 joint with up lo 10 mm wide open c:aviti11 

'~ ,- I 
~I,• 

~ ~* ,, _ 
Bl TH s p II SW 

~ SR w _, 
... " ... !_, ~ 

r~ -- - dilc:ontinuou■, tlsht}y healed and r.lleNd joint ... ,, 
I •"".( son• 

~ 1,'t I Cl TH s p VII SW 
SR w ~ • 20 mm wide c:r.lc:ile-lined joint 

'I / 
'✓-. \' 
~ - up lo 16 mm wide c:alc:ite-lined joint 

---=--,,~ - 10 mm wide branc:bins c:alc:iie-lined joint 
Bl TH SR p V SW ~ VT s s F , '-., 

~ 
~ BASALT DIKE; dark sreeniah sraY to JrMniah 

black, aphanltic:, muaive 

Cl TH SR p V SW ~ 
~ .. CllANODJOllrl'B (sd):dark srayiah JrMn and 
I'- I I white sradins to ,rayiah snen within bake , ...... Mme, medium srained, quart&, felc:upar, 

and c:hlorik, mauive with loc:alised ~ ~,,' rneiuic: foliation, dOHly apaced .. , ., c:alc:ite-lined joint• 

~ 
- 6 c:m wide medium li1ht ,ray fat clay MUD A TH SR p VII SW 
- 13 cm wide bur.lt dike w 

D 

Borinr terminaled at 830 fMt on 10•7-92. 
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Client PB/DMJM Project: 

Location: N415S721/E4180137 

Inclination (Deg.): 90 

LOG OF BORING SM-7 

Metro Red Line-Segment 3 

Surf ace Elevation (ft): 1100 

Bearing: NA I Depth (ft): 743.0 

= Tbe F.artb Tedmology 
-- Corporation 

Project No.: 92-20S0 

Boring No.: SM-7 

Depth to Water Table (ft): 1S6 

Started: 8/11/92 Finished: 9/22/92 Core Dia. (in.): 2.4 No. of Core Boxes: 45 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 Fluids: Bentonite/Clear mud Eauioment 

Logged By: D. Burke Checke~ By: G. Miller Page No.: 1 of 22 
,.., 
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LAS VIRGENES SANDSTONE (Tlv): SILTY .. - ·, , 
- 08:42 b. ,: ' SANDSTONE; very pale orange, ,. c . - lo8::S7 ·;.•./, coane-grained t.rkoaic nnd with lilt, - - 8/12 -~ · ' ■caUered gravel to 12 mm , very friable, .. Rl 0 0 - - - - - - - - u muaive, ■ubrounded cluta conaiat of .. -... R2 (2 8 - - - - - - - - ■chi■t and quan&ite 
--5 

.. 
. ··. / ... 

108:43 v,/./ indiatinct bedding ... 
<-f:. • ■chiat clut, > 8 cm in 1i1e I- 10:10 65 ... ~.;.: ... ,O 

10:15 ... ,, ... 
R3 

/ ' .. ... 10:40 62 u - - - - - - - - •. • i: . 
t----· I- ::,•~ - -... t>.- C • 

--10 [!b'~ ... u:~· ... ... :so L,;,- , •o 
•e, ~ 11;:,, .. ~-:<· ... 

10:45 !, ...... ... 
'Ri" 

. ,. . .,,, 
~ 11:05 34 0 - - - - - - - - r:-·~.:..: CONGLOMERATIC SANDSTONE; very pale v • . ... •.--· _; orange, coane-grained ,and and rravel ... ,./ "~. ,· with ■ilt, mulive to thinly bedded, very --15 . ~ 
... 

~ 
c:lo■ely ■paced joint,, 1ubrounded cla■ta ... compoaed of ■chiat, quart& and quarhitl ... f. .: ... ·.fj ... ... 

Rs" 
11:U o::~ .. 12:15 36 12 - - - - - - - - , .. '. clut1 to 4 cm ... .. .. ... -:-~ 

--20 ·: . . ~ 
I- ~? .. .. 'J.; ,5 ... :o = . . ... ~.:-
~ 

""'fie 
12:22 ., ( - ·o·•. .. 12:S0 Q2 15 3.2 J Bl TH s w lll MW -~.o: .. 60 ·~· ~ ... ~~ --25 20 ~~, - weathered 1chi1t clut, 15 cm in 1ir.e ... [):-<.~ .. 
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..... Struct'tf.al/Oiscontinuitw X :II ..., escription ..... :II 

.. .. .. -0..... C. -:JI "'-QI . CUI QI ..... ::::,u Q ,.., QI Ill 
QI i ~ 

X cc ... UI :Tl ; t-> > QI'- • 0) C . ... 0 
..., -GI ICIII UI .. - ICIII &. ~~ ..., +-::::! en Ill C CII - •c Lithic Description 

&. i -;1 u 
8 CIT QI .. - z C. a-= C. QI u : !Ji .,u QI C .. ,JI. ... .. 0111 c• u ~ u- ~ 

..., QI ~ Cl. .,_ 0:: Ot.. Ill 0) 

.!I a- lllL&. t- -'- a. :, • UI= .. .:it. 

• 0111 Ill Cl. en 

~ 
- (I) 0 - cU- QI 

Q. 
C ~ 0:: Q. :::z C --
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I 
LAS VJRGENES SANDSTONE (Ttv): .,., -

~ CONGLOMERATIC SANDSTONE; very -.. pale oranre, coane-p-ained ■and and -
I- cravel, cobblu io 4 cm, wiih ■ili, mu■ive -
I- -.. - lll:O~ io ihinly bedded, very dOMly ■pac:ed -.. R8 13:42 24 0 - - - - - - - MW .-: joinu, ■ubrounded dub compo■ed of -
I- - ·. achiat and quarh.ite -.. . - --,, . 
..-35 t/!~t licM brown, very coane-crained ■and, duta to 5 35-.. -.. =:_1, cm in ai.H -.. 

~r 
-.. -

.... ., -... - U :05 ~•t• .. ""' -... ru> 18:25 35 0 - - - - - - - MW -... k duia conaiai of reddish brown fme-crained -... 

I 
porphyritic ,ranite and cn-iah l"Y -

t-40 quan■.ite 40-: 
~ .... -
~ -.. - 17:03 

I 
. .. RIO 09:52 ~ 26 2.2 J Cl VT R p 11 SW 8li SIMI CONGLOMERATE (Tacl: -

I- 1/13 TH w rrayiah blue ll"ffD, well rounded variably colored -.. ipeoua and meiamorphic sravela and -.. 30 
cobblu within a very coane arkoaic - -.. '1 -

-45 1and1ion• matrix 45-
I- -.. 80 -.. 30 -.. - 10:02 ,:,--.. '.1 - 0.3 m wide ■hear ac>ne aireaked pal, reddish -
I- Rll 10:20 50 0 1.5 J B VT R p II MW -
I- s I~ purple -.. 

10:25 a• -.. - -... RU 10:40 83 6 2.:S J Cl VT R p 1I MW -
f-50 TH w 

30 
-~o 

so-.. . .. . 
... ~ -.. --- 10:50 -.. R13 11:11 75 0 2.8 J Cl VT R p II SW -.. TH w I 80 -.. - aoae• of well aorted coan,-crained aand,ton, -.. -.. -
rss 30 ss-.. 1--- 11:25 -.. RH 11:43 89 20 l J Cl VT R p I SW -- TH w r -
~ 

70 -.. 25 --- --- ! -
--60 --- 12:03 I 60-- -.. Rlli 12:15 100 67 1.6 J C TH SR p I SW -
I- MM s r -.. \'·• ;(: -.. 

~~ -... 
J ... ~: ~ - -.,., \J.} 
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Lithic Description 

CHICO FORMATION (Kc): 

----- I08:(9i--:-,,-+-,-+-...,..-◄--=---+-,=-+==+-==--+-:=--if-:-::,-+--=-+---i"·~ ~ 
R79 i09:12 90 0 1.8 J Bl TH SR P VJ F v,-~• > 

CONGLOMER.ATIC SANDSTONE; 
crayiah cnen, very coarH•crained aand 
and 1heued crave!, cobble& to 6 cm, with 
ailt, poorly cemented, very friable, 
mauive, moderately cloaely &paced joint,, 
aubrounded cluu compo1ed of quart&ite 
and 1chi1t S (0 :t;? 

~ 0 

---. I09:26i-,.,,.,,..+-,-.,.,.+-,,--+--,-+-..,,,..+-,,-+=-+---.::,--+..,.,.,-+-::--+-!-O--<~/ • SANDSTONE; crayiah creen, very 
R80 !09:(0 100 100 0.4 J C MM SR P VJ F ~: :·_., coarN-crained aand with 1heared and 

T 60 :-'::-'· acattered cravel, cobbl .. to 16 cm, lilt, 
~ -. ~ moderately friable, mauive, moderately ~-. x. clOM!y &paced joint•, •ubrounded club 6~f: com~ of quariliite and .chiat 

so v::"': 
- kl9:Hi-,.,,.,,..+-,=-+-,,..,..+--,-+-,,..,...+=+=-+---.::,--+..,.,.,,-+--=-+--t•;.:: ',< 
R81 10:69 100 20 1.( J Cl TH SR P VJ F '• -; ' 

S 2 5 i:;_ •-!'; r:n i.,, ~c1=-u~t-,-c-o-na-=ia-t~,-chi-:-:-.• -=o=-y-o-=c=-,chiat 
:.,· .. 
• • : ; - faint beddinc 

!O ~<, 
~ ~·-:·, } -:, . 

---
-
---
--~so-: 
--------~8s-------
-
--

D9Q-. 
--

... 
,-. 
,-. 
,_ ... ... 
,
... 

.,__ 11:15 ~ ••: 
R82 ll:40i-,.100""""1'-~0-t-:0:-.6,-+--,~,--1--,C,.....,1--,T=H+-=sS=R-+-::=-+-ev.,.,1,-+--=F-+--t~! - aone of •heared matrix and ahattered club ~ 

B ~~~ 3 
..... 29' ... «1 ~~ 

; ] 1 -faint beddinc ~ .... 
.... ... ,,.,, ·~ 

,-._. 12:00~,,.,,..+-.,--+-,,-,,-+--,-+-.,,,.--+=+=-+--::---+-:-,,:-+-::--+-'_.._l r;'-+',; J.
0

~ • 
R8! 12:20 100 0 0.5 J B TH SR P VI F ;(./. 

: :.,_:~ 
,- ,-._. 12:25~,-,,-+--,,.,.-+-,,-,,-+--,-+-,,,.--+:=+=-+---.::,--+-:-,,:-+-::--+--U/ ' .. 
,- RM 12:(5 100 10 2.! J Cl VT SR P VI F 65 • •.: '• _ ~ 
~ ffl S ~ I ~ : ... ~. ' 

45 ✓-:½·~· · ' 
: •:.♦• J-1 
- · , j · :-: 

_ ,-._. l!:lOt--:-=-+-ec-:-+-,....,..+--=-+--,,--+=+-==-+-=--+...,..,.,,-+-=-+-'_.""'1 r;.._,~_1f , . C .J 
_ R85 13:!6 95 U 1.8 J Cl VT SR P VI F 60 i't,; ! · - 1chi1t elute j 
- TH s .. . :•r-c .... O .... N~G-=-L-O_M_E"'"'RA_ T .... l_C_S_AN--D-ST_O_N ___ E_; _cra_y_il_h_--1 

- ~ green, very coane- crained ,and and 
:-JO' 60 · crave!, cobble& t o 15 cm, achilt and 05 

... 
: ~'-0 quartr.ite cl~t• 

,-._. l!:521-,,,,.,,..;-.,--~:-::-+--=-+-=-:-+=+-==-+-=--+...,..,.,,-+-=-+--t' 4-")f. 
: R86 OQ:04 100 0 !.S J Cl TH s: : YI F 40 ~ 

- -~ : _ R87 :~:~:~10""'0:-t--:3-:-6-+--2,--+--,J:--l--::C-l+T=H+ S""'R~,-,,p~i-e-,Y.,..J +-,F~_..,<15n5>L-+-::::. ?-J 
,v 
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Llthic Description 

- SK w VIII -:.~~ cmco FORMATION (Kc): 
.. ~ CONGLOMERATIC SANDSTONE; 
.. 55 ~ :;_ srayilh blue JrHD, very coarn-crained 
: ~:~ ,and and crave!, cobblN be&wNn 15-30 
.. ~,I; c:m, wi,h lilt, mu■ive, do■ely ■paced 

~ ""':•l1--+---l---+-----+----1-.,...,.--+----+-----+ ...... .....+--,,,-1-H--t · joint,, 1ubround■d club compoNd of 
,.. R8i 10:00 100 0 2.2 J D TH SR p VI F ~ ' sraruiic, qudanais■ and achil& 
-31' SK W VIII 30 - poorly c■men&■ 
- ; : ♦ .. ~ 

, . 
. •• .. .. ... ... .. ... 

,:-. 
30 ~1;,: 

_10:13 ::·." 
ue io:281-=1~:s-t-""'o,,.....+->""'6"".1,,.+-""'~=--1-=:,a.,.1-+,v=T-t-s""

8
~,.....1-:,P,--..,,v~1""11=+--=r....-11--60-+'f l~ ... 

-32( .. .. 
--.. 
----
-32• - ·-
-----.. .. 
-33( .. ... ... .. .. ... .. 
--

,.; 

....-10:Slt-:-=---+-.,,.....+--=--+--=--+=--+=:-+=:-+-=-+= ...... --=,-!-.DU.•ft -v 
RlMl 10:119 88 0 3 S D VT SK P VIII F 

J SR W VI 

•: ·~ 
~ 

55 
_ ll:10 f-=.,,.....t-=--+-.,,.....+--:-+-=-+::-:::-+=➔-=-+~:-+-=,-+-~b11;,.._!i'.~ 
~l 11:24 112 0 :S J D VT SK P VI F y.~ 

SR W VIII 5 i~ 
10 ·~~ 

tii 
75 ~ .,, 

_11~81--,.,,.,..+-,,.....+-,,.....+-.--+-,,,.,....~=-f.-,,.=-t-:=-~==-t-:,,-l--bc'IG:,1 
~2 12:21 100 0 2 J Cl VT SK P VI F ~ .~ 

TH SR W ~ so 

:-33! 60 ~ ~ 

- 0.5 m wid■ 1h■ar aoae with 7 mm wide 
day-lin■d join&• 

vary coarn-crain■d 1and, duu to a cm in ■ia■, 
mo1tly metamorphicl 

CONGLOMERATE; matrix aupported, fin•• to 
coane •h•ared &raY• I 1111d cobblu to o.a 
m, 1ubrounded cluu compo■ed of cranite, 
cn■iu and Khiat, matrix conailu of 
sr&Yilh creen very coarn to 
coane-srain■d 1and and day that ii 
poorly cem■n&ed, muaive 

: 55 ~ - p-anitic clu&a lo 30 cm 

~

,o;it;,-
_ _ 12:361-:-'.:':"'"t-::-:--+-::-:-+--;-+;;:--:-+=:-+=~-::::-t-:-:,:-i--:::-t---L 
- ~3 13:07 100 25 U J Bl TH SR W VI F 
: S 70 S::, - 1chi1t and cn■iu cluu to 12 cm 
_ - 13:151---+---l--+--:--+-=-+,-,-,,,,-+...,,..-+--=-+-=--+--,,,-i--r,=::llll, 
- ~ 13:SO 80 0 2.8 J Cl VT S P VIII F •' 
-34( TH SK VI • . , 
--.. 
------

!o. 
_ 13:,&61-:-'.:':"'"-l--.,,.....+--=--+--;-+=--+=:-+-::-::~-=-+-=:-i--:::-t~-i::.c>-"1."I 
RG6 13:51 100 0 2 J Cl TH SR P VI F •~ ~ 

S 30 ~~-
- H :001-:-'.:':"'"-l--.,,.....+-::--:-+-;-+=--+=:-+-::-:::-t-=-+-:-:-:-t--:::-tf--r.~i:A~;,9 
Rll6 H :12 100 D 2.2 J Cl TH SR P VI F ,Jc g 

65 

-------
-

15----------
,20---------· -,25------

---
130----------
~35---------
40-: ----

, .. .., 
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~--::- crave! and c:obblu io O.:S m, 1ubrounded ..., 

60 • r, 
cluta compoaed of IJ'anite, cneiu and 7 
schiat, m&trix conailt• of rrayilh C?ffn -25 · 6.- very c:01uH to coane•(?'&ined sud and -

o •9 clay that ii J)OOrly cemented and very -Cl TH s p VI F ~ 
MM 20 ~·.:. ~• friable, m ... ive l Jso--3 • I harp contad 

~.o 
'D .- CONGLOMERATIC SANDSTONE; medium ~ 

~~ 10 cr•Y, very coane-(?'&ined sand i o fine 
~>."':.:: sravel, and ailt, m ... ive, cloaely ,paced "'i 

~ ~!.J. joints, 1ubrounded cluta compo1ed of .., 
20 ~.o · cranite, rneill, quari1ite and 1chilt i =:'i,:·I ~ 

Cl TH SR p VI F 
~~ -VT s . 55-
~: b"-. • !( 

- faint beddinc -
~ - -

45 (i~ ., -w -
-

60 y. ~ -. -:,. !,.: - - -
Cl TH .{t p VI F 

....• 
~ . : , -

VT s ,.. ,,,, 4 

60-75 
.. -,o;-,-. 
• .,b .. -
~ -· I -··:if· -

20 ' O • .:...:, -
~-~~ -

30 
~"'( -,·-. ' -. . . -Cl TH SR p VI F .,~~ -

VT s ::::·:. ,65-15 
. . 0 . 

~.:.;.:.. ·-: ... --~· ~. -
"\;.;: -
~~ -•o Y·.ci -
; ,. ; -

~ 
-
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VT s 
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. 
~~w. -30 :.-:: ·o• -~ · ..:. -2S 
t. I ... 

~~ -
~-:? '• -

: ..• ~ 
. 

D VT SR p V[ F -
TH SK vm 6 ..-. . 75-. . . 

~ ;.. . 
·o •~ • 
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Lithic Description 

TH s ~~ CHICO FORMATION (Kc): u above, aheand 
~~ \ cnvel -d cobblea with dark cn,y clay at 

1---~--111-:001---~--'---+---+---1---+---1--~--4---1---.t-:-/.'•· contact 
R104 ~:15 100 0 3 J Cl TH S P VI F 65 ·';t{.,P.. CONGLOMERATE; matrix ■upported, fine- to 

~ •::c, coane p-avel and cobble■ to 15 cm, 
~ ""':2S1--+---'---+---+---l---+---l----+--4---l-

5
_
5

-l.'.~~ •, 1ubrounded clut■ compoMCI of porphyrit ic 
,... R105 !0Q:38 100 0 2 J B TH S W VI F ~ t:::: sranitic■ and quart&ite, matrix conaiat■ of 
-38' ~p dark p-ay very coane to coane-,rained 
- ~~·?; ■and and day that ii poorly cemented and 
- 10 . very friable, muaive, dut■ readily -;1---~-111~~~~-+-+-+-+-➔~➔~--+~~~~--~~o ~~~ 
: IR.106 10:07 100 0 - - - - S W VJ F •-

- = 10:17~=-=-~..--+~+-:-+:--:-+=::-+-==➔-=--+-==-+--=:-1--L...;, quarts.it• and cramte duu to 0.3 m in ■i■• are 
- n.107 10:35 100 0 >2 J Bl TH SR P VI F ii~ offNt by tiptly healed joint■, ■ome 
-39( S W quartait• duu an ahattered -- :>.· 
: 60 ~!· 
: ~; 
- =-=' 11:08 . ). ~ 
• IUIHJ 11:28 100 0 >2 - - - S W VI F ~~ ,, 

:-39! ~~ 
: - 0.7 m boulden compoeed of ,ranite and 
_ quartait• dut■, ■ome an ■haUered 
--- j _~ 

U :001--~1----1----.---+----l---+---+---+---i--+--~"\',',I 
: Rl09 u:56 100 0 >2.5 - - • S W VI F lA ~ 
-401 1"1 ... ~ -... ... 

~-.. o . 

~ lS:301-:::-::-+--::-+--:-+-+- -+---+--:--+-=:-+-:-::-t--:::-1~-h'::· ~-i>~:,:;:,i • ..,. RllO 10:17 Q5 0 >5 • • • S W VI F ~ 
: ~ cluu to 15 cm compoMCI of quartaite and 
,-4O,,...-10:26~~~-+--+--+--+-➔--,,.--+-=e-+-=,c-lf-:::--I---CO t I · 
,-. IR.111 10:42 100 0 >10 • • • S W VI F ;..;'--l: me avo ~ante.a f~ 

tt 
,... 
... 
.... 
... ... 
-- i~ 
- ~~o·•' -4 J ( --- ll:1'1--:--,:-:-1--,--1--,...,,.1---1---1---1--:::--1-=::-:--t-:-,:-:-t--::e--11----L.l..1'' •~ 
• R.112 11:27 100 0 >2.l - • • S W VI F "9.;..:,-

~ 
~f _ n :'41--+---'---+--+--+---1--~---+---1--,,-.- ~,,.o· 
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Llthic Description 

~:~ cmco l'ORMATION (Kc): CONGLOMERATE; -
~~~ matrix supported, fine- to coan, cravel -

IRllS 12:16 100 0 s w VI r 
~ and cobblu to 0.3 m, 1ubrounded cluta -

Rll4 !:::1-10-04 _4_7-.--1-.3-+-J--+-B-1--+-T-H---1-S--...... P-1-V-I4 -F-+-8-6~:'~ ·• : compoaed of sranite, rn•in, quartsite and : 
: ·:_.:, ■chiat, matrix comilt1 of dark CTt.Y very 1 - I.\: . . coane to cot.ne-cn,ined aand and clt.y 7 

::., >.: /. tha, it moderately cemented~ mauive, ~ 
-42( R.- 13:061-

100
_+--+--+--+--+--+---+---+---+---.--•..,·n'-C.,,' ·;.r, larl'• round club Nadily aeparala from 12o-=J 

... 116 13:21 8 2.8 J Cl TH SR P VI F :\: matrix _ 

"'" MM S ·-~ SANDSTONE; medium sr&Y, very coane-crained ~ 
~ so ~.~,.. aand, trace rravel, poorly cemented and 
,_ \'•, ~: very friable, mauive, cloaely spaced, 7 mm 
~ ~ wide calcite-lined jointa 

- ~ ~ -42' - 13:-'61----+--+---+--,-+--+---+---+---1---.----+--f~ 
,.. " R.116 14:00 100 40 3.-' J Cl TH SR P VI F 
: VT S W 80 ~-.: , 

,_ i~,: J 
... 30 ~~·~ _ ... . .. , -
... I;_~ .. 
- 30 ~}: 
:_431 c:-:-= U:30i-:-::~-:::-+-::--:-+--;-+-:::~-=:-:-+--,::-i---.::-~:"':':'"-i-:::-+---f • • ' --,---,----:-:-----:-,---
,- n.117 U:-'5 100 0 2.2 J Cl TH R P VI F ~ p. veins to 12 mm wide 

~ VT S W _.0 ~ ~~ 
'.: •5 .. ~;. •· - fain& beddin.,. - , .,.,._. . 
: ~··:.~. 
:_43' ,......_ 15:Ut-:-:::-::-t-~t--:--t--:-+--+--+-:--+-==:-+..,..,.,,+-::--+-6-6~•~~:.:--•._-:i\:4-:::=-:=..,,....,,.,.....,=,...,...,~,....,,.--,-,=-, __________ -.i3 5_: 

'.RU8 16:-''1 100 0 >-' J • - S W VI F ..::~:~ CONGLOMERATIC SANDSTONE; medium 
!;'_(;'~: craY, very ccane-Cl'ained 1and, ■ome 

I cravel to II cm, and silt, poorly cemented 
and manive, clo1ely spaced joint■, 
1ubrounded elute compoaed of ,ranite, 
rn•in, ahattered quariaite and ■chi■t 

~.i :_441 I::"="= 16:lOi-,,-,,..,,...+-~+-..,...--+----+=--+---+-=-l--=--+--+-=-+---i,·:;f.6 
... Kllll 16:26 100 0 3 J Bl • SR P VI F •.,_,. 
"" S S W VIII 30 , • .• :.;,-. 

~ ., ~ • 15 cm wide ahear- aone 
... 45 

: 40 ~~ ch~•ta to 16 cm 
=-44 _ 16:(5 · ';~ 
... Rl20I08:15 8" 0 3.3 J • • SR P VI F 1'•0 
... S W VIII :i~ 

~ ~qG 
~ !f 
,_ _ -I08:281---t---i---t---+---+---+--+--+--+---+---l'JJ{,IY 

------.. 
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40-
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·~~ cmco FORMATION (Kc): CONGLOMERATE; z$.; ma&rix 1upporied, fine• lo CO&l'N ,ravel 
R121 Ol:47 100 0 s W VI r 

~;-~ and cobbl• loo., m, 1ubrounded cluta = lo8:H..-=-~~~-+--=--+-=-+-=:-+=+=-+:~+-=-t--P::!;.f'.-O·~··:: compoeed of sranite, sneiu, bual& and 
IUZ:Z !09:11 100 0 3 J Cl TH SR P VI F aha&&end quan&ite, matrix conai,tl oC 

VT S W • . ,.., dark cray very coarM to coarae-srained 
·· 1and and c:lay that i, poorly cemented, 

-45' .. ,. 3 · .": ma11ive, cloHly spaced join&,, cJut1 
• readily Hparate; 10 cm wide shear 1one @ 

l!fi:ct:." 451'; ■haUeRd qulrir.ite clut healed with 
85 ""'· ' 

.. 
: t :,. dolomite(?) at 453'; 0.5 m thick very 
.. 1--"""",w-:32~'.'."'.:'.""t-~+--:-:+--:-+:--:--+=:+~-+-=-+-:-:-::-t--:::-i--~~•~· coarae-crained 1andatone layer at 456' 
-. IR123 ~G:50 100 0 >3.3 J Bl TH SR P VI F ~-r')'~ [driller Nport1 water lou while corinc becinninc 
"" S VT S W VIII S.\bl<.: with Rl23 and decreuinc to Rl2G] 
~ ~~ 
~ ~ ·:-: ...,.....,....,.........,,-----

4"'' -~·. ·· clut■ to U cm 
:- tQ1 ._ 10:00,~~+-'.'."'.:'.""+-:-+-:--+=-+==-+-,,-,=::-t-:~-:-:::::--t-::--I--AII •"-+ •. ,; ' • 20 cm wide lhear aone 
.. IR124 10:25 100 21 1 J Bl TH SR P VI F .. .. .. .. .. ... 

s 
20 •u. quart&i&e, sranite, sneiu, tchi,t, bualt, and 

ailicic volcanic da■tl to 8 cm 
• 0 .4 m wide 1hallend aoae 

• o • 

.. 
:-46' ~ 10:42.i-:-::-::-1'--::--t-:"'7'""t-:-t--:-:--"1"":::::-1-::::-t--::---t-:-:::-1'-:--t----~.(:..>.J)' 

... S VT S VIII ~ 
.. ~12510:55 100 0 >2 J Bl TH SR P VI F ~1 
~ 55 - 0.3 m wide shear r.one with clay eou&• 

: if.~ 

~471 ill:l2 60 "I~:. clut■ to 15 cm 
.. Rl26 12:11 100 40 1.8 J Bl TH SR P VI F ~ -
.. VT S W : !: r,:_ cluu to 8 cm 

~ 
30 

~ . ·.• - 0.8 m quartr.ite boulder, ■ha&&eNd and healed 

:-47 ' ......_ 12::S:S1---+-.,,....-+---,-+-,--+-~-+-=..+..,,.,,,....+--,,,-+...,,.,.,.....,,-,,,_..,__v~~ 
.. IR.12712•."8 100 0 >2 J Cl TH SR P VI F • !~/. 
._ .. VT s w 50 ~:~;,_.<;· - 1 m thick very coane- sraintd tand1tone layer .. ~~-.. w~:~ 
- ~··?. ._ ;,,. - 0 .6 m wide, extRmely clOMly CractuNd aone .. ~;~ .. ~ ~~ 

::-481 13:08 ~~2 
: Rm 13:23 100 0 1.8 J Cl ~~ s: i, VI F 75 I.It~ cJu11 to 15 cm 

: 20 ~~ 
- ~ 
: ~1~ - ~ ~ 

---------ss--
-
-
---
---

6~ 

--- -
65---

-
-
-
---

t70----------
175-----

-
-
-

-



LOG OF BORING SM-7 

Client PB/DMJM Project Metro Red Line-Segment 3 

Project No.: 92-1050 Location: N41S5721/E4180137 

Boring No.: 

,.. 
+-

= 

,,.. 
:,: ..., 
:JI 

ii 

SM-7 Page No.: 

Struct~al/Qis~ontinuity 
Descr1pt10n 

+- • UI :II 
,.. . 

15 of 22 

... ..., 

.I:. 
+-

> 
0 
u 
QI 

0:: 

QI L m 
ca, en! £ 

UI +-
CU -_E L 

m 
cu 

C 

.I:. 
u 

+
cu 

.JI. 
en 

Lithic Description 

! QI 
L 
8 C 

0. .. u 
:::n clll ~ 
._ _L a. 

0 Ill en 
~ 

g -~ 
0 -a:: a. 

..., 
a. 
C 

- Rl29 13:45 100 14 1.8 J Cl TH SR P VI F 35 ~'\'½ CIDCO FORMATION (Kc): CONGLOMERATE; 
- 13:58 S W J.b¥; matrix 1upported, fine- to coarae- rraval .- r;,q\t. and cobblee to 15 cm, 1ubrounded cluu 
: compoeed o( p-anit•, peiu, achiai, bualt 
... 30 and lhaUered quartaite, matrix con.aiata of 
.- "b dark gray ver, coane to coane-Jrained 

: ~-~-~-+---+---1---1---1-----1----1---+-

4

_

0

---ffC/0~~t· ~-=j:~ 1:!.: ::~: :i::~y r:::~ted, 
:-49( RlSO !!~~ 100 16 >2 J Cl TH SR P VI F ~ ■-parate from matrix; 0.4 m quartsite 
: VT S W 40 clut @ 490' 

... 

... cluta to 8 cm 

... ~ ~ 

: 60 ~~ 
1-49• -14:55 ~i·-~~-·· - • R.131 15:10 83 0 >2.5 J Cl TH SR P VI F _ 
- S VT SK W Vlll :;"~ 

= r1! 
: TO t - -15 cm wide ahear aone 
... ruii u :21i-,-~--,-+-,-~--,--+-----+--=,.,.-+--~---1--+--~---wir 

~SOi 15:42 94 0 1.8 J Cl ~~ S5R : VI F ~ • faint bedding 

- " ~ - ~!~ - -~ - ~ 
: ~ 
- - 18:101"":".::-=--t-::-t-::--t----:--+=-:-+:=+=-+---=--+-:-:::-+--=-+---t~-:-3 
- fU33 t6·.•o 100 0 2 J Cl TH SR P VI F WJ">'C: 
-SO' ., VT s w ~•?c 

~ :: ~ 
: ~~: ~ 
_ _ ie:55 r• : -:-:-;; 
- Rl34 17:05 100 0 > 3.3 S - VT - P VIII F ~~: _'~·• 
-SIi w -~ -~ 
_ ___ 15:251-:~+--=-t--:--t--:-+::-:-+.=+-=--+---=--+~ -+--=-+-~~J,~ L.:. 
,.. Rl35 12:15 90 0 >5 J Cl VT R S VI F ~ (change to NQ coring] 
: SK P ~ ________ _ 

: Rl36 !!::~~3""'0-+--0,--+--,-l-+----,,-J-+--C,-l-+---,,V-,-,T=--l-R--e--W-+-V-I--1--F-~-..i;'.'.J,,.'c"."'_.::-.,,,-r;.J very cloaely ■paced day- lined ahean 

1-5 I ' P ;.., .... :.' ;·_ 
: - -.:~~::.2 
: ~{:c med ium gray to medium light gray, clu ta to 8 · 

- ½-::-+-::--+-,--+--:--+:=-:-+-:-:=+=-=-+--==+-:-:-:+-=---+--4;::~·o o.__. cm - 14:00r .,1o: 
- Rl37 14:50 50 0 1 J Cl VT SR W VI F , . ·.:' 
.... s p , -
-_ ~~ 

----
-
-
.... 
-

l90-: 
-------
-

95----------oo-: 
-----

...I 

,15-i 
J 
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z ~ ~ "' ~C ~ II ~~ ~ = !: ..: ~ 7 Q 
C -11 ~ 0 O' - _E '- ~ ai ~ 
& ~ 0:: ~ 8 f §; ~ ~ ~ UI ~ CJ= .r, ..,.. 

0- f! 01111. I- - t.. G. ~ Ill UI~ +-

8 ~en a: A.a.i-i a. 
C 

.r. 
u 
+
Ill 

.:it. 
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Lithic Description 

: Rl31 ~::!~ 100 O U J Cl VT s: ~ VI F ~~ cmcoc~~~~~~~~:SANDSTONE; 

- ~ lS:JSl--l00--1--0---1-2-s--"-J-+-C-l__...VT_-1-S-R---1-W--+-V-J-+-F-+----~t:)."'!',::~ medium IRY &o medium li&h& IRY, very 
: 11:20 • S p O. c:oane-crained nnd, aome sravel &o 9 cm, 
,.. ,i-:: and ai1', modva&ely c:emeated, muaive, 
- :;.~ doaely ■paced joinu, aubrounded duta 
,.. :;,-~\". compoaed al srani'•• peiaa, quan&i\e and 
- ~ ·) achiat 
:-52' ll:351--+--+--+--1--1---1----1----1----1--~---Y..-_, .o 
- R140 12:00 88 0 >U J Cl VT SR W VI F •tP-;_ 
- TH S P /;_-~t-. - ~~ - ~~-- ~ ~' - --~~ ~ •::,D'-

- =-:"":"'." 12:llt----+--+---+--+----+--+---+--+----+--+--~~•J -,---------531 H.1'1 U :,2 100 0 >2.5 J Cl VT SR W VI F ~l~ dub to 0.3 m conaia&ins of snnite and 
- TH S P ,','! quanaite, club r.adily npara&e from 
: ~r~ ma&rix 

: ~~~ 
-12:551--,--t--+--+--,,....-....,.-i-,-,,.,....1--,,....-1----1----,1-----11-----t"'i~-

: Ru2 u:10 s o >U J c1 VT sa w vi r qlg 
- TH S P SO ~*: -53• .q; _ : '• ~-"=· : n, 
-_ ~ lS:SS~-+-~l----+---t-+--+--l--+-+-=,...+,----1"~~1' 

tlHlS lS:52 25 0 • - - - - - - F :..'\, - ~~ 

~541 ii« !::~1--100-+-o-+-s-+-J-1--C-l-+-V-T-+--SR-1--W-1--V-I-1--F--1----njj club io 8 cm 

: S P ~:,o~ 
- ~ l5:SQl-:-:~l-=-=-t-:"-:-t-:--t-::-=-t-::::=:-~=-f-=~r-:-:~l-:=-II-~ eft-ft:".;,'.,•?i,:: 
.. te.U5 15:61 100 53 1.3 J Bl TH SR W Vl F ?•:£; 
: SP 15~~-~ 

: ~~ - O.S m quan&iie c:lut 

:54• lJ.·~ _ 10 :o~o - ~ ~~ ~ 1----1--0---l-2--"-J--+---+---+---l---+---+--+---if>,O'.!,, 
- tt1'6 16:,4 93 Bl VT SR W Vl F ';5•0.' 
: S SK p 65 O~~ - 8 cm wide alickenaided ahear, pouibly 
: ~ uaociaied with ■oft aediment deformat ion 

-------
25------

--
,30-: -------

- -
-
--
----

t40-----
----

,45---------: ~ - 8 cm wide 1lickenaided ahear 

:-SS( R1'7 : :~~1-,5-8-+--0-+->-5-+--J,,.....+-,,B-l-+-""v""'T-+--s""'R-+--W-+-V .... l-+-..,F..-1-..u,i, "n--t;fj'l"<-~-:::.: ,1-,B"'RE=""'c"""c""IA-; -m-a-tnx..,.· _an_d.,....cl"'"u-ta-■"'"h-at-t-er._d_an_d __ _..50-: 

~ ••,111--:,-,,-1-!-.,.-.t-,--:-t--:S,,....-1-::,.,....1-::,~1-S,,,.K~,...,,,p--,....,,.,,,....,~,....,1-S..,.87000_---t:.~1:~,~ oboand, day oliok-id• '° 5 = tm,k 

---

• R148 09:10 100 68 1.6 J Bl TH SR W VI F --.,.,. 
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Structttf.a I /D_i sc.ont i nu i ty N ::n ..... escr1pt10n ..... :JI ... +-
+- -0.... L -::n "'-QI . CUI QI 

,.., ::,u 
! ..... Ql Ill 

QI :i ~ 
~ cc .... Ill ::n ...> ... > ..... -QI a,L 0) UI ... •m . 

..... 0 ... ::, Cl) a, C u - ... c - 0) .r. Lithic Description LL 

.r. C -a, u C CO" QI ... - .2 L a-= L a, u a, GJ ... ::, Ullii QI 0 OQI D. ,..u u Ill QI C ... .:ii.~ 
D. 0:: ... IX 0: Ut. ::n c"' Ill 0) ·i 

u- .r. ..... QI ~ QI a- Ull.l. I- -'- D. ::, Ill= ... .:ii. 
C QI - o"' Cl) 0 - di. 1G D. Cl) D.. L 0 ~ D: D.. GI 

8 :::l C 

... SK p 

i CHICO FORMATION (Kc): BRECCIA; macrix -... and cluta 1haUered and aheared , clay -... 10 alickenaidu to 5 cm thick -... 
~~ 

-... 
""':30 

-... -- R14~ ~~:43 100 67 1.7 J Bl TH SR w VI F 

I -- SK p 65 -... -
-561 t ··c. 60-... 

~~:52 -- -... 
Rl50 I 

-... 10:10 100 33 1.8 J Bl TH SR p VI F CONGLOMERATE; matrix aupported , C'me- to -... MM SK w coun-cravel and cobblu to 8 cm, anrular -... 40 to aubrounded clue, compo,ed of cranite, -... I volcanica, achiac and quartllite, matrix -... -- conaiaca of medium sn,y co medium licht -- 65 sn,y very co- to coane-crained aand -
::-56! Rl51 

10:44 
~~t and clay Chae ia poorly cemented, mauive, •65] 11:03 100 li3 1.5 J Bl TH SR p VI F 

- w t~ larce rounded clue, readily ■eparaCe 
( - 30 ~~c - clut■ to 15 cm - ~~ - 45 - ~~ ~ - W2 

11:23 
- 0.3 m bould■r - -

:57( 12:00 60 0 u J Bl TH SR p VI F 
s w I?.-.~;: 

71 15 ,-~ clue, to 8 cm, moderately cemenced - ~,:·. - , - 60 7 - J •• J - Rlli3 
12:12 1• I 

- 12:35 85 40 1.3 J Bl TH SR p VI F !:'. ~ -j - MM s w ~;. ' - J - 40 

:-57' 10 ~ ,75-i 
poorly cemented 7 - 7 - 12:55 -Rl54 - 13:15 75 0 1.5 J Cl TH SR w VI F 55 

I 
_J 

- s p -, - -- -- -- 35 -
-581 13:30 ~so-- Rm - 14:40 80 0 2.8 J Bl TH SR w I F cluu to 10 cm -- VT ¢~ -- ~~ -- -- Rl66 

14:55 ,.I~ -- 15:15 100 65 1.6 J Bl TH SR w VI F :.~ claat■ to 15 cm -... MM • fa.int beddin1 -... 55 -
:-58~ "-6.t 85-

~ - -- '~4 -.. 
iui7 

15:40 -... lli:56 100 78 1.1 J Bl TH SR w I F 

~ -... MM • fa.int beddinc -- 55 

~ 
-... -... --- - -J ., .i JV 
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,.. ... 
QI 

:JI 
L 
QI 
> 
0 
u 
QI 
a: 

:JI .. -~~-----,---.----.--........ ----.....----~ 
: 
'"' .c .. 
CL 

~ 

. 
0 z 
C 
::, 

a:: 
QI 
L 
t~ 

8 
a:: 

2~ _., ... :::, 
CIT 
OGI 
UL 
UIU.. 

C 

... 
cuL 

CII U>,! 
Q. .. u 
:JI c'° ._ _L 

0111 
~ 

DI 
C 

u 
1G 

3i 

Ill 
Ill 

t 
& 

,.., . 
Ill 
CII 
C ..... 
Q. 

C 

ii .. 
QI 

.:,t. 
CII 

Llthic Description 

~ o::":-t'; CHICO FORMATION (Kc): CONGLOMERATE; --... ....___ l6:2S -:'{.~ matrix aupponed, fin•-'° co- 1b111,nd 
.,. ~168 

17 
.. ool-100-+--0-+>-2-5-+--,J-l-,B,,.-1-+-T----H-+--S--R-+-W-+-V-I~---F-l-~

1
8,... ... t

1
~o- rravel and cobblu lo 8 cm, 1ubrounded : 

: ' VT s p 10 .,.. club compoHd of ,ranite, volcanics, _ 
... cneiaa, achial and ■baUend quanaile, -
~ matrix conailu of medium sn,y to medium -
... ~ lirhl sn,y very coarH to coarH-rrained -
:.S9 ;•• e, ■and and clay that ii poorly to moderately 95,.:_ 
... =-=-17:251---1---1---1---+---1---+---+---+---+---1-"'·~•i,·.~"' cemented and very friable, muaive, larse ~ -
.,. lll59 11:38 98 35 1.8 J Bl TH SR P VI F ~, . round cluu readily aepan.le -
... ff s w -.. -
~ 

65 
~ duu0o1&,m : 

'" - 12:001--+--+---+--+--+---+-4 ---l---ll---il--l':h,l'1.="!~ .• clu•- •o 10 cm ~o·n..: f-601 ~60 12:22 100 100 0 • - • - - - F 1-,,/'"" .. • ~ ,v-: r{f:. -no diaconiinuiii• : 

.. - 12:35~-+---+---+---+---+---+--+----+-~----~--"~it 
~ Rl6l 1J:00 89 27 1.6 : Bl TH :: -; VI F ,.t:> 
- ~' - TO ., - 3 cm wide ■bear son• with clay roure 

-60' - o 

: - 13:251----+--+--+-..,...--+--:-+-----+-,----+---+---+---i-.:l.e,•~p~,¾, .~O•••• 
- R162 14:16 87 42 1.1 J Cl TH SR W VI F ~~ 
: B MMS P -j,r 
: 40 ~ - faint beddinr 

.. ,~ 
H,1, ~~ 
.. ..__ 14:50•r-:::-:-+-:~+-=--+~+~-+-=:-+~~--=--+~-=-lf--,,,-~-.C:L.,,'~ ________ _ 
~ IR163joa:09 93 2T 2 S Cl TH SR P VI F ~

1
.,"f. cluta to 15 cm, centrally ■battered 

.. J SK W ~-

: 45 ~ . .. 
: ro ~ 
~ ~ 
f-6l ~-:so >:o:'I 
.. R164 Pl:51 100 2T U J Cl TH SR P VI F t:e.:q; 
: ff w 30 ~~ 

: ~~~:. - ~ -~ 
: -09:20 ~ 
r62l iR.165 09:40 93 0 >2.2 J Cl TH SR W VI F ~ - 1 m ihic:lt very coane-rrained arltoaic: 
: VT S p 15 W;::i eandetone layer 

.. 30 i~ 
: 50 ~r~ -cl"'" .. -,-.-,-0 10 cm 

.. -10:021--~--➔--4---+----l--...... ----+-~--L--L---t:'~~ 
~ IR.166 10:41 100 22 1.8 J Cl TH SR W VI F ~:~ 

-
-
-

I OS----
-
-

---

-
--

,15-
-
-
-
-
--
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" Structlff.a 11'0,i sc.ont i nu I ty X :JI 

" 
...., ... escr1pt1on +-

+- ,:,,... :JI -:JI "'-GI . CIII L 
"' 2g CII 111 

CII j 't'J: ~ ~ +- • UI > al ,.., ... > ... ...., -CII CII L al "' +- •m C . 
...., CV 0 +-:, Cl) CII C CII - +-c - al J:: Lithic Description LL 
.&; C -a, u 0 CIT GI ... - E L &.: L QI u QI CII ... :, . DE CII 0 OCII Q. +-u u Ill CII 0 ... ..it. ... 

Q. a:: a,- a:: a: UL :JI clll Ill al .C u_ J:: .., QI ~ QI a- 111'.1. ... _L Q. :, Ill "'- ... .:it. 

0 QI o'° en 0 d'-- " Q. en CL. 
L C ~ a:: CL. CII -
~ ::l C 

- VT s p :A~ CHICO FORMATION (Kc): CONGLOMERATE; -
- matrix eupported, fin•- to coarH• ,ravel -,. 76 I uid cobblu to 10 cm, ancular to -.. aubrounded dub compOHd of granite, -.. -
'- • volcanics, cneiaa, echiet and quanaite, -.. R167 

11:0Q #~-; matrix comiata of medium ,ray to medium -- 12:07 gg 0 1.8 J Bl TH SR w I F licht cr&Y V.l'Y coarH to c:oan••ll'ained -
'-

! 
-

r-63( 
■and and clay that ia moderately 

1 130-.. cemented , muaive, larc• c:obblu and loc:al -.. boulder1 r.adily 1eparat1 from matrix; -
'- 70 rour• aone @ 627' ; clut1 to 0.3 m @ 632 ' -
'- -
'-

>3~ 

,. 
iuii 

12:32 , o i·-.. 12:47 100 50 1.8 J Bl TH SR w ] F 

~ .. p .. "-:t -()3' - '• 30 ~o.~ -- 20 ~~j J 
13:13 i - Rm 'o~j 3 - 13:36 80 31 1.6 J Bl TH R w ] F 

- SR p ~-- 25 -< 

- - - I 

- J'l:I~ 
1)4o-=1 -64( ,:•o 

- ~ ~ 

- 30 
").(?DO -

- irnii 
14:05 -- 14:37 100 67 1.3 J Bl TH R w VJ F :fo· -- MM SR p ~ -

- -
- 70 

I 
-- -... - 3 c:m wide, aheared c:lay couge -

r-64' I 60 1>45-.. -
'-

Rl71 
16:18 ~ medium dark cr•Y I matrix chiefly 1ilt -,. 16:16 100 0 3 J Bl TH SR p I F ~~ ---- --.. 

Rl72 16:25 ~ 

~j 
-

'- 16:48 
67 44 0.7 J Bl TH SR p VI F O:.•. -

'- MM 
.... -.. •·o -.. 20 ·'~ -... ~A~ -

=-651 [t rounded to ■ubrounded c:laat■ 
I 50--

- -
- Rm 

11:20 ~~ -
- 08:08 8Q 11 0.3 J A MM R s I F -- ~ 

-- -- -- ~ -
~s~ 08:20 

15 -
Rl74 

• 1 mm wid• dolomite-lined jointa ,ss-- ~Q:05 100 38 1.5 J Cl TH R s VI F >"'Op ·".:::: - VT s p ::, •• ,r, -- 30 ,:-; :6 -- I -
- 15 -- 10 -- 0Q:32 - Rl75 r~ . 
- OQ:53 73 0 1.6 J Bl TH R s I F -, , ---- , uv 
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OI 
II 
0 ..., 
a. 
C 

.r:; 
u 
+
II 
.:it. 
en 

... VT p ,.:·~< 

... ~' .. 40 a ... ~ 

~ ~(~ 
'- 16 ~-! 
.. --- 10:20~~+-:-::--~~+-=-+==-+=:-+-=--+-=--+~:-t-:::-i--b:.:;~;;,-,..,,QI 
.. IR176 10:38 100 40 2.◄ J Cl TH R S VI F p.~

0

, 

~ 6, VT SK P i~ 
... 70 ,,q., a•., ; ~ 

20 of 22 

Lithlc Description 

CHICO FORMATION (Kc): CONGLOMERATE; 
matrix 1upported, fine- to coane ahear■d 
sravel 1111d cobbl• to Ii cm, ,ubrounded lo 
rounded club compoeed of crani&e, 
bualt, cneiaa, Khil& and ,haUend 
quanllite, malrix conailu of medium dark 
&r&Y very co- to co--an,ined aand 
1111d 1ilt that i■ moderately cemented and 
moderately friable, mauive 

.. 60 -i~oo·. 

... ~ 11:10~~~-+----+--:--~-+""""",,.+..,,,.--+--:--~~....,,,.-+---t"'Jb .~ .....--------
'- K.177 11:29 87 13 3.3 J Cl TH R S VI F ~~ cluta to Ii cm, modera&ely cemea&ed 
~ VT S P ~~ 

---------
-
------f-671 H -~• ~ 

~ :: I_ 070-

- ~12:0011-::-::-t--=-::-+-:--:-+---:--+-:~f-==:-+--=-+-::-+-:-::--+-:::-+..AU.-G:i?Zg 
... Rl780&:23 91 31 1.6 J Cl TH R S VJ F [~-
.. VT S P . 

~ rom·~· cluta to 15 cm, poorly cemented c-6'~ ... ~ 

~ =IOS:60,1---+--+--t--:--+,---+,,,=-t----+-,--+--+-----t--1-1L'i-: 
• R179m:20 100 0 Ul J Dl TH R W VI F it~ 
.. VT SK P VIII 30 tz10<>; 
... -~ 
~s, I 
~ 1--11.1"'ivA:61i t---+---+--+--,--+---+------+--+---+-----1---11-.a n

6

._.n°--f,, • r. '!; - 0.6 m &hie~ very coane- rrained ■1111d,k>ne 
.. Rl80 10:19 100 0 2.4 J Cl TH R S VIII F : f-r; layer, IOme crave! co 3 cm 
- VT SK P 76 .~~. 
'- -~· 
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Lithic Description 
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SK ~ > whi&e MOliiu 
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Rl3 10:38 100 go 20 ; A \T S~ ~ II MW ~t ~ 

~ - ~ 
~40 ~,~ 

: n~~ 

: -11~7t-:-:=-1-::::-+-:-::--+--;-t-;::":""'i-:-::::+-=::-+=-t-;::-i-:-:-:::+-~i~mt 
.. RU 11:24 100 72 10 J Bl VT SR W II MW i::l !! 
.. S A~~ P ~ ~, 

~45 ~ ~ 

~ :: ~ 
'.:::: - ll:"1-:-::=-t--'.-::-ll--:".:--t---:-+---:--t-:-::::-+=-+-==--+-=-+.-=,._.~i\l ... -"-q : Rl5 13:05 100 ,s 15 J A VT SR W II MW 

p 

~o -u:2, ~- ~ 
... RH u :4ot-1:-:oo:::-11-=a1::-1--=2-+---;-J-t-A-:---r.MM:-::-:-1--:s:-1~wrl-.lI-t-::s-:-:w,:-+-~;~:!.I 

P ~ ~JI : 8/14 SR .. 

~ ...,._ 13:02t-:-,,,.,,..+-,::--+-:-=--+--:--+-....--+-:-::..+-....+-=.-+-:-,,......f-:-:,::-:-,f-

2

_

0_~1~ 
-ss R17 U :08 100 72 20 J Dl VT SK w V MW ~ 

: S L S~ II ~-,. ltr 

- 32 / - ~ 
... ,_ lll:2•1-::-~~:-i--::-+--:--t-=-:-+=:-+-=--+-=-+-=-+.-=+---fl ~ 
... R18 U:26 113 33 2 J Bl TH S W II MW 
"'" SK 

: :: ~!i1l c-<iO 
... - U:•O~~-t-:...--t--~-t--.-t--.-t-;;;.,rt--;;--t--;;;rl--;;rl~;;'rll--f,~~ ... Rlll 17:38 100 ,s 6 J A TH S W II MW 
... ~~ 
: .itJ_ 
: ~ ~I 

.,. _ 40 !_ i1fi 
V-' 

- 15 cm thick bnc:ciated aon• whh ■on white 
matrix 

- 2 mm wide chlori&•-lined joint 

brecciated clut■ ranee from 0.5-li cm in ■iH, 
matrix ■upporied 

muaive, unbrecciated 

- 1.5 mm wide chlorit■-lined ■heand joint 
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Lithic Description 
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40 ~,r, MIDDLE TOPANGA FORMATION (Ttv): 
~ BASALT; P'HllYh black to medium dark 
-;":: ,ray, aphanitic:, hiply altered, muaive, 

rr;-:;;- moderately dOHly 1pac:ec:I c:hlorite-lined 
R36 ~::~:t-,-10""0,-+-7"'7e,-1--,l,-.+-J-=-+::B""1---1'"'T=H+-S,,-+-,D,,_-+-.,.ll,,.-1-,F,,.-+-,-~!~ joint■, 1c:att1red white Holite-filled 

SK p ~ - vuic:lea ... 
... 
-)41 --------... 

I 
IU6 !!:;!....,.100.,..,..-+-,1.,.oo-,-1-o.,.._-a-+--J ...... +-,-A---1 ... MM---+--s--+--p---l-ll-1-~-w-w

4
----11~-=~::· :,7 -ac:atterec:1 irregular white seolite-fillec:I vuic:le■ 

1
~ ;, - 3 c:m thic:k ,rayYh red 10111 (denotinc bualt 

-14 Oow top?) 

... 30 I - ~ 
: 26 fi 
~ -15:431"':'.::-::--t-:::-+:::-::-+--:--+---:--t--:::--+-::---+-=-+-::-+-::--+--t"TI"-i..-rr1. ,-irr-•-JU-,-l&r- crayiah red con&ac& 
~ IU7 IOB:05 100 g7 0.2 J A T S P II F 50 1 · c:olor IJ'&(iu to brownYh ,ray then to olive 
... 8/16 cray - -... 
-15( 1cattered vesicles filled with chlorite and white 

: u£ ~ aeolite 

: ~~ -IOB:22~~!-:-~t-,--,--~~1-:,,--4-=,.,..+-e,e,-+--=--+----+-=----+---4,'ffl't~ 
~ IU8 IOB:31 100 Q2 1.4 J Bl TH SR p II FW 30 I' · very c:loaely 1pac:ed joint nt 

:-is· ro ~ --,--,-
~ ~ I rrayi,h red di1coloratio11 

,.. -IOB:44t-;::::-+-::=-+-:-::--t--:--t-:;::-:-+.=+=+-:--+-::--+=-=-+-...;6;.;;0;,...i • 
... IU9 !09:10 98 62 1.6 J Cl TH SR P II FW 75 ..-J ..,..,..--

: _,. thin grayYh red diacoloration, very c:loaely 
... 

35 

~~- ~,!-: ■paced joint Ht at 158', acattered 
-161 - ~·; aeolite-filled veaiclea up to 10 mm in ,ir.e ... 
: , I ll!l color IJ'&(iea to rreeni1h blac:k 

: -I09:29t-:-;;:;--t-;;-:;-t--:;--:t--:;-11'"";::;-:-1-;;:;:;-;-i~::-t-::::-t--::,...-+~:-:-+--l□m"\nL ,l!Jifilil 
: R40 !09:36 100 g3 1 J Cl TH :: ~ 11 FW 60 g ! 
~ 16. 

45 
; ' i -aheared and 11ic:ke111ided joint 

... J grayiah red di,coloration, aeolite-filled veaiclea 

: -IOQ:52i-:-:~-:::=--t--:--t--;--~-+=;-t-:=-+-:::-i--+--+-2-5~~~1.;.Jlj.ij 
... RU 10:02 100 g3 1 J A TH SR P I 
: 50 I 
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Lithic Description 

~,p MIDDLE TOPANCA FORMATION (Ttv): 
~. BASALT; payiab red to olive red, 
r,;:::e t.phanitic, hi&hly altered, mu1ive, 
~ moderately doHly ■paced cblorite· lined 

R42 !~2
19

er:-10:::0:-t-:-l-=oo=-+---:-l-i----,:l:--11--:A:--t-:MM:-:':'-:-t--::S:::R:-t-p;;-+--;-:II:-1--;:F:-11--trw~i~·•ii.iJ"' joint■, abundant white MOlite- and 
10 .,. 

1 
cblorite-filled ve■idu 

- Holitu decreue near bue of now 

~ -----,-,-
60 ;;~

1 

• •• pyi■h red di■coloration Rn■, incnue in 
•~ seolite-filled vuiclu 

- 10:40,t--:--=-=-+-:,.,,.--+-::-,,-+-..--+-=,.,,.--+-=,.,....+-::.,,,--+-,:--+-,~+-,=--~1...;.5...r,:~:-:-1a' .::: .. :, 
R4S 10:54 100 93 1.2 l Bl TH SR P II F ai,r:-

~ 
~~ 
~ tl " 

. J f.! 
l! 

--- 11:llt-:-=-r.~-t--:---t-.+-:::;-;--+-:;:;;;-t--;:--t--;;:-i-;rll-;;--l--~""'.-ll1"1 
R43 IOl:04 100 100 1 J Cl TH S P II F 

35 
t!J 

d■cnue in 1eolite-filled ve■idu 

~n m ~ 
SK ~ ~.· irrecular, thin crayi■h Nd di■colontion son■, 

70 ~ incnue in uolite•filled vuide■ 

~ 
1--.11,i,,ICl":19 40 ~ 
R44 i08:S4h":10;;;0;-t--;:9~6--t'-1;-t-J,t-;:C.;1--t'-:;:T;;H.t-;;S:;;R:-+-;p;::-h11;;-t-;F;;-t-,.:

5
;;;.o--Elll~~~ - very donly ■paced alic:kend■ided and 

s II: ~ cblorite-lined joint ■et 

~ 
'T ~~ .. irrecula.r, thin pyiah Nd di■c:oloration 1one, 
~ l ii I Oow top, incnue in MOlitn and 

t-
-;:-:;--t7.;-t~-t--;rll-::--l--;;:;.;-t-::-+-::-+-;;-+~+-7-o_,~~"I .~ c:alc:ite-filled YHide■ 

-~8:50 
R45 08:55 91 98 1 J A TH S P II F 

MM 26 
I"' ; cenerally cneni■h black, rare to no 1eolite■ and 

;o;!J'l vnic:le■ 

42 ~r:· 
h11 

CI! I 
~-~-~:11 ~ 
R46 ~9:52 t-:-:10::-:0:-+-::2:":'4-t--:::O-::.a:-+-J;--t-A::--t;MM~.+~s=--+--=p::--+--:l::-1-t--:F::--t---C.;;.....mn ~:!ill, ijj - 7 mm wide c:alc:ite-filled ve■icle 

\llI! :n 

20 I~? 
- 10:04 ~=-t-"'.:-=-t--=-:-t-:--1-::~ t-:,.,....t-::.,,,--+-,:--t--:~t--:=--;---t1 
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a, 
QI 

C 
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Q. 
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QI 
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(I) 

Lithic Description 

=~ MIDDLE TOPANCA FORMATION (Tn): 
~ BASALT; olive black to rreenitb black, 

60 ~ apbanitic:, muaive, moderately cl011ely 
3o [.,~ 1paced c:hlorit.e-lined joint&, 1c:attered 

1U8 !~:::1-,a""'7-+-4""5-+""0-.4,-+....,.J-+-C""1--+-::T:::H==-l-S""R,,,....,1-eP,--1-,I::-I -+-r=w➔---clil::,IT.us;:.;.,-~·. w bite seolite•filled vuiclea 

~ 

:I 
- 10:471-:-,"'=""+-,,.,,....+-,,....-+--:-+--,-+,=+=+-=--+-::::-+=,,+--l!.!.'I' '!.!,\,t.f. 
R49 11:12 100 ll3 1 J A TH SR P II FW ..,,... __ _ 

20 ""~ inc:reue in c:alc:ite•filled amyrdulu 

40 ~ 0rFo 

I~ 
60 

- 11:30 i-,-,,.,,...i--,,~i-,,-.,...,,.....,,....-1,.....,--1~,..,..+--,,--+--=-+-ee,-+....,,.,-+...; ....... n-+'"1-'rln!!Wl'I 
a.so u:2s 100 g5 o.& J A MM s P II r I r:-

f - irrerular calcite-lined vein 

40 ~ 
20 ~ ~ • Katt■red coaru grained rreen (olivine?) 

., ;?. pbenoc:ryete 

-14:00t-,--,-+-,-,-;--,--+--,-+::--+:=-+---:--+----+----+-,-+--'1..,0'-f~~rf.IP;l•~..l 
RU 14:08 OS 37 8 J Bl VT SR P JI FW i WI! 

S SW LC black and dark rreenith rray rlobular mottlinr 
, 14. (pillow,), very cl01■ly jointed 

- -R.52 16:25 100 g3 1.4 J A TH SR 
s 

p II F 

~~ I 'fo - crayiah red lininr on joint& 

t 
60 ~~, 

-~ :! 
30 9 I 

_ lfi;.f.5t-,-,-+--,-,-t---t--,--l-=--,l-==-!,-.,.,,---l--,,-,....,.,,-4--,,---l--•.:.:0~~:'::lnT1=•1 
Rli3 16:50 100 100 1 J Bl TH SR P II F l~IH-lj 

s so l~ 

-23• - '• 
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:~, -.. --.. 
--
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Llthic Description 

~ MIDDLE TOPANGA l'ORMATIOH (TtY): 
7_:.:;: BASALT; dark sneniah p-ay to olive 

40 I~ black, apbllllitic:, bi1hly al~, muaive, 
65 moderately dONly apac:ed c:hlorit,-lined 

RH !~:~~f--10-0--1--8""'8-4-0-8-4---.J---l~B,:-l-l,-T=H,-4-.,.S.,,.R--+-""p,,....4-1"'1-4_.,.F-4...:.~ joint,, acat:tered whit• uolitu; bua.lt flow 
· 60 top at 241' indicated by p-ayiah Nd color 

1111! 111 chanre 

-24' 
~' ---.. 

.... 

.... .. .. .. 

... 251 .... 

.... 

.... 
~ .. 
.... 
.... 
... 
.... 
..-25• .... , . 
.... 
.... .. 
.... 
.... 
.... .. 
.... 

35 ~ 

_ 11:201-:-:--::-+-:::::-+.;:-:-+-;-+.:-:--+.~rl~::-+-;:;:-+--.,..--!--...--!f-~!ln-l~•--•'..,;;i - diacontinuo111 white calcite-lined vein, 
R56 08:37 100 g2 0.4 J Bl MM SR P II F 

8/18 S ~~ abundant creen (olivine?) phenoc:ry1ta 

~
'~ 
't;s:; 

35 ~ 
l,,.,.,..,..,f"lnl0•:(0 "?5 ~ ~ 

iffesular thin mottled brownish black and black 
diac:oloration &one (pillow,), inc:nue in 
white calcite-filled v .. ic:Ju 

RU IOa:Ml-;-:lOO~i-go;.;;-+,;o:-:,:-+--,J;--,f-.A-t~MMi'i'7'hsaM--;;s-+--;1;;-1 +-;r;-4....a.=~~~a;ll~ 
• (5 ~( • • 2' thick son, of calcite-filled vuic:J .. 

~a;, 
~ i 

(0 t ~ ~ -5 mm wid, calcite- and ehlorite-lined joint 

...,_ I09:0gl-:-=-:-+-:=-+,,...,.+-:--l----:--+.~..+-::-::'4-:-4.....,.,,...-l,...........,f---~~ 
R58 109:34 100 go 0.4 J A MM SR P II F 

50 
~rn 

... 26( )L 

IJ .. 
.... 
.... 
.... 
.... .. 
.... 
.... 
... 26' .... 
.... 
.... .. ... 
~ .. 
.... 
~ 

... 27, ... ... 

.... .. 

.... 

.... .. 

.... .. 

60 -
im 

~-"""",w:(gt-:-:~i--:;:;;-+-:~+-;-+~+;;;-r,rl--:;;-::-l---:;--+-..r-+--=..--!--M:!f.'i1 
R59 09:62 100 87 1.3 J A TH SK S II F ~ ti; 

.Ii'. - alicken1ided joint with atriationa dippin1 20 

½::-4-=:-+-=-:+....--+--:-+-:=-+-::,::-4--:-i--=-+-=-...,_,i~Qol.-:4!~l!..:...61, ,'1.---,--decreea 
_10:06, 
R60 10:11 97 91 0.2 J A T SR P II F 

70 ~ 7-;~ irre(Ular thin mottled browni1b black and black 
~7t diacoloration son• (pillow,) 

'~ 
,I. 

~ ~ - irregular fracture/vein with calcite infillinc 

.,___ 10:!71-:-:::-::-+:-::-::-+:::-:-+-:--t--:--+-:;;-;--+-=::-+--:::--!--:-:--f--:=-t--~',41l1ll] ...... 
R61 11:40 100 100 0.8 J A TH SR S II F ti.: 
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Lithic Description 

.... 

.... 
1-... ... ... 
.... 

~ MIDDLE TOPANGA FORMATION (Th'): 
~j,:: BASALT; dark ll'ffniJlb gray lo dark gray, 

25 ~ apbanitic, hichly altered, vuicular, very 
_ 12:00 ~ cloeely apaced random Uld chaotic chloril• 
R62 lS:OO~l0::-:0:-+-::11:-.5-+-6-::-t-";'J--+~C::el:-+-;V-r.T:;:;-l'""'.S;;,R;;-l--;S;--l--:y-;-t-;;F"'W+---i~.l!:~!iJ!...III Uld calcite-lined jointa, raN calcite vein 

R 
1
_ infillin1 _., -
~~1

1

1,11•1,: 
~ II· 

- I 

--28( -

: _ lS:151-,,.,.-+-,,.-+---+---+---+---+---+--+--+--+---i~ 
._ R6S lS:19 •• 0 - - - - - - - - i:,.. '.'.;i;: [driller ground up core into gravela] 
.... ~ : ~~ 

28,. - lS:SOt-:-::-::-+-::-::--t--::--+-;-+:,:-:--+,m;;,+=-t--;:--+-;;--t-;::--+--IJJ.,rJl,"~t 
;:- •. R64 u:os 100 •a a J c1 VT SR s u r 50 ~ x __ _ 
: P ~ ~ abundant <1 mm wide healed jointa 

: - U:18t-:-:~-::::-+-::--+--;-+-:,..,....+-:-,=-if-:,,...+-,....+ ...... +....-+.Ju~t'ffll7!j ~ 
~ R65 Ui:25 100 73 8 J Cl VT SR S II F • µ • 
: p V 60 I 

t' .. 1 
_ ....__ 16:45~~+-:~t-.,,....+-=--+,,,.,..+.=+=+-=--+-=-+-=-+-'"CIU..n~~lTii~I 
: R66 16:0S 100 6S 2 J Bl VT SR ; II F 

18 
~ 

~. ~~' 
.... I d 
1-- LJ )"I. 
: .___ 16:25 ~--+--,,-+--,--+--=--+-----+-=-+-----+------+------+-=~---~-"Lllii• 
.. R67 16:S0 100 ll1 1.8 J Cl TH SR P II F ~ • 
- 70 I 

~301 i~ 
~ f~i 
: - 16:551-,-.,..,,..+-,.,:-+--,--+--:--+-----+-=-+-..,,.,,.-+------+-=-+-=~- i:w.."n-l,,,,~ ";:,i.;im-IJ~ 
,_ R68 17:0S 100 37 1.2 J Cl TH SR P II F ,l:!l'. 

~ S V •o : 'm 
--30' ... tt: 
; :: ~l 
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:JI ... ... ... ,,,.. -:,i "'-QI . CUI t. ,.. 2g QI Ill 
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QI X .... Ill :,I Cl ,-.. .... > > Qlt. C . ... z 0 

,,.,, _., 
UI Ill ... •m - UI J:. t. t. ...., ... :, en°" C 

.E - ... c Lithic Description 
.&:. C -CII u C CIT QI ... - t. &- t. QI u QI 11,1 ... ::, GI& QI 0 OIi.i g; ,._u u Ill GI C ... .x.-+-
Q. a:: .- a:: a:: U'- clV Ill UI C 

u- J:. ...., QI ~ a! 0- ~ .... _t. Q. ::, • Ill= ... .x. 
CII ol'O Ill Q. en 
'- en 0 cl.L. cu - ~ 

B C t-,Q a::: a. :I C 

- R70 08:%8 100 0 u J Bl VT SR p 11 rw -... MIDDLE TOPANGA FORMATION (Th-): -
- D V ,.n -t="'. BASALT; dark snenwb craY to snenuh -.. "'·:,o -.-:- black, apbanitk, ve■iculat, cloael:, ■paced -.. R71 109:10 90 83 1.2 J Bl TH SR .. II r 

I 
-... R 

p 
V 20 chlorit■-lined joint■, ve■icle■ lined with -... calcite and cblorit■; evenly ■paced joint -... Ht from 311-315' -... 30 -... -

-31. JS-.. -.. 65 • · 1 ... - 10:15 ~r, -· .. R72 loa:20 ~ 80 1.1 J Cl TH R s V rw ·? -.. 8/25 s SK [ F 25 p:.;3/. -- · · .. .-.~- - ■caU■red healed joint■ -... ~~ -... ~ -.. 
E 

-
-32( - 0.5 mm hich 1t1pped joint ofTut by horiaontal ,20-: ... ... "'·:57 65 shear -... R73 10:15 95 90 o.:z J A T R w V FW It -... s F -.. -.. 35 

- 7 mm wide joint -- ~ -- I 
- -

- 0 -
-32• 

"'i'fi"" 
10::Z:Z ,25-- .• 
10:36 100 100 1.2 J A MM - w V F -

- -
- s VII 80 -

10:38 - vaicular - R76 ! -- 11:18 100 90 2.6 J Cl TH SR w V FW - S mm wide dilcontinuo111, healed and irnrular -- s MM SK s VI 70 white 11olit1-lin1d joint -
- VII -
- ~ - clay-lined joint ---331 ~ ,30-- -

0 I ... -... -.. 30 -.. 
R76 

11:26 ··~ -... 11:34 100 92 1.6 J Cl TH R w V FW 

~~ 
-.. s SR s I 20 mauive with no vuicle■ , do■el:, ■paced rou1h, -... SK alick■n■ ided and locally haal■d joinu -... 70 ?g -

-33 4 0 35-.. 2 -.. 70 -... -... 20 -.. - 11:45 -.. R77 12:36 100 62 u J Cl T SR w 11 F 45 '! very cl01el:, 1paced jointa, lined with chlorit■ -.. s TH SK s V -... R 60 -... -
-34( 

I 
40-: -- vuiculu below -- -- 12:45 
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-- Structlf:r.al ✓~is~ontinuity N :JI ...., escr1pt10n " :JI +- +-
+- i::,,... r.. -:JI "'-u . Cl/I CII "' eg DI 111111 u ~ LIJ r.. :> ~ +- • 411 :JI " ... > ... ,.c ..., -QI QI C. DI Ill +- • 0, C . ...., ~ 0 +-:S CJ) QI C QI - +-c: - Cl .c Lithic Description C. r.. 
.c C -111 u C CO" CII +- - C C. s- r.. QI u QI QI 
+- :, crie CII 0 OCII Q. ,._u u .c ,0 CII 0 +- .:it+-
Q. 01:: GI- 0:: a: u C. ::n C ,o ,0 DI ' i 

u- .c ...., CII ~ CII 101- lllU. ... -'- Q. :, Ul= +- .:it 
0 

., - 0 ,0 en 0 - ~ ,a Q. Cl) 
0.. 

~ C ~ a:: Q. QI -3 0 

... .;;.;....~ MIDDLE TOPANGA FORMATION ('nv): -... ~~.; BASALT; dult rneniah rraY to sreenish -... 10 ~- black, aphanitic, vuicular, moderately -... 

~ 
-.. - 13:10 clonly spaced chlorite-lined joinu, -.. R711 13:38 100 100 0.6 J C MM SR w I F 

t • .i~.1 
v .. iclu filled with dark yellowish green 

~ - s s s II 60 lio , mineral (chlorite?) and white seolite .. ~ 7 ... ·, -, 
--351 I D5cH - 7 ... cloaely spaced alicken1ided and polished ... chlorite-lined ahean up to 3 mm wide, :i ... 

muaive with scattered veaiclH -13:52 ·O !) ... - -... RBO 14:02 100 100 1.2 J Bl MM SR w I F 

I -... s SK s II FW -.. 60 -... -:-35; - few vuiclu D55-~.; -... 

3 
... t!I . I ... ... - 14:14 .,, 
... RBl 14:25 100 100 1 s Bl MM SR w I F ~ j; - ■cattend ve■icle■ j ... SK s ,~, ... 

~ - -
D6~ 

.. 
--361 20 ~/w .. ... 30 

b'~ 
7 -, ... 
-i .. 

~ 10 
_, .. - H:38 ~n ! ... RB2 15:22 100 100 1.2 J A T R w I F t - ■hear surfaces 7 
-, ... MM SR s II .., ... 

- 20 653 -36' - cnahed aone - mi I 

- 70 7 
- ~iii 

7 
- 7 
-

RBS 
15:38 ~n J - 15:53 100 li8 3 .6 s Cl TH SR w I p .co ~i 

- ahean lined with chlorite 
- SK s II 30 -- <CO -- --37( r ,70-- -- ~ --

~ -- -- - 16:05 , 
RB4 100 82 1.8 J Cl VT SR w I F 

I 
-I- 16:15 -... s TH SK s II 25 -... -.. --37 ,75-... -... -... vesicular, filled with zeolite -I-

16:37 ~; -... -----RB5 16:48 100 g,c 1.2 J Bl TH SR s I F 30 ~ 'd ,I 
-... -... s MM SK 

It. "" -
I-

10 "~ -... 
ll"i' ' -- -.,., 

JOV 
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Lithic Description 

~ MIDDLE TOPANGA FORMATION (Th'): 
BASALT; dark l'"Dilh IRY io cnenilh 

lO black, apbanitic, veaicular, doaely 1paced 
i--17:011--+--4--4---1---1---+----+--4--4-,,~-

60
-1, chlorite-lined joint., vaiclu filled with 

R86 11:17 100 gs 1.2 S Bl MM SR S I F 30 calcite and chlorite 

SK 46 ~ 

60 

~ • 0.4 m thick 11ickenaided ■hear 10ne 

_ 17:
2

1il 10 ~ extremely clONly 1paced, lon(itudinal, up to l 
R87 CHl:S0-100--6-0 ....... -l-.6--J---1 ..... B-l-+--T-H....,_S_R...,._S.....,._I __ F---1---80-1;.~_...,,_ cm wide, white seolite veina 

8/26 S MM SK II ~ 
80 tlill - - >0.6 mm atepe alone roua:h Jomt 

I~ 
20 n ~ · 

..,._~""n·:421--1---l---l--..-l---l---l---l---l---l----l----11'111TI""!l 
RBI OSl:48 100 100 0.2 J A T VR s F I 

~~ 
1 ~ 
/ 11 

- 10:05 ~=-=-~.,,.,-+-,,--+--:-+--,-+-=--+-=--+-=4-:--4-:e~--ITITAJi'l 

- ecaUered white aeolite-lined veiu and filled 
unysdul• up lo I mm wide 

Rall 10:12 100 100 0.4 J A T R W I F r;n:;, 
S SK S 26 712~ --------f!;. ~ brecciated, frarmenu to 16 mm in aise, matrix 

60 /,!!· ~~ 1upport1d 

20 , ,i 
.,__ l0:S01---1----+--...... --+---+-4--1--~---l:-.--1---Ht1~~ 
R.90 10:40 lil2 84 0.4 J A TH SR W I F !' k 

S T SK S 60 ilTI: 
:.:.:.1 

~!11i1 
'I 

20 ~ 

renerally mauive, acattered licht JN•n and 
white uolite-filled veina up to 8 mm wide 

_ 10:&3,t-:--::-::-+-=-=-+~+-=--+-:--+-:--+-=:-+-:e--l--:,--f--::-1--~~, 

.. l l1'1! lOO 

81 

o., S A ..;;.. ~~ S I F 

20 ~ ,.b_rec_c_i_at-•d-,-m-a_l_rix_au_p_po_rted 

- 11 :Sli-,.,,..,-+-,,---+--+--,,-+-,--+.,.,.,.➔-=--+---+----1---,,,--i,--l..l.l!»-!~i:;, - extremely cloHly aheared sone 
R.92 11:41 100 100 0.4 J A MM R S I .F ; :::, 

VR 60 ~I 

-
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R,gG 13:57 100 100 0.2 J A T SR S V F 

_14:10 
ag7 14:22 gs gs o.6 J B 

R FW 

TH R s 
w 

F 

'f /, 
,'ll~ 

· ~~ 
35 !l::zi: ... ~!· ~ 

~ ,I 

;,~ 
40 ,~ 

-i~ 
~~. 

40 ~ 
- 14:361-::~-t--::-:---t-::-:--t--;--t-,:::--:-+.=+-:::--+-::--+--:--+-=-+---I~ , 
R08 lf,61 98 .. 1.2 J Bl ~ R S 1 F <O ~ 

60 H 
------ 15:061-::~1-:::-::--t-:--::-+-;-+ -:-+-:::::--+-:::--+-::--+----::--+---=--+--i~"'~ ~ 
&gg 15:17 ll8 ll8 1.2 J A T R S I F , "' 

S MM SK 1~ 

~ 
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Lithic Description 

MIDDLE TOPANG.A FORMATION (Th'): 
BASALT BRECClA; dark cneniah ll"&Y 
to ineniah black, aphanitic:, club within 
fine-srained matrix, c:loaely 1pac:ed 
c:hlorite-lined joinb, brec:c:ia fragmenb 
from 16 mm to 6 c:m in aiu, ac:attered 
white nolite-lined vein,, rare veaiculu 

• 3 mm wide alic:ken•ided joint 

• calcite-lined, 1lieken1ided joint 
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tuuu H :45 100 92 o., J A TH SR P I F ,,,.:.'t 

R n .::~,, -::' 
!!: " 

15 , . --~-

Lithic Description 

MIDDLE TOPANGA FORMATION (TtY): 
BASALT BRECCIA; dark l'ffJliab CRY 
io ,-mah black, aphani&ic, compoud of 
fracm■at■ auapended in fine-mined 
ma&rix, bncciaied, ~ly apaud 
chloriie•lia■d joinu, breccia&ed fracm•nil 
&o 5 cm in lliu, ac:att•red whit• 
MOlite-lined vein1, rare v•iclu 

- ll mm wide lich& sn■n and white lined joint 

• 'I'! 

- 15:541-::"'.~t-:::-:--t--:-+--:-+::--:--+-=:+=-+-=-+-:---t-::-i---1 .. · - n c:m wide exh·emely tlOHly ■heand aone 
RlOl 16:04 100 86 l J Bl TH SR P I F 

S MM SK S 
0 !ill ,:;rr mauive and unbreccia'41d in&erval 

1t 
60 I 

= lt:171--+---+---+---+---+---l----+-~-~---1,-,t•.u,..n,-"•"::::l.~ 
IUU~ 18:35 98 98 0.2 J A T R S l F ~ ' 

SR 50 ~ 

.. [@ 
=-= 18:&lr-:-:::~~~~~:-t~-+--=-~=-l-=,-+...,,....+-,=--,f---lR 
H.lu;J !07:49 100 100 0.2 J A T SR W l F j 

S ,1 N 

8/27 ~ i ,.' 
30 ~ 

I08:021-:~+-:~+--:-+-+--+--+--+---t---l--f--1-'1Ac~~>.c.0::~~
1 

- ll mm wide Molite healed joint 
iuo4'ioa:u 94 94 o - - - - - - - ,.. 

~ 
no frac&uru 

~~ - &ichtly healed join& 

IOl:31 
25 ~ Rl05° 1111:40t-:1:-::00:::--t-:l-:::OO::-t-l:--t-;J;---1--:-A-t-;;T~H;-t-~sR~~w;;-;-t--:-, -+-::,:--t-4 '-m.2~ 

iuoi OV:2T 100 60 2 J Cl 

MM S V 20 ~ ~~ mo1tly matrix with acaUered fragment• 
~ 

TH R 
MM SR 

p 
s 

1 
v· 

F 
30 ; " 

- minor alteration b■iwHn fracm■nil 
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C 
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-+--+--+-...,....+---+----+-,,-,,,-+...,,,,.,...+-~-+--6U-f~~-;_' -~~ ~~-N~ -~ 

IR107 OQ:66 100 100 0.4 J C MM SR W I F 20 · 1 .;, 

s II I~: 
60 ~ 

6 
...__ 10:11~::--=-r.:-:-r.--+--:-+,,..,..+=+=+-==--+-=--+-=-+---i.~_::,~ ;:::_L! 
IR108 10:25 100 G2 0.6 S Bl TH SR W I F 'J' 

J T SK S II 35 ~ ~,. 

Lithic Description 

MIDDLE TOPANGA FORMATION (Ttv): 
BASALT BRECCIA; dark creenilh &r&Y 
to cncnilh black, •phanitic, compond of 
breccia fracm•nt1 1u1pended in a 
fine-crained m.trix, cloHly 1paced 
ehlorite- lined joint1, brecciated fragment• 
to 6 cm in 1iae, 1c•ttered white and pale 
11'Hn noncalcareo111-lined vein• , rare 
YNiciU 

60 ~ -~ finely veined with calcite and aeolite 

~~ !1 
36 \11! 

- 10:3Gt-:-::--=-r.:-:-r.-=-+--:-+~+=+=+-==--+-=--+-::--t--t~IE:::I 
IR109 10:52 100 g4 0.8 J Cl TH SR W I F ~ • very clo1ely spaced, tichtly healed vein,, lined 

::---11:07 
KUO 11:20 100 ~ 1 s Bl 

MM SK S II 40 ;A, with 1eolite 

L SK 
MM 

s 
w 

I 
II 

i~ 
•n ~:~ 

F 

~ 

30 ,~:;, 

iiffi !!::~~10:-:o:+-:g~7:-+-:o,-_4-+--=~--l---,A~f-,T::,H:-:-l-s:-:s~=-l--:,~:-:-+-":""1-+--F..,-+-,l:CllnoJ-il~~-1 · 20 cm wide extremely cloaely fractured &one 

~ ~ 
m ~ 

..--12:03~::--=-r.~+-:,....,..+--:-+-:-+.=+=-+-::-:-+-:--+-..,-t-.,~"4']![fhtlll(~~ 
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~ ~ 
... ... ... ... ... ... ... 
I-

IRU3 12:U 96 96 0.6 J A MM SR W. l F ~ i ...__ 12:311-:~+-::7"+-:::-=-+-:-+-:--+:~::-l-=-+-::-:-+-:--t-..,-+---l=l!ll! 
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Lithic Description 

MIDDLE TOPANGA FORMATION (Th'): 
BASALT BRECCIA; dark IJ'Nniah cnY 
to l"ffniab black, apbuiitic, compoMd of 
breccia duu within a rine-sramed 
matrix, doaely apaced chlorite-lined 
joint&, bncciated cluta to & cm in aiae, 
acaUeNd whi&e noncalcanoue-lined veina, 
rare vaiclu; 16 cm wid• ■xtnmely clo1■ly 
aheand son• @ 523' 

- joint& up to 7 mm wide 

::":":":' 13:28~-=--t-=-+-~+--:--+-=--+-==+-==-+-~+-=~-=-+---l.l\'/,C.:' :w.~ 
Km 100 16 1.2 J Bl ~ SR S I F :: II- v,;niD•-••-

~ 
- l8:H1----+---+-,--+..,,...+,,,--+,-,.,...,+.....,,.4---1-......,.---4......,,,,-.4-'n~~,,;,~• 
Rl18 Ol:15 100 100 0.6 J Bl MM SR P I F 60 31i , rare veininc 

1/28 S T S S V 
SK 

R1170l:
26 

100 100 1 J B TH SR 
MM 

p 
s 

I 
11 

F 
20 
50 

- ticMly healed joint& up to 3 mm wide 

10 1 I - joint• lua than 1 mm wid• 

l:,:---,.,f,""••:111-:-:::-=-~:-::--+-::-=-+-:-+-:--+-:--+-::--+-=-+--=-i--=~I--~ 
Rlll 10:00 100 17 0.6 J A L R S I F 70 ! 

T SR 11 

- 3 cm wide, liJht JNen, altered ■hear aon• 

-10:2s1--_.,__.,__.,__.--+--+--+--+--+--i.....;;s~o~ 
RUQ 10:35 100 100 l J Bl MM SR W 1 F ~ 

! • : I 
"5 ~ ~ 
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[i'io 11:10 100 86 1.2 J Cl TH R W I F 70 ~ ✓ 
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- 1 em wide alickenaided joint 
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Lithic Description 

~ MIDDLE TOPANGA FORMATION (Th-): 
-~ BASALT BRECCIA; dark sreeniah rn,y 

,.. 50 ~ i_ to sreeniah blade, aphanitic, compond of 
'" ;.;.;-;- ll:31f-,,,......+-,,.,....,+--=--+-.....-+.;.-:-+.;;;-;+~+~-+--:--+--;;--t--i.~ii!i'"I plapocl,..., pyroxene, olivine, cloaely 
: ~121 11:li0 96 86 1 J Bl TH S W I F 0 ' 1 \ spaced alickenaided chlorite- lined joint,, 
.,_ S MM SK S II 1 :;; matrix soft and altered, acattered, white 

-
---
-
--

:

~56, i ! -1, .. -1,... ..... ,617 
- 12:051-,,..........!.....,....-i-----l----+--,,----l-,.,,=-l....,,..,....+--.=4-....--l-=--+-2-0-f'(f;.''::i•:~.,_;i-. 

Rl22 12:39 100 79 2 .2 S Cl VT SK W I F 
TH S 30 

~6' .. ~ ". -....... ~ •='"' ,651 
- -12:56~-,1---.--1---1---4--4----+--+--1---<.....;;;30~:,;~,.• LOWER TOPANGA FORMATION (Ttl): . -, 
: Rl23 13:30 100 36 2.4 J Bl TH R W I F 1li ;:.;,.'.-i-, SANDSTONE; li&ht lfJ'&Y to medium dark ~-, 
,.. SR S ~,:·:: rn,y, coarH-srained aand, rare ahell 
1- : : : -:; fra(Illenta - -

:.57( 
70 ~-~~- 170--, ... ~~·:;• ·~ . . .. ' ... -~ , 3 

~ · ··•."') ---
- 13:40 !.: ;:, fme-l(J'ained ■and 

iuii 13:59"""1_0_0_7_3--l-.2--J--+-A-+--V--T_S_R-+-S-+--I--+----F---~-·.;. -1 ... ... 
I... ... 

MM YR 35 :::i; fine- to coane-(r'ained aand 7 
~ - 8 cm thick buali dike 

~
r.:•· • - 8 cm thick buali dike 
' • • - very rou1h a,epped joint 

,... . •, ~.·. 
: 14:06 60 ~ - 3 cm thick bualt dike 
,.. iuii' U :24t-,1~0:-::o-+-==s2:-t-=1-=.s::-+-J-;---t-::::B-:-l-+:T:::H:-:--t----::-s-+""'p=--t--,1:;--11--::F:--1---1i~&,ll,'j_ 

~ SR S 
35 
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,- ~:•:, ~ veriical fracture acme 

-
.... 58" r..,: _; _, · "• •· 
~ ' •. 
- 30 5.:~ - . \ ,, .. 
- U:34 ..___+--+--+---+---+-....... -+----+---+---+---+-- • •· :,,. ... =- ~ .... ,... 
_ ttl26 14:46 100 84 1.8 J Bl TH s: : :I F 20 ~)(, d..,.ar__,.k-lfJ'-•Y _____ _ 

: 40 ~ - >l mm wide, tightly healed calcite- lined joints 

~8' ~ 
- ·. : .. 
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ftl Q. en -~ <I) - ~ QI a.. 
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... 0 

~~ 
LOWER TOPANGA l'OBMA.TION (TU): -..... . ... ►.~ .·,. SANDSTONE; U,ht rnY lo dark rnY, -... , .. coane·snined nnd, well c:emented, -... 60 i:::·~ muaive, moderately dONly ,paced -... . .... 

,-nerally ■bearec:l and ti1btly healed .... ~ ·½ -... 
1R12~ 

10:45 calcite-lined joint, up lo S mm wide, r&N -... 11:16 100 100 o., J A MM R s I F 1-·:::. t- ■hell lracment• . ... T SR .·. :, . -
-59' ..... , . 95-.... 0 f.1...;=; -... "' ... -... ,.-::.: . ... 10 • : !-. -... 11:26 

.... -:: ;.:~ ... Rilo 13:25 100 100 0 B A T - - I ,. ~-. :-, .. all fradwu appear lo be healed, recemanted -... Iii:· -: with calcium carbonate -... •• !'·:. . -
~ ••; .. . 
t"-60 ~··· •~oo: .. :~~~ .. -❖it.: . .. . -: : . .. ~--- -.. lS:Sl ........ . 

wi . . . . 
~ H :21 90 90 0 B A T - - I F ~·-:: . .... . . :-:,.. . .... :.-•~ - . .. ~ .. . 
1-60' 

.•. &os-- ' • ti'f . ... . 
~ -.. 

~ 
-

~ 114:35 -.. 1Ru2 14:53 100 100 0.4 s A MM SK p I F . ... 
T s s II 

20 . ..... ... .. .... .. -.... 40 ~k- -r6H ,' • ,10-.. .... j;:•.·. -... -... J':-1- -.... -: :; :: -... 15:00 ........ . · . -iffii 
-.. ... 

15:14 100 100 0.4 s A T SK p I r ........ 
- joint■ up lo 7 mm wide -.... 

J R s II 
40 ,f,•·: -... :~ -:. .,, -... -

f-61' ~.·,\ ,15-:.:-. ~. -
~ 

-- .. -.... 25 .... --··. ... . . . -... ... 
R1S4 

15:22 ...... ': - irnrular contact -.... 15:SS 98 ~8 0.2 J A T R s I F re• ••• -... ... ,.._!.:: SILTSTONE; dark cr&Y, moderately elutic ailt, -
~ 

~ muaive , well cemented and denee, very -.... 25 -
t:"621 I 

cloaely ■paced tichtly healed joint■ up ta 1 ~20-
40 

cm wide -... 
- 16 mm wide couce aone -... -... . . 

... 
R1S5 

15:50 ,-1//, SANDSTONE; moderate bluiab cray, fine- to .... Ul:28 97 97 1.7 B A TH SR w III F 60 l',t'."~ . 
medium- crained ■and with silt, mauive · .. •;, ... J T p ~-.. '(. and modera tely friable, cloaely ,paced 

--~ 
.... .;_~:,: clay-lined fracture• ... ·1~'!-- ~:.t · .· .., .... 

J ... ., 
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- 11:46 118 66 0.2 B 
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11:311 
- 12:18 100 50 0 B 
--.. 
r-64' .. .. .. .. ... .. 
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Struct~al ✓D_isc.ont inui t!ol 
escr1pt10n 

.... Ill :,i UI ,.. 
cuL Cl Ill ... • 1:11 C . 

Cl) cu C cu ·- ... c - Cl .s::. Lithic Description ... - .E '- ~ '- CII u 
... u u Ill CII C ... 
c" Ill Cl ·; u- .s::. ..., CII 
-'- Q. :, Ill= ... ~ 

o" U) 0 - cl'-
,a Q, Cl) 
CII -~ a: a.. :i C 

35 ·::,.,; LOWER TOPANGA FORMATION (TU): f. : ·;. SANDSTONE; moderate bluiah &ray, fine• ............. 
/, '. _,. to coarse• crained aand with ailt, wavy 28 ·-:,:.: and undulatin1 thin beddin& with _:~~: 

A T s p 0 F 
}· ·.: localliud thick beddin&, moderately 

:- ::,· friable, cloaely apac:ed c:lay- lined frac:turea 
50 , ·~ .. 

1---· 
_:.:)) 
/:;r 

• acattered cobble• and (l'&vel-aiHd quart&ite 
c:luta .. ,_. 

A T s p I F c:1'< . .... ,• . ireeniah cray, fine·(l'ained aand, acattered . .. ~ · .. ~ diac:ontinuoua c:lay- lined joint• ~-~:.: 
~ - ecattered larce 1r&vel-1i1ed c:luta 
~. . 
; ·,("~ 

40 

~ 
- dark yellowiah brown c:lay laminae 

.. 
A TH s p II F .. . 

L ~· 
fine- to coane•(rained eand with 1ilt 

M 60 
.... ~ - -
;;,?,/,_· 

I CONGLOMERATE; matrix 1upported, fine to 
coane crave! and cobblu to 10 cm in ■iH, 
c:luta an rounded and compoaed of 
quan&ite, matrix conaiata of creeniah craY 

A M s p II F )9~ \ fine-(rained aand and 1ih, poorly w .. cemented and very friable 

~ CONGLOMERATIC SANDSTONE; greeniah ,.~Y .. ll'&Y, fine- to coaru- crained aand, 1ome ·;,;-!:J 
~:.:2 crave! with ailt, poorly cemented , 
;bci moderately friable, mauive, rounded 

~p 
6.1;.?,: c:luta compoMd of quanaite 
-(:i,o: 

Bl T SR w II F 60 ~i SANDSTONE; creenilh ll'&Y, fine- to ,,. .. 
s r,1.• .. medium·crained aand with ailt, trace 

t1· • . gravel, poorly cemented, moderately .:.": 70 :~:/ ,;,, friable, muaive, widely apac:ed clay-lined 

'.; .;; frac:turea 

• •✓,A' 
L, / •• " 40 .• ~- ~ 

- faint beddin& A TH s p l F 30 ··-~: 0 

~ •:·: o;.':f:: ". " . o·: :.,; 
45 ~ : ( 

•• o.•, 
~ .... 
•·• o, • ... . , .. 
~ ..... 
"! : , 
•• • 1 

A T s p l F I' • • •• 
.. r • • 
.,.,\ ~· .. . . ~ ~ ~ 
.o , •• , 

... 
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1G 
9; 
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t 
5 

0::: 

" . 
01 
QI 

C 
'V 

Q. 

C 

Llthlc Description 

60 ~·: •. LOWER TOPANGA FORMATION (TU); 
0

d. ~•: SANDSTONE; ,neniah CRY, fine• to 
--
-'/,•). mediwn-snined And with ailt, &nee 

~ 14:21--+-----+---+-----+--+-----------1-----1t------1 ·~.~-: iravel, poorly cemented, moderately 
~143 14:35 100 100 0.8 J Bl MM S P II F ·.:;::. friable, mauive, wide apaced clay-lined 

-
-

14:51 
Rl« 15:12 100 100 0 

15:25 
RlU 15:(1 100 100 0.2 

-
B :;, •. •. fnctura .. : : -

B 

B 

A T - -
M 

A TH S P I 
n 

F 

F 

70 {~::: 
~ •',°. 

60 -·~·-~:< 
-:·,,·. 
6•··• I ...... . . . , 
//1 
:9;P, 
•• C>• o··· D' :e1:~ :.:o. 
9:!i 
0 "?,/J· 

CONCLOMERATIC SANDSTONE; sneniah 
cnY, fin•- to nwdiiim-irained aand with 
rounded cobblu, crave! and eilt, poorly 
cemented, moderaiely friable, mauive, 
wide apaced clay-lined (ractura 

-
-

---
--

,o-= 
-
-----

- -~(.~ 
60 •_";,""fo,. • 
<&S V-1':9, -,.,...----:- D75-: 17':~ with cobbla • 

- 15:50,t-:-::':"-t-::='1"-:::-:--t--:::---t--:--t-=:-t--=-t-=-1-:'.:-11-:::--t-
4-0.,B.;-;~ SANDSTONE; cnenuh cr&Y, fine-irained aand : 

IR146 16:28 100 100 0.6 B A TH S P 11 F : :, £;.; with ailt, trace iravel, poorly cemented, -
J 30 ;-; ·;: moduuely friable, muaive, widely apaced : 

o:~ "; clay-lined frac:tura, localind aoft 
::~•,.,; sediment deformation at 679' and 680' 1•8'n....:: •'//• ,. ,v-

40 -st'~.-~ -
• moderately cloHly apaced micro(aulta > 1 mm : 

_.', wide -
==-= 18:431...-,,.,...~""'"1...,,....--+-.::---+-...,...-+-=H.-+---+---+---+-=-+---f: , ~•• 
IUU 16:53 100 100 0.2 B A T - • - F ffJ.- · faintly laminated 

J 60 v.t 
:(.' ., : 
a'• .. 

',.'•.·· 
/,~-=~ . ('~ 

60 
/<,<," .. ., . ..---

..,__17:101--+--,-+---+--=--+=--t-=:-+--,,--+-=c-t----~~,,..-~--i:J,•';.;. dark 11'■-niah sray 
IRus ioa:34 100 97 l B Bl TH S P II F ·.~:·;• 

9/1 J :::--
50 ·6~.· 

I'\.:, .. • :--<.: 
60 ·!:,;i ~-:~-

i-. •' 

70 ::~ 
6,-,,-,.,.-11Ja'":49t-:-:::=-+-::-:---+---='""+----;---t-=--r.~7-t-=~-;;--t-;;.--1--;:.--1r--...._' · •• · - scattered crou-cuttinr microfaulta and soft 
RU9 l0:2S 100 51 2 ~ Cl M~ :: ; 11 F ~ Ndiment deformation 

~::~.:.-: .. -. 

-
-
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-
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-- 10:40 - R150 11:00 88 62 O.ll J - B ----701 ---- 11:11 - iITfi 11:60 100 100 0 B --... ... 
~10. .. ... ... .. 12:U .. iITfi 12:40 100 100 0 .4 J .. 

B .. ... .. 
-111 .. .. ... .. - 13:06 .. 

Rl5l 100 ll5 0.6 B .. 13:31 ... J ... 
,-

-11· ... ... -,-
13:44 ... Rl'4 ... U :07 100 100 0.4 B 

.... 
I-
,-

-72 ... ... .. ... 
IR166 

U:lll - U :42 100 100 0.2 B ... 
... ... --72' ... ... - U:6' ... Rl56 100 100 - -... - RlS7 11:13 100 00 0 B .. 
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+- • Ill :,i 01 ,.. 
ci,L 01 Ill .. •a, C . 

Cl) GI C GI - +- c: - Cl .c Lithic Description .. - .E L c_ L QI u 
.. u u Ill o_ GI C .. 
C Ill Ill 01 .c u_ .c ..., QI 
- '- Q. ::I Ill 111_ +- .x. 
0 Ill Ill 0. en ...,.c en 0 - c"- CII -u cc: 0.. 3 C 

45 t\-Q · LOWER TOPANGA FORMATION (Ttl): 

t',?--.-.~ SANDSTONE; cruniah cray, fine-grained 
1and with ailt, trace crave!, pooTly 55 ; . ..;,, 

A MM s p 11 F ~~ . cemented, modentely friable, muaive, 

L '.·;,~: widely to modeni ely clOHly 1paced 

VT ~/~~-.~ clay-lined fnctuna, 8 em thick duk 
45 t:'}( crunilh ll'Y diaeoloTed &one at 61l6'[core 

:.; ...... loat between 6116- 6116') 
.. • C•• 

t;;,_•:;, .. / • laminated bedding, aeatiered aandy ailbtone ~ -;: inhTbeda up to 2 cm thick 

:··.\j A L s p l F :g.,; 
. :·:::_; 
~·fr. ~ -·· . . . , .;, 
-~✓--
~~: 
· ~:~ 

i 
diacontinuoua micro(aultinc offaettinr beddinr 

A L s p 1 F up to 1 mm 
42 

. 
MM . 

20 :: ·.·,. ~ . - -•... ,.J ·.1-y;, 
- cravelly -:· .;2: 

~: ~.: 
80 , .... . ···c - cravelly ·:i/'b: • - faint croubeda below cravel beda 

Cl L I F ). ·#•.· - - 42 
VT •:•, .r; ~ 

• I • • 

70 
··':. , 
' · . ! . 

~-/.: faintly laminated to mauive beddinr 
7. 

t,, /,; • • 

·{;}· ; , - 8 cm thick aandy CT&Vel layer 
60 ;'p_'l'7 

1//• ' fine- to medium-crained aand, medium liaht A L - - I F 62 :~ . ll'Y . ..... 
, ... . 
• ' c, ... ~. ~ , ... ·· :. - 0.5 mm wide ailt-lined joint 

~ . . ·.·: ·.·.,.: 
A TH - - - F .. .. • . , . 

t=,...• • ;--::-:, . 
70 . .. ,. . 
~ . . . - alickenaided joint .. .. '.· '. .. ' ... 
!.#::' CONGLOMERATIC SANDSTONE; medium 

- - - - ~ :,., lirht rray, fine- to eoane- crained aand; · - - • D 

•oi aome fine- to coane crave!, trace cobble,, 
A TH - - - F 'D '• poorly cemented , modentely fri•ble, t; •o'.o 

40 ~- {~~ mauive, unfraetured 
-~:...C:. 

+-
Ill_ 
GI Ill 

.... > 
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Lithic Description 

0:/•-f' LOWER. TOPANQA l'ORMA.TION (TU): o;;t CONGLOMERATIC SANDSTONE; 

4o '."~::.,: IIMdium licht p-ay, fine- \o coane-p-aiAed 
11:32 ·c:~·•o u.nd, aome fin•- to coane p-avel, trace 

Riii ll:5o1-,,,10'"'0,-+""'1""7-+--0,,.-1-,,B.--1-,,B,..._+-,.,.,.,T.H,-+-..,S.--i-.P,,--.......,ll""l-+--:Fr-l-----4-o:0a cobblu, compoaed of Hndatone, 1ilt1tone, 
J 40 ~p;:I\ bualt and rn.nitica 

52 ~ SILTSTONE; 20 cm thick layera or medium 
r>% blui1h rr&Y, crayiah brown and nadium 
k'~ blui1h rr&Y, trace fine-p-ained 1and, 
~A \ poorly cemented. laminated at contact, 

60 ~ f:{ thinly bedded below 
=-= l2:071--~~~....,,...--+-B=--+-A.,......+-,,,T""H,-+--+---+-..,,.

1
-+-r=-+---l:_.::.:°; SANDSTONE; medium li1ht ;ray, fine- to 

lUlilil 12:30 100 100 7.5 - - - di · _.. d · h il J VT •·;,,, ·:.: me um-cra,ui ... nn , wit I t, poor y 
·: ,. ,,, cenanted, moderately friable, maaaive, 
~;,~,:-~ unfrac:iUNd 
~ - dilcontinuoua tichtly healed joint ~r; 

.'L:,;,,'.,C 

42 ~ ~~: -co-.,...--.-,o fine- mined 1and, thinly bedded 
..--- 12:471-:-~~:-:-~:-=--t--:::---t---:--t-=:-t-::,.......+--:,.....-t.......,,......1--,,,......t---t" 1-:, ·: 
R.160 1':46 100 ~6 0.8 B A TH SR P l1l F 

42 
~~-~:· 

J MM VI ;- ,:~:: 
S 36 -:::.:'! 

'.'. .~:-~ ""1-m-th,...,i,....ck conclom■ra&ic ■andaton, layer 
~~q_:.; 
b'o'• 

~ 15:20 60 ~~~ - clay nam 
lU61 15 :26, t--10-0-+-""7~6--t--1-,.2,-+-S,,-+-,C~l--t--,,,T:-:-H,-+-,,S.,,.,K,-+-,P,,.--+--,l,..,.1-+-M---W-+--l...;;0--0~-.:;· :--:;-.-'.-:,:: ---,---

B MM SR HW •o ;i-: -~ - 6 c:m thick ■iltatone layer below cobble aone 
J F ;

0 
~ - 8 mm wide 1lickemided ,hear aone above 15 cm 
~ ~ thick 1andr 1iltaton1 layer 

~~~• - 0 .4 m thick couae-p-ained 1andlton1 layer, 
[-;;). very friable 

..---15:601----+--,~+--+-.,,,.--+---+-=➔---+---+---1---1--S-5_4_.(:.~ ;~ - 1caU1Nd ■ilte\one lamination■ 
R162 18:00 100 97 0 B - TH - - - F 40 v/~ 

L f.;,:: :;;--;r.: 
~ .... r ~lam&--.,-n-a.,...ted....,...t_o_v_1_ry_&.,.h.,.in-,l-y bedd■d 

--T. 
E
S -
T: 
2 -

•35...: 
-
---
--

•40,-: --
. 
-- -- -
-

45---
-
-
-
--so-: 
--------

~ SS: 
°[;:':;, - O.S m &hie.Ir. 10ft Hdiment deformation son■ _ 

'-75' ... ... 
: ~~·.;, : 
._ ------ 18:161--+--+---+---+-..,......-+---+---+-----+---+--~., • · _ 
._ IR163 18:67 84 84 0.8 J Bl MM SR P 11 F •1 •:-:::. ·, coarae-p-ained ■and _ 
,_ B SK S r,..••" \ -
.... s : .. ~~ -

::76( /:{ fine• to medium-grained ,and "60-: 
~ "• :•.:··r---=-----~"-------------t : 
._ ~-.,·: ·. SILTY SANDSTONE; dark bluiah cray with _ 
._ ~\.·; __ :_: olive brown motilinc, very fine-crained -~ 
:: _ 17:12t---+---+--+-.....,,...-+-.,,,.--t-=.,-+----+--:---l---l-----+----t"'';::.-.. , aand with ailt, very friable, muaive _ 

~ IR164~/i2 GI ~ 2 J Bl TH SR P ~ F ~)J. : 
-- ~ ._ .... - - -
Iv, 
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G ,... ... U'I :JI C Q/t. G Ill .. • Cl . 
u,111 C QI - +-c - OI J:. Lithic Description +- - .E '- &.: '- QI u 
+-u u .., QI C .. 
c"' I'll CJI C u_ J:. ..., QI 

-'- 0. :, .., "'- .. .¥ 
ol'II en 0 - cl'- I'll 0. Cl) 

QI --.0 a:: Q.. 3 C 

35 f ~ LOWER TOPANGA FORMATION (TU): 
IY. . . SIL TY SANDSTONE 

40 ~;~ Cl MM SR p II F ~ ' .. ·. SANDSTONE; medium lia-ht cn,y, fine• lo 
• •• t 

SK :. ·::;,,: . c:oane- cra,ined aand, well cemented, 
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·, : -: weakly friable, very thin to thinly bedded , ;;-y A VT s p II F micaceou■ , • ,• . 

MM 
... . 
•/. .. ,, 

, :,: l ., ....... . .. . 
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LOG OF BORING SM-9 

Client: PB/DMJM Project: Metro Red Line-Segment 3 

Location: N41578SS/E4179223 Surface Elevation (ft): llU 

Inclination (Deg.): 90 Bearing: NA I Depth (ft): 693.0 

Started: 8/U/92 Finished: 912192 Core Dia. (in.): 2.4 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary 
Fluids: Bentonite/Clear mud 
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DI VT SR p F 

;;,:: ;__ bNc:ciated rock frasm~nta range in aiu 
50 1~ f'- from 1 mm to 3 c:m, highly altered, very 
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70 f ~ clay-lined joints and ahean B,,;~ 
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: s ' ~ 
~ 

::- RZO i00:51 86 68 3 J Cl VT SR W V F 1• ~ 

'- 70 .---------

::
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Lithic Description 

._ ru, H:,o 100 '8 U J Cl VT SR W V F ~~- MIDDLE TOPANGA FORMATION (Tn): 

... :;".. ,t'_ B~AL T BRECC_lA; lirbt olive ,ny and 

... 
40 

~,S blwab sraY, brecciated rock fncment1 
': ~:. ranre in 1iH from 1 mm to 3 cm, birhly 
- 70 i~· 1 altered, axtNmely clOMly ,paced HOlite-
- or clay-lined joint• and aheara 
- - 15 :381---+--+--+--+--+--+-=--+--=--+--=-=-+-=-+---l""-
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-10· ~,...;; 
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~ ~, 
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... H ~ 
._ ..,,..._ 16:461---+--4--4---1--➔---➔-➔--+-,.,..-l-----ll-Z~ 
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- R50 18:31 100 87 ~.2 S D 1 VT SR W V F ~ ,i very cloHly apaced joints 

~ ,; 
70 ~ ~!\ 

--
~ t ~ 

40 ~-~ 

50 Iii 

--... --- ~ 
-201 - 16:45 ~1""0-t-~-t-...,,....+--:--'t-'.::-:--t-:-:=-+-=::-i--::--t-:-:,---1"--=-+--ll'l i~ 
~ R5l 16:51 6S 3 J Cl VT VR S V F 

70 
,, ~~ moderately cloaely ■paced joint■ 

~ 80 I i 
L 11aM !I 

------
---

75---------
so-= . 

. 

. 

. 
--

- --
85-. 

-
-
. 
-
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90-: -
-
------

95--------
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Lithic Description 

-
R52 07:27 100 64 

8/18 
MIDDLE TOPANGA FORMATION (Tiv): 

•? BASALT BRECCIA; olive any, 

40 ·.. _, brecciaced rock frapnenc, ranee in aise ... 
.... 
.... 
.... 

:,,.~ from 1 mm to 3 cm, hichly alCered, very 
80 ~ friable, clo .. ly ,paced &eoliCe-lin•d joint, 

... 
0 

~ and ,hean 
- - 7::!31-:~t-:~t-::--t-::--~-:--l-:-::=-ih;-;;rl-;;-;-i--;-;-t--;;:-t---t~~ 
._ RU lo7:43 54 U 4 S Bl VT SR W V F ~ 
~211 IO 

50 
_ • 0.4 m wide, very clo1ely 1heared ,one 

.... - 7:541-,-~+-,,.,,.,-+--+-..,,...-+--+,.,.,,-+-=-+-~-+..,..,.,,~-,,,.-+-~...;"-x 

.... R54 !07:58 100 100 10 J Cl VT SR W VU F .. ~, maa1iv, bualc, very cloaely ,paced joinh with 

~ 30 ~ seolite infillin, 

: 21 ""A:191-=-.,..-◄-,.,-+---+-....... -+---+------1---+---+---+--.+-5-o_r_•\rtn:f. t: ! ~ R5S 108:25 ~ 80 6 J Cl VT SR W VII F , , 
_, ffl I 

: 30 II 

: 60 [!!! ,--.,-~-:----:----
: ~~, brecciac,d bualt 

.... 22 "'8:48,i-,,.,,.,,-+-,,~---e--+--,,-+-=--1-,,.,.,,,-+-=-+---+--+--l-----<ilJ.~'°,, ~ fUi6 ~8:57 100 83 Q.6 J DI VT SR W V F ~ ,, 

30 ~ ' 11 . 
60 ffi _m_aa1__,i,_v-•.,.b_u_a1-=-t,-v-e_ry_cl,..o-Hly fractured wilh &eolite 
70 infilling 

.,_ -loQ:211-:".~1-:~-t--;;-;:--t--;-+::::-:--+::-:::+=-+-::-:-+~-+-=-+--l~•,!.!.ll/dJI ~• 

..... 22' RS7 10:30 100 80 6.8 J Cl VT SR W V F [l[li 

~ ~~ 
~ =~1-~~ 
.,_ ~ - I 

~ ~ 10:421-:".~t--::':'"°-t--;:-:--t--;-+ ::-::--+::-:::+=-+-=-+-:-:-::-+-::-+---f I 
~23( R58 10:48 100 85 &.4 J Dl VT SR P VII F I J2!t 
- :I~ 
; 30 :.ij~ : ~ ,~~ 
.,_ ~ )~ I 

- E~ .,_ - ll:161-::-=-+-:,.,,.-+-:,.,,.-+--::--+-,,,.,..-+-.:=-+:=-+--==--+-=:-+--=-+--f;.;rr;::-it1 ..... 23 RS9 11:22 go 68 20 J Cl VT VR W VII F ::::: ~-
- 410 1 ,:, very close co excremely clo .. ly ■paced joint■ 
- I.'~ t i 

-- ~11:41 

~ ! 
.J.I IT 

60 •Ti - - breecciated interval 

~ I I 

--

-
-
-
-
. 
-15--
-
-
-
-
-

-

-
--~2s--
---
-
~ ..., 
...i 

~3Q-i 

~ 
7 

~ 
. 35-j 
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1- R60 12:33 100 24 2.8 S Cl VT SR W VIJ F ~-

: 60 ~ 

-:__ -"'" ~o ~. ;· 
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Lithic Description 

MIDDLE TOPANGA FORMATION (Tw): 
BASALT; olive snY, hi1bly aliered, 
doMly ■paced NOlii•·linecl joinu and 
ahean;@ 242-246' extremely ciONly 
fnciund son• (awitcb to ■urface ■et 
diamond bit ai 243.2') 

R61 13:04 100 0 - J Cl VT VR S V F =- ~ 
:-24' R62 ~::!!l-g-3--+--IM>-+-8-.4-+-J---4-D---1-1-V-T-l-SR-~W-+-V-l-I ~-F-+....t11LL...l~~".".y"'· ~rl. _m_U&l _ __ ve_b_u_&l_t,-v-e_ry_c_loa-ely ■paced join ta 

: ~ .. 
,.. ... 

40 ~ 

"' ' 

70 ;,n
1
~ .. 

m : 
::251 - lS:S81-,,.,,...1-.,,...1-..,....1-,,.....1-,,,-1--..,...1--,,,~1--,.----1--..... 1--,.......1~--l'i I 11.,. 
.. R6S 15:47 Gli 85 4.2 J Dl VT SR W VII F .., .. ,, . ~ 
: liO ~-~ 
: 70 ~'1 

::.25 "-16;16 I 
,- '• R64 16:42 100 70 6.6 J Cl VT VR O V F .. 
,-

----,-

30 
liO i -K"'med uoli,.- wilh ""'"-linod joinh 

;r 
:.26t- 17:041-,,.,,....1--.-......1-......+ ...... --+-=-+-=--+-...... 4-_4-___ -1-_,1...._~,l-!f.. ~ 
'" R61i 17:13 85 62 4.6 J Cl VT SR O VII F , 
~ ~ 
... 70 1 - o.,.n joini partially lined with cry■iallin■ 

30
~~ • r-

._ ~ ~ calcii■ 

: ,··'", - ~ 
- I n 
-26•-17:341-,-,,..,,..+-,,,.,,..+--:-+-~-+-.,,,.,,.-+-::-:=,-+~,-+--,--+..,,.,.,-1.....,,,--1---,"""-1111111 
- '· R66 io7:24 100 76 4.6 S Cl VT SR O VU F :: 

: 8/lG ~ 
_ 40 
- 70 ~II 
- ~ ~ : ~ "' - 15 cm wide ■hear son• with 111olii1? and minor 
- II ' ~ pyrice within open joint• 
-27! - n7:461---+---+----+-----+-----+----+--4--+---1---.1---r,ill I I 
: R67 07:58 100 92 1 J Cl VT SR O VII F ~ 

: 30 ll ~ 
: 60 ~~m I - IC&ttered open and p&rtially 111olite?-lined 
,_ ~ joint& 

--- loa:17 u~, .. ,. 

---
-
-
-
--

45------
-
-
-

'50----
---

- -
-

55---
------

60-:: . 
. . . 
-----

65-
-
-
-

--

I .J 
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Lithic Description 

~f.:- MIDDLE TOPANGA FORMATION (Ttv): 
~ BASALT BRECCIA; olive 1ray, 

100 100 3.4 J Bl VT R W VII F 

60 i···'"~ brec~ated rod, fn,sment1 ran1e in aise 
s;;: from 1 mm to 3 cm, cloaely apaced aeolite-
~ and chlorite•lined joints and aheara 

:..231 - ~1>:os1--,,.,....1--,--1--__,,1--,,......,,...,,.--1'"""',,...;-=-+----+---""""4--=-+---"~~.,~ 
- R6l> ~l>:20 100 100 2.6 J Cl VT R S VII F ~ 

~ 30 ~ 
: 70 ~~ 
- ~ 
.:.28' _ 10:001-:-::-::-t-::;::--t-~+--=-+--:-+:=+=+ ...... -+=..+-:--+--i.~~, 
.. '• R70 10:47 100 82 4 S A VT SR W Vil F .. - ~~ .. ~ ~f · very clo■ely ■h•ar1d &one : ~ _, 
.. ~ : ~ 
:..29( >-- ll:26r-;:-;;--t-;;;::---r::-:--t--;--t-:::--:--r.:=-t-::-::-t-....,.--t-=:-t--:--+-=--r ~ 
.. R7l 11:36 1>8 78 11.6 J Bl VT YR W VU F 1-y 
: 

70 
·1 very clo1ely ■paced joint■ 

.. ~ .. .. 
: ~ I 

:.29• _ 12:111 ~~ ~ 
: R 12 12::12 ~100=-=-t--::a~o-t-~&.-=:z-t-'""'J,--1-=B~1-t-:V~T:--i1-::R,......,'"":'::w--t-=-v:-+-=F-+----1.li-~~~ 

.. 10 :;i: 
~ ij .. ~ .. ~ 

.. II : 

:.30( I=-- 13:24 t-:-::-::-t--:-::-::-l-=--=-1-:::--1-:::~l-=::-,~=-i'"":'::-:-i--:-::-+-::,.....+----E:::] ,:.; 
.. R73 10:49 100 100 8.2 S Dl VT SR W V F 25 • ~ --,----.,.,...--,-....,...,.~.-. 
: 8/24 •o ~ ■h•ars are 1liclten1ided [chana:e &o tunp&en 

• carbid• drill bi& I 

:.30•-11:12 
.. RH 11:34 100 37 l>.8 S .. .. .. .. .. .. .. 

11 :66 

Cl VT SR P V F 

--
-
--
-
-

,so-= 
---
----

85---

; -, 
J 

oo-=1 
3 
7 
' --i 

,05~ 
., 
-i 

HV 
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Llthic Description 

- R75 12:07 ~ 11 7.2 J Cl VT ~ •~,E MIDDLE TOPANGA FORMATION (Th'): 
~,.~ BASALT BRECCIA; olive cr&Y, 

SR w V F 
... .. .. 
1-... ... 
-

70 from 1 mm to S cm, cloaely ,paced tichtly 
' healed Holit•· and chlorite-lined joint• 

and alick■naided 1hean 

50 

1
. ·'-d'-. brecciated rock frapnent, ranee in liH 

:31•-12:27 ~~ 
- R76 12:40 100 100 2.1 J Bl VT VR S V F ~.ii: ,--------....-
- I,_~ bualt fracmenta contained in a fine crained 
- r~ chloritiHd(?) matrix, du&, contain few 
: %~ filled vuiclu, many healed fracturu filled 
- S5 ~ with whit• HOlit• 

: - lS:06~-:-t-::~+-:~+--=-+==--+::-::+=-+-"'="-+--=",-+-=~-~~~~•~ r2, R77 .. ,.. .. .. ·~ • Cl VT SR w V • 1 
: 50 i~~ 

.___ 1s:u1-:=-+-:,-,-+-:,-::-+-=-+="""+"""',-1-""""-+-=,...4,....,.,~....,,~~,;_11£~ 
"'" R78 lS:51 g7 94 1.6 S Bl VT SR W V F I 
~~ ,: 
... 
: 50 ~ · 

-. ---. l4:17t-=-:=-=-+-::-:--+-:,-::-+-=-+-=-=-+::-:-:e4-=e::,-+-=,...4,....,.,~---,,~~-~~~i=I 
,.. R7g 14:28 100 85 2.2 S Cl VT SR W V F ~ 
... 
-331 50 ? ~ 

~ ro t 
~ ~ ; 
: RIO !:::....,.100,,.,,...+-,ao,..,....+-""'.6-+--,J,-i,-.A-+-,MM....,.,...,..,.....,S.._,,R-+ .. w ...... +--v~----F--< ....... -5~,i;,i!ii 

~33' _ 15:131-:-:--t--::c=--t-:---:-r-::--+--:,.,,....+:-,T~+-=R:-:--l-:S::--l--:,,.-l--:::--I--U:IC~lll I 
~ UI 15,21 08 78 U ~ Bl MM SK S V F 60-I~ -rock rracment1 appear rounded 

-- ~ 
1- - 0.3 m wide, very clo11Jy fractured sone 

:341---15:551--:-::-::--t--:-::-+=--=-+-:---+-::~-:-:-:--=+-=-+-=-+--:-:-+-:::-+-~~~:t::;i 

... ... ... 
----

R82 16:03 100 ~2 0.8 J Bl MM R S V F tz,E -roc....,.k-fr""a-cmenu are ang1.1lar to aubround•d, c:laata ~
1 

contain few vuiculu filled with whit• 
~ seolite 

,, 

40 ~ 
16:30 

---------
15---------

_, 
--

- -

--
~30--

-
-
-
-
-
--

35-------
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Lithic Description 

- R.83 16:43 100 - G2 o .• J 
s 

Bl MM SK S V 
T 

F ~:~ MIDDLE TOPANGA FORMATION (Th): 

16 
;::_?' BASALT BRECCIA; olive sr&Y, 

brecciated aniular to 1ub rounded roc:k 
fnlJllfllt• ranginar in ai&e from 1 mm to !I 

-
-- 15 cm, contained in a fine iruned matrix, 

L.: very friable, c:lo■ely ■pac:ed ti1htly healed 
,;:-fl &e01ite· and c:hlorite-lined jointa and ti 'au :;~~1oo~~a~a-+-~1-.• -+~;-+-c=-1--+~MM~+s=-=K~f-:s-f-,,v~f-,,,=--+-

90
--fii?,.'.~;_,: '""''...,., ,._ 

~ 66 ::,.~~.:...-: ~ ' : 

... ''" 

--

... ~ ~ 
--JS'=--17:46 ~•.r::-:"-· - R86 07:46 100 100 1.7 J A MM R S V F ~~ 
- 8/25 ~ _ 

~ 0 i 
:36(----08:16 ~ .. :;:-.: 
: Rae 08:31 r-;-:100;;;;-r;:;9:;-& ""t-71,-:a--t--:J;--l!-B;;-:-l -r.:MM=:-t--;;R:-t--::5--+-:v;-;,1;-t-;:;F-+""'.3::-::o:-t~~ .. 115, ~~. · 

- I~ 

: 60- ~ • matrix hu flow-like texture 
7 ..... 

: 0 ''~ 
:36•,.......-09:00 '7n ~ ~ 
- RU 09:16t-::-::10:-::0:-t-~90::-t-:l:""..2:4'--:-J-+-:::B~l-t-,T=H==-l-,S,-:,K.,....+-,W,,.,...+-,V,,--i-,,F,......+....._...._,~ ~ ~ 

: s 15 n ~ 

~ :: ~,~_:· 
- 3 7 ""·U ~ 
: • R88 og;58t-:-:lO;;:O::-t-::9:::5➔-:1:--:.2::-t---;~--+-:B::":"'l +:T:H:;-irs='K~t-:p::--t-:-:v:-:,11:-+'"'F=-+-3-o~:;,'!,-:~~'i,;d 

: 50 ~~ 
- iQ 7,q'. 

~ ~-
- 11ic:kenaided jointa 

- matrix hu flow-like tu:ture 

:.3 7 ·-10:36t-:::-:--t-::-:--+-:::-:-+--:-+,~+.=+-=-+-=--+-==-+--=-+-~~~.,..>'l 
~ ... 11,01 90 o, •. , J Dl VT R S VII F 70 I 
- w ~ I - ~ ~ 
- ---- 11:381-:':;;:::-t-::-:--+-:::-::-+--:-+,~+:=+=+-:::--+--=-+---=-+--+l.l...~~ 
: R90 11:50 100 95 2.8 J D 1 TH SR W V F 

30 
~ ~ 

- - l< 

----
---

50-------
--ss--------

~60-: -----

--

-
75-

3 
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Llthic Description 

MIDDLE TOPANGA FORMATION (TtT): 
BASALT BRECCIA; olive cray, 
brecciated aniulat &o eub rounded rock 
frasmen&a ranee in 1ir.e from 1 mm to S 
cm, contained in a fine p-ained matrix, 
cJONly 1paced tichtly healed uolite- and 
chlorite-lined jointa and •lickenaided 
1heat1 

breccia hu little to no matrix, rock fracment1 
bounded by healed fracturu lined with 
1eolit11? 

- 0.3 m wide extremely clo11ly fractured son, 

- extremely closely 1heared 1one 

Cl VT SK w V F 50 rl 30 

+-
111_ 
CU Ill 

.... > 
'- '-GI GI 

.:JI.+-

~ 
Q. 

---------~ss----------
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~H ro ~, 

Lithic Description 

MIDDLE TOPANGA FORMATION (Tw): -
BASALT BRECCIA; olive gray, -
brecciated and v .. icular wi,h angular to = 
1ubrounded rock fragment• which ranee in _ 
eiH from 1 mm to 3 cm, clOHly ■paced • 
tirhtly healed 111eolite- and chlorite-lined • 
joints and ■liclr.enaided 1hean, V81iculea • 
filled with &eoli, .. and chlorite(?); 3-4 mm 2,.._:: 
open joint partially lined with cry1talline · 'V-:: 
calcite at 420'; clMtl 1u1pended in fine - · 
matrix below •22•; matrix 1uppon1d : 

---
-

25--
-
--
-

30 1~. 

.___I08:24~~~-+--e-+-,,,--~+-=:-+-,,.....j...----+~~rw...i,="~L. ~~,r 
IR.100 12:40 88 87 2.4 J Cl VT SR P VIII F ~ • exiremely clo■ely frac,ured, clay-lined ~: ~ -

~ 
30 d ·~ 

lll:16,~.,,.,,..+-,,-,-+-,,--+--,,--l-.,,,--+,.,,,,,-+=-+-----4-.,,.,.,.....1-------1--:iJ•· ~~;g,"'~~-iffiii' 13:31 100 78 :u J Cl VT SR P VII F 50 

20 
~! 
~ •-" 
~ ,., 

: ~ ~ 
50 ~ ;;:: 

~ -. 
lll:5111-'.'.""~+-,,,,,...+-,-,..+--,,-+,,,.,-+=+=-+=""-+-..,,.,.-+-=-+-'ULM..(c'::~::.;~· ~ 

Rl02 14:13 100 77 1.4 S Cl VT SK W V F ~~ 
30 ~§: 

so .I. ~ ~ 

30 ~~~ 
~~ 

- extremely tloaely fractured 

- extremely cloaely fractured 

. . 
i30-. 

---

... ... .. ... .. 
14:44~~~~f-:,---;f-::--lf-=~i-:-::,-,-j-:::--4--::-,.....+-,-,,...+--=-+---f~~:i. 

IR.103 14:67 97 97 2 J Cl MM R W V F 30 l>' __ _ 

'--44' 
.... 
.... ... ... 
.... ... ... 
,_ 

.... 

~ very little matrix, clut 1upported 

20 L,,il 

~ 

::-:-= 16:29~4----+---+--i---+----+----l---l----l--+-'l"LL,r;: "~':&'~ 
om 16'34 100 100 1.4 J Bl MM R W Vil F 40 i 
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Structllral/Qis~ontinuitw 
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GI 
QI 
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D. 

C 

Lithic Description 

20 ~ MIDDLE TOPANGA FORMATION (Tw): 
~ BASALT BRECClA; olive ,ny, 
~ brecciated aqular ,o aub rounded rock 

- 16:01~~+--:~+-:--:-+-:-+~-+:~-=+=➔-=--+=:::-+-:::-i-.-•r-if.l::a:~7- 1 fracmenu ranee in ■iH from 1 mm to 6 
IR106 16:l'T 100 08 2.1 J Bl MM VR P VW F so H cm, cJONly ■paced, randomly oriented, 

~ tichUy healed MOlite- and chlorite-lined 
~ jointa lllld 1llck11111ided ■hear■ 

40 ~ 

- 18:43~~+--:~+-:-:-+-=-+~+::-:::::-+-=-➔-=:-t-::-:-t--::-i-...i."~~~j · 
IR106 16:U 100 Q2 • .• S D 1 VT R W V F 60 'ofi I j1i 

,., 11 

I 'i! . 

i: ·"'· 
20 '"j ~ '"in_cn_ue_""'i_n_amo--u-n-,-o""'f-m-atrix, matrix aupponed · ~. "'-: .. ... = l 'T:2'Ti--:-::-t-=::-t--:-=-t--:--r.:~-:-:::-:+-=-t-:--t-:-:-::-i-::-+..,.•"'-1":!9'F1'!1:, 

IIU071oa:OO 08 91 2.2 S Bl MM SR P Vll F 60 ~ 

1/27 ~ 

70 ~ ?. 
~ ~ 

10 ~ 
=lo8:40,r.::::--r.=-t-::-:--t--::-"1'"-:::-:-t"':'-::::-l'--::---t'-;:::-1~::-1r-::--t--~~,i;;i~~::i'IJ below ■hear, very little matrix, clut aupponed 
IIUOIIOB:61 100 77 3.6 S Dl VT S P vu F SO l~ 

60 ... ... ... ... 
... ... ... ... 

ii~ 
1--~""'iv:18t-:-:-=-+--:~+--=-+-;--+::-:--t-:-:::-+-=-+-==-+-:-::::--i--:::-,I-..M&r"-e;i;K'~•I - 0.3 m thick very clo■1IT fractuNd son, 
Rl09QQ:27 100 93 3 J Dl VT R P VII F ~ 

'-47 ... ... ... ... 
... ... ... ... ... 
,-4gi ... ... ... ... ... ... ... 
--...... 

70 ·1~ 

··I 
10:00 • n iITio' 10:09t--,,-,100=-1~97::-t~l-:.6:-f--,J:--1!-C~l:-t--:-V:::T~"""R:--1---=s-+-=-v:=:n~"""r:--l-5 ... 6'--i::~ 

40 ~ ~ increue in amount of matrix, matrix aupported 

-:; 
~ ,a 

~ 
I ~ 

:=:-:- 10:461----1~,.....-1--+...,,.-+~ -+-,----+-----+-----+-.,..,.-+-----+--'""'-ln ~ 
ltlll 10:66 93 83 Z J Bl VT R S V F 30 n_ 

11:16 60 ~I 

---------ss-
-------

60-: . 
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-
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Lithic Description 

llt112 11:Sll 90 73 2.6 s Cl VT SK p VII F 80 I MIDDLE TOPANGA FORMATION (TtT): 
BASALT BRECCIA; olive cray, 
brewatad ancular to tub rounded rock 
fracmenu ranc• in aise from l mm to 6 

70 cm, clut1 1upporiad by fine•arained 
F~ ;,:rt matrix, clonly apaced, randomly oriented, 
~~ !i~htly heal~ •-l!t•- and chlorite-lincd 

:..49( ;:-:-:-= 12:l!t-:-:-t-::-=-+-:::~+--:-+=:--+:=+=+-=--+-"7:'-+--:--+""'011,1,•n._.....~c:~~·•,~·~ Jomta and 1bckena1ded shean, scattered 
- ~113 12:22 99 95 2.6 J Cl TH SR P V F ~ HOlite? and chJorite-lined amyJdul-■ 
- r.~'1 
~ 20 ~ : ,~~ 
... 60 ~ ,- r I .. 
~49' ,- 13:lS •n i , ~ 
- [Rll4 U:20t-:8::7:-t-:8:-::7:-t-:6-t--::J:-i-C=:-l+:V:-:=T:-+-::S::R-+-:p=-+:-y::l-::-I+-:F-t.....,.~ ~ little to no matrix, very cl01ely •paced joint■, 
: 

30 
i ~ clut 1upporhd 

: ro ~D~ 
: ?~? 

30 ~ .:so, - 14:001-::::-t-::::-t-::--:;-;--;--r:;:;-:---t-;=-t-=+:-=--+-=;+-;:;--t--1;.;o!'llliJ -:--~----.,-,---:----
,.. Rll6 14:06 98 96 3.6 J Cl VT SR P VII F ~ cloHly spaced joints 

~ :: ~ 
... 10 il~ i 
- -14:30 ;a,. r 0~ IU16 ,.,.,1-:94-:--t-:94:7'"t"":l--:.6::-t--:J-t--:c=-1::-i~T=H:=-1r-:s:--t-::w:-:-+--v:-:-+--F=-+-:-:~~.c:,l~1 -m-a-tnx...,.·-,-up_p_o_rt_e_d,......--

::.5 l ( ~ 15:12t-;:;;;-t-;;-;;-t-;i'7-t-.,+7 -t-;;;.;;-t-;;.;:-t--;:;--+""7.-+-;;:--t--ir;::~~1~ clut supported, amY,dulea filled with r.eolite 
,.. n.117 15:24 97 82 1.4 S A TH SK P V F r;: ~ 
... 40 J 
r-

t I '= 11'" t-:-:::-::-t--:-::-:~:;:-;;-+-:;;--t-:::-::-t~:-+.;:;-::--+-:ri~:-+-::--t--

30

,~-~ - • n.118 16:06 100 100 2.8 S Cl VT SK P V F ~ 

,- 16:36 
..,_ 
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Struct~a I /0.i sc.ont i nui tw ~ :JI ""' escr1pt10n " :JI .. ,._ ,._ 
~ '- -:71 .. _ 

II . QI " :I CJ al ,,... CII Ill CII :i ~ 
~ cc ... - ::,i I-> ... > ""' -QI a,'- al UI +- •a, C . ..., 0 ~i u,GI C 

~ - +-c - al .s:; Lithic Description '- '-.s:; C iii u 

~ 
II ,._ - '- 6:= ~ CII u CIICII .. :I CII CCII D. ,._u u Ill C .. .Jt. ... 

D. 0:: cu- 0:: UL :JI clll "' al C u_ .s:; ""' II ~ i! a- II ~ I- -'- i B Ill Ill.;.. .. .Jt. 
0111 - a,,_ .. D. Cl) D.. L C ~ 0:: CL CII 

8 :z C .. 1R11e 18:44 aa 65 1.4 s Bl VT s p Vll r ,o .; MIDDLE TOPANGA FORMATION (Th-): -.. BASALT BRECCIA; olive IBY, -... 70 br.cciaced ancu}u to aub rounded rock -- ~ -... fncment1 ran1• in ,iu Crom 1 mm to 6 -... . . c:m, dut 1upporied1 dONly ■paced, -.. • .~; randomly oriented, ti1htly healed HOlite- -... 30 and chlorite•linad joint• and alickenaided -.. -
~52! IU20 

17:19 · . .,.. 1hean, ■caUered 1eolite and chlorite-lined ~25-
!07:25 100 17 1.6 s Bl VT s p V r 

' 
amndulu -... 8/28 -.. matrix 1upporied -.. 20 -... -... so -... t,i $.,- -.. 50 ,,. -... 

lnf:59 !!: -
H3 130-- K121 08:09 97 S7 .8 s Bl VT s p V F • -... -... -... -.. I -- - very cloeely Crac&und aone with 1hean and -.. -... 70 I • horisontal ,roovu - -.. 

- :s9 -
f-53 R122 08:U 100 65 2 s Bl VT SR p V F -il 35-- -- -- -- -- 70 -- -- I -.. -.. 80 -
r-54 n9:Sl ,40-R123 09:4S 100 92 .6 J Cl MM R w V F ' moderately clouly apaced joinca - I -- -- -- ' -.. 60 

- rare amy1dule1 -.. -- ~ -.. ::: 

~ - very cloHly fractured &one -.. 65 ~ -.... 54• Rffi 
10:21 ~45-... 10:S4 100 82 2.4 s Cl MM SR p Vll F ' "' -.. -.. 50 -- -- so -.. ,o -- -.. -.. 40 -.... 55( run 
11:17 50-.. 11:SO 73 '73 1.6 J Cl TH SR p V F -.. 

~ -... • r, -.. 
~ ;.; 

... .. -so ~ .. -.. 50 ~ 

-- ~ 
., -.. ;~ .. 12:10 30 -- ., _, 
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'" ... ... 
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..-571 ... 
'" ... 
,-

'" ... ... 
- 15:3T 
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.... 57• ... . 
... ... ... ... 
... 

IRUl 
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MIDDLE TOPANGA FORMATION (Tw): 

BASALT BRECClA; olive &r•Y, 
brecciated anrular to 1ub rounded rock - · frarmenu ranc• in Ilise from 1 mm lo 5 

' TO cm, matrix 1upponed, cloaely 1paud, 
' randomly oriented, tia-htly healed 1eolite-

1 n ,:, 
and chlorite-lined joint• and 11icken■ided Cl VT SR p vu F 

I ' 
■bean, acatcered seolite? and 

I chlorite-lined amya-dul., 
. ~; TO 

.-: ' ; 55 

Dl VT SR p V r -

•o C, 

20 - Hveral 15 cm wide extremely clo■ely fraclured, 
crushed son•• 

60 ,. 
- -

Cl VT R w V F I 
0~ 50 i[ TO 

1""' Cl TH SR p V F •o = 

~ 
ii! 80 0 

' Bl TH s w V F Q 

-
I r,,, 

30 ~~ i~ 60 
- 15 cm wide extremely closely fractured, ~~ crushed aone 

n 
I ;, 

Bl MM SK p V F 30 ~o= 
- a-rooved ahear 

~ 
35 0 

I 

30 
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Lithlc Description 

.. .. 
~ ... .. .. ... 

:,5 ~ MIDDLE TOPANGA FORMATION (Th-): 
• :;Ti O BASALT BRECCJA; oliva IRY, 
~ "'. brecciMed ancul~ ~ 1ub rounded rock 
~-1r.; fracmenta rans• LD 111e from 1 mm to 5 

=-=-:- l0:661--+--+--t---+---+--=-+----1---1---~,,.....1-.., ''"--i.;''o.=~k.lM cm, matrix aupponed, clonly ,paced, 
Al~ 11:06 100 65 2.4 S Cl VT SK P V F 50 ':; ~ ~ randomly oriented, tichtly healed aeoliie--- ~-~ and chlorite-lined jointa and 11.iclr.enaided 

!!i;i'.:: I• ahean, acaUered aeolite? and ,-59• .. .. ... 
--

40 
~~).; chlorite-lined amndwu 

- O.S m wide c:niahed aone, ext remely cloaely 
- ll:S01---+--+--+-,,...-~-l-,,,,=-~---1--1--1-,,....1-.o1U. &A~~~ fractured -- RlSS 12:03 100 80 1.2 S Bl VT SK P V F ~ : 

so 
50 =1 
SO ~ - O.S m wide cruahed aone, extremely clonly 

R1S6 !:::r~l00-~70~~1-.-6 4--s--+--B-14 _v_T-l--SK~~p~-v-+-F-4--o-"1r"'z::;-~ fractured 

~o· - ~ ~ 
"" -: ~ ~ ~ 
- - 1S:2g~--~-1--t-,,...-l--~=-l---,-'l----,--l----,--l---e--ll-~~~~ 
- RIST 100 78 4 J Al VT R W V F : kl Rl38 U:l2 100 eg 2.1 S Cl VT SK p V F 40 ~ 

1
~ 

: ,~ 
: 80 c:-
.. - 14::Jgi--,-,-+--+--+--,--+..,,,---+..,,,:=-+-:,,--+--+--,--+-,,--+--tf;; 
~ IR1S11 U :61 g5 95 1.6 J Bl TH R P V F 40 ~ .. 
~]' ~~ 

~ wl 
.. - 16:25,i---+--+--+--+--+--+--+--+--+--+----(I ,.. 
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:: o I~ 
... .. ... ... 
"" ... 
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Lithic Description 

MIDDLE TOPANGA FORMATION (Tiv): 
BASALT BRECCIA; olive CJ'&Y, 
brecciated &n(Ular to 1ub rounded rock 
fracm-nta ranee in ■iH from 1 mm to Ii 
cm, matrix ■upponed, elo■ely spaced, 
randomly oriented, tightly healed 1eolite
and chlorite-lined joint, and ■lickemided 
ahean, acattered uolite? and 
chlorite-lined amycdulu 

- 1 mm wide crooved ahear 
- 1 mm wide crooved ahear ~ 

~i08:05~.,,-+-,,~+--,-+-.,,-+-,,,.-+-,=+=+.,,,,.,.+....,,..,..+-=-+-li-O~.;~,~• ~~:-..' ....,....-----,---,---
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40 ~ 
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R144 f07:li2 100 70 3.1 S Dl VT SK P V F !.!:: i,~ I 

9/1 30 ~1~~ 
~ ,,, 
" . 
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Llthlc Description 

~ MIDDLE TOPANGA FORMATION (Tn): 
-~ BA.SALT BRECCIA; olive sr&Y, 

=-= ll:(Sii--+--4--4---+----+-----l---+-~------~O-~. c-'"' breccialed ancular to 1ub rounded rock 
K.1'1111:53 100 ag .7 S Bl TH SK P V F !:'i~~ frasmenu rans• in ■iH from 1 mm Co S 

30 j!l ~~ cm, malrix 1upported, do■ely ■paced, 
~~~ randomly oriented, li1blly b■al■d s.eolile-
~~• and chlorite-lined joi~t• and llicltenalded 

;,6•-----16:U~---+----+--4----+---+=,+..,,..,,..,,.+-----l--~-,,,~-.IJ''n~L!>•-"~~,m.1 ah■an, acattered MOlite? and 
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LOG OF BORING SM-10 

Client PB/DMJM Project Metro Red Line-Segment 3 Project No.: 92-20S0 

Location: · N4158960/E4178709 Surf ace Elevation (ft): 1147 Boring No.: SM-10 

Inclination (Deg.): 90 Bearing: NA I Depth (ft): 703.0 Depth to Water Table (ft): 84 

Started: 10/17/92 Finished: nn /92 Core Dia. (in.): 2.4 No. of Core Boxes: so 
DrHler: PC Exploration, Inc. Drilling Method: Mud rotary 

Fluids: Bentonite/Clear mud 
Drilling 
Eauioment Mobile B-80 
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~ u Rl '0/.1" 60 0 0.76 J Bl VT R W II HW O HPJIALT !diamond impregnated bitl 

: ~ •• S I UPPER TOPANGA FORMATION (Ttuq): 
~ CONGLOMERATE; matrix aupported, 
,- fine to coarN crave! and cobblu (60%), 
,.. cluu an ansuJar to aubrounded, 
,- l--:::::-+-~+-::-:-+-:--+-:--+.~:+-=-+-=-+-=-=-+=:-:-+...&1'n"-U compoHd of plutonica, quart11ite, alate, 
:: 'R2" !07~46 63 48 0.4 J A MM R W II HW t,': bualt and ahale, matrix con.aiau of pale 
-S 0/2C )'!.P;. yellowiah brown to duaky yellow fine• to 
,.. ,~ coarN•srained ■and that ia poorly 
: 66 cemented and very friable, mu■ive, 
,- moderately clONly ■paced iron oxide 
,.. :i;!i ■tained joint, 
'"' &D\:-: - cran,itic clut, 8 cm in ai&e 
: i-=,-I08:07t-:,=--+-:~+-:~-+--=-+---,--+.,-,:-,,-+--::,--+-=,-+-,,,,,-+-=,,.,.+---1"'7.'•~~ • ■ilt■tone clut, 8 cm in ■ise, 6 mm wide ope11 _ 
,- JU !08:13 88 83 0.7 J A MM R W II HW !,0,\,: 1 vertical joint 
-IO S ;,,',•·.'~ SANDSTONE; duaky yellow, medium- to ... ..--,_ 20 ~.;#. coarN·srained ■and, trace anrular lo 
,- I#:·:): aubrounded ,ravel-aiud club compoaed 
,- ~?•.~ of plutonica, quari1it11 alate, bualt and 
~ 60 .tf.T?. shale, friable, mu■ive, acattered ticbtly ,- l:1.· :.. healed iron oxidised joint& 
... 30 ..•• g, 

=':'··:~y CONGLOMERATE; matrix ■upported, fin■ to 
:_ I 5 ~10a:3 l 1--:-:::::-t-::::-+-:-:-+--:-+--:-+:=+-:::-+-::-:--+~-+=::+--r., :-': &;. coar■e ,ravel to ll cm, anl(Ular to 

R4 lOO 
72 1

·
2 

J A TH R W II HW ct.>.& aubrounded cluts composed of plutonica, 
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~ yellow fin•· to COarN•rrained aand 

20 1· SANDSTONE; duaky yellow, medium- to 
'"' ..tn coarN·srained ■and with anrular to i-20 r--=- f09:20t-:-:::-::-t-::-=-l-::--::-t-:--t--:::-:-t--::;-:-,f--::-if--::-:-i~:-!-:--:-:~-"---t b d·.. I . -.l I d ,- RS 10:16 100 1K) 0 .8 J Bl TH R W 11 HW au roun "" crave -111:..., c ub compo■e 
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,- 80 -.;;,•. •.: ■hale, friable, mauive, acattered ti1hUy 
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;)ii - 15 cm wide extremely clonly fractured eone 

with clay 
8 TH Sil p I SW 

.,. t 

J.~ MM mueive 

~~ •o ; . 
~-~) •o ~-. 

.(0 
. 

•Q •·, 
-":. :':; 

.. 
"'-QI Ill 
... > 
t. t. 
QI QI 

-'I.+-

~ 
Q. 

-
JV -

--------
35----------
40--------- "' -
45----------
50----------
55--------

--
60---.,. 

---

-- ~ 
VJ 



· Client PB/DMJM 

Project No.: 92-20S0 

Boring No.: SM-10 
,... 
:,: :JI "" ,.. 
:JI ... ... ~ '- -::,i 

II . Cl/I II 
,... 2g II 0 

~ 
:,: 

~ z > "" -QI 

"" 0 +-:I .c C -QI u C CIT QI .. :I GI& QI 0 OQI ~ Q. a: ._. a: a: UL 
c!l a- ~ .... 

II 

8 -0 

.. RU 18:0G 100 87 1 J .. .. --.. .. .. - 18:24 .... 70 Rl6 18:U 100 65 s J -.. B -.. -----
-75 Rl7 

16:46 .. 18:50 100 31 1.1 J .. B -------
-80 17:04 
- RU 17:15 100 63 1.6 J 
--------- 8S Rlg 

17:%8 
100 88 0.4 s --- 10/21 

------ 01:10 -90 R20 - 08:11 100 61 1.4 J --------
-95 08:SQ 

R21 08:50 100 52 1.8 s -----
'"' .. -
~ -. 

&v• 

LOG OF BORING SM-10 

l!!!!!!!. Tbe F.arth Tecboology 

- Corpontioo 

Project Metro Red Line-Segment 3 

Location: N41S8960/E4178709 

Page No.: 3 of 21 

Struct'tf.a I l'D.i sc.ont i nu i t~ 
escr1pt1on 

D ... Ill :I' 
,... 

CII '- OI Ill .. " U) C . 
u,CII C QI - +-c a .c Lithic Descript ion .. - C '- 6:: '- QI u 
.. u u .c Ill .! C .. 
c" Ill OI . c u_ ..... QI 
-'- Q. :I • "'- ... .JI. 

~ 
.. Q. en u, 0 ~ :! -a: Q. 0 
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' ' aubrounded sravel-aiaed clut■ compo■ed ;,,·,:;;: 
40 :j/•: of plutonica, quartaite, alate, bualt and 

. : .' ■hal■, friable, mu■ive, ■catteNd &ichtly 
40 :o.:-,*:· healed iron oxidiaed joint• 

·!·o·: 
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~ -· TH HW o;.,; 
40 :;?, :, sravel up to S cm in •iH 
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clan ,ray, medium- to --p,iined . 

S5 1a11d, lr.ce ansuiar &o 111brounded ,ravel 
. with duu up lo 8 cm in liH and 
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TH SR lo beddin1 

~·.: . : ~ 
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·' :·: . .. · ~ 
l,:(-• ~:-. . ,n .. ,., ; 

- MM - - - r .. , .. unfractured, medium beddin1, inclined 65 •• ♦ I ' . , ... , 
delN" '··ij v: , .. 

85 : ... 
··•··•! ":, :·•. 
~i• ~~ 
: ! .·.: . 

- MM - - - r ..... 
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~ : I 

'• 66 ~ :--.;\ 
"IT:,,•• 
=~ :·. ~ 
;, •: •,, 
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u- &. ..., II 
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Cl VT s p VI SW ~ 
UPPER TOPANGA FORMATION (Tm): • 60 

1>1,0 
SANDSTONE; licbi olive p-ay io medium 

I dark p-ay, madiwn- io coane-,nillecl 
,and, &race anplar io ,ubroundad snvel ss 
wiib cluu up io 8 cm in aiN and 

~--~ compoead of pluioniet, quariaiie, tlaie, . 
buali and Ibale, friable, mauive, 70 -~~1{ ,ca.Uerad iishtly healed iron oxidised 

B MM s p VI SW r.t,,.,; jointa and day Mamt; l mm wide 
•' ·'A 1licke111idad day MIIIDII beiwNn 101-103' 
=1},( ,A·: . 
~(~ .. • 
;i'' . . ,,. 

\g 70 : •,.: 
:•:. !1 

Bl VT s p I FW 

ij 
- ibin ,hale or li,niie tns-nil orieniad parallel 

TH SR &o beddins 

~-· ~-:• 70 ·• :,,·•'• .. :~ 
l;(.,• ~:-.. 

•A •. : , .. ; 
- MM - - - l' .. , '. unfnciurad, medium beddinc, inclined 65 .. : .. . , .. , dqrea '· •ij :y.: ' .. es . : ... 

•••• ·.! 
•:, :•,. 
=~,-~:-: .. , ... 

- MM - - - F :.: :4t tlishily coaner-sninad ,and wiib tcaUered 
'• • • I 

i 
dui1 lo 1 cm in tise . . 

' 
66 

. ., ... , , . 
:~=.·/.: .. ,.., 
; , .. •,, 
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;:,4:.~ . .; "-::, 
:-•• = : •.:. 
.:o:,~ ...... . : ,• ,• 
'·•' .. ....• 
:; .. ·.:•, 

A MM R w I F 
, ... ... . ... .~ ,·,, ... ,· . 
: !.:: t 
,:• ... , ... 
=:·;~ CONGLOMERATIC SANDST ONE; madiwn 
~,;:c da.rlt IRY, medium- io coar,e-,nilled 

35 ~o.i aand and ansular io 1ubrounded 
) •.• -vel-,iaad clut■ .. 

+-.. _ 
11..i 
... > 
;i 
.:tt.+-

~ 
0. 

---------
05----------
10----------

-1s--
-------
-

20----------
25----

---
-
-
-

30------------., ., 
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A 
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u • Q. 
Cl) 

MM 

Ill 
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II 

i 
5 

0:: 

s P I F 
s 
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a, 

8 ..., 
Q. 

C 

£ • 
" :it rn 

Lithic Description 

lf•a•·;, UPPER TOPANOA FORMATION (TN): 

30 
~:;r CONGLOMERATIC SANDSTONE; :::.>,~ medium dark iray, medium- &o 

, coarH- ,rained und and ansu)ar lo 
50 ■ubroundtd ,ravel-■iaed duu compoeed 

0 of plu&onica, quan■ite, ■late, bual& and 
liO ;0,_.:~ ■hale, lriabl•, mauiva, acattered tichtly 

::.141-11i:S61-=-,,,.,,..-+--=-+.,,--+-....--+--=--+-=-:-:::-+--,,-i--,,,-,f--,,--+-,,,.-+---f·._,::~ healed iron oxidiud joinll; ■ilt1ton• dut, 
.. ft.SO U :46 100 68 2 J B VT S P I F t7:f:.• \ 20 cm in 1iM with pyrit• indu■ioru @1 138' 
: [r,• ·~ SANDSTONE; U,bt olive cr&Y to medium dark 
.. 60 :.,~='; Jl'&Y, medium- to coarae-,rainad nnd, ._ WA tract crav• l, friable, muaive, acaUtnd 
.. 20 tishtly healed iron oxidi&ed joinu and 
: 75 , day Mam& 

},;, .(.:, - 1ilutone layer 
;:_J4•.-- l6:0S1-=-,,,.,,..-+--=-+,--,--t-....--t--,--+.,..,.,.-,-+=,,--+-,,.---l--l---+--.V/ .• l , . , 
.,. '• R.Sl 16:U 100 17 0.4 J A MM VR D I F •. •,•. , 
_ i •O\' 

•.· • · .. ,· : ~ t::,~ 
·o. •·· 

~ ,i.,,.• 
~ .... : 
~ ·•:· · t ... -: ~-~ ;q sradational . . _ 
... 0 i:,:..:;l_--o, CONGLOMERATE; matrix. ■upporied, fiae to 
~151 "iuf 16:sg 100 g3 1.8 J A TH VR D I F ·• : • co.- cravela (70") to 11 cm, ansu)ar 
_ , to 1ubrounded cluu compoeed of 
- 0 -~ pluionica, quariaite, 1laie, buali and 
- ~ • ' 1hale, matrix. compoeed of medium dark 

: O I f:J•.~m;/:c::■r:l:i~~:;! =~d 
,- ~~ iron oxidiaed joint■ 

~ 15. ,_ 17:05i-:-=::-~=-~~-+--.--t---:--+:-:,,":'"t--=---l-=,.......II--:,--½-,=-+---~~ rradational 
.. R.S3 17:12 100 W 0.6 J A MM R P I F l?.)~ SANDSTONE; medium dark ,ray, medium- to 
.. W ."'.'.':; coarH-,rained 1&11d, trace ansular to 
: ,:!,j.;: aubrounded cravel, friable, mu■ive, 
>- ; ; -~ acattered t irhtly healed iron oxidiNd 
,- ~ :•.! joinu and day Nam■ 
>- 46 ~.-,:• ~.6.:;; 

. 
------
--

40----------
45----------so--------. 

-ss-------
. --so ~•:: 

::_16 - 17:S2t-,,,~+-~-+---+---+---+-=-+-~--1.--"---'---1,;,:-';':. 6n..'.: 
... Rs.. !07:29 100 02 1.2 J A TH R D 1 F . ·•· •·• 'V-: .. , . 
'.: ~0/2: B S W .,a;,:; _ 
.-- ., . l:J~ -
t- ~·.: ~- -

I- ~ ~=~:~ -
,- ~""<-. -.,. 30 'r:;,:.. - acattered sravell to lli cm _ 

: 20 ~?. . 
IO 7 

~
··~· -- I 6 • ~ 7:4 t-,,,.,....+---+---+---+---+--+-~---11.--"---'---lr"J., L ~.1-:::==::-:::~=-:-::=:-:-.,...,::-::==-e-:=-----~ 65 

...,.5 iOl:01 100 100 0 - - MM • - I F 45 , .. ,,. CONCLOMERATIC SANDSTONE; medium •-: 
D.~::; dark Jl'&Y, medium- to coarae-,rained -
~., ; l-: aand and ansu)ar lo aubrounded .. -
·O·-'• ,ravel-1iHd dui1 io 16 cm compoeed of -~4 -~,;.:; , plulonia, quari&iie, ■late, buali and _ 
;;_ P,•; ahal•, friable, mu1ive, unfractured -..... . , -
~'.~ ---

.. 

!08:10 . " 
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Llthic Description 

1-.. RS8 108:36 100 100 o., J 
B 

o:::•< UPPER. TOPANGA FORMATION (flu): 
~.'C:.,'.i CONGLOMERATIC SANDSTONE; 

ATHVRD IF 
MM 

i:....·•.~.:• medium dark 11"1>', medium- kl 
!Ro:, coane-,rained sand and an,ular to 

.... .. 
0, :,;,. 1ubro11Dded p-avel-1iled cluu to 15 cm 

SO t~~ compoNd of pluconica, qu~site, elate, 
-.... .. 

V.: •" bualt and Ibale, friable, muaive, 
i-,,.,,.,,..+-,,.,,.-+-,-.,.+-,-+-=--+===-4--=-l-=,-if-,,--+-,,,,..-+-,l~LIL n-h•, •~,1 moderately clOMl)' 1paced joinu 

-.... 
100 90 1.8 J B VT S P I F ~;~~ 

.,_ •~,}~ bec:omu cobbly 

~ ~ii'~~ 
~17! R.37 

.. ,o ·." 
1-
... i,,,,:33 ' \~b 
~ 181 R.31 IOl>:4Sl-l"""oo~"""1"""00,,.+"""o""".6-+-..,.,--1-...,B,.......i1-,T,,,.,H,.,,-+-S.,....-l--,,,P--+---l -4-..,.,~-....0-,Y.:·;a: 
~ MM ~~';-....., __ ..,.,,...,......_..,.,,.. ___ ......,_, _________ --1 

: 20 ►.;:,. ·~ SANDSTONE; medium dark p-ay, medium- co 
-: : ••• coUM-,rained aand, ran p-avela, friable, 

.. : • ••: 1DU11ive, moclll'1"ely clOHly 1paced tichily 
~ .,•:• .. 1;.-, % healed iron oxidi&ed joinu and clay 11a1111 
.... ~~ 
1- SO ~•1, 
---13i....,__ 10:0( ar :::~ 
.. '• R.31> 10:1' " SO 2.2 S B TH SK P VI F , ·!. •• 

VT ,o "-~,'-,· 
: •;' . - 7 mm wide 1lickm1ided and srooved day Hllffl 

,- 16 .'~ 
.... :~~~ 
~ ~~ 
~ ~-:~. ,- 50 r.-~.-. 

llr•. o' 
:_191 ..._ 10:S6t---+--,-+--+-,,.-+-,,....-+-,,."'='4--4-..... 4---+--...J--60--II·'.• :•,•,• - 15 cm wide Ibale layer, llhund 
1- a,o 10:4' 100 66 2.6 B B VT S P vw F .. 
.... 
~ u .• ~~ - . ,.,. 
1- ;;_;,ii! - 0.6 m thick, dark p-ay laminated Ibale illierbed 
: 

65 
·~l$ • with aca*tend microfaulu 

- ~ . 
-I 9' _ 11:1or-:-:::::-t-:::-+-::-::-+-::-+--:--+=-=-+-==':'""l---=,--1--,,,.,,....+-,,,..-+---f , 
- '• R41 11:20 100 6S 1.6 S A TH SK P VI F .,·~/:, 

VT :.~•,;_>. 
••.~ -- 60 f.:'-~i -S-7 mm wide 1lickemided and pooved day 

: I 
--- Hllffl 

-
-20 -11:S7"-:-:::::-1r-:-::::::-1~ ::--l--;-+--:--+:--::--:+-::~-=--+--=---+--=--+---O!:~· I 
.. R4.2 11:4.61 100 100 0.2 J A MM SR P I F i-:_:•.•: 
i- R ..• ~· 
~ ;~•.;~· 
~ ,,, ... ... 
~ .,, ... ~ ... ,.. 
~ t.:¼ 
: ,o ~.:.;:i 
.. 12:06 :•: :~ ,: ..... . :-

- O.S m thick, moderately well cemented, very 
clOHly fractured llhal, 

---------
75----------
80--

--------
-

85---
------

90----------
95----------~oo-----
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,... 

S truct'tf.a I /0. i sc.ont i nu I ty ~ ,. 
'-" escr1pt1on ,... ,. +- +-

+- -u,... -::n "'-II . C III L ,... 2g 11111 
II 0 U.IL QI X ... Ill :,i D ,... ... > 
~ z ,.c > .... _., CII L D Ill .. •a C . 
'-" C'-" 0 .. ::, en GI C 

~ - +-c - D .c Lithic Description ~; .c C 
_., u C ai II +- - L a:: L II u 

+- ::, CH! II a 9i .. u u " 
CII C .. ~ .. 

A. a: QI- 0:: 0:: UL clll Ill IJI . c u_ .c '-" CII ~ QI a- ~ 
... _L A. ~ Ill "'- +- ~ 

C CII - o'° en - cL1- Ill A. en Q. 

t~ 
0 ~ Q:: a. GI :z C 

- RU 12:16 100 100 0 B - MM - - - F :. :·· :, UPPER TOPANGA FORMATION (Tlu): -... .. • . SANDSTONE; medium dark ,ray, -... ~_::t:/ medium- to coarN•srained •and, friable, -... · .. o_;.,; • muaive, unfrac:tured -.... -.. ~; ... : :: -... ::.-:: ~~ -... 'o.·•·,,.· -... :~ - •lickenaided clay H&m up toll mm wide, -
~211 R'4 

, ... . 10-- g2 g2 0.6 s A MM SK p VI F 20 ,:;,._o·; cravelly below -... , .. ~. -... :,,:c .... : -.... .... c ·• -... . :• .·. :· -- :e:;:;., -... 20 * -... 30 ;::·::/' -- -
:-21! - 13:08 ...... 15-R46 13:17 100 100 0.4 s B MM SK p VI F ::~=·;., -- .. ::::: -- . " .. .. - -- ~ 

-... -... - 1 mm wide 1Jicktnaided and P'()OVed clay-lined -... 30 -- ~ join& · - - -- 36 - 1 mm wide alickenaided and P'()OVed day-lined -
-22( 1w" 13:41 .... -

'2Cr 
13:60 100 go 1.4 s B MM SK p VI F 

; ,411 •. : joint - • ..... -- TH .·:-:.-~ -- ... , ... 

~ 
-- -- -- .• - 16 cm wide extremely clo■ely apac:ed -... -- 40 P.~· 1lickenaided and pooved clay-lined -... fracture sone. -.... 22' 14:13 •n 

... R47 16:14 78 7 4.( s Bl VT SK p Vlll F - bualt cobble 0.3 m in 1ise, seolite-filled . 25-..... vlliclu, chlorite-lined fractures -- .. ·- -... I -... 45 
- 3 cm wide alickenaidtd and P'()Oved clay Nam -... -... 16 

I 
- 7 mm wide 1lickenaided and P'()OVed clay Nam -... -- 30 -- -.... 231 R'8 

16:33 rr 
;• .. ~:., 3Cr ... 011:Jg 112 8 S.4 s Cl VT SK p Vlll F 70 ,,;~ -... llo/23 J,F. .' -... 40 . .. , -... .:;.:.f. -- I -... -- - (2) 7-12 mm wide 1lickenaided and P'()OVed -- 40 --

"":48 
10 ~ clay Ham■ -

-23. ' 
R(II 10:00 100 58 1.6 s Cl TH SK p VIII F 

~ 
135-... 80 - S cm thick dark crar 1heared ■hale layer -... -- --

¾@ -- 26 -- -- 60 ·t•~ -- 1"- ·;:J: -- 10:28 35 %.i:;· - -~ ,~ .. - -
_,. 
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,... 

Struct'tf.a I /0.i sc.ont i nu i tv X :,'I ..., escr1pt10n ,... 
:,'I +- +-

+- -c.,.. L -:ri ~ GI . CUI GI 
,.., ::,u 

Cl QI 0 '<:'1: X cc +- • UI :,'I 
,.., .... ~ 

~ z :> ..., -GI GIL Cl UI +- •oi C . ..., C'-' 0 +-::, en• C GI - +-c - OI .z:. Lithic Description LL 
.c C -GI u C ccr QI +- - C L a-= L GI u GI CII 
+- ::, Cl& CII 0 OQI Q. +-u u .c ! 

GI 0 +- .:,t.+-
Q. 0: cu- 0: 0:: UL :II c"' Ill Cl u- .c V • ~ ., 

~ VIL. ... _ L Q. ::, Ill 111= +- ~ 

C GI - o"' (I) 0 - oL'- Ill CL Cl) A. L Q ..,.c a:: Q. GI -0 u 3 0 
(.) - R.50 10:aa 92 20 4.6 s Cl VT SK p Vlll F .co ~ UPPBB. TOPANGA FORMATION (Th): -.... SANDSTONE; DM<lium dark ,ray, -- '° fj medium- &o coarH·,rained •and, U'llee -- aona of •ubansu)ar \o aubrounded ,raval -- ~;· -.... and cobble, club from 0.1-20 cm in aiN, -- 60 -~ friable, muaive, acauered \iahtly healed -.... iron oxidiHd joinu and clay aeama -.... TO ~~ 10:69 ... - S cm \hick abeared dark sn,y shale layer -

--24' RU 45-- ,. 11:10 GT 42 2.2 s Cl VT SK p VIII F 

I 
-.... -.... 

70 ' -- -.... 
- S cm \hick dark ,ray ahale layer, sheared -- -- 60 aurface -- •::-~.:• -- 40 -

-2St iffi'" 11:Sl ~-~ so-- 11:42 92 28 S.2 s C VT SK p VI F 

I 
- 1 mm wide alickeuided day-lined joint -- -- -- 30 -- -- -- .co -... - .; 

.... 60 ~~ -..... 25• 12:02 - .. R.5S 12:69 100 6S 1.2 s B TH SK p VI F •:o::;, ss-l# .. -.... VT ,4. -.. - !O ~-~ -... ,•.~;.j -.... -.. ' . ... 

~ 
-.... -

I-
- 1 mm wide alickenaided clay-lined joint -.. 70 . ~ ..... ---261 lt54 

lS:16 •·· ., ~60-... lS:28 100 100 0.6 J B MM SR p V r I . .. R - 1 mm wide calcite-lined joini above buali 
. .. -

I- 66 cobble -... . 
I- ~ -.. ~!1 -... . .. 

lS:60 -~ -
--26. Rii" 100 48 2.4 s Cl SK p . ,. '65-... H :02 - Vlll F 

~ -
I- -... 30 .. .. -.. 

~~ 
. - -.... 6 . .. ~- -... 40 =-~ .. - (2) S cm thick alickenaided ,bale layen -.... -,-27, 

R.56 
- ey:i •10-100 11 2 s Cl . SK p VIII F ... - 26 -... ~0 -... . . . .,. .... fi .. ~ -... ... 70 ,; ~ 

- ~~ ·-- ~ ... - 12 mm thick alickenaided ahale layer 
I- Ui:01 60 

' , .. 
"' • I_,, 
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,... 

Struct"H;al~~is~ontinuitw X :JI ..., escr1pt10n " :JI ... ... ... -0,-.. -:JI ui_ QI . CUI L 
" ::,u QIIII QI 

~ LL.IL QI 
N cc .... di ::, ICD " I-> ~ ,.c > ..., -cu QIL CII UI ... • ICD C . ..., C"' 0 +o::::, Cl) QI C cu - +-c - al .c. Lithic Description LL .c C -QI u C CO" 

., ... - C L ~ L cu u ., QI ., 
D. ,..u cu C ... .:it .... ... :::, me a:: 0 OQI :JI u .c. Ill u= .c. ..., ., 

~ a. 0:: •- 0:: UL clll Ill CJ) . C cu a:»- ft&. I- _L a. ::::, Ill ui_ ... .:it ., 
0111 I'll D. Cl) C L - U> 0 - cL.L. QI D.. 

8 C ~ 0:: D.. ::z C 

... IU7 16:13 100 100 0 B - MM - - - r ,, .. ·. UPPER TOPAN'GA l'ORMATJON (Tlu): -•,·· ·'", ... 
r.·•: ~'·:: . SANDSTONE; medium darlr. pay, -... 

mediwn- io coane-srained a.and, trace -... ~:·:,; aubansular io 1ubrounded sravel and -... . ,. -.. '. -· cobble, duu beiwHn 0.1-20 cm in ai&e, ... 
': ":•,·. -... 
D· "'· moderately friable, mauive, moderuely -'- .. ' dOMly apac:ed calciie-lined joinu and clay -... .,~~•:::_ -'-281 R68 16:38 ·.• ;_·. Marn■ •go-... 15:47 91 85 0.8 J B MM R p I F •(),· -... TH w \i: clui1 up io 10 cm in aise -... ti~- . ... .. ... . - :Oit• -- 6 .. .-~ -- ~2. -- 35 i;.;,···· · -.,. - ;J.,·;;:. --2s· 1ffi'" 

16:16 1• .-: :;t. 1ss-... ,. 
16:27 100 g3 0 .6 J B MM R p I F ::;;, .... -... .:•o,. • -... r:::•; -... ·o::, -... ~j~ -'- 30 •: .. -... .. -~ -~:-• ... i,;J.j:::.. - - -'- 20 .,,. .::,: --29, .___ 16:58 ;;:,~·~ ~90-R60 08:18 100 85 1.2 s B TH SR p VI F ... ··~ -... 
10/2◄ i:.;.: ' •• -'- ··.~ -... [,?"" 

46 b •. - 1 mm wide calciie-lined joint -... 
~ -I-

• (2) 1 mm wide clay-lined aliclr.enaided joinb -... 

~ -'- -... 35 --294 

R61 08;58 100 93 0.6 J B MM SR p I F [r:_::c 95-'- -... 60 . ·- . :~:0. -... -'- 25 1,:.1,·~. -I','•• ... 'si '~•: . -... •. •,:ft. -... ~-= -... . , -... 60 • J,• ---301 "":21 ~: .... 
~00-... R62 ~ :50 g7 75 1.6 s B TH SK p VIII F j moderalely cloeely apaced ■bean are sroond and -... 

polished -... -... 40 ... -... -
'- -... .. --40 .. - 8 cm wide 11iclr.enaided clay Nam ... 

-~30• R63 10:19 
OS-... .. 

10:31 100 48 2 s B TH SK p VJ F . -... . -'- 30 ... :-: -... .. 
:11;~ . -... 

-'- .. ,,_ 
-... ~ - -'- -... 11:00 30 •I~•: -- - I••.• • t • . -JJ 

• JV 
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Lithic Description 

R.64 11:43 100 67 u J 
B 

B TH 
VT 

SR 
s 

p I F ~.-:::- UPPER TOPANGA roBMATION (Tiu): 
40 ::°;((.• SANDSTONE; medium dark ,ray, 
so ~.'·.;.ti medium- lo c--srained nnd, ,race 
~ i 1uban,u)U" ,o 1ubrounded ,ravel and 
,j~• cobblea, du\1 be\wND 0.1-20 cm in 1iM, ~:<> moclera\ely friable, mauive, moderalely 

65 ~ .'· •• cl01ely 1paced calciie-lined join\1 and clay ... . ~ 

,-3 J • _ 12:13-------1---l---+----+-----ii---1---,1....----1o• ;,•,; Mimi 
... • R65 12:32 100 100 0 B • MM - - F , , •.• • 
... -: ~: _:_:, medium-,nined 1and, unfradured 
~ ... , 
~ 114,'•., 
~ ' ' ·•~t• 
~ ·.·.· : ·. ... ~:~ ... ~~ ·: :·..o, 
::::.321.,__ 12:66 · ·. ·!• 
.., R68 1s:11'i-:-100:-,,-l-1:,-,oo:-.:---f-o::-.-,.,-+--::J-+--A..,.-+,-MM,,..,,.+-,R---+-,P-i-.l~l-,,F,-II----I ~·:·= :· 
~ ~ 
~ .·,,".,( ----------: b·, ~~.'I modentely cloaely 1paced join'8 ...... 
- :·,:,h 
- t;.:,-, , • 
- so o· .. ,•. - ., . : 
-32, .....- 1S:S'7,----+---l--4---+---1----+-~-...J--L--.L-.....J: : :', •: 
'" R67 lS:48 100 10 0.6 J B MM R P I F ~:::: 
- ·w ·o· ~ 
~ ... 

:~:~ 
~
:•:~•·· 

50 ' ' 
I- 60 w 
:_33u ..__ 1-&:1ar-:-:-:-+-:-:-:-+-,,-+-,,--+--+,-,,..,.~-~-~-~-...i...;s:.:o: ..... r'· :i, : 
- " R68 1':58 100 100 0.4 J A MM R W I F :-iJ,:,{· •: ; ,., ... ... 
1-... ... ... .. 

~:; 
·. ·. "; 

65 ~ 
S& I ~~ ,:~· 

, ... , ... · 
:.33 - 15:27t-,,,,,-,-+--::,,,,...+--+-- +-,-+-,,,,.,,.,,..~---~-~-+--+---1;· ·: ~; 
.., '· R6~ 15:40 100 77 l J B TH R P 1 F : ~•· • 
... MM SR D \'.4:!_:: 
~ ·:=o~:. 
~ :::x 

~ 60 i ~--•oluptol=h>UM 

:.3411 - 16:111-,-,..,....+-,,..,....-+----+-...--+---+"="-:-!----i----l--,i--.&---Uli..;_.-c::;il 
: R70 16;22 100 75 0.8 J A TH S~ ~ I F ,~~ 

... ~-" ~ ~ t~ 
: 70 ~ 
~ f. "•1:t ' 
.._ I~~~ 
'"' 16:50 20 i;r.::•o • 

., 

-
-
-------

115---------
120-: -------·-
,25-----

---. 
. 

&30-. 
. 
. . 
. . 
. 
. 
-

35----------
140-. 

. 
~ 

-
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Lithic Description 

... R71 I07:48 100 60 0 B - MM - - - F D•:·> UPPER TOPANGAFORMA.TION (Ttu): 
~ II.0/2E .;:-,;:: SANDSTONE; medium dark srar, 

. •. , medium- to coane-sn,ined aand, ,race 
~ ·,:,:::.: aubanrular io aubrounded ,ravel and 
... o,, •, cobblea, clut■ betwffn 0.1-20 cm in aiH, 
... • :: .. , moderaielr friable, mauive, modeniel7 

--------~ • · . . : · · clONly ■paced calcite-lined joint.a and clay 
::35 "•: 18t-,--+-,---+--+-~+,.,--+---+-----+-------t----,""'"",--t------f,•t : : Hamll so-=-
- R72 08:34 100 76 l J Bl MM R P I F •-:•Y;; _ 
.... ... 
... ... .. 

TH 15 P.7•,',~_,_.,..,....,....------,=-,,.....,.-,-,,.,......,-,-__,.,=-------l •· •.r CONGLOMERATIC SANDSTONE; medium -g•.~ dark srar, medium- io coarae-srained 
. . ,,·:~ aand, ■ubanrular io aubrounded sravel 

_ ~~ and cobble■ (40-110"), cluu up ,o 12 cm 
- 30 .,c•:. in Ilise compoaed of plutonic■, quan&iie, 
- ~ •.' ala,■, buah and ahal■, w■akly lriabl■, -35 ~:OS l-----+--l---+-,--+---+--+--,-+--+--+----~.,11.1..'.....;· ,,£)• 
_ •· R73 l0:07 100 63 2.2 s Bl VT SK p VIII F C)~.c: muaive, moderately cloaely ■paced 

• '.Yr;,, calciie-lined ,· ointa and clay H&DII 

~ 35 ~~ 
~ ~~ 
: •• 1-8<mtbi<k•li< .. noidod••"'1,.v . _ : 

:::..36, - 10:Slt-:-::=-t-::-:--+:~+-:-+-::-:-➔=...+--:--;--:,-lf---:.,,:--l--::::-+...l•KLft~·~~ -,---,---,--,,-.....,..,.___,. : 
.... R74 10:44 100 SS 2.4 J Bl VT S P VI F 4o I) clOMl7 ■paced clay-lined joinil up to S mm wide, 160-: 
... · becomea cobbly with rare boulden • ... . -... . 

: so ~ - ■erpentiniaed amnduloidal bualt boulder to : 
- .trl ~ O.S m in ■iH _ 
._ ~I~ -
._ 35 ,i)a. - Jrll,llitic boulder to 20 cm in ■iH _ 
-36 •-u :101-e-,100=-i1-ac:--:1=-+...,.....,-+-...,s,....,1---::,.....+-==c-+=-+--=--+--~---~~~-J-~:. i6S•-... '• R75 11:24 1.2 C TH SK P VI F · 

~ 30 . :·:.~ - 7 mm wide alickenaided ahale layer : 

: ~:~ SANDSTONE; medium dark 11'111, medium- to : - ~:f.; coarae-sn,ined ■and, irace ■ubancular io -
... r-X~• ■ubrounded ,ravel and cobble■, cluta -
: 60 ~:•'·: betwffn 0.1-20 cm in 1i1e, moderuely -
~371 a16 

1
1

1
1

:_4
6

4
5

1-:-100=-+,,1..,..00.,...+----1--,,B,-1---+.----+---+---+---i--...---1; ;; :'I:: friable, mauiv1, moderately clOMly apaced •7r,:. 
O - MM - - l F i:,:,.; i; calcite-lined joinu and clay ■eama -

~ ,:\~:=;;:· -,,--- -
.... ;I?,·,;·. unfractured inte"al • . . . -
lo- •.:::=~ -
1-. • • • 
lo- I'll"': •• 

.... ~~ 
.:.·, ~·· 

:37•-12:17 i, • • .• • 
- R77 12:28~100=-=-~s,::-5-t--:-1"".2-t--J:--+-,c=-+-=T""H:-+-,R=-+-,,w,,.,.-+-e-l -+--,F=-+---l'::::i:' ---
- VT ii,:_,;., moderately cloaely apaced jointa, two aet.a 
~ BO if~: inclined at 85 and 30 deiree■ 

.... H ~ 

~ ~~ 
... -- 12:60 35 ~ -

-------
55-----

----
175--

-
-------

•uu 
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Lithic Description 

... R78 13:Sl 100 86 0.6 s A MM R w VI r 1{~- 1JPPBll TOPANGA ro~TION (Tiu): 

... TH ;%". :i SANDSTONE; medium dark SRY, 
: 15 . :~_"-:, medium- io coane-,rained nnd, uau 
... 0 aubanpla.r lo aubrounded snvel and 
,_ 40 :~ ;.'; cobbl .. , clues betwMn 0.1-20 cm in ■i.H, 
... :·A : : moderately friable, mauive, moderately 
: ~.::· ~ clOMly ■paud ■liclr.■mided and sroov■d 
1-3g, _ 14:131--.---+---+---l---+--+---I--Jl---~-+---I;/~; clay- and calcite-lined joinca and ■bean 
,-. '• R79 14:n 100 62 1.4 S A MM SK P VIII F :-ci,:~· 

VT :.·.~·; .. 
.... 

.. ... 

.. 
:~:.:·;. 
o-:~ 
- ~ •J. 

~l!-
1, 1-0.S m wide completely alkred, ■bear■d and 

:.391 '- 14:60t-::-=-+--::~+---::--+--,,......+--,,,-+-::=-+-,,~+-,,,..-4-:,.,.,,..4-=-4-~ jointed p,uutic boulder 
~ RIO 16:01 97 IS 1 S B TH SK P VI F 
: 26 ~~ with cobblu (309') 
: ~'. - 1 mm wide ■liclr.en■ided clay-lined ■bear 

... 60 1~-£✓-

.... i,-,•,: - ,o ::;,·.•.: 
- ',•: e. 
,-39• - lli:211 ·: ·~ 
,- '• Rll 16:42 100 S2 2.4 S Bl TH SK P VIII F SO~ 

1
.p-. cobble clut■ up to 20 cm in ■ia■ 

: " ~ 
•' .... ,.. 50 " • - 6 cm lbiclr. ■bale layer, family ■hear■d, trace 

~ _d -
1-40, 1--- 18:11 ~;,ti ,_ R82 b0/21 100 62 - S A TH SK p VIII F so ~~ - S cm thick abear■d ■hale layer, adjacent to 1 
.... -I07:28~

1
-
00
--+----11---l--+---+---+---1---1---+---'---hF.;. ::::• mm wide calcite-lined joint 

: R8S IOl:OO 81 1 J A TH SR P V F ~ 

~ S W 

80 ~ - 20 = quutoi,. ~bblo od;Ket to 1 =..., 
i- ~~ calcite-lined joint 
~ ~~ ~~ 
.. R84 IOl:46 100 87 0.8 J A TH R W V F .J.~ ;_· .. ~ · 
~ .;S%~ : ~~ - ~~ •• I!>. 

: 41 ng:18 •• ~ - 1 mm wide calcite-lined joint, snv■ll)' below 
;:-· 

1
' Ra& i09:29 100 78 0.6 S A TH SK P VIII F 40 ~. 

~ •• c:, • .-... ~-·, .. r.o;;""t 
1- ~ - 1 mm wide calcite-lined joint 

: :: I~ · 12 mm wide alickenaid■d and faintly poov■d 
.. 1()9:66 ~ 

JI •••• • •• 

---------
85----

. 
-
--
-

90---
---
---
-

95-------
--

00----------
los----------
JO---

~ 
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,... ... 
II 
II 
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Lithic Oe5cription 

I

I.. 
I

I-

C 

0::: 

R.86 10:10 

GI 

& 
u 

100 100 o., J 

u 
Ill 
D. 
en 0 

0::: 

·; 
Q. 

Bl MM R W I F 

..., 
n. 

C 

.:,t. 
Cl) 

~::). UPPER TOPANGA FORMATION (Thi): 
~:: SANDSTONE; medium dark IRY, 

60 t'"~·:·.7. madiwn-cn,ined ■and, ,rac, ■uban,ular to 
~ 1ubrounded arav■I and cobblu, clut■ 

25 : ,.;-;; betwHD 0.1-16 em in 1ia1, moderalely 
.... ~}; •:' friabl■, mu1iv1, moderately cl0111ly 1paced 
~ :·:": '; '. calcite-lined joint. and clay Mama 

:t-~ '-421- 10:S6~--t-,---t---t---+--+---+.,.,,.,-+-~-+:-.,.,--+---+---t:.-~ 
~ R.87 10:48 100 7S 0.2 S A MM SK P VIII F 70 "7· 1-
1- v, ;o,· - 7-12 mm wide dark p-ay ■licken■ided hirhly 
1- •. • .; ,, plutic 1heared clay Nam 
-- . ' .4 
~ W f ::~!1-100-+-10-o-+--o-.2-+--S-+-A-+-T-H-+--R-+-P-+-I-+-F-+-~'.:::/~ 

~ SR ~':c. 
:.42•-11:421---+----+--+-+--l-----l---+-~-~i--j...11".:a"---l~~•:.;c - ■h■ared joint ,unace 
~ .. RB9 12:24 100 67 0.2 S A TH SK P VI F ,·:?:: • -
I-.. ... 
I-

~ft~ - 12:S91--+--+---+---+---+--~--+--1--1----i-c~·.;.6;'• 
R.90 12:5' DO 

86 o.a S A ~ s1:c W J F ij -1 mmah::!e 1licken1id1d and crooved clay-lined 

: 50 ~·~·-
.... 70 ""''.<;:), 

43 t-:-~+:-::-::-+.::-::-+-:--+~-+:-::--:-+-::::e-+-:::.,.......ll--,,--l-::::--+--.f~~::s.1 - clean, cloud joint wi\h poliahed and pvond ~- "'ffi' lS:Sl 100 100 0.2 J A MM VR W I F __, = urf ..... ..;;::: • ace 
I-

I

I-

D :.:-CJ: . , .. ': 
~o ~ -
~ :r:j:c: 

... ~~ 

:-43 ! R"2 114s.:·0103 1-1""0""0.-+-=7:--::5➔--,-,,....+....,,S-11-B=---+--=T""H,-1-.,,..,,.,....+-=-1..,.,.,,.,--1--1--.fl;.,.J;~ ; :;::• ---
~ • 1.2 1 SK P VIII F • ~ •; • moderately cloeely ■pac■d clean to rare 
: VT ~ clay-lined, ■licken■ided and crooved joinu 

I-

60 ~ : 

~ 15. 
:.441 -15:4•t-:-=::-+-::::-+-::-=-+-=--+~-+-==-+-=,......+-=~f--::.:::--l-,=--,._.•1.11...1n~'r'o;: - 7 mm wide dark rray clay-lined, ■licken■ided 
.,. RIIS lli:55 100 70 1.2 S A TH SR P VI F • • and crooved joint. 
... MM S liO ~:; 
... ~- ---
I- f f 

4 
• • 

~ ~I 
..... 44•- 16:24 -~··,·! 
- R9<( P7:Sl 100 100 0.2 J A MM R P I F •.i:,:•.: 
1- Ji / I! B .• '· • 
... 0 2 ~-:.;'/..;_ 
... ~~-
: 70 i.r.:~~ •. ,:v.: 
i.... • ' '. ,• ,, ' .. 
~ na, '.o•;'. •, 
... _ .,..:01 :;;;•:. 

-
------
. 
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~ C -QI u 0 CIT QI .. :s alE 

., 
0 OQI 0. 
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'- C 
r~ 

... R,g5 IOl:13 100 100 0 B ... 
-----... 
-
-4S. na:43 - ft.g6 08:53 100 100 0.2 J -... -... .. .. ... .. 

""':18 -461 .. R,g7 109:32 100 100 0.( s ... ... .. ... .. ... ... .. 
~464 ---- -... ,. R,gg - 100 100 0 B 
... 
... ... ... ... .. -.. 

10:41 ...-471 agg 10:63 100 100 0.2 s .. 
... ... ... ... ... ... .. ... 

11:23 ~47 ' iuoii ... 11:36 517 517 0.2 J 
... .. ... ... 
... ... 
... 
~ 

.... 4g1 iuoi 
12:00 .. 12:13 100 100 0.2 J 

,-... .. ... 
... ... 
... ... 12:37 
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Structig;al/OiscontinuitY 
escription 

! ,.. ... "' :JI cu'- UI Ill .. •ai . 
Cl) QI C CII - •c UI .s: Llthlc Description 

+- - C '- 6:: ~ 
CII u 

.. u u ~ Ill C .. 
c"' Ill al C 

o_ .., • -'- Q. :s • .,,..;. .. 
~ 0111 Cl) 0 cl'- Ill A. 

~ II -a: Q. :x C 

- T - - - F ~;::; UPPER TOPANGA FOBMA.TION (TN): 
.. , '• . SANDSTONE; medium dark ,ray, 
. ~ .. .-~ medium- to coane-p-ained aand, _. 

~~- 1ubanrular &o 1ubrounded ,ravel and 
.. ~":· cobble sona, cluu belwffll 0 .1-lli cm in c,., 

"~C 11.iu, moderalely friable, mull.iv•, 
moderalely clOMly 1paced calcile-lined ';J· - .. ····· joinu and clay Nam1; 0.5 m &hick . 4>:.; 

A MM SR p I F ..... coDrlomenlic aandlltone layer a& 451' 
•, I• 1/1' 

~ 
- 1 mm wide calcik-lined join& 

. . . . 
66 .. .. ~·-· . .,_. 

.·•!;•. 
to::--. ·:.·:.: 

B T SK p VI F .. ....... 
TH d' ... :. 

ii; . - 1-3 mm wide clay- and calci&e-lined, sheared . 
25 

, joint . , .... : 
~ - 1-:S mm wide clay- and calci&e-liaed, sheared 

25 'O~o:..·: joint 

- T - - - F if:,::~ . .... 
.~::rt 
:-).::: .. ••'. 

® - :S mm wide li,ti&ly healed calci&e-lined join& . 
! ~-,•,:~ lhicldy bedded 

A T SR w VI r ~.:-~:;: 
MM ~} . - :S mm wide tichtly healed calcite-lined joint . 

. . ~-~ ·~-; 

I :so . - 3 mm wide alickenaided and pooved clay-lined 
h 

A T R p I F ..... ,, joint . , ... 
MM w •.:;;,.~ :_:.;•,: ·, -,.,,, 

~ e:·•• . . 
36 

., ... . -:,,•: 
•'•. ~··-~·o: .. ~ 
·, .. ; .. ~: 

A T R w I F .,, ,,. 

I MM . 
... . 

,;.';?, - locally faint thin beddinr inclined 65 decnea 70 
~•?'/. , 
V.•y,.. 
; J. : 

+-.,,_ 
QI Ill ... > 
LL .,., 
.'It.+-

~ 
0.. 

-----
-
---

JSS----------
60--------- .. 

-
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QI a- llu. ... 

0 QI -L 

8 0 

- IU02 1S:S2 517 517 0 .2 s 
--.. ------491 RlOS 

lS:65 
- 14:08 100 100 o.s s 
------ 14:28 
- Rl04 14:41 100 67 0.7 s 
-
1-49• 

RIOS 
14:Sl - - 16:04 100 S2 2 s 

----
-SOI iiii6 

16::W 
- 16:51 100 sis 1 s ------... .. 
i-50• 

lU07 
16:251 .. !08:24 100 G2 0.4 s .. 
11/S ... 

... ... .. 

... ... 
I-

~8:52 -s11 iucii - ~ :06 100 100 0 B .. -... 
I-

-.. - ~Sl:S-t -s1 iuog' - 11:26 100 100 0 B .. -
~ 11:68 
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Struct'fr.a I /0.1 sc.ont i nu i tw 
escr1pt10n 

0 ... WI :,I " 11'- GI 411 +- • c» C . 
en QI C QI - +-c - DI ..c Lithic Description +- - C L a-!: '- QI u 
.. u u ..c 

·i .! 0 +-
c" Ill DI u- "" II 
-'- Q. :::, 411= +- .:it 

o"' (I) 0 - ~ .. 0. Cl) 
..,..c CII -u a:: 0.. :I C 

A T SK p VI F ~:·;..·. UPPER TOPAHGA FORMATION (Th): 
MM 

. : .... SANDSTONE; medium darlr. ,ray, 

~ medium· \o coU"N•,rained •and, \race . aubaniu)ar to aubrounded p-avel and 
20 -.;~_\ cobbla, club be\wun 0.1- 15 cm in aiH, 

~ -~-( modera\ely friable , mu11ive, moderaiely 
cloeely 1paced day• and calcite-lined ·O.··· ,.•&. joinu and lhean; < 1 mm wide 1:.;;1-> A MM SK p VI r 1lickenaided and polished clay-lined join& :•4•,. 
at 487' 

~ 
~ - (2) < 1 mm wide clay-lined joinu ,-n 

A TH SK p VI r ·:o::-i 
65 ·::~ cloeely ■paced ■licken■ided and srooved ■bean 

C VT SK p VI F 

~ 
be&wMn 1-12 mm wide 

56 .. 

I S5 
H ~ ~ 

. -
50 

~ Bl TH SK p I r ;~~ 
✓, : :d 

?.~ 
moderately cloeely ■paced join&■ 

60 

so ~d;: 
.•-~ 

25 
~.:·~ 
:o ·:. 

~ B MM SK p VI F -· - (2) 1 mm wide alickenaided, ■&riated and ss . polished clay-lined 1hean ''•'J ..~•,:·.· ' . ... 
••o• • 
~ ;·:::•.!: .. . .. 

unfractured ... ... ~-: , .. • . ..... ~ . 
~·::.:~~::. - M - - - F ~,\~!; ·~·• ... . ,, ... 
:.: ... 
::t: : .. ~ 
··l:. ■c:aUered plu&onic and buutic cobble-liaed ... .... club . . .. ····•o· :t • :: . 

- M - - - r 

~1 -·· .. 
,6-;.;. 
;:-l·:· 
D::~-:~: :·.:~ -~·· .o .. , 

+---11111 
'""> 
L'-
QI QI 

.:it+-

~ 
0.. 

-------
--

9Cr----------
195----------
•00--------

-
-

·10s--
-
-------

1J(r----------
115-: 

--------
- ... v 



Client PB/DMJM 

Project No.: 92-2050 

Boring No.: SM-10 
,..,. 
~ :JI V ,.. 
~ 

.. 
+- "'0,-,.. -:JI 
II . Cl/I ,... 2~ II 0 ~~ 

QI N ... z > V -11 
V CV 0 +o::, 
.r::. C -QI u 0 CU" GI 
+- ::, UI& QI C, 011 ~ Q. a:: a,- a:: a:: UL 
GI a- IIIU. .... 

C 
., -L 
8 C 

- R.110 12:16 100 100 o., J -... ... ... ... ... ... ... 
-s21 12:"" ... .. Rlll 12:55 100 100 0.2 J ... ... 
------
-S31 R.112 

13:20 ... lll:37 100 100 0.2 J -... ... ... 
... ... ... --s3~ 

RlU 
1":02 - - U:19 100 95 o., s ------... ... 

-54( H:52 
R.11" ... 16:09 100 100 o., J ... -... .. .. ... ... .. 

-s4• iuii 
16:36 

- 16:U 100 Q5 O.J J 
--------
=-5s< R.116 

16:U 
~7:61 100 100 0 .4 s 

- 11/,t ------- 08:1,t --.,.,_ 
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Structlff.al/D iscontinultw 
ascription ... Ill :JI ~ 

,.. 
.,t. a Ill +- ·a . 
U) GI C II - •c - a .c Llthic Description +- - C L ~ t. GI u 
,..o 0 .r::. fll QI C +-
c• Ill UI C u- .r::. V .. 
-'" Q. ::, fll 111= +- .:it. 

o• U) 0 - cL.L. fll Q. U) 

t-tQ GI -a:: ~ :I C 

B MM R p I F :\{ UPPER. TOPANGA l'OBMATION (Tiu): 
SANDSTONE; m.dium dark p-ay, 

·:i·=··· medium- lo coane-,nined nnd, eoUM 
I, ·· • ' aubanplar to aubrounded ,ravel and ·, .. · . 
c)P, cobbla, cluta be&wffn 0 .1-16 cm in aiH, 

moderately friable, maaaive, moderately 
45 7.:··= clOM &o widely •pa.cad caJ.ci&e-lined joint■ • # • 

Aft ::;/ and clay Mama 
A MM R p I F 7,, :. 'o • . .... 

60 ...... , .. ,. 
·.-: .. ' ..... 
"(:~f 
:~:,:. 
• ·o ·•. .... , ,. 

A T R p I F ~:\? MM 

it . . . . {f 70 •... ,. 
A MM SK p I F .•;,,.· !: ; .:a •. 

70 .;.:. ,,. 
30 ~~:;- - numeroua tirMly healed joint■ .... .. 

•• 4 •• 

I . 30 
- alickenaided and a&riated joint■ 

~ : 6'ft ·o·~• B TH R p I F i ·•· ·-~·c MM w •0· •• 
I• I I I .. ., .. 
I ·•;:, 

~: · 
30 {~ - pale nd volcanic? clu&, 10 cm in aiN 

~; .. 
'.o; ;•.c:: 
:·~'t~ 
~J·:;·i_; A T R p I r 

w ·a • . . . ..... 
:•:i tr~ . -70 . _.~:: 
~~·.:; ... 
:.:::~:·: 

A T SK p VI F : ••~I w •. 4: -. ~. .. ._ ........ 
• ! ···-.f'.::-:-

TO ~r 20 ~--~ :•.~ 

.. 
ui_ 
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• :, DI& QI 0 OQI ~ D. 0::: •- 0:: 0:: UL 

c! a- IIIU. ... ., 
L -
8 C 

- R117 108:31 100 100 0 B --------::-s6, ln•:6( 
Rll8 IOG:20 100 100 0.2 J -----

~ ----S6' Rm 
OG:S8 

~ 10:03 100 100 0.4 J --.. -.. ---1-571 Rl20 
10:27 .. 10:63 100 100 0 B -.. -----~ 

-57 11:12 
IR.121 100 13 0.6 s - 11:31 - J ... ... 

,------581 12:02 
IR.122 12:SO 100 100 0.6 J ,-----,-... ---58. 12:52 
Rl23 ,- 13:30 100 100 0 --... 

~ -- U :09 
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Struct'fftal/Oiscontinult~ 
escription 

•• Ill " 
OI ,.., 

QIL DI Ill • • o, C . 
Cl) QI C QI - •c - DI .L: Lithic Description • - C '- ~ L QI u 
.u u .c Ill QI C • clll Ill DI . c u- .L: ..., QI 

-'- a. ::, Ill 111= • .:Jl 

o,! Ill D. Cl) 
Cl) 0 - cU- QI -~u Q:: ~ :i C 

A M - - I r ... .. 4 UPPBll TOPANGA l'OBMATION (nu): 
•:I • • SANDSTONE; medium ,ray to medium b<:• .. : dark ,ray, medium- to COU'M•p-ained ... . . 

11&11d, trace 1ubancular to 1ubrounded , .... ·. 

~}} ,ravel and cobblH, duta becween 0 .1-20 
cm in 1iae, well cemen\ed and weakly 
friable, muaive, rare ti1rhtly healed 

.....:..•. ·.-~ · calcite-lined joint• 
A T R w I r .. ... . ·:·. · .. , :.?[:: 10m• ,ravel (10") .... 

;:: ... .. ~:·:~. 
:;9::. ~·-0. 10 .:,;:~ 

A MM SR p I F 26 ~;;i medium p-ained, anv•l-eised clu11 rans• from 
'8··· R w · 9 2-6 cm in aiH 
':>."Q., ,'. .... 
::·;·:.~ 
;:,.=): 
.:, 1:1.· :· .... - -

10 ~ :. ·o·: 
A T - - J r a······ • : #'.-;; 

j¾ - 0.3 m thick conclomeratic 1and1tone layer, 

~- ,ravel clut1 (40%) compoaed of plutonica, .,. quart&ite, and volcanic, 
~~-:~ . -~-
· · ·: '!. .. 

1:-;•. ... 
~ ,, .. 

B MM SK w VI r .... . moc:lera,ely cemented t,!:t:: R D 
80 I ; . 

: 70 ~-0 

Lo~~! 10 .,,,:.:· ,-.: .. ... 
A MM SR p I F ..... ... 

I R w 6 . . - li&ht bluish ,ray volcanic cobble, U cm in aiae p 80 ,;..;,: 
15 )•:o•:.,_ 

•'•o ·•: :. ... ' : ., , .. 
•• 0. 

A T - - I F ·.:• .. ::: 
o. 1 · •• 

'.:6. . - medium ,ny cobble, U cm in 1iae . . 

.. ... ,, 
::• :;-.'. 
•O " 
' • . " ·o·-;: . ,,. 

• 111_ 
II Ill ... > 
'- L 
QI QI 
.:it~ 

~ 
~ 

-
-
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-----
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--

165----------
70----------
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.,..., 

Structlfftal/~is~ontinultw X :JI 
"" escr1pt1on 

" :,i ... ... ... -c,.,... -:JI "'-II . CIII '- ,... ::,u 11,., 
II 0 UH. QI X cc .... 411 :,i a " .... > 
~ z ,.c > "" -QI QI'- m 411 ... .:~ C . 
"" C"' 0 ... ::, Cf) QI C u - - a &:. Lithic Description '- '-
&:. C -11 u C ~t GI ... - C '- a-= '- QI u .... ... ::, ms QI 0 D. ,..u u .c 1111 

II C ... .>I. ... 

Q. 0:: .- C: C: UC. :JI clll Ill DI C 
u- &:. "" II ~ 

QI a- ll1LI.. .... -'- Q. :::, Ill 
I/I"!" +- i 

C • 0111 Cf) 0 - a,.. .. A. CL 
'- ~ 

II -
8 C ci:: Q.. :z C 

- R124 H:S0 95 96 0.8 J Bl MM R. D I F 0 M UPPll TOPANGA FORMATION (Tiu): -
- SR p '. ';,.: CONGLOMERATIC SANDSTONEi -... w ~-o medium ,ray to medium dark ,ray, fin•· -
... t:r . -... 40 ~ 

&o coane-rrained aand with 1ubaniuJar to -
... 1ubrounded ,ravel and cobbla, volcanic .. 
... 5 ·fp,o; clut■ between 0.1-10 cm in liae, well -
... ~ cemented and weakly friable, mu■iv■, rare -... -
r-59' 15:05 -- o•:.: tishtly healed calcite- lined joinu t9S-
... R.126 15:S0 100 100 0 .4 s B MM SK p V F ,::-'d! .. 

- J SR I £:_::~. medium lisht ,ray to medium p-ay, -- ....... eoane-sramed nnd witb fine·snined -- 9!. •;·:. -\ ..... 
■and int■rbeda - :;jj -... - ,caUend cobbla up to 20 cm in lliM compoMd -

... ~c,l of plutonica and v-■icular bualt -

... 20 -... Aft ~.P -
r-601 IR126 

18:18 .. 00-... 107:SO 98 98 0.2 s A T SK w I F ~ 
.. 

- 11/5 -... -~ ·.·.p. -- .('S.~ . -- ... ~. -- .;,!·:_-;, SANDSTONE; lisht p-ay &o medium p-ay, -
I • I · • - :=~~:·. eoane-rrained nnd, well cemented -- 70 

i 
(calcar■oUI} and weakly friable, mu1ive, - . 

- -
:-(,0 "'8:23 ran tisbtly healed calci&e-lin■d joint, ,os-

iIU27 I08:44 100 112 0 .6 s Bl T SK w VI F -
- TH p -
- D -
- -
- ~:·~::-,: -
- i -
- -... 20 -... 

1..-,11 
- 20 cm wide ■hear ac1na, faint beddins below -

r-61 
-ft 

~ ; 11110-... Rl28 IOG:S7 118 78 1 s Bl TH SK p I F 40 -... J T SR w VI .. 
... ~ -... ··~·· medium· to coane-,rain■d_ ■and with trace -... 

~ 
snvel -... 40 - 25 cm wide amy1duloidal bualt dut -... -- ~ .. ~. -.•.. ... -·9rt·~ -

r-61' itrn 
10:21 .ft 

13:23 100 100 1 J Cl MM R p I F t~ CONGLOMERATIC SANDSTONE; DM<liwn 
15-... 30 -... s TH SK w VI p-ay, coane-p-ain■d ■and, 1ubaniuJar to -- VR D 

i:2 ,--o 1ubrounded ,ravel cluu lo S cm in aise, -... 36 ~-- duta compo■ed of plutonic, volcanic, and -... _; -
... qua.rtaite, well cem■nted and weakly .. 
... friable, mauive, dOMly ■paced .. 
... calcite- lined,joinu (chaos■ to new .. 
... .. 
r-621 RU0 

13:56 -- ;:.f~2 diamond impresna&ed drill bit) 1120-- H :17 100 100 0,4 s A T SK p VI F ~:-;:!. -
... J MM R w •···~ -... :.a-. . -... o,'•:-t -.. o'. medium·,rained ■and ~~-·· ... .. ,., 
... 60 ...!_ ·:: 

--~ - ;5fj: - 16:24 6 .. .... 
- :. · : !-....... ,.,.., 
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""' :SU cu 0 IJJL cu ~ cc 

~ z ~ 
> 

"" -cu 
"" 0 +-::J 
L C -cu 0 C CD" cu .... ::, o,e GI C, 0111 Q. 
Q. cc: ~- cc: cc: UL :JI 
Qj 0- QI WI. 

._ 
C L -0 8 

... Rl3l lli:41 97 97 0 B ... ... 
~ ... ... ... ... 
Hi31 R132 

16:13 ... 107:21 100 100 0 B ... 
11/6 

I-.. .. .. ... .. .. 
t-63 - I07:48 

R133 100 100 0 B 108:04 

.. -... .. 
1-64 "'·:21 ... R134 108:46 100 100 0 B ... .. ... 
~ ... ... 

~4' tR.136 
09:lli 

- 09:33 100 100 0 B ----... -... ... 
~5( ... R.136 

10:02 
10:19 100 100 0 B ... .. 

... ... ... 
~ ... ... 
His 10:41 .. IR.137 10:58 100 100 0.4 s .. 
I-

~ -- 11:25 

--
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..... Ill :JI OI ""' cuL Q Ill .... •o C . 
Cl) GI C GI - +-c - OI L .... - .E L §-= L Qj u ,._u 0 Ill cu C .... 
clll Ill OI . c u- L "" Ill 
_L Q. :::, • Ill= .... .:it. 
o'° en 0 - oL&- Ill Q. Cl) 
..,.c cc: 0.. Qj -u :I C 

A M - - - F I':-'! q :; 
~: :o·· 
I>'~- ·~ 
~;::f 

··:• ·a,:;·.: 
:: . •/•, 
~:p:·: 
~:J/ A M - - - F 
I • ' , . :• ... ..... -:,c,·. D., ••• .. ·6·· · ...... :.~ 
. 'o•. ~r~-rt~ A M 
.. - - - F 
,:·•~•' 
:•-!.,.•: 
(,i,·t 
·• ·. ··:· 
\'.~,·; 
:9~::: .,, ., : :. 

A T - - - F ::\f -~/l 
19,. ~ £ 

et.'• ' ,&. ·-·~ io.-- ~{ • f •• : !~·,-:: 
7.,.cf.. .. .. 

A M - - F r : .'t," .•··· ~·'J:·,:. 
; : :l, 
().'• .. 
.·:•;.:~: ,,. , . , 
-~ ... G; . .. ; · ~•,,,, 

A T - - F I . . . . 
70 I 

rb•'/ 
:-~I?, 
:/!I· 

70 ~ -··t 
it::: 

B T R p I F ?:',·~ 
TH SR 

to • •• , w P•.•:: , 
I ,,,, . .. 

•tf'~ "!. . · •,.: •' •() 

~ . 20 
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CU111 
~> 

Lithic Description c.L 
cu QI 

.:it.+-

~ 
0.. 

UPPER TOPANGA l'ORMATION ('nu): -
CONGLOMERATIC SANDSTONE; -
medium p-ay \o dark p-ay, medium- \o --co&rH-,rained 1and, ■ubancular \o -
rounded snvel and cobble■ compoMd of -
snnhe and buall, well cemen\ed and -
weakly friable, mu■ive, unfradured --

I 30----------
- ■hale cobbl■ to 8 cm in sin 1~35--------- - --

D40--
- 2 faint beddinc plane■ or tichUy healed --joint■(?) ---

-
--

1145----------,so---
- 3 cm thick fine- \o medium-irrained aandttone -

layer ----
- 3 cm thick fine- \o medium-crained nndttone --layer, ahell ~t• 1,SS----.. 

---- 2 ■licken■ided and cn,oved joinb ---
•vv 
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Structlfr.al/Oiscontinuitw X :, ...,. escription ,.., :, +- +-
+- ,,,.., _ ,. ., _ 
II . CIII L ,... 2~ 11,a 
QI i ~~ 

QI X +- • .. :JI t ,.. 
...> ... > "" -11 11L a .,, +- •a . ...,. 

~ 0 +-:I en QI C II - +-c - Cl ~ Lithic Description LL 
.z:. C -11 u 0 CO" II +- i L a-:= L II u .,QI 

QI Q. .. u - II C +- ~+-+- ::, a& 0 011 u ,a 
A. a:: .- Q:: 

Q:: UL JI c" Ill a C 
u- ~ ..... II ~ II a- ft'- .... _L A. ::, .. 111= +- ~ · 

C II o"' Cl) 0 - ~ .. A. en ~ t. ~ II 

8 C a: D. :z 0 

- R1S8 11:48 100 100 0.2 s A T R w I r -~:-,: UPPER TOP.ANG.A l'OBMATIOH (Tiu): -- SR )\Y SANDSTONE; medium ll'IIY to medium -- dark sray, medium- co c:oane-,rained -- ·: ;;A'. nnd, 10me aubanplar to aubrouadad -- --:·.: snvel and c:obbla, dub between 0.1-16 - ?:-.!:,: -- ., . cm in ,in, well cemented and weakly -- . :.:•b.' friable, fflUlive, unfrac:tund to very -- ·.~-:: ... -
-66' 12:29 •• . : .... widely ,paced c:alcite-liaed joints 

I 65-IU!9 r~ - '• l!:02 100 100 0.2 J A T R p I F - snamc: due to 1S cm, ,rooved and -- SR 1lic:ltemided ,bear aloai upper 1urface -- . . -- ~:·::;: -- ,: , ·i:I -~, .... 
,-

~~ -,- -,.. 25 , •,:ct •• -,- ·:;/i,,.C CONGLOMERATICSANDSTONE; medium -
f-671 RHO 

13:31 IRY co medium dark ll'Y, medium- to 1,70-
13:48 100 100 0.2 J A T SR p I r }_•~ - 'FE. c:oane-,rained nnd, ,ubanplar to -- TH ...... ;.:: aubrouaded cobblu and ,mall boulden co --

I~.~ 
--

1~ 
O.fi m in liN, c:ompoeed of snaicic:a and -- bual&, well c:emenced and weakly friable, -- muaive, ran cicbcly haled 1 mm wide -- -- 40 :>X~C::: c:alc:ite-lined joinb - ~ - 20 g~- -

-67' RUi 
14:27 . ' 75-- . 14:48 100 100 0 B A M - - - F 1.;~~ -- , .. . -o·· .. - . ·~ -: ·:t' - 6~:. -- .... .. SANDSTONE; medium p-ay to medium dark -- ~-.\ 9: era:,, medium· to c:oane- ,rained nnd, -- 1:?i, trace ,ubaacu)ar to aubrouaded ,ravel -- -- ... and c:obbla, dub beiwND 0.1-10 c:m in : ~ :. ,. -~8( 

R.142 
15:30 aiH, well cemen,ed and weakly friable, 1580-07:55 100 100 0 B A M F : .. ·~ - - - - ~:•' ' muaive, uafrac:\und . '. -- 11/7 •. •q·: -- ·.9:.•: -- • .,• II• -- .. · .... -..... - .. . :• -- ·.;:6: -- .. ·.· .. '$, •• , • -- "'•:21 

.. ·, .. •: --68 ._. .... •. ~as-- RH3 Ol:40 100 100 0 B A T - - - r • ·o•• .. .. -- I I . .. ... -- . ·:: ... -- :,, .... ... ... -:. -... ~: ::i~:; --
65 ·~•~:~· - dark IRY I laminated fine-sramed nnda\one -- -,- ... ··.:.· interval -,-

- :1:1 ..... . -
~91 . . . . 

~90-.... 
,- RU.4 09:Z~ 100 100 0 B A T - - - F ·.;~:-: -... . .. ~ -,- : ·:;, • dark ,ray, laminated and ,wirled fme-p-ained 

':" ... •• , si ahaly interval · .. ·;:: .. -,- 66- -♦ I••• -... 70 
I I.••• ..... medium- to c:oarae-,rained aaad with cobbla •• • •,• I -,- ···:c -- -- 10:01 :8.·: -·- -v, ·--
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+- • Ill :JI DI ,.., 
cu'- a, Ill +- •a, C . 

en cu C: GI - +-c - DI -'= Llthic Description +- - C L a-= L QI 0 
.,u (J .&:. Ill QI C +-
c"' .. DI ·; u- .l: "" II 
-'- Q. :, Ill= .. .:it. 
0111 (I') 0 - oL'- Ill 0. en 
~ a: 0.. GI -:I C 

A M . - - F y.~,r:: UPPER TOPANGA FORMATION (Tlu): 
!::\'~ SANDSTONE; DM<iium sr&Y ,o medium 
::-:,r dark sr&Y, medium- ,o co&l'N•p-ained 

1a:.'!.', aand, with aubancular to aubrounded 
·•.•·· srav•l and cobblu, club IMtwNn 0.1-16 

cm in aiu, ran club to 40 cm, well 
cemt1nt•d and weakly friable, mueive, 
unfr&c:tund 

- no recovery from &a-703' 

Borins ,erminated at 703 fNt on 11/07/92. 
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Client PB/DMJM Project: 

Location: N4160178/E4178320 

Inclination (Deg.): 90 

LOG OF BORING SM-11 

Metro Red Line-Segment 3 

Surface Elevation (ft): 778 

Bearing: NA I Depth (ft): 307 .0 

= Tbe Earth Ta:lmolou 
41iiiiiiCoq,oratioa 

Project No.: 92-20S0 

Boring No.: SM-11 

Depth to Water Table (ft): 

Started: 10/19/92 Finished: 10/24/92 Core Dia. (in.): 2.4 No. of Core Boxes: 24 

Driller. PC Explontion, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 
Fluids: Bentonite/Clear mud Eouioment 

Logged By: P. Dunster Checked By: G. Miller Page No.: 1 of ' ..... Struct'fr.al/Ois~ontinuitw X :JI '-' escr1pt1on ..... :JI +-
+- ~ L -:JI 

" . CIII QI " :,u D " QI 0 WL X cc +- • Ill :JI 
~ z ,.c > '-' -GI ca,L II) Ill +- •a1 C: . ...., C'-' 0 +-:, Cl) QI C QI - +-c: - al .c Li thic Description .c C -QI u 0 CD'" QI +- - C L §-= L II u 
+- :::, al& QI 0 OQI Q. .. u u .c Ill 1 0 +-
Q. a:: •- a:: a: UL :JI c• IO al C u- '-' " II a- ~ ~ _L A. :::, I'll Ill= +- .,t 

C II ol'II Cl> 0 - cU- • Q. Cl) 

L~ 
C ~ a: a.. II -:I 0 -

- V 12:46 .,;..,::._ ALLUVIUM (Qal): SILT; modera,e yellowiah 
... l0/H - -==- brown, fine ,rained, .Ushtly elutic lilt, - ~ friable, muaive; I drilled with hollow item ... 

aupr from 0-25'; ,ampler driven with 140 ... -t:.--=.::.: lb. down bole hammer) ... ~ --' - Sl ~--= fSample Sl:Blow Count1-6/l/ll] ... -:---;: --s F-= -... ==-= - I':"=:=. ... -:: 
... ~ : . CLAYEY SILT; dark yellowish brown, 

1--· . - ~ fine-,rained, elutic lilt and day I friable, ... 
S2 ~r\ mu11ve ... -

• # • ' UPPER TOPANGA FORMATION (nu): - . . , 
-JO : :,~.· SILTY SANDSTONE; pale yellowilb - .~ .':~~ brown to dark yellowish brown, fin•- to - medium-snined nnd with ailt, friable, - ✓: ... ·. lamina,ed, very cloaely 1pace joint,, .: -:,...; ... 

:./:~( hishly to moderately weathered - !Sample S2: Blow Counta-7/H/28] ... 

~ ... S:s !Sample S3: Blow Counh-12/11/29] .. . 
1-15 . 
... 6/\-. .. ... .. ·-.·;, . 
... ·.·_::::~ .. . . . ·~ 
... ~15 ... 

~ !Sample S4 ncovend about 5 cm] ... S4 
I- . ~:.. 
-20 I' ~. . 
... ~~:-... 

~ 
... ... ... - /. . .. . ··/. S6 · - , . fSunple S6: Blow Counta-2O/i■I ... ·-:-:·:: --25 JU ~0/20 100 48 3 J A TH SR w II MW i0- fchans• to diamond imprecnated core bit) ... 

B 30 - R s SW r),;,.;. .. :_:~ pale to dark yellowilh orance, crayilh oranse and ft~ 

'Ju i()Q:16 83 28 0.1 B A L SR p II MW I moderate brown, coarH-srain•d ,and with 
J MM 1ilt, clonly 1paced 1ilt-lined joinu s w SW . 

815 
.. ~ SANDSTONE/SILTSTONE; N• below 

~- i()Q:30 fjj; 
-,y 
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,,._ 

Struct~a I /0. i sc.ont i nu I tw X :JI V escr1pt10n ,.. 
:JI ... ... ... -n--- -:JI Ill_ ., . CIII L 

" ::,u QI Ill ., 
i ~ 

., 
~ cc .... Ill :JI ! " ... > 

~ > V 
_., u'- OI II) ... ·oa . 

...... 0 ...::, (I) GI C ., - ... c - OI .c Lithic Description ~~ .c C -QI u 8 CIT 
., ... - i L g.= L GI u ... ::, OI& Ill OQI Q. ,._u u Ill .! C .... ~ ... 

Q. 0:: II- 0:: 0:: UL :JI clll Ill UI C 
u- ....., • :fi Ill a- • ¥IL'- I- -'- Q. ::, Ill 
.,,~ ... ~ 

C - o"' (I) 0 - oL&- • Q. (I) a. 
L ~ :! 
t~ 

Cl a:: CL C 
-- - -

..,..,v RS 09:57 87 S4 o.• 8 A L SR p II SW -~(£:: UPPER TOPANGA roRMATJON (Tiu): ..,., -
- J MM s w 50 f~ SANDSTONE/SILTSTONE; U.bt olive -... D .)?::_-.' brown and ,rayiah onus•, coane-p-aiaed -- ~ aand and •iii, friable, laminated with -- - 10:11 -
... R• 10:21 100 69 o.,s B A L SR p 11 SW (0 w aandaton1 and lilukla• inier~, widely -
... J T s s VI F ~ 1paced joint•, black •taiaed and oxidised -... s SK D FW •urfac•, ecaU•red moderate red -... ~ ,ravel-•iaed ahal1 iniraclub -
.... 35 35-- -- ~ti~ DMdium lish& ,ray io medium dark ,ray, olive -- •n •.:: · ,ray, IIMldium- kl coUM•p-ained aand and -- - 10:•8 i •iii, unoxidised, ecau1red alickemided -
... R.6 11:18 ~ 69 0 B A L s p I F 10 -
- s MM SK D VJ ■bean panl.111 '° beddins --

~ 
-- 10 -

- 11:31 
-

-40 R6 
40-- 11:66 95 (2 0.8 B A L s p I F 60 ~ i.~ c:onvoluild beddins, rare Oame 1iruci11N1 

-... J MM SK s V1 -
~ s SR D VIII ~->.;· -... R I -3 cm wide •h•ared and poliabed clay-lined -... -- •. abear -- 10 

~ 
-... --- -

.... 45 R7 
12:115 ~ 45-- 12:26 aa 73 0.2 B A L SR D I F ~ - , _ ........... -· poli,bod .... _...., -... J T s p VIII 10 -... s . ·· ahear -- x.••',: SANDSTONE; medium lisM ,ray io IIMldiwn -- -... -~:~,: dark ,ray, medium- to coane•sraia•d -... ·:~;;::~ aand, moderately c:emanted and friable, -- :i~;#;.; mauive, unfracluNd -- .. ~·.: -

rSO Ri"" 
12:45 ...... so-

97 78 0.2 B A L SR p 1 F ·····-.1: ... 13:02 .!•,,,, -- J T s D V1 ~Ifj SILTSTONE/SANDSTONE; medium lisbt sraY -- s 10 -... 
~ 

,o IIMldium dark ,ray; olive ,ray, fin•- kl -... medium-snined ADd and .u, with day, -- -- g friable, laminaied with aandaione and -- ■hale inierbeda, widely •paced joinia, -- 50 acaUered sravel-liMd Ibale in,racluia, -
-ss - 13:21 ss-- RSl 13:27 100 Sl3 0.2 B A L SR p J F ~ 

ecaUeNd alickeaaided •bean panllel io 
beddins -

- J T s D VJ 
.. 
~ 

-
- s SK -- -... 50 --•--, ........................... _...., -
~ -- -... 10 -- -
H>o - 1s:•1 • ab,a.r, ■urfac:e panllel beddins 60-
~ Rl0 13:50 06 02 0.2 B A L s D I F I -
~ J MM SK p VI so .. -- s I 

-... -... --... 
-- ~ - 50 

~ - H :06 --VJ U,1 
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Struct~a I /0.i sc.ont I nu I tw 
escr1pt10n ... WI :JI D ,-.. 

GIL D WI +- • 111 
C . 

Cl) QI C II - .. , - D .z: Lithic Description +- - .2 L &.: L II u 
.. u u 1111 II C +-
c"' Ill 0 ·i u_ .z: ..., II 
_ L Q. :::, 111_ +- .:it 
0111 Cl) 0 - cl'- Ill CL Cl) 

~ Q:: A. QI -:I C 

A VT SR D I r v.;a::; UPPER. TOPANGA FORMATION (Ttu): 
MM s p :;;:;{{ SILTSTONE/ SILTY SANDSTONE; Me 

s 110 . ;;,; 
above / • •·--

0 :~i 
~·:·::. 

SANDSTONE; mediwnlishtsraytomediwn 
dark ,ray, medium- to coane•snined 

:.?. . .e?. aand, moderately cemented and friable, .:·~;,\~ m ... ive, widely apaced open lrach,rea, 

"'" I scattered srnel-■iaed 1ilt1tone i.ntracluu 
Bl L SR D I F . - open joint 

MM s p 
w -:?·:::, 
0 rs;·: 60 .. :~ SILTSTONE/SANDSTONE; medium liaht ,ray .. 

, . "".; to medium dark sray , olive s,ay, fine- to go ~ r- coane-srained ■and and ailt with day, 
•A :t:~ friable, very thinly bedded to laminated, if"~ A L s D I F 

~ 
widely apaced joint• , acattned ■hale 

MM p intracluta, infrequent alickenaided ■bean 
w I parallel to beddina 20 

• open joint 

~ 
- U cm wide sxtremely clONly fractured aone, 

crushed aone 
110 w. - -
n 

I~ A L s D I F ; ... · ··' 
MM p 

j w 

I so 
; 

i;;.: •;.; 

~ A L s D I F .. .,; MM w 

I p 50 . \7. .. -' . - 16 cm wide extremaly clo■ely fractured son• 

~ 
parallel to beddina within ■hale interbed, . . uuahedaone 

60 

11 • flame atructun 

"" A L SK D I F I MM s p 60 
- localiaed croubeddin1 

SR s .. 
60 , .. - 0 .6 mm wide clay- lined, ■lickenaided aliear 

I - pink ■hale lamina. 

- O.S m thick ■ilty aandaton• layer 

.ft - 7 mm hiah ■tepped joint 
A L SK D I F 

I 60 
. 

MM s p VIII . 
SR s . - 16 cm wide extremely clo■ely fractured son• 45 . . 

w . 
parallel to beddinf within Ibale interbed, 

~ 
1 Cl'\l■hed aone 

00 SIL TY SANDSTONE; medium li1ht ,ray to 
60 ~ medium dark ,ray 

., 

+-
"'-11111 
... :> 
LL 
QI QI 
.:it+-

~ 
A. 

-
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QI C1. +- & UI& a: 0 OQI :JI Q, GI- a: UL 

a, a- ....... ~ 

C II 
L C 8 

"" Rll IOl:33 97 73 0.6 B 
... llo/21 J ... 
... ... 
,-
... ... ... --:so t-JQ. ... Rlll loa:68 100 67 l B ... J 
,-
... 
... ... ... 
,-
,-

""':06 -11, ... R20 ioSl:lS 100 100 0.4 B 
... J ... ... ... 
,-... ... ... 

""':24 .... 11. ... R21 100 113 - o., B 

"" J ... ... ... 
... ... .. ... 

""':46 -121 ... R22 1011:SS 100 77 0.2 B 
... J ... ... ... 
... ... -... 
'""12' 

...___ 10:0SI 
... R23 10:17 100 47 l B .. J ... ... ... ... .. ... --13t - 10:27 ... R2• 10::S5 100 100 0 B 
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5truct~al/O.i5~ontinuitw 
e.cr1pt1on 

UI ,... 
+- • Ill :JI C a,L UI Ill +- ..:~ . 
Cl) QI C GI - - UI .c: ~lthic Description 

+- - C L s= ~ • u 
.u C +-u .c: I'll u- II cl'II Ill UI C '-' 
_L Q. :, .. Ill"'!"" +- ~ 
gl'II Cl) 0 - oLL Ill Q, Cl) 

~ a: A. :! -C 

A L s D I F 30 V;Y!- UPPEB. TOPANGA FORMATION (Th): 
MM SR p ~ SILTY SANDSTONE; --Uum q hi ,ray 

w ~;j '° medium dark p-ay, fine- io 

.;;-1if: coane-p-ained aand with ailt, trace clay, 
'", • ,, friable, very thinly bedded, wiib abaley ~-'. f, .•.. interbeda, widely apaced joinu, acaUered .•~;-: 
~ ). ahale intracluu and black coal-like 

·- fracmenu, localiHd n- atructuru (aon ~ -· 
A L s D I F ~:~ Mdimeni deforma&ion) 

MM SR p 40 ~-s 
w -~ ~-·: 

D.~ 60 !i~ - ~bonac-ua layer 

~ ... . · 
A MM s D I F I SR p . 

s ~ - beddinc plan• offMt 7 mm . 
so •. i& 
~ 
t:1.J - abundut localiaed moderate red pavel-aiaed 
. . ~ . ■ilie\on• intracluw 

A MM SR s I F ~ ;• 
w -~ 

:!~-. 
30 

~. :-, 
~--:: . ·-· ·-~~ :t:·.:;,-

~ - aililione laminae offaei S mm .. 

I A L R D 1 F . - ailuione laminae off■et S mm MM s s 
p 30 . - S mm wide rouch and 1tepped joint 

I 
. - coal intraclut 

40- . . - very ihin aand■ion• dike crouea beddins so . 
- - paninc alons beddinc 

A L R D J F 
. 

- vmical, tichtly healed joint 
MM s w so ~, p . 

s . ·~ 70 

I 
- localiaed very friable, extremely abeand aand 

son• 
fiO . . - 1 mm wide, roqh and aiepped joint 

A MM s s I F . 

I R pane euily alone beddinc plan .. . 
' , . 

~I ~-50 
. ..... 

+-
"'-QI I'll 
~> 
L'-CII QI 
~+-

~ 
Q. 
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C 

~ R26 10:47 100 100 0.2 J -... ---... -... 
>--141 - 11:12 - R26 11:22 1>3 D3 0 B - J ... 
~ -.. 
~ -... 
-14' R27 

11:31 
11:48 100 100 0 B 

- J ... 
-------15( 1w" 12:21 100 1>8 0.2 B -- J - s ----... 
~ 

-1s· - 12:35 - R:Z9 13:03 100 48 3 B ... J - s ... -... 
,--... 
~161 

R30 
13:14 

1>8 1>2 0.6 B ,- Ul:2'7 ... s ... 
~ 

J 
,-... ... -->--16' R31 
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o'° (,I) 0 - a,1- Ill ~ en 
~ QI -a: Q.. :I 0 

A MM SR w I F '• ,. ·,.: .,,,., 
T ~.~~~ 

~·•.:;:·z :; ,._.. 
~ ... ,.~ 
~~ •,,, 

7S 
;:·, . ., .. ,, 

~ '·~•::· ..... ,.~ 
A MM SR w I F : .. ·.tJ;: 

T so ~ .. -
30 ::.i 

~·.;1 ~- • , 

t,,.:2 

~ •r.:"'.r. 
A TH s p I F i~ ,{.~:. M s 

D ~-~ ;~ \~ . . 
~ 60 

30 : l A VT s D I F .<~t$. 
MM SR s VI 

~ 80 

I 60 

so 0 
~~-

Bl L s D I F ~ MM SR p 

I · SK w 46 . . 
80 1· . ., ~-
80 ~ ::1: • •• 

A L R p I F 
.•/, 

i MM SK w VI 
s ;.·· 

·V 
20 ,'/,•.•· 

I . . 
60 

~ B VT SR p I F 
T 40 . 

~y: . .:!: 
76 :{-.::;~. 

:;:--,-~ 
}ff ::•;,. ··~ 

= Tbe Earth Tedmology 
-- CorpontioD 
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N4160178/E4178320 

s of ' 
Lithic Description 

UPPER. TOPANGA FORMATION (ftu): 
CONGLOMER.ATJC SANDSTONE; qht 
,ray io dark p-ay, fin•· io coarN-,nined 
■and wiib ,ravel, moderately UJMAted 
and moderately friable, mu■ive, doeely 
spaced joini■ 

SILTY SANDSTONE; qhi sny io dark IRY, 
fin•· io coarN-,rained ■and and allt, 
cenerally mua.ive wi&b laminated llaale 
interbed■, moderately cmMJ1ied and 
moderately friable, very widely ■paced 
joinia, paria eaaily uone beddinc 

SILTSTONE/SANDSTONE; liJbl ,ray to dark-
Cr&Y, fine- ,o meclium-srained ADd and 
ailt wiib clay, irace ,ravel, moderately 
cemented, moderately friable, very ibinly 
bedded 1andatone and laminated ■hale 
inierbeda, widely ■paced joint•, part• 
ea■ily alone lhale laminae 

• acatiend iichily healed microfaulta and joinia 

- very thin con1lomeraiic layer 

- v■ry ibin con1lo111U"aiic layer 

- v■ry thin conclomeraiic layer 

- very thin conelomera&ic layer 
- Kattered clay-lined llhean parallel to beddin1 

- diaconiinuo111 abale layeN 

. . 
[driller repori1 bonholt iaka water ihen 

ncoven it after a run ii completed] 

.. .,._ 
QI ,a 
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LL ., cu 
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Ill 
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Ill 
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Llthlc Description 

.. lU2 14:42 97 97 0.2 J A T S W I F "<-:•,:·._; UPPER TOPANGA l'OBMATION (Tiu): 
,_ !%-:·::, SILTY SANDSTONE; Y•ry li1bt p-ay and 
.. (:~ medium dark p-ay, fina- lo coane-p-ainad 
: 0. •and and ,m. pnerally mauiY• with 
.. S5 .• ~ infr.quent laminaiad 1bal• interbeda, 
,- ~-;::-:· modarat•ly cunentad and mod•rately 
.. i:;;-:.:l, friable, vary wid•ly •pac:ad joinu, 
,- 1-,..,..+-:,.,...+---+----+---+----+-=___,. _ __,1---~-+---¥-1;~'k.:: acatiered fin• pavel•aiaed ailUt;ona 
~l 7' lUS 15:06 100 72 0 . .C J A MM SR S I F ~•-:& intracluu, paru euily aloq bedclin1 

.. ~~---.. 90 x.i.~ IIOIM fin• p-anl 
~ : .... 
,- P.•~✓- -----
: :)~ - rare white. min•ral-fillad Yeim 

:_lSP·,,,-- l5:2l1--+----+---+----+---+-,,--+----4---<1---~-+-7-0-t,,~ - rou1b joint witb at•pa up to 6 mm hi1h 

- lU.c 1" -.~2 90 90 0.2 J A TH S D I F •."/.:<; 
: .. ' B T SK W VIII J?Ji 
~ S p ,. l-15=wule,_doNl, ... ond_ 

- ~ wilhin a 0.5 m thick laminatad shal• lay•r 

: 18' --- 1S:H1-.,,...+-:---+---+---+---+---+----4-=--<l---~-~•w.' nL.t• .; : ?:; 
- lU5 18:12 98 98 0 B A M - - I F ~-;; ~ •1 
- i-~,.-,, 
- ~~ 
: -_!~~1 - aca,iand p-avel-aiNd ■ilUton• iniracluta 
- ~=..-1.: - -.~,:._~ 
.. J~~ 
- ·0 
- 191 - 18:4S,.....,,,.,,...t-,-,,,.,,...i---,,....,,-,,,~----+~:-+--+--+---+---+---i:_;:_::.·._;,: 
- R.S6 18:5S 100 100 0 B A M - - I F {' ~ :):Y.,, 
r- <!;· ,. ' 
~ ~=~t-"~! .. -.. ~::i!-5 i:-::r-.o - acaU•rad p-avel 

,:;.~:i,-: 
~-Jii -1eauerad p-anl-aiMcl ailu&ona in&raclut1 

:.19, - 17:07.....,,,.,,..+----+---+---+---+---~---<----i--+---+-~cc~;p•• 
.. RS7 17:18 100 90 O.• J A VT S D J F :;.';-(' __ _ 

.. 
: B MM SR : 65 I paru euily 111001 beddin1 

: so ~-:•~ - 1eaU•Nd modara&• red coarae sravel-uaed 
.. ~~-; aihatone intraclut, 

~201 - 17:35 ~:::-t--:c:::-+-=-:-,,-+-:--+--,--+.-,,..,.+-,,=-1---!,-l----+-----+--2-0-{,~ - R!a !07:46 QO QO 0 .25 J A MM SR S I F .f.: ;(~ ________ _ 
,- ll0/2~ T to:~·'.~ acatiend ti1htl)' healad intraformational 
: t;,;:.:', mic:rofaulil 

~ :f ~· - acaU•rad coal intracluu -.. -.. -
1

1

~ fe~1 [driller reporu &emporary anaiao condition from 
1---.f'J1n,...:o.c , n ~~ borahole) 
lU9 !08:271-1::--:00=-11-:72:--i-:0::-.-::-2 +-:B-+-:B::":l:-t-L:--+-::Sc::R:-+-:W:-:-~I=--1-:r.-ll--lJL.ltit ... ~-·.-:._.:;..,· [driller report• hole takin1 wain) 

.;:.·• 
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Lithic Description 

- J MM S P VW '$,~ UPPER TOPANGA l'ORMATION (Ttu): 
- S SK S 60 ~- · . SHALE/SANDSTONE; very qht ,ray 
: D • and dark snY, fin•- to coane-snined 
_ ,and and 1ilt with day, trace ,ravel, 
- ~~- moderately cemented, moderately friable, 
~ i... :

4
5 ~n ~~ very thinly bedded 1andaton• with 

_ R40 !-='.l00=-+-=-1-=-oo=-+--=o--l-:B:---,f-,A,--+-:L:--t-S:--+-:p--l--:l-if--e:F:--1--'~~~~;:-;;i laminated 1hale interbeda, modarataly 

::-2HR4l "".·l
2 100 6

,. :: 
30 ~ c,loee~•J:>-:C-:1 roush an~

1
upalto 7 ~alhiJh 

u• • 0.4 J A VT SR p I F 20 ~:_.~ • ep..,... Jom.1, pari1 eul y on,.., e 
- S MM SK s Vlll i~::~': laminae, acattered tiJhtly healed 
: S D 10 ;r::•1-.;,· intrafonnational micro(aulu; [driller 
_ ~ :~ repori1 temporary lou in water dllrlnc 
- K·~ drillinJ, 1liJht ariaian condition at the 
: ~ completion of rum) 

- 21 "'ll:2!:lt-:-::-::-+-=-=--+-,~+---:,.....+--,--+-,=,::-:-+-,,.,,....4-,,--+--,-4-e,,.....l~lS-5-ti.e',~ 
::· R4% 011:45 100 IIO 0.8 J A TH SR D I F ~: 

: : MM S~ ; ~I 

60 I. -ri mm wide clay-lined ahear 

• ri mm wide rouJh clay-lined 1h1ar 1tepped up_ 

-
-------

JO---
-
------

JS---------~ .. I 
=-22( - 10:06 r.;;;;--r-;;-::-l-:;--.-:r,;--l---;;--l--;,--t-::,:-l--:::--l---;:--1--:::--1-.W. •n-v• .;~•• ~?', 

( R.. ..,.. ,oo .. •.• : A ~ :r i vt, • : ~I~ 
to S mm hiih 

(art•ian rate meuured at about 1 1Pm at about 
120-: 

2~ : 

~ I 
,-22 -11:09i-:-:::::-+:-=+~+-=--+-~~:-=~-=----4--,,,-i~,--l--,.,....~4_5--ii~!::-✓~--~~ • 6-8 mm wide roush joint with atepa up to lS 
,- " R•• 11:18 100 100 0.2 S A MM S D I F SO ~- -~ mm hiJh 

: T SK p Vlll 60 ~ • acattered tirhily healed joint■ 
,- ~~ • 4 cm thick clay-lined 1h1ar son, 

: ~ 
: ~ - scattered coaru sravel-eiaed 1illlton1 - ~ ~~~ 
,-231 - 11:Sli ~:-t-;:;;---t-:;;-:--t-.+;;-:--+-;--+-::-:-;-f-:::--1~:--h:--½---Q-.,..~,.,,t 
,- R45 11:•1> 100 118 0.8 J Bl L SK W I F 1;7:"d. 
'" S T S P VI . ~i,-.;,: very widely ■paced joiata 
: B SR S 'Tli ~ - acatt~red coaru sravel-aiaed 1illlton1 
_ .Y,-~ 1nt~uta 

tJ•~ l2"'6 : ,'fl .. ~!.• · S = wid• d•y-linod Wu 
- R46 1%:Hrl;--;O:;:;O:-t-:1~00::;:-1-;:o:-1--;::B-+-A-:-'-+MM~-:-+--:s=--~w,:--l--:I-+"""""'r-+--fl~ 
- T D - 25 •-~ ~,:: - acattered ,ravel ~- .... ~ - part, alonJ 1hale laminae 

I 

• S cm wide clay-lined 1h1ar -

12:50 

------~is--
--------

130----------
•35----------
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+-i en cu ., - +-c - a .c Llthic Description LL 
.c C -cu u 

8 
., +- - t L &.: '- ~ u II GI 

+- :, a& cu s., I .,u u .. .! +- .:it,+-

a. a:: ~ a:: a:: UL c• .. C u_ ...,, ., 
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~ s SK s ~ IDldium dark ,ny, fine- '° COUN•p-ained -- 20 

~ aand and 1il&, pnerally m&11in with -- -- laminated shale interbedl, moderately -- --~·- cemented and moderaiely friable, widely -- t~ 1paced joints, acattend moderate red fin• -
~24' lS:27 ,nnl-aiaed aih■tone intradut1, pan■ -

a,a f::(; 45-... '• 13:54 100 118 o., s B MM s p J F ~~. !• euily alone beddinJ; acattend coal-like 
' ·'.~ -... SK s VI ·- - flecb @P HS' -- ;)',;?: -- ,o ~ -- ..... :t -f : \ •. - ·::.."~ -... 9- .:': -... H v,-J - locally acattend ,nvel -... .. . 
• I • • • -

-25( ira'" 1':11 ' ~-~ :se-: ... 14:27 100 100 0 s A MM s p I F 80 I 
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T: -... ,o E-

~i~ ... ,;;., ..... s -- ~:•:r-:;, T-... : 91t • . -... ,.~-~ 
- locally acaUered ,nnl 

. 1- • - :;.o~ -
:-25! R.50 

1':153 ~•.!·: S5-
115:27 1111 1111 0.6 s Bl MM SK w J F ::··r-J T SR ,o - l cm wide, rouch and alickemided shear with -- s VIII 

~ 
-- 1tape up to 1 mm biJb -- -- (driller added Alconox to drillinc Quid) -- ;~:::~:. -- :::x-: -... .,.-.. -... ~-·~ -

-261 - U :SO . t•,,.'9,. ~ ... R.51 11:04 119 80 0.6 B A VT SR p I F i,· ,r.: 

~ 
- locally acat&ered ,nnl -... J MM s s g -... 50 
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~ : 
-... -... IO -

-26. RU 
11:22 

~ ~65: ... 11:11 97 117 0 .2 s A MM SK w I l' ... 
10/2~ 

T II 

~ 
-... -... -... -- - tichUy healed joint -- ~· -- -... so .~.:~ -.-27( RH 

11:47 '70-11:59 100 115 0.4 s A TH SK p I F 

I 
... -... B MM s D VI -- s - - locally dilcontinuou■ beddinc and aca&ter.d ~ -- moderate red cravel-aiHd aih1tone 

26 -- intraclaail -... - rouch and alickeMided joint with > l mm hich -- -- 12:16 1tepa ---,._ I I J 
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Lithic Description 

UPPER TOPANGA FORMATION (nu): 
SILTSTONE/SANDSTONE; very lisht 
p-ay and dark p-ay, fine- to 
coarse- Jr&ined 1and and 1ilt with clay, 
trace p-avel, moderately well cemented, 
moderately friable, very thinly bedded 
sandetone and laminated 1bale interbed1, 
moderately c:loaely •paced rou1h and up to 
7 mm high •tepped joint■, pan• euily 
alon1 Ibale laminae, 1lickeneided; 4 cm 
wide day 1ou1e aone @ 279' 

- 0.3 m wide irreplar clay-lined 1bear aone 

- <1 mm wide •lickenaided 1bev 

- locally open joint■ 
. -

- poorly cemented layer 

• <1 mm wide •lickenaided lbev 

- locally ti&htly healed shears parallel to bedding 

- Ii cm wide lbear sone 

• <0.6 mm wide alickenaided lbear 

Borinc terminated at 307 feet on 10/ 24/'J2. 
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Client PB/DMJM Project 

Location: N4160825/E4177823 

Inclination {Deg.): 90 

LOG OF BORING SM-12 

Metro Red Line-Segment 3 

Surface Elevation (ft): 671 

Bearing: NA I Depth {ft): 207.0 

C The Earth Tccbaoloa 
-- ColponDon 

Project No.: 92-2050 

Boring No.: SM-12 

Depth to Water Table (ft): 26 

Started: 10/26/92 Finished: 10/29/92 Core Dia. (in.): 2.4 No. of Core Boxes: 13 

Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 
Fluids: Bentonite/Cle.ar mud Enuinment: 

Logged By: P. Dunster CheckeC, By: G. Miller Page No.: 1 of 7 
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R2 
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:=-,-_,__,:::::: 
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- - - - - - - - ii CLAYEY SILT (MH); mottled li&ht brown, -- moderate yellowiah brown, dry to ali&hUy - moiat, elutic: ailt and pluUc: c:lay, aome - - fme-criuned aand, muaive - I -- - --

- (driller indic:atN harder drillin&) 1-10 07:20 - '1u"' 0 
07:27 

0 - - - - - - - - ,\ ·-? 
UPPER TOPANGA FORMATION (Th): -- SIL TY SANDSTONE; mottled dark 

- ?ti 
yellowiah oranre and srayiah oran&•, 

- fane- &nined aand and ailt, very friable, -
RT 07:36 part■ alone beddinc, laminated (c:han&• to - 70 0 0 B A L s D Ill MW 

. , • . 

... 107:47 I 
diamond impresnaied core bit) 

VT p II w ... 
-JS 11'.:•: •· 

licht brown and li&ht olive &r&Y ailt■tone, - ... 
- ., •) c:layatone and ahue laminae ... ~ ... ~ 

- 60 ;;r: •• . ;:i 
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-~;;,,. ~: 
- R5 19 0 B A L s D Ill MW ~(':':• .. - 08:07 VT .. - p II BW Jj -20 - I08:11 - R6 
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,.,. 
+cu cu ... ...., 
.&. 
+-

0 
u cu 
a:: 

a 
GI 
0 

Llthic Description 

! cu 
L 
l~ 

0 
C, 
a:: u 

Ill 
Q. 

Cl') 

..., 
Q. 

0 

... -v ~\:· •• UPPER TOPANGA roBlilATION (Th): 

... -IOB:421--,,,,,.-+--,--
0

+-,--+-s-=-+--,--+-..... -i--,,--i------+-.,,....+,,-=--+---f•.'·:•::,;,_ SANDSTONE; qht brown, moderate 
... Ra IOB:&4 67 0.2 A L S D I FW . . . brown, dark to pale yellowiah oran1•, 
: ~ :~ : ~ F fine-,rained nnd with lilt, very friable, 
... .:>: pana alon1 beddin&, laminated with 
• ~~-.":·/· li_Juton• -:nd dayaton~ inhrbeda, black 
... 30 .. _. 3/. d1KOlorataon on beddinc aurfacu. 
:35 70 ';;.i-:;· acaU~ alickenaided abean parallel to 
- ✓ .. . ,... beddinc 
- -IOG:061---+-----+----+--+-.---,........--+--........ -+---+-----~••.11•~· ·' 
- R9 iog:32 g3 37 1 S Bl L S D I F :: .• ,-. very 1isht ,ray and dark sray 
- J MM SK P VI • .:•? 
... B SR S 70 9..-; .. 
: ~ ::: so ~ - ■tepped joints 

.-40 .o/.~ 
::: 1---IIJ...,_lll:3G·i--,-+--,-+--+-..... +---i-..... -1---i---1--.J,...-.J,..._~··,.c:

00

~ .~,~~ - 16 cm wide abear 150ne 
: RlO 11:20 iM 10 - ~ A ~ S~ ~ .Ji F ~ - coal-like intracluta 

~ • TH SR vm '° 1-o.<m• .. ••.,,.._••""'und-wilb 

::.45 ...__ 11:26t-:::-:--+-::~+--,--+--:--+-..-+-..... +-.,,..-+-ee-+-.,,....4-...... 4---r::7Z::iil poliahed aurfaca 
... RU 11:36 i4 27 1 J A L S D I F ~ 
: B TH SR P VI 65 ~ 

: SO •. ,~• •: - randomly •■paced diacontinuou■ aliJhUy rou1h 
- joints 
._ .,__ ll:45•t-:-::--:-+-::-:--+-:,-:-+-:-+--:--+:::=-4-.,,...4-..-4--4---+---¥.,• ;;,:.~'="'=,,,_,..~,----------------
._ Rl2 11:53 100 71 0.6 B A TH S D I F 70 ~~:;~ SILTSTONE; very li1ht sray and dark ,ray, 
:-SO SR P VI 

30 
~ hi&hl:r elusic: ails with fine-,rained aand, 

_ 1-- l1:6l>,t-:::-t-:~+--:--+-:::-+-:::-:--+--:--+--::-+-=-+--=-+--=-+-~· ti very friable, pan& alon1 beddin1, 
... Rl3 12:09 87 10 1 B Bl L S D I F ~:;;a. laminated with nnclaton• and day■ione 
._ J TH SR P ~~ -~ interbeda, dONly ■paced joints and ■bean 
,- S SK S •n j ... - ~ 

... ... 
-ss ... 

. ~ 
IO ·_-.e, -~ 

;• - sheared interval, <1 mm thick 
_ ...,._12:21 
: Rl4 12:!2t-:":1oo~t-::3-::-3-+-:1:---,r-;;~:--t---:-A--t-;;-::~=-+-s-=i-+--:~:::--+:v:-:-~~I f-:F:::--~I0--0 •• ~ 

... s ro 

~o : ·-t- u = ,rua u.-a cl•••-
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... Rl5 lS:21 80 0 0 B A TH S - - F L.•ty.· 
~ ~~ 
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UJ 
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4s-= -------
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Lithic Description 

UPPER TOPANGA FORMATION (Ttu): 
SILTSTONE; very lirht ,ray and dark 
sray, hirhly elutic ailt, plutic clay with 
fine-,nined aand, very friable, part& 
alone beddinr, laminated with aandatone 
and clayatone intubeda, cloaely apac:ed 
joinu and ahean which AN para.Ila! to 
beddinr 

- very cloaely apaced joint1, 10ft and punky 

,-75 60 ~ 
- lli:02 t--,,,,,...+-,,,,...-t-,,-+-,::,-+--,--+-:--+-::=-+-:::,-+-:--+-,::,-+-

60-~Jii:,r/~ -~~-:--:-:----:-
RlO 1&,ll 05 2S 0.4 ! A ie ;,t f I F : , ......... oool ........... 

--
--
-80 
t.. ... ... ... ... ... .• 

1 R20 Iii :%7i-:-,100:-,:--,~li0,,...-t-,o~.ll~...,B:c-t--:A---i--:-L--t--,s:c-t--:D---i--=-1--t--::F=--it--
30--r,.' 

J MM SR p 65 [!0-
S 

55 
,.•';;,, - ~ -~ 

-85 -==- Iii :52 ~,,,...+-=-+--=---+-=--+---:--+-:--+--:--t--:-i---::,-;t-::::--t-6-0-v:,,., - R.21 67 42 2 B A _L S P I F , . --.... 
-... .. ... 

R22 16:36 100 88 0 B AVTS DI F O,,,!o 
MM p ~ ·•· 

: 60 • ,,· . 

- ■tepped joint 

• well cemen&ed aandatone layer wi&h coal 
fra(lneni, 

-
-. 
. 
-. 
. 

10:---. 
------

75-. 
. 
. 
---. 
-

. . 
-. 
. 
. 
--

85---
---. 

.· .. · 
~ "~ ~ 
: ...,,._ 18:(1 v~ : 

-

~ Rz>10,gol00770.2 ! A~S ~IF eo~ ~ 

~s _ " ' "t-:--::-1~:--t--=---t--=--+--=--t-:-::-:--t-,=--ii--::,-t.......---t--=--+--:--t!:1>:..:;-.::;~t--:".=-===-===--:-:--:-------:--e---,-----,,,--,---1 9 s~ 
~ R24 17:02 98 62 0 B A MM S P I F ~ SANDSTONE; li&ht sr■Y and dark iray, fine- to : 

D 60 ~t. coarae-lt'ained ■and with ■ilt, part■ alonr -
~~ beddinr, laminated with ahale interbeda, 
~ modera&ely clo■ely 1paced joinh, aheara : 
V.~ parallel to beddin~. scattered coal-like _ 

60 '.;.7.v. fragment, __ -

vv 
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60 joint., aheara parallel &o beddin&, 
/. aca&&end coal·lik• frasmen&a, convoluted 
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LOG OF BORING SM-13 

Client PB/DMJM Project Metro Red Line-Segment 3 

Location: N4162233/E417784.l Surface Elevation (ft): 590 

Inclination (Deg.): 90 Bearing: NA I Depth (ft): 130.5 

= The F.arth Tcdmoloa 
-- Corpontioa 

Project No.: 92-2050 

Boring No.: SM-13 

Depth to Water Table (ft): u 

Started: 11/3/92 Finished: 11/4/92 Core Dia. (in.): 2.4 No. of Core Boxes: ' 
Driller: PC Exploration, Inc. Drilling Method: Mud rotary Drilling Mobile B-53 

Fluids: Bentonite/Clear mud Enuinment 

Logged By: P. Dwister Checke~ By: G. Miller Page No;: 1 of 4 
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Client PB/DMJM 

Project No.: 92-2050 

Boring No.: SM-13 
,... 
X :JI "" ,... 
:JI .. .. "Cr. -> 

II . Cl/I L ,... ::,u ., 0 UIL QI X cc ... z ,.c :> 
"" -II 

"" C"" 0 +-::, .c C -11 u C CO" QI 
QI Q. .. ::, OI& 0:: C, OQI :JI D. 0:: ~- 0:: UL 

QI D- ll1U. t-
C II -L C 0 
- - u 

.. .,v RI 13:32 60 0 0.2 B ._ J ... ... ... 
... ---
-35 li 

1S:3Q .. 1(:27 0 - -
---.. .. ._ .. ... 
"-40 .___ H:32 ... RlO 14;(0 100 60 1.0 J ... B .. .. 
... ... .. 
... ... 
~45 Rl1 1(:50 .. 16:02 ~6 68 2.0 J ... B .. ._ .. .. .. ... --so - 16:11 - Rl2 16:28 96 16 2.0 J 
- B ... 
------r-SS "'iii" lli :40 

lli :li9 60 0 J ... ... B ... 
... .. ... ... 
~ 

~o .___ 16:02 
RU 16:26 77 (8 1.2 J 

L. B ------- 16:3( - -

\J;} 

LOG OF BORING SM-13 

Project 

Location: 

Page No.: 

d Tbe Earth Tc,chnnloc 

-- Corporation 

Metro Red Line-Segment 3 

N4162233/E4177843 

l of 4 

Struct~al'1J.i5~0ntinuit~ 
es.cr1pt10n ... Ill :JI a ,... 

GI'- OI Ill .. "OI C . 
(I) QI C QI - +-c - DI .c Lithic Description .. - C L ~ L Cl u 
.. u QI 0 .. u .c ! u- .c ..., ., 
clll Ill OI _ L 0. :, • 1/1= .. ~ 
glll (I) 0 - cL'- Ill Q. (I) 

i-.6 0:: Q. :! -C 

A L s w IV HW r:i'-i UPPER. TOPANGA FORMATION ('nu): 
VT D 

~ 
SILTY SANDSTONE/SANDY 
SILTSTONE; y.Uowillb SRY &o U.bt olive 

I SRY and dark yel.lowiah oranse, fin•· to 
coane-srained aand and ailt and day 
interbeda, modemely cemented, 

(0 i laminated to very thinly bedded, black 
75 

I diacolomion on bedclini planu, widely 
- - . - - - ■paced joint■, part■ alo111 beddin& 

I ~ .' '; 

:/.. 
Bl VT s p I FW I {no recovery due &o UN of modified punch core 

MM SR s II SW so _,bod, ■witched to diamond imprqna&ed 
u . co~ bit at 40') 

26 
__ .., __ ..... ' 
~ SILTSTONE; lisht SRY to dark SRY and pale 

yellowiah oranse to dark yeUowiab orans•, 
15 ■lisbtly .tutic lilt with day, aome fin•- to 
75 '~ medium-pained aand interbeda, 

A VT SR p I SW 15 ,. ..........,,_ ... ,, ............ 
MM 5 s II FW medium bedded 1and■tone layen, cloNly 

■pace roush and ■tepped joint■, pan■ 
z alone beddi111 

75 1 

I lisht SRY lo dark sray, iron-oxide ■tain■ on 
join&■ 20 

. i" 
Bl VT SR p I SW 

I 
SILTY SANDSTONE/SANDY SILTSTONE; 

TH s II FW 60 U.ht SRY to dark SRY, inkrbedded 
nonelutic ■ill with day and fine- &o 
CO-•sramed ■and, weakly cemen&ed, . laminated to thinly bedded, do■ely ■paced , . 
iron oxide a\ained joint■, part■ alone . 

61i . 
bedciinc, 

•n •: --'? 
A L s p I FW ' • . I 

.. '!, · , • 

VT 
., .. 

~~ Q0 

~ 30 ,. • , 
Bl L s p I F , . . -~ 

: .• .rl. 
MM SR s ::--0~ w 65 . -..•. 

~-86 . convoluted, nearly venical beddins 
W) 85 

.. 
111_ 
QI Ill 
t-> 
t. L 
QI QI 

.;it.'~ 

~ 
Q. 

- -
JV. 

. 
-------

35---------
40--------._ ... 

-
4S----------so----------ss-----. 

. 
-. 
-

60----------- -
VJ 



Client PB/DMJM 

Project No.: 92-20S0 

Boring No.: SM-13 
,.. 
X :JI .., ,... 
:JI +-

+- -0..... L -:JI 
QI . Cl/I QI 

,.. ::IU 
QI 0 ~i: X cc ... z > .., -GI .., ~ 0 +-:I 

.&; C -GI u 0 CIT GI .. :, me GI 0 OCII C. 
a. 0:: ~- a: a: UL :JI 
GI a- IIIU. .... 

QI C L -
8 

C 

... Rlli I07:28 87 66 0.4 B - 11/4 J ------- 07:37 -70 -Rl6 07:65 97 68 0 B -... ... ... -... ... ... 

... 
08:63 -15 Rl7 - IOS:60 100 100 0 B ... ... ... ... 

I-... ... 
... 

!08:H -so Ria I09:2ll 98 72 0 B ... ... .. ... 
I-.. ... 
-- 09:32 -85 Rl9 - !09:49 97 77 1.0 B 
- J ... -... -... ... ... 
1-90 lnA:64 ... ruo 12:16 72 72 0 -... ... 
... ... ... 
... ... ... 
1-95 1ffi" 

12:20 ... 12:28 92 73 0 -... 
... ... ... .. ... 
... - 12:llll .. R22 12:40 89 63 1.2 J 

- -
Iv 

LOG OF BORING SM-13 

Project 

Location: 

Page No.: 

Struct'g;a I ✓D.l sc.ont i nu i tw 
escr1pt10n 

D ,-.. +- • Ill :JI 
GIL D Ill .. • OI C . 
en GI C GI - +-c - m .&; .. - C L a-= L GI u 
+-u u .&; Ill GI C .... 
cfll Ill m ·; u- &. .., GI 
_L a. :I 111= +- ~ 
0111 Ill a. en r.n 0 - cl'- GI -..,6 ca:: Q. :I 0 

A VT SR D - F ;ff,~~ 
TH s ... A. ' . . 

~ 
90-
86 

~ . 60 . 
' . 

·~, . I , 
A VT s p - F ~ . ' . 

·f) SR w ;j. .::: 

1· 90 
. 

' 
.. I. A VT - - - F , . . 

,_. ~/2 
~j 

i,~: 
90 

:?j/j . A L s p l F 
VT SR w 

1Jj 
86- t 90 

. .. 
B L s s I F 

MM SR p 16 I.I,• 
·,· ~ 

80 / . . 
16 . . . . . 
80 

:-., ... .. ,, I•• • ... , . 
A - - - I 1' 

Iii} 
'11ft ,: . 85 . . 
11t~ 85 

~ .:.: A - - - I F 

fl· ,)_f~ 
70 

t~ 70 . 
I '¥ 

i;.1.;!J. Bl VT SR s I F ll0 

= The F.artb Tedmology 
-- Corponuioa 

Metro Red Line-Segment 3 

N4162.2.33/E4177843 

3 of 4 

Lithic Description 

UPPER TOP ANG.A FORMATION (Th): 
SILTY SANDSTONE/SANDY 
SILTSTONE; li1h& ,ray to dark ,ray, 
interbedded nonelutic 1ih with day and 
fine- to coane-,nuned ■and, weakly 
cemenled, vertically laminated to thin 
beda, unfractured, locally croaabedded and 
convoluted, pan■ alon1 beddinf 

■cauered carbon fracment■ (driller add, 
de&ercent to driUin1 Ouid) 

- -

pan■ readily alone beddiq, moderately dOHly 
■paced fncturu 

- ll mm hirh ■tep■ alone roucb joint 

.... 
"'-Cllfll ... > 
LL 
QI QI 
~+-

~ 
Q. 

. 

. 
-----
--

70----
------
~ 

T: 
E• 
s • 
T--
1 -

-
80----

-
-----

85----------
no beddinc plane partinp, unfnctund 

~ 
--------

95-----
- healed fracture, ------ -

IVV 



- The Earth Tecbnol E Corporation oe 

LOG OF BORING SM-13 

Client PB/DMJM Project Metro Red Line-Segment 3 
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Sama Merica t.'a.nlains 

I 3 , Metro Re<l line 

Location of Boring 
SM-14 

Figure A-18 





Project Name: Metro Rail 

Project Number: 92-2050 I Boring Number. 

Boring Location: N4162525/E4178016 

Health and Safety: Nooe 

Drilling Equipment Acker Dl 

Drilling Method: Hollow-Stem Auger 

Boring Diameter: 8" 

Hammer Information: 
Dowohole Hammer:140-lb and JO-inch drop. 

:JI 
m .c,.... 0 +-+-

0. Cl,I -0 Description CII CII 
c~ .c ... -..J 

n 
V Concrete (8-l/4w) 

- . , 

= The Earth Tecbaolon 
... Corporation 

SM-14 Sheet 1 of _s_ 

I Elevation and Datum(f eet): 580.3 

Date Started: 6/7/93 Date Finished: 6/8/93 

Total 5S.S 
Depth to 50.8 

Depth (feet): Bedrock(f eet): 
Number of 10 

Depth to 7.3 
Samples: Water (feet): 

Completion Information: see log 

Logged By: Checked By: 

M. Curtis G. Miller 

Samoles 
C u Cl,I~ 

,, ..... 
~ ·-0 L :II Lv C t. 

(/) 111- CJ)+- ::,+- .. ,.. UJ .c 
UI/I-+- O·- CII CII Cl,I o .... ::JII- ... :,,._ 

~ oC > ,._ C 
,..., 

(I) Ill Ill -c 0. _:, ox t.111 ~ C CII ::,- u c:::, e ::n ICC 
0 a::..., 1:1~ '-

Ill C11 

i u -e u- CII .... u -+- a,_ 
~ " 

Cl,I 0 Oc 
~ .... a:: J: 0 

u 
NA NA 

-
-- CLAYEY SAND; dark yellowiah o~• (lOYR 6/6), dry, 

denn, medium-crained 1and with fine-crained 1and -
SC Q.J 

.. and clay - -

- . -
.. - -- -

- SANDY CLAY; dark yellowiah brown (lOYR 4/2), dry, CL 

- : . 
medium atiff, 6w thick -

.. SILT; dark yellowish brown (lOYR 4/2), moiat, medium MH - ·. -.~ stiff, medium to hi1h pluticity, trace fine-crained -- . -·- -- · 1and, micaceoua - -- ----
s- - ..... 

6/6 12/12 -- 1 D ..::=.:.: ~ 
-~ -
--- trace coane-lfained ,and 

- ·:..::. - ..... 
==-=- wet 

.. ~~;:.. -
- ·y · -

- . 

::-...:- SANDY SILT; dark yellowiah brown (lOYR 9/2), wet, 1Hff, ML 

- - low pluticity, 1ome fine-l?'ained aand, trace clay, --- micaceoua 
~~ - - -=: 

- ·=.:.. -
~ --~-. . 

- :-.-~-:. --·-.. - -· 
AV 



Project Name: Metro Rail 

Project Number. 92-2050 I Boring Number. 

> C 
J:" 

DI -0 .... 0 Cl) VI-
Q. QI - Description UIII+-

1 Cl) 111111 QI QI 
0~ .. ::)- u 

u-- ~ 
...J 

A 

iv SANDY SILT; dark yellowiah brown (lOYR 4/2), wet, ■tiff, ML 
~ .. 

- . - low pluticity, ■ome fine-srained ■and, trace day, -- mic:aceoua --.--- ...-_:..-. -- -..r..: - -_ ... ·-- -..: ----- - . ---=-- -
_._ 

-~-- --- - -' -- . -- --· -.. --- ... _- -
----IS- -·-- · -_._. - aomeday 
~ - . -
~ _,_ __.. ..... - - ------=. 

- ~~ --· ---- -·------ -:--..... _...r.:::_, -
~ : • .. - - --·-· --- '-'=~- -
-. . .-

- ~-=-:t -
.. "?~ 

.,;:_~ -- .-~--- -....... 
20 - ... SILTY CLAY; dark yellowiah brown (lOYR 4/2), wet, MH/CH _ . .,. -- medium ■tiff to ■tifr, medium to hirh plutic day witli._ -~ ;;_- ■ilt, trace fine-snined ■and 

--· -1=-· ---=· - : -,_ -
-~ -
=---- --==- -
I~ 

- :_-. --_;::_ 
-:~ -

,..:::-
- -.=--::- --- -- -=-· --· ·-~ - . --

SM-14 

u -DI+-o- L 
-c i QI 
c::> !Ji Cl.I 

(!) :, 
z t-

Qal 2 s 

.... 

...... 
3 D 

---

.... 
Qal 4 s 

.... 

e Tbe Earth Techaology 
._ Corporation 

I Sheet l of 5 

Samples 
.,N 'tJ" :,t :II CL :,+- L .. ,.. L'-' LIJ.C gC QI :,+-

> c" :::,1--lf, .. c ,..., 
_:::, c:,~ tS~ ~ VI QI C QI m8 0 0:::"'"' -E u 

_ .. 
QI GI'"' oC DI-

C Qlt-0:: %: 0 CD LI 
7/28/28 18/18 NA NA 

28/30 12/12 

. 

10/20/28 18/18 



Project Name: Metro Rall 

Project Number: 92-2050 I Boring Number: 

:JI 

r." 
CII 
0 .... -C. II 0 

!~ r. 
+--.J 

-------. --r-:-_,. 

- _: .. =: 

- ·--

- -
---

- .... . 
. ' -

35-

- ... 
.. - - . 
• I - - ·. . - .. 

- . ·-· 

Description 

(aample muddy and aoft, may not be repneentative) 
SILTY CLAY; dark yellowiah brown (lOYR 4/2), wet, _ 

medium atiff to atiff, medium to hi1h plutic clay with 
ailt, trace fme-cn.ined aand 

SANDY SILT; moderate yellowiah brown (lOYR 6/4), wet, 
medium atiff, low plutic ailt with medium- to 
fine-cn.ined ■and 

-
-
-

-
-

-
-
-

SILT; olive sr&Y (SY S/2), moiat, medium ■tiff to ■tiff, trac:• 
clay 

SILTY SAND (SM); moderate yellowiah brown (lOYR 5/4) 
to li1ht olive P"•Y, moiat, medium denae to denae, 
very fine-rrained ■and with ■ilt 

-
-
-
-

-

-
-
-
-

bwder drillin1, dmH to bard 
-
-
-

_ , ~- very fine- to fine-P"ained ■and, aome ■ilt -. 
-
-

- ... . -. . 

C 
-o 

Cl) UI-
U UI+-
en Ill Ill 
::,- u u-... 
MH/CH 

ML 

ML 

SM 

SM-14 

u -Ul+-
o--c 
o:::> ., 
" 
Qal 

L 
Cl.I Cl.I 
.DC. 
Iii :JI :i ... 
6 D 

-

-

= The £ar!b Tecbaolon 
.._ Corporatioa 

:,+-
oC _:, 

CD 0 u 

7/1' 

I Sheet 

Samples 

:II 
L 
QI 
> 
0 
u 
QI 
0:: 

10/12 

3 of s 

NA NA 

6 S 42/46/48 18/18 

-

-7 D s-4/42 1%/12 

-



Project Name: Metro Rail 

Project Number: 92-2050 I Boring Number: 

:JI 

J:." 
GI 
0 .... - Description ID. QI 0 

QI QI J:. 
Cl~ +--..J 

• .. - SILTY SAND; u above . -
- . . --. . . 
- :;,:, ~ SILTY GRAVEL; olive sray (6Y 3/2), moia& &o wet, h~. -

-o, bich plutic ■ilt with sravel up to 3/4" in ■iae, 

- "· .. micaceou■ -
~~ 
(> ,.. -_ .... _ -
... ~ -· . ~ - . ---

- r. •- -
! .. - . . : -

. - , 

- -- CLAYEY SILT; li1ht olive brown to olive ,ray (6Y ---·•- 5/6-3/2), moiat to very moilt, ■tiff, medium plutic: - .:::. .. ---- ■ilt with day, trace fine-(1'1,ined ■and -45- - -
-·· ..-- -.:._- -- . -----_i-- -.-cE"", ... ...,-_ -~--~--- --·· .... _ -- . -•=-•· --~-""=· · --.. --· _,.. -· . . . ' . SAND; moderate brown (5YR 3/4), moiat to wet, very 
: denH, coane-,rained ■and, trace ■m and - . · .. -

·. 
medium-(1'1,ined 1and 

-. -
., 

- -
so- . . -

. . - -.. 
- ---~~ INTERBEDDED SILTY SANDSTONE AND SILTSTONE;_ .,., banded srayi,h oranre (lOYR 1/4) and srayi■h blue . ·-'. ~ --,, (6PB 6/2), hi1hly weathered, thinly bedded - .: . -'' •. :;\~, - ~ -·"-' -. , . . 
~ ~-,; - ... ~ :"" -
. " .. ~,, 

- -~-> ··· -... ~ . . ~. \. 
''. -~ -- -' -..... 

'"\: 
-"'\. -~- -
-· .':- -

. :·<·. · ,. ,. --

SM-14 

C: u 
-o -U1111- GI+-

U Ill+- o- L 
~111111 ci:§ ~ QI -u 0. u- GI I :JI 

Ip (l) t-

SM Qal 8 s 

GM -

CL/ML 

g 1> 

-

SP 

10 's 

Ti -

= Tbe Earth Tecbaology 
-. Corporatioa 

I Sheet 4 of s 
Samples 

.,x ~" ,. 
:JI .51: L <v ::,+- L 

~1 oC QI :::,+- '...,;, > 0,.. +- C _:::, ox C: QI 

ca8 0 _,. GI 
a:: '-' -e u --QI'- oC OI-

QI C ·Qlt-
Ill: i:8 IC 

48/60 12/12 NA NA 

19/60 11/12 

-

38/50 12/U 



Project Name: Metro Rail 

Project Number: 92-2050 I Boring Number: 

:JI C DI ~" 0 -o 
+-+- UJ 111-- Description U Ill+-C. GI i QI GI UJ 111111 
c~ +- =>-u - u-

..J .... 

SANDSTONE; arayiah blue (5PB 5/2), fine-arain•d nnd, .. . 
laminated, moderately weathered, apparent dip 47 _........,;..:_ 

\ degreea 

- Bonne terminated at H .5 feet by refuaal. -
Groundwater encountered at 6 fHt. 

- -
- -
- -
- -
- -
- -
- -

60- -
- -
- -
- -
- -
- ·-
- -
. -
. -
- -

65- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

1 .. ,, 

" 

SM-14 

u -Cl+-
o- t. 
-c QI QI O=> .c Q. 
Qt e ::JI 

(!J jt-

Tt 11 D 

= The Earth Techaology 
-. Corporatioa 

I Sheet s of s 
Samples 

~ 

a,N 1J" :JI :JI C t. ::3+- L t...., 
+:~ uu: 0C QI c" 

::, +- '..., _::, :> ON ij~ +- C C QI Ill GI a:10 0 0::..., -+- -E u 0 
oC o,-QI 

C GI I-0:: J: 0 u cc 
50/4" 1/4 NA NA 

- -





LOGS OF BORINGS R-8 AND R-9 DRILLED IN 1989 

060793.APN/ 92-2050-01 





LOG OF CORING R-8 
q ~ Earth Teclrnolag 
-. Corporation 

Metro Rail Project; Rock Corine - Santa Monica Mountains 

Project Nurcer: 89-409 I Corehole Nuat': R-8 1 of 6 

Corehole location: Fredonia Avenue 

Dr illing Equipment: Failio& 750 

Drilling Method: Rotary Wash 

Nx Core 

H111111er l nfonnation: 

SPT Hammer: 140-lb and 30-ioch drop. 
DOWNHOLE Hammer: 29S-lb and 18-inch drop • 

• t.. :J 
.r:"" ·Z D t.. .... 0 I C 
a.. :, . :, 

• • • • ... 0 a 
0~ 

... ~ • u w .., ... It 
D It 
I-

NIJ. N / J. 

-s 660 

--10 655 N 1 ,. Ni.. 

650 72 N/A 

u 
-4 
a.a 
0 ◄ 

'"4 C 
D:::, • c:, 

U--4 
-4 D Lithic .r: Jl 
., E Description -4 :J 
.J ., 

-.ASPHALT 
SILTY SAND; Medium io dark IRY• fill 

mac.rial. 

. . •: · SAND· 
·-::-:. : ' 

:·/. : Firmer. 

~ CLAY; Medium denae. 

:_:: :· : SAND; Dark yellow. 
••.· . 

I CLAY; V •rr dark srey, moiac, mea1um 
denae, 1li1htly 1ilty, occuional snnl up 
to l/l2•inch•1ise. 

Ru. 
6-45-,.....~...,...--l Soil 

NI A NI A · ·· : 1- SILTY SAND; Grey oran1•, moil&, denM. '' ,, t-,rT-.,cw:-ir.:..--:::::::'-~.::;:;~;;;:;.:;;,;..;:.::.,;!..=.:.:=:::::..:::::;,::::.:..:::.:.:;::.:...Jj 
~ SAND(STONE); Grey oran1e, fine 
-.;:::::::. sn,ined, 1ubuirular, wnthered, friable, 
-:::-......:. poorly cemented, interbedded with 
~ - medium dark IN>', poorly cemented 
,:..?: ailtetone and •liirh&ly 1ilty, firm 
.;.::_~ c.layatone . 
. ~ ..._ ... 
~ :-:-:=... 
i-=
~ ~ 
~ ~ -
~ 
~· . 
..;._-

Elevation and DatUll(fNt): 

Date Started: S/16/89 

Total 
Oepth(ffft): 200.S 

665 

Date Finished: 5/19/89 

D-.>th to " 
ledroclc(fffO: .0.5 

3-inch 

• L 

Piezcmeter 
Instil lat ion: 

L0911ea ly: 

YES 

Steve Townsend 

:, a 
.. 0 
~ .J 

Structural 
Description 

L 

"' 

Oepth(feet): 80 

Checked ly: 

Fred CHEN, GE 

Remarks 

Set Cuin1 ll 1% CNt. 

OVA Htadapace IUI ppm 
Dip approximately 50 desnu. 



LOG OF CORING R-8 
• The Earth Technology 
'-ii Corporazion 

Metro Rail Project; Rock Coria1 - Saata Moaica Mouatalas 

Project Nl.lltler: 89-409 I Corttlole Nuaber: R-8 2 of 6 

~ ... 
"'4' 
Q.. • • c~ ..., 

,-55 

I 
I. :I 

· Z 0 I. u. C 
:) . :) . 
! • ... a a 
II.I~ • u . ..., .i • a: 

- . - Ea: 
71 NIA 

u ... 
Q,6.1 
0 ◄ 

... C 
0~ • C, 

Tto 

u ... 
... 0 
~ .0 
"" Ii ... :I 
.J ., 

Lithic 
Description 

'.°'.='. SANDlSTONE); Medium darlr. JrlY, 
':::;. moderately hard, moderately cemenced, 
~: fine crained, 1ubancular to 1ubrouudtd, 
~ . with 1/12· to 1/5• inch•tbick oxiciiaed 
~: IOnN. 
~ -

~ -
~ -
i.:=-· 

• I. 
::i a 
""0 
~ .J 
s. 
u. 

Structural 
Description 

630 ~ .. ;: 
15 N/A Ttf SILTSTONE; Medium dulr. crey t o dark 

625 64 N/A 

620 

615 
100 N/ A 

6lO 86 N/A 

605 80 0 

6001~-.... -~ 

olin IN'Y, nry th.inly interbeddtd with 
clayatone. 

SILTSTONE; Medium CNY to medium 
dark IN'Y, moderately hard, znoderately 
cemented, interbecidtd with meciium 
dark cnr, waxy, firm to ,tiff claya&one. 

. := SANDSTONt.; Medium ere,, deme, hard, 
~ : moduaiely c■meated, very fin• craintd, 
~ : 1ubanswar to ,ubroundtd. Some 
~· ailt,tone. 

G... 
~ ......... 
~ Harder at ~1.9 !Nt. 

-= 
~~· SANDSTONE; Medium dark cnr to dark 
~ · olive JrlY, denN, hard, moderately 
~ cemented, very fin• crained, interbedded 
~ with 1iltatone and medium dark cnY to 
~ dark olive C"Y, waxy, atiff clay1tone. 

~~ --~ -.·. -= 
~ 

.:£#.. SANDSTONE; Medium dark cnY, bard lo 
i:IE= very hard, locally eemented, fin• crain■d 

----..: to very (me cruntd. Dark olive cnr, 
~ waxy, atiff, claya&on• ill fractura . 
...__ . 
~ : 
~ ..=-
~ 

Up to 3-inch-chick clayatone 
interbeda. 

Clayatone•fill■d fractuna. 

lt1P:,ard:;:.;;::;ar;:.,:D;,:;n,;;·1:;;;lin~c,.;:a.:.t..;eG;;;._,;l.:.":;.;t;;.. . ..,..-.,.... ..... ..,..-,•i=F;;;;;;iDip appraxima&ely 60 to 10 
SILTSTONE; DenM, hard, interoeclded deer-. Numerous v■nical 

with cnr black to cnr creen, nry fractune with eome minor 
flne•crained to fiDe•crained, 1ubanswar vertical offNt up to 1/2 inch. 
to eubrounded 1andatone and cnyuh = Collvoluted beddinr. Partinp 

.·~ II creen, firm, wuy clay1tone. , alonr clayelone interbeda. 
~ : SANDSTONE; Medium licht JrlY, de-. 
":;=..,:: very hard, 1tn1ncly cemented, fine 
~ : crained, ,ucroeic, textured. Trac• black 
:::E:=. minerale. Noncalcareoua camenla&ion. 
~ Gndinc to pooriy cemented, friable 
~ aandatone at M feet. 
~ . 

£. 
~ 
~ -
. :-=;. 
~ 

Remarks 

OVA Headlpace 6.1 ppm 

5/15/19-5/18/19 

OVA Headapau 5.1 ppm 

OVA badtpound 5.4 ppm 

OVA Headapace 5.1 ppm 

OVA Headepace 5.e ppm. 
Poor reconry due IO lack 
of penetration. 

OVA Headepace 6.6 ppm 

Pit cher 200-250 p1i 



Project N~r: 

• L :a 
J:,.. ·Z 0 L d .... tJ • Q. I ::> I ::> . 
I I I I ... 0 a 
0 ... ...... • u .., W.., +' I a: 

--- ~ a: 
--- 100 82 

.... 75 sgo.....,_....,._.,. 

- 80 585 -+-3""3,--.,lf-=-3 7~ 

... as sao--..... --< 

.... 90 s1s-a-1--1_3_7_ 

•95 570+--..... ---t 

>-100 565 -+-7~5,-,.-1-_...,.,.--1 

... 105 560--..... ---t 

LOG OF CORING R-8 
q TM Earth T~cluroiogy 
-. Corporalion 

Metro Rail Project; Rock Coring .. Santa Monica Mountains 

89-409 I Core/tole Nuicer: R-8 
u ... 
D+J 
0 ... 
-< C 
0:) • Cl 

TtC 

u ... 
... 0 
.t:. .a 
.. Ii ... :, 
.J ., 

Lithic 
Description 

- SANDSTONE; Medium dark crtY, deme, 
~ : hud, 1tron1ly cemented, fin• cn,ined to 
':S:: medium rr-ained, aubansulw to 
..::::-_. ,ubrounded, interbedded wilh du-k olive 
-::3;:-· rrer, firm, waxy clayaton•. Trac• calcite 
"=:::.· within partinp. 
~ -
E. -·-@ 
.:.:::::-· :::--·-=-
~ 
~ - ·· ::=. 
~ ..=-:-:. SANDSTONE; Medium dark rr■Y, den■e, 
~ modera&•IY hard, mod•rately cemented, 
-- · · medium cn,ined to fine ,nined, 

I aubangular to 1ubrounded. I 
SILTSTONE; Dwk oli.,. snY, (inn, 

moderately c•mented, very fi■- cn,ined, 
~ I with clayatone alone beddinJ planea. 1 

:=- SANDSTONE; Medium dark pey, 
~ moderately cemented, fin• cnined to 
-=-_:i medium cn,ined, laminated with 
~-- 11lt1tone . 
. . ........:. -= .. 
·--== 
~~ 
-=· · __;. 
~ --
-=.:.. . 
,.:::,-.: SANDSTONE; Medium dark rr■Y, denH, 
_::. very hard, fin• cn,ined to medium 
-~ - cn,ined, etronsly cemented with calcite, 
~ - interbedded with ailutone. 
...=_:_;," Vt~ thinly bedded, dark olive cnen, firm, 

mr
: aaltatone. 

SANDSTONE; Medium darlr. rr■Y, 
moderately hard, moderately umented, 

.:=. medium ('rained to fin• ('rained. 
~_;;,: SILTSTONE; Dark olive rrer, very thinly 
7_;; bedded. 
i:::-:: 12 • to 3•incil-thick clayacon• aon• at 
~ : concact. 
~- SANDSTONE; Medium dark cnr, 
~ mod•rately cemented, frial)le. 
~-.·.-..=,--· 
~ - SANDSTONE; Medium duk creY, fine 

_....;_ cn,ined, 11ron1ly cemented, hard, very 
- chinly interbedded to laminat.d with 
111111 medium dark olive •iltaton•. 
--:-=;. SILTSTONE; Medium dan: creY, hud, 
7_i moderately cementltd, very thinly 

- · interbeddtd with fine cn,ined aandatone. 
SANDSTONE,-Medium dulr. ,ny, friable, 

poorly cemented, fine crained. 
SILTSTONE; Medium dull creY to darlr. 

olive CNY, moderately cemented. 

Structural 
Description 

Dip approxirnat•lr 70 decrwa. 
Thickly bedded ,andatone ( up 
to S (ool thick) with thin (up 
to 1/4-inch•thick) clayatone 
interbeda. Convoluted 
beddinJ. Putinp alon1 
clayatone interbedl; 
Slickenaided partinp eurfac•. 
Minor calcite-rilled fracturea. 

Dip approximately 70 des,ea . 

Convoluted beddinJ. Partinp 
alone clay,tone interbech; 
Slicktnaided partinp ,urfacea. 
Dillturbed &one (vertical 
orcanic aonea up to 1/2 inch 
lone) • 

Di!) approximat•IY 70 des,ea. 
Convoluted beddine. Partinp 
alone 1iltetone interbeda; 
Polished partinp •urfacea . 

Dip approximately 70 decnea. 
Partinp alon1 claya&one 
interbed■; Slicllenaided 
paninp 1urfaca. 

sheet 3 of 6 

Remarks 

Oil stain■ in drillin1 mud 
at 96 r .. ,. 

5/16/89-5/17/89 



Project Nllli>er: 

90 

0 

a 
a:: 

52 

--us sso,~--+---1 

-no 5-45,~
8
,.,,
8
-+-4--0 -l 

- US S-40 SIi 41 

i-uo us 
96 

.,_ us 530,~1"'00,..+""7-4 -I 

~ 

'-140 525 II S2 

1-145 520 117 
~ 

~ 

37 

72 

LOG OF CORING R-8 
q ~ Earth TedrnaloKJ 
._ Corporation 

Metro Rall Project; Rock Corin& - Santa Monica Mountains 

89-409 l Corehole Nuar-: R-8 

u ... a., a ... 
~ C 
Q :J • Cl 

Ttf 

o-
... D 
~ .a ., ' ... :I _, ., 

Lithic 
Description 

ITTIHI SILTSTONE; Dark olive SNY 1o dark crer, lliUU moderaialy weak, modera&ely ce-ced, 

- -· waxy. ' i.=:-:· SANDSTONE: M..uum dark rn:, 1o dark 
".=-: IN)', 1m• sn,ioed, modera&ely cemen&ecl, 

II 

weak, friable. 
SILTSTONE; Dark srer to darlr. oliYe crey, 

moderasely cemu&ecl, modera&ely hard, 
waxy, laminated with aandttone a.nd 
firm, waxy, daywlone. 

.,=;:: SANDSTONf;; Medium dark CNY, fine 
~~ cruned, moderacely cemuted, friable, 
~ :: interbedded with ailulone and darlr. IN)', 

,;?.. firm, acronci:, cemenced, waxy, 
.:::i:f::· clayeloa■• 
~ - Trace of orpnic mauriala al 122 f .. c. 
~:: 
-:.:::=::. 

SIL"1·::.TONE; Dark oliYe CNY, weak lo 
firm, locally cemented. 

-:::f::: SANDSTONE; Medium darlr. ire:,, m■diwn 
~ - sn,ioed to fuie snined, moderately 
E.. cenwn&ecl, wealr., friable, aubanculu to 
~ - 1ubrou11ded. 
-::;;;; 

~ - Vary thinly interbedded, dark sr•Y 
~- ,iltacon• and darlr. oliYe CNY clay,cone. 

~ : 
~ :- SANDSTONE; allematinr moderate and 
~ : atronr cementacion. Moetly 1ilic10ua 
£ . cementatioo ucept for on• calcareo1111 
~ &0ne. 
~ --: 

SILTSTONE; Darlr. ire:, co dark olin 
rraY, moderately c■-ted, wealr. alone 
beddine plan•, Yery thinly interb■dd■d . 
with 1U1dato11e. 

:s:=.:. SANDSTONE; Medium darlr. CNY, fin• 
~ ,nilled, 1ubanrulu lo ,ubrounded, 
1-::E::.: moderately c,men,ed. 
@: Calcanoua cem■ntation at 142 r .. ,. 
iE, Medium dark CNY lo dark CNY ailtlton• 

.. ~ : interbecl at 143 '"'. 
~ : Darlr. oliYe CNY, wazy, aoR to ,tiff 
~ da:,,ton• interbed a& 143.S fNt. 
~ - Numero1111 Daclr. CNY to dark olive lftY 
~- 1iltatone inHrbeda in the 145-150 depth 

~ - interval. 
i-="" 

~ : 
~____:. 

• L. 
:i a Structural . 
.. 0 
~ -' Description 
L. 
I&. 

Dip approxima&ely 70 desna. 
Pa.nine■ alone da:,,&one 
inlerbeda; Sliclteneided 
paninp 1urfacea. Parall■l lo 
,ubparallel in&erbeda. 

Dip approximacely 70 desna. 
Partinp alone day.con, 
interbeda; Poliahed paninp 
aur!aa■• Parallel to 
1ubparallel interbeda. 

Dip approximately 70 derna. 
ll'ftCWU', clilconlinuoua, = ei-ly ,paced, clOMd, roueb 
(ractwu in US-125.5 depcb 
mkffal. Slkkenaid■d panillp 
aurfacu. 

-

Dip approxima&■ly 70 desi--
ConYoluced beddinc. 

Diaconcinuou.t, widely ,paced, 
cloe■d Craccuns. 

Dip approximately '10 decrea. 
ConYoluted beddinr. Partinp 
alone 1ilt1tone and clayetone 
inlerbeda. 

Dip approximately 70 derna. 

Dip approximately '10 decn-. 
Richly ■heared, 1/2-inch-widt 
clay,tone Nun at 145.5 fnt . 
Irnrular, clilcontinuoue, 
cloeely ■paced, narrow to wide 
calc.ice•fllled fraccura in 
148.5-147 depth int-al. 
Dip approlWftately 70 dell'NI. 

shNt 4 o1 6 

Remarks 
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LOG OF CORING R-8 
~ Earth Tecluu,Joi 

-. Corporalion 

Metro Rall Project; Rock Corine - Santa Monica Mountains 

89-409 Corehole Muriler: R-8 lftfft 5 of 

u ... 
a"' 0 ... 
• C 0::, • c:, 

TtC 

Lithic 
Description 

ark cnY co ark o 1ve, very 
fin• sn,ined, moderately cemented, 
friable, weak, very thinly interbedded 
with aandatone. 

; Mediwn dark INY, bard, 
medium rrained, aubansuiar to 
aubrounded, atronrly cemenced. Some 

. . olive black, aoR clayatone. 
::::;· Very thinly interbedded ailutone M 154.S 

. . (NI, 

Fault eoup at UT.S ffft. 

STONE; Mediwn dark rnY, medium 
rrained to fin• rrained, 111bansuiar to 
,ubrounded, atronr ailiceoua 
camentation, pyrite. 

terbedded 1ilt1tone/claya1one/1andaton• 
at 163 (Nt. 

Interbedded 1ilutone/dayalone/1andatone 
at le«! CNt. 

ronc cementa"on. at 168 fnt. 

Stronrly cemented, interbeddad 1ilt1tone 
at 170 CHt. 

SANDSTONE; Altematinr atronr and 
poor cementation. 

Stronrly cemeMed, intarbedded 
ailutone/clayatone/aanciaton• at l 13.S 
fNt, =· Altematinc bed& of lirht snr aandatone 

- and oli•• black 1hal1 at 174.S fHt. 

---·-

DSTONE; Dark srey, etronr 1iliceou1 
cementation, with oc:cuional thin ,hale 
in&ubeda. 

I 
L. 
::i a Structural 
"' 0 Remarks 
~ .J Description 
L. 
L 

Diacontinuou,_.i:JOHIY a0aced, 
norm&! to bed ..... ,, atDoOtD to 
rourh, alickenaided, 
clayetone-lined fractura with 
aomeoO'.Ht. 
Dip approximately TO d•SN•· 
Diaco1uinuoua, d-ly apaced, 
itNrular, up \o 1-inch•thick, 
clayatone-filled fracturu. 
Some ahearinr obaerved. 
Fractuna in aanciatone are 
calciw-lined. 

Dip approximately TO deSN91. 
Irresuiar, diacontinuoua, very 
clOHly to clOMiy apaced, 
rourh, clay-lined (rour•) 
fractura in 157.S-1511 depth 
interral. 

Dip approximacely 50 d•rr-. 
Convotuted beddinf. Poliahed 
partinp aurfacu alone 
clayatone interbeda. 

Dip approxima'91y SO desnu. 
Diacontin.uoua, very cloaely 
,paced, (ractura in th• 
161-169 depth interval. Some 
offaet. Poliahed partinp 
,urfacu. Convoluted beddinc. 

Dip approximately 60 deer--. 
Widely apaced fracturu. 
Poliahed partinp 1urfac11. 
Fractura in aandatone are 
narrow and normal to 
beddinr. 

Dip approximately SO d•rr••· 
Diacontinuoua, normal to 
beddinc, vertical, 
clay1ton1•lined fractura in 
the 171-1711 depth iMer,,al. 

Calcite-filled (ractun at 181.5 
f11t . 
Dip approximately 50 deer-. 
Smooth to •lirhly roush, 
,1icken1ided and poliehed 
partinp aurlacu. 

$/17/89-1/18/19 

Dip approximately 50 defrffl. S/18/89·6/19/89 
Wid1ly-1paced joinn. 

6 
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LOG OF CORING R-8 
The Earth Technology 

-. Corporalion 

Metro Rall Project; Rock Corias - Saata Monica Mouataias 

89-409 I Corellole NUIIDer: R-8 

0 ... a., 
0 ◄ 

0~ • CJ 

Ttf 

0 ... 
◄ D 
.t:. .ll 
4' II 
... :I 
.J ., 

§ . 
~ · ·- · 

Lithic 
Description 

~ 
.:.=:"'.: SANDSTONE; Dark INY, poorly 
§.. -&eel, yery fin• cram«i, 
'.=. SANDSTONE; Dark pey, YffY fin• 
~ p-ained, maaiY• with occaaional thin 
S shale ln&erbeda, ■cronrlY c■mea&ed. 

§ -·· ~ ~ 
~ 

S SANDSTONE; M ... ive, very fine sn,med, ·-'§; aubrouaded. 

~ 
~ -= -- "' 'l'l:al.M!NA"U,U AT :iw.i 

FEET. PIEZOMETER INSTALLED. 
NOTE: Thi, Borehole loc ia bued on field 

daai.fica&lon and Yiaual eoil dacription, 
aad ia further modified to indude reNlta 
of labontory clauifica&ion Cata, when 
aYailab.le. Thia aummary appli• ollly at 
the loca&ion of tbil boriac and a& the 
time of drillillc. Subaudace coaditiom 
may differ a& o&her loca&iona and may 
chaas• a& this loc:a&ioa wi&b p ... ap of 
time. Th. da&a prNUl&ed ia 
aimplifica&ion of a.dual condiuona 
encoun&ered. Th• atn&ifica&ioa lia• 
NpreNJlt the apprmmaie boundary 
betwffft aubeurfa.ce maierial typea and 
th• tnnai&ioa may be cradual. 

• L 
::, a 
.. 0 
i .J 
L 
L 

-

Structural 
Description · 

C.-ted joiata with 
l/4•iach &o l • inch 
displace-ta al lg8 fMt. 

ShNt 6 of 6 l 
I 

Remarks 



LOG OF CORING R-9 
• The Earth T~chnolog; 
-. Corporazion 

Metro Rail Project; Rock CoriDK - Santa Monica Mountains 

?rojeet Nuar: 89-409 I Corehole NUllber: R-9 
corellole locetion: Located at the southwestern corner of 

the Kentucky/Laakershim intersection. 

Drilling EquiFIMflt: FailinK 750 

Elevation and DatUD(feeO: 

Date Started: 5/12/89 

Total 
De,,tn< feet l: 139.2 

shNt I ot 4 

605 

Date Finished: 5/15/89 

Depth to ll 
Bedrock(fNt): 

Drilling Method: Rotary Wash 

Nx Core 

3-iach 

H-r Information: 
SPT Hammer: 140-lb and JO-inch drop. 
DOWNHOLE Hammer: 295-lb and 18-lnch drop. 

I 
I. ::J .r.,., ·Z 0 L ., ., u • 

Q.. ' . j 

• • ... . -< D 
0 '- w!; • u 

V .. . 
0 a: 
I-

N I A 

0 ... 
0 D.&.I . D _, 
a -< C 

0::, 
a: • Cl 

N I A 

u-o 
... D 
~ .0 
4' E ... :, 
.J II 

ASPHALT. 

Lithic 

Description 

SANDY CLAY; Dark SHY', 10ft, cu ■mell, 
fill maierial■• 

>-$ 600 N I A NIA :_::,:-: SILTY SAND: Licht sr•r, firm. 

-10 

-25 

•· .. 
·: .. - . . - .. 
·: .. - . 
•·. 

I._._ .. SANDY CLAY; lichl rrer, medium ■ciff. 
Ra. Nodula in drillinc mud. 

S~S.M-~hrr.-1 Soil 
luv N/ A -~---i!SILTY SAND/SANDY CLAY; Brown co 

1---t----i nw --..::::::-. 1 SHriah brown, den.,e to very dcnH. 1 

sgo 87 N/A Tto 

SIS 100 N/A 

s3o 67 N/A 

7_:;;.-SILTY SAND(STONE)/SANDY 
~ CLAY(STONE); Brownieb or&nc• to can, 
~ :· wea&hu.d, friable, poorlr cemented. 
~ Poorly ended, llna• srained 1and(1cone). :::, . 
- ·.·. 
~ 
. ~ SILTY SAND{STONEJ/ SANDY 
~ CLA Y(STONE); Mottled brown wi&h 
-=:::: rnr, very denH/hard. 
~ x 
~ : 
~ 
~ : :::-. 
~ - SIL':f'Y CLAY(STONE); Dark CNY, very 
~ :- ■tiff. 
$ 
~ 
~ SAND(STONE): Gre7ieh oranr• with 
~ thinl7 incerbec:lded darlt CNY clay(1toce). 
..=:-: 
~ 
~ SAND(STONE); Medium rnr, moderatel7 
::, cemented with 1ilica, fin• ,rained, well 
~ craded, ■uba.nrular to 1ubrounded, 
~ :- in&erbedded with medium dark SHY' 
~ : da71tone. 
:::, : ~ ::=. 

I 
L 

Piezc.eter 
lnsta l lat ion: 

Logged By: 

YES 

Steve Townsend 

:, IJ 
., 0 
~ .J 

Structural 
Description 

L 
IL 

Laminatiom. Dip 
approximawly 20 to SD 
d•cr-. 

Dip approximately 10 d•rr-. 

Dip approximately 70 to 80 
darn•- Interbec:1• up co 1/2 
inch thick. 

Dtpth(fNt): 70 

Checked ay: 

Fred CHEN, GE 

Remarks 

OVA Hudapace 7.0 ppm 

OVA Head■pace 6.1 ppm 

Set cuinr at 8 feet. 

OVA Hu.d■pace 8.0 ppm 

OVA Hudepace 6.6 ppm 

OVA Headapace 6.6 ppm 

200-300 p■i Pitcher 

OVA Headapace 10 ppm 



Project N.,..: 

Project Nllliler: 

• I. :I 
z: ... ... 0 I. . 
........ ..... u ! C 
a.. ::, . 
• • • • ... a C1 
c~ --~ • u . 

Ill "' .... . a: 
a a: 

- - 100 N/A 

. 

570 100 so 

565..--~-I 

HO 100 N/A 

-SO 555 S8 N/A 

" 
~ss 550 71 N7A 

. 
.. 

~60 S,C$ 
58 N7A 

" 96 IN/A 

67 N7A 
-es 540 

so 30 
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LOG OF CORING R-9 
, The Earth TecJurolory 
-. Corporation 

Metro Rall Project; Rock Corine - Santa Monica Mountains 

89-409 I Corehole Nllliler: R-9 sheet 1 of 4 

a ... 
a.,i 
O ◄ 
_. C 
0:) • C, 

Tio 

Lithic 
Description 

~ SAND(STONE}; Greywa 01"&111• 10 
~ m«lium snY, friable, fine srained, well 
,S:: ,raded, 1ubanplar to ,ubrounded, ailica 
;::F:- «-t, tbinly inserbedded wilb medium 
~ daril lftY 1il&a1one and da711&one . 
- ·· ---~ - SAN1,1a, l u•,~; MealWll l"Y. ,sronstY 
e:· c-nled, well ended, aubanplv . 
. -,.::: 
~ - SANDSTONE: Fine srained, u above. 
~ SANDSTONE/SILTSTONE; Medium dark --~ e:: '"7', poorly cemensed, well ,raded, 
$. laminaled wit h dark 1NY day11one. 

~: ~ --.----~ = CU. YSTONE; Poorly cemensed, poorty 
~ ,raded, interbedded with ail&atone. Dark 
~ brown silica with pyrise 1peckelt. 

i 
~ - !llA.NuSTONE; Meaiwn SNY, hard, 

1 ,sronrly cemenled, ,ubansular. 1 

S[LTSTONE; Medium dark to dark INY, 
nry thinly interbedded with dayaloae. 

.· .....:. SANDSTONE; Medium INY, well ,raded, 
~ ■ubancular. 

~ 
~ .·.-
~ -

~ 
-=-

SlLTS"IONE/CU.YSTONE; Medium rrey 
lo dark srey, poorly c1men1ed. 

Harder. 

:,:-c::;. SANDSTONE; Medium 1NY to dark INY, 
---~ moderately cenMn&ed, very fin• srained, 
~ well ,raded, trace calcite. Very thinly 
:'_ interbedded with lillatone and clay11on1. 
~ Same u above except ailica cement. 

:s:: -= ---
~ 

11UlllSlLTSTONE7CLAYSTONE; Medium INY, 
pooriy cenMnted. , 

= 

Structural 
Description 

Remarks 

OVA Headtpaca l4 ppm 
Dip apprmama&ely· 80 deer-. 

Partill1 alonf beddinf plan•. 
Nearly Yenical fraccura healed 
wish silica cemenc, 1 ... Chan 
1/25 inch wide. Laminationa 
approximately 1/10 inch 
thick. Dip approximately 153 
d•lf"8• 

1/18· to 1/5-lnch•tbick · 
incerbech. 

[nterbeda a.lone beddin1 
planH. Dip approximacely 10 
desna 

100 pei Core 

OVA Head.apace IS.2 ppm 

300 pai Pitcher 

OVA Head.apace 14 ppm 

OVA Head.apace T.S ppm ---t::== Very thinly bedded, 
conYOluted. Small fault 
trac:ture in ,ample . 

Laminated. Dip approximate!) OVA Head.apace 4.11 ppm 
80 d•SN•· 

250 p■i Pitcher 

OVA Head.apace 4.6 ppm 
Dip approximately IO desrff•• 

300 pai P itcher 

OVA Headapace 6.0 ppm 

Dip approximately nrtical. 300 pai Pitcher 
Some paninp alone beddin1 
plan••· Smooch to ,liehtly 
roueh, partly poliahed. 

Dip appc-o><ima,ely .,,,nicaJ. 

Minor clay■ione a.Ions beddin1 



Project N-: 

Project NU!Cer: 

• L. :ll ~-- -~ 0 L. . 
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Q.. j • ::> 
■ I I I ... 0 a 
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0 a: 
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LOG OF CORING R-9 
• The Earth Technology 
._ Corporazion 

Metro Rail Project; Rock Corine - Santa Monica Mountains 

89-409 Coretlole Number: R-9 shNt 3 of 4 

CJ ... 
a"' 0 ... 

.,. C 
0:::, • c:, 

TtC 

(Joo4 
... D 
~ Jl 
4' I 
... :ll 
.J ., 

Lithic 
Description 

CLA YSTONE; Medium dark srey, aofl, 
1li1h&ly •andy. 

SlLTST N ; Dark srey '° DN<lium pwy, 
poorly cemen&ed, 1li1hlly 1&ndy, 
aub-cwu-. 

;:z-.: SANDSTONE; Medium dark rr,iy, poorly 
:::=-, to moderately cemuced with ,ilica 
· c._, , fin. ,nined, ••U sraded, 

aubancwar. 
SILTSTONE/SHALE; Dark JNY, poorly 

cemanted wich calciu, •licht1Y aandy. 
SHALE; Dar.Ir. srey, aofl, ,mooch, 20 

~rune ducica. 

SHALE; Darlr. cnr, ■-th, moderauly 
bard, •troncly celDtllted over a 
e-inch•lonc aec&ioa., lami.na&ad with 
medium pwy, hard, fine-,rained, 
1ubanJUlar, weU ,raded, mocleraiely 
cemen&ed with alichtly calcite, moatly 
1ilica cemeal, 1anda1oae. 

SANDSTONE; Medium darlr. rr,iy, friable, 
poorly cemenl«l, very fin• snined to 
fin• ,rained, well ended, 

-~ : SANDSTONE/SILTSTONE; Moderauly 
· · hard lo hard, ditferencially c1men&ed. 

SILTSTONE CLAYSTONE; Du.Ir. srey co 
medium darlr. srey. 

::=,:. SANDSTONE; Medium sny,poorly 
· · cemented with minor 1ilt110n• alon1 

bedclinc plan•, fin• ,rained, well 
,nded. 

SANDSTONE; Medium srey to medium 
du.Ir. 1NJ, friable, poorly cemenced, fin• 
,rained to very fine ,rained,well ,raded. 

-~ - SANDSTONE; Medium l"Y to medium 
-. - · darlr. l"Y, poorly cemented, fin• ,nined 

to very fllle ,rained, well ,nded, 
laminated with day1tone. 

I 
L. 
J ~ Structural 
i .J Description 

Remarks 
L. .. 

Dip apprazim&Mly 80 deer--, 

V.r, &hinly lamina&ad. 
Dip approxim&Uly 80 decrwa. 
Laminated. 
Dip apprcmma&ely Y1rtical. 
Thinly in&erbedded. 

Dip approximately vertical. 
Laminaled. 
Dip approximately vertical. 

Dip approximauly vertical. 

No atruciur• vieible. 

Laminaud. 

Laminated. 

Thin vertical fracture■ filled 
with clay.cone. Some day 
ball, alo111 fracture,. 

5/12/19-5/lS/ID 

350 p1i Pitcher 

UO pai Pitcher 

OVA Headlpac• , .a ppm 

300 pai Pitcher 

1/12- inch-thiclr. lamination,. OVA Head.pace,., ppm 

350 p,i Pitchar 

5/13/19•5/U/H 
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LOG OF CORING R-9 
The Earth TeclrnoloK:r 

'-iiii Cor-,,orazion 

Metro Rail Project; Rock Coria1 - Saata Moalca Mouatains 

89-409 I Corehole Numer: R-9 
a 
◄ IJ., 
a ◄ 

---4 C 
o::, • c:, 

Ttr 

D ---4 
◄ 0 r. JJ 
4-1 E 
◄ ;I .J ., 

Lithic 
Description 

~ SANDSTONE; Medium cnY, mod•RC4jy 
~ hard, moderately cemented, fine cnmed 
S:: 10 ..,,ry fin• crained, well ended, 
,;:?. 1ubancular,lamina&ed wilb 1ilta&one. 
~ 

~ · 
§. 
af 

• L 
::l IJ ., 0 
i .I 
L 
II. 

Structural 
Description 

Minor mediwn dark cny · 
daytCon• alone laminalion. 

S SANDSTONE/SIL TSTONE/CLA YSTONE;.,__ 
~ Medium cnY co medium dark INY, Lammahd. Numerous 
~ moderacely bud, modera&ely c■-led, clayt&oae-filled, up &o 
~ nry (me sr,uned Co fin• ,raiDed, 1-inch-wid,, email fn.c&ura. 
~ ■ubancu.lar. Ot!MI alone fn.cCuru. 
~ · 
~ 

~ ,-= .. 
~ SANDSTONE; Medium CNY, moderakly 
~ cemenced, fin• ,raiDed, ■ubancuiar IO 
.;.z;:· 1ubrounded,weU ended, 
s 
~ :::-

Dip approxima&ely nnical. 2· 
Co 4•inch-■paced frac&unt 
baled wilb .Ulca cemenl 
alolts bedclinc pl-. 
Con't'Olueed beddinr. 

=. :iANU:fl'UNt.; Lich& en>', nara, IIN>all)' .,__ 
~ : cemented, very fin• ,raiDed lo fine N....ty Ytnical, caldle-fllled, 
~ crained, well ended, ■ubancular lo nanaw fndun a, 124 fN&. 

Im 
■ubrounded, &race mica, lncerbedded 
wilb dark olin cnr clay1&one. I 

SIL TSTONE/CLA YSTONE; Dark CNY Co 
ff.: dark olin creY, ••11 ended, I 

.:= SANDSTONE/SILTSTONE; Dark rreY, 
=: poorly cemented, very fln• ,raiDed, 
:::::::::::;;:: poorly ended, aubrounded. I 

. ·.-~-: 
;:.;_~. 
~ ..,_._._._ 

~ :::. 

CLA YSTONE/SHALE; Dark olin creY, 
fiaaile . 

- ··· · ~ SANDSTONE; Medium dark 1NY Co dark 
~ - olive cnY, fm• crained Co medium fin• 
~ : cru-d, in&erbedded with nry &hinly 
-=.:: bedded claytione. 
~-:"'.. SANDSTONE; Medium dark CNY to dark 
:'E oliYe pwy, poorly eemenled, very fiD• . 
~...,:;,; cnined io fln• ,raiDed, interbedded whh -

COREHOLE TERMINATED AT 131U 
FEET. PIEZOMETEJl INSTALLED. 

NOTE: Thia Borehole 1oc ia bued - field 
clueification and Yiaual aoil deacription, 
and ia further modified Co include raul11 
of labon&ory daaification l•C., when 
available. Thia aummary appli• only al 
&be location of lhia borinc and al lb• 
time of drillinc, Sub■uriac■ condilion■ 
may differ at other loca&ioaa and may 
chanre at Chia location with pauaca of 
time. Th• data p,-ented i■ 
aimi,lificatioa of acCual condiliona 
encouniered. Th• ■tratification lina 
repraent the approximate boundary 
betwHn 1ub■urlac1 material typa and 
&he lranai&ion may'be endual. 

Vvy &binly bedded 
lamiaatioaa and ,mooch 
poli■hed partina alone 
beddinc plan• . 
1/:ZS- &o 1/5-inch-thick 
intarbeda. 

Nwnuoua clay■Cone-fllled 
fraciura. 

Claytione•filled frac&uns. 

lftNt 4 of 

Remarks 

OVA Bewpace ,.a PSIID 

300 pei Pitcher 

OVA Bewpace 6.0 ppm 

310 pei Pilcher 

OVA Heaci■pace 6.1 ppm 
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8.1 GENERAL 

APPENDIX B 
PACKER TEST RESULTS 

A series of packer tests were performed to estimate the hydraulic conductivity characteristics 
of the bedrock materials along the tunnel alignment. Both single and double packer test 
systems were utilized to test selected bedrock zones in the vicinity of the planned tunnel 
envelope. A total of 22 tests were performed in 10 borings (SM-lA, SM-2 to SM-4, SM-6, 
SM-8, SM-9 and SM-11 to SM-13). These tests included 16 single packer and 6 double 
packer tests. The thickness of the test zones ranged from about 8 feet to about 17 feet. 
Descriptions of test setup, procedures and results are provided in subsequent sections. 

8.2 TEST SETUP 

The setup for single packer tests is shown in Figure B-1. In general, the system consists of 
a wireline assembly with inflatable packers, pressure gauges to monitor inflated packer 
pressure and water pressure, a nitrogen tank and a regulator to supply and monitor packer 
pressure, a pump assembly, a water tank, a flow meter to measure water flow and all 

. necessary valves, inflatable tubing and flexible water hoses. The wireline packer assembly 
was designed to be lowered within the drill casing to a predetermined depth. As shown in 

. Figure B-lA, the packers were then inflated with the upper packer sealing the casing and 
the lower packer sealing the boring. The test section extended from the lower packer-boring 
seal to the bottom of the boring. 

The setup for double packer tests was similar to that for the single packer tests and is shown 
in Figure B-1B. In this case, a double packer assembly was attached to the end of the drill 
rod which was then lowered into an uncased boring to the predetermined test depth interval. 
The packers were then inflated to seal off a boring section for testing. The test zone was 
between the two inflated packers. 

B.3 TEST PROCEDURES 

Test procedures for both single and double packer tests were the same. They were 
conducted in general accordance with those specified in U.S. Department of the Interior, 
Water and Power Resources Service's Groundwate~ Manual, 1981. In general, the following 
test steps were involved. 

1. Flush and clean mud and cuttings from the boring prior to conducting the test. 

2. Lower the packer assembly to the predetermined depth interval. 
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3. Inflate packers to seal off the boring section to be tested. Apply pressure equal to 
about the sum of groundwater hydrostatic pressure and 150 percent of the maximum 
test (water) pressure to be applied. If leakage occurs relax and reexpand packer; if 
leakage still occurs, the packers are removed from the boring, the boring is flushed 
to remove loose cuttings/materials, and repeat steps 2 and 3. 

4. Pump water into the test zone under a number of pressure increments. A typical test 
consist of 2 to 6 test pressure increments increasing from lowest to the predetermined 
maximum pressure value (ranging from 25 to 190 psi in this investigation) then 
subsequently decreasing to zero. At each test pressure increment, the water pressure 
is kept practically consistent for at least 20 minutes and the flow intake rates are 
recorded at 1, 2, 3, 4 and 5 minutes and thereafter at 5-minute intervals until at least 
3 consecutive 5-minute readings are consistent. 

5. Move the assembly to next test zone and repeat the above steps 1 through 4. 

8.4 DATA REDUCTION AND RESULTS 

The hydraulic packer test data were analyzed to estimate the range of hydraulic conductivity 
in accordance with methods detailed in the Groundwater Manual by the U.S. Department 
_of Interior (revised 1981). Relevant formulae and interpretations are provided in Figures 
B-2 and B-3, respectively. The results of the tests are summarized in Table B-1. 

Figures B-4 through B-25 present the detailed analyses of the test results with plots of 
average rate of flow versus effective head and cumulative intake versus elapsed time for all 
individuals test zones. These plots are useful in qualitatively assessing the hydraulic flow and 
fracture characteristics of the test zones (refer to the groundwater manual by the U.S. 
Department of Interior, 1981). 
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TABLE B-1. SUMMARY OF PACKER HYDRAULIC CONDUCTIVITY TESTS 

App1oximata Ao0101imat1 EJ.,ation1 Tut No. Type Approximate Elev-1ion• Deoth Below Gr01.11d Surtace Rock Ct>aracteriotics Average 

Boring No. Offset From Grow,d Tunnel Tunnel of Tait Water Topd Solomol Water Topd Bolom al Hydraullc 
Ceniar Una of aurface Crown Jr,yert Tabla Tut r.,t Tabla Teat Tut Type Reco,ary ROD Conductt,ty Remart<s 

AR Track lnteftlal lnlo,.al ln1,.,a1 lnllftlal 
l!eetl Cfntl (fttO (IHU (feeO Cf .. tl (fnO Cfeet) lleetl (feel! 1%1 (%) (cml••cl 

SM-1A 320RT. 492 348 328 t Sngle <176 335 327 16 157 165 Granodiorite:Gouge 75 72 3.3E-OS 

SM-2 130LT. 720 350 330 I Si,gle 512 340 330 208 380 390 Granodiort1e 89 7 9 .2E-OS 

2 Siiglt 299 289 2011 421 431 019nodiortlt 81 5 2 .0E-o! 

SM-3 60LT. 686 350 330 1 Siigla 643 342 332 43 ~ 354 019nodiorit1 97 31 4.3E-OS 

2 Siigle 302 292 43 315 394 Oranodioritt 98 12 5.2E-OS 

SM~ 70LT. 960 375 355 1 Si,gle 863 344 334 97 616 626 Oranodiorfte 100 99 4.6E-08 

2 Double 361 MS 117 599 6 15 Ora-,odioffl• 86 63 9.0E-06 

3 Double 422 406 97 538 554 Granodiorit~/Cru■hed 96 25 1.7E-04 

SM-ti «>RT. 1180 408 338 1 Double 1106 ,es 469 74 695 711 Conglomaralt 100 47 UE-06 

2 Double 408 390 74 n4 790 Oranodiorite 100 19 1.IIE-06 

SM_,, ORT. 1175 450 430 I Singlt 1008 460 «7 167 715 728 Sandllone 100 99 2.3E-07 

2 Siiglt 44-4 433 1117 731 743 SandllonaiSlltstcnt 100 93 ---- No MeHurabla Flow 

3 Sngla 405 388 167 no 78e Sandllone/Si1191cna 100 100 4 .7E-07 

SM➔ 170LT. 1112 479 459 1 Sngle 1008 4811 HII 104 1124 633 Buatt Breccil 19 M 1.7E-06 

2 Siiglt ◄74 465 104 138 64 Baaah Braceil 95 11 e .OE-07 

3 Shglt 434 419 104 678 693 Beaah Br..:eil 99 79 32E-05 

SM-11 30LT. na sze 508 1 Shglo 711 528 518 -3 250 260 Sandllona/SRtllono 100 100 ---- No Mauurable Fl-

2 Shgla •as 483 -3 280 295 Sandllona/SRtllono 100 78 52E-oll 
,. 3 Doublo 913 597 -3 155 111 Sandllono 98 79 4.2E-04 

• Double 623 &07 -3 155 171 Sandslono.lSll:.lone 99 69 3.SE-<14 
· , 

SM-12 230LT. 671 525 505 I Shgle 645 524 510 ze 147 181 S..ndllona/SRtolono 82 48 2 .0E-o! 

SM-13 1DLT. 590 521 SDI 1 Shgla 578 515 500 12 n 90 Sandllonl/SRtllcnl 911 113 1.0E--Oe 
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Probably very narrow, clean fractures. Flow Is laminar with discharge directly proportional to head. 

Firm, practically impermeable material; fradures are tight. Little or no intake regardless ol pressure. 
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relatively large. Flow Is turbulent. 
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Fractures are relatively tight and contain filling material which tends to expand on wetting or dislodges and 
tends to collect In traps that retard flow. Flow is laminar. 
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FIGURE B-4 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: METRO RED LINE, SEGMENT3 
LOCATION: 
DATE: 

LA BREA AVENUE/ LA BREA TERRACE 
11-21-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

•as .. Ground surface 

STAGE 1 : PRESSURE 25 psi 

3.65 
Single 

300 
156.5 to 
165.0 

3.5 

Elapsed , Gage i Flow Meter , Cumulative I 
Time j Pressure I Reading I Intake 
(min) I /psi) : (ft3) : (gal) 

:=·=:=·;·;·;·;·;·n•~:::•;•:•:-~:~•~;:;•~:~;;•:E:·~ ~ ·:.-. > ·•. -: ~ • r ·: :~:~··:: ·::r:·:: ·:•::· ··-::· -~•::· ·:· ·:· .•. ::··:··::~f::;·:~:r<· :::•·-~::°?~-~ 
I 0.000 I 0.0 I 25 I 1842.532 1 

1.0 I 25 I 1842.541 ; 
2.0 I 25 I 1842.552 1 
3.0 I 25 I 1842.565 1 
4.0 I 25 I 1842.577 I 
5.0 I 251 1842.590 I 

10.0 I 25 I 1842.640 I 
15.0 I 25 I 1842.675 I 
20.0 I 25 1842.715 ! 

Effective head (ft) H • 
Average rate of flow (gpm) Q =
Hydraulic Conductivity (cm/sec) 

k•O/ ((Cs+4)rHJ • 

0.0671 
0.150 I 
0.247 I 
0.337 1 
0.434 I 
0.808 1 
1.070 I 
1.369 

82.2 
0.056 

3.5E-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-1A 
TEST NO.: 1 
SURFACE ELEVATION (ft): 492 
ROCK TYPE: GRANOOIOFUTE/GOUGE 
STATIC WATER LEVEL (ft below GS* ): 21 

COMPUTED HEAD LOSS (ft): 
A/r. 
CONOUCTIVliY COEFFICIENT Cs: 

STAGE2 : PRESSURE 49 psi 

0.00 
55.9 
81.8 

Elapsed I Gage I Flow Meter I Cumulative 1 
Time I Pressure I Reading I Intake 1

1 (min) lpsi) i (ft3) (gal) 

001 50 I 1842 730 I 

1.0 I 50 I 1842.745 i 
2.01 50 I 1842.760 I 
3.0 I 50 I 1842.TT2 I 
4.0 I 50 I 1842.785 I 
5.01 50 I 1842.798 I 

10.0 I 48 1 1842.850 I 
15.0 I 48 j 1842.910 , 
20.0 I 48 I 1842.960 I 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k• O/[(Cs+4)rH) = 

0 000 I 
0.112 I 
0.224 I 
0.314 I 
0.411 I 
0.509 I 
0.898 I 
1.346 I 
1.721 I 

137.0 
0.082 

3.1E-06 

FIGURE 6 - 4 
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FIGURE B-4 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

c 0.10 

·e 
....... 
ii 

1111 

- 0.08 • 9 
Qr. 

~ 
0 0.05 
~ 
E-,c 
a: 
c:,,:i 
C 0.03 ,c 
a: 
~ 
< 

0.00 

0.0 

BORING NO: SM-lA TEST NO: 1 TEST INTERVAL (ft): 156.5 to 165.0 

/ 

0 50 100 150 200 250 300 350 
EFFECTIVE HEAD (ft) 

0 5 10 15 
ELAPSED TIME (min) 

SUMMARY 

SYMBOL STAGE AVERAGE HYDRAUIJC 
GAGE PRESSURE CONDUCTIVITY 

(pai) (cm/sec) 

GeeeE> l 25 3.5E-06 AVERAGE HYDRAUUC 
GBB8EI 2 4-9 3.lE-06 CONDUCTIVITY = 3.3E-06 

400 

20 

FIGURE B-4 
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FIGURE B-5 PACKER HYDRAULIC CONDUCTIVllY TEST DATA ANALYSIS 

' 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-12-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS"): 

3.65 
Single 

500 
380.0 to 
390.0 

5.5 

•as - Ground surface 

STAGE 1 : PRESSURE 

Elapsed Gage I 
Time I Pressure 1 

min ! si I 

49 psi 

Flow Meter I Cumulative 
Reading ' Intake 

ft3 al 
. .......... ,._._._ . •,•········---·-·-··••.•.•- -....... _._. -.-.·.··-· -... ..................... -.. -. ...... , ........ --... ............... ······.-,... 

0.0 I 50 I 1722.600 I 0.000 
1.0 I 50 I 1722.615 I 0.1 12 
2.0 I 50 I 1722.630 I 0.224 
3.0 I 50 I 1722.645 1 0.337 
4.0 I 50 I 1722.660 I 0.449 
s.o I so I 1722.670 I 0.524 

10.0 I 48 1 1722.725 1 0.935 
15.0 I 481 1722.780 I 1.346 

Effective head (ft) H • 326.0 
Av.rage rate of flow (gpm) a = 0.082 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH] • 1.2E-06 

STAGE 3 : PRESSURE 148 psi 

Elapsed I Gage 

1

. 

Time I Preuure 
min , SI . 

Flow Meter I Cumulative 
Reading Intake 

ft3 I al 

o.o I 150 I 1724.500 I 0.000 
1.0 150 I 1724.850 I 2.618 

.· . 

2.0 I 150 I 1725,190 I 5 162 I 
3.0 i 150 I 1725.525 1 7.668 
4.0 I 150 I 1725.840 I 10.024 
5.0 1 150 I 1726.150 I 12.343 

10.0 I 150 I 1727.640 I 23.489 I 
15.0 I 145 I 1729.225 I 35.345 
20.0 I 145 I 1730.725 I 46.566 

Effective head (ft) H • 555.3 
2.244 Average rate of flow (9pm) Q • 

Hydraulic Conductivity (cm/sec) 
k•O/ [(Cs+4)rH] = 1.9E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-2 
TEST NO.: 1 
SURFACE ELEVATION (ft): 723 
ROCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS•): 208 

COMPUTED HEAD LOSS (ft} : 
Nr. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2: PRESSURE 98 psi 

0.00 
65.8 
93.5 

Sap■ed I Gage ! Flow Meter Cumulative 
Time Pressure i Reading j Intake I 

1 lmin! I 1psl) I (ft3) , (aaJ) , 
:;:;:~~i*:~~*=~:~:~t,:~:~;~~=~:~~*=~=~:.:.:;::~:~:~::.:4:~;:::~:~~;~:;:~:;:;:;~::::~:~:~:~;~:~=:=:=:=~=~=:::~=:=:~;~:;:::~:~:~:;:::::::;:;:~:~:: ·.•.•.,. .... ;,.. ....... ·.·. ,.·.-. . ......... •,•····· • -❖~---.... ~ ... -. : •. •,. :->:-........ , ......... •,•, .·:•=~•:❖:❖:~.;.: ,•,•,• .. :-~:-:,:-:-;❖;,:.:,:,; • .:, 

0.0 1 100 I 1722.910 I 0.000 I 
1.0 100 I 1722.990 I 0.598 1 
2.0 100 I 1723.085 1 1.309 I 
3.0 100 I 1723.180 I 2.020 I 
4.0 I 100 I 1723.270 I 2.693 I 
5.0 981 1723.360 I 3.366 I 

10.0 98 1 1723.810 I 6.732 I 
15.0 95 I 1724.265 I 10.136 I 

Effective head (ft) H = 439.3 
Average rate of flow (gpm) Q = 0.677 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH) ,. 7. 1 E-06 

STAGE 4: PRESSURE 100 psi 

I Elapsed i Gage ,• 
Time Pressure 
min i 

Flow Meter .
1 

Cumulative I 
Roading 

I 
Intake I 

ft3 I aJ 

0.0 100 I 1730.920 I 0.000 I 
1.0 100 I 1731 .130 I 1.571 I 
2.0 100 I 1731.320 I 2.992 I 
3.0 100 I 1731.515 I 4.451 I 
4.0 I 100 I 1731.695 I 5.797 I 
5.0 100 I 1731 .870 I 7.106 I 

10.0 100 I 1732.745 I 13.652 I 
15.o I 100 I 1733.570 : 19.823 I 

Effective head (ft) H "' 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

444.3 
1.234 

k=Q/[(Cs+4)rH) = 1.3E- 05 

FIGURE 8-5 
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FIGURE 8-5 PACKER HYDRAULIC CONOUCTIVllY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-12-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (peij: 
TEST INTERVAL (ft below GS•) A: 

PRESSURE GAGE HT. (ft above GS9): 

•as - Ground aurfaee 

STAGE 5: PRESSURE 50 psi 

3.65 
Single 

500 
380.0 to 
390.0 

5.5 

, Elapeed Gage 
i Time j Preaaur• 1 

min 11 I 

Flow Meter 1· Cumulative 
Reading Intake 

ft3 I al 
~~~Hf~f;~~*~r{:~~~:~~~~t~M~~t:W.~~tf:tf.~¥~:~~*tr:~;r.~i~:rH~Bfl*~~:~~z~~~f-~f =~~~*~~:~ 
! 0.0 I SO I 1733.730 0.000 

1.0 I SO 1733.81 O 0.598 
2.0 I SO 1733.895 1 .234 
3.0 I SO I 1733.975 1 1.833 
4.0 I SO I 1734.055 I 2.431 
5.0 I SO I 1734.130 I 2.992 I 

10.0 I SO I 1734.500 I 5.760 I 
15.0 I SO 1734.82 
20.0 , so I 1735.125 1 10.435 I 

Effective head (ft) H • 
Average rate of flow (gpm) a • 
Hydraulic: Conduc:tivity (c:m/aec) 

k•Q/((Ca+4)rH) -

328.9 
0.'468 

6.SE-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-2 
TEST NO.: 1 
SURFACE ELEVATION (ft): 723 
ROCK TYPE: GRANOOIORITE 
STATIC WATER LEVEL (ft below GS•): 208 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
65.8 
93.5 

FIGUREB- 5 
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FIGURE B-5 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

8 
.a. 3 
.a. 
0 

r.:l 

~ 2 
Cl: 

r.:l 
c., 

~ 1 
$? 
< 

BORING NO: SM-2 TEST NO: 1 TEST INTERVAL (ft): 380.0 to 3go.o 

0 ~---.,.lol,--.-....--.......,__,.. ........ ..,.....,,......... ........ .......,,......... ........ .......,,......... ........ ..,.....,,......... ........ ..,.....,,--.-...,......,.....,,--.-...,.........-. 

50 

.-.. 

] 40 

c.l 
:,c 

~ 30 
~ 
t&l 
> 
i::: 20 
j 
::;) 
~ 
~ 
u 10 

0 

300 350 400 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

1 
2 
3 
4 
5 

GAGE PRESSURE 
(psi) 

4g 
96 
148 
100 
50 

450 500 550 
EFFECTIVE HEAD (ft) 

10 

ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/sec) 

15 

600 

1.2E-06 
7. lE-06 
l.9E-05 
1.3E-05 
6.5E-06 

AVERAGE HYDRAULIC 
CONDUCTIVITY - 9.2E-06 

650 

20 
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FIGURE B-6 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-13-92 

LOCATION: 
DATE: 

BORING SIZE (In.) 2r : 3.65 
Single 

520 
421.0 to 
431.0 

3.7 

PACKER CONFIGURATION: 
PACKER PRESSURE (psi) : 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above Gs-i: 

•as - Ground surface 

STAGE 1 : PRESSURE 50 psi 

I Elapsed I Gage I Flow Meter J Cumulative i 

\w:,A~n;·, .. ,
1

. -":::=.i\~~:1}. · ':.:,;:~:::~~t~.;:;.f.;::.x~::: 
1

,1~2~:·:7J 
j . . .. .. 0.0 I. m 50 I 1786.680 I 0.000 

, 1 .o I 50 I 1786.720 I 0.299 
2.0 I 50 I 1786.761 I 0.606 I 
3.0 i 50 I 1786.81 2 ! 0.987 I 
4.0 I 50 I 1786.881 I 1.504 I 
5.0 i 50 I 1786.950 I 2 .020 

10.0 I 50 I 1787.315 I 4.750 
15.0 : 50 I 1787.640 I 7.181 
20.0 : 50 I 1787.960 I 9.575 

Effective head (ft) H • 327.1 
Average rate of flow (gpm) a .. 0.483 
Hydraulic Conductivity (em/see) 

k-Q/((CH◄)rH) - 6.8E-06 

STAGE 3 : PRESSURE 150 psi 

I Elapsed , Gage I Flow Meter I Cumulative I 
Time . Pressure , Reading I Intake 

I {min) I Je•2 I __ jfl3! . . :_ (Sal) . 
#~=~~)~:f~/~~=~ ~~t:~~i::~~~f:~:~~~=~r:~~~:~~ff ~=~r~f~~~:;:~:-:~J~=~~~=~r{:~~~=~~~{:~l=~:~tr~n~~=~~t~~~:\:~:~ 
! 0.0 I 150 I 1795.700 I 0.000 I I 1 .0 I 150 I 1796.320 I 4.638 1 

2.0 I t50 I 1796.905 I 9.014 
3.0 I 150 1797.500 I 13.465 
4.0 • 150 I 1798.075 I 17.766 I 
5.0 I 150 I 1 798.645 I 22.030 I 

10.0 I 150 I 1801.355 I 42.302 
15.0 I 150 I 1803.810 : 60.667 

Effective head (fl) H • 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) = 

557.8 
3.673 

3.0E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-2 
TEST NO.: 2 
SURFACE ELEVATION (ft): 723 
ROCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS•): 208 

COMPUTED HEAD LOSS (ft) : 0.00 
65.8 
93.5 

Air. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2 : PRESSURE 100 psi 

Flow Meter i Cumulative , 
Reading Intake 

ft3 al 
•,•.· ,• .. ,. ,·.•,•·····-.············•;.•. .......... •.•,•.-,\•,•,•,..-.•.·.•.•;,•.· ·- ·•-•.•············: .. ·,·-·······•·-·.·.-.•.-.•,·,·,·:. ·•'•'•·· ···············•-·.-...... 

o.o I 100 I 1788.300 I 0.000 : 
1.01 100 I 1788.625 I 2.431 I 
2.0 I 100 I 1788.961 I 4.945 I 
3.0 i 100 I 1789.430 I 8.453 I 
4.0 I 100 I 1789.697 I 10.450 I 
5.01 100 I 1790.072 1 13.255 I 

10.0 I 100 I 1791.832 I 26.421 i 
15.0 I 100 I 1793.530 I 39.123 I 
20.0 I 100 I 1795.068 I 50.628 I 

Effective head (ft) H = 442.4 
Average rate of flow (gpm) a = 2.421 
Hydraulic Conductivity (cm/see) 

k•O/[(CH4)rH) = 2.SE-05 

STAGE 4 : PRESSURE 1 04 psi 

Elapsed I Gage 
1 

Time I Preaaure 1 

min) I si 

Flow Meter I C1Jmulative , 
Reading Intake ; 

ft3 al : 

0.0 I 100 I 1804.350 I 0.000 I 
1.0 I 100 I 1804.705 i 2.656 I 
2.0 I 100 I 1805.055 I 5.274 I 
3.0 I 100 I 1805.405 I 7.892 I 
4.0 1 100 I 1805.742 I 10.413 I 
5.0 I 100 I 1806.075 I 12.904 I 

10.0 I 100 I 1807.675 1 24.873 I 
15.0 I 110 I 1809.111 1 35.615 ! 
20.0 I 110 I 1810.460 I 45.706 i 

Effective head (ft) H c 451 .1 
Average rate of flow {gpm) Q "' 2.083 
Hydraulic Conductivity (cm/see) 

k=O/((Cs+4)rH] = 2.1E-05 
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FIGURE B-6 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-13-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

*GS • Ground ,urface 

STAGE 5 : PRESSURE 50 psi 

ElapHd I Gaie ; Flow Meter 
Ti~• ,· Prns_ure j Reading 
min , t 

3.65 
Single 

520 
421.0 to 
431.0 

3.7 

:::;t:¥~i?;i;t~;~:~:~~f;::~~t:~;:::~~;: .4~~:=::& 
i 0.0 I 50 I 1810.720 I 0.000 I 
I 1.0 1 50 I 1810.899 I 

2.0 1 50 I 1811.075 1 
3.0 50 I 1811.250 I 
4 .0 50 I 1811.4181 
5.0 50 I 1811.580 I 

10.0 50 I 1812.409 I 
15.0 50 I 1813.210 I 

Effective head (ft) H • 
Average rate of flow (gpm) a • 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH] • 

1.339 
2.656 
3.965 
5.221 
6.433 

12.635 
18.626 

327.1 
1.219 

1.7E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-2 
TEST NO.: 2 
SURFACE ELEVATION (ft) : 723 
ROCK TYPE: · GRANODIORITE 
STATIC WATER LEVEL (ft below GS*): 20S 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0 .00 
65.8 
93.5 
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FIGURE B-6 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

-;; 
lie -

c.:i 
;:,,:: 
< 
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~ 
e:: 
:s 
:::i 
::E 
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BORING NO: SM-2 TEST NO: 2 TEST INTERVAL (ft): 421.0 to 431.0 

~5~--------------- ----------~ 
s 
' :,, -,a: s 
'"'- 3 
(a. 

0 

c.:i 

~ 2 
~ 

c.:i 

" < 
~ 1 
:> 
< 

0-+--,--,......,.--,--,--~--.--.-~ ........ -.-...-.--.--,--.,....., ........ -,--..,......, ........ -,--.,.....,,--,---,--.--,--.--.-......-< 

100 

80 

60 

40 

20 

0 

300 350 400 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

1 
2 
3 
4 
5 

GAGE PRESSURE 
(psi) 

50 
100 
150 
104 
50 

450 500 550 600 
EFFECTIVE HEAD (ft) 

10 
ELAPSED TIME 

HYDRAULIC 
CONDUCTMTY 

(cm/sec) 

6.8E-06 
2.5E-05 
3 .0E-05 
2.lE-05 
1.7E-05 

15 
(min) 

AVERAGE HYDRAULIC 
CONDUCTIVITY = 2.0E-05 

650 

20 
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FIGURE B-7 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-11-92 

BORING SIZE ~n.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (pai): 
TEST INTERVAL (It below GS*) A : 

PRESSURE GAGE HT. (It above GS*): 

*GS • Ground surface 

3.65 
Single 

400 
344.0 to 
354.0 

5.9 

STAGE 1: PRESSURE 50 psi 

FlowMeter 1 

1712.980 I 0.000 

1.01 1712.990 I 0.075 
2.01 1713.005 0.187 
3.01 1713.015 0.262 
4.01 1713.025 I 0.337 
5.0 I 1713.035 1 0.411 

10.0 1713.090 I 0.823 
15.0 1713.135 1 1.159 

Effective head (It) H = 164.3 
Average rate of flow (gpm) a • 0.067 
Hydraulic Conductivity (cm/HC) 

k•Q/[(Cs+4)rH] = 1.9E-06 

STAGE 3 : PRESSURE 160 psi 

Elapsed I Gage : 
Time I Pressure 1 

1714.140 I 
1714.250 
1714.355 I 
1714.4551 
1714.530 
1715.015 I 
1715.470 

Effective head (ft) H .. 
Average rata of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH] = 

Cumulative' 
Intake 

al 

0.000 
0.898 
1.721 
2.5061 
3.254 I 
3.815 I 
7.443 

10.847 

418.1 
0.703 

7.7E-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-3 
TEST NO.: 1 
SURFACE ELEVATION (It): 686 
AOCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS*): 43 

COMPUTED HEAD LOSS (ft): 0.00 
65.8 
93.5 

AJr. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2 : PRESSURE 100 psi 

Elapsed I Gage Flow Meter ; Cumulative: 
Time Pressure 
min si) 

Re~~ing I lnt~e 

1~~{:~:f~=~:~:i:~~=}i~=~}}tr~:~~~=~~~:~~~f~:~:~~:\:~~:~=~~=~~:~:~:n:F~~~:~=~~=~=~~=~:;:~:}~:'.}~:~:~:~:f::~~~:~~:~:.;~~=~~(:~:~:~=~:~:~~=;: I 0.0 I 100 I 1713.260 I 0.000 : 
. 1.0 I 100 I 1713.315 I 0.411 I 

2.0 I 100 I 1713.370 I 0.823 I 
3.0 i 100 I 1713.420 I 1.197 I 
4.0 100 I 1713.4651 1.534 I 
5.0 100 I 1713.510 I 1.870: 

10.0 100 1713.725 I 3.478 I 
15.0 100 I 1713.920 ! 4.937 i 

Effective head (ft) H = 279.7 
Average rate of flow (gpm) Q = 0.292 
Hydraulic Conductivity (cm/sec) 

k•Q/[(Cs+4)rH] = 4.8E-06 

STAGE 4 : PRESSURE 100 psi 

Elapsed , Gage j Flow Meter Cumulative , 
Time 1· Pressure I Reading Intake 
(min) (psi) i (lt3) (gal) 

:=:ttttrft\?\i/Ifatttft!tif!it?t?ttf:!\i/t!\:fii!/tttf:i · :.;.:.:.;-:.:.;.::: 
0.0 j 100 I 1715.550 I 0.000 I 
1.0 I 100 j 1715.600 I 0.374 I 
2.0 I 100 I 1715.650 I 0.748 I 
3.0 I 100 I 1715.690 I 1 .047 I 
4.0 I 100 I 1715.735 I 1.384 I 
5.0 I 100 I 1715.770 I 1.646 i 

10.0 I 100 I 1715.965 i 3.104 I 
15.0 j 100 I 1716.130 I 4.339 ! 
20.0 ! 100 I 1716.280 I S.461 : 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k=Q/ ((Cs-t-4)rH] = 

279.7 
0.224 

3.7E-06 
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FIGURE B-7 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-11-92 

BORING SIZE Qn.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

"GS • Gmund surface 

STAGE 5 : PRESSURE 50 psi 

3.65 
Single 

400 
344.0 to 
354.0 

5.9 

: Elapsed : Gage i Flow Meter : Cumulative I 
; Time : Pressure ! Reading I Intake 
: {min) (psi) I (ft3) : !Sal) 
::=:=r:::·::=r::::=:=?:;r·~r :·:=r:-r;:·:=:•:=::j~:=:·0.:·r::~:=:=~:::=~:~~:=:f:=:tf(=:::=:fr~=j:~:r:::::·::::~:~=5:;f=:>:=:tNJ 
i 0.0 I 50 I 171 S.300 I 0.000 I 
i 1.0 I SO I 1716.320 I 0.150 I 

2.0 i SO I 1716.330 I 0.224 I 
3.0 I SO I 1716.345 I 0.337 
4.0 I SO I 1716.355 I 0.411 
5.0 I 50 I 1716.365 I 0.486 

10.0 I SO I 1716.440 I 1.047 1 
15.0 I SO I 1716.520 I 1.646 

Effective head (ft) H • 
Average rate of flow (gpm) a • 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH] • 

164.3 
0.116 

3.2E-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-3 
TEST NO.: 1 
SURFACE ELEVATION (ft): 686 
ROCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS*): 43 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
65.8 
93.5 

FIGURE B- 7 
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FIGURE B-7 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

BORING NO: SM-3 TEST NO: 1 TEST INTERVAL (ft): 344.0 to 354.0 = 0.8 ........ --------- ------------------. 

e 
........ 
c 
~ 

- 0.6 
It: 
5 
'.:&, 

o.o ~ ....... ...,......,........-,.........,---,---,--.---,-.,........-,.........,--,----.--,---,--,--..-........ --,----.--.--1 --,-..,......-,--.....--. 
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:.: 
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I-

= 
taJ 10 
> 
~ 
j 
:::::> 
:::E 5 :::::> u 

0 

150 200 250 300 350 400 

I 
0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

Gee9E) 

C3E!BBEl 
~ --

1 
2 
3 
4-
5 

GAGE PRESSURE 
(psi) 

50 
100 
160 
100 
50 

EFFECTIVE HEAD (fl) 

10 15 

ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/sec) 

1.9E-06 
4-.BE-06 
7.7E-06 
3.7E-06 
3.2E-06 

AVERAGE HYDRAULIC 
CONDUCTIVITY = 4-.3E-06 

450 

20 
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FIGURE 8-8 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-12-92 

BORING SIZE ~n.) 2r ; 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

•as • Ground surface 

3.65 
Single 

500 
384.5 to 
394.0 

2.e 

STAGE 1 : PRESSURE 53 psi 

! Elapsed : Gage i Flow Meter i Cumulative I 
i Time i Pressure ! Reading i Intake 
I .... . .Jrni~). (pai) : (f13) • (gal) 
,:.;.;.;.:,:.;❖:::.:.;.: -:.;.;.:.;.::;:;.~.;:::;:;:~:: :;:;~:;:;/:;:;:~:;:?;~:;:;:;:~;~:;:~:;:;:\t~:~:i~:~:~:~:~⇒g~~:;~~:~::~:~:i:i:~g:;~:~t~:;~g~:~:i;~:~:~~ 

i 00 I 53 1 1744000 0000 I 
1744.235 1.758 i 1.0 1 53 I 

2.0 1 53 I 1744.450 
3.0 I 53 I 1744.660 
4.0 I 531 1744.860 
5.0 I 531 1745.070 

10.0 I 53 I 1746.040 
15.0 I 53 I 1747.060 
20.0 ! 53 I 1748.070 

Effective head (ft) H • 
Average rate of flow (gpm) Q • 
Hydraulic Conductivity (cm/sect 

k•Q/[(Cs+4)rH] = 

3.366 
4.937 
6.433 

· e.004 I 
15.250 I 
22.890 I 
30.446 1 

167.0 
1.519 

4.3E-05 

STAGE 3: PRESSURE 150 psi 

I Elapsed I Gage i Flow Meter 
j Time ; Pressure l Reading 

min si ft3 

00 I 150 I 1755 800 I 
1.0 I 150 I 1756.520 I 
2.01 150 I 1757.210 I 

! 3.01 150 I 1757.910 I 
4.0: 150 I 1758.610 I 
5.0 I 150 I 1759.300 I 

10.0 I 150 I 1162.no , 
15.0 I 150 I 1766.195 : 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) = 

Cumulative i 
Intake 

al 

0000 I 
5.386 I 

10.548 
15.784 
21.020 
26.182 
52.139 
TT.760 

392.0 
5.158 

6.3E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-3 
TEST NO.: 2 
SURFACE ELEVATION (ft): 686 
ROCK TYPE: GRANOOORITE 
STATIC WATER LEVEL (ft below GS*): 43 

COMPUTED HEAD LOSS (ft): 
A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2 : PRESSURE 100 psi 

0.00 
62.5 
90.0 

i Elapsed I Gage I Flow Meter : Cumulative . 

I
I Time i Pressure I Reading ! Intake 

(min) 1 (psi) 1 (ft3) (aal) 

0.0 1 100 I 1749.500 I 0.000 I 
1.0 1 100 I 1749.845 I 2.581 : 
2.0 I 100 I 1750.195 I 5.199 ! 
3.0 I 100 I 1750.550 I 7.855 I 

4.0 I 100 I 1750.895 I 10.435 i 

5.0 I 100 I 1751 .230 I 12.941 ' 
10.0 I 100 I 1752.955 I 25.845 : 
15.0 I 100 I 1754.700 I 38.899 ! 

Effective head (ft) H • 276.6 
Average rate of flow (gpm) Q = 2.596 
Hydraulic: Conductivity (c:m/sec) 

kaQ/ ((Cs+4)rH) • 4.SE-05 

STAGE 4: PRESSURE 103 psi 

Elapsed I Gage Flow Meter I 

Time Pressure ! Reading I 
(min) . (psi) (ft3) I 

':ttt/=,'ii''},:'}tl' 
0.0 I 103 I 1767.000 I 
1.0 1 103 I 1767.550 I 
2.0 1 103 I 1768.075 I 
3.0 I 103 I 1768.580 I 
4.0 I 103 I 1769.080 I 
5.0 I 103 I 1769.575 I 

10.0 I 103 I 1771 .930 l 
15.0 ! 105 I 1n4.180 I 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k=Q/[(Cs-t-4)rH) = 

Cumulative · 
Intake 
(QaJ) 

0.000 I 
4.114 I 

8.042 I 
11 .819 I 
15.559 I 

19.262 l 
36.879 , 
53.710 : 

283.3 
3.366 

5.6E-05 

FIGURE B-8 
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FIGURE B-8 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-12-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psij: 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

*GS • Ground surface 

STAGE 5 : PRESSURE 50 psi 

3.65 
Single 

500 
384.5 to 
394.0 

2.8 

, Time I Pressure ! Reading Intake 
i ElapHd Gage · Flow Meter I Cumulative 

r;:.-:.~j[;~;7L,,t~;.,t .. ::~:;~~lt:, •. ,.,:. 11,,,.::~;.:.:❖;:!frlt: .. ,;@,.,;.; .•. \.,"~.;.L,.,al 
0.0 I 50 I 1774.500 I 0.000 j 

j 1.0 1 50 I 1774.780 I 
I 2.0 1 50 I 1775.055 1 
I 3.0 I 50 I 1775.310 I 
: 4.0 I 50 i 1775.585 1 
I 5.0 I 50 I 1775.850 I 
I 10.0 I 50 I 1m.125 1 
I 15.0 I 50 I 1778.345 I 

Effective head (ft) H • 
Average rate of !low (gpmt a -
Hydraulic Conductivily (cm/sec) 

k• Q/[(Cs+4)rHJ -

2.095 I 
4.152 
6.059 
8.116 

10.099 
19.636 
28.763 

161.2 
1.825 

5.4E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-3 
TEST NO.: 2 
SURFACE ELEVATION (ft): 686 
ROCK TYPE: · GRANOOIORITE 
STATIC WATER LEVEL (1t below GS*): 43 

COMPUTED HEAD LOSS (ft) : 
Air: 
CONDUCTIVITY COEFFICIENT Ca: 

0.00 
62.5 
90.0 

FIGURE 8-8 
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FIGURE B-8 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

BORING NO: SM-3 TEST NO: 2 TEST INTERVAL (ft): 384.5 to 394.0 

£ 10.0 

e 
' -; 1111 6.0 -., 
s 
'"' 6.0 
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EFFECTIVE HEAD (ft) 
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ELAPSED TIME (min) 

SUMMARY 

SYMBOL STAGE AVERAGE HYDRAULIC 
CONDUCTIVITY 

(cm/sec) 

(3898€) 

OOEl9El 
~ ---

1 
2 
3 
4 
5 

GAGE PRESSURE 
(psi) 

53 
100 
150 
103 
50 

4 .3E-05 
4.5E-05 
6.3E-05 
5.6E-05 
5.4E-05 

AVERAGE HYDRAULIC 
CONDUCTMTY = 5.2E-05 

450 

20 
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FIGURE B-9 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-6-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS"): 

•as • Ground surface 

STAGE 1 : PRESSURE 

Elapsed i 
Time i 
min 

0.0 I 
1.0 I 
2.0 I 
3.0 I 
4.0 I 
5.0 I 

10.0 I 
15.0 I 

50 I 

50 I 
50 I 

50 I 
50 I 
50 

50 psi 

Flow Meter 

1550.030 
1550.030 I 
1550.030 I 
1550.030 I 
1550.030 I 
1550.030 I 

3.75 
Single 

650-780 
615.7 to 
626.0 

3.0 

Effective head (ft) H • 215.4 
Average rate of flow (9pm) a = 0.000 
Hydraulic Conductivity (em/see) 

k"'Q/((Cs+4)rH) = O.OE+OO 

STAGE 3: PRESSURE 190 psi 

Elapsed I Gage 1 Flow Meter r Cumulative 
Time : Pressure 1 

min) 1 si : 

Reading Intake 
ft3 al 

/''>'':'i==:i::n~~:'~i';}Hin:=::~,~;':''/'t===rn'~f~'~~~:b,:i:>:=wtn~==~ :i=
1 

! 1.0 I 195 I 1550.055 1 0.037 
i 2.0 I 195 I 1550.060 I 0.075 
i 3.0 I 195 I 1550.065 I 0.112 
i 4.0 ! 195 I 1550.070 I 0.1501 

5.0 I 195 I 1550.075 1 0.187 I 
10.0 I 185 I 1550.090 I 0.299 
15.0 I 185 I 1550.105 I 0.411 

Effective head (ft) H = 
Average rate of flow (9pm) Q = 
Hydraulic Conductivity (em/sec) 

k=-O/((Cs+4)rH] = 

538.5 
0.022 

1.9E-07 

PROJECT NO.: 92-2050 
BORING NO.: SM-4 
TEST NO.: 1 
SURFACE ELEVATION (ft): 960 
ROCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS*): 97 

COMPUTED HEAD LOSS (ft) : 

A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
65.9 
93.7 

STAGE 2 : PRESSURE 94 psi 

Elapsed j Gage , Flow Meter ; Cumulative , 
Time Pressure i Reading i Intake 
!min) j !esi) (ft3) . (gal) 

0.01 951 1499.975 1 0.000 I 
1.0 I 951 1499.975 I 0.000 I 
2.01 95 I 1499.975 I 0.000 I 
3.01 95 1 1499.975 I 0.000 I 
4.0 1 95 1 1499.975 1 0.000: 
5.0 1 95 I 1499.975 ! 0.000 I 

10.0 I 95 I 1499.975 I 0.000 I 
15.0 I 90 I 1499.975 I 0.000 I 

Effective head (ft) H • 317.3 
Average rate of flow (gpm) Q = 0.000 
Hydraulic Conductivity (em/see) 

k•O/((Cs+4JrHJ = o.oe+oo 

STAGE 4: PRESSURE 100 psi 

0.01 100 I 1550.100 I 
1.0 100 I 1550.1001 
2.0 100 I 1550.100 I 
3.0 I 100 I 1550.100 I 
4.0 I 100 l 1550.100 I 
5.0 I 100 I 1550.100 I 

10.0 I 100 I 1550.100 I 

Effective head (ft) H = 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k=Q/ [(Cs+4)rH] = 

0.000 I 

0.000 I 
0.000 I 
0.000 I 

0.000 I 
0.000 I 

0.000 i 

330.8 
0.000 

0 .0E+OO 

FIGURE 8 - 9 
( 1 OF 2) 



FIGURE B-9 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

II= g 
ra.. 0.02 
ra.. 
0 

~ 
E-
< = 0 .01 

~ 
c., 

~ 0.01 
~ 
> 
< 

0.00 

0.5 

:0 0.4 --
~ 
::-= 
< 
E- 0.3 
~ 
CM 
> 

5 0.2 

=> 
::2 
=> 
t.) 0.1 

0.0 

BORING NO: SM-4 TEST NO: 1 TEST INTERVAL (ft): 615.7 to 626.0 

200 250 300 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

G0eeEl 
l38e8£l 
~ -

l 
2 
3 
4 

GAGE PRESSURE 
(psi) 

50 
94 
190 
100 

350 400 450 
EFFECTIVE HEAD (ft) 

10 
ELAPSED TIME (min) 

HYDRAUIJC 
CONDUCTIVITY 

(cm/sec) 

15 

500 

0.0E-00 
0.0E-00 
1.9E-07 
O.OE-00 

A VERA GE HYDRAUIJC 
CONDUCTIVITY = 4.6E-08 

550 

20 
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FIGURE B-10 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
RUNYON CANYON PARK 
10-7-92 

BORING SIZE On,) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

*GS • Ground surface 

STAGE 1 : PRESSURE 50 psi 

3.75 
Double 

600-700 
599.1 to 
615.3 

6.7 

Elapsed I Gage Flow Meter j Cumulative , 

1 Time j Pressure Reading I Intake 
I (min) . (P.si) 1 (lt3\ • · (gal) ; 
·-· ·H·< :·:-►. ··: ....... ...,.~~<:~•r>·'·_;,· \ •. -·--. >-:~:':' ........... -;:-~:< -:<«w<~· ·:;, .. Y ::=•.;:~:r>::v+ >Y : .. .f:· h 

0.0 1 50 I 1588.920 I 
1.0 ! 50 I 1589.005 1 
2.0 I 50 I 1589.100 I 
3.0 1 50 I 1589.190 I 
4 .0 I 50 I 1589.280 I 
5.0 I 50 I 1589.370 1 

10.0 I 50 I 1589.750 I 
15.0 I 50 I 1590.190 I 

Effective head (ft) H • 
Average rate of flow (gpm) a .. 
Hydraulic Conductivity (cm/sec) 

k•O/(CsrH] • 

STAGE 3 : PRESSURE 145 psi 

0.000 
0.636 
1.346 
2.020 
2.693 
3.366 
6.209 
9.500 

219.1 
0.613 

9.tE-06 

Elapsed Gage Flow Meter I Cumulative 
Time I Prnsure 
min SI 

Reading I Intake 
ft3 al 

0 .0 1 150 I 1596.870 I 0.000 
1 .0 I 145 I 1597.065 I 1.459 
2.0 I 145 I 1597.250 I 2.843 
3.0 I 145 I 1597.440 I 4.264 
4.0 I 145 I 1597.620 I 5.610 
5.0 I 145 I 1597.790 I 6.882 

10.0 i 145 I 1598.670 I 13.465 i 
15.0 I 145 I 1599.470 I 19.449 1 

Effective head (ft) H .. 438.7 
Average rate of flow (gpm) Q "' 1.197 
Hydraulic Conductivity (cm/sec) 

k•O/[CsrH) = 8.BE-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-4 
TEST NO.: 2 
SURFACE EL.EVATION (ft): 960 
ROCK TYPE: . GRANOOIORITE 
STATIC WATER LEVEL (ft below GS*): 97 

COMPUTED HEAD LOSS (ft): 
A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
103.7 
134.4 

STAGE2 : PRESSURE 105 psi 

8apHd I Gage i 
Time I Preuure ! 
min 1i I 

0.0 I 105 I 
1.0 1 105 I 
2.0 I 105 I 
3.0 I 105 I 
4.0 1 1051 
5.0 1 105 I 

10.0 I 105 I 
15.0 I 105 I 

Effective head (ft) H = 

Flow Meter 
Reading 

ft3 

1590.420 I 
1590.570 I 
1590.700 I 
1590.840 I 
1590.980 I 
1591.120 I 
1591.850 I 
1592.520 : 

Cumulative 
Intake 

al 

0.000 ! 
1.122 I 
2.095 I 
3.142 I 
4.189 1 
5.2361 

10.697 I 
15.709 I 

346.0 
Average rate of flow (gpm) Q "' 1.002 
Hydraulic Conductivity (cm/sec) 

k•O/(CsrH) • 9.4E-06 

STAGE 4 : PRESSURE 100 psi 

Elapsed Gage , 

Time I Pressure i 
• I min 11 , 

Flow Meter I Cumulative 
Reading Intake 

ft3 ., 

0.0 I 100 I 1599.640 I 0.000 I 
1.0 I 100 I 1599.720 I 0.598 I 
2.0 1 100 I 1599.900 I 1.945 I 
3.01 100 I 1600.020 I 2.843 I 
4.01 100 I 1600.150 I 3.815 r 
5.0 1 100 I 1600.270 I 4.713 I 

10.0 I 100 I 1600.880 I 9.276 I 
15.o I 100 I 1601 .490 I 13.839 I 

Effective head (ft) H "' 334.4 
Average rate ot flow (gpm) Q = 0.913 
Hydraulic Conductivity (cm/sec) 

k- 0 /[CsrHJ z 8.SE-06 
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.FIGURE B-10 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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taO 
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BORING NO: SM-4 TEST NO: 2 TEST INTERVAL (ft): 599.1 to 615.3 

200 225 

0 

250 275 300 325 350 375 
EFFECTIVE HEAD (ft) 

5 10. 
ELAPSED TIME (min) 

SUMMARY 

SYllBOL STAGE AVERAGE HYDRAULIC 
GAGE PRESSURE 

(psi) 
CONDUCTMTY 

(cm/1ec) 

400 

15 

oeeeo 1 50 9.lE-06 AVERAGE HYDRAUUC 

425 

C38B8£l 2 1 05 9.4E-06 CONDUCTMTY = 9.0E-06 
~ 3 145 8.SE-06 
- 4 100 8.BE-06 

450 

20 
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FIGURE 8-11 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-7-92 

BORING SIZE ~n.) 2r ; 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

*GS • Ground sur1ace 

STAGE 1 : PRESSURE 25 psi 

3.75 
Double 

640-550 
538.0 to 
554.3 

7.8 

Elapsed I Gage j 
Time Preuure I 

I min , s1 , 

Flow Meter 1· Cumulative 
Reading Intake 

/ft31 al 
•.•.•.·.·.·.•.•,•,·.• .•:•:•:•:•:-.-:·:•:-:,:.~:-:•:•:•:•:-:-:•:•:•:<•:•:•:-:❖.•:•,•:•.•,.:• ... •,..•,•,.:~-... ~--•.•·•··'•'' ','':.v.·.•.••,•,• • 

0.01 25 I 1610.700 I 
1.0 I 25 I 1611 .940 I 
2.01 251 1613.150 I 
3.01 251 1614.340 I 
4.0 I 251 1615.530 I 
5.0 I 25 I 1616.740 I 
7.0 I 25 I 1619.080 1 

10.0 I 25 I 1622.760 I 
15.0 I 25 I 1629.070 I 

Effective head (ft) H -
Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k•C/[CsrH] • 

. •.•,•,•: .· .. 
0.000 
9.276 

18.327 
27.229 
36.131 
45.182 
62.687 
90.215 

137.417 

162.4 
9.341 

1.9E-04 

STAGE 3 : PRESSURE 75 psi 

2.01 
3.0 I 1660.460 1 
4.0 I 1662.230 I 
5.0 I 1664.000 I 
7.0 I 75 1667.580 I 

10.0 I 75 1673.050 I 
1!5.0 I 75 I 1682.300 I 

Effective head (ft) H • 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/[CsrHJ = 

40.844 
54.084 
67.325 
94.105 

135.023 
204.218 

2n.8 
13.764 

1.6E-04 

PROJECT NO.: 92-2050 
BORING NO.: SM-4 
TEST NO.: 3 
SURFACE ELEVATION (ft) : 960 
ROCK TYPE: GRANODIORITE 
STATIC WATER LEVEL (ft below GS*): 97 

COMPUTED HEAD LOSS (ft): 
Nr. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
104.0 
134.7 

STAGE 2: PRESSURE 50 psi 

I 
Elapsed I Gage i Flow Meter I Cumulative 1 

Time Pressure i Reading I Intake 
i (min) (psi) I (ft3) (~al) 
~=~:i:}~~=}~~:}~:~:}~g~:}~:~:}~~~~:::~:~~~:;:~#:~:f}}:!~:~~:~~:;:~:~~=~=~t:~:::~:~:~:~~:@~~{:f:::::f::~/~:k:::::~b::::~:::::::::~:}~:~:~~J~:~~ 
I 00 I 50 I 1630500 I 0000 I 

1.0 I 50 I 1632.050 I 11.595 I 
I 2.0 50 I 1633.600 l 23.190 I 

3.0 50 I 1635.120 I 34.560 I 
4.0 50 I 1636.630 I 45.855 I 
5.0 50 I 1638.160 I 57.301 I 
7.0 50 I 1641.230 I 80.266 I 

10.0 50 I 1645.830 I 114.676 I 
15.0 50 I 1653.420 I 171.453 I 

Effective head (ft) H • 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

220.1 
11 .355 

k•C/(Csr+ij .. 

STAGE 4 : PRESSURE 

Elapsed 
Time 
min 

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
7.0 

10.0 
15.0 

Gage I 
Press_ure I 

SI I 

50 I 
50 I 
50 I 
50 I 
50 I 
50 I 
50 I 
50 I 
50 I 

Effective head (ft) H = 

1.7E-04 

50 psi 

Flow Meter I Cumulative 
Reading Intake 

lt3 al) 

1684.000 0.000 I 
1685.660 12.418 I 
1687.300 24.686 I 
1688.950 37.028 I 
1690.550 48.997 ! 

1692.180 61.190 I 

1695.450 85.652 ! 
1700.300 121.932 ! 
1708.370 182.300 I 

220.1 
Average rate of flow (gpm) Q = 12.081 
Hydraulic Conductivity (cm/sec) 

k- O/(C$rH) = 1.SE-04 

FIGURE 6-11 
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FIGURE B-11 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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BORING NO: SM-4 TEST NO: 3 TEST INTERVAL (ft): 53B.O to 554.3 
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0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

G9e9€) 

l3B9BEI 
~ -

1 
2 
3 
4 

GAGE PRESSURE 
(psi) 

25 
50 
75 
50 

EFFECTIVE HEAD (ft) 

10. 15 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/sec) 

1.9E-04 
1.7E-04 
1.6E-04 
1.8E-04 

AVERAGE HYDRAULIC 
CONDUCTIVITY = 1.7E-04 

280 

20 

FIGURE B-11 
( 2 OF 2 ) 



FIGURE B-12 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO AEO LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-11-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psij: 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS"): 

•GS .. Ground surface 

STAGE 1 : PRESSURE 50 psi 

J .65 
Double 

600-680 
694.8 to 
711 .0 

10.7 

Bapsed Gage Flow Meter I Cumulative 
1 Time Pressure RHding lntal<e I (min) (psQ , (gal! (~aJ) , 
-:-:-:-:~J.:~·::?-:-=;~:~---:••···'.·,··~•,::~❖:~❖::.:-:-:-:-:-td:-:-L-.-:-...:.:1:~?;;<·~J.:~:.~:::•:•l~;.:.,,,:~•~x❖:~❖~=: ... M.~.--··.•.··. 

0.0 1 50 I 34480.000 I 
1.0 I 50 I 34480.300 , 
2.0 I 50 I 34480.600 I 
3.0 1 50 I 34480.800 I 
4.0 1 50 I 34481.050 I 
5.0 I 50 I 34481.300 I 

10.0 I 50 I 34482.550 I 
15.0 I 50 I 34483.800 I 

Effective head (ft) H '"' 
Average rate of flow (gpm) 0 • 
Hydraulic Conductivity (em/aee) 

k•O/[CsrH) • 

STAGE 3 : PRESSURE 145 psi 

0.000 
0.300 
0.600 
0.800 
1.050 
1.300 
2.550 
3.800 i 

200.1 
0.250 

4.tE-06 

. Bapsed ! Gage ! 
Ti~• I Pressure I Flow Meter I Cumulative 

RHding j Intake 
mm I SI al aJ 

;~;:;:;:~;:;:~:::4A:;:~:(~~~;~:~=~~x:~:::;::)~:::~;~M:;:;:;::=~=;~::;:;:;:;~:•:;:;*:~~=~;~:~) ;:;:;:;:;~~~/:~t~~:~D:t:~;:::;:;:;:;;:;:~:;~ 
I 0.0 I 150 I 34501 .000 I 0.000 I 

t .0 I 150 I 34501 .250 I 0.250 I 
2.0 I 150 I 34501 .550 I 0.550 I 
3.0 I 150 I 34501.850 I 0.850 I 
4.0 I 145 1 34502.100 I 1.100 I 
5.0 1 145 1 34502.450 1 1.450 1 

10.0 I 145 I 34503.900 I 2.900 I 
15.0 I 140 I 34505.200 I 4.200 

Effective head (ft) H = 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (em/see) 

k• O/[CsrH) = 

420.1 
0.260 

2.0E- 06 

PROJECT NO.: 92-2050 
BORING NO.: SM-6 
TEST NO.: 1 
SURFACE ELEVATION (ft): 1180 
ROCK TYPE: G RANODIORITE 
STATIC WATER LEVEL (ft below GS*): 74 

COMPUTED HEAD LOSS (ft): 
A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
106.5 
137.0 

STAGE2 : PRESSURE 101 psi 

Bapsed I Gage I 
Time Press_ure ! 
mm s, I 

Flow Meter I 
Reading 

aJ I 

Cumulative 

.•, • ' ... ·•····•·· .,,,,.,, .... ,,, . -.•-•.,•.·-··-·-· •,•,,,•,•, , ,•,•,••,•,•,,•,•.-.·.v.•,•,•,•.•, v ,..-. ,•,•,•••· .... . ,,•.-........ •, ,•,•.-.·,•,•-•-•,•-·-·-· 

0.0 1 105 I 34484.200 I 
1.0 1 105 I 34484.400 I 
2.0 1 100 I 34484.600 I 

3.0 1 100 I 34484.850 I 
4.0 1 100 I 34485.100 I 
5.01 100 I 34485.350 I 

10.0 I 100 I 34486.600 I 
15.0 I tOO I 34487.850 I 

Effective head (ft) H = 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (em/see) 

k• O/[CsrH) • 

0.000 I 

0.200 I 
0.400 I 
0.650 I 
0.900 I 
1.150 I 
2.400 I 
3.650 I 

:316.6 
0.250 

2.6E-06 

FIGURE B- 12 
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FIGURE B-12 PACKER HYDRAUUC CONDUCTMTY TEST DATA ANALYSIS 
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SUMMARY 

SYMBOL STAGE AVERAGE 

G980E) 

l38eeE) 

~ 

l 
2 
3 

GAGE PRESSURE 
(psi) 

50 
101 
145 

9 ... 0 

300 350 400 
EFFECTIVE HEAD (ft) 

10 15 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/sec) 

4.lE-06 
2.6E-06 
2.0E-06 

AVERAGE HYDRAUIJC 
CONDUCTMTY = 2.9E-06 

450 

20 
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FIGURE B-13 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
RUNYON CANYON PARK 
10-11-92 

BORING SIZE ~n.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS•) A : 

3.65 
Double 

600 
TT3.8 to 
790.0 

13.0 PRESSURE GAGE HT. (ft above as,: 

•as • Ground surface 

STAGE 1 : PRESSURE 50 psi 

; Elapsed I Gage : 

j Time i Pressure i 
, minl ! I 

Flow Meter I Cumulative 
Reading i Intake 

al ! al 
•,••.•,•······· .•. ··- ... • .................................... ,•,•.·-·-·- ....... •.•,•.-.-............ •.•-·.•.•,•·· ·-- -··· ··········-.·----.-... •.•;,.••.•-··-•-· .. ·.···---· 

0.0 I 50 I 34400.200 I 
1.0 I 50 I 34400.350 I 
2.01 50 I 34400.450 I 
3.0 1 50 I 34400.600 I 
4.0 I 50 I 34400.700 I 
5.0 I 50 I 34400.820 I 

10.0 I 50 I 34401 .420 I 
15.0 I 50 I 34402.000 I 
20.0 I 50 I 34402.520 I 

Effective head (fl) H • 
Average rate of flow (gpm) Q • 
Hydraulic Conductivity (cm/sec) 

k•O/(CsrH) = 

STAGE 3 : PRESSURE 150 psi 

0.000 
0.150 
0.250 
0 .400 
0.500 
0.620 
1.220 
1.800 
2.320 

202.4 
0.104 

1.7E-06 

Elapsed / Gage ! 

Time i Pressure I' 

min I si 

Flow Meter I Cumulative 
Reading I Intake 

al al 
:~~=~~~:~:~1~~:}~~~~~~~~~~i::~~~=~~:~V=i=~~=#:f ~~:~~~:~:~t~::=~=~~:~~~=~~:=n~~:~~=~:~:~~~=~~=::~:~~~~J~~~~::~~~=~;:~~:~:~~~~fa:::t~t 

00 1 150 I 34452050 I 0000 1 
1.0 1 150 I 34452.320 I 

I 2.0 I 150 I 34452.550 I 
: 3.0 1 150 I 34452.800 I 

4.0 I 150 I 34453.000 I 
I 5.0 I 150 I 34453.220 I 

i 10.0 I 150 I 34454.420 I 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/[CsrHJ = 

0.270 
0.500 
0.750 
0.950 
1.170 
2.370 

433.2 
0.237 

1.8E-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-6 
TEST NO.: 2 
SURFACE ELEVATION (ft): 1180 
ROCK TYPE: GRANOOIORITE 
STATIC WATER LEVEL (ft below GS•): 74 

COMPUTED HEAD LOSS (fl): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
106.5 
137.Ci 

STAGE 2 : PRESSURE 100 psi 

Elapsed I Gage I 
Time I Prenure i 
min , si I 

0.0 100 I 
1.0 100 I 
2.0 100 I 
3.0 1 100 I 
4.0 100 I 
5.0 100 I 

10.0 100 I 
15.0 100 I 
20.0 I 100 I 

Effective head (fl) H = 

Flow Meter I 
Reading 

a1 I 
34429.450 I 
34429.920 I 
34430.450 
34431 .000 
34431.600 
34432.300 I 
34434.300 I 
34436.200 I 
34438.000 I 

Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/[CsrH) ,. 

Cumulative , 
Intake 

al 

0.000 I 

0.470 : 
1.000 I 
1.550 I 
2.150 I 
2.850 I 
4.850 I 
6.750 I 
8.550 I 

317.8 
0.360 

3.7E- 06 

STAGE 4 : PRESSURE 100 psi 

Elapsed Gage I Flow Meter 
nme j Pressure I Reading 
(min . si I al 

0.0 I 100 I 34466.450 I 
1.0 I 100 I 34466.570 I 
2.0 I 100 I 34466.720 I 
3 .0 1 100 I 34466.850 I 
4 .01 100 I 34466.980 I 
5.01 100 I 34467.1 00 I 

10.0 I 100 I 34467.750 I 

Effective head (ft) H • 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k• Q/[CsrH] = 

Cumulative 1 

Intake 
al 

0.000 I 
0.120 I 
0.270 I 
0.400 I 
0.530 : 
0.650 I 
1.300 I 

317.8 
0.130 

1.3E-06 

FIGURE 8-13 
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FIGURE B-13 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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FIGURE B-14 PACKER HYDRAULIC CONDUCTIVITY lEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
7404 MULLHOLLAND DRIVE 
09-01-92 

BORING SIZE Qn.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psQ: 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

*GS• Ground surlace 

3.75 
Single 

600-680 
715.0 to 
1Z7.8 

4.5 

STAGE 1 : PRESSURE 33 psi 

0.0 1 33 1486.360 I 
1.0 1 33 1486.3751 
2.0 1 331 1486.385 i 
3.0 I 33 1486.395 1 
4.0 1 · 33 1486.410 I 
5.01 33 1486.410 1 

10.0 I 33 148e.410 I 
15.0 I 33 1486.410 I 

Effective head (It) H • 
Average rate of flow (gpm) Q • 
Hydraulic Conductivity (c:m/sec) 

k•Q/((Cs+4)rH) • 

0 .000 
0.112 
0.1 87 
0.262 1 
0.374 
0.374 
0.374 
0.374 

247.7 
0.000 

0.0E+OO 

STAGE 3 : PRESSURE 111 psi 

Elapsed I Gage 
Time I Presa_ure 
m,n s, 

0.0 I 105 
1.0 1 107 
2.0 1 110 
3 .0 I 110 
4.0 110 
5.0 110 

10.0 112 
15.0 112 
20.0 I 112 

Effective head (ft) H • 

Flow Meter 
Reading 

lt3 

1486.750 I 
1486.785 1 
1486.805 
1486.825 
1486.840 
1486.850 
1486.900 I 
1486.945 1 
1486.980 I 

Average rate of flow (gpm) 0 = 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH) .. 

Cumulative 
Intake 

al) 

0.000 
0.262 
0.41 1 
0.561 
0.673 
0.748 
1.122 
1.459 
1.721 

427.6 
0.052 

4.SE- 07 

PROJECT NO.: 92-2050 
BORING NO.: SM-8 
TEST NO.: 1 
SURFACE ELEVATION (ft): 
AOCKTVPE: . 
STATIC WATER LEVEL (ft below GS"): 

1175 
SANDSTONE 

167 

COMPUTED HEAD LOSS (ft): 0.0 
81 .9 

115.4 
A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2 : PRESSURE 

Elapsed 
lime 
min 

0.0 I 
1.0 1 
2.0 1 
3.0 I 
4.01 
5.01 

10.0 I 
15.0 I 
20.ol 

Gage i 
Pressure I 

II I 

66 
70 
70 
70 
70 
70 
70 
70 
70 1 

Effective head (ft) H • 

70 psi 

Flow Meter I Cumulative 
Reading Intake 

ft3 al 

1486.490 I 0.000 I 
1486.530 I 0.299 1 
1486.550 I 0.449 I 
1486.565 I 0.561 I 
1486.575 I 0.636 1 
1486.580 I 0.673 I 
1486.620 I 0.972 1 
1486.640 I 1.122 I 
1486.660 I 1.272 I 

332.8 
Average rate of flow (gpm) a = 0.030 
Hydraulic Conductivity (c:m/sec) 

k•Q/((Cs+4)rH) • 3.3E-07 

STAGE 4 : PRESSURE 74 psi 

Elapsed 
Time 
min 

0.0 1 
1.0 I 
2.0 1 
3.0 I 
4.0 I 
5.07 

10.0 I 
15.0 l 

Gage I 
Prees_ure I 

SI 

70 I 

70 1 
70 I 
75 I 
75 I 
75 I 
75 I 
75 I 

Effective head (ft) H • 

Flow Meter I Cumulative , 
RHding I make 

ft3 I al) 

1486.890 I 
1486.890 I 
1486.890 I 
1486.895 I 
1486.895 I 
1486.895 I 
1486.895 I 
1486.905 I 

0.000 I 
0.000 I 

0.000 I 
0 .037 1 
0.037 1 
0.037 I 
0.037 I 

0.112 I 

Average rate of flow (gpm) a ,. 
Hydraulic Conductivity (cm/sec) 

342.7 
0 .015 

k- O/((Cs+4)rH) "' 1.6E-07 
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FIGURE B-14 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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BORING NO: SM-8 TEST NO: 1 TEST INTERVAL (ft): 715.0 to 727.8 

150 250 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

G0eeE) 
l38BB£] 

~ -
1 
2 
3 
4 

GAGE PRESSURE 
(psi) 

33 
70 

111 
74 

350 
EFFECTIVE HEAD (ft) 

10 15 
ELAPSED TIME (min) 

HYDRAULIC 
C0NDUCTMTY 

(cm/11ec) 

O.OE-00 
3.3E-07 
4.5E-07 
l.6E-07 

AVERAGE HYDRAUIJC 
CONDUCTIVITY = 2.3E-07 

450 

20 
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FIGURE B-15 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT3 
7404 MULLHOLLAND DRIVE 
09-01-92 

BOAING SIZE C,n.) 2r ; 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A ; 

PRESSURE GAGE HT. (ft above GS*): 

•as =- Ground surface 

STAGE 1 ; PRESSURE 38 psi 

3.75 
Single 

640-680 
730.7 to 
742.6 

8.5 

Elapsed I Gage Flow Meter I Cumulative 
: Time j Pressure I Reading I Intake 
. (min) (e5i) (ft3) i (gal) 
\~i:!:~!:i:i:~;:!:f~:?:~I!:\t~\:i:~\~:\t\:i:~:\:\:?:/{f:f:\:~\:i:~/t:;k \~f~~:\{:l~f{;(g~:J~:\:\:\:\~:~t~f }~?~ 

0.0 1 38 1 1542.590 I 
1.0 1 38 I 1542.590 I 
2.0 I 38 1 1542.590 I 
3.0 1 38 j 1542.590 I 
4.0 l 391 1542.590 I 

5.01 39 I 1542.590 I 
10.0 I 37 1 15-42.5951 
15.0 I 37 1 1542.595 I 

Effective head (ft) H = 
Average rate of flow (gpm) 0 • 
Hydraulic Conductivity (cm/sec) 

k• O/ ((Cs+4)rH] ~ 

STAGE 3: PRESSURE 120 psi 

0.000 I 

0.000 I 
0.000 1 

0.000 
0.000 1 
0.000 I 
0.037 1 
0.037 

262.7 
0.000 

0.0E+OO 

: Elapsed I Gage , 

! Time i Prn•_ure I 
Flow Meter I Cumulative 

Reading Intake 
, min • s1 ft3 al 

0.0 I 121 I 1542 630 I 

I 1.0 I 120 I 1542.630 I 
' 2.0 I 120 I 1542.630 I 

3.0 I 120 I 1542.630 I 
I 4.0 1 120 I 1542.630 I 

5.0 I 120 I 1542.630 I 
10.0 I 120 1542.630 I 
15.0 I 120 I 1542.630 I 
20.0 I 120 1542.630 I 

Effective head (ft) H = 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k= O/ ((C:;+4)rH] = 

0000 I 
0.000 
0.000 
0.000 
0.000 
0.000 I 
0.000 I 
0.000 
0.000 

452.5 
0.000 

0.0E+ OO 

PROJECT NO.: 92-2050 
BORING NO.: SM-8 
TEST NO.: 2 
SURFACE ELEVATION (ft): 1175 
ROCKTVPE: _ CONGLOMERATIC SANDSTONE 
STATIC WATER LEVEL (ft below as•): 167 

COMPUTED HEAD LOSS (ft): 
Air: 
CONDUCTIVITY COEFFICIENT Cs: 

0.0 
76.2 

106.2 

STAGE 2: PRESSURE 77 psi 

Elapsed Gage ' Flow Meter 

I 
Cumulative 1 

Time Pressure ! Reading Intake 
' ft3 ! 

0.0 1 78 I 1542.615 I 0.000: 

1.0 1 77 I 1542.630 I 0.112 I 
2.0 I 77 I 1542.630 I 0.112 I 
3.0 77 I 1542.630 I 0.112 I 
4.0 77 1 1542.630 0.112 I 

5.0 77 i 1542.630 I 0.112 I 
10.0 79 I 1542.630 I 0.112 I 

15.0 I 77 I 1542.630 I 0.112 . 

· Effective head (ft) H = 354.2 

Average rate of flow (gpm) 0 = 0.000 
Hydraulic Conductivity (cm/sec) 

k2Q/ ((Cs+4)rH) = o.oE+oo 

STAGE 4 ; PRESSURE 80 psi 

Elapsed I Gage Flow Meter 
Time ~,essure 1 

min 

0 .0 1 
1.0 
2.0 
3.o I 
4.0 I 
5.0 I 80 I 

10.0 I 80 I 
15.0 I 80 I 

Effective head (ft) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

1542.630 I 
1542.630 
1542.630 I 

k = O/ [ (CH4)rH] = 

Cumulative 

0.000 I 
0 .000 I 
0.000 I 
0.000 : 
0.000 I 
0.000 I 

0.000 I 
0.000 I 

360.1 
0.000 

0.0E+ OO 

FIGUREB- 15 
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FIGURE B-15 PACKER HYDRAUUC CONDUCTIVITY TEST DATA ANALYSIS 
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BORING NO: SM-6 TEST NO: 2 TEST INTERVAL (ft): 730.7 to 742.6 

250 350 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

1 
2 
3 
4 

GAGE PRESSURE 
(pai) 

38 
77 
120 
80 

450 
EFFECTIVE HEAD (ft) 

10 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/aec) 

550 

15 

O.OE-00 
O.OE-00 
O.OE-00 
O.OE-00 

A VERA GE HYDRAULIC 
CONDUCTIVITY = O.OE-00 

650 

20 
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FIGURE B-16 PACKER HYDRAULIC CONDUCTIVITY lEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE; 

METRO RED LINE. SEGMENT 3 
7404 MULLHOLLAND DRIVE 
09-09-92 

BORING SIZE (In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS-,: 

•as • Ground surface 

STAGE 1 : PRESSURE 50 psi 

3.75 
Single 

680 
770.2 to 
787.5 

4.0 

I Elapsed ! Gage I Flow Meter I Cumulative ! 
j Tim• : Pressure Reading I Intake j 
1 

(min) I (psij i (ft3) ! (gal) ! 

:::·.:.x.;-. ·:, :: ;;\:-.. ·-·c~:·:c)/".::~-. <;,,:;:·-;:·-::~ ~-·.:.:· ·::; .. ··•-~ --~·;:·:· ·:.:. ::.; ...... ~-- / ;:;.~-: I 0.0 I 50 I 1543.310 : 0.000 I 

1.01 50! 1543.310 1 o.oool 
20 I 50 I 1543315 1 0037 I 

I 3.0 I 50 1543.320 I 0.075 I 
I 4.0 I 50 1543.325 1 0.112 l 
l 5.0 1 50 1543.330 I 0.150 I 
i 10.0 : 50 1543.350 ! 0.299 I 
I 15.0 I 50 1543.370 i 0.449 I 

Effective head (ft) H • 286.4 
0.030 Average rate of flow (gpm) a = 

Hydraulic Conductivity (cm/sec) 
k•O/[(Cs+4)rH) • 

STAGE 3 : PRESSURE 

3.1E-07 

200 psi 

I," }YJ:"L:~f ;"';~:1~C:) ... ::i4:: 
I 0.0 I 200 I 1543.570 I 0.000 i 
I 1.0 1 200 1 1543.590 1 0.150 

2.0 I 200 I 1543.610 I 0.299 
3.0 I 200 I 1543.635 I 0.486 
4.0 I 200 I 1543.660 I 0.673 
5.0 I 200 I 1543.685 I 0.860 I 

10.0 I 200 I 1543.785 I 1.608 I 
15.0 I 200 I 1543.880 I 2.319 I 
20.0 i 200 I 1543.985 I 3.104 I 

Effective head (ft) H "' 
Average rate of flow (gpm) 0 = 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH) = 

632.5 
0.150 

7.1E-07 

PROJECT NO.: 92-2050 
BORING NO.: SM-8 
TEST NO.: 3 
SURFACE ELEVATION (It) : 
ROCKTYPE: . 
STATIC WATER LEVEL (ft below GS•): 

COMPUTED HEAD LOSS (ft): 
A/r: 
CONDUCTIVITY COEFFICIENT Cs: 

1175 
SANDSTONE 

167 

0.0 
110.7 
140.8 

STAGE 2 : PRESSURE 97 psi 

Bapsed 
Time I 
min) j 

0.0 I 
1.0 1 
2.0 1 
3.0 I 
4.0 I 
5.0 1 

10.0 I 
15.0 I 
20.o l 

Gage I 
Pre111ure 1 

si I 

100 I 
1001 
100 I 
100 I 
100 I 
100 I 

95 I 
95 I 
95 I 

Effective head (ft) H • 

Flow Meter I 
Reading I 

ft3) 

1543.380 I 
1543.390 I 
1543.410 I 
1543.415 I 
1543.420 I 
1543.425 I 
1543.465 I 
1543.495 I 
1543.525 i 

Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rHJ = 

Cumulative 
Intake 

al 

0.000 I 
0.075 I 
0.224 I 
0.262 I 
0.299 I 
0.337 i 
0.636 I 
0.860 I 
1.085 I 

394.6 
0.045 

3.4E-07 

STAGE 4 : PRESSURE 100 psi 

Elapsed 
llme 
mini 

0.0 I 
1.07 
2.0 I 
3.0 1 
4 .0 I 
5.0 I 

10.0 I 
15.o 1 

Gage , 
Pressure I 

( Si ; 

100 I 
100 I 
100 I 
100 I 
100 I 
100 I 
100 I 
100 I 

Effective head (It) H = 

Flow Meter ; 

Reading 1' 

ft3 

1543.990 I 
1543.995 I 
1544.005 I 
1544.015 I 
1544.025 I 
1544.040 I 
1544.095 I 
1544.140 I 

Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

kaQ/ ((Cs+4)rHJ = 

Cumulative 
Intake 

al 

0.000 I 
0.037 I 

0.112 I 
0.187 I 
0.262 I 
0.374 I 
0.785 I 
1.122 I 

401 .8 
0.067 

5.0E-07 
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FIGURE B-16 PACKER HYDRAULIC CONDUCTMTY TEST DATA ANALYSIS 

BORING NO: SM-8 TEST NO: 3 TEST INTERVAL (ft): 770.2 to 787.5 
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SUMMARY 

SYMBOL STAGE AVERAGE 

<3990E) 

l3B8B£l 
~ -

1 
2 
3 
4 

GAGE PRESSURE 
(pai) 

50 
97 
200 
100 

450 
EFFECI'IVE HEAD (ft) 

10. 

ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/aec) 

550 

15 

3. lE-07 
3.4E-07 
7. lE-07 
5.0E-07 

AVERAGE HYDRAUIJC 
CONDUCTIVITY = 4.7E-07 

650 

20 
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FIGURE B-17 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 

DATe: 

METRO RED LINE. SEGMENT 3 
MULLHOL.l.AND DRIVE/ 
WOODROW WILSON DRIVE 
08-31-~ 

BORING SIZE On.) 2r : 
PACKER CONFIGURATIO N: 
PACKER PRESSURE (psij: 
TEST INTERVAL (ft below GS• ) A : 

PRESSURE GAGE HT. (ft above GS-,: 

*GS • Ground surface 

STAGE 1: PRESSURE 30 psi 

3.65 
Single 

400 
624.2 to 
633.0 

5.0 

! Elapsed I Gage j Flow Meter i Cumulative ,· 
; Time 

1

1 Pressure I Reading ! Intake 
1 

, {min) (esi) I (ft3) 1 (gal) , 
~~:~:~:.::=~~:::::::::::,:.:::::;:~:~:~::::::x:)J~::::~:-;::::~t.-::::*::-:.-;:-:.;.~.;;~:+:::~=~:=:=:•*~~f:>:<=>:~:=:$:<:%:-;~:i:-:=~+~=~:.-::~:~ .·· ...... • ·.·,•- .-:-:-:-:-;.:,:.· ·.-.•: ,-;,;,:-:-.,:.,.;,:-:- :-,-:•:-:-:,:-:-,, ❖ •❖:-:-:❖:~---:-.-;.:' :-.❖:-:-,•-❖-• .. :~❖:-1.-:-... -. •,•:·:-x-:.:-:-:.:- ,.,. ·.•.-,❖ 

0.0 I 30 I 1474.020 I 
1.0 30 I 1474.020 I 
2.0 30 I 1474.021 I 

I 3.0 I 30 I 1474.050 I 
! 4.0 I 30 I 1474.080 I 

5.0 30 I 147-4.150 1 
10.0 30 I 1474.165 i 
15.0 29 1474.255 1 
20.0 I 1474.265 I 

Effective head (ft) H = 
Average rate of flow (gpm) a "' 
Hydraulic Conductivity (em/see) 

k•Q/((Cs+4)rH) • 

STAGE 3 : PRESSURE 30 psi 

0.000 I 
0.000 I 
0.007 
0.224 
0:449 
0.972 
1.085 
1.758 
1.833 1 
1n.9 
0.057 

1.6E-06 

Elapsed I Gago I 
I Time Preuure 1 

Flow Meter J Cumulative 
Reading I Intake 

(min I si I ft3 al 

0.0 I 30 I 1478.490 I 0 .000 I 
1.0 I 30 I 1478.490 I 0.000 I 
2.0 I 30 I 1478.490 I 0 .000 I 
3.0 I 30 I 1478.490 I 0 .000 I 
4.0 I 30 I 1478.490 I 0.000 I 
5.01 30 I 1478.490 I 0.000 1 

10.0 I 30 I 1478.490 I 0.000 I 
15.0 I 30 I 1478.490 I 0.000 I 
20.0 I 30 I 1478.490 I 0 .000 j 

Effective head (ft) H • 178.2 
Average rate of flow (gpm) a = 0.000 
Hydraulic Conductivity (cm/see) 

k= 0 / ((Cs+4)rH] = o.oE+oo 

PROJECT NO.: 92-2050 
BORING NO.: SM-9 
TEST NO.: 1 
SURFACE ELEVATION (ft) : 1112 
ROCK TYPE: BASALT BRACCIA 
STATIC WATER LEVEL (ft below GS*): 104 

COMPUTED HEAD LOSS (fl) : 
Air: 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
57.9 
84.3 

STAGE 2 : PRESSURE 63 psi 

·1 Elapsed I Gage I Flow Meter I Cumulative 
Time I Pressure I Reading j Intake 

i (min) I (esi) : (ft3) I (gal) 
;.::::::-;: .::.::~-~ :-=:::f: .. :..::~~ ~-i::::v~:d.;:::..\\. ~; ~£.~ ;_~f :: ·:·~ ~-~-~-~1 =;-·~} :-·: : ~~~·.: ;:_==~-= .:.tJ :: ·· · ~~ -~ 
I 0.0 I 60 I 1474.510 I 0.000 I 
I 1.0 I 62 I 1474.560 I 0.374 ; 

2.0 1 63 I 1474.590 I 0.598 I 
3.0 63 1 1474.620 I 0.823 1 
4.0 I 63 I 1474.640 I 0.972 '. 
5.0 63 I 1474.665 I 1.159 I 

10.0 63 I 1474.780 I 2.020 I 
15.0 63 I 1474.890 t 2.843 I 

Effective head (ft) H c 

Average rate of flow (gpm) Q • 
Hydraulic Conductivity (cm/sec) 

k•O/ [ (Cs+4)rHJ = 

254.0 
0.168 

3.4E-06 

FIGURE B-17 
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FIGURE B-17 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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SUMMARY 

SYMBOL STAGE AVERAGE 

1 
2 
3 

GAGE PRESSURE 
(psi) 

30 
63 
30 

EFFECTIVE HEAD (ft) 

10. 15 
ELAPSED TIME ( mic) 

HYDRAUIJC 
CONDUCTIVITY 

(cm/sec) 

1.6E-06 
3.4E-06 
O.OE-00 

A VERA GE HYDRAUIJC 
CONDUCTIVITY = 1. 7E-06 
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FIGURE B-18 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: METRO RED LINE. SEGMENT 3 
MULLHblJ.AND DRIVE/ 
WOODROW WILSON DRIVE 
08-31-92 

LOCATION: 

DATE: 
BORING SIZE On.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

*GS - Ground surface 

STAGE 1 : PRESSURE 30 psi 

3.65 
Single 

550 
638.2 to 
647.5 

6.0 

! Elapsed I Gage i 
I Time Pressure ,· 

Flow Meter I Cumulative i 
Reading I Intake 

! min I sa 3) 1 al 
:.: : : : .. :: . -:: ~-~. ~-~ :~::: :. ~-;:: . : .-~-}: .. : .. :: -~ ·: :.i '\ ... ·:: ·::~:: '·:: ;-;:,:: :: :.~· ~:::. : .•. ·•-•~-::;::: -·~-~ ·. -~ ... -:~-❖-

0. 0 I 30 I 1479.680 I 0.000 
1 .0 I 30 1479.685 0.037 
2.0 30 I 1479.690 I 0.075 
3.0 30 I 1479.692 I 0.090 I 
4.0 1 30 1 1479.695 1 0.112 1 
5.0 30 1479.697 I 0.127 

10.0 I 30 1479.695 I 0.1121 
15.0 i 30 1479.695 1 0.112 

Effective head (ft) H • 
Average rate o1 flow (gpml Q = 
Hydraulic Conductivity (em/sec) 

k•O/ [ (Cs+4)rHJ = 

STAGE 3 : PRESSURE 90 psi 

179.2 
0.000 

0.0E+OO 

•, Elapsed : Gage I Flow Meter j Cumulative I 

1 Time I Pressure Reading i Intake i 
'=,w=:{:,0,::~lj,:c::.,,,~==:=:::••?~t:,;.!,,,,1@~'"'i:!vw!~~j;t i•:'=n:•;::•inn!11~,l,;::;:m 
I o.o 90 1479.180 0.000 
I 1.0 90 1479.785 0.037 

2.0 90 1479.790 0.075 
3.0 90 1479.800 0.150 
4.0 90 1479.805 0.187 
5.0 90 1479.810 0.224 

10.0 90 1479.860 0.598 
15.0 90 1479.91 5 1.010 
20.0 90 1479.975 1.459 

Effective head (It) H = 
Average rate of flow (gpm) 0 = 
Hydraulic Conductivity (cm/see) 

k•Q/[(Cs +4)rH] = 

31 7.7 
0.082 

1.3E-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-9 
TEST NO.: 2 
SURFACE ELEVATION (ft): 1112 
ROCKlYPE: BASALT BRACCIA 
STATIC WATER LEVEL (ft below GS*): 104 

COMPUTED HEAD LOSS (ft): 0.00 
61.2 
88.5 

Air: 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE2 : PRESSURE 

Elapsed I Gage . 

Time I Preuure i 
min , s, • 

.-.-.-.... ·--,•,•,•.•-·~-~---.•-·.•-·- -•-•,,•.•-·-:-·-·-·~---•-•,•.· . . 

0.01 60 i 

1.0 I 60 I 
2.0 I 60 I 
3.0 I 60 I 
4.0 I 60 I 
5.0 I 60 I 

10.0 I 60 I 
15.0 I 60 I 
20.0 I 60 I 

Effective head (ft) H = 

60 psi 

Flow Meter I Cumulative 
Reading ' Intake 

ft3) al 
,',,',. ·-•-•,·-·-~-·.··•······ .·. -~• ..................... •.· .. •. , •. . .•.~·~-· •,•.•········· 

1479.710 i 0.000 I 
1479.710 I 0.000 : 
1479.715 1 0.037 I 
1479.715 I 0.037 I 
1479.710 I 0.000 I 
t 479.710 : 0.000 I 
1479.719 i 0.067 1 
1479.740 I 0.224 I 
1479.765 I 0.411 I 

Av.rage rate of flow (gpm) a = 
Hydraulic Conductivity (cm/see) 

248.5 
0.034 

k•Q/[(Cs+4)rH) = 6.7E-07 

STAGE 4 : PRESSURE 

Elapsed 
Time 
min 

0.0 I 
1 .0 I 
2.0 I 
3.0 I 
4.0 I 
5.0 I 

10.0 I 
15.0 I 
20.0 I 

Gage 
Pressure , 

Si 

63 I 
63 I 
63 I 
63 I 

63 I 
63 I 
63 I 
63 I 
63 I 

Effective head (ft) H = 

63 psi 

Flow Meter , Cumulative , 
Reading : Intake 

lt3 al 

1479.990 I 0.000 ; 
1479.995 i 0.037 i 
1480.005 i 0.112 I 
1480.015 I 0.187 I 
1480.025 I 0.262 1 
1480.035 I 0.337 I 
1480.095 l 0.785 i 
1480.150 I 1.197 I 
1480.195 i 1.534 I 

255.4 
Average rate of flow (gpm) Q = 0.067 
Hydraulic Conductivity (cm/sec) 

k=Q/((Cs +4)rHJ = 1.3E-06 

FIGURE B-18 
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FIGURE B-18 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

2.0 
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Ill 

1.5 
r.l 
:a: 
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~ 
~ 
> 

1.0 

~ 
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:::, 
2 0.5 :::, 
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BORINC NO: SM-9 TEST NO: 2 TEST INTERVAL (rt): 638.2 to 647.5 

150 250 350 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

G8eeE) 

!38BS£l 
~ --

1 
2 
3 
4 

GAGE PRESSURE 
(psi) 

30 
60 
90 
63 

EFFECTIVE HEAD (ft) 

10. 15 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTMTY 

(cm/aec) 

O.OE-00 
6.?E-07 
1.3E-06 
1.3E-06 

AVERAGE HYDRAUIJC 
CONDUCTIVITY = 8.0E-07 

450 

20 
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FIGURE B-19 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 

DATE: 

METRO RED LINE. SEGMENT3 
MULLHOL.LAND DRIVE/ 
WOODROW WILSON DRIVE 
09-02-92 

BORING SIZE (in.} 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi) : 
TEST INTERVAL (tt below GS*} A : 

PRESSURE GAGE HT. (ft above GS*): 

*GS • Ground surface 

STAGE 1: PRESSURE 53 psi 

0.0 1 50 i 1490.400 I 
1.0 1 50 I 1490.680 I 

2.0 I 50 I 1490.930 I 

3.0 1 1491.200 I 
4.0 1 50 I 1491 .460 i 
5.0 1 50 I 1491.700 I 

10.0 I 55 1 1492.980 I 
15.0 I 55 1 1494.190 I 
20.0 I 55 I 1495.350 I 

3.65 
Single 

650-700 
678.2 to 
693.0 

6.0 

0.000 
2.095 
3.965 
5.984 
7.929 
9.725 I 

19.300 I 
28.351 I 
37.028 I 

Effective head (ft) H • 232.6 
Average rate of flow (gpm} a• 1.TT3 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rH) • 2.6E-05 

STAGE 3: PRESSURE 160 psi 

' 8apsed I Gage j Flow Meter I 
Time I Pressure Reading I 

(mini 
I (psi) ! f131 I I 

,;,:,:, 

0.0 I 155 I 1505.550 I 
1.0 I 155 I 1506.380 I 
2.0 1 160 I 1507.200 I 
3.0 I 160 I 1507.960 I 
4.01 160 I 150S.730 I 
5.0 1 160 I 1509.510 I 

10.0 I 160 I 1513.410 I 
15.0 I 160 I 1517.370 I 

Effective head (ft) H = 
Average rale of flow igpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rHJ = 

Cumulative \ 
Intake 
(Qal) 

0.000 
6.209 

12.343 
18.028 
23.788 
29.623 
58.797 I 
88.420 I 

478.1 
5.880 

4.1E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-9 
TEST NO.: 3 
SURFACE ELEVATION (ft): 1112 
ROCK TYPE: BASALT BRECCIA 
STATIC WATER LEVEL (ft below GS*): 104 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
97.3 

128.5 

STAGE 2: PRESSURE 105 psi 

Elapsed ! Gage I Flow Meter I Cumulative 1 

I Time ! Pressure I Reading Intake ' 
I (min) i (psi) ' (ft3) , (gal) : 
~::.:;:::::=~=~=:=:~:w:::f :::~::::;::;::;:;::::r~::~:::;~:~;~:;::i:::=:=:=:::::=::::::;::::::~;:=::::;;;:~:::::~:~:J:~:::;:;:::::::;::::.;::::::~:::;;:::~::::::~::~~:::;::::~ ... ·.~ ... •,• .. •, . .. ;., ... · .. .. . . ·.·.··.· .·.·.·.· . ... · .... ·.,·.···· •,•.~•.,•, • ••.•' ' • •••• v,•. ~• •• ~•.•• •, • · •• :.:.;.;.:.;.; . . •.• ,•, ... •,:•···•'.• 

0.0 1 100 I 1495.720 I 0.000 I 

1.0 1 100 I 1496.260 I 4.039 I 

2.0 I 100 I 1496.755 I 7.742 I 

3.01 100 I 1497.250 I 11.445 i 

4.01 100 I 1497.680 I 14.662 ! 
5.01 107 I 1498.145 I 18.140 i 

10.0 I 107 I 1500.385 I 34.897 i 

15.0 I 107 I 1502.660 I 51.915 I 

20.0 I 101 I 1504.870 I 68.447 I 

Effective head (ft} H = 353.3 
Average rate of flow (gpm) Q = 3.355 
Hydraulic Conductivity (cm/sec) 

k•Q/((C$+ 4}rH] = 3.2E-05 

STAGE 4 : PRESSURE 215 psi 

Bapsed ! Gage I 
Time II Pressure 1 

. si I 

210 i 
210 I 
215 I 
220 I 
215 
215 I 

10.0 I 215 I 
15.0 I 215 I 

Effective head (ft) H .. 

Flow Meter I 
Reading 

(ft3 . 

1528.750 I 
1529.620 I 
1530.420 I 
1531.240 I 

1532.065 i 
1532.850 I 
1536.880 i 

1540.880 i 

Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k= Q/ [(Cs+4)rH] = 

Cumulative 

18.626 I 

24.798 I 
30.670 I 
60.816 i 

90.738 I 

605.8 
6.007 

3.JE-05 

FIGURE 8-19 
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FIGURE B-19 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 

DATE: 

METRO RED LINE, SEGMENT 3 
MULLHOUAND DRIVE/ 
WOODROW WILSON DRIVE 
09-02-92 

BORING SIZE (in.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (ps~: 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

*GS • Ground surface 

STAGE 5 : PRESSURE 114 psi 

3.65 
Single 

650-700 
678.2 to 
693.0 

6.0 

! 8apsed Gage Flow Meter I Cumulative 

'i-~-iJZ'..~iAl::.*::J.i;r:~i?ib:\:i:tEl::;*~::lw,3~~:,.~:❖; •,•, · .. -. ......... •.•,•,•· ····· · ... -. .. · ... • .. -.·.•.-.............................. ·, ····· ··· · .. , ....... ·.·····--...... -.... .. .......... , ........... 
I 0.0 1 105 I 1520.070 I 
I 1.0 107 I 1520.600 I 

2.0 115 I 1521.080 I 
3.0 1151 1521.560 I 
4.0 11 !5 I 1522.010 I 
s.o· 115 I 1522.470 I 

10.0 115 I 1524.815 I 

Effective heed {It) H • 
Average rate of flow (gpm) a • 
Hydraulic Conductivity (cm/sec) 

k•Q/ ((Cs+4)rH] • 

0.000 I 
3.965 
7.555 

11 .1~ 
14.512 
17.953 
35.495 

372.4 
3.509 

3.2E- 05 

PROJECT NO.: 92-2050 
BORING NO.: SM-9 
TEST NO.: 3 
SURFACE ELEVATION (ft): 1112 
ROCK TYPE: BASALT BRECCIA 
STATIC WATER LEVEL (ft below GS*): 104 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Ca: 

0.00 
97.3 

128.5 

STAGE 6 : PRESSURE 55 pai 

Elapsed 

I 
Gage I 

Ti~• Preuure I 
min ,. , 

Flow Meter I Cumulative , 
RHding Intake 

fl3 al 

0.0 55 I 1525.095 1 0.000 I 
1.0 55 I 1525.370 I 2.057 1 
2.0 55 i 1525.670 1 4.301 i 
3.0 55 1 1525.960 I 6.471 I 
4.0 1 55 I 1528.2!55 I 8.6n I 
5.0 1 55 I 1526.545 I 10.847 I 

10.0 55 I 1527.970 I 21.506 I 

Effective head (ft) H • 
Average rate of flow (gpm) Q • 
Hydraulic Conductivity (cm/sec1 

236.9 
2.138 

k-Q/((Cs+4)rHJ = 3.0E-05 

FIGURE B-19 
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FIGURE B-19 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

BORING NO: SM-9 TEST NO: 3 TEST INTERVAL (ft): 678.2 to 693.0 
c 10.0 
·s 
...... 
-;; 
CII 

..,_,. 7 .. 5 ,, 
g 
ea. 
ea. 
o 5.0 
c:.:i 
~ 

g2 
~ 

~ 2.5 
0:: 
Col 
> 
< 

150 250 

100 

--; 60 1111 

r.J 
:,,:: 
< 
~ 60 z -
c:.:i 
> 
e= 
j 

40 

::> 
:::E 
::> 
u 20 

0 

0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 
GA.CE PRESSURE 

(psi) 

G889E) 1 53 
OOB8€l 2 105 
~ 3 160 
...... 4 215 
-- 5 114 
- 6 55 

350 450 
EFFECTIVE HEAD (ft) 

10 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTMTY 

(cm/sec) 

550 

15 

2.6E-05 AVERAGE HYDRAULIC 
3 .2E-05 CONDUCTMTY = 3.2E-05 
4 . lE-05 
3.3E-05 
3.2E-05 
3.0E-05 

650 

20 
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FIGURE B-20 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
~ MUL TIVIEW DRIVE 
10-23-92 

BORINQ SIZE (in.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi) : 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS"): 

*GS • Ground surface 

3.785 
Single 

420 
250.0 to 
260.0 

9.0 

STAGE 1: PRESSURE SO psi 

0.0 I 
1.0 I 
2.0 I 

3.0 I 
4 .0 1 
5.0 I 

10.0 I 
15.0 I 

SO I 
50 I 
SO I 
so I 
so I 
50 I 
50 I 
SO I 

1813.515 1 0.000 
1813.520 I 0.037 1 
1813.520 I 0.037 
1813.520 I 0.037 
1813.520 I 0.037 
1813.520 I 0.037 
1813.520 I 0.037 
1813.520 I 0.037 

Effective heed (ft) H • 121 .4 
Average rate of flow (gpm) a = 0.000 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) • 0.0E+OO 

STAGE 3: PRESSURE 150 psi 

Elapsed i 

Time : 
min) 

0.0 I 
1.0 1 
2.0 I 
3.0 I 
4.0 1 

Gage I 
Pressure I 

si l 

150 I 
150 I 
150 I 
150 I 
150 I 

Effective head (ft) H = 

Flow Meter 
Reading 

ft3 

1813.530 I 
1813.530 I 
1813.532 1 
1813.532 I 
1813.532 I 

Average rate of flow (g?m) Q = 
Hydraulic Conductivity (cm/sec) 

k• Q/((CH4)rH] = 

Cumulative 
Intake 

al 

0.000 
0.000 
0.015 
0.015 I 
0.015 

352.2 
0.000 

O.OE+OO 

PROJECT NO.: 92-2050 
BORING NO.: SM-11 
'rEST NO.: 1 
SURFACE ELEVATION (ft) : 
ROCKTYPE: . 

n8 
SANDSTONE 

STATIC WATER LEVEL (ft below GS•): 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

STAGE 2 : PRESSURE 100 psi 

-3 

0.00 
63.4 
91 .0 

Elapsed I Gage 1 
Time J Pressure 1 

min si) ! 

Flow Meter I Cumulative 
Reading Intake 

ft3) al 

0.0 I 

1.0 
2.0 
3.0 
4.0 
5.0 

10.0 
15.0 I 

100 I 
100 I 
100 I 
100 I 
100 I 
100 I 
100 I 
100 I 

1813.520 I 
1813.522 I 
1813.522 I 
1813.525 I 
1813.525 I 
1813.525 I 
1813.528 I 
1813.528 I 

0.000 I 
0.015 I 
0.015 I 

0.037 I 
0.037 I 
0.037 I 

0.060 I 
0.060 I 

Effective head (ft) H = 236.8 
Average rate of flow (gpm) Q = 0.000 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) = 0.0E+ OO 

STAGE4 : PRESSURE 125 psi 

l Elapsed I Gage I Flow Meter I Cumulative 
, Time I Pressure ! Reading Intake 

l.,_._,:>,(~i1 -\;( .:.. JFsiL.,,/,x '.'/~~;,L,'. -<<1'.r·c.J~,?I) .f.i\ 
0 .01 
1.0 1 
2.0 I 
3.0 I 
4 .0 I 
5.0 I 

10.0 I 
15.0 I 

125 I 

125 I 
125 I 
125 I 
125 I 
125 I 
125 I 
125 ! 

Effective head (ft) H = 

1813.522 ! 
1813.522 I 
1813.522 I 
1813.522 I 
1813.522 I 
1813.522 I 
1813.522 I 
1813.522 I 

Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k=O/ ((Cs+4)rH) = 

0.000 I 
0,000 I 
0.000 I 
0.000 I 
0.000 I 
0.000 I 
0.000 I 

0.000 I 

294.5 
0.000 

O.0E+ OO 
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FIGURE B-20 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED UNE, SEGMENT 3 
3600 MULTIVIEW DRIVE 
10-23-92 

BORING SIZE [In.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ti below GS•) A : 

PRESSURE GAGE HT. (ft above GS-,: 

*OS • Ground surface 

STAGE 5 : PRESSURE 100 psi 

3.785 
Single 

420 
250.0 to 
260.0 

9.0 

ElaP9ed I Gage I 
Time Prnsure I 
min si) I 

Flow Meter I Cumulative I 
Reading Intake 

tt3 a1 I 
f:{·:-I~:~-:-~.:;-f:,-~_, •• , ·"f :r:-:-~>~\F. ::, . .-~:~-:.~•?b.: :-:: :< :,:,:-:·:-:-;tc:~-:"> ::-?;-:;,-;.-..,;i:: :~ .. :::.-:·:{·::: I 0.0 100 I 1813.522 1 0.000 I 

1.0 100 I 1813.522 ! 0.000 I I 2.0 100 I 1813.522 I 0.000 I 
I 3.0 100 I 1813.522 I 0.000 

1 4.0 100 I 1813.522 ! 0.000 I 
j 5.0 100 I 1813.522 1 0.000 I 
' 10.0 100 I 1813.522 ! 0.000 I 

15.0 100 I 1813.522 I 0.000 I 

Effective head (ti) H • 
Average rate of flow (gpm) Q • 
Hydraulic Conductivity (cm/sec) 

k- Q/[(Ca+4)rH] -

236.8 
0.000 

O.OE+OO 

PROJECT NO.: 92-2050 
BORING NO.: SM-11 
TEST NO.: 1 
SURFACE ELEVATION (ft): 
ROCKTYPE: 
STATIC WATER LEVEL (ft below GS*): 

COMPUTED HEAD LOSS (ti) : 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

778 
SANDSTONE 

- 3 

0.00 
63.4 
91 .0 

FIGURE B-20 
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FIGURE B-20 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

0.5 

-:0 0.4 --
r.;i 
::.: 
~ 0.3 :; 

~ 
j:: 0.2 
:i 
=:i 
::s 
=:i u 0.1 

0.0 

BORING NO: SM-11 TEST NO: 1 TEST INTERVAL (ft): 250.0 to 260.0 

100 150 200 250 300 350 

I 
0 5 

SUMMARY 

SYMBOL STAGE AVERAGE 

ooeoo 
C3BB9EJ 
~ ...... -

1 
2 
3 
4 
5 

GAGE PRESSURE 
(psi) 

50 
100 
150 
125 
100 

EFFECTIVE HEAD (ft) 

10 15 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTMTY 
(cm/■ec) 

O.OE-00 
O.OE-00 
O.OE-00 
O.0E-00 
0.0E-00 

AVERAGE HYDRAUIJC 
CONDUCTMTY = O.OE-00 

400 

20 

FIGURE B-2C 
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FIGURE B-21 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE. SEGMENT 3 
3600 MULTIVIEW DRIVE 
10-23-92 

BORING SIZE Qn.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psij: 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (ft above GS"): 

•GS • Ground surlace 

STAGE 1 : PRESSURE 50 psi 

3.65 
Single 

400 
280.0 to 
295.0 

9.0 

i Elapsed ! Gage '! 
1 Time I Pressure 

Flow Meter : Cumulative 

' min II I 
Reading I Intake 

) al 

.......... •.•.-.-.. •. ,•,• .·. · -• .•, :•: ,,:.:,:. . .... v ...... , •.-,•.•-· •.•.•-•,• -·--•-•, .-,.,• •,·.•,• · • .• ·.•.s.-.•.•:.•,•.-.·,••••· 

0.0 I 50 I 1813.639 I 
1.0 50 1813.639 I 
2.0 50 1813.639 I 
3.0 50 1813.639 I 
4.0 50 I 1813.639 1 
5.0 50 I 1813.639 I 

10.0 50 1813.640 I 
15.0 I 50 1813.640 I 

Effective head (ft) H • 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) = 

.-.·-··-·-·· ···········-··-·.-. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.007 
0.007 

121.4 
0.000 

o.oe+oo 

STAGE 3: PRESSURE 130 psi 

Elapsed I Gage 
Ti~e Press_ure I 
min) SI 

Flow Meter , Cumulative 
Reading J Intake 

ft3 . al 

0.0 I 130 I 1813.675 I 0.000 I 
1.0 I 130 I 1813.678 I 0.022 1 
2.0 I 130 I 1813.680 I 0.037 
3.0 130 I 1813.682 I 0.052 
4,0 130 I 1813.685 1 0.075 
5.0 130 I 1813.685 I 0.075 

10.0 I 130 I 1813.694 I 0.142 I 
15.0 I 130 I 1813.699 i 0.180 I 

Effective head (ft) H = 306.0 
Average rate of flow (gpm) 0 = 0.008 
Hydraulic Conductivity (cm/ sec) 

k•O/((Cs+4)rH] =- 8.3E-08 

PROJECT NO.: 92-2050 
BORING NO.: SM-11 
TEST NO.: 2 
SURFACE ELEVATION (ft): n8 
ROCK TYPE: . CONGLDMERATIC SANDSTONE 
STATIC WATER LEVEL (ft below GS•): -3 

COMPUTED HEAD LOSS (ft): 
AJr. 
CONOUCTIVllY COEFFICIENT Cs: 

0.00 
98.6 

129.7 

STAGE 2 : PRESSURE 100 psi 

Elapsed I Gage I Flow Meter l Cumulative 
Time Pressure 1 

min I ( ,si) ' 
Reading 1· Intake 

ft3 al 

0.0 I 100 I 1813.642 I 0.000 I 
1.0 1 100 I 1813.642 I 0.000 I 
2.0 I 100 I 1813.642 I 0.000 I 
3.0 1 100 I 1813.642 I 0.000 I 
4.0 1 100 : 1813.642 I 0.000 I 
5.0 I 100 I 1813.642 I 0.000 I 

10.0 i 100 I 1813.645 I 0.022 i 
15.0 I 100 I 1813.651 I 0.067 1 

Effective head (ft) H - 236.8 
A11erag1 rate of flow (gpm) a = 0.009 
Hydraulic Conductivity (cm/sec) 

k•O/((Cs+4)rH) • 1.3E-07 

STAGE 4 : PRESSURE 95 psi 

Elapsed / Gage i Flow Meter I Cumulative 
Time I Preaaure I Reading I Intake 
lminl (Dsil I lft3l · fqal) 

0.0 I 95 I 1813.700 I 
1.0 I 95 i 1813.700 I 
2.07 95 1 1813.700 I 
3.0 I 951 1813.700 I 
4.0 I 95 I 1813.700 I 
5.0 I 95 I 1813.700 I 

10.0 I 95 i 1813.700 i 
15.0 I 95 i 1813.700 I 

Effective head (ft) H • 
Average rate of flow (gpm) a "' 
Hydraulic Conduetillity (cm/sec) 

k-Q/((Cs+ 4)rH] -

0.000 I 

0.000 I 
0.000 I 
0.000 I 
0.000 I 
0.000 I 
0.000 I 
0.000 I 

225.2 
0.000 

0.0E+OO 

FIGURE B-21 
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FIGURE B-21 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

BORING NO: SM-11 TEST NO: 2 TEST INTERVAL (ft): 280.0 to 295.0 :s 0.010 --.----------------------------. 

8 ...... 
ai 
u 

- 0.008 ., 
9 
r-. 

'"" o 0.005 
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~ 0.003 
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!;: 0.10 
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:::, 
::2 :::, 0.05 
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0 5 

SUMMARY 

SYMBOL STACE AVERAGE 

1 
2 
3 
4 

GAGE PRESSURE 
(p•i) 

50 
100 
130 
95 

EFFECTIVE HEAD (ft) 

10 15 
ELAPSED TIME (min) 

HYDRAUUC 
CONDUCTIVITY 

(cm/He) 

O.OE-00 
1.3E-07 
8.3E-08 
O.OE- 00 

AVERAGE HYDRAUUC 
CONDUCTMTY = 5.2E-08 

400 

20 
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FIGURE B-22 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
3600 MULTIVIEW DRIVE 
10-24-92 

BORING SIZE ~n.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS•) A : 

PRESSURE GAGE HT. (It above GS-J: 

•as = Ground surface 

STAGE 1 : PRESSURE 27 psi 

3.65 
Double 

350 
165.0 to 
181.2 
10.0 

1 
Elapsed Gage Flow Meter I Cumulative 

I Time I Press_ure 
, min s, I 

Reading 
1

, Intake 
ft3 al 

fr~:~:{=:::=:~f~:~::-:;:-=:::t~:~::-;.'.?:=::~:~:~:{=:t~:~=5:=::::::-:~:~qr :::::·=:~~:~:~:~;~:-::=f;.*x-=r~r=::::~~:~::::~~-:~ 
0.0 I 25 I 1814.600 I 0.000 j 
1.0 I 25 I 1815.750 I 8.603 I 
2.0 I 25 1816.930 I 17.430 I 
3.0 I 25 1818.100 I 26.182 I 
4.0 I 30 1819.250 I 34.784 I 
5.0 I 30 I 1820,450 I 43,761 I 

Effective head (ft) H "' 
Average rate of flow (gpm) a -
Hydraulic Conductivity (em/see) 

k•Q/(CsrH) = 

Note: Reached pump capacity at 30 psi 

68.2 
8.m 

4.2E-04 

PROJECT NO.: 92-2050 
BORING NO.: SM-11 
TEST NO.: 3 
SURFACE ELEVATION (ft): 
ROCK TYPE: • 
STATIC WATER LEVEL (ft below GS•): 

COMPUTED HEAD LOSS (ft): 
AJr. 
CONDUCTIVITY COEFFICIENT Cs: 

na 
SANDSTONE 

-3 

0.00 
106.3 
136.8 
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FIGURE B-22 PACKER HYDRAUUC CONDUCTIVITY TEST DATA ANALYSIS 
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FIGURE B-23 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
3600 MULTIVIEW DRIVE 
10-24-92 

BORING SIZE On.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS*): 

"GS • Ground surface 

STAGE 1 : PRESSURE 28 psi 

3.65 
Double 

375 
155.0 to 
171.2 

10.0 

Elapsed Gage j Flow Meter i Cumulative 
1 Time J Pressure I Reading j Intake 
! (min) (psi) i (ft3) (gall 
::::=::::~:~d:=J:::;:;:::::;:;::=::::~::::=:::::::;::~:::::::::::::=:::::::::::::::;:::::::::::.:=:=:=:::=~:~:~:~:~:::::::::;:::~::;:;:;:::::::::;:~:~=~:=:=~:~:~::::=::~:~::::: 
·.•,•·····•:•:-.-:❖:-• .;: ••.• ·.•.·=·· ........... ·. ❖,•:•:•:•:~-:a:•:-~:~-:~·:·:•:•.·=•'.•:-:-:-:-~:~---:•.-.-:-.--·-·- . .... -.-:-:•:-.-.·-•.·.·,•.•-·-·-·,·:.·.• . . -... -... · .... 

0.0 I 20 I 1822.200 I 

' 1.0 1 20 I 1823.200 I 
2.0 I 25 1824.370 I 
3.0 I 27 1825.410 I 
4.0 I 27 1826.480 I 
5.0 I 30 1827.530 I 
6.0 I 30 1828.600 I 
7.0 I 33 1829.630 I 
8.0 I 331 1830.680 I 
9.o I 33 1831 .700 I 

10.0 I 1832.760 I 

Effective head (ft) H = 
Average rate of flow (gpm) a = 
Hydraul ic Conductivity (cm/sec) 

k•Q/[CsrH) = 

Note: Reached pump capacity at 33 psi 

0.000 I 
7.481 

16.233 
24.012 
32.017 
39.871 I 
47.875 
55.580 
63.435 
71 .065 
78.9941 

72.7 
7.825 

3.SE-04 

PROJECT NO.: 92-2050 
BORING NO.: SM-11 
TEST NO.: 4 
SURFACE ELEVATION (ft): 
ROCK TYPE: 
STATIC WATER LEVEL (ft below GS*): 

COMPUTED HEAD LOSS (ft) : 
A/r. 
CONDUCTIVITY COEFFICIENT Cs: 

778 
SANDSTONE 

-3 

0.00 
106.3 
136.8 
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FIGURE B-23 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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FIGURE B-24 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT 3 
3773 FREDONIA DRIVE 
10-2B-92 

BORING SIZE (in.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psi): 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE HT. (ft above GS"): 

•GS • Ground surface 

4 
Single 

300 
146.7 to 
161.0 

3.2 

STAGE 1: PRESSURE SO psi 

Elapsed i Gage I 
I Time I Pressure 1 
I min I :si ! 

Flow Meter I Cumulative 
Reading Intake 

ft3 ' al 

0.0 I 50 I 1829.470 I 0 .000 
1.o l 501 1829.518 0.355 
2.0 I 50 I 1829.558 0 .655 
3.01 SOT 1829.595 0.935 
4.0 I 50 i 1829.6351 1.234 
5.01 50 I 1829.6641 .1.451 

10.0 I 50 I 1829.804 2.498 
1s.o I SOT 1829.933 3.463 
20.0 I 50 I 1830.049 4.331 

Effective head (fl) H • 144.6 
Average rate of flow (gpm) a • 0.183 
Hydraulic Conductivity (cm/sec) 

k,.Q/[(Cs+4)rH] "' 4.2E-06 

STAGE 3: PRESSURE 129.5 psi 

, Elapsed 
i Time 
' min 

Gage i Flow Meter 
PreHure i Reading 

SI I ft3 

0.0 I 125 I 1833.150 I 
1.0 I 130 I 1833.7751 
2.0 1 130 I 1834.3281 
3.0 I 130 I 1834.890 I 
4.0 I 130 I 1835.4921 
5.0 I 130 I 1836.090 I 

Effective head (fl) H = 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k-Q/ [(Cs+4)rHJ -

Cumulative 
Intake 

al 

0.000 I 
4.675 
8.812 

13.016 
17.519 
21.993 

328.0 
4,394 

4.4E-05 

PROJECT NO.: 92-2050 
BORING NO.: SM-12 
TEST NO.: 1 
SURFACE ELEVATION (fl): 671 
ROCK TYPE: SANDSTONE/SILTSTONE 
STATIC WATER LEVEL (fl below GS•): 26 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFICIENT Cs: 

0.00 
86.0 

118.8 

STAGE 2 : PRESSURE 100 psi 

Elapsed I Gage I Flow Meter I Cumulative , 
Time I Pressure I Reading Intake 

I (min) (psi) I (ft3) I (~al! 
~=~=~::=~~:~~::~l ~:?.~~:~~::=~~~=~=~~:q:fi:~~::::::=~~}=~=~=~=~~~=~=~=~:f:::~~:~:~=~~=~=~=~*#:~~~=~;~#=~=~~=~:;:~:~;:~:~~=~%~=~~~=~~:~:~=~~=~t~=~~~: 

00 1 100 1 1830380 1 00001 
1.0 I 100 I 1830.588 I 
2.0 I 100 I 1830.725 I 
3.0 100 I 1830.848 I 
4.0 1 100 I 1830.968 I 
5.0 100 I 1831 .085 I 

,o.o 100 I 1831 .670 I 
15.0 100 I 1832.208 i 
20.0 100 T 1832.775 I 

Effective head (fl) H = 
Average rate of flow (gpm) a = 
Hydraulic Conductivity (cm/sec) 

k•O/[(Cs+4)rHJ • 

1.556 I 
2.581 I 
3.501 I 
4.399 I 
5.274 1 
9.650 I 

13.674 I 
17.916 I 

259.9 
0.827 

1.1 E-05 
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FIGURE B-24 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 
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FIGURE B-25 PACKER HYDRAULIC CONDUCTIVITY TEST DATA ANALYSIS 

PROJECT: 
LOCATION: 
DATE: 

METRO RED LINE, SEGMENT3 
CAHUENGA BLVD/LANKEASHIM BLVD 
11-04-92 

BORING SIZE Qn.) 2r : 
PACKER CONFIGURATION: 
PACKER PRESSURE (psQ: 
TEST INTERVAL (ft below GS*) A : 

PRESSURE GAGE I-IT. (ft above GS"}: 

*GS • Ground surface 

STAGE 1 : PRESSURE 20 psi 

3.75 
Single 

290 
75.0 to 
90.0 

4.0 

1 
Elapsed I Gage I Flow Meter 1· Cumulative I 

I Time i Pressure I Reading Intake I 
(min) i (psi) (ft3! (gal) . 

•,•,,,. · ... : ...• } ... •, ,•.".•,,, =•:•:•=· =···=•=❖=-=-:❖:❖=-=·=·=-=•=❖=•:❖~:.:❖:-.•:•=·-·-•=❖- =~-=-:-.•:-.-:•=• :-:-.-r•-

0.0 I 20 I 1838.090 I 
1.0 I 20 I 1838.098 I 
2.0 I 20 I 1838.099 I 
3.0 1 20 I 1838.1151 
4.0 I 20 I 1838.115 I 
5.0 I 20 I 1838.115 I 

10.0 I 20 I 1838.115 I 
15.0 I 20 I 1838.115 I 

Effective head (ft) H = 
Average rate of flow (gpm) a '"' 
Hydraulic Conductivity (cm/sec) 

k•O/ [ (Cs+4)rH) • 

'.-'.·'.•.•.•·.·'.•.•:❖:-:.;.:-.-:-.-:,:~-=~ 

0.000 
0.056 
0.067 
0.187 
0.187 
0.187 
0.187 
0.187 

62.2 
0.000 

0.0E+OO 

I 

STAGE 3 : PRESSURE 23 psi 

I Elapsed I Gage ' 
' Time J Press.ure 

m,n , s1 

Flow Mete r 

1

, Cumulative 
Reading Intake 

ft3 ' aJ 

0.0 60 I 1838.350 I 0.000 I 
1.0 60 I 1838.365 1 0.112 I 
2.0 60 I 1838.370 I 0.150 I 
3.0 60 I 1838.395 1 0.337 1 
4.0 60 I 1838.395 1 0.337 I 
5.0 60 I 1838.405 1 0.411 I 

10.0 60 i 1838.468 I 0.883 I 
15.0 60 I 1838.494 1 1.077 I 
20.0 60 I 1838.540 I 1.421 I 

Effective heed (ft) H "" 67.9 
Average rate of flow (gpm) a = 0.054 
Hydraulic Conductivity (em/sec) 

k•O/ [ (Cs+4)rH) • 2.SE-06 

PROJECT NO.: 92-2050 
BORING NO.: SM-13 
TEST NO.: 1 
SURFACE ELEVATION (ft): 590 
ROCK TYPE: SANDSTONE/SILTSTONE 
STATIC WATER LEVEL (ft below GS*): 12 

COMPUTED HEAD LOSS (ft): 
Air. 
CONDUCTIVITY COEFFIC IENT Cs: 

0.00 
96.0 

127.3 

STAGE 2: PRESSURE 40 psi 

Elapsed Gage , Flow Meter 
Time Pressure : Reading 
min si ft3 

0.0 40 I 1838.130 I 
1.0 1 40 I 1838.142 I 
2.0 40 I 1838.152 I 
3.0 40 I 1838.162 I 
4.0 40 I 1838.1751 
5.0 1 40 I 1838.187 1 

10.0 I 40 I 1838.220 I 
1s.o I 40 I 1838.260 I 
20.0 I 40 I 1838.291 I 

Effective head (ft) H • 
Average rate of flow (gpm) Q = 
Hydraulic Conductivity (cm/sec) 

k•Q/ [(Cs+4)rHJ = 

Cumulative 
Intake 

al 

0.000 I 

0.090 I 

0.1 65 i 
0.239 I 
0.337 i 
0.426 i 

0.673 I 

0.972 I 
1,204 I 

108.3 
0.016 

5.0E-07 
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FIGURE B-25 PACKER HYDRAUUC CONDUCTMTY TEST DATA ANALYSIS 

BORING NO: SM-13 TEST NO: 1 TEST INTERVAL (t't): 75.0 to 90.0 
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SUMMARY 
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APPENDIX C 
GEOPHYSICAL WIRELINE LOGGING RESULTS 

This appendix descnbes the instrumentation and procedures used to collect and interpret 
the wireline data. Sonic and electric logs for each boring are included in the pockets in this 
appendix. 

The wire line survey consisted of lowering an instrumented package ( sonic or electric son de) 
to the boring bottom and recording data as the package is raised at 10 to 20 feet per minute. 
Data are digitally recorded at a rate of ten points per vertical foot. Logs were run a second 
time within the tunnel zone only to provide a check on data quality and repeatability. The 
sonic sonde consisted of a crystal transmitter (30 KHz) and two receivers spaced one foot 
apart with the lower one a foot above the transmitter. The sonde continuously recorded the 
entire sonic waveform arriving at each receiver. The electric sonde consisted of several 
transmitting and receiving electrodes that recorded the spontaneous potential and electrical 
resistivity of the boring fluid and the formation. Both sondes were calibrated and 
functionally checked immediately prior to and after data collection. Logs were digitally 
recorded, edited, and displayed in standard industry format as depth sections. The logs' 
depth axis was relative to ground surface at the boring. The wireline survey was conducted 
by Barbour Corporation, Camarillo, California. 

Additional logs were planned to further quantify subsurface conditions. At the first boring, 
a video log was conducted to measure formation wall conditions. Visible light used by this 
log is of higher frequency than the sonic tool transmitter and can resolve smaller dimension 
fractures with its smaller wavelength signals. The video log failed because the boring fluid 
could not be flushed clear enough of suspended particles to adequately film the formation 
wall. This log was not conducted at the other borings. 

Sonic Log 

Sonic data were recorded with a Mt Sophris model CLP-4877 sonde (SIN R00l-F) with 
model CLM-4877 electronic module (SIN 53). Loggin started below the water table where 
wave attenuation is minimized. The effective formation penetration in the approximate four
inch boring is 0.7-1.0 foot. The sonic log contains two data graphs with depth plotted on 
the vertical axes. The left graph has the compressional wave transit time between the two 
receivers plotted on the horizontal axis. Compressional velocities were calculated as receiver 
separation (one foot) divided by the measured transit time. Velocities were measured only 
within depth intervals where the transit time was relatively constant and well behaved. This 
graph shows that formation velocity increases to the left as transit time decreases. Fracture 
locations were identified as large amplitude positive and negative deviations (Fractures in 
otherwise competent rock will decrease the wave amplitude arriving at one or both of the 
receivers causing large amplitude signal deviations known as cycle skips). 
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The right graph shows dark/light banding representing the entire waveform arriving at the 
receiver closest to the transmitter. The first arriving compressional wave is not visible 
because the display gain function is set low enough to minimize its amplitude. The first 
obvious wave is usually the larger amplitude, formation shear wave. Shear wave velocities 
were calculated as transmitter-receiver separation ( one foot) divided by measured shear wave 
arrival time. Dynamic elastic moduli (shear, Youngs, and bulk) and Poisson Ratio were 
calculated using the standard equations (Paillet, 1991) and the measured compressional and 
shear velocities and densities obtained by laboratory analysis of rock samples. Effective 
porosity was calculated using the compressional velocities with the Wyllie time average 
equation (Keys, 1988). An upper estimate of permeability was calculated using the Kozeny
Carmen model (Keys, 1988). Uncertainties of all calculated values are estimated at +20%. 

The next coherent signal is the much slower tube wave which travels along the boring 
fluid/formation interface. Tube wave velocity is relatively unimportant but its amplitude is 
especially sensitive to energy loss through fractures in the formation wall. In competent rock 
the tube amplitude is continuous as shown by parallel banding of equal intensity. The tube 
wave signal becomes irregular and smaller amplitude when open fractures or increased 
permeability zones are encountered. Closed fractures ( clay and quartz fil1ed) do not distort 
the tube wave as much as open fractures. Tube waves are insensitive to fracture orientation. 
Fracture locations interpreted from tube wave irregularities were compared with those 
jqentified from compressional wave transit time. Fracture frequency per ten feet intervals 
were calculated and compared with laboratory analysis of frequency and Rock Quality 
Designation (RQD) values. 

Electric Log 

The electric log was recorded with a Mt Sophris model ELP-41277 sonde (SIN B-1-SS) and 
model ELM-4277 electronics module (SIN 52). The log also started below the water table 
to provide good formation coupling with the boring fluid. The log consists of four data 
profiles plotted on three graphs with depth on the vertical axes. On the left graph, 
spontaneous potential is plotted on the horizontal axis. This log measures electric currents 
produced by chemical reactions between the drilling fluid and the formation. The log shows 
changes related to changing clay content and groundwater quality. Open fractures may 
produce positive or negative peaks in this log by allowing formation waters to interact with 
boring fluids. Closed fractures generally produce smaller amplitude peaks ( and may not be 
identified) because the clay/quartz filling the fracture minimizes chemical reactions with 
formation waters. Peaks were identified on the log and compared with fractures interpreted 
from the sonic log. 

The central graph shows electrical resistivity measurements on the horizontal axis. The 16-
inch measurements responds mostly to boring fluid and mudcake resistivities. The 64-inch 
measurements responds to formation changes with a penetration of about two feet. The 
right graph also shows formation resistivities on the horizontal axis as measured with a 6-
foot lateral sonde. This sonde focusses electrical current deeper into the formation and has 
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about four feet of penetration. Resistivity changes in the lateral and 64-inch data not solely 
caused by boring fluid changes (as shown by the 16-inch data) were interpreted as significant 
formation changes (degree of fracturing, cementation, clay content). Qualitative rock 
strength was estimated from the following relations. 

Resistivity Range 
(ohm meters) 

0 - 50 
50 - 300 

300 - 600 
>600 

References 

Rock Strength 

unconsolidated 
poorly consolidated 
consolidated 
competent, few fractures 

Keys, W., 1988. Borehole Geophysics Applied To Ground-Water 
Investigations. U.S. Geologic Survey, Open File Report 87-539, 
Denver, CO. 

Paillet, F. and C. Cheng, 1991. Acoustic Waves in Boreholes. CRC 
Press, Boca Raton, FL. 
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APPENDIX D 
MONITORING WELLS 

D.1 MONITORING WELL DIAGRAMS 

Five monitoring wells were installed as part of this investigation. Two monitoring wells were 
installed in the 1989 geotechnical investigation. The diagrams of all the monitoring wells 
(SM-lA, SM-1, SM-3A, SM-6A, SM-9A, SM-14, R-8 and R-9) are included in this appendix. 

D.2 WELL DEVELOPMENT 

The purpose of monitoring well development is to remove fine particulate materials, 
commonly clay and silt, from the geologic formation near the well intake. If particulate 
matter is not removed, as water moves through the formation into the well, the water 
sampled may be turbid, and the viability of the water quality analyses may be impaired. A 
properly developed well, therefore, will provide samples that are truly representative of the 
quality of water that is moving through the formation. 

Four monitoring wells (SM-3A, SM-6A, SM-9A and R-8) were developed between 
November 16 to November 18, 1992. A combination of three well development methods 
was used to develop each well. These methods were: 1) bailing, 2) mechanical (surge block) 
surging, and 3) pumpingloverpumping. · 

A bailer, allowed to fall freely through the well casing until it strikes the surface of the 
water, produces a strong outward surge of water that is forced from the well casing through 
the well intake and into the formation. This tends to break up bridging that may have 
developed within the formation. As the bailer fills and is rapidly withdrawn, the water and 
particulate material is pulled through the well intake and into the well. Subsequent bailing 
will remove the particulate material. Similarly, a surge block agitates and loosens particulate 
material so that it can be removed by bailing or pumping. By using a pump, groundwater 
flow is induced towards the well along with particulate material which will be pumped out. 

Using the above methods, well development was performed until (1) a minimum of five well 
casing volumes of groundwater were removed from the well ( or all standing water in the well 
casing had been removed), (2) the temperature, pH, and conductivity had stabilized to within 
10 percent between consecutive measurements; and (3) if possible, the discharge water was 
clear ( < 10 NTU). As used here, the term "casing volume" refers to the volume of standing 
water in the monitoring well within the casing. All well activities were recorded on Earth 
Techno!ogy's Well Development/Purge Log and are included in this appendix. 
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D.3 GROUNDWATER SAMPLE COLLECTION 

· Groundwater samples were obtained from Monitoring Wells SM-3A, SM-6A, SM-9A and 
R-8 for chemical analyses. The field procedures used in collecting the groundwater samples 
were as follows: 

D.3.1 Purging Wells 

The monitoring wells were purged before obtaining groundwater samples. They were purged 
until: (1) a minimum of four casing volumes were removed from the wells or all standing 
water in. the well casing had been removed ( one casing volume), (2) the field parameters 
including pH, specific conductivity, and temperature of recovered water were stabilized as 
per the following criteria: pH - constant within 0.1, specific conductivity - did not vary more 
than 10 percent from the previous reading, and temperature - constant within 1 • C. 

Purging of the wells was accomplished by using a submersible pump. During purging the 
aforementioned field parameters were measured and recorded. Field Organic Vapor 
Analyzer (OVA) readings at the well heads prior to and during purging were obtained and 
recorded. The groundwater monitoring well sample logs are included in this appendix. 

_ P-:3.2 Water Sampling 

After the aforementioned field parameters had stabilized, groundwater samples were 
collected from each well using a Teflon bailer. The samples were transferred from the bailer 
into appropriate containers and were labeled with the following information: date and time 
of sampling, sample identification, location, preservation methods, sample collector, owner 
(client), and chemical testing methods. Labeled and sealed samples were placed in ice chests 
and were maintained in a chilled condition in the field and through shipment to the 
analytical laboratory. 

The submersible pump and discharge hose were flushed with a dilute solution of Alconox 
to remove contaminants that may have adhered to the pump and hose during purging. The 
pump was then run for a period of approximately five minutes, after which the pump and 
hose were placed in a container of fresh water. The pump was then operated for an 
additional five minutes. 

D.3.3 Transport of Water Samples 

The groundwater samples contained in sealed ice chests were transported to Pace 
Incorporated Analytical Laboratories, Huntington Beach, California with properly filled out 
chain-of-custody records which are presented in this appendix. 
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D.3.4 Transport and Disposal of Purged Water 

Fluids produced from well purging and equipment decontamination activities were placed 
in separate DOT-approved 55-gallon steel drums. The drums were properly packed and 
were labeled with the following information: location, well number, content and date, 
generator's name, address, and telephone number. The drums were then transported to a 
temporary storage yard located at 4435, Fountain Avenue, Los Angeles. The drums were 
placed on the ground in the storage yard with two layers of 4-mil thick polyethylene sheets 
between the soil and the drums. 

Following the testing, the purged water was transported to Southwest Processors, Inc. a 
Treatment, Storage and Disposal Facility (TSDF) in Los Angeles under a Uniform Non
hazardous Waste Manifest. The water was disposed of properly in accordance with 
regulatory requirements by the TSDF. Copy of the non-hazardous waste manifest is 
included in this appendix. 

D.3.S Health and Safety 

A Health and Safety manual for this investigation was prepared in accordance with the 
provisions of 29CFR 1910.120. All the field personnel were briefed about the Health and 
Safety manual and it was implemented in the field by a Site. Safety Officer. 

All on-site personnel had participated in an OSHA, 40-hour hazardous waste training course. 
In addition, supervisors had completed the 8-hour Hazardous Waste Supervisor's training 
course. The 40-hour course was supplemented with a 3-day on-the-job training course and 
was updated annually with an 8-hour refresher course. 

During purging and groundwater sampling activities, traffic cones were placed around the 
well locations. All on-site personnel wore orange traffic vests. The work area was cordoned 
off with cones and caution tape to prevent unauthorized personnel from entering the work 
area. 
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Traffic Box 

CemenUBentonite Grout M 
Cl 

~~--- Schedule 80 PVC Flush Threaded Casing 

0 

C\j 

0 
oO 

0 

Total Depth (D) 
Total Depth of Casing (01) 
Depth to Bottom of Well Screen (D2) 
Depth to Top of Well Screen (D3) 
Depth to Bottom of Top Seal (D4) 
Depth to Top of Top Seal (05) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

Bentonite Seal 

Schedule 80 PVC 
Flush-Threaded Screen 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

-199Feet 
- 195 Feet 
- 195 Feet 
- 125 Feet 
.. 112 Feet 
- 103.3 Feet 
- 2 Inch 
- 0.01 Inch 
.. 2/12 Monterey 
= 1/4 Inch Pellets and Chips 

E 11w E•rth T•cnnol•flY 
Corpor•tion 

ro1ect o. 92-2050 
GeotechnicaJ Investigation 
Santa Monica Mountains 

S ment 3 Metro Red Line 

Well Number SM-1 

1-93 Figure 0-1 
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C\I § 
0 ~ 
aa $ .... 
0 ::;:: ..,.. 

0 §§ 
:±: 
$ 
$ 
8 
0 

I 
:E 
$ 
$ ..... 

Total Depth (D) 
Total Depth of Casing (01) 
Depth to Bottom of Well Screen (D2) 
Depth to Top of Well Screen (03) 
Depth to Bottom of Top Seal (D4) 
Depth to Top of Top Seal (05) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

Traffic Box 

PVC Slip Cap 

CemenVBentonite Grout 
Schedule 80 PVC Flush Threaded Casing 

Bentonite Seal 

Schedule 80 PVC 
Flush-Threaded Screen 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

- 180 Feet (Sloughed to 1 so feet) 
- 150 Feet 
- 150 Feet 
- 10 Feet 
- 9 Feet 
- 3 Feet 
- 1 Inch 
- 0.01 Inch 
- 2/12 Monterey 
- 1/4 Inch Pellets 

ro1ect No. 92·2050 
Geotec:nnical Investigation 
Santa Monica Mountains 

S ment 3. Metro Red Line 

Well Number SM-1A 

1·93 Figure D-2 



0 

C\I 
0 
oO ... 
0 

M 
0 

Total Depth (D) 
Total Depth of Casing (01) 

:::::: 
:::::: 
8 :::: ...., 
:::: ..... 
::;:: ..,.. ..,.. 
~ 
:±: 
:±: 
$ 
:::::: s ...., 
:::: :::: ::;:: 
::;:: 
:;: 
::c: 
::±: 

I 

Depth to Bottom of Well Screen (D2) 
Depth to Top of Well Screen (D3) 
Depth to Bottom of Top Seal (04) 
Depth to Top of Top Seal (DS) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

Traffic Box 

PVC Slip Cap 

CemenUBentonite Grout (Volclay) 

Schedule 80 PVC Flush Threaded Casing 

Bentonite Seal 

Schedule 80 PVC 
Flush-Threaded Casing (Slotted) 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

• 95 Feet (2' Slough) 
= 92 Feet 
.. 92 Feet 
.. 32 Feet 
.. 27 Feet 
- 16 Feet 
- 2 Inch 
- 0.01 Inch 
• 2/12 Monterey 
= 1/4 Inch Pellets and Chips 

roJect No. 92-2050 
~ n. E•rfh TecltnOlogy 
;;_ Carpor•lion 

Geotechnical lnvesbgation 
Santa Monica Mountains 

S ment 3 Metro Red Line 

Well Number SM-3A 

1-93 Figure 0-3 



Locking Monument Cover 

PVC Slip Cap 

~---Cement/Bentonite Grout (.,5% Bentonite powder) 

Schedule 80 PVC Flush Threaded Casing 

Bentonite Seal 

$ 
C\I A 

0 
0 t::: 
~ -t::: ... -0 ::;:: ........1--1---- Schedule 80 PVC 

0 ~ 
:±: 
~ -::::: 
$ 
E: 
'-' 
t::: 

EE 
::;:: 
:i= 
~ 
~ --

Total Depth (0) 
Total Depth of Casing (01) 
Depth to Bottom of Well Screen (D2) 
Depth to Top of Well Screen (03) 
Depth to Bottom of Top Seal (D4) 
Depth to Top of Top Seal (05) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

Flush-Threaded Casing (Slotted) 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

- 127 Feet 
- 125 Feet 
- 125 Feet 
- 65 Feet 
- 60 Feet 
-48.5 Feet 
- 2 Inch 
- 0.01 Inch 
- 2/12 Monterey 
• 1/4 Inch Pellets and Chips 

r01ect No. 92-2050 

~ Tlw E•ffh Tedrnology 
iiii Corpor•tion 

Geotec:tlnical Investigation 
Santa Monica Mountains 

S ment 3 Metro Red Line 

Well Number SM-6A 

1-93 Figure D-4 



C\I 
C 
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C'? 
C 

$ 
§ 
t::l 

Traffic Box 

PVC Slip Cap 

Cement/Bentonite Grout (Volclay) 

Schedule 80 PVC Flush Threaded Casing 

Bentonite Seal 

$ ... 
C :;: ......,-----1---- Schedule 80 PVC 

C 3§ 
± 
:±: ::::: ::::: 
A 

I 
I 
± 
:±: 

~ 

Total Deptt, (D) 
Total Depth of Casing (01) 
Depth to Bottom of Well Screen (02) 
Depth to Top of Well Screen (03) 
Depth to Bottom of Top Seal (04) 
Depth to Top of Top Seal (D5) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

Flush-Threaded Casing (Slotted) 

Filter Pack Sand 

Threaded PVC End Cap 

Filter Pack Sand 

- 155.0 Feet (3.4' Slough) 
• 150.6 Feet 
- 150.6 Feet 
- 90.6 Feet 
• 85.2 Feet 
- 73.6 Feet 
- 2 Inch 
- 0.01 Inch 
- 2/12 Monterey 
• 1 /4 Inch Pellets and Chips 

ro1ect No. 92-2050 
~ n. &tth T•chnolOfY 
.;_ Corpor•ti•n 

Geoteehnicat Investigation 
Santa Monica Mountains 

S ment 3 Metro Red Line 

Well Number SM-9A 

1-93 Figure D-5 



Traffic Box 

PVC Slip Cap 

M 
0 

---- Cement/Bentonite Grout 

~:!t---- Bentonite Seal 

"11i"e"'"'1---- Blank Schedule 80 

0 

C\I 
0 
~ .... 
0 

Total Depth (0) 
Total Depth of Casing (01) 
Depth to Bottom of Well Screen (D2) 
Depth to Top of Well Screen (D3) 
Depth to Bottom of Top Seal (D4) 
Depth to Top of Top Seal {05) 
Well Casing Diameter 
Well Screen Slot Size 
Filter Pack Sand Type 
Bentonite Seal Type 

PVC Casing 

Schedule 80 PVC 
Flush-Threaded 
Casing (Slotted) 

Filter Pack Sand 

PVC Slip End Cap 

Filter Pack Sand 

- 55.5 
• 53.5 
• 53.5 
• 3.5 
• 3.0 
• 0.5 
- 2 
• 0.02 
• 2/12 
- Bentonite 

Feet 
Feet 
Feet 
Feet 
Feet 
Feet 
Inch 
Inch 
Monterey 
Chips 

Project No. 92-2050 

E 71w Earth Technology Geotecnnieal Investigation 
Cerporalion Sanla. Monica Mountains 

Segmen1 3. Me110 Red Line 

Well Number SM-14 

6-93 Figure D-6 



0 C 

1, 

N 

0 

,, 

,., 
a 

TOTAL DEPTH (D) 

or 
C 

,, 

PVC SLIP CAP 

-----CEMENT/BENTONITE GROUT 

~114----- BLANK PVC CASING 

. . - . . ·. --- ... · .. --... --- . 
:. ::- =:= . 

BENTONITE SEAL 

. . -- . . . --- . · .. -=--"'--. "".----- SCHEDULE 40 
· • - - . PVC FLUSH THREADED 

... · · -:- • . . CASING (SLOTTEOI ·. ·.· :-: .·· .. : · .. · --- ... 
. . ·.· :-:. ·. . - ... . . ··=:: .: . 

THREADED PVC ENO CAP a.---- BENTONITE SEAL 

·.: :·:: :-:·~ :: ... .... . . ..... . . . . . . 
. . . . ·: . ◄_.,._+---- SANO 

= 200.5 FEET 

DEPTH TO BOTTOM OF BOTTOM SEAL (Dl) = 83.0 FEET 

DEPTH TO TOP OF BOTTOM SEAL (D2) = 80.0 FEET 

TOTAL DEPTH OF CASING (D3) = 80.0 FEET 

DEPTH TO BOTTOM OF WELL SCREEN (D.f) = so.a FEET 

DEPTH TO TOP OF WELL SCREEN (DS) = 10.0 FEET 

DEPTH TO BOTTOM OF TOP SEAL (D6) = 8.0 FEET 

DEPTH TO TOP OF TOP SEAL (D7) = 3.0 FEET 

WELL CASING DIAMETER = 2 INCH 

WELL SCREEN SLOT SIZE 0.02 INCH 

FILTERPACK SAND TYPE = * 30 MONTEREY 

BENTONITE SEAL TYPE = HOLE ? LUG 

roJect No. 

E 11- &rlh T•chnolofy 
Corpor•lion Metro Rail 

Well Number R-8 

89-409 

4-90 Figure 0-7 



0 0 

N 
0 

,., 
C 

TOTAL DEPTH (D) 

• o · 

PVC SLIP CAP 

~----- CEMENT/8ENTONITE GROUT 

~~----BLANK PVC CASING 

... -- .. . . - . 

BENTONITE SEAL 

. - .. . · · .. -::1-, ..... +----- SCHEDULE 40 . .-.: ~=. .. . PVC FLUSH THREADED 
CASING ISLOTTEOI 

·:.-:: ~ ... ~ .. 
. . ·: :-: . ·. --- ... 
. .. -== .:·: 

... ;.;.t,----BLANK PVC CASING 

... 

:::·: ::-;·: :: . ..... .. . . .... . 

TMl'laADEO PVC ENO CAP 

----BENTONITE SEAL 

. . : ..... . 
•:.:·: •.=:◄_·.,~+-----SANO 

= 139.2 FEET 

DEPTH TO BOTTOM OF BOTTOM SEAL (Dl) = 73.0 FEET 

DEPTH TO TOP OF BOTTOM SEAL (02) = 70.0 FEET 

TOTAL DEPTH OF CASING (D3) - 70.0 FEET 

DEPTH TO BOTTOM OF WELL SCREEN (D◄) = 35.0 FEET 

DEPTH TO TOP OF WELL SCREEN (D5) = 5.0 FEET 

DEPTH TO BOTTOM OF TOP SEAL (D6) . = ◄.O FEET 

DEPTH TO TOP OF TOP SEAL (D7) = 1.0 FEET 

WELL CASINC DIAMETER = 2 INCH 

WELL SCREEN SLOT SIZE = 0.02 INCH 

FtLTERPACK SAND TYPE = # 30 MONTEREY 

BENTONITE SEAL TYPE = HOLE PLUG 

IOJ8CI No. = 11w &lfll T•dlnolor, 
co,potauon Metro Rail 

Well Number R-9 

4-90 

89·409 

Figure 0 -8 



NON-HAZARDOUS WASTE MANIFEST 
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! ' .. 

NON-HAZARDOUS WASTE DATA FORM 

NAM( LtJ.C 1 <- l g,c,L. 
?,tt; 

I 
<. ,;·,;_ ,_: E. 1 , I t-r~f ~ Loo€ i J < , A 1 1), 1, r; 1 1, {, 1 , s--, , , i , ~J ~aa '"I. /7'H 

CITY. STAT(. Zif' Le\ A o1r, t l l·: ( rA t"/()017 
l'MONI NO - .... 4~ I , ~-1 .:12., k f- - - . · 5 

a: I Fro 0 CONTAINERS: 111o. VOLUME WIIGHT ... 
C 
a: 
LU ~ THIii D °""'" D OAUMa OCMTONS □ OTHfA z TYPE TRUCK TAUCI( 

LU 
0 WAST( OUCAl,.TH)N ~\Jr- I I ( ,, t .1 •· /, /, ,.~Jr-J I\/ · I•'.-,, OINIMTINO ....ocaaa M ,.~~ h , , .# 1.~ ,,; IU 
► m COM"ONENTS o, WASTE. . ,,,,.. .. ....... .. .. . . COIIM'ONINTS 0, WASTE 

~ 

Q 
(" i . / , \: . I ,"\... 

- ,,.. tH· - ~- [ •[\' 1-r,'),'\. 
LU , ... -.. s. , .. ,· ,, . . , . \ 

I-
LU 

i . ' (..: - t:- ti ' .( ., 
r . . '2 ,;, ,·\· h f';. ~u /1, . fr ,·,. ( f. l· r., ..I .. \. ' 

. / · '\._ 

CL 2 .. ' . - , ' . 
:I . . lc JIJIJ S, , r ;- .. · . \.c'• ( 

~ c-cl,Hm \ .• iut .... ,-,.'\. (._ l . c: ~ J-t,-.. , 
0 l. !-ii• , ! r. . ·..-.(.'. ,. 
u 
w ft , r •· . 'r < ( •llf. H m c,q(· ~s 
m . ... - a C ( ---
0 

l ~ I-:: ~ .. -"""' • Cc ! • •~ 
; :.. <' Al 11:) 

_....b_ 
~LO.O 

,, ,,, -<T.,._ :J 
I- "'°"tffU: Osouo 0 ILUDGI 0 ILUMY 001NP 

NAHO\.ING INSTUCTIOHS: 

. •. ; ····, -!'"'it..L ·c. N · ·---✓- . ' f ~ ·1 I THE GENERA TOR CERTIFIES THAT I l 1?f rJ3 THE WASTE AS D£SCR18ED IS 1~ t~-,-. . r A ,. . 
NON•HAZAAOOUS. - .. _i -( .. ✓• (__. : 

Tf'NO OR MNTID ,ULL NAMa I SIGNATUllt! OATf 

a: NAIIII 
RIOS CHEMICA~ p1SPOSAL INC. ~l( AD re t. (-: f;· (._: l .... l I 

w 
, 

... 11848 SUSAN AVE. a: ADOIIIU NJIVICaotlOUNO. 

2 DOWNEY, CA ~41 /· Jl-~3' .,, 
CITY, STATL ZIP PIQl UP DATI z 

,c 
(213) 928-4879 " (L a: ~.,(\.~ g ~.. C\ "'~\Woe ... l'NONa NO . /• ,t i'=";~ 

i TIIUCII UNIT. LO. NO. T\'ND 011......,.., fUI.L MAia & IMINATUM DAff 

NAME 5?1,-r1 , t~•E r:~ P,~c< L . quH z I NL • l! I I I I I I I I I I I . I I 
ln : ( ~. - Dla,,QIAL __,-HOO 

~ ADOMa !',~ "J ()1,V 1 l':t UI f- VA~ r'I \ Cl LMGIU. D OTHP 

:i Le~ A-f'J(.f IFS CA 9cc "'.! ~ 
~-

- CITY. ITAff. ZIP I -:c::::: ' 
., 

u 
C 

'J{1- 1,:· 1 (.. I : 
I&. l . ,:;,, 
Q 

IIMONENO. 
, 

( I -n , ·;; 
• #-\ .,::r . 

~ 
~ I : . ' f.., l 

(I) - """o ()It ...,.NTIO 'ULL. NMa a 81QNATUIII DAT( 

UN OLO/NEW L A TONe 
' 

fflAN s a ,. 
CIO 

AT/CO -.,, NONE D18CMl"ANCY 





WELL DEVELOPMENT/PURGE LOGS 
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Th• Earlh T1tehnology 
... Co,paratlon 

Project Name Mc +ca K,\ 1 I 
Location K \( o~r O R,r l:'.._ 

Time Flow Rate 
(24 hr.) (gpm) 

01 '2. c..., 

0610 • I b 

Q't, !>3 

o9 33 .3D 

o ci ~::> 

10 0S 
10 n I 

Io ·.:::, 

I o -~ 7 l 
/8 5 ·z., 

/J .-)Li 

IO '::~ l, 2 c..:;:, 

I :.:> S~ 

Water 
Temp. 
In C

0 

f;,f> 9 

b& . .S 

<:: ·1 . rl 

(, Cj . ( 

7 -::.,. I 
v ,. t..! 
-, :) ·2_ 

1 -:::> . l, 

1 :->. l 

1 :) . 1 

3 
Notes: 1 It length ol 4" = 0.08711 or 0.65 gal 

1 ft length ol 2· = 0.022 ft 3 or 0.16 gal 

Well Development/Purge Log Page I of _I __ 

Project Number Cf '2..- l.O"S-::> - O 1-- Date 11- I r -q 'l... 

Wel No. SM -?A 

pH Cond. Tumidity 
µmhos/cm NTU 

6 -~ -z_ 1) .SO Zo.:::i 7 

7 ~ 7 S 1'1 
7 . 3) ~ 71 

7 . 2..~ ~ . tj c1 ' 
7 3cj ~ 1 / .. 
1 . 2.. s· s. 13 ,5 

, -2..3 ~ ~' l 
7. Z. ' I r ( ~ 

.l . "".:.> 5 

7.?:, I ~ ,: ,-... _, 5 

7 l:,:> ~ ~L r..· 
::> 

I 
6 

(•.~A-t~'>'o vo-t1-v,-,.-..,L 

( . _ .. , ..._ \~ .L~{~ ---- (__) 

Recorded By ~Ex ........ 2.:...b.....:-8.L..:..... _____ _ 

Settleable Gallons • 
Water 

Solids Oev./Purge 
Level 

Remarks 

(m) Delore 
(feet) 

(e.g. water clarity) 
Meas. 

Lfz .L/',, 

Zc.:-o (,;, ._' I+ '" 
3') /J I o 

4 0 I S ( 

'1 s, I 4 -.\ 
\J . 

~-,..,-.,~ •t~ L:!,.; Cj '- 1:l 

2 _) 43 .0 <. ,· .(. -

2 :; ,, 2 -1 r· L ,· ;! 
0 ·2-, "'5 4~ .Yb 

<-I 0 •{ 3.g (, 

t/ 5 

S0 

ss 'I ~St 

... ,,qr~ 
- ·:> .;_ a, .> r• .J.l,......,..,. 

- .:) V I --~ 

Of A = I/ I f P' --i 

{se-..7 , l"-f formf-l003A 

lblydJ 0/1191 





Th• Earlh T.chnology 
._ Corporallon 

Project Name Mc_ -+-r-o K,,. l 
Location R.v,"""':r·V"' P~,k 

Water 
Time Flow Rate Temp. (24 hr.) (gpm) 0

( In jl 

O C\ 25 l,•1 . 2.. 

0 '1 2 5 (J '-1 . 2 

):::) '2... 5 . l..~ G:, l , ..:> 

I I ::>5 I c 1 . a 

f { ,o 3 (, ·1 . 0 

I I I::> 2.. :, (1 t-•. ~ 

I I I ~ 14· l · ( . . l i 

I/ 2 G 3 /;.e.) • I 

II 1 5 2 5 G'S. 1 
,, 1-.j 5 ( , c~ . , ·l 

3 
Notes: 1 ft length ol 4" .. 0.08711 or 0.65 gal 

1 ft length 012· = O.O22 It 3 or 0.16 gal 

Well Development/Purge Log 

pH 

t, .2.. 

(, 2.. 

G-•~ 
G l, (; 

70°:; 

·1. ,o 

T~ i'.. 

7.£/Lf 

7 .2.:::> 

·; . 3 1 

~ 

Project Number CJ 2.. -· 2.0 c-:),o - -.:::> 2-

Wea No. ~M kJf:,.. 

Cond. 
)UTlhos/cm 

,4.'-1 
,~ . LI 

JLi . 0 

n . ';) 
13 .'4 

I~ .5 

,~ 3 

I 3 .-::> 

13,.0 

12 -1( 

(~~-A-.0 
11-:,-~ . o· 

Settleable 
Turbidity Solids 

NTU (ml) 

o.s 

> to 

_v.-,J_1..,,,.,, ----<.._ 

i -:-){.Li • ,· .. .(/ ) 

Gallons 
Oev.JPurge 

Belore 
Meas. 

5 
/ 0 
J .) 
2.S 

35 
L-/ .:J 

5 5 

~5 
11 0 

<:, .,):> 
l / -O / 'j 

Page / of __ _ 

Date II - f'o--9 L 

Recorded By Vk-,,...k. S' / .J , ,,..., \J 

' Waler 
Level 
(leel) 

7to.•-n_ 

7 c; OJ 

·7Cf. ~ 0 

7'i .& 2. 

/f'f . O 

")7. 'L 

J nJJ .,, ' ~-:, 
Cr-·tt,.,:.., 

J 

Remarks 
(e.g. water clarily) 

(; 0-..... -

OvA I/ I Pf' '1 

( / . / ,\ formf-l003A 
Se\"'t' ... I bt,, .-,:,1) !)(1/91 





Th• Ettrth T~hnology 
-. Corporation 

Well Development/Purge Log 

Project Name t"1d, c K"", I 
location C-J.-..·•y-/rn, ..., lA.l .- ls o•) / f:1 ... I b.:,/ "-•= j 

Project Number cf 2., - l,O 'S () 

WeU No. SM - q A 

Water Time Flow Rate Temp. (24 hr.) (gpm) In C
0 

13 · ,:Y1 

I:> :, I 7'-t . 3 

,~ :> s 
I :, S :.:> ,~ 5G 1 2.. lo 

I l / 3...:i )?._. Gi 

I '-f ~ '6 77- .S 

l'-1 3°! 

J :, 2.o 71,, 5 

j "=' 3 5 1l -Y 

/ 3 3(,; 

1 '-i / 0 7 D b 

J L-1 I 5 

/£.4 '-12 , , . () 

I t1 S 5 7 1 . I 

I S o ~ 

Noles: 1 ft length of 4· = 0.08711"' or 0.65 gal 

1 II length of 2· = 0.02211 3 or 0.16 gal 

Settleable Gallons • 
Cond. DevJPurge pH Turbidity Solids 

µmhos/cm NTU (ml Belore 
Maas. 

s 'i <-l 17 . b => 2.:c::o -, 3 .. L -~ _, 
y 

9 . 7•1 n .~c 2 . .0--:::. ·-,. 35 (,J 

9 .Sti > 2.0 i<.. 2DJ ·7 ?.. 10 

Li -b0 ? 2 0 IC. zo::-, .? 15 

i:, . ~, s /'f . l Y 2.oo ·, LO 
's ~ s I <1. v 7 

C, 3 l.. I (" , ,. 
0 <> O Zo07 4 0 

LI 5 

q .3·1 ; 2 . 2-5 l I ·.s 
c1 -~ S I lo. l. 1\ l o;::, -, 50 

5 
e ._,, . Q 
(;~<---. -~) 

!\ 

j_ ,..-,--i _ _-\,v~ 

~ ,-.,,. .J/.<) 

_ ·1 o(. •,=Jl,.,..,_0 
J c- 3 - ,)t, -~ • = :.> '6-'. o-- .,-- j 

Page I 01--l--

Date I I - I 7 • CJ 2. - 1 I - 1 ~ 'l ?. 

Recorded By t::10 ck> <; / &:b B . 
I 

Water Remarks 
Level 
(leet) 

(e.g. water clarity) 

I Oi. l I sf,v-t-~d bc:-.. ,L .--.,._ 
u .~ I ~,~ .... #\ 

\.) 

1 U I v. 
L .- - ~ .-- - . ..... - (•_,,.,,, .. - , r-, ,.... 
-l 0 . u \} IJ . 

~. ,.. ·-· ... .i ~ .. -rf':lo\• ,- CC\·· , , - \ . J ...J I 

s+c;...-+ 1"") i...'l"'l· , C') t , .., -... 

• 0 

s ~·-,o r> . -n -~ 
~ . I u 

J.::>i,; q s+c., ,-1- /"') , ......... ~""\ ,..,,,, ~· , 

!> f ,.:-.P 
. . 1 

,~ · r<'\OI r-:--. cJ.,. ___ , 
v · u <.fc ... ..- f- "•· ---- I~ I I 

I \ ) 

c..-f..:,r. n, -,..., of,,--:\ . 
D L ~()J 1-<.+,,,_ ..,.. t . 

J 
,;-/-.:,,0 n , . ..,.._ r, , ''"'~ 

V . 
'I I ff'"' 

( ~'"''•lrL I /Jf,. , d) fotm f -1003A 
I !111191 





Th• Earlh T«:hnology 
.., Co,poratlon 

Protect Name tJJ c. -J ,.. c K ,·, , I 
location f,-,. doo, ~. 

Time Flow Rate 
(24 hr.) (gpm) 

O S O 'S r-0 . 1.... 

0 '6 j $ 

o 'c 3 I 

Oo?>'S 

o b '-1 S 

) 2.. I 'S 0 ,. 
. ~ 

,2-,s 
i2 2:::, I .o 

, 22.S 
12. '1 0 

) 2. ~ 3 

1?>·2.-;~ 

1)5('6 

Water 
Temp. 
In j/~o 

&. ·; . r1 

0•L 5 

GS ·3 

71 .<S 

75. O 

·7y · I 

7 1.,,, . . I 

3 
Notes: 1 h lenglh 014• = 0.087 ft or 0.65 gal 

1 h length 012· -= 0.022 fl 3 or 0.16 gal 

Well Development/Purge Log 
~ ... 

Protect Number 9 2-·- 2.-o 5 0 

Well No. ]? - ~ 

Sellleable Gallons • 

pH 
Cond. Turbidity Solids Oev./Purge 

µmhos/cm NTU (ml) Before 
Meas. 

s " 2. --1 r6 2-b:J '> 5 
730 7 

7.y <6 2_ I '1 / 0 
5<,5 

7 ,,, 2 .o°\ JS 

7 £, "> l . t I 2:::o > 2.0 

7.6 '1 2 -o Z. I L '::i 
7 . L <i!, -z . IL/ 

r 2. C'.J 0 ·3 8 

-~ 5 

3 S 
7. ·1Lf 2 "3-3 -z.. -s~ l -fo 

4 2-

Paga I ofl __ _ 

Date I ' / I " ' j r.; 1.... 

Recorded By lo co Sf B C) b B . 

Waler 
Level 
(feel) 

Remarks 
(e.g. water clarity) 

C1 -"<.-,.. , ,__,. / < n """' J 
' u 

oi--~ I ... .D ).J-\ 
' U I V ,. _- I :sJ-~, 

I u '-' 

.l')A. - J--x:xd /-1,, . .1\ 

' ' u I I I u 
~ _ _ .... - -, 

~' ,--- ~ -- -, ' ;r __ c/./ frl»{ 
I • \.J 

.1"'1. \-, .... ... "'\ ~ "' 

/ I ' V 
r.,.-,.o,.A~ / ,..H l -tT:~ 

• ... , 
~ 

I 
I u /( 0 

,y{;;;o,~<-o 1 ~L1 
" I j j u 

OVK. ~ , j, Pf I r'\ 

( 9'-~~pfc / bJ~ . -1'.✓ ) 
f o,mf-l OOJA 

ll/ 1/!ll 





GROUNDWATER MONITORING WELL SAMPLE LOGS 

060793.APN/ 92-2050-01 





The Earth Technology 
.._ Q,rporation Page_of __ 

Groundwater Monitoring Well Sample Log 

.... ~ , -:-- \ Projec1 Name: ., ic.--r-,-o Kc-~, Projec1 No.: q 2.- 2..oSo- oz.. 
Location: R..v,,[. n Pe,.:....k_ 
Logged By: ~ i \J 

Date: , 1 / 1 c.i ( c. 1... 

Well Identification: S "'' - 3,r, 
, I 

Casing Diameter: _______ Sch. C", .::) PVC/S.S. 

Total Well Depth: 'l I . 5 ·2,_ 

Depth 10 Water: 4 2. . ~- Cf 

Feet Reference Point: _______________ _ 

Feet Product Detected: :oN c --.....;;;...""---------------
Water Column: '-l- ~ ~- 'ti Feet X 

' 

a · 1 1., ga1,M} • 1 ' C( 11 • 1111 ____ ga ons (1 Well Volume} 
4·.0.65 gal/ft 
2"•0.16 gal/ft 

Purge Volume. 4 b ·7 gallons C lo Well Volumes) 

NTU or Imhoff Cone 

,2.~ 0 
J z.c,'; ,~ ~O. I 7, I~ ~ -Sl.1 

fZ:.Ll '30 7(,. l , . I 'i 1 r:c- 3 
I 2.,ec. <. '5 7~ 3 '7.05 -, 7'5 

rz., '>' 40 72..~ 7 or-. -, 1/ 

l'Z...:;~ 45 7'2. .::: 1. 2.,,/ , . lt-f 

1 7... -.+..:> 50 ,z-0 7. 2-t..j 7, 70 . 2. 5 
12. .. q 

Total Gallons Extracted: ___ S_o _______ b_._'1 ___ Well Volumes) 
I 

Start nme: / Z. NDo,.J Finish Time: __ J_-z.._~_1 
_____ Water Level: _ :..!_Z_· _'i::.~_;:::, ____ Feet 

No. of Drums and Location: _ _..._ ..... ?::Yx:-:.-a.--;..;...ao:.__G. __ •.)-""'~--9"::9::::?!Sm=------,.,...,..... ....... C:".WO:::a-=~------------
',._j 

Sample No.: SM -3~ .$amplerimeandDate:_1,_/,_c:_/_c:_~ __ /_~_-_-_. _2._00 
__ _ 

Analyses Sampled for: _____________________________ _ 

Comments: _ _.Q.._\..._.JA'-"--_...,c;....,' .... M......_ .... , a .... --~--~--~p,..pHJ _____________________ _ 
,J 



The Earth Technology 
- Corporation 

Page __ of_ 

Groundwater Monitoring Well Sample Log 

Project Nam.e: t\.,+ r o 64\• I 
Location: K>lf'Mf°'O <!,+·, ,...,a.-n 
Logged By: _-.).;;..·,_R;..._\..;' _____________ _ 

Project No.: <1 2.- Z,0S0 

Date: i 1- 2. .. ::,- 9 'Z.... 

.,,., (( (1 
Well Identification: __ 5.L:.rvt...:....-..::&,:;..A;...._ ____ Casing Diameter:------='--;....._ ___ Sch . ...,t,~0::--._ PVCIS.S. 

Total Well Depth: 12.~ '2 --z_ Feet Reference Point: _______________ _ 

Depth to Water: __ 7ule1t.o.-Yi...'2-__ Feet Product Detected: _______________ _ 

Water Column: S'O . 1..:) Feet x ( 0 · i!.o gavtt) • ~- . O 3 gallons (1 Well Volume} 
4·.0.65 gaVft 
2"•0.16 gaVft 

Purge Volume--_4~S~·-·_z.... __ gallons C fa Well Volumes) 

.. · ._. ,·: <:, ·.• Water Quality Comments 
. pH :.' .. EC/µ.mhos !/ : =:: . ·Turbldity-octor-COlor . •. ;,/: .j::r.u or lmhoff.<=one 

/~ . I:> 
,......_ ~-::, I'.\ ...... 

ro · i,..-i l5 l·l . i i C::-3 S I:> tS 
I v 

/0 · 1 c, · 2. 0 &•t . ::, b.<,~ I ~ :;, ", 

10 ·. ' ~ 2. ~ &5. L 17 -,1 13 4 S ~O, .... _/\ 

ro· -;_:J °?> :J bS 
.., 
'- I:: St7 I ~-'-10 

iO · Z..2- 3"5 f.,S . q ~ _C; .:) i 3 ,4 ,, Z. I > 
J ::> · .:.~ 4 ~ <:,S .o (.- c-; 0 1).S-0 

lo ·z..5 '-j5 C:, S.Y l- r, -
' I..- I )· "I S 

10"2,7 5 .::) (_,c5.() (.:.0 '-1 13 ~t;.5 

10· ":>0 'S Z... "'-1 . (.t G:: _c.; 1 )'.) 1,7 

Total Gallons Extracted: _ __.$,.;_.;;:L~---- ( k, · 5 Well Volumes) 
Start Time: _.i..;jC);;;......;·. 1..;'=>;...,_ ____ Finish Time: ___ / 0_· ::.=.:>;::;.._ ____ Water Level: 7 I.., . '-I 1.. 

1 

Feet 

No. of Drums and Location: _....1l-........c-;io;;(a;..:i6ooc:o1':.::.:---~P-----.... !.:.:..· ./-: .... 'Z1Cl:O:....:.~<i...-Y',,,l~;;.:.o,~---------------

Sample No.: $t') b A Sampl~me and Date: /!~~ f'"" +d I 2. ,'--':, --.,-....; 
Analyses Sampled for. ____________________________ _ 

Comments: ___ ...;G~0_f:_\ _...,_c.,._ ... =~ :.:.>r,;,.;·""'",..,...___.-, __ Q64/_,o..._"'"';,fl"""e0_,__ ______________ _ 
j I I 

< c rx12 L / d- '?:-d , rn 4 

I s 



The Earth Technology 
-- Corporation 

Page _J_ of _J_ 

Groundwater Monitoring Well Sample Log 

Project Name: t:1;;.+cc ts:'.c,, I P ·ect N Cf "2. •· 2..0 'SO - 0 2. fOJ O.: ____ ~::..,__;;:_-=:;__ 

Location: ~ 1.A I - t:J as;, c;f,. s;,,.J Date: I 1 - 2.0 - C1 '2-

Logged By: __ ...;~=::...:.L--------------
Well Identification: SM •· :f A PVC/S.S. 

ti 
Casing Diameter:---='------ Sch. ~-0 

Total Well Depth: l'50 S '6 Feet Reference Point: _______________ _ 

Depth to Water: iOl:- · 1,./ O Feet Product Oetected: ___ Pv'""'o..a.,-J ... F ____________ _ 

Water Column: Lf '"i · I I Feet x ( 0, 1 le gal/ft)• J. v._., gallons (1 Well Volume} 
4·.o.ss gal/ft 
2"•0.16 gaVft 

Purge Volume... ~ 2. . 3 gallons ( '=' Well Volumes) 

.. -. .. .. .... . . . .•.• '. . .· . . .. .. .. . 
•:--:,· 

--···· _ ........ ' Temp.· 
. . 

. Water Quality Comments 
.. . . · -·.: · ,- · · : . ·,· · ·· ·: · 

Time Gallons f.:(%) ; ·• __ .pH)'-' .EC/J,Ull_hos .. Turbidity-Odor-Color . NTU or Imhoff Cone 
· .. • .. · • •'· , :--:: ;- ; ,,:·,. .- .. 

. ·• 

O=, C .::. 
0 b3. ~ - .., 9 r'-1 /4_ ~7 1'J_ , _ / ,.. 7-.o:::> > 

oc: · ;:>::, c:.· ss I 'l ,1 I 'c: 01 ,j 
..) -

-0'1 <· I:> t-, •• (; q 31 '<, . 
... ~ 

. .::) .J I . I L 1 

o'1 ·. 10 ) --..) (:: l,' 0( 9' ' yLj ,r; s ", 
oci · 2..1 2 .. 0 aa. 6 '1 -lLf 13 I ti 

'()3 ·.'5..J 7~ 0 ... 9 .1~ r le. ( I V 

,-.,,.-- - .+.....,.,-. _j - . ~ DD __J,,,,. 
,j j l : 

', 

Total Gallons Extracted: __ ·2 ___ a ______ ( ·~ 3 Well Voh.Jmes) 

Start Time: OS · ~-5 Finish Time: ___.,Q._0..._f __,;;;'--_.\ ____ Water Level: __ ,.,,.Q __ C- _ . ..;..;-ta:.-____ Feet 

No. of Drums and Location: -->-· :-. .... ·)_,.g. _ _..d .... c-1-· ... ::o ........ _~/ .... c ... t __ sf___,-2 __ , . ...,2,_.,,_0 ..... ,__.·L.a..✓=c.._.:,,........_ __________ _ 
r J 

Sample No.: ,St,11-'lA Sample Time and Dale: ....:..;12.=-:._
0 _-_.l"""~-")_ .... co;.i.._...;..1;.J,1 l..:2:.;:o;.i..(q.:..2.=----

Analyses Sampled for: _____________________________ _ 

Comments: _____ O=-.;:V.:..A.:;____.J,[_.,,_d..:;..:.1.:..:09):..::i,,,...5::..____;;;o~/~o~p.;.,if'-r-r\;.;..i_ _______________ _ 

sc,rnp~ / Cu?:-51, r:::,. 
' 'J 



/T_he E;uth Technology 
, Corporation 

Page __ of __ _ 

Groundwater Monitoring Well Sample Log 

Project Name: Ms;+ 1o 12.h., \ Project No.: q 2..- ·2,.o50 

l ,:,r,ation: ,;,c.do.-,, 1 ~\ ~SJ:-~!-,, l l De . 
Logged By: _-..",:::..·.:...;;;?_~'-J-' _ ______________ _ 

Date: ! \- I ~ - cl L - I I - 2 ::>- c; z...._ 

I f 

'Nell ldentilication: __ R_-....;;<'"6'------- Casing Diameter: _ _,. .... ~---- Sch. Qo PVC!S.S. 

Total Well Depth: __ S.:.....O_. _c_--/ __ Feet Reference Point: ________________ _ 

Depth to Water: _ ____:l~b,:.,;-.:.l ...;'1 __ Feet Product Detected: ________________ _ 

Water Column: (:, I • ~~ Feet x ( 0 t ~ gaVlt) • q. t:J O gallons (1 Well Volume) 
4•.0.65 gaVft 
2· -0.16 gaVft 

Purge Volume.,. ,::-q . '-l gallons ( 6 Well Volumes) 

Time Gallons ~Temp. pH EC/,wnhos 
Water Quality Comments 

NTU or Imhoff Cone 
(~ Turbidity-Odor-Color 

or: '-i9 0 b). :> {. l, .:> 2 . 11 ,, i) - ,., > 2 ::)':) 

,y·, : ;i:, 'S (;t:'f. L{ (-· -j~ z..:) .. ., ') _ _ /_ I 

JO I J JO 7 :i ('~ & . 1 ~ 'Z. 'I 'J 
i.:> · 3 '5 17 ., '-1 (, ., . ~ ,::) 2 · ,s 
f0 :s.:J _1.2._,. 11 I ~ -- · .,_ '11:i 'Z. . I '"1 I/ I 
j.:) .__, s °?)Q C: +.~ I""'\ •~\,,, ('"."""- I,----- I. ,. II ~r ,....,. ~ 

I ',.J 1_J / 6 
Q-. ·l'S .-i f ~" J) 2.o --Jo 

I /,s-1-"",..... .. ,, __ t ~ 
' J 

Total Gallons Extracted: ';,0 ( r- => Well Volumes) 

Statl Time: , I/, c, r~ 2... CJ " 9
F,.,-'> Finish Time: -'/-'-( '""'1~=-,.1 ....... e; .... z _ __,~ .... 0_·.;,._f: .... cc __ Water Level: _1_(,_._1

_'-_I _____ Feet 

No. of Drums and Location: J d r-w:n Q r --.--/.crz o.c::¥ r Y'<!:::Q,, 

Sample No.: 12...- ~ Sample TiMe and Date: _./...;..1....a/z.oa...;..../ _,1_2.. ___ 7..:...e.E+"c:.."'-----'-l-..... ::,L.....-::::C ..c.;;;,-...s.:::"'c.....:"-,.....__ 

Analyses Sampled for:---- -------------------- -------

-- . · ··-- ·- - - - --- - ------------- - - - ----------



CHAIN-OF-CUSTODY RECORDS 

060793.APN/ 92-20SO-0l 





~,~,. 
TH! ASSURANCE Of OUHITY 

Client 

Address 

£',_,_ ~ 0 ~ ·)':)n rr C,p,-p • 
1/1. v , ,--, C 0 

Phone / '7 't1) -'I'S '6 - 7~/Lj 

Sampled By (PRINT): 

~ 

/ l SM3A - a: ,A, .. ,.Jr:, /,k_, 1n~? J-.),_o 

I' 2 5M3~ - ~~ ... /,~c' }3~ J-lz_O I 
3 5r:'l1,.. - A..t--6::.,. I 11-c..,.,. 

I' 4 I 5"M3A - / ~ - ):LJ>:sT ,c.· 
}3~5 

l I /3/:) 

/ 5 IS-f"l3~ - An btr /Jc. rr 

" 6 I Sr-J\3~ - I ,-le--- pl"' ~1-, G,. 

/1.:>s-~ I f ";s 

7 15,J\3~ - 5-:::o ,-.../ rJ-..sf, e 

/ 8 l-5M3A - Sto-.) d-sl,~ 

Additional Comments 

2 

Report To; p q ~c, ~ 

Bill To: l<Z"f C... 

P.O.# I Billing Reference 11. - 'Z..O'SIQ - 0'2-

Project Name / No. ,-It c..+r a R!:J.. , / 

11 t.,-r06 ... 
CHAIN-OF,CUSTODY RECORD 
Analytical Request 

Pace Client No. 

Pace Project Manager 

Pace Project No. 

' Requested Due Date: ___ ____ _ 

a: 
w 
~ 0 

ANALYSES 
I .d I HEOUEST 

PRESERVATIVES 

~ w 
z > 
0 a: 
o m 
u. w 
0 a: 

Q. 
0 z z ::::, 

I X 

I I " 
I 

5X 
I x_ 

I 
J )( 

~, ~, gl ~ tj A 
X. 

)( X 
X X 

>< I 

X I RELINQUISHED BY / AF 

. j,c,c_ 

' ., .. . ; . 

·, . ·.· .. 1--·:~ r ~--

'I,.. 

'I 

. : : 

X 
X. 
~ 

REMARKS 

f. Uc:,d 

.r. l+c,C?l 

'!!" I ¥111111!111 .. ,-w, 
./4 19-~ foc-~- 11--11 l?.'tO 

. ' . .. 

• ~· • .. - .- ~- .,.,. '·· •.•!\ -.._. •, :' . . ..... . ·.• .. _,.,_,. 1 '•• • • , •• q , . • • •••• 

SEE REVERSE SIDE FOR INSTRUCTIONS 



R,q~,. 
THI lSSURANCI 01 OUAIIIY 

Client 

Address 

E~--i ~ Tc'<.~~l0Bd ~rp~ 
~'""" --CA 

I 

Phone ( 1 1 '#) '-J ji - 7£/ / '--( 

S~led By (PRINT): 

-.bv-, s: .,;N7~ 
rem 

Sampler Signature Date Sampled 
I 

·l 

1 2 I 5113 A -'-'oA •~"t 0 
' t. 

3 ,.,..,, 3 A - ~,..,ot:.~ L, T@<.. J?:1. ~lO 

I 
4 5,-J13A - 2 _,,:. u,-,:713:~I 11.0 

5 5 13"-5 M3~ - AMB~ ur~a_ -
I 6 5M3A - ~DE'Q L,T~1- IP.i" 

7 I 5rl3A - ,4.M8m._ LI n:ll.. 

8 15M'3A - ~Ei'l. 

Additional Comments 

2i. 

a: I 
w z a 
~ w 
z > 
0 a: 

w u Ill 
u. w 
0 a: 

CL 
6 z z :::, 

2. If 

1- Jt 

I X 

z.. X. 
,x 
, X 

I x 
x 

Repor1 To: 1) 12.. . R~ rv'.) 

BillTo: _ __ Jt T~ 

P.O. # I Billing Relerence 'J Z · 2-.O"'S O · u ~ 
Project Name I No. 

PRESERVATIVES 

It 0 6 <( 
'1. z 0 
I I > 

¥ 
X 

ANALYSES 
REQUEST 

K 
'\ 
• X 

~ 

)( 

)( 

X 
>< 

' II RELINQUISHED BY I AFFILI 

~ s4 1To-c 

. .. ,, . 

1' 

111 )401 
CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Pace Client No. 

Pace Project M!l!lager 

Pace Proiect No. 

REMARKS 

/ 

/ 
'(r /t-,.1 /i):oo 

' ' 

· •, . 

SEE REVERSE SIDE FOR INSTRUCTIONS · 



l,~t-
THI ASSURANCE Of 0UlllTT 

Client 

Address 

€,,_,.. ~ -y,;;cA ,.-:>I ~')l 
£.v, "'.c.. d'4. 

Phone (7 ,~)'-151> - 1'-/J '1 
Sampled By (PRINT): 

~ i'rC> 
Date Sampled 

q-

5N3~ - 50>,_ J pl-.s!-. ~ 
2 

3 

4 

5 

6 

7 

8 

Additional Comments 

2 

Report To: ))11.. R._c,...-". 
j 

Bill To: /Cf'---
P.O.# I Billing Reference qz - ZOS 0- 02. 

Project Name / No. r1cl~ & 
1 

) 

a: I PRESERVATIVES 
w 
~ 0 
~ w 
2 > 
0 a: 
0 ~ 

~ l½!I 01 M . 0. (/) 01< 0 2 N z 0 
z:>:r::r:> 

X 

!Ill 
I 

ANALYSES 
REQUEST 

~ 

~S~j,cTc_ 

, - -... - : --~ .. -·. · ··. 

11 )5 
CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Pace Client No. 

Pace Project Manager 

Pace Project No. 

'Requesled Due Date: _______ _ 

REMARKS 

•1 
~~o?~ 11~11 11 :m· 

/ 

,., ... • . , ' • • , .. , ... , "," •~, I ' < · I · ' ., ~ •~ l : ' _1 · • . _, • .,, ~•t • • :•- •· :·, : • •··••<>-• ~)"• ,.. ... _. 

SEE REVERSE SIDE FOR INSTRUCTIONS 



Rq~~ 
IHI ASSURA~CI . 01 OUAllll 

Client £~-+h ~d"\ N:>/::> ~J\ 
Address 13 <>\ ::,o A.1--h:.o W;:;..,n , 'S,...,, t(l. 

V "' , ,-,,<. , C P. G '2. 1 I ~ 

Phone / 7 I~) '4 ~ "ii. - 7 ~ I :-{ 
Sampled By (PRINT): 

-rI---o•- -:> M . 
Sampler Signature Date Sampled __ 

12..0 

... 'l / I <,> ,- V v j --,. )I Z ..::> ~&¥2..-

1 I SM- &/:la.. / VoA. If o?>I J-l,z.O 

2 I Sr--, - t,A / ~b--,- I ,}CY" ,,~ 
3 I ~ M- ~ A / ~ ... 1 ·,,k~ 

,,o, 
4 Is M - (;,A... / ~bo-- l.f~ 1117 

s 1s""- ,~ / vo" 1103 

6 I ~M - c,~ / ~be~ J. 1-o.r ,,,o 
7 IS"1-6~ I_Plo..~1~/,fu.,. "S'~ 
8 

Additional Comments 

2,. 

a: 
w z 
~ z 
0 
(.) 
u. 
0 

t. 

z_ 

Reporl To: l::o-,+hJ'cJ...ru/7 ') / 0- • Rel\~ 

Bill To: 91- -2.05 o - 07..,. /-rE-rL , 
P.O. # I Billing Reference g ,- "205~- 'C) "2... 

Project Name I No. &-!, o J<.-. . I 
PRESERVATIVES I . --- . -- I :~vi:5se,.s 

0 
UJ 
> a: 
UJ 
(/) 
w 
a: 
ll. 
z 
::> 

a o < 11 ~ £ Z O 
:J: > .:r. :r 

X X 
)( .x. 

X ~ 
)( X 

lld.jUl 

CHAIN-OF-CUSTODY RECORD 
Analytlcal Request 

Pace Client No. 

Pace Projecl Manager 

Pace Proiect No. 

"Requested Due Date: - ------ -

REMARKS 

2 VOA. v /At. ... :S 

2. v.~b:Y I :le~ 
. 

I "'""'bo.,.. I A-c.v-

J Q'"""bc- I ,.J.-4✓ 

z X X 2 \JOA VfA'-

..... ' 
I 

~ X ' <;....,. be- ' , .ln.,..-
>( X' ' pl-.-,hc. I tbr/~ Ut.r,c-: 

)( ~ 1,-b.-/~. fk.-~cl 
HED BY I AFFILIATION ACCEPTED BY I AFFILIATION lffllll' DATE TIME 

■-
~-17'}-~/1£·rc 

I • • • 

7 /fl,;~/ i ' M /~ a·) ---1':;>-.,..:;>::l.,'A~•I""~' , r c;,v ·o 
' / 

./ : ~ . .. . ·:~ ····•:•· •.·, ,. .,.=·· 

·•. , .• , , r -.::· •·-:- _ .. :•,.r, . .., .. .... .\·• ·•:· ·• , · · ~- \.· r , ! .• • · ,. • •~ . · ··: ,.,.. .. •:• · .. · • · •· , . 

r ·•:'.'" .~.~ (':·~-~- ~· ·-- : "r'i' \~~., ... : ~"'r·· ":" ~·· .. r ~--:- -t · : ·~ · ;••·•.._": . ..... '? ":J'•·:4"''-"''.':"': .. ii, P".'?" . ~ - H .. . . !" · 1 .... , ;-· .. .. ,. -·~ . ..... ; · ~. 

SEE REVERSE SIDE FOR INSTRUCTIONS 



Pu,.~,. 
IHI ASSURANCI 01 OUAIIIY 

Client E' o-..--+b Tc: ~"9/~-=5jo-.1l1-------
Address /'3'j 00 /41-f-?:::, 'Pk'1} 1 $...,, f<. I '2.0 

Ia_...,,r-4. . ~ ~ 9"'2.1 ,~ 

Phone {1LL[}_ ~5S - ,~1.__J 

Sampled By (PRINT): 

0•-.. 4..:> M . Sc~~ 
DateSa~d Sampler Signature 

1H ~ TIME MATRIX PACE NO. 

SM-<.,~ I Plc-.-s-l, c.. ,°'"-:,""" ,r~ Hz.: 
2 I / · ,,r 

SM - (,A_ A,._,.k... I ,1-c r 

3 I / · s M - (,A. Pl~ I <.. ~ I 
,,, 

4 I SM-t,A 1~.,,. lr\-c:
0

r . uo1 

5 I 5,-..., - "~ I A,..,_~ 1,-k~ '' '2.-0 
I 

6 

7 

8 

Additional Comments 

2 

Repo,1 To, /S,.Ah ,C-J.,.J '/!. / D,._ R.<......., 

Bill To: b-~"' l:_c.J,."'° on-a 
P.O. # I Billing Reference ~ -z.. - '2. (?,;o - 0 '2.. 

ProjE!CI Name I No. rld-....o £a.. 1 I 

II 0 
w 
> a: 0 w 0 (/) 

PRESERVATIVES I I ANALYSES 
REQUEST 

u. w 
0 a: 

d 
Q. 
z 

z ::> 
~, ~, c5 
J: I > 

sr X 
I x l( 

I )( )( 

IX Xx X 
IX 

• •. ,. ,,• .. ·..- ·-• • ... • , ._ y.--, Po> · -. - · • 

· • 1-; I •:•• • ·, 
. . ... ~..,,. ~-,· . . • . . 

)( 

1i. -.., ,J02 
CHAIN-OF-CUSTODY RECORD 
Analytical Req~e~t 

Pace Client No. 

Pace Project Manager 

Pace Pro1ecl No. 

'Requested Due Date: _ _____ _ 

REMARKS 

5 ffl-.» I ~ qo-lJCY") 

I c.......b:.,- It+~ 

1 50:::,'""', r'°'~ ... ,~ 
I A""ba,. ' J .}~ ... 

I "" ...... be, /,4-Qr-

~---~ft~t'l / L;1u /(7 /~ . 

.. ·:- · .-·· . 

I ~ ~ ' SEE REVERSE SIDE FOR INSTRUCTIONS 



e,~~,-,;. 
IHI ISSURAUI Of OUAllll 

Client 

Address 

C<--.~H"' TcJ, "olo~r~ 
·'°" . •~C\oo f\lr<Y"\ A:..-.----··a, .,.,..,., . .,,.~-

.1,... .... , .::::c; ' l!_),... C:,-z..1 \ % 

Repon To: £"- d:b T,xhrd=>->y,"(J/ b- ~~'"' 
Bill To: £~ r \:b k ~..:> /:>')1 . 
P.O. II Billing Reference C, '2... - '2oso- 0'2_ 

Phone ( ,,-t ':\5~ -,~ 1 '-\ Project Name I No. · Mc f-.-0 R~ 1 I 
Sampled By (PRINT): a: 
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~ w 
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CHAIN-OF-CUSTODY RECORD 
Analytical Requeit 
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Pace Project No. 
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/ 
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\. I·· ·, , · . 
• . "1 SEE REVERSE SIDE FOR INSTRUCTIONS 
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T HI ASSURAN C E 0 1 OUAlllY 
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Report To: t""'....\ h. l.::c.J-.."'<-J .-:.::'\,'l / c..r< ''- 0 "°"' Pace Client No. 

Bill To: 2.. - '2.::>'5 Q - u 2-
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0 
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IX 

IX 
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X 
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~- SEE REVERSE SIDE FOR INSTRUCTIONS 
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Sampler Signature Date Sampled 
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ITEM 
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,
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TIME MATA IX PACE NO. 
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· . ,• •;, _, .. ., , ! _ ... . _ , • • ~ 
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11 ljUb 

CHAIN-OF-CUSTODY RECORD 
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Pace Client No. 

Pace Project Manager 

Pace Prolect No. 

'Requested Due Date: ______ _ 

REMARKS 
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Client £:.r,h -r;Jv,of =>fl;[ 
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.:u,_..,. ""<- , Qr~ Q'2..1 f & 

Phone (11-\J L/S~-1'-11 j 
Sampled By (PRINT): 

.::,.......-.c::...~ M . 
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Project Name I No. /vb. t ,,-., /< ,:,,, • l 
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w 
~ 0 
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~ ~I 0 1 ~ 0 ~ ~ ~1 ~ z ::> J: J: > 

5 )f 

' ' I 'X 
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I 'X 
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SEE REVERSE SIDE FOR INSTRUCTIONS 
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THI ASSURANCE OF OUAlllY 

Client c:"c,.,.~ H, -rc'-t.,_" o Io 

Address J3'1ou AH-on Pk.w~ J Su,h: IZ.O 

..:[ r-v, r"'IQ: • C. ~ 'l 7... 11 i 

Phone ti I Li) '-l 5 b - 7 Y / --J 
Sampled By (PRINT): 
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Additional Comments 
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CHAIN-OF-CUSTODY RECORD 
Analytical Request 
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" -'( 
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PRESERVATIVES ANALYSES 
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0 w 
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..JI 0 0 M V VI £1 ~, gl z =rl z 
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X 
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X 
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Pace Project Manager 

Pace Pr_<>ject No. 

'Requested Due Date: _______ _ 

REMARKS 1 

L VoA.. v, ~l-S 

1. "'""'be.- /:1--ar.s 

c. ,..,..1,,:, I , ft:.,,,.. 
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I 

SEE REVERSE SIDE FOR INSTRUCTIONS 
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Client 
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5 j R- 6/ ~be- I,~ ;'-:, 
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Additional Comments 
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CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Report To: 6 .... ~t-h k~t..,..0 JoD1" / Dr RI>\"" Pace Client No. 

BillTo: ~ ... f-h lcc.J'\n..:>Jo~ 
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w 
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/ X 
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REQUEST 

X 
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REMARKS 
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/ o..."'6.:~ I, fer 
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SEE REVERSE SIDE FOR INSTRUCTIONS 
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Client 
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--rJ., ) ,·.' - :, 
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SAMPLE DESCRIPTION 

,, 
1 IR-~/ ~br I .~c·,... 
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7 

8 

Additional Comments 
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1"' 

11. : ~ U4 

CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Report To: €,,,,. H, ]~ ch,.._ ..,/:,.,..- / D<. R. ' ·''""' _P_a_ce_C_lie_n_t _N_o_. ___ _____ _ 

1
- JQ / 

Bill To: 6-.,rH·, l..._L., ,l,')"3 ~- - Pace Project Manager 

P.O. # I Billing Reference '11. - 2 "."> ~':> - v "Z_ Pace Project No. ___ ..,__ _________ _ 
Project Name I No. t-k f • 0 R. .. , : I "Requested Due Date: ______ _ 

a: I PRESERVATIVES ANALYSES 
REQUEST w 

z C 
~ w z > 
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(..) ~ 
u. w 
0 CI: 

. 0.. 
0 Z z :::, 

I X 
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~, 
~ 
-t-

tJ 

<{ 
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X X )( 
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REMARKS 
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I r'""~''" s~,..._, 
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I pl"~,~ ~=>,.... 1 
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SEE REVERSE SIDE FOR INSTRUCTIONS 
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--- ----
TH! ASSURANCE or OUllll Y 
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Address 131~ I'd½.--. r-1·~~» , s ... Jc 12-0 
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{ 1 1 '-'J 4 5 'f, ·- 7 ii I,'-
Sampled By (PRINT): 

rr.. Jr, .. °' 
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' 
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Additional Comments 
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Report To: t,-.,,-1 k -"[._J •J--,) ='Jtf /µ.:.. £.r.,,"'\ 
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-1? 
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Project Name I No. Mc-;,., ~ , I 
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I · · ----· · · · · -- I ~~~~E5ir5 PRESERVATIVES 
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11; __ J7 
CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Pace Client No. 

Pace Project Manager 

Pace Proiect No. 

'Requested Due Date: _ _ _____ _ 

REMARKS 

z ~ "·~ 
1 . 

C fA,.....lx ~ I ,Jc .-

( 1\..--.~-- / ,J~.,,. 
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I c>l---11,:_ I ,ty/ ~ilk,J 

• • ~ ., , • • • • • · ·~ : · ; • • ~ · ·: 4°1 • 

J,-h:,., 
lffl 

11-;Jo 16 tO 
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Sampled By (PRINT): 
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Sampler Signature Dale Samfi(ed 

,,}z.:,/~ 
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Additional Comments 
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Pace Project No. 

•Requested Due Date: 
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/ 

SEE REVERSE SIDE FOR INSTRUCTIONS 
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CHAIN-OF-CUSTODY RECORD 
Analytical Request 
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CHAIN-OF-CUSTODY RECORD 
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•Requested Due Date: ______ _ 
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APPENDIX E 
GEOMECHANICAL LABORATORY TEST PROCEDURES AND RESULTS 

E.1 SOIL TESTING 

E.1.1 Test Procedures 

As summarized in the main text, 15 grain size analyses and 21 sets of Atterberg limits tests 
were performed on selected soil samples. The test procedures utilized in the· soil testing are 
described in the following paragraphs. 

GRAIN SIZE ANALYSIS 

The distribution of particle sizes of selected soil samples was determined quantitatively by 
sieving for particle sizes larger than 75 µm (retained on the No. 200 sieve) through a set of 
standardized sieves. The gradation analysis was performed in accordance with ASTM D422-
63. 

ATTERBERG LIMITS 

This test type includes the determination of liquid limit, plastic limit and plasticity index of 
selected soil samples. The liquid limit is the water content at which a pat of soil placed in 
a standard cup and cut by a groove of standard dimensions will flow together at the base of 
the groove for a distance of ½ inch when subjected to 25 shocks from the cup being dropped 
10 mm in a standard liquid limit apparatus operated at a rate of 2 shocks per second. The 
plastic limit is the water content at which the soil begins to crumble when rolled into threads 
of 1/a-inch diameter in size. The amount of water which must be added to change a soil from 
its plastic limit to its liquid limit is an indication of the plasticity of the soil. The plasticity 
of a soil is measured by the "plasticity index" which is equal to the liquid limit minus the 
plastic limit. 

The liquid limits were dete~ined in general accordance with ASTM D4318-84. Prior to the 
test, each material obtained from crushed soil sample was allowed to hydrate overnight. 
Multipoint liquid limit procedures in accordance with ASTM D4318-84 were performed in 
this study. 

Similarly, each sample for plastic limit determination was mixed with water and allowed to 
hydrate overnight at a water content lower than the liquid limit. The material was then 
rolled on a glass plate until it broke at a diameter of 1/a inch, in accordance with ASTM 
D4318-84. The corresponding water content was measured and reported as the plastic limit. 
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E.1.2 Results of Soil Testing 

The results of soil test program are summarized in Table E-1. The grain size distnbution 
curves are presented in Figures E-1 through E-16. 

E.2 ROCK TESTING 

E.2.1 Test Procedures 

As described in Section 4.0 in the main text, the rock test program included specific gravity, 
bulk density and moisture content determination, uniaxial compression tests with or without 
stress-strain monitoring (i.e., with or without Young's Modulus and Poisson's ratio 
determination), slake durability tests, swell pressure determination, and Modified Taber 
Abrasion hardness tests. All rock testing except Modified Taber Abrasion hardness tests 
were performed by Science Applications International Corporation (SAl C) at their rock 
mechanics laboratory in Las Vegas, Nevada. The Modified Taber Abrasion hardness tests 
were performed by Haley and Aldrich, Inc. in Cambridge, Massachusetts. A brief 
description of the test procedures utilized in the rock testing is provided in the following 
paragraphs. 

BULK SPECIFIC GRAVl'IY 

Specific gravity is the ratio of the mass of a unit volume of a material in air to the mass of 
the same volume of gas-free distilled water. The specific gravity was determined in general 
accordance with ASTM C97-90. The sample was air dried for about 48 hours or more in a 
ventilated oven at a temperature of 60 ±2°C until there are three successive hourly readings 
with the same weight. The dry weight of the sample was measured after allowing the sample 
to cool for more than 30 minutes. Sample was then immersed in distilled water at 20 ±5 °C 
for least for 1 hour. Weight of the sample was obtained after removing them from the water 
bath and drying the surface with a damp cloth. Weight of soaked specimen in water was 
determined before the sample has stood in water more than 5 minutes. 

Bulk specific gravity was calculated by finding the ratio of weight of dried sample to the 
difference in weights between the soaked (surface dried) sample in air and soaked specimen 
in water. 

MOISTURE CONTENT 

Moisture content was determined in general accordance with ASTM D2216-80 by drying a 
limited amount of material to a constant mass in a drying oven controlled at 110 ±5° until 
a constant mass is reached. The lost mass of material was used as the mass of water in the 
material or test specimen. The mass of material remaining after oven-drying is the mass of 
the solid particles. The moisture content of a material is then calculated as the ratio, 
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expressed as a percentage, of the mass of water in a given mass of material to the mass of 
the solid material particles. 

DRY BULK DENSI1Y 

Dry Bulk Density was determined by measuring the dry weight and the volume of a right 
cylindrical sample by calipers to estimate the volume of the sample in general accordance 
with ISRM suggested methods of determining water content, porosity density, absorption 
and related properties and swelling and slake durability index properties, Part 3, #2. Dry 
bulk density is then calculated by dividing the measured dried weight by the measured 
volume. 

UNIAXIAL COMPRESSION TESTS 

A series of uniaxial compression tests were performed. Some of these tests were performed 
to determine both the ultimate compressive strength and the elastic deformation 
characteristics (Young's modulus and Poisson's ratio) moduli. Other tests were performed 
to determine the ultimate compressive strength only. All tests were conducted in a 200,000 
LB stiff loading frame. Axial stress was controlled using an electro-hydraulic servo-system. 
Two L VDTs attached to the loading platens, recorded the axial displacement while two clip 
gauges (strain gauge mounted aluminum half circular bands), mounted at the center of the 
sample 90 • opposing, recorded the radial displacements. Axial load was measured with a 
load cell. 

The tests were performed in general accordance with the ISRM suggested methods for 
determining the strength of rock in triaxial compression. Test procedures required obtaining 
the weight and physical dimensions of the specimen. After being photographed, the 
specimen was placed between two hardened endcaps. If applicable, the strain sensors were 
attached and the specimen placed in the loading frame. Some specimens were loosely 
wrapped with rubber tape to contain "explosive failure". The test proceeded by applying an 
axial load at an axial strain rate of < 1 x 10-5 in/in/sec. Data were recorded at nominal 10 
second intervals. All tests were conducted at ambient temperatures. Axial loading 
continued until a discernable drop in load was observed. The specimen was again 
photographed, marked, and wrapped for storage. 

The total axial stress was determined by dividing the measured load by the initial cross
sectional area of the specimen (Jaeger and Cooke, 1976): 

where: 

oz = P/A 

a, = Engineering Stress (psi) 
P = Axial Load (lbf) 
A = Initial Cross Sectional Area (in2) 

060793.APN/ 92-2050-01 E-3 



Strain was determined by dividing the change in specimen dimension (length or radius) by 
the initial specimen dimension: 

where: e = Engineering Strain (in/in) 
10 = Specimen Initial Dimension (in) 
Ii = Current Specimen Dimension (in) 

The ultimate uniaxial compressive strength was chosen as the maximum total axial stress 
achieved during testing. 

Young's modulus was determined at the linear least squares slope of the differential axial 
stress versus the axial strain data. Poisson's ratio was determined by the linear least square 
slope of the radial strain versus the axial strain data. Best fit slopes were calculated over 
the portion of the axial strain curve providing the best r2 value results (generally, the r2 value 
for Young's Modulus ~.97). 

POINT LOAD TEST 

Point load tests were performed on 55 samples. These tests were intended for obtaining an 
indication of rock strength and estimating uniaxial compressive strengths to supplement the 
data from uniaxial compressive tests performed in this investigation. All tests were 
performed using a point load strength tester Model PLT-10 manufactured by Structural 
Behavior Engineering Laboratory, Inc. 

The tests were performed in general accordance with the ISRM suggested method for 
determining point load strength. The test procedure essentially consisted of placing a rock 
specimen between a pair of spherically truncated conical-platens and applying a steadily
increased compression point load until failure occurred within 10 to 60 seconds. Specimens 
in the forms of intact core (diametral and axial tests) and irregular lumps (irregular lump 
test) were tested to obtain point load strengths of intact cores (including matrix and clast) 
and clasts, respectively. Up to 8 point load test readings were conducted per sample. When 
breaks along discontinuities caused early failure, the readings were not used to compute the 
load. An average of all accepted readings is reported for each sample. Prior to testing, 
selected rock specimens were water-saturated for at least 24 hours. One sample from boring 
SM-8 disintegrated due to slaking and could not be tested. 
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The uncorrected point load strength I is calculated as: 

where: P = failure point load 
De = equivalent core diameter 

The equivalent diameter, De, is determined as follows: 

where: 

2 ✓A/rt for lump tests or 
= core diameter for diametral test 

A = minimum cross-sectional area of a plane through the platen contact 
points 

Size correction to a standard 50mm (Nx) core strength, 150, was obtained by the following 
correlation: 

150 = I (De/50) 0.45 

where: De = equivalent core diameter in mm 

Correlation of I,0 to uniaxial compressive strength is only approximate. On average, uniaxial 
compressive strength is about 20 to 25 times the standard point load strength. However, in 
tests on many different rock types, the ratio can vary between 15 and 50, especially · for 
anisotropic rock. For this investigation program, a ratio of 22 was adopted. 

SLAKE DURABILITY 

Slake durability is an index test which assess the resistance offered by rock samples to 
weakening and disintegration when subjected to two cycles of drying and wetting with 
abrasion. The second cycle slake-durability index is calculated as the ratio, expressed in 
percentage, of final to initial dry sample masses retained on a No. 10 (2mm) sieve. 

The slake durability was done in general accordance with ASTM 04644-87 method. Each 
sample consisted of ten intact, roughly equidimensional fragments weighing 40 to 60 g each. 
The sample was placed in a standard slake durability test drum and dried in the oven for 16 
hours or to a constant mass. The drum was weighed often cooling for 20 minutes in room 
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temperature. The drum containing cooled sample was then mounted in a trough and 
coupled to a motor. The trough was filled with distilled water. The level of the water was 
kept to about 20 mm below the drum axis. The drum was then rotated at 20 rpm for d 

period of 10 minutes. The drum was then removed with the retained portion of the sample 
and was dried in an oven for 16 hours or to a constant mass. The whole cycle was repeated 
for the second time. The initial and final dry sample masses were measured appropriately 
on cooled sample before and after every cycle. The second cycle slake durability index as 
defined above was then calculated. 

SWELL PRESSURE 

Swell pressure is the pressure necessary to constrain an undisturbed rock specimen at 
constant volume when it is immersed in water. 

The swell pressure was determined in general accordance with the ISRM suggested methods 
for determining water content, porosity, density, absorption, and related properties and 
swelling and slake durability index properties. Part 2, #1. Standard soil consolidation 
testing apparatus was used for this. test. The sample was inserted into consolidation ring and 
trimmed to the required size. The apparatus was assembled and a small axial force of about 
10 kPa was applied to the specimens. The cell was then flooded with water to cover the top 

. porous plate, and the swelling force was recorded as a function of time elapsed. The applied 
force was regularly adjusted to maintain the thickness of the specimen within 0.01 mm. The 
test was continued until the swelling force reached a constant level or passed a peak. 

The swelling pressure index was calculated by dividing the maximum axial swelling force 
recorded during the test by the cross sectional area of the specimen. 

MODIFIED TABER ABRASION HARDNESS 

The Modified Taber Abrasion Hardness (HA) is an index which is determined by taking two 
¼-inch (6 mm) thick disks of NX core and abrading each side for 400 revolutions on a 
Modified Taber Abraser. The inverse of the average weight loss of the two disks is the 
Abrasion Hardness (HA). 

Sample preparation included cutting the two disks from a selected rock core and drilling a 
5/16-inch hole in the center of each disk. After removing surface grit, specimens were dried 
in an oven for 4 to 8 hours or to a constant mass and allowed to cool before testing. It was 
ensured that all test specimens had smooth and flat surfaces under the area covered by the 
abraser disk and were free of cracks and discontinuities. 

The first disk with known weight was mounted on the Modified Taber Abraser and abraded 
for 400 revolutions on one side. Using another fresh abraser wheel the other side of the 
disk was also abraded for the same number of revolutions. The weights before and after 
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abrasion were used to calculate the weight loss. Following the same procedure, weight loss 
for the second disk was calculated. 

Abrasion hardness (HA) was determined by calculating the reciprocal of the average weight 
loss in grams for both disks. 

E.1.2 Results of Rock Testing 

The results of the rock testing programs are tabulated in Table E-2. Individual stress-strain 
plots are presented in Figures E-17 through E-59. 
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TABLE E-1. SUMMARY OF LABORATORY TEST RESULTS FOR SOILS 

Boring No. Approximate Aooroximate Elevations Samole Interval Grain Size Distribution Atterbera Limits Swell 
Offset From Ground Tunnel Tunnel Deoth Elevation uses Pressure 

Center Line of surface Crown Invert From To From To Classificatior Gravel Sand Fines LL Pl 
AR Track 

(feet) (lee!) (feel) ffeeO fleet) (leet) (leet) (feet) (%) (%) (%) (%) (%) (psi) 

SM-1 33SRT. 485 347 327 8.0 10.0 479.0 475.0 Cl 0 39 81 41 22 

95 .0 100.0 390.0 385.0 CH 0 5 95 85 41 

128.0 130.0 357.0 355.0 SC-SM 1 71 28 28 6 

138 .0 349.0 SC 0 54 48 37 20 

155.0 160.0 330.0 325.0 Cl 0 43 57 48 25 

SM-1A 320AT. 492 348 328 139.0 143.0 353.0 349.0 Cl 28 13 

155.5 156.5 336.5 335.5 SC 7 48 47 34 20 

156 .5 160.0 335.5 332.0 CL 37 24 

182 .0 185.0 330.0 327.0 Cl 40 25 

173 .0 175.5 319.0 316.5 SC 5 54 41 23 8 

SM - 1B 340RT. 487 348 328 144.0 145.0 343.0 342.0 SP 1 98 1 36 12 

189.0 169B 318.0 3172 SP 4 9S 1 33 12 

SM-4 70LT. 960 375 355 0.0 7.0 960.0 953.0 CL 0 2S 75 39 24 

10.0 11.0 950.0 949.0 SM 0 85 15 

SM-5 130lT. 1226 396 376 451 .0 451.5 775.0 774.5 SP 8 91 1 37 17 4.9 

SM-11 30LT. 778 528 508 8 .5 10.0 769.S 768 .0 SC 0 70 30 39 19 

SM-12 230LT. 671 525 sos 3 .8 4 .4 6672 866.6 CL 0 48 54 37 20 

8.9 7 .4 664.1 663.6 Cl 0 45 55 35 19 

SM-13 10LT. 590 521 501 4.1 4.6 585.9 585.4 Cl 40 25 

73 7.8 582.7 5822 ML 27 4 

9 .0 9.5 581.0 580.5 Cl 38 20 

14 .1 14.6 575.9 575.4 Cl 40 24 

15.0 20.0 575.0 570.0 SC 0 5.( 46 30 8 





TABLE E-2. SUMMARY OF LABORATORY TEST RES UL TS FOR ROCKS 
P•o• 1 of 9 

.-ppro•nte .t-10•imate E-tionl Sa-le Interval Bulk Bulk Moislu<, Unilxial Cl'VIVVession Point Load SIik• Swal Modied 
Boring No Oftsol from Ground Tunnel Tunnel °"""' EleYlm Rock Type Speclic Dendy Ccnteit fa.,,. fa._,. Young·• p~•· Streni,t Eatimat.d Uniuia Ourabliy Pr•tu1• T-

Cente< Line ol Sut11oe c,.-. lnvel1 Fran To Frc:wn To (Formation) G...-Y Mode(t) s1r ... Modulu Ratio Index f.21 c.,,...,,....,.(5) .t1>, .. 1on151 
AAT1ack Strens,t, ,.,.,., /NII -n _, 

,.._tl flNII 

_, -· Ioctl I'll.I {OiscontinulM lnaft ..... ,~-· los,1 ,._, loa~ !Hal 

SM-1A 320Rr. 492 J.48 321 124.0 124.5 368.0 367.5 Grwlodiorte/Clouge 2.68 

162.0 165.0 3300 327.0 Grwlodlotlle/Clouge 2.70 24.5 

SM-2 130LT. 720 350 330 2423 2421 4n,7 4772 Gnnodiorte Axial Splitting 13900 7.0Et06 0.19 

251.7 252.7 468.3 467.3 Gnnodiorile 2.15 171 0.2 ShMrPllne 10700 6.7Et06 0.21 

367.0 3675 3530 3525 Gnnodiorite 268 use o., Ccnical Failu,. jJcinb) 1730 1.1E+08 0 .02 

368.5 368.1 351.5 3512 Gnnodiorte 112 0.5 

376.7 371.0 343.3 J.43.0 Granodiorle/Crushed 9.3 

382.0 382.3 338.0 337.7 GranodiorMe 2.73 170 0.3 

394.0 394.3 326.0 325.7 Gnnodiorile 171 0.2 

403.8 4042 3162 315.8 Gnnodiorte 9.9 

408.1 408.7 311.9 311.3 Gnnodkxlle Axial Splitling 15900 8.7E+08 0.25 

SM-3 60LT . 686 350 330 154.5 155.6 531.5 530.4 Gnnodiofle 178 0.4 Axlll Splitting ~inll 13100 

223.7 224.8 462.3 4612 Gnnodiorile 2.13 175 0.2 Axial Splining 11200 5.7E+08 0.40 

265.t 266.3 420.9 419.7 GnnodiofMe 170 0.2 Axlll Splitting 14300 

295.0 295.5 391.0 390.5 Oranodorile Shear Plane 3060 

(Joint, calde -~ 

303.7 305.3 382.3 380.7 0ranodiofle 172 0.2 Axial Splitling 10600 

324.4 324.9 381.11 3111.1 GranodiorMe 2.79 175 0.t ShMr Pllnepoinls) 12200 

335.J 335.9 350.7 350.1 Gnnodlofile 2.70 173 0.1 Sti.r Planepoinl) 10000 4.4Et08 0.10 

338.0 339.0 J.48.0 347.0 Gnnodio<Me 171 0.1 Axial Splining 21200 8.4Et08 0.13 

341.0 341.4 345.0 344.1 GnnodiofMe 172 0 .1 AxielSplinlng 17200 

J.44.7 345.5 341.3 340.5 GnnodiorMe 2.73 170 0 .3 Conical Fe....., 14800 1.2Et07 0.13 11.0 

358.5 3592 327.5 3268 GrwlO<liorle 2.71 169 0.1 Axial Splitling 8600 10.2 

(Jens. calcke hMled) 

SM-4 70LT. 960 375 355 11.& 78.3 882.4 8111.7 GnlllOdiorite 167 1.3 Sheer Plane 3890 

(Joint, c:alde -~ 



TABlE E-2. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 
Page 2 of 9 

'"9pr9xirrat• Anrunllirnat•E-liool Sarmlelr-' Bulk llulk Moillun Un-I v,wvfflion Pooll.oad $1aq Swell Modilliod 

Boring No OllutFrom Ground Tunnel Tunnel - E-li<n RocUype Specfic Dendy ca,..,, feillN FM.Ill y-,g·, Polllaon'a 81,ani,ti Eolirnaled u....., Oun,blily Preaaur• T-

CentetLineol Surta .. c ....... - Fran To Fran To (Fonnalim) OrMy Mode(1) s- Modlm Rado nctex-(:!l ~(51 M>iulon!61 

ART1ad( Siren"" _, - ...... , floetl - - IINII - - .... - · tnsD 1o.a lnol\ fosi I'll.I Ind IHal 

109.0 109.5 851.0 850.5 Otlnodiorll• si-Ptane 15&00 

396.0 396.7 5114.0 553.3 Gtwiodioril• Axlol Spllting 16400 

467.8 4690 4922 491.0 Oranod./.-Phanllio dike('I) 2.68 166 0.4 Axial Spllling 6670 5.4E +06 0.27 

573.3 575.0 386.7 385.0 Oranodiont• 1440 3l6lll 

571.0 579.1 3112.0 380.I Granodiorile 2.72 169 >0. Al<ial Splilting 22600 9.5E+06 0 .15 

580.4 581.7 379.11 3713 Oronodionte 2.65 169 0.1 Conical 22900 1.oe+01 0.15 

5113.0 5113.3 3771' 376.7 Oranodioft• 
9 .7 

583.4 585.0 378.6 375.0 Orwiodiorle 2.72 169 0.1 AxialSplilling 20700 

5811.fl 589.6 371 .4 370.4 Granodiom 181 01 Conical 17400 . . 

590.0 5909 370.0 369.1 Granodiorile 187 0.2 ShMr Plane 20500 

592.5 5921 367.5 3672 GIWIOdiorte 
10.0 

596.6 597.1 363.4 362.4 Oranodlorte 2.72 169 0.2 Conical 14000 fl.4E+06 0 .28 

5992 599.7 360.fl 360.3 Oranodiorle 
11.8 

608.5 60U 351.5 350.4 Granodiolte 2.89 187 G.2 Axial Splinlng 15400 9. IE+06 0.23 

609.7 11102 350.3 349.11 Oranodiorle 
11.8 

623.0 824.5 337,0 335.5 Oranodio<~• 1070 235-40 

SM - 5 130LT. 1228 396 376 14110 149.5 1071.0 107&5 Sandstone CChico) 365 8030 

167.8 168.4 1058.2 1057.11 Cmglo. Sanchlone (Chlcol Axial Splining 3320 

(Clost Boundary) 

180.3 180.8 1045,7 10412 Sandslon. (Chico) 3611 8096 

294.1 295.11 11312 930.4 Ca,glo. SandSlone (Chicol 2.55 181 0,4 Conical 5050 

(Casi Boundariesl 

305.3 306.0 920.7 920.0 Granitic Clllsl (Chico) 11411(3 142'6 

3152 315.9 910.I 910.1 Sandstone (Chico) 309 679$ 

3302 3320 895.fl 194,0 Sandstone (Chico) 235 5170 

364.5 366.0 161.5 160.0 Conglome,ale (Chico) 160 3520 
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Appro..,..I• ADDIOxima .. EleYlllions S111role lnlelWI Bulk Bulk Moislur• Unim:illl c: \fflffnSion Poinllo.d Sake s- Modied 

Sorin~ No O!lset From Ground TunMI Tunnel ~th EleYlllim RockTW- Spec:roc o.nsay c .... ""'' failJ,e faill11 Young'• Poiuon'• Slrens,n Ellimated Uniua Ourablily Pr•aur• T .... r 

Center Line ol Surtao. Crown 1 ... er1 Fran To from To Cfonnalicn) Grw,,ity Mode(11 Slress Modulu, Ralio Index 121 c....,. ...... ,s, AbrallionC!il 

AAToack 
Siren~ 

...... 11,,en Cloetl ..... , (loell - ...... ....... foci 1%1 (()iornnhn,.lou\ tnsA rn.a fDs~ (psi 1%1 lm,ll (Ha\ 

396.1 398.6 1129.9 829.4 Sandstone C•st (Chlcol 
120p 26-40 

400.0 401.7 12$.0 124.3 Sandstone (Chicol 159 0.3 Shear Plane 8700 

~9.11 541.0 686.1 1150 Ca,gbrnerale (Chico) 4 18 

S51.5 552.0 6745 174.0 Coogb. Clay Gouge (Chico) Sh•rPlane 500 

(Clay Shear) 

5532 5~.9 672.I 1172.1 Coogb. Clay Gouge (Chico) 
a.2 

56.U 565.0 661.8 861.0 Gtanod./Chlorle atte■lic>n Shear Plane 1840 4.9E +00 0.45 

(Jointo) 

697.9 598.7 :.za.1 527.3 Oranodiorke/.Joned 141 3256 

722.8 7234 5032 502.6 OrtW10dlorl• Ca,ical 1620 

(Joinll. chlocle lined) 

726.3 7272 499.7 4!18.1 Oranodiorle,'Weelhered 57 1254 

7602 no.o 465.a 458.0 Gnsiodiorle 
573 12606 

126.9 827.4 399.I 398.6 Granodiorile Conical 5030 2.BE +06 0.10 

(Joint) 

836.3 837.0 389.7 389.0 Granodiofile 163 1.1 

138.7 839.0 3117.3 386.4 Granodiofile 2.63 168 1.2 Shear Plane 10100 4.7E+06 0 .25 

841.9 842.5 3114.1 383.5 Oranodiorle 
0.9 

053.5 1su 372.5 371.6 Granodiorle 2.67 169 1.4 No Oiscernble Plane 10300 

859.0 859.3 367.0 386.7 Gnsiodiorle 
7.1 

860.4 861.0 365.6 365.0 Gnsiodiorile Shear Plane 3320 

(Joints, chk>lile linedl 

861.4 861.9 364.6 364.1 Granodiofile 162 1.0 

8693 870.1 356.7 355 9 Granodiorle/Joinled 
387 8514 

886.5 887.3 339.5 338.7 Gnsiodiorile 
1142 25124 

SM - 6 60RT. 1180 408 388 5 1.5 52.6 11285 1127.4 Con glome,ale (Chicol 2.65 150 0.7 Cooical 970 1.4E+OO 0.44 

CClasl Boundaries) 

12\.3 121.7 1058 7 1051l3 Ca,gbmerale CCt>ico) Conical 6050 
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~roJCimlte AnnlOKimate Eltwlions s.t,mlelfl4e,val Bulk Bulk Moilluf, Unadal -euion Poin1 Loed $lake ~ Modilied 
Boring No Olis• From Ground Tunnel Tunnel ...,., E-lian RockType Specli: Oenlly Conlsll Faill,w FaillN Young'1 p...-.·. 5a'eni,n 1:sunaled Uniuio lllnblly Pr•-· T-

Cenler Line ol Sulfa .. c,,_, lnYe,1 Fran To Fran To (Fonnallonl OftMly Mode(t) Sir- Moduk, Aallo Index~ C~es&Mt(5) -.ion(li) 
AA Tack Siren~ 
~I """n '""'" - - - _, - iDcl ""' IDsll ,., .. ,., .. lod ""' iDsll (Hal 

158.3 159.0 1021.7 1021.0 Sandstone Clos! (Chlcol 19Pl 4111 

233.1 234.1 IMU 1145.9 Gnnitlc Closl (Chlcol 492PI 10824 

282.8 213.8 897.4 11982 CG!glomelale (Chico) 97.4 

375.11 378.11 llCM.1 803.1 Calgbmeal• (Chico) 2.411 156 0.3 Canlcal 3002 1.IIE ♦Ill 0.37 

(Clas! Boundaries) 

439.1 440.11 740.9 739.1 Congb. S.ndslono (Chico) 331114 7392 

Ouartzlte Clast f.'.:hlcol 500p 11000 

492.5 493.0 6e7.5 687.0 Sandstone (Chico) Aiciol Splilling 6060 

5712 572.0 608.8 eoe.o S.ndslone (Chicol 405{4 8910 

Quartzite c1as1 f.'.:hlcol 73tp 10082 

591.4 592.1 588.6 587.9 Ca,,. ; Sandstone (Chico) 5113 128211 

687.0 elf.I 493.0 492.4 Conglomelate (Chlcol Sheer Plane 7170 

(Clall Boundar\11 

738.0 739.0 442.0 441 .0 Gninodiofile/WMlhered 107 2354 

7542 755.0 425.11 42!1.0 Granodlorte/WN,lhered 1117 4334 

773.5 774.1 406.!I 405.9 Granodiocile 2.64 184 u Sheer Plane (Join!?) 3330 t . 1E+OIS 004 

777.11 7711.8 4022 401.4 Granodioril, 2.57 182 1.0 A.ill Splilling 2930 4.0E ♦Oli 0 .35 

7112.5 713.11 397.5 3962 o...odioril• 162 0.6 Conical 4400 4.6E +06 036 53 

789.3 790.0 390.7 390.0 Qrw,odioril• 2.63 184 0.9 Conical 3210 

II00.6 801.0 3794 379.0 Granodiorile 4.9 

807.9 11118.9 372.1 371.1 Granodiorile/WMl!llred 81 1342 

SM-7 225LT. 1100 428 408 73.0 74.3 1027.0 1025.7 Sandstone (Sim} 155 0.50 Conical !Joint) 1270 

111.5 112.7 988.5 9117.3 Sandstone (Sim} 159 0.80 Sheer Plane 4560 

181.7 182.1 918.3 917.9 Ouartzile Clalt f.'.:hico) 806p 13332 

186.0 tlMl.11 914.0 9132 Sandstone (Chicol 8 132 

192.4 193.3 907.8 906.7 Sand•lone (Chico) 152 1.00 Sheer Plane 5870 

2890 290.0 111.0 810.0 Sandslone !Chico) 250 152 0.3 Sheer Plane 4980 UE+06 0.35 
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Appro..,.t• Anf'l,oJCimale EleYations Sa-1e1n1-1 Bull< llull< MoiollJI• Uniaxial Conmrnsk>fl P0411tloed Siok• s- Modiied 

BodngNo onset F,om Ground Tunnel Tunnel I ""'lh E...,.,.., Rock Type Specl"oc Oenati, Content Fail.Ire Fail.111 Young' Poiuon's Slren1F EIU'NltedUn■..~ Durablity Pr•aur• r.-
Center line ol Surflloe c,own in-I Fran To Fran To (formatim, o ... ity Mode(ll S111,ss Modulu Relio Index (2l Compr....,.(5) AbrHion(5) 

AATreck sr::r 
(-1 ileetl (leell ,._,II ..... , ,.._.I - -· lndl 1'!<.l ·-· Ind lndi lno/1 ..... loail !Hal 

303.3 304.0 7116.7 796.0 Sand- (Chico) 116 2112 

432.7 433.6 667.3 686.4 Sandstone (Chicol 164 0 .2 Conical 18106 

!165.7 566.6 S34.3 533.4 Conglom-le (Chicol 160 0.8 Conical 5190 

(Cllst Boundaries) 

590.3 591.4 509.7 508.6 Con glomerata (Chico) 34 748 

662.0 662.4 438.0 437.6 Conglomerate (Chico) 4.3 

672.6 673.3 427.4 426.7 Conglomerate (Chico) 2.55 157 0.6 No Di&cemble Plane 1800 9.7E+05 0.50 

(Cllsl Boondaries) 

661.5 682.0 418.5 418.0 Sandstone (Chicol 3.1 

685.3 685.8 414.7 414.2 Conglomerate (Chico) 140 0.5 Shaer Pl. !Shear, calc•e t 1190 4.0E ♦05 0.38 

699.5 700.6 400.5 399.4 Conglomerate (Chico) 2.50 157 0.1 Shear Pio,,. 3890 

(Shae'9d Surta:.l 

701.5 702.0 398.5 398.0 Conglomerate (Chico) 3.8 

703.0 703.7 397.0 396.3 Conglomemte (Chico) 152 0.8 si-rPtone 2430 UE♦OII 0.10 

(Sheam) 

704.0 7(),4.6 396.0 395.4 Conglomerate (Chico) 2~ 50 

7'34.7 705.7 395.3 394.3 Conglomerate (Chico) 95.3 

706.0 706.8 394.0 393.2 Conglomerate (Chico) 2.43 152 0 .8 Shear Plane 280 

(Cay Coated Shea,sl 

706.8 707.8 393.2 392.2 Conglomerate (Chicol 154 0.4 A><ial Spiilting 3340 1.8E+06 0.31 

(Shears) 

7JO.J 7312 369.7 368.11 Coogk:>men1te (Chico~ ~ 14058 

SM- 8 ORT. 1175 450 430 77.6 794 1097.4 1095.6 Ila.al (MT opangal 151 5.1 Conical 4310 116.7 

(Joinl) 

210.6 211.7 964.4 963.3 Basel (MT opangel 32 7(),4 

217.7 218.3 957.3 956.7 Basel (M T opangel A><ial Spilling 4200 

271.0 272.4 904.0 902.6 Basel (M T opangel 20 440 

323.8 324.8 1512 1502 Basal (MT opa,,gol 2.38 150 3.7 

325.5 326.3 849.5 848.7 Beoal (MT opangel 248 545e 

397.5 398.8 Tn5 na.2 Be .. l (MT opangel 32 704 

453.5 454.5 7215 720.5 Basal (MT opangel 1211 10.0 si-, Plane 2400 
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,lpproxirrale Annroximet•Ele-.'9tiono Sa-lnNMII lkllk 8ulc u..,., Unilo<ial C-....,.. Polnlload Sake Swol Modiled 
BolingNo Oll1tlfrom Ground Tunnel tunnel - ....... lill'I AockTypa Speck 0enlly eon ... , fu.,19 fHIR Young', ..__. .• Sir .... EllimaledUniuii Dun,blty ,...... Tabef 

C•nl•Uneol Surtau» Crown '""9rl Fran To Fran To (fonnallon) a...ty Mode(1) - MocMlJ IWID lndell(;.i: C~(51 M>cuion'5} 
ART ack Siren~ 

..... , lltetl , ... n ..... , ,_ ,_ ... , - ,-· 1!1.1 IOioconlinuilVI Onoll loll ..... ID11l 1!1.1 ... di !Hal 

491.0 492.5 184.0 1112.5 Beul (MTapeng,,) 173 3808 

538.3 540.1 636.7 1134.1 Beul Breccla (M Top.) 2.57 137 7.7 511.0 

654.4 655.8 520.1 519.4 Sllndslone (l Tcpang,,) 311 792 

712.4 713.4 "2.8 481.8 -.,,,. (l Tcpengo) 0.9 

721.4 722.2 453.I 452.1 $andslone(l Topenga) 2.42 149 0.1 Conical 4620 UE♦OIS 0.39 

731.3 732.0 443.7 443.0 Congto,neralic S.ndotone 2.45 154 0.1 Axial Spllning 3230 2.5E♦OIS 0.29 

(l Topanga) 

737.1 737.5 437.9 437.5 S.nd•tona (L Tcpanga) 0.5 

741.5 742.8 433.5 432.4 S.ndslone (L Topanga) 2 41 152 1.1 Axilll Sf,litting 1500 4.3E ♦Ol5 0.43 

745.0 745.3 430.0 420.7 Cangb. S.ndslone fl Tap.) 2 .0 

752.5 753.8 422.5 421.4 S.ndtlone (l Topeng,,) 152 1.0 si-Plane"/Axiol Splln 3320 

762.7 763.5 412.3 41U S.ndtlone (l Topeng,,) 2.39 154 2.5 St>Mr Plane 970 3.4E♦05 0.11 93.1 

(Jania) 

786.5 717.5 391.5 3117.5 Sandstone (l Topenga) 2'1 8112 

SM- 9 HOLT. 1112 479 459 33.5 34.3 107&5 1017.7 &IIIIBreccilCMTopanga) 27 94 

62.5 63.5 1049.5 104&5 Basal Braccia CM T<lfl&nga) 134 5.1 ShMr Plane 3150 

117.0 117.1 895.0 894.2 Beul (M Topangal 154 4.7 

151.9 152.7 960.1 9593 Baul Brec:cil CM Topanga) 39 851 

196.9 197JI 1115.1 1114.1 Baul Breccla CM Topenga) 142 5.1 Shear Plane 930 

(ShMIS. zeolil• hmlod) 

286.5 218.2 825.5 823.1 Baul lkeccia (MT opanga) 39 136 

315.1 317.0 796.11 795.0 Beul Braccia (M Topangal 136 4.7 A,o:ial Sf,litting fSheara, 10:;o 60.8 

clacte-chlofle healed) 

437.7 439.0 874.3 673.0 aa .. 1 Breccia (MT opanga) 148 3.5 

5117.7 568.3 544.3 543.7 Beul Breccil (M Topangal 259 5691 

575.5 577.0 538.5 535.0 Basal Breccill (MT opanga) 134 8.1 Conical 1870 

(Shear. ch~• heai...-
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-- ApproxinaM anr,1101:imale Ete\l'llliona 5am, le lnleMII Bulk Moel .. • Bulk Uniuiat COl'l"lm .. sion Poinl Laad Siske Swell Modilied 

Boring No Oftsel From Groood Tunnel Tunnel >ontt, flel,alial Rock Type Speclic Dendy Cont.It f■l,19 faiufl Young'• Poinon'• Siren~ Ellimllled Uniuial Ourablily Pr•sur• Taber 

Center Line of Surfaao Crown - Fran To Frcm To (f onnalian) o,.,.;iy Mode(1) Slress Moduu Ratio lndexl2l c"""'es..,.(5) Abn,sion~) 

ART,ack screni,. 
(leeij -I ..... , ,._,. IINII ,_, ..,, ...... , - ~I IOiKontinuiM tosn ID•ft Ind Ind ~I In.JI fHal 

623.0 124.11 489.0 4117.4 Baul Bn,ccio (MT opanga) 2.25 1411 II.I A><ial Splilling (ShMr, 950 

cllK:h-chlorMe healed) 

626.0 82U 4116.0 485.4 Baul &accio (MT opanga) 83.9 

627.5 621.0 484.5 484.0 Basal &accio (MT opanga) 1.4 

635.7 6311.3 476.J 475.7 Baul &accio (MT openga) 144 7.0 Conical 40 

(Cast Boundaries) 

6442 6-452 467.8 466.8 Basal B,accio (MT opanga) 75.0 

6-45.9 6-48.9 4662 465.1 Basal Braccil (MT openga) 2.27 147 u Conical (Shear. 430 3.IE +05 0.45 

chlolie-zeo!Me heale<1 

66J.B 664.9 448.2 447.1 Basal Btaccio (MT opanga) 142 7.2 C.,,,ical 1510 

(Casi Boundaries) 

672.4 673.0 439.6 439.0 Basal B,eccia (MT opanga) 2.31 135 7.6 Sh-rPlane 1040 5.2E +05 0.22 

SM-10 190LT. 1147 505 485 46.0 411.0 1101.0 1099.0 Sandstone (UT opanga) 136 2.6 

89.0 90.0 1058.0 1057.0 Congb. Sandstone (UT op.) 131 4.0 

173.9 175.0 973.1 972.0 Cong. Sandslone fJ Top.) 433 9526 

186.7 187.5 960.3 959.5 Sandslone (IJ T opanga) Axial Splitting 3750 

290.0 291.3 857.0 1155.7 Sandstone (IJ Taper,.) 139 2.5 

349.0 350.0 798.0 797.0 Sandslone (U Top.) 140 3060 

3662 3672 780.8 779.8 Sandstone (U Top.) 217 4n◄ 

435.0 437.0 712.0 710.0 Congb. Sandstone (\Hop.) 222 143 2.2 Shear Plana 2670 7.8E+05 0.35 

542.6 543.7 604.4 603.3 Conglo. Sandstone (UT op.) 142 2.0 

600.0 601 .5 547.0 545.5 Granitic Clasl (U Top.) 522P) 114114 

Cmg Sendsk>Oe fJ Top.) 9014) 11180 

611.5 6139 5355 533.1 Sandstone (U T opanga) 143 , .o A.ill Splilling 5170 

630.0 631.1 517.0 515.9 Sandslone (U T opanga) 2.22 138 1. t Cooical 2830 

6350 635.4 512.0 511.6 Sandstone (U T opanga) 77.4 8.1 

6-400 6-41.0 507.0 506.0 Cm glo. Sandstone (U Top.) 1'4 H Shear Plane 5320 2.5E ♦06 0.32 

6-41.5 6-41.9 505.5 sos., Congb. Sendslone (UT op.) 15.1 

6-43.9 6-45.0 503.1 502.0 Cmgb. Sandstone (UT op.) 143 2.1 A.ill Spliltiflg 4B10 

6-450 6-46.0 502.0 501.0 Sandstone (UT opanga) 2.24 139 0.7 ShMrPlane 3540 1.9E+06 0.39 

655.0 656.1 492.0 490.9 Sandstone (UT openga) 142 1.7 Axial Spliltiflg 3640 
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~•oximot• Ann,oxirMtl Elevations s.-i...-.... Bulk Bull< Moioluf• UniMill C -eu1on .....,.Lood Sllhe ~ Mod6ed 

llonngNo Olla« From Oround y..,,... T..,,... - E...,_tion Aod<Type Ss-llo Oenoly Content Fa.,,. tailuN Young'■ p-•· Snni,1 Eatimel<MI Uniuilll Ourehllly Pr•au,· Tebe< 

Center I.Nol Surfaoo Cr.-i .,_ F,om To from To (f onnotian) Gt..ty Mode(1) Slreso Modulul Ratio lndu(2l CompreHt..(SI Abrooionl6) 

ART•ck St<eni,11 - -· , ...... -· IIHII - - - - ""' .... a lnol /nail IDaft ""' losi IH.ol 

1159.1 151.5 ... ,. 4117.5 Sandstone (U T op1n1111) 4.0 

118.1 870.0 478.2 n1.o S■ndslone (UT opango) 2.IIO 163 0.3 Conical 13500 5.4E♦06 0.35 

1700 870.7 477.0 476.3 Gronklo C'-1 (U Top.) 366P 8052 

17U en.a 470.4 469.4 GronldcCIMl(UTop.) 803p 176811 

1171.4 sao.o 468.1 4117.0 S.ndalone (UT op.) 111 3982 

s~-11 JOLT. 771 528 SOI 113.7 114.1 714.3 7132 Sandstone/SM!slone (UT op. 128 5.2 

1112 112.5 661.1 1165.5 S■ndstone (UT opango) 2.64 124 7.1 SMa, Plane 1110 

115.0 1167 11113.0 611.3 S■ ndstone (Ulq,a"ll") 61 1342 

1602 162.3 111,.I 115.7 Cong. S.ndllorM fJ Top.) 141 1.0 95.7 

190.0 192.0 588.0 51111.0 S■ndsloNI (UT 0Pll"ll") 153 3366 

212.9 2 14.8 565.1 5113.4 Shale/Sandslm• (UT op.) 22 414 

217.5 2117 500.5 559.3 Sondslone (UT opon1111) 148 2.4 ShM, Plane 1020 

(Bedding) 

236.9 237.9 541.1 540.1 SondslOne (UT cpano;,) 202 130 7.1 A.ill Splilslg 22150 5.2E ♦06 0.2t 

239.0 239.7 539.0 531.3 Sandstone (U T0p11n1111) 0 .7 

242.5 244-5 535.5 533.5 Sandslof1e (UT cpanga) 131 5.7 Shea, Plane 4490 1.IE+06 0.33 

245.0 246.0 533.0 sr..o SondstorM (U Topanga) 127 4.1 Conical 3170 

253.1 254.8 5242 5232 Cong. Sondltone f.Hop.) 2.34 145 2.1 SMa,Plllne 4790 u,E+06 0 .24 

260.0 2111.1 511.0 51419 Sandstone (U T oponga) 138 2.1 A.ill Splilling 3070 

275.0 276.0 503.0 5020 S■ndstone/Sillslone (U Top. 2 .77 135 7.9 Conical 140 l .4E+06 50.1 

(Bedding Plane) 

300.5 301.0 477.5 477.0 Sandslone/Sillslone (U Top. 57 1254 

SPA-12 230LT. 671 525 505 38.8 37.3 6342 1133.7 Sandslone/Sllltone ShN<Plane eo 

(UT openQII) (Bedding) 

89.6 90.1 ~1.4 580.9 Sandstone (U Top,ngo) ShMrPlllne 270 

95.0 96.0 576.0 575.0 Sillstone (UT op,ngo) 76 1672 

103.4 104.1 567.6 566.9 Ssndstone/Sil!Stone Shear Plane 50 9.3E+m 0.27 

(U Topenoa) (Bedding) 



BonngNo 

SM - 13 

Nolea: 

TABLE E-2. SUMMARY OF LABORATORY TEST RESULTS FOR ROCKS 

~proximal• ADDIOXimal• Elevaliona Sam: le lnlenlal Bulk Bulk Moia!uu 

OftlcFrom Gtound Tunnel Tunnel -- ei-1ion RockType Spec:lic Oensly c ... , ... 
Cenlel line ol Surfao■ Cr°"" kMHt from To From To (Famation) Graiiy 

AAT1ack ,_, fleell ~) - ........ , ... 11 ,._., _, - ""'' 
142.8 143.8 528.4 527.4 Sandslone/Sillstone 124 12.5 

(UTopang■I 

151.7 152.9 519.3 518.1 S■nd1tone (UT cpeng■) 2.26 141 6.9 

162.1 162.9 sou 5011.1 Sandstone/Siltstone 2.70 127 10.1 

(UTop-,g■) 

1652 166.0 505.8 505.0 Sandslone/S~tslone(U Top.) • 128 5.0 

167.0 168.0 504.0 503.0 S■ndslone/Si1151one(U Top.) 126 u 

11•.a 17~.8 4902 •952 S..n.btorie/SiltblonetU Top.I 2.72 131 Hi 

191.5 192.0 479.5 479.0 Sandslone (\J T cpeng■) 

I0LT. 590 521 501 46.9 48.0 ~3.1 S.2.0 Sandstone/Siltstone (UT op. 

60.3 62.2 529.7 527.8 Sandstone/Siltslone (U Top. 2.84 123 7.6 

65.1 66.4 524.9 523.6 Sandstone/Siltstone (U Top. 13.5 

71.1 72.9 518.9 517.1 Sandstone/Sillslone (U Top. 2.61 119 6.0 

79.0 79 9 511.0 510.I Sandstone/S~tslone (\J Top. 122 12.6 

92.5 93.7 497.5 496.3 Sandslone/S~tslone (\J Top. 124 11.0 

96.7 98.7 493.3 491.3 Sandslone/Sillslone (\J Top. 2.70 124 3.5 

(1) Three tailure modes were ob11erved. TheaeinclJded: 

(~ A,;al Splitting mode whete fllilu,e planes -r• ,_ vertical and splined the samples into two pieces. 

(iii Shear plane mode-• -n-dolined inclned failure (shearl planes (Le. at an anglo to venica, -•• observed. 

(iii) Cmical luur• mode ..tlere cone-shaped laiure planes Mre obseMNI. 

(2) The point load atrs,gth NII been ~ed for size allects a1 per ISRM Slllnd111ds. 

(3) Poell load a1rengll\. Index lor the 1.....,ie eta st 

(4) PoH load slrengll\ Index lor lhe sample malril<. 

(51 Estimaled uniDial oompressive etronglll calcui.ted by mun~lying Point load Strenglh Index by a .. ctor ol 22. 

Ur1ilxial Comoresaion 
Fall,. Fa .. " Young·, 

Mode(1) Stress Modulu 

10.C-·"'"' u,,a u,sB 

Cmlcal 230 

(across bedding) 

Alcal 5p-.g 1760 5.5E+IXI 

St-,Plane 140 3.2Et04 

(Bedding) 

Shear Plane (Bedding) 100 

&Mar Plane 100 

(Bedding) 

She...rPtane 20 

(Bedding) 

Shear Plane 280 5.6E+04 

(Bedding) 

Shear Plane 230 

(Bedding) 

Shear Plan< 40 

(Bedding) 

Shear Plane 120 

(Bedding) 

&Mar Plane 60 

(Bedding) 

&Mar Plane 170 

(Bedding) 

Page 9 of 9 

Point loed Silk• SMII Modi6ed 

Poi&aon'1 Sltent,t Estimated Uniaxill Du,abky Pr•sw• Tober 

Ratio lnde•t::: c-...i..151 Abr■lionf6) 

Strent,t, ...... fnLil l'!C.I rn.n IHal 

0.44 

0.37 

11.3 

36 792 

I. I 

0.43 

1.3 





GRAIN SIZE DISTRIBUTION CURVES 

060793.APN/ 92-2050-01 





I '?:dlCE.l 
CQ.!!B:: I F-llllE Ea.!itH:El M.E~r:.f I EllllE I SILTORCLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

al 1-1/2" 3 4" 318" #4 i/10 #20 #40 #&J:II 100 #200 
-, 
~ ~~,. .. ~ 

98 c" 
88 

~ 
I- \ J: 
C, 
H 
111 78 ::J 

' >- ~ II 

a:: rr 
IJ z 68 
M 
IL 

I-z 58 Ill 
(,) 
a: 
111 
a. 

48 

.. 

38 

28 

19 

8 
75 18 1 8.1 e.e1 e. ee1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE OEPTH SAMPLE SOIL LIQUIO PLASTI-
SYMBOL NO, NO, ( FT> TYPE TYPE LIMIT CITY 

INOEX 

D SM-1 72 6.0- 10.0 CL 41 22 

- PRO.JECT NAME: 
:tff: Th• Earth Tachnalagw MeTRO REC LINE 

C0,-pc,-■ti0n SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

'~ -~-- O<Tr.n """" E-1 



SILT OR CLAY 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

.. 
l: 
Cl 
M 

J," 1-1/2" 3 '4" 3/8" #4 #..JO #2..0 #40 #60#100 #200 

u I - - ;;....,., ,.,~· 
I 

991+-+-+-+-+--+----+++-1-+-t-+-+----t++-+-1-+ ______ ++-+-+--+-1--+---++++-+-+-+--+---+----i 

881+-+-+-+-+--+---+++-t-+-t-+--+-+----+++-+-t-++--+--+--+-+++-+-+--i-+-+---+t+++-+-+--+--+-~ 

~ ~Bt+++-1--+-+---++-1-+-+-+-t-1-+--+HH-t-t-t-1~+--+HH-t-t-t-1-+---+t-1H-t-+-+-~+-----l 

>-
Ill 

ex 
~ 69 
~ 

IL .. 
~ 591+-+-+-+-+--+----+++-1-+-t-+-+----t++-+-t-+-+--t---t++-+-+--+-1--+---++++-+-+-+--+---+--
tJ 
CX 
w 
11. 

481+-+-+-+-+--+---+++-t-+-t-+--+-+----+++-+-t-++--+--+--+-+++-+-+--i-+-+---+t+++-+-+--+--+-~ 

381+-+-+-+-+---+---+++-t-+-t-+--+-+----+++-+-t-++--+--+--+-+++-+-+--i-+-+---+t+++-+-+--+--+-~ 

281+-+-+-+---+----+++-1-+-t-+-+----t++-+-1-+-______ ++-+-+--+-1--+---++++-+-+-+--.---+---f 

191+-+-+-+-+---+----+++-t-+-t-+--+-+----+++-+-+-++--+--+--+-+++-+-+--i-+-+---+t+++-+-+--+--+-~ 

91.1....L..,_..__...__.__ .............. _._ .............. _.___ ........ ......_..._._...,__...,____._ _ __. ................. ..I.....J----'-...___-1,..L.J.,J.,.J.....L--'-...J....----'-----I 

75 

SYMBOL 

D 

BORING 
NO. 

SM-1 

18 

SAMPl-E 
NO. 

T3 

1 e.1 e. u e.ee1 

GRAIN SIZE IN MILLIMETER 

OEPTH 
CFT> 

95.0-100.0 

SAMPLE 
TYPE 

SOIL 
TYPE 

CH 

LIQUID 
LIMIT 

65 

PLASTI
CITY 

INDEX 

41 

PRO.JECT NAME: -= Th• Earth Techna!ag~ 
Carparat.i.an 

METRO RED LINE 
SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

F'T"' ,.,,... E·2 



I 
~VF"!. 

CQt!R=-j~rhlE EatiRSEJ M.E= I ElO/.E I SILT OR CLAY I 
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul l-l/2H 314" 3 jiH #4 #JO #20 #40 #60#100 #200 
~~ 

98 
\ 

\ ee 
I- \ I: 
Cl 
M 
w 
3 -re 
>-m 
0: w 88 :z 
M ) IL 

... r\. :z se w 
0 

~ 0: 
w 
Q. 

48 

\ . -

38 ~, 

28 

.18 

e 
75 18 1 e.1 e.e.1 e.ee1 

GRAIN S IZE IN MILLIMETER 

BORING SAMPLE DEPTH SAMPLE SOIL LI QUIO PLASTI-
SYMBOL CITY NO. NO. CFT) TYPE! TYPE LIMIT INDEX 

D SM-1 T4 128.0-130.0 SC-SM 26 6 

- PRO.JECT NAME : = Th■ E■r-th T■chnclcgu METRO REC LINE 
Ccr-pcr-■ticn SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

• .,, ~ c::,-,, J:"Tr.1 IDJ:" E-3 



~ ~dl{E.T = CQ.4B.=-J Fl~E 1:a.4 R s:El M.Eo.S:- i -,:'TNE I SILT OR CLAY I 
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul 1-1/2" 3/4" 318" i.,4 #JO #20 #40 #60#100 #200 
~- ..... 
~ 

\ 98 
\ 

~~ 
ee ... 

~ J: 
Cl 

iti" M w -re 3 

' >-

\ ID 

a: w 88 
% 

~ 
M 
u. 
... 
z 68 w 

I'~ u a: ~ 
w 
11. I 48 

- -

38 

28 

18 

e 
75 18 1 e. 1 e.111 e.ee1 

GRAIN SIZE IN MILLIMETER 

BORl:NG SAMPLE DEPTH SAMPLE SOIL LIQUl:D PLASTI-SYMBOL CITY NO. NO. <FT> TYPE TYPE LIMIT INDEX 

0 SM-I T6 136.0 SC 37 20 

- PRO.JECT NAME: = Th■ Earth T■chnc!cg~ METRO RED LINE 
Ccirpcr■ticn 

SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

1:;:, ~ .. ~ FT"'' ICIJ: E-4 



I ~d,IC.El 
CQ.48::J £.l~ .fu.4 R S:EJ M.EO.~ I Elr:.l.E I SILT OR CLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul' 1-1/2" 314" 3 '8" 't,4 1110 #20 #40 #60#100 #200 -....., 
~ 

99 

',~ 
e9 "' 

I- ~i\ 
I: 
0 

~ '"4 
IIJ 

78 3 

'~ >-m 
a: 
IIJ 68 z 

~ M 
IL. 

I-
% 
Ill 59 
(J 
a: 
Ill 
Q. 

48 

. -

38 

28 

18 

8 

75 19 1 e.1 e.91 e.eu 
GRAIN SIZE IN MILLIMETER 

BORING SAMPLE OEPTH SAMPLE SOIL LIQUIO PLASTI-
SYMBOL NO. NO. <FT> TYPE TYPE LIMIT CITY 

INOEX 

□ SM-I T9 IJ55.0-160.0 CL 46 25 

- PRO.JECT NAME : = Th■ Earth T■cnnalag~ METRO REC LINE 
Carpar■tian · SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

1 ::, i<'>-e> FTGl 1c11: E-5 



I '?:~ra::.r 
Cllt!Hl.:- I FTl\TP &i.4El£E M.E.~rf-1 E,Tl\TP I SILT OR CLAY I 

U.S. STANI)ARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

11i." 1-1/2" 314" 318" #4 #IO #20 #4() #60#100 #200 

"""' ~ .. 
... "' ~ ... 

ae 
' \ 

\. 18 
I- \ J: 
(!J 
M 
w 
3 78 

► !"Ir---m 
~ a: I\. Ill ea 
~ z 

M 
IL 

~ I-z 158 w ~~k CJ 
It 

, 

w 
Q. 

48 
I 

. . I 

38 

28 

18 

8 

75 18 1 8.1 e.e1 e.ee1 

GRAIN SIZE IN MIL.LIMETER 

l!ORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTI-SYMBOL NO. NO. <FT> TYPE TYPI! LIMIT CITY 
INDEX 

D SM-lA T2 ~55.5-156.5 SC 34 20 

- PRO.JECT NAME: = Th■ Earth T■chnalag~ METRO RED LINE Corporation 
SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

• e> / Q::) c::-Tr.,1 •-- E-6 



I ~,tjl(E,T 
CQtf R: :J ;lOlE. Eat!RS:El M.E=-1 El'6!.E I SILT OR CUY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul' 1-1/2'' 3/4" JL~" #4 #JO #20 #40 #60#100 #200 

"'"' ~~ 
98 ~ 

", 

" e9 
I- '\ l: s~ Cl 
M 
w 78 !'I 
3 l'I 
>- )!\ m 
a:: 
w 88 

\ z 
M 
II. 
I- f\. z 58 w 

~ CJ 
Q: 
w 

~~ Q, 

48 " 
. -

38 

28 

19 

8 
75 18 1 e.1 e.81 8.8e1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE OEPTH SAMPLE SOIL LIQUIO PLASTI-
SYMBOL NO. NO. ( FT> TYPE TYPE LIMIT CITY 

INOEX 

D SM-IA TS ~73.0-175.5 SC 23 8 

- PRO.JECT NAME: = Th• Earth T■chnclcg~ METRO REC LINE Ccrpcrat.1.cn SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

, :;> .,c,~ l='T"'•toc E-7 



I I 
I I ~IC.EL Ea.4&s:El M.E-;;:,~ I CQJ. B.:-1 J:"U:il.E EZ~E SILTORCUY 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

11l 1- 1/ 2" 3/4" Jts" 114 1110 1120 #40 #60# 100 11200 
~ 

j\ 

98 \ 

I I ~ I \ l 

e ... 

l \ ~ 
:c c:, ... I 

!i I 
78 1 

► CD 

a: 
! 68 
M 
II. 

I-

' z se w 
0 a: 

) w 
11. 

48 

\ - -
31 

2-

.18 \ 
\ 

~ 

a ~-
75 .18 1 •• 1 a.81 a . 881. 

GRAIN SIZE IN MIU.IMETER 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUID FlLASTI-SYMBOL NO. NO. (FT) TYPE TYPE LIMIT CITY 
INDEX 

D SM-JB R46 144.0-/45.0 SP 36 12 

- F'RO.JECT NAME: = Th• Earth T■chnolog~ METRO RED LI NE Corporation SEGMENT :J 

GRAIN SIZ E 

DISTRIBUTION CURVE 

• ., , o -, r=T"'' ,o .. E-8 



I c::d~l 
ca~ ll== I £!lll.E ~a~li?s:s M.E~'~ I EU!i.E I SILTORCUY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul' 1-1/2" J/4" .-J/8" #4 #10 #20 #4() #60#100 #200 - ~ ... 
~~ 

98 
i\ 

\ 
ee 

\ ... 
J: 
Cl ... 
w 

78 3 

\ ► Ill 

ct : 
w z 68 
... 
II. 

... 
:z: se w ' u a: 

' w 
11. 

48 \. 

~ 

. . \ 38 

.?8 \ 
18 \ 

\~ 
~ --8 

75 18 1 e.1 e.e1 e.ee1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUIC PLASTI-
SYMBOL CITY NO. NO . (FT> TYPE TYPE LIMIT INCEX 

D SM-JB RSI 169.0-169.8 SP 33 12 

- PRO.JECT NAME: = The Eart~ Technologw METRO REC LINE Corporat.1.on SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

• ~ .-o~ FT,.,, ,oc E-9 



I ~AJ{El 
CQ.4 ll:-J -;.lOlE. ~a.4 ~ ~a M.E~ifff- 1 Eltil.E I SILT OR CLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul' 1-1/2" 3 4" 318 .. 'f/.,4 #10 #20 #40 #60# 100 #200 
! -

-
- -0.,. 

'\i SIi 

\ 
I ae 

~ .. 
I: 

II' C, 
H 

~ '78 

► m 
It 

~ 81 
M 
IL 

I-z 58 w 
(..) 
It w 
Q. 

48 

. -
38 

a: 

I 

18 

e 
75 l.8 1 e. 1 e.e1. e.ee1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE CEPTH SAMPLE SOIL LIQUID PLASTI-SYMBOL CITY NO. NO. <FT> TYPE TYPE LIMIT INDEX 

0 SM-4 RI 0.0- 7.0 CL 39 24 

- PAO..JECT NAME: = Th■ Earth T■chnalag~ METRO RED LINE Carpcrat.i.an 
SEGMENT 3 

GRAJNS/ZE 

DISTRIBUTION CURVE 

, :::> ✓0'3 FTl">IICII: E-10 



I ~AVEL 
CQ.4 R==]_,:ll1.E. fu.4R!i:~ ME-=-1 E.TNR I SILT OR CLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ul' 1-1/2" 3/4" 3/8" (i..4 #10 #20 #40 #6()#100 #200 
- ...... ....., 

\ 98 

\ 
99 ... ' ~ 

C, 
H 
w 
3 78 

>-m 
a:: 
IIJ 68 z 

' H 
IL 

... \ z 59 w u 
) a:: 

IIJ 
Q, 

48 

\ 
38 

\., 

' ~ 28 

"' \~ 
~ 

18 

8 
75 18 1 e.1 e.81 8. 88J. 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTI-
SYMBOL CITY NO. NO. <FT ) TYPE TYPE LIMIT INDEX 

□ SM-4 R2 10.0- 11.0 

- PRO.JECT NAME: = Th• Earth T•chnclcgw METRO REC LINE 
Ccrpcr■ticn SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

1:::, ~ .. ~ S:Tt'!ll 1"- E-1 1 



GRAIN SIZE DISTRIBUTION TEST REPORT 
~ 

. ,. !: ! ~ 
: 

1 ~0 .., ;, ,.. - .: : .... '° • ; ,: ; ! 

I 11 ! 11 t i i Ill I l i 11 .1 I I I I : I Lj I ! I I I I I I I I I I I 
90 !-~"..+' -+-' +-----+-...._----:.+-:-+~~-~+---+-~-------;-----~~~~-~~~---,---, 

ael i------;:·~U~! 1:...-!,i ....... 1_: .:....I_,~!.....;...;..;~____,.;~~! ·~ii __ !_,_! ~:I!~.:! ___ !"""""".! l~l----+-____,.1~1'~'':"""":i 1____,.~ 

70 i---J..1,...1;.!..;!,l....L.I 1: ....... 1 ·_.:.;,• 1---U!J~~-l~' ..... ! :1~1--i,· l___.l.:..1-1,i 1 ........ 1 i....:....I ...I-I ~-----l ..........:....1 ~------.1 

~ .~el __ ~~1~- __,:_!--:.:..;.!'I!..:...;.!!...---:::----~-+---'!! ____ !_' ~ ·+--+II!~!! .......:11 _____ ~! ! !++I ~I !----r--------: 
~Sei.....

1 
_;_;.........,..~1: ~'~'----4i~:il~!l~il~l-~~'+i...:...I:~: l_:i~ll~'l l~I ~I '~-----+ij+.' ~l~I~---: 

g.40 ~I -.......:..i...._._..;...l ___ ..;...!_~li ...... l ..... 

1

1-'-l -'-l .......... _ __...;.....+;.....

1
_._.;._i : ____ l __ :1 ___ · ..... · __ 1.;._1 __ I _!_.__.........,. .......... !-'-l --'--'----i 

"'- ~0 ·' -----:.:.I .:;.i...: .:.........:...1: ~1,-_._____,;l..l..l..ll J..,;,.,l ..:...;I: 1
1 
___ 1· _ _.;..~....;...' ...:...I ....... ' i _•llii-i,..:..J I ..;....I .__1;.._.;_~~1.......:1 l ___ l ____ 1! ~----; ..., _ I I · 1 I , 1 I I ·, 1 I I ,, 

201----l~IU~I ~i___,;,,..;1:11~[1...;.....;.l l~i_....;..1~: ~.;._! · .;__:.:...;.111:~ll.;.....;..I l ....:....1 _.__~11 ....... 1 .;..._;I I---'--___ 
111-1

1 I i I· l_._i I I 11 1· I I ! 1 1 
'' ! I 

1! 11 ! I ! .
1! 

10 '' I ' i ! ! I ' I I I 1 ·1 ! I 

0 l jl !:i I !. ! 1111
1 
I-! I :II I!! I ! 1

1 

I! i I 
200 ! 00 10. 0 1 . 0 0 • 1 0 . 0 1 ...,.e. 001 

GRAIN SIZE - mm C_/ 
% SILT % CLAY 

Cl 1.4 

LL I PI Cu 
C 37 17 2. 3:2 0. 90 0. 78 I 0. 565 10. 3954 0. 3:;51 I 1. 09 2.8 

I I 

MATERIAL DESCRIPTION uses AASHTO 

Pr-,:, j ec t No. : 01-0192-05-1677-000 Remarks: 
p,. o j ec t : EARTH TECHNOL01;•;y CORP. 
o Location: SM-5 92 451.S FEET / SANTA MONICA MTN 

SM-5 92 451.5 FEET 
Date: JANUARY 4, 1993 

13RAIN SIZE DISTRIBUTIOM TEST REPORT 
SCIENCE APPLICATIONS IHT:- L CORP. FIGUREE-12 



I CQ.4 R~IKE.~lN.E ~n.4 R S:EJ M.EO~tt/J2 I ElN.E I SILT OR CLAY I 
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

ui" 1-1/2" 314" J/8" ti..4 #10 #20 #40 #60#100 #200 -" i'1 \ 
98 

\ 
88 ... 

r 
Cl 
M 
w 
3 1'8 

>- ' m 
Q'. \_ w 68 LJ :z 
M \ IL 

I- \ :z 68 w 

' (J 
Q'. 
w 

\ Q. 

48 '~ - - 38 
~ 

29 

19 

e 
75 19 1 9,1 e.e1 e.ee1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE OEPTH SAMPLE SOIL LIQUIO PLASTI-
SYMBOL NO , NO, <FT) TYPE TYPE LIMIT CITY 

INOEX 

D SM-11 S2 8.5 - 10.0 SC 39 19 

- PROJECT NAME : 
:::: Th■ Earth T■chnolog~ MeTRO REC LINE 

Corporation SEGMENT 3 

GRAIN SIZE 
' DISTRIBUTION CURVE 

. .., , ....... ,:.Tr.110,: E- 13 



I r;:~ra:r CQ.!111.:: I -;.lN.E t:;;i!flJ.!i:E M.E-= I El~ I SILTORCUY I 
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

19l 1-1/2" 3/4" 3 '8" 1..4 #10 #20 #40 #60# 100 #200 .... C ,-
""i-. 

h!: 
~ 

98 
L 

' I 
I 

ee 

\ I-
:i: 
C, ... 
~ '78 

\ >-
ID 

a: w z 88 
... 
IL. 

' I-z 68 IIJ u 
a: w 
IL 

48 

. . 

38 

28 

18 

8 
75 18 1 8 .1 8.81 e.ee1 

GRAIN SIZE IN MIL.LI METER 

SORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTI-
SYMBOL NO, NO. (FT> TYPE TYPE LIMIT CITY 

INO~X 

0 SM-12 Rl 3.8- 4.4 CL 37 20 

- PRO.JECT NAM!!: = Th■ Ear-th T■chnclcg1,1 METRO RED LINE 
Ccr-pcr-aticn SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

. .,,, ,,.,.., !lrTf":I , .. .,,. E-14 



I ~~!-
ca~ El.: I -,:;rt:il..E ~n.!IRSE M.Eo.S:,t;/2 I El'!:il..E I SILTORCLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

18l 1-112" J/4" J/8" li.4 #.10 #20 #40 #60# 100 #200 - -"' ~, 
~ 

98 "'\I 
\ 

98 ... \ J: 
C, 
H 
w 

"78 ::3 \ ► m 
a: 
w :z 68 
H 
IL 

... 
:z 58 w 
0 a: 
w 
a. 

48 

-
38 

28 

18 

e 
75 18 1 8.1 e.e1 e.ee1 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE OEPTH SAMPLE SOIL LIQUIO PLASTI-
SYMBOL CITY 

NO. NO, ( FT> TYPE TYPE LIMIT INDEX 

0 SM-12 R2 6.9- 7.4 CL 35 19 

- PRO.JECT NAME: = Th• Earth Taehnolog~ METRO REC L::tNE 
Ccr-por-■tion SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

' ~ -~~ FT~IJgF E-15 



I ~l:'.El 
CQ'4B.: I PU:J:£. Ea~~£Ej b.£E= I Elbl.E I SILT OR CLAY I 

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

aJ." 1-1/2" 314" 318" 114 II. 0 1120 1140 116011100 #200 

I ! ~ ...... 

\ 
98 

I ' 
ea \ 

I- \ :r 
C, 
M 

~ 71 

\ >-
ID 

a: 
! 88 
M 
IL 

I-
% 
w 6. 
CJ a: 
Ill 
11. 

48 

.. 

:,_ 

a• 

11 

• 
75 18 1 e.1 8.81 8.881 

GRAIN SIZE IN MILLIMETER 

BORING SAMPLE Ol!PTH SAMPLE SOIL LIQUID PLASTI-
SYMBOL CITY NO. HO. en> TYPE TYPE LIMIT INDEX 

D SM-13 TS 15.0- 20.0 SC 30 8 

- PRO.Je:CT NAME! = Th■ Earth T■chnc!cg~ METRO REC LINE 
Carpar■tian SEGMENT 3 

GRAIN SIZE 

DISTRIBUTION CURVE 

1 ~ , ,..,. i=Tr.t n::11:::, E-16 



STRESS-STRAIN PLOTS 

060793.APN/ 92-2050-01 E-9 





BORING NO: SM - 2 
DEPTH (FT) : 242.3 - 242.8 

25000 ,--,--..---r---,---,----,--.,--,--,-~--,----r--.---.--.--.--.-,---.--i 

re...... 
(/) 
Q_ ...__,,, 

20000 ,_ 

(/) 1 5000 
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w 
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~ 10000 
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5000 

\ 
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\ 
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\ 
\ 
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\ 
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' \ 

~ 

-i .~0~1 o:---'---J...___~~~.J.__...1.-...J..__JL._J.._...,L___J__-J--..ll__j__.__--l_L__.j 

- 0.005 0.000 0 .005 0.010 

RADIAL STRAIN (IN/IN) AXIAL STRAIN (IN/ It-I) 

FmlJRE E-17 



BORING NO: SM-2 
DEPTH (FT) : 251 . 7 - 252. 7 

25000 --.---,----.---,---,---,---.--,--r---r--r----Y-----.----r--r--r 

,,,.--.... 

<.n 
(L 
'-----" 

20000 I-

c.n 1 5000 
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w 
O:'.: .__ 
<.n 
_J 1 0000 
<( 

X 
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5000 I ---

. ,,,,,----,,/ 
~-

__ ,..,.-// 

-.- -
.\ 

0 L---...._~_.__~__.__~--J..-----___.____..____.__..___..__.....___.____.______.____~__._~ 

-0.010 - 0.005 0.000 .0.005 0.010 

RADIAL STRAIN (IN/ IN) AXIAL STRAIN (IN/ IN) 

S:IGURE E-18 



BORING NO: SM-2 
DEPTH (FT): 367.0 - 367.5 

2000 ---.--.--,----,.--,.--,.....--,.--,--,--,--,--.--.---,---,---,---,--,--, 

,,__ 1 500 -
U) 
0.... ..___,,, 

U) 
(/) 
w 1000 O:'.'. 
l--
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_J 
<( 

X 
<( 

500 

0 __ ..____ ____ ~-----------------------------~___._____.____.__._._..__...__.. 

-0.010 - 0.005 0.000 0.005 0.01 0 

RADIAL STRAIN (IN/ IN) AXIAL STRAIN (IN/ IN) 

FIGURE E-19 



BORING NO : SM-2 
DEPTH (FT) : 4-08.1 - 408. 7 

25000 ----~------r---,---.------,--------------.-----r---------

,.--..._ 
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(/) 15000 
(/) 
ld 
fr: 
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----· ,----------_______ ,_ 
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0 r 

-0.010 - 0 .005 0 .000 

RADIAL STRAIN (IN/ IN) 
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\ .. 
... , 

\\ 
\ 

AXIAL STRAIN (IN/ IN) 

0 .0 10 

~IGURE E-20 



BORING NO: SM - 3 
DEPTH (FT) : 223. 7 - 224.8 

25000 ---.-~~--.--~----.--..--~-r----,--,--,---,--,---,--, 

·20000 ,_ 
,,,---..., 

(/) 
o_ 

.....___,.. 

(/) 15000 
(/) 
uJ 
a:::: 
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~ 10000 
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<( 

5000 

~--1_ __ . 

0 ,._____.___...__.___.,_ ______ .._____.____._ _ _.___._____.__.J--~_... _ _._---J 

- 0 .030 - 0.020 -0.01 0 0.000 0.01 0 

RADIAL STRAIN (IN/IN) AXIAL STRAIN (IN/ IN) 

FIGURE E-21 



BORING NO: SM-3 
DEPTH (FT) : 335.3 - 335.9 

25000 ---r-..--,---,-......--,---------.-~-----------r---r----r--r--r--,---, 

,,,--..... 
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(l_ ....._,,, 

20000 

U1 1 5000 
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0 ~_._..L--...___,__ ___ _.___..___.__.........._ ___ ~-----------___.____..__._..,.__.._.....____. 

-0.01 0 -0.005 0.000 0.005 0.010 

RADIAL STRAIN (IN/IN) AXIAL STRAIN (IN/IN) 

~URE E-22 



BORING NO: SM-3 
DEPTH (FT): 338.0 - 339.0 

25000 ---------....--..---.,-...,,-...,,--...,--,--,---.--,--,--,----,--, 

~ 

.(/) 
(L 
""---/ 

20000 

(/) 1 5000 
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------------
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RADIAL STRAIN (IN/IN) · AXIAL STRAIN (IN/IN) 

FIGURE E-23 



BORING NO : SM-3 
DEPTH (FT) : 345.0 - 345.5 

25000 ---T--..----~-----..--.-----.---.----.--,--.--. 

,,--_,. 

(f f 
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-.__,, 

20000 
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RADIAL STRAIN (IN/IN) AXIAL STRAIN (IN/IN) 

°'URE E-24 
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<( 

BORING NO: SM-4 
DEPTH (FT): 467.8 - 469.0 

10000 ---------~-~----r---..---.-----.-----

8000 

6000 ,_ 

4000 

2000 

0 .__.___..&--_.___._____,__...____.___..____.___...~____...__.____._.___..__........__.__.......__ 

- 0.010 - 0.005 0.000 0 .005 0.010 

RADIAL STRAIN (IN/ IN) AXIAL STRAIN (IN/IN) 

FIGURE E-25 



,,.......-..., 

(/) 
o_ ...__,, 

BORING NO: SM - 4 
DEPTH (FT) : 580 . 4 -- 581 . 7 

25000 ,---r--r---,--.--,-~~-r--r------.--r---,---,----,-.-~.--.------, 

20000 

U1 15000 
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RADIAL STRAIN (IN/IN) AXIAL STRAIN (IN/IN) 

~URE E-26 



,,,,--.._ 

(/) 

0 .. ._____,, 

BORING f\10 : SM --- 4 
DEPTH (FT) : 596.6 - 597 .6 

25000 .--..---..---,---,---r---r-----r---r---r---r---r--r---.--r--.--,--.---.-.--, 

20000 ,_ 

(/) 1 5000 
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l.J.J 
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1 0000 , _ 
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APPENDIX F 
CHEMICAL LABORATORY TEST RESULTS 

F.1 LABORATORY ANALYSES 

The chemical analyses of the groundwater samples were done at Pace Incorporated, a 
California-certified hazardous waste testing laboratory. Formal QNQC protocol performed 
at Pace included: sample receipt standards, chain-of-custody procedural review, calibration 
practices, preventative maintenance, analysis of quality control samples ( e.g. method blanks, 
duplicates, calibration check standards, surrogate piles, spiked blanks, matrix spikes, and/or 
reference standards), nonconformance corrective actions and control audits. 

Groundwater samples from Monitoring Wells SM-3A, SM-6A, SM-9A and R-8 were tested 
for the analytes listed in Table F-1 to provide the data necessary to apply for Natural 
Pollution Discharge Elimination System (NPDES) permit. 

For QNQC purposes, an equipment blank was also tested for the analytes listed in Table F
l. A trip blank was analyzed for volatile organics using EPA Method No. 624 and for 
gasoline using EPA Method No. 8015. Laboratory test results are summarized in Table 5-7 
of Volume I as well as in Table F-2 in this appendix. The detailed chemical analyses test 
results along with quality control data sheets are included in this appendix. 

F.2 BORING SM-11 

During drilling of Boring SM-11, an artesian condition was observed, i.e. water was flowing 
out of the well even after the drilling was stopped. A groundwater sample of the water 
coming out of the boring was filled directly into sample containers. The groundwater sample 
was analyzed for volatile organic compounds using EPA Method No. 624, semi-volatile 
organic compounds using EPA Method No. 625, selected metals, total dissolved solids, 
sulfide, specific conductance and pH. The results of the laboratory analyses are summarized 
in Table F-3. The detailed test results are also included in this appendix. 
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TABLE F-1. LIST OF CHEMICAL ANALYSES FOR GROUNDWATER SAMPLES (Page 1 of 2) 

-
. Analyie 
Number 

2 

3 

4 

s 

6 

7 

8 

9 

10 

II 

12 

13 

14 

Analyte 

Purgcablc 
Volatile Organic Compounds 

Semivolatile Organic 
Compounds 

Total P¢trolcum Hydrocarbons 

Oil & Grease 

Total Fu¢! Hydrocarbons, 
Gnsolint and Dies¢! 

CCR Till¢ 22 t-ktals 

Chromium VI 

Aquatic Toxicity 

Biological Oxyg¢n D¢mand 
(BOD) 

Chemical Oxyg¢n Dtmand 
(COD) 

Nonfilteroble Residues 
Total Suspended Solids (TSS) 

Scttl¢oblc Solids (SS) 

Turbidity 

Filterable Residues • 
Total Dissolved Solids (TDS) 

012593.RPT/92·2050-03 

.EPA Test 
.,/:'Mtth'od :'' 

624 

625 

418.1 

413.1 or 
413.2 

8015 LUFT 

SW-846 or 
ICP-MS 

7196 

NA 

405.1 

Hoch Kit 

160.2 

HiO.S 

180.1 

160.1 

Requested 
Dc1ection . 

Limit ('ppb) 

5 to 20 

S to SO 

soo 

500 

Gasoline 20 
Diucl 200 

1/2 th¢ 
MCL 

10 

NIA 

5,000 

20.000 

1,000 lo 
5,000 

1,00010 
S,000 

1,00010 
S,000 

10,000 

l'rcservaiivc:1 

Coo14'C 
0 .008$ 

Na,SO:0, m 

Cool 4"C 

H,SO, lo 
pH <2 

Cool 4'C 

H,S0, to pH 
<2 

Cool 4 ' C 

Cool 4'C 

HNO, to pH 
<2 

Cool 4'C 

Cool 4'C 

Cool 4'C 

Cool 4'C 

Cool4'C 

Cool 4'C 

Cool 4'C 

Cool 4'C 

Field 
. Filter 

No " 1 

No 

No 0 > 

No 

No'" 

Yl!s 11• 

Yes '
1
' 

No 

No '6' 

No 

No 

No 

No 

No 

,.,, ... ,,(,: 1 i 
Container. 

Two - 40 ml glas■ 

Two • I liter gloss 

One • I liter gloss 

One • I liter glass 

Two • 40 ml gloss 

One • I liter plnscic 

One - 500 ml liter plastic 

One • S gallon plos1ic 

One • 500 ml glass 

One • 400 ml glass 

One• I liler 
plastic or glass 

One• I liter 
plastic or glass 

One· 100 ml plastic . 

One - I liter 
plastic or gl11s 

7 day1 121 

7 days 

28 days 

28 days 

14 days 

6 months 

24 hours 

24 hours 

48 hours 

28 days 

7 days 

2 day■ 

48 houn 

7 days 



Nol~s: 

TABLE F-1. LIST OF CHEMICAL ANALYSFS OF GROUNDWATER SAMPLF.S (Page 2 of2) 

•\ J.NiytC> I: •<:? ,,,. li~i·~r: :r·•:/;J(•, :: :< .. 'iiequ:taiectL 

Number ' 
. . 

(I) 
(2) 
(3) 

(4) 
(5) 

(6) 

15 

16 

17 

18 

19 

20 

21 

• EPATcsi 
. Method . 

Chloride 32S.3 

Sulfide 376.2 

Sulfate 37S.3 

Nitrite 300 

Nilrate 300 

Sp~d fie Conductance 120.1 

pH 1~0.1 

Should only he used in presence of residual chlorin~ 
CRWQCB recommends i day slorage time for EPA 624 
Fidd filler with 0.45 micron filter 

Detection . 
Limil (Jijib) 

10,000 

100 

10,000 

100 

100 

NIA 

NIA 

24 hour gravi1y settle of solids in the laboralory prior to analysis 
Filter sample: in laboratory prior to analysis using cen1rifugolion 
Laboratory fi111111ion prior lo analysis 

012593.RPT/92-2050-03 

( =:::-: _.'.'::, ,,_:,· ! . _:_. , . : ·. : .. I.:' ,) :( i, ·. . .. •.::-:,-,:::,:.-:·-·-:- :::{/t}', ,~J>(){•Jy field I ·••'·• : 't> >•r 
Prcicrvativca · · Fiii~~ 

.-. 

None No One - 100 ml plastic 28 days 

ZnCO,CH1 & No One - SOO ml plaslic 7 days 
Na0H 10 

pH> 9 - Cool 
4'C 

Cool 4'C No One - SOO ml plas1ic 28 days 

Cool 4'C No One - I 00 ml plas1ic 28 days 

H2S04 10 pH 
<2 

H:S04 10 pH No One - 100 ml plaslic 28 days 

<2 
Cool 4'C 

Cool 4 ' C No One - 500 ml plaslic 28 days 

None No One - 100 ml glass lmmcdialcly 



TABLE F-2. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLES (1 OF 6) 

ANALYTE WELL NO. !WELL NO. !WELL NO. I WELL NO.I WELL NO. 

,. 

WELL NO. 

SM-3A SM-6A I SM-9A R-8 !EQUIP. BLANK trRIP BLANK 
1, PYR§~~l3~ V<>lJ\T~LJ; q~~~IC, (;C>Mp<>UNlSI / . ··••···· 

.·•· .. ,·.··.· . . - -. . · . . ·.-.-. . -- ·: .-: -·-. ::•::-::::-: -:-·•·- • . . _ ._ .... _. • . . · ·. · . . · ·.·.·· .. -. . · .. · ··· .. .. ·•· .. ·. ·-·-··. · .. ,• ,• • . • . . •.· ·· 

Pafufo~t~r {\intt.s: ·uo/U .. · .. 
1, 1,2-Trichor-1,2,3-trifluoroetl'Bne ND NOi ND ND ND ND 
ChloromettBne ND NOi ND ND ND ND 

Vinyl Chloride ND NOi ND ND ND ND 
Bromomethane ND NOi ND ND ND ND 

Chloroethane ND NOi ND ND ND ND 
TrichlorofluoromettBne ND NDI ND ND ND ND 
1, 1-Dichloroethene ND NOi ND ND ND ND 
Acetone ND NOi ND ND ND ND 

Carbon Disulfide ND NOi ND ND ND ND 
Methylene Chloride ND NOi ND ND ND ND 
Trans-1,2-Dichloroethene ND NOi ND ND ND ND 

1, 1-Dichloroethane ND NOi ND ND ND NO 

2-Butanone ND NOi NO ND ND ND 

cls-1,2-0ichloroethene ND NOi ND ND ND ND 

Chloroform ND NOi · · 28 ND ND ND 

1,2-Dichloroethane ND NOi ND ND ND ND 

1, 1, 1-T rlchloroethane ND NOi ND ND ND ND 

Carbon Tetrachloride ND NOi NO ND ND ND 

Benzene NO ND NO NO ND ND 

Trichloroethane ND ND ND ND ND ND 

1 ,2-DichloroproJ:Sne ND ND ND ND ND ND 

Bromodichloromethane NO ND ND ND ND ND 

cis-1,3-Dichloroprooene ND ND ND ND ND ND 

trans-1,3-0ichloroprooene ND ND NO ND ND ND 

Ll._2-Trichloroethane ND ND NO ND ND ND 

Oibromochloromett-ene ND NO NO ND ND ND 

Bromoform ND . ND ND ND ND ND 

4-Methvl-2-Pentanone ND ND ND ND ND ND 

Toluene ND ND NO ND ND NO 



TABLE F-2. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLES (2 OF 6) 

ANALYTE !WELL NO. !WELL NO. IVVELL NO. I YELL NO.I YELL NO. YELL NO. 

.1/ PURGEABLEVOLATILEOR~NICCOMPOUN>Sl .. •.~!-17~ ,I .. ~~---~ SM-9A R-8 !EQUIP. BLANK tfRIP BLANK 

Pa~~t;f ,oritts: ~tiid •· ·:· .. 1 > . . · >:· 1 
2-Hexanone ND ND ND ND ND NO 
1.1,2,2-Tetrachloroethane ND ND ND ND ND NO 
Tetrachloroethene ND ND ND ND ND ND 

Chlorobenzene ND ND ND ND ND ND 
Eth_}llbenzene ND ND ND NO ND ND 
SJyrene NO ND ND NO NO ND 
Xvlenes (total) ND ND NO NO ND ND 
2. SEMl..;.VQLATILE ORGANIC COMPOUNDS · 

' . . . .. · .· ; . -:-.-:-: · ·••. :-:-:_•.:'. :-.· ··· ··· · .. -.-. -.. - . . - -•, ,, ·- . . . 

Parameter fUnlts; .· u<i/U . . ..,. :'\ ·.:•:> · ... : 
. •• . . .... . . : ·•.· .· . . , .... 

··•·•·•C :. .:• ·.r··J: . -
N-Ntrosodimethvlamlne NO NO NO NO NO NA 
Phenol ND NO NO NO ND NA 
Aniline NO NO ND ND ND NA 
bls(2-chloroethvD ether ND ND NO NO ND NA 
2-Chloroohenol ND ND ND ND ND NA 
1,3-Dichlorobenzene ND ND ND ND NO NA 
1 4-0ichlorobenzene ND ND ND ND ND NA 
Benzvl alcohol ND ND ND ND ND NA 
1 2..:..0ichlorobenzene ND NO ND ND ND NA 
2-Methvlohenol ND ND ND ND NO NA 
bis(2- Chlorolsooroovll ether ND ND ND ND ND NA 
4-Methvlohenol NO ND ND ND ND NA 
N-Ntroso-di-n-oroovlamine ND ND ND ND ND NA 
Hexachloroethane NO ND ND ND ND NA 
Nitro benzene ND ND ND NO ND NA 
lsoohorone ND ND ND NO ND NA 
2-Nitroohenol ND ND ND ND ND ~ 
2 4-Dlmethvlohenol ND ND NO NO ND NA 
Benzolc Acid ND ND NO ND ND NA 



I 

TABLE F-2. SUMMARY OF CHEMICAL TEST RESULTS OF 

GROUNDWATER SAMPLES {3 OF 6) 

ANALYTE WELL NO. WELL NO. WELL NO. WELL NO. WELL NO. 

SM-3A SM-6A SM-9A R-8 EQUIP. BLANK 

WELL NO. 

TRIP BLANK 

·•2;:si:M1LV6iAtit.e br:tdANid.d6MPOUNos·-·• · <~gNf'iW ..... ·- . . . . . . . . .· · · • · ··· · ' · 
. -.::::····::······.·•···•·••·•· ::. ·' ·'••/: : .. : 

I / ,.-.• : •· . . -. l •,··\ ::t : .•,,:. • .. ·•.• <::·•: :.:.•·:• ,·_::••.>/\·T•.I?·?•••:J:••• •: ><-••> <•••···• :: . . ·,: 
••>-:-:·•·· .. . · . · . . :• •. : .. J:_.:j.j . . : : 

. ~ . . . 

. . .. 

Parameter (Units: ug/L} ._ ·:. 

••.··· .. 
bis (2-ChloroethoJ<Yl methane ND ND NO NO ND NA 

2,4-Q_ichloroohenol ND ND NO ND ND NA 

1,2,4-Trichlorobenzene ND ND NO ND ND NA 

Naphthalene NO ND NO ND ND NA 

4-Chloroanlline NO NO NO ND ND NA 

Hexachlorobutadiene NO ND ND ND ND NA 

4-Chforo-3-methylptlenol ND ND NO ND ND NA 

2-Meti,vlnaphthalene ND NO NO NO NO NA 

Hexachlorocyclooentadiene ND NO ND ND ND NA 

2,4,6-Trichlorophenol ND ND NO NO ND NA 

2,4,5-Trichiorophenol ND ND NO NO NO NA 

2-Chloronaphthalene ND ND ND ND ND NA 

2-Nitroaniline ND NO NO ND NO NA 

Dimethylohthaiaie NO NO ND NO ND NA 

Acera phthylene NO NO NO NO ND NA 

2,6-Dlnitrotoluene ND NO ND NO NO NA 

3-Nitroaniline ND ND NO NO ND NA 

Acera Phthene NO NO NO NO ND NA 

2,4-Dinitrophenol NO NO NO NO ND NA 

4..:. Nitrophenoi NO ND ND ND ND NA 

Oibenzofuran ND ND NO ND NO NA 

2-'-4-Dlnitrotoluene 
Diethvlohtha late 

ND ND ND ND ND NA 
ND ND ND ND ND NA 

4-Chlorophenyl-phenylether ND ND ND ND NO NA 

Fluorene ND ND ND ND NO NA 

4-Nitroaniline ND ND NO ND NO NA 



TABLE f-2. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLES (4 OF 6) 

ANALYlE 

· 2:• seM1+volAi1Li:0RdANiC CoMPoONDs> :?:: ::i~9mfpf!?t:,, ', ..... ··,,:: ,,,, .. ::::: , ·.·. 
_:: :: .: . .-· ·. .-: · .· . . • . · ·:·· ·· .. ·:,, -.. 

Parameter. (Unit~~ Jg/t) 
4,6-Clnltro-2-methylphenol 
N-Ntrosodiohenvla mine 
4-Bromophenvl- phenylether 
Hexachlorobenzene 
Pentachloropenol 
Phenanthrene 
Anthracene 
D1-n-butvfphthalate 
Fluoranthene 
Benzf<ine 
Pyrene 
Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 
bls(2-Ethylhexyl)phthalate · 
bi-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a) pyrene 
Dibenz(a ,j)acrldi ne 
lndeno(1 ,gl3-cd)pyrene 
Dlbenzo(a,h)anthracene 
Benzo(g,h,l)pervlene 
3. TOTAL FECOVERABLE PETROLEUM 
·. .HYDROCARBONS {mg/0 ': ' '' . 

VIEU. NO. 1¥ELCNO. IWEL1-NO. I WEll NO.I WELL NO. 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND NO 
NO ND ND ND 
ND ND ND ND 
ND •ND ND ND 
ND ND ND ND 
ND ND NO ND 
ND ND ND ND 
ND 15 . 28 NO 
ND ND ND ND 
ND ND ND ND 
NO NO ND NO 
NO NO ND NO 
NO NO ND NO 
NO NO ND ND 
ND NO NO NO 
NO ND ND ND 
ND ND ND ND 

WELL NO. 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
NO NA 

ND NA 
ND NA 
ND NA 
NO NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
NO NA 
ND NA 
NO NA 
ND NA 
ND NA 
ND NA 



TABLE F-2. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROU~DWATERSAMPLES (5 OF 6) 

ANALYTE WELL NO. WELL NO. WELL NO. WELL NO. WELL NO. 

SM-3A. SM-6A SM-9A R-8 EQUIP. BLANK 
4; OIL AND GREASE (ma/U \ < : ··•: 

• . ·.· :-«foe, ND ND ' 0.07 ND 

5. TOTALFlEL HYDROCARBONS (mall) 
Gasoline ND ND ND ND ND 
Diesel ND ND ND ND ND 

6; CCFlTITLE 22 METALS · 
Paramijt~r lUnits:fuo/l\ . . . 
Antimonv. Sb ND ND ND ND ND 
Arsenic. As ; ND ND 0.016 ND ND 
Barium. Ba 0 .05 0 .013 ND · 01>2 ND 
Bervllium Be . . i..: ;' .•. . i .. ND ND 0.003 ND ND 
Cadmium Cd ND ND ND ND ND 
Chromium. Cr ND ND ND ND ND 
Comlt Co ND • ND ND ND ND 
Coooer. Cu NO ND ND NO NO 
Lead, Pb ND ND ND ND ND 
Mercurv. Ha ND ND ND ND ND 
Molybdenum, Mo · ND ND 0 .008 o.01 f ND 
Nickel Ni ND ND ND ND ND 
Selenium; Se • •. ... ·. ND 0 .01 0 .019 0 .02 ND 
Silver Ao NO ND NO NO ND 
Thallium. Tl ND ND ND ND ND 
Vanadium. V .. .. . ND ND 0 .031 ND ND 

Zinc Zn · 
. . . 

0 .025 0 .04 o.O:i 0 .06 0.012 . .. .. . 

7. CHROMIUM VI fma/U . ND ND ND ND ND 

8. ACUTE AQUATIC TOXICITY (Toxicltv Units\ . ·<0.588 <0.588 0.588 . <0 .588 0588 

9. BIOLOGICAL C.-EMICAL OXYGEN DEMAND lmc · ...... · 22 42 7~ 7 .. . ·· . · .. 2.6 

WELL NO. 

TRIP BLANK 
NA 

ND 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 



TABLE F-2. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLES (6 OF 6) 

ANALYlE WELL NO. WELL NO. 

SM-3A SM-6A 
• 10/ CHEMICAL OXVGEN DEMAN> lrilo/Ll . .: ND ND .. 

11. TOTAL SUSPENDED SOLIDS Ima/LL • ...... ;:, ... > .. ... 500 .. . .. 870 

12~ SETTLABLE MATIERlml/U .· ·.•· ..•. ·· 0.8 1.5 

13; TURBIDITY (NTU) . . . :190 .• 320 

14. TOTAL DISSOLVED SOLIDS (mo/l_l •. · · • - ,• 590 1020 

15 .. CHLORIDE (moll\ 32 · 48 

16. SULFIDE (mg/L) '• . .. : . · ... •: .. •: ... :• .. ·•· ·., .. . ... ND NO 

17. SULFATE (moll) 78 470 

18. NlffllTE (moll) . · · : ... . ··: :. ·. ND ND 

19. NlfflATE fma/Ll 
.. 

82 ND 

20. SPECIFIC CONDUCTANCE · (umho/cml .. ·880 1220 

21. pH f oH units) .· 1i. 7D 
--~---- --

NOTES: Units- ug/l = micrograms per liter 
mg/L = milligrams per liter 
NTU = National turbidity units 
umho/cm = micro mhos per centimeter 
ND = Not Detected 
B = lndictes the analyte was observed In a ssodated be nk 

as well as the sample 

WELL NO. WELL NO. 

SM-9A R-8 
ND ND 

.•. 1tho · ·• :, .. .c::::<\ ao· 

0.1 2.2 

680 . · . .. ......... .5. 

620 1500 

75 43 

ND NO 

330 . 750 

ND ND 

3 3 

1020 .·· < .:.: 1820 

95 75 

CCR Tltle 22 = Califomla Code of Regulations, Title 22, Division 4, Chapter~. Article 11 
NA = not analyzed 

WELL NO. 

EQUIP. BLANK 
ND 

ND 

ND 

NO 

NO 

NO 

ND 

ND 

ND 

2 

ND 

8.2 

WELL NO. 

mlP BLANK 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 



TABLE F-3. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLE FROM BORING SM-11 (1 of 4) 

.. 1.PURGEABLE:.VOLATILEiORGANIC:COMPOUNDS :·: _:' =:;_),::{, ): ) · 

. ,·. ::•·:.•:·:::=::::=::/ ·::/:;:"::::_:J :::::=:):::::::::/;:::_: :t(fa=:):\;):::/_ . . .· .. • ::_.:.::::-=:::·•: :-· •. . . . . . .-. : ._._:: 

-p~rifu:ii~:'tiliHii:f:tl6i.G: •: : : : < : : .. --- -- ·--••-•= - · -•·-····•·=-. , . : 

1.1 2-Trichor-1.2 3-trifluoroethane 
Chloromethane 
Vinvt Chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 
1 1-Dichloroethene 
Acetone 
Carbon Disulfide 
Methvtene Chloride 
Trans-1 2-Dichloroethene 
1, 1-Dichloroethane 
2-But.rione 
cis-1 2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
1, 1, 1-Trichloroethane 
Carbon Tetrcr;hloride 
Benzene 
Trichloroethene 
1.2-Dichtoroorooane 
B romodichloromethane 
cis-1,3-0ichloroorooene 
trans-1,3-Dichloroorooene 
1, 1,2-Trichloroethane 
Dibromochloromethane 
Bromoform 
4-Methvl-2-Pentanone 
Toluene 
2-Hexanone 
1, 1,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
Ethvtbenzene 
Styrene 
Xvte11es=(totao: . 
2: SEMl~VOLATILEORGANIC COMPOUNDS · 

. . -: . -·;:·.:.: •.. , .. ·.·.·-· . · ·· 
::·· .. · •-•, •· · . 

N-Nitrosodimethvlamine 
Phenol 
Aniline 
bis(2-chloroethvl) ether 
2-Chloroohenol 

·,_, .. · .. 

· weLLNO.-

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO i 

ND ) 
NO i 

ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
NO I 
NDi 
ND 
NO i 

NO 
ND 
ND 

13 

ND 

ND 
ND 
NO i 

NO i 



TABLE F-3. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLE FROM BORING SM-11 (2 of 4) 

1 3-Dichlorobenzene 
1 4-0ichlorobenzene 
Benzvl alcohol 
1 2-Dichlorobenzene 
2-Methvtohenol 
bis(2-Chloroisooroovl) ether 
4-Methvtphenol 
N-Nitroso-di-n-oroovlamine 
Hexachloroethane 
Nitrobenzene 
lsoohorone 
2-Nitroohenot 
2 4-Dimethvlohenol 
Benzoic Acid 
bis t2-Chloroethoxv) methane 
2,4-Dichloroohenol 
1,2,4-Trichlorobenzene 
Naohthalene 
4-Chloroaniline 
Hexachtorobutadiene 
4-Chloro-3-methvlohenol 
2-Methvtnadlthalene 
Hexachlorocvctooentadiene 
2,4,6-Trichloroohenot 
2,4,S-Trichloroohenol 
2-Chloronaohthalene 
2-Nitroaniline 
Dimethvlohthalate 
Acenaphthvtene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-0initrochenot 
4-Nitrophenol 

. Dibenzofuran 
2,4-0initrotoluene 
Diethylphthalate 
4-Chloroohenvl-ohenvlether 
Fluorene 
4-Nitroaniline 
4,6-0initro-2-methvlohenol 

ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
NO 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 
ND 



"' 
TABLE F-3. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLE FROM BORING SM-11 (3 of 4) 

' 1,,~ ttj\1iil½i{ ·i. ~~YlE" 
22SEMl':::VOLATILE:ORGANIC COMPOUNDS 

:•·•:a9p@~1::t:::''::\)1tr::··,··•·-·· .. ,. 
··· •.·,• . .. • .. ·.::•:•:::::,:::::: ::::\ ::::::::·:::,:::::·;.:::. :::::;: :-:: . . , .·.··.·. ·.· 

:~i;~~f~;J :,uhtt~Iii~l +··•·• 
N-Nitrosodiohenvlamine 
4-Bromoohenvl-ohenvlether 
Hexachlorobenzene 
PentachloronP-nol 
Phenanthrene 
Anthracene 
Di-n-butvlohthalate 
Fluoranthene 
Benzidine 
Pvrene 
Butvlbenzvtohthalate 
Benzo(a)anthracene 
Chrvsene 
bis(2-EthVlhexvl)ohthalate 
Di-n-octvl ohthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)ovrene 
Dibenz(a,i)acridine 
lndeno(1,2,3- cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo< a,h ,i)oervlene 

·3.CCRTITLE22:·METALS .. -·· 
Parameter·(Units:ina/L) : · 
Antimonv, Sb 
Arsenic; As · •.: 
Barium. Ba 
Beryllium, Be 
Cadmium, Cd 
Chromium;Cr :. • . . ·.•. : 
Cobalt, Co 
Coaoer;=Cu . ..•. · . 
Lead, Pb 
Mercurv, Ho 
Molvbdenum, Mo 

Selenium, Se 
Silver, Aq 
Thallium, Tl 
Vanadium, V 

.)) · 
:,: ... 

.: . 

· WELLNO. 

SM-11 · 
-:::::;:; __ 

. \::\: • .· . • . \ . 
ND 
ND 
NO 
ND 
ND 
NO 
NO 
NO i j 
ND 

I NO 
NO 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 

ND 
0.007 

NA 
ND 
NA 

0.036 

NA 
0.031 

ND 
ND 
NA 

0.04 

ND 
NO I 
NO ! NA I 0.12 I 



TABLE F-3. SUMMARY OF CHEMICAL TEST RESULTS OF 
GROUNDWATER SAMPLE FROM BORING SM-11 (4 of 4) 

NOTES: Units- ug/L = micrograms per liter 
mg/L = milligrams per liter 
NTU = National turbidity units 
umho/cm = micro mhos per centimeter 
ND = Not Detected 
B = lndictes the analyte was observed in associated blank as well as the sample 

1250 

NO 

7.4 

CCR Trtle 22 = California Code of Regulations, Trtle 22, Division 4, Chapter 30, Article 11 
NA = not analyzed 



060793APN/ 92-2050-01 

REPORTS OF LABORATORY ANALYSES 
MONITORING WELL SM-3A 





REPORT OF LABORATORY ANALYSIS 
THE ASSURANCE 01 OUALITY 

December 11, 1992 

Dr. Ram 
Earth Technology Corporation 
13900 Alton Parkway 
suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721129.508 
Client Reference: Metro Rail/92-2050-02 

Dear Dr. Ram: 

Enclosed is the report of laboratory analyses for samples received 
November 19, 1992. samples were received by the laboratory in good 
condition with proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us. 

[r~:Jtrv<4 ' 
Eric s. Howarth ~ 
Project Manager 

Enclosures 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

An Equal Opportunity Employer 





PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

REPORT OF LABORATORY ANALYSIS 

721129.508 
Metro Rail/92-2050-02 
SM3A 
WATER 

MDL UNITS RESULTS 

1,1,2-Trichlor-1,2,2-trifluoroethane 10 ug/L ND 

Chloromethane 10 ug/L ND 

Vinyl chloride 10 ug/L ND 

Bromomethane 10 ug/L ND 

Chloroethane 10 ug/L ND 

Trichlorofluoromethane 10 ug/L ND 

1,1-Dichloroethene 5 ug/L ND 

Acetone 50 ug/L ND 

carbon disulfide 5 ug/L ND 

Methylene chloride 5 ug/L ND 

trans-1,2-Dichloroethene 5 ug/L ND 

1,1-Dichloroethane s ug/L ND 

2-Butanone so ug/L ND 

cis-1,2-Dichloroethene 5 ug/L ND 

Chloroform 5 ug/L ND 

1,2-Dichloroethane s ug/L ND 

1,1,l~Trichloroethane 5 ug/L ND 

Carbon tetrachloride 5 ug/L ND 

Benzene s ug/L ND 

Trichloroethene 5 ug/L ND 

1,2-Dichloropropane 5 ug/L ND 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721129.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SMJA 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Bromodichloromethane 5 

cis-1,3-Dichloropropene 5 

trans-1,3-Dichloropropene 5 

1,1,2-Trichloroethane 5 

Dibromochloromethane 5 

Bromoform 5 

4-Methyl-2-pentanone 50 

Toluene 5 

2-Hexanone 50 

1,1,2,2-Tetrachloroethane 5 

Tetrachloroethene 5 

Chlorobenzene 5 

Ethyl benzene 5 

Styrene 5 

Xylenes (Total) 5 

1,3-Dichlorobenzene 5 

1,4-Dichlorobenzene 5 

1,2-Dichlorobenzene 5 

1,2-Dichloroethane-d4 (Surrog. Recovery) 

Toluene-dB (Surrog. Recovery) 

4-e--mofluorobenzene (Surrog. Recovery) -----

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 123 

' 101 

' 97.1 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30./92 

624 11/30/92 

624 11/30/92 

624 · 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11130/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

8270 Date Extracted 

n-Nitrosodimethylamine 

Phenol 

Aniline 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2-Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-propylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis(2-Chloroethoxy)methane 

REPORT OF LABORATORY ANALYSIS 

721129.508 
Metro Rail/92-2050-02 
SMJA 
WATER 

MDL 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

UNITS RESULTS 

-
ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 3 

METHOD DATE 
ANALYZED 

3520 11/20/92 

625 11/27/92 

625 11/27/9~ 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chlo.ro-J-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,4-Dinitrotoluene 
_..;._ 

REPORT OF LABORATORY ANALYSIS 

721129.508 
Metro Rail/92-2050-02 
SMJA 
WATER 

MDL 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

50 

10 

50 

50 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 4 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Diethylphthalate 

4-Chlorophenyl-phenylether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Benzidine 

Pyrene 

Butylbenzylphthalate 

Benzo(a)anthracene 

Chrysene 

bis(2~Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

REPORT OF LABORATORY ANALYSIS 

721129.508 
Metro Rail/92-2050-02 
SM3A 
WATER 

MDL 

10 

10 

10 

50 

50 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

10 

10 

10 

10 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
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METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

.625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721129.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SMJA 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Benzo(k)fluoranthene 10 

Benzo(a)pyrene 10 

Indeno{l,2,J-cd)pyrene 10 

Dibenzo(a,h)anthracene 10 

Benzo(g,h,i)perylene 10 

2-Fluorophenol (Surrog. Recovery) 

Phenol-d5 (Surrog. Recovery) 

Nitrobenzene-dS (Surrog. Recovery) 

2-Fluorobiphenyl (Surrog. Recovery) 

2,4,6-Tribromophenol (Surrog. Recovery) 

Terphenyl-d14 (Surrog. Recovery) 

Date Extracted 

Total Petroleum Hydrocarbons 0.05 

Date Extracted 

Oil &. Grease 0.05 

TPH Quantified as Gasoline 20 

Date Extracted 

TPH Quantified as Diesel 500 

TTLC, CV Date Digested 

TTLC, CV Mercury 0.0003 

Antimony (Sb) 0.003 

UNITS RESULTS 

Ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 56.4 

I 59.2 

' 59.3 

' 63.0 

I 79.4 

' 93.2 

-
mg/L ND 

-
mg/L 0.06 

ug/L ND 

-
ug/L ND 

-
mg/L ND 

mg/L ND 

December 11, 1992 
Page 6 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

418.1 11/24/92 

418.1 11/24/92 

413.2 12/01/92 

413.2 12/01/92 

8015 LUFT 11/23/92 

8015 LUFT 11/23/92 

8015 LUFT 11/24/92 

7470 12/02/92 

7470 12/02/92 

6020 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Arsenic (As) 

Berium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Vanadium (V} 

Zinc (Zn) 

Date Extracted 

Chromium, Hexavalent 

721129.508 
Metro Rail/92-2050-02 
SM3A 
WATER 

MDL 

0.005 

0.004 

0.002 

0.0025 

0.004 

0.004 

0.005 

0 . 005 

0.005 

0 . 005 

0.005 

0 . 005 

0.005 

0.005 

0.007 

0.01 

Acute Aquatic Toxicity (Bioassay) 

Date Incubated 

Biological oxygen Demand 0 . 2 

Spectrophotometric-Chem oxygen Demand 5.0 

UNITS RESULTS 

mg/L ND 

mg/L 0.050 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 0.025 

-
mg/L ND 

t Survival 100 

-
mg/L 2.2 

mg/L ND 

December 11, 1992 
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METHOD DATE 
ANALYZED 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

270.2 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

7196 11/19/92 

7196 11/19/92 

11/20/92 

405.1 11/20/92 

405.1 11/25/92 

Hach Kit 12/08/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721129.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM3A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Gravimetric-Total Suspended Solids 4.0 

Settleable Matter 0.1 

Turbidity 2.0 

Gravimetric-Total Dissolved Solids 10 

Titrimetric-Chloride 0.5 

Spectrophotometric-Total Sulfide 0.05 

Gravimetric-Sulfate 1.0 

Nitrite 1.0 

Nitrate 1 

Specific Conductance 10 

pH 2.0 

UNITS RESULTS 

mg/L 500 

ml/L 0.6 

NTU 190 

mg/L 590 

mg/L 32 

mg/L ND 

mg/L 78 

mg/L ND 

mg/L 62 

umhos/cm 860 

Units 7.9 

December 11, 1992 
Page 8 

METHOD DATE 
ANALYZED 

160.2 11/23/92 

160.5 11/19/92 

180.1 11/19/92 

160.1 11/23/92 

325.3 11/30/92 

376.2 11/24/92 

375.3 11/30/92 

JOO 12/04/92 

300 12/04/92 

120.1 12/01/92 

150.1 11/19/92 



Jr. Ram 
Page 9 

THE ASSURANC! Of OU ALITY 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December 11, 1992 
PACE Project Number: 721129508 

All QA reports and data have been reviewed and are within acceptable 
1· ts. 

Kenneth D. Faust, 
southern California Regional Director 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-,4032 

An Equal D1111ortunity Em11loyer 



REPORT OF LABORATORY ANALYSIS 
THE ASSURANCE Of QUAllll 

FOOTNOTES Dr. Ram 
Page · 10 for pages 1 through 

Client Reference: Metro Rail/92-2050-02 

< Less than reported value. 
MDL Method Detection Limit 
ND Not detected at or above the MDL. 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
m: 714-192-2565 
FAX: 714-SlKl-4032 

December 11, 1992 
6 PACE Project Number: 72112950 

An Equal Opportunity EmplOVff 



REPORT OF LABORATORY ANALYSIS 
TME ASSURANCE (l f QUALITY 

,r. Ram 
rage 11 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Biological oxygen Demand 
Batch: 75 04303 

samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Biological oxygen Demand 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

!!!!ill 
mg/L 

~ 
0.2 

PACE Project Number: 721129508 

750158949 Duplicate 
Method Water of 
Blank ~SM=3A::.:_ ___ 75 0158949 
ND 2.2 2.2 

An Equal Opportunity Empoyer 



REPORT OF LABORATORY ANALYSIS 

or. Ram 
Page 12 

THE AS SURA NCE Of OUA llTY 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-sulfate 
Batch: 75 04297 

Samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Sulfate 

SPIKE: 

Parameter 
Gravimetric-sulfate 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-sulfate 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TE1: 714-892-2565 
FAX: 714-890-4032 

units 
mg/L 

Units 
mg/L 

units 
mg/L 

~ 
1.0 

H!2l! 
l.O 

!ml! 
1.0 

December 11, 1992 
PACE Project Nwnber: 72112950~ 

Method 
Blank 750159392 
ND 750 

750159392 
750 

Spike 
338 

Reference 
Value 
338 

Duplicate 
of 
75 0159392 
750 

Spike 
~ 

98\ 

~ 
951 

An Equal Opponuni1y Employer 



REPORT OF LABORATORY ANALYSIS 
THE ASSURANCE OF OU AllTY 

r. Ram 
?age 13 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Total Dissolved solids 
Batch: 75 04192 

samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved Solids 

SPIKE: 

Parameter 
Gravimetric-Total Dissolved solids 

LABORATORY CONTROL SAMPLE : 

.,arameter 
;ravimetric-Total Dissolved solids 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192·2565 
FAX:714-~ 

units 
mg/L 

units 
mg/L 

Units 
mg/L 

MDL 
10 

MDL 
10 

MDL 
10 

PACE Project Number: 721129508 

Duplicate 
Method of 
Blank 750159422 75 0159422 
ND ND ND 

750159422 Spike 
ND 1000 

Reference 
Value 
1000 

Spike 

~ 
101% 

An Equal Opportunily Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
TH! ASSURANCE Of QUA l lT Y 

Dr. Ram 
Page 14 

QUALITY CONTROL DATA December ll, 1992 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Total suspended Solids 
Batch: 75 04300 

samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPL:ICATE: 

Parameter 
Gravimetric-Total suspended Solids 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAA: 714-890-4032 

Units 
mg/L 

~ 
4.0 

PACE Project Number: 72112950, 

Duplicate 
Method of 
Blank 750159422 75 0159422 
ND ND ND 

An Equal Opponunity Employer 



REPORT OF LABORATORY ANALYSIS 

;)r. Ram 

Page 15 

1Hf ASS URA NCE 01 OUALITf 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

specific Conductance 
Batch: 75 04288 

samples: 75 0158949 

SAMPLE DUPLICATE: 

Parameter 
Specific conductance 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
m: 114-192.2555 
FAX: 714-890-4032 

Units 
umhos/cm 

~ 
10 

December 11, 1992 
PACE Project Number: 721129508 

750158949 
water 
SM3A 
860 

Duplicate 
of 
75 0158949 
870 

An Equal Opportunity Employer 

~ 
ll 



REPORT OF LABORATORY ANALYSIS 
T<I AS SU RAN CI Of QUAllTY 

Dr. Ram 
Page 16 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

spectrophotometric-chem oxygen Demand 
Batch: 75 04425 

samples: 75 0158949 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Parameter 
Spectrophotometric-chem oxygen Demand 

SPIKE: 

Parameter 
Spectrophotometric-chem oxygen Demand 

LABORATORY CONTROL SAMPLE: 

Parameter 
Spectrophotometric-Chem oxygen Demand 

5702 Bois, Avenue 
Huntington Beach. CA 92649 
TEL: 7H-192·25&5 
FAX:714~ 

!lnlli 
mg/L 

units 
mg/L 

units 
mg/L 

MDL 
5.0 

MDL 
5.0 

!ml!. 
s.o 

December 11, 1992 
PACE Project Number: 721129508 

Duplicate 
Method of 
Blank 750159422 75 0159422 
ND ND ND 

750159422 spike 
ND 50 

Reference 

Spike 

~ 
124% 

Value ~ 
50 126\ 

An Equal Opponunity Employer 

!m 
NC 



REPORT OF LABORATORY ANALYSIS 
; HE ASSURANCE Of OUAllP 

,r. Ram 
.Page 17 

QUALITY CONTROL DATA December ll, 1992 

client Reference: Metro Rail/92-2050-02 

spectrophotometric-Total Sulfide 
Batch: 75 04311 

samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Spectrophotometric-Total Sulfide 

SPIKE: 

Parameter 
spectrophotometric-Total sulfide 

LABORATORY CONTROL SAMPLE: 

1>arameter 
;pectrophotometric-Total sulfide 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TU: 714-892-2565 
FAX:714-~ 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
0.05 

~ 
0.05 

!:m!! 
0.05 

PACE Project Number : 721129508 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 0.21 

Reference 
Value 
0.21 

Duplicate 
of 
75 0159422 
ND 

Spike 
Recv 
100% 

An Equal Opportunity Emplayer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
;H l AS S U RANCE OF QUALI TY 

or. Ram 
Page 18 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Titrimetric-chloride 
Batch: 75 04298 

samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Titrimetric-Chloride 

SPIKE: 

Parameter 
Titri.metric-chloride 

LABORATORY CONTROL SAMPLE : 

Parameter 
Titrimetric-chloride 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
m: 714-192-2565 
FAX: 714-m-4032 

units 
mg/L 

Yni.ll 
mg/L 

~ 
mg/L 

MDL 
0.5 

~ 
0.5 

~ 
0.5 

December 11, 1992 
PACE Project Number: 721129508 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 88.65 

Reference 
Value 
88.65 

Duplicate 
of 
75 0159422 
ND 

Spike 
~ 

98% 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
' •! < SS UAA~Cf OF QU AL I TY 

r. Ram 
age · 19 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Turbidity 
Batch: 75 04289 

sample~: 75 0158949 

SAMPLE DUPLICATE: 

Parameter 
Turbidity 
Turbidity 

5702 Bolsa Avenue 
Huntington Beactt. CA 92649 
Ta: 714-892-2565 
FAX: 714-890-4032 

Units 
NTU 
NTO 

~ 
2.0 
0.2 

December 11 , 1992 
PACE Project Number: 721129508 

7 5015894 9 Dupl icate 
water of 
SM3A 75 0158949 ~ 
190 

190 0% 

An Equal Qpponunity Employer 



REPORT OF LABORATORY ANALYSIS 
' • E ASS UAl NCE OF OUAllTY 

Dr. Ram 
Page · 20 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

pH 
Batch: 75 04194 

Samples: 75 0158949 

SAMPLE DUPLICATE: 

Parameter 
pB 

5702 Bolsa Avenue 
Hunnngton Beach. CA 92649 
TEl: 714-192·2565 
FAX; 714-890-4032 

Units 
Units 

~ 
2.0 

PACE Project Number: 72112950b 

750158949 
water 
SM3A 

7 . 9 

Duplicate 
of 
75 0158949 
7.9 

An Equal Opponunity E11111loyer 

~ 
01 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-OIL & GREASE 
Batch: 75 04310 

samples: 75 0158949 

METHOD BLANK: 

Parameter 
Date Extracted 
Oil & Grease mg/L 0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Oil & Grease 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
ru: 114-192.2555 
FAX: 714-890-4032 

Units 
mg/L 

~ 
0.05 

December 11, 1992 
PACE Project Number: 721129508 

Method 
Blank 

ND 

Reference 
Value 
4.62 

oupl 

~~ 
89% 0% 

An Equal Opport~mty Employer 
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!H ! ASS UR AN CE Of DU AL I TY 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-TPH 
Batch: 75 04309 

samples: 75 0158949 

METHOD BLANK: 

Parameter 
Date Extracted 
Total Petroleum Hydrocarbons mg/L 

~ 

0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Total Petroleum Hydrocarbons 

5702 Bolsa Avenue 
Hunnngion Beach. CA 92649 
TE!.: 71-C-112-2565 
FAX: 714-890-4032 

Units 
mg/ L 

MDL 
0.05 

December 11, 1992 
PACE Project Nwaber: 72112950b 

Method 
Blank 

ND 

Reference 
Value 
4.89 

Recv 
84\ 

Dupl 
~!lQ_ 

85% 11 

An Equal Opportunity Employer 
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Page 23 
QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC-CHROMIUM, BEXAVALENT 
Batch: 75 04293 

Samples: 75 0158949 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Date Extracted 
Chromium, Hexavalent 

SPIKE: 

Parameter 
ChrQmium, Hexavalent 

"C.ABORATORY CONTROL SAMPLE: 

Parameter 
Chromium, Hexavalent 

5702 Bolsa Avenue 
Humington Beach. CA 92649 
TEL: 714-892·2565 
FAX: 714-~ 

units 

mg/L 

Units 
mg/L 

units 
mg/L 

0.01 

~ 
0.01 

MDL 
0.01 

December ll, 1992 
PACE Project Number: 721129508 

750158949 
Method Water 

Blank ~S~M~3A==-----

ND ND 

750158949 
water 

~S~M""3A==----- Spike 
ND 0.53 

Reference 
value 
0.53 

Duplicate 
of 
75 0158949 

ND 

Spike 
~ 

98% 

B!!EY 
100, 

An Equal Opp01tunitv Employer 

~ 
NC 
NC 
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QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

TITLE 22 TTLC MERCURY BY CV 

Batch: 75 04384 
samples: 75 0158949 

METHOD BLANK AND SAMPLE OUPL:tCATE: 

Parameter 
TTLC, CV Mercury 

SPIKE: 

Parameter 
TTLC, CV Mercury 

LABORATORY CONTROL SAMPLE; 

Parameter 
TTLC, CV Mercury 

5702 Bolsa Annue 
Huntington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

Units 
mg/L 

units 
mg/L 

Units 
mg/L 

PACE Project Number: 72112950, 

Method 
~ Blank 750159422 
0.0003 ND NO 

!:m.& 750159422 
0.0003 ND 

~ 
0.0003 

Spike 
0.005 

Reference 
value 
o.oos 

Duplicate 
of 
75 0159422 
ND 

Spike 

~ 
1081 

B!!£Y 
981 

An Eq11,1I Opportunity Employer 

~ 
NC 
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QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

BTEX & TPH QUANTIFIED AS GASOLINE 
Batch: 75 04233 

samples: 75 0158949 

METHOD BLANK: 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
% FB surrogate spike Recovery 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
TPB Quantified as Gasoline 
XPB Quantified as Gasoline 

LABORATORY CONTROL SAMPLE: 

Parameter 
TPB QUantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
m: 714-892-2565 
FAA:714-~ 

units ~ 
ug/L 50 
ug/L 0 . 3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

units ~ 
ug/L 20 
ug/L so 

Units MDL 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

December 11, 1992 
PACE Project Number: 721129508 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
90% 

750158949 Spike 
water Spike Dupl 
SM3A Spike ~ B!.5:.Y ~ 
ND 

400 90% 91% lt 

Reference 
Value ~ 
400 97% 
20 98% 
20 95% 
20 97% 
EO 93% 

An EQual Opponunity Employer 
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QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

EXTRACTABLE TPB QUANTIFIED AS DIESEL 
Batch: 75 04296 

Samples: 75 0158949 

METHOD BLANK: 

Parameter 
TPB Quantified as Diesel 

units 
ug/L 

~ 
500 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
TPH Quantified as Diesel 

5702 Bolsa Avenue 
Huntillgton Beach, CA 92649 
TEL: 714-192•25&5 
FAX:714-~ 

Units 
ug/L 

~ 
500 

December 11, 1992 
PACE Project Number: 72112950b 

Method 
Blank 
ND 

Reference 
Value 
2500 

~ 
1121 

Dupl 
~~ 
116% 31 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-20S0-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples:. 75 0158949 

METHOD BLANK: 

Parameter 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bis(2-chloroethyl)ether 
2-Chlorophenol 
l,3-Dichlorobenzene 

l,4-Dichlorobenzene 
Benzyl alcohol 
l,2~Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
4-Methylphenol 

n-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 

Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
l,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 

Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlcrocyclopentadiene 
2,4,6-Trichloropbenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
m: 714-8!12·2565 
FAX:714-~ 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 

~ 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

so 
10 
10 
10 
10 
20 

10 
10 
10 
10 
10 
10 

50 
so 

PACE Project Number: 721129508 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 

ND 

ND 

An EQUal Opportuni1y Employer 
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QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0158949 

METHOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Oibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 

4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
n-Nitrosodiphenylamine 
4-Bromophenyl-pbenyletber 
Bexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
Oi-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo(a)pyrene 

5702 Bolsa Avenue 
HuntingtOn Beach. CA 92649 
TEL: 714-192·2565 
FAX: 714-890-4032 

PACE Project Number: 72112950b 

Method 
Units ~ Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 
ug/L 50 ND 

ug/L so ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L 50 ND 
ug/L ro ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 50 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

An Equal Opportunity Ellll)loyer 
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QUALITY CONTROL DATA December 11, 1992 -r. Ram 
.>age 29 PACE Project Number: 721129508 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

Samples: 75 0158949 

METHOD BLANK: 

Parameter 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2-Fluorophenol (Surrog. Recovery 
Phenol-d5 (Surrog. Recovery 
Nitrobenzene-d5 (Surrog. Recovery 

2-Fluorobiphenyl (Surrog. Recovery 
2,4,6-Tribromophenol (Surrog . Recovery 
Tei'Phenyl-dl4 (Surrog. Recovery 

units ~ 
ug/L 10 
ug/L 10 
ug/L 10 
% 

% 
% 

% 

% 

% 

".A.BORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter ~ ~ 
Phenol ug/L 10 
2-chlorophenol ug/L 10 
1,4-Dichlorobenzene ug/L 10 
n-Nitroso-di-n-propylamine ug/L 10 
1,2,4-Trichlorobenzene ug/L 10 
4-Chloro-3-methylphenol ug/L 10 

Acenaphthene ug/L 10 
4-Nitrophenol ug/L 50 
2,4-Dinitrotoluene ug/L 10 
Pentachlorophenol ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 
ND 

ND 
68.4 
70.5 
71.2 

72.8 
78.7 
116 

Reference 
Value 
100.00 
100.0 
50.0 
so.a 
so . a 
100.0 

50.0 
100.0 
50.0 
100.0 
50.0 

There was not enough sample for an MS/MSD. The LCS/LCSD results are reported 
instead. 

Dupl 
~ ~.Bl!L 

611 75% 201 
62% 701 121 
651 791 191 
62% 751 181 
62% 741 171 
70% 78% 101 

701 801 131 
110% 105% 41 

74% 76% 21 
77t 781 11 

138% 134% 21 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 

An Equal Opportunity Employer 

FAX: 714-890-4032 
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QUALITY CON'l'ROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0158949 

METHOD BLANK: 

Parameter 
l,l,2-Trichlor-1,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
Carbon .disulfide 
Methylene chloride 
trans-1,2-Dichloroethene 
1,1-Dichloroethane 

2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 
1,2-oichloroethane 
1,1,1-Trichloroetbane 
Carbon tetrachloride 

Benzene 
Trichloroethene 
1,2-Dicbloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

1,1,2-Tricbloroetbane 
Dibromocbloromethane 
Bromoform 
4-Methyl-2-pentanone 
Toluene 
2-Bexanone 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 BDlsa Avenue 
HumingtOn Buch. CA 92649 
m: 114-192.2555 
FAX: 714-~2 

PACE Project Number: 72112950& 

Method 
units ~ Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 5 ND 
ug/L 50 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 50 ND 
ug/L 5 ND 
ug/L 5 ND 
'ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 50 ND 
ug/L 5 ND 
ug/L 50 ND 

ug/L 5 ND 
ug/L 5 ND 

An Equal Opportunily Employer 
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QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 7 s 0426 o 

sampies: 75 0158949 

METHOD BLANK: 

Parameter 
Chlorobenzene 
Ethylbenzene 
styrene 
Xylenes (Total) 
l,3-Dichlorobenzene 
1,4- Dichlorobenzene 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/ L 

1,2-Dichlorobenzene ug/L 
l,2-Dichloroethane-d4 (Surrog. Recovery% 
Toluene-dB (Surrog. Recovery% 
4-Bromofluorobenzene (Surrog . Recovery% 

iPIKE ANO SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
l,1-Di chloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobe nzene 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAX: 714•890-4032 

!!!!ill 
ug/L 
ug/ L 
ug/L 
ug/L 
ug/L 

units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

MDL 
5 
5 
5 
5 
5 
5 

5 

~ 
5 
5 
5 
5 
5 

~ 
5 
5 
s 
5 
5 

December ll, 1992 
PACE Project Number: 721129508 

Method 
Blank 
NO 

NO 
NO 

NO 
ND 
ND 

ND 
119 
100 
96.9 

750158949 Spike 
Water spike Oupl 
SM3A Spike ~ ~ RPO 
ND 50 82% 85% 3\ 
ND so 92\ 95% 3% . 
ND 50 101% 105% 3% 
NO 50 96\ 96% 0\ 
ND 50 97\ 97% o, 

Reference 
Value !!!£Y 
50 82% 
so 90% 
50 92% 
so 93\ 
50 94% 

An Equal Oppllrtunity Employer 
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! HE ASSURA~CE OF QUALITY 

FOOTNOTES 
for pages 8 through 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 

28 

NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPO Relative Percent Difference 

5702 Bolsa Avenue 
Hunting10n Beach, CA 92649 
TEl: 714-192•2565 
FAX: 714-890-4032 

December 11, 1992 
PACE Project Number: 721129508 

An Equal Opponunity E11111loyer 
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REPORT OF LABORATORY ANALYSIS 
ili E ASS U RANCE Of QUA LITY 

December 11, 1992 

Dr. Ram 
Earth Technology corporation 
13900 Alton Parkway 
suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721120.508 
client Reference: Metro Rail / 92-2050-02 

Dear Dr. 

Enclosed is the report of laboratory analyses for samples r eceived 
November 20, 1992. Samples were received by the laboratory in good 
condition with the proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us . 

p••r•::, I , ,A 
&:ifc~~ alJJJ!vv~ 
Project Manager 

Enclosures 

5702 Bolsa Avenue 
Huntington Beath, CA 92649 
TEL: 71H92-2565 
FAX: 714-890-4032 

An Equal Opponunity Employer 





PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

REPORT OF LABORATORY ANALYSIS 

721120.508 
Metro Rail/92-2050-02 
SM-6A 
WATER 

MDL UNITS RESULTS 

1,1,2-Trichlor-1,2,2-trifluoroethane 10 ug/L ND 

Chloromethane 10 ug/L ND 

Vinyl chloride 10 ug/L ND 

Bromomethane 10 ug/L NO 

Chloroethane 10 ug/L ND 

Trichlorofluoromethane 10 ug/L ND 

1,i-Dichloroethene 5 ug/L ND 

Acetone 50 ug/L ND 

carbon disulfide 5 ug/L ND 

Methylene chloride 5 ug/L ND 

trans-1,2-Dichloroethene 5 ug/L ND 

1,1-Dichloroethane 5 ug/L ND 

2-Butanone 50 ug/L ND 

cis-1,2-Dichloroethene 5 ug/L ND 

Chloroform 5 ug/L ND 

1,2-Dichloroethane 5 ug/L ND 

1,1,1-Trichloroethane 5 ug/L ND 

carbon tetrachloride 5 ug/L ND 

Benzene 5 ug/L ND 

Trichloroethene 5 ug/L ND 

1,2-Dichloropropane 5 ug/L ND 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM-6A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Bromodichloromethane 5 

cis-1,J-Dichloropropene 5 

trans-1,J-Dichloropropene 5 

1,1,2-Trichloroethane 5 

Dibromochloromethane 5 

Bromoform 5 

4-Methyl-2-pentanone 50 

Toluene 5 

2-Hexanone 50 

1,1,2,2-Tetrachloroethane 5 

Tetrachloroethene 5 

Chlorobenzene 5 

Ethylbenzene 5 

styrene 5 

Xylenes (Total) 5 

1,3-Dichlorobenzene 5 

1,4-Dichlorobenzene 5 

1,2-Dichlorobenzene 5 

1,2-Dichloroethane-d4 (Surrog. Recovery) 

Toluene-dB (Surrog. Recovery) 

4-Bromofluorobenzene (Surrog. Recovery) 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 129 

' 100 

' 97.0 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

8270 Date Extracted 

n-Nitrosodimethylamine 

Phenol 

Aniline 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2-Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-propylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis(2-Chloroethoxy)methane 

REPORT OF LABORATORY ANALYSIS 

721120.508 
Metro Rail/92-2050-02 
SM-6A 
WATER 

MDL 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

UNITS RESULTS 

-
ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 3 

METHOD DATE 
ANALYZED 

3520 11/20/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-J-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

J-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,4-Dinitrotoluene 

REPORT OF LABORATORY ANALYSIS 

721120.508 
Metro Rail/92-2050-02 
SM-6A 
WATER 

MDL 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

50 

10 

50 

50 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 4 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Diethylphthalate 

4-Chlorophenyl-phenylether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Benzidine 

Pyrene 

Butylbenzylphthalate 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

REPORT OF LABORATORY ANALYSIS 

721120.508 
Metro Rail/92-2050-02 
SM-6A 
WATER 

MDL 

10 

10 

10 

50 

50 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

10 

10 

10 

10 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

,ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L 15 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 5 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM-6A 

SAMPLE MATRIX: WATER 

PARAMETER MOL 

Benzo(k)fluoranthene 10 

Benzo(a)pyrene 10 

Indeno(l,2,3-cd)pyrene 10 

Dibenzo(a,h)anthracene 10 

Benzo(g,h,i)perylene 10 

2-Fluorophenol (Surrog. Recovery) 

Phenol-d5 (Surrog. Recovery) 

Nitrobenzene-d5 (Surrog. Recovery) 

2-Fluorobiphenyl (Surrog. Recovery) 

2,4,6-Tribromophenol (Surrog. Recovery) 

Terphenyl-d14 (Surrog. Recovery) 

Date Extracted 

Total Petroleum Hydrocarbons 0.05 

Date Extracted 

Oil & Grease 0.05 

TPH Quantified as Gasoline 20 

Date Extracted 

TPH Quantified as Diesel 500 

TTLC, CV Date Digested 

TTLC, CV Mercury 0.0003 

Antimony (Sb) 0.003 

UNITS RESULTS 

ug/L NO 

ug/L NO 

ug/L NO 

ug/L ND 

ug/L NO 

' 63.2 

' 73.1 

' 71.2 

' 81.6 

t 97.3 

' 50.7 

-
mg/L ND 

-
mg/L ND 

ug/L ND 

-
ug/L NO 

-
mg/L ND 

mg/L ND 

December 11, 1992 
Page 6 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

418.1 11/24/92 

418.1 11/24/92 

413.2 12/01/92 

413.2 12/01/92 

8015 LUFT 11/23/92 

8015 LUFT 11/23/92 

8015 LUFT 11/24/92 

7470 12/02/92 

7470 12/02/92 

6020 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Arsenic (As) 

Berium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Vanadium (V) 

Zinc (Zn) 

Date Extracted 

Chromium, Hexavalent 

721120.508 
Metro Rail/92-2050-02 
SM-6A 
WATER 

MDL 

0.005 

0.004 

0.002 

0.0025 

0.004 

0.004 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.007 

0.01 

Acute Aquatic Toxicity (Bioassay) 

Date Incubated 

Biological oxygen Demand 0.2 

Spectrophotometric-Chem oxygen Demand 5.0 

UNITS RESULTS 

mg/L ND 

mg/L 0.013 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 0.010 

mg/L ND 

mg/L ND 

mg/L ND 

rng/L 0.040 

-
mg/L ND 

% survival 100 

-
mg/L 4.2 

mg/L ND 

December 11, 1992 
Page 7 

METHOD DATE 
ANALYZED 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

270.2 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

7196 11/20/92 

7196 11/20/92 

11/20/92 

405.1 11/20/92 

405.1 11/25/92 

Hach Kit 12/08/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.508 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM-6A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Gravimetric-Total Suspended Solids 4.0 

Settleable Matter 0.1 

Turbidity 2.0 

Gravimetric-Total Dissolved Solids 10 

Titrimetric-Chloride o.s 
Spectrophotometric-Total Sulfide 0.05 

Gravimetric-Sulfate 1.0 

Nitrite 1.0 

Nitrate 1 

Specific Conductance 10 

pH 2.0 

UNITS RESULTS 

mg/L 870 

ml/L 1.5 

NTU 320 

mg/L 1020 

mg/L 46 

mg/L ND 

mg/L 470 

mg/L ND 

mg/L ND 

umhos/cm 1220 

Units 7.0 

December 11, 1992 
Page 8 

METHOD DATE 
ANALYZED 

160.2 11/23/92 

160.5 11/20/92 

180.1 11/20/92 

160.1 11/23/92 

325.3 11/30/92 

376.2 11/24/92 

375.3 11/30/92 

300 12/04/92 

300 12/04/92 

120.1 12/01/92 

150.1 11/20/92 



,r. Ram 
.?age 9 

: a; AS SURANCE Of QU ALI TY 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December 11, 1992 
PACE Project Number: 721120508 

and data have been reviewed and are within acceptable 

Kenneth o. Faust, 
Southern California Regional Director 

5702 Balsa Avenue 
Humington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

An Equal Opponunity Employer 



REPORT OF LABORATORY ANALYSIS 
TH{ ASSURANCE OF QUALITY 

Dr. Ram 
Page 10 

FOOTNOTES December 11, 1992 
for pages 

client Reference: Metro Rail/92-2050-02 

< Less than reported value. 
MDL Method Detection Limit 
UD Not detected at or above the MOL. 

5702 Bolsa Avenue 
HuntingtDn Beach, CA 92649 
m: 714-8!12-2565 
FAX: 714-890-l032 

l through 6 PACE Project Number: 72112050 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
'H! ASSURANCE OF OUALITY 

r. Ram 
!age 11 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Biological Oxygen Demand 
Batch: 75 04303 

samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Biological Oxygen Demand 

5702 Bolsa Avenue 
Huntington Beach; CA 92649 
m : 11H92-2s&s 
FAX: 714-890-4032 

Units 
mg/L 

MDL 
0.2 

PACE Project Number: 721120508 

Method 
Blank 750158949 
ND 2.2 

Duplicate 
of 
75 0158949 
2.2 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 

Page 12 

T H[ AS SU RA NC! Of OU H ITY 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-sulfate 
Batch: 75 04297 

Samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-sulfate 

SPIKE: 

Parameter 
Gravimetric-Sulfate 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-sulfate 

5702 Bol$a Avenue 
HuntingtOn Beach. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

Units 
mg/L 

Units 
mg/ L 

Units 
mg/L 

HP.& 
l.0 

MDL 
l.0 

HP.& 
l.0 

December 11, 1992 
PACE Project Number : 72ll2050l 

Method 
Blank 750159392 
NO 750 

750159392 Spike 
750 338 

Reference 
Value 
338 

Duplicate 
of 
75 0159392 
750 

Spike 
~ 

98% 

An E0ual Opportunity Eflll)loyer 

&Q 
01 



REPORT OF LABORATORY ANALYSIS 

,r. Ram 

2age 13 
QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Total Dissolved solids 
Batch: 75 04192 

samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved solids 

SPIKE: 

Parameter 
Gravimetric-Total Dissolved solids 

LABORATORY CONTROL SAMPLE: 

.,arameter 
ravimetric-Total Dissolved solids 

5702 8olsa Avenue 
Huntington Beach. CA 92649 
m: 714-192-2565 
FAX: 714-890-4032 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
10 

~ 
10 

~ 
10 

December 11, 1992 
PACE Project Number: 721120508 

Method 
Blank 750159422 
NO ND 

750159422 Spike 
ND 1000 

Reference 
Value 
1000 

Duplicate 
of 
75 0159422 
ND 

Spike 
~ 
101% 

~ 
99% 

An Equal Opportuniw Empioyer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
: HE ASSU~ ANCE OF QUA LITY 

Dr. Ram 
Page 14 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Ra.il/92-2050-02 

Gravimetric-Total suspended solids 
Batch: 75 04300 

samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLJ:CATE: 

Parameter 
Gravimetric-Total Suspended solids 

5702 Bol$3 Avenue 
Huntington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 71H91J-,C032 

Units 
mg/L 

MDL 
4.0 

PACE Proj ect Number: 721120508 

Method 
Blank 750159422 
ND ND 

Duplicate 
of 
75 0159422 
ND 

An Equal Opportunity Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
':'IH A SSU RAN C E OF OU A L I T Y 

Jr. Ram 
Page 15 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

settleable Matter 
Batch: 75 04292 

samples: 75 0159406 

SAMPLE DUPLICATE: 

Parameter 
settleable Matter 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

units 
ml/L 

MDL 
0.1 

PACE Project Number: 721120508 

Duplicate 
of 

750159422 75 0159422 
ND ND 

An Equal Opponunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
THE ASSURANCE Of OUAllTY 

. ,,. 

Dr. Ram 
Page· 16 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

Specific conductance 
Batch: 75 04288 

samples: 75 0159406 

SAMPLE DUPLICATE: 

Parameter 
Specific conductance 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
m:m-192-2565 
FAX: 714-~ 

units 
umhos/cm 

~ 
10 

PACE Project Number: 721120508 

Duplicate 
of 

750158949 75 0158949 
860 870 

An Equal Opponunily Employer 



REPORT OF LABORATORY ANALYSIS 
ra, ASSURANCE 01 DUALITY 

>r. Ram 
.eage 17 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Spectrcphctcmetric-chem oxygen Demand 
Batch: 75 04425 

samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Spectrophotometric-chem oxygen Demand 

SPIKE: 

Parameter 
Spectrophotometric-chem oxygen Demand 

LABORATORY CONTROL SAMPLE: 

'?arameter 
3pectrophotcmetric-chem oxygen Demand 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
m: 714-892-2565 
FAX: 714-890-4032 

!mill 
mg/L 

Units 
mg/L 

units 
mg/L 

HJ& 
5.0 

HJ& 
s.o 

~ 
s.o 

December 11, 1992 
PACE Project Number: 721120508 

Method 
Blank 750159422 
ND NO 

750159422 Spike 
ND 50 

Reference 

Duplicate 
of 
75 0159422 
ND 

Spike 

B!£Y 
1241 

Value B!£,y 
50 126% 

An Equal Opportunity Employer 

RPD 

NC 



REPORT OF LABORATORY ANALYSIS 
:H E ASS"R ANCE OF QUALITY 

Dr. Ram 
Page 18 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

spectrophotometric-Total sulfide 
Batch: 75 04311 

samples: 75 0159406 

METBOO BLANK AND SAMPLE DUPLICATE: 

Parameter 
spectrophotometric-Total sulfide 

SPIKE: 

Parameter 
Spectrophotometric-Total sulfide 

LABORATORY CONTROL SAMPLE: 

Parameter 
spectrophotometric-Total sulfide 

5702 Boin Avenue 
Huntingmn Beach. CA 92649 
T£L: 714-89H565 
FAX: 714-890-4032 

units 
mg/L 

Ynill 
mg/L 

Units 
mg/L 

~ 
o.os 

MDL 
o.os 

~ 
0.05 

December 11, 1992 
PACE Project Number: 72112050, 

Method 
Blank 750159422 
ND ND 

750159422 spike 
ND 0.21 

Reference 
Value 
0.21 

Duplicate 
of 
75 0159422 
ND 

Spike 
Recv 
1001 

~ 
901 

An Equal Opportunity EmploJ!r 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
TH ! ASSURANCE Of QUALIT Y 

Jr. Ram 
Page 19 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Titrimetric-chloride 
Batch: 75 04298 

Samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLJ:CATE: 

Parameter 
Titrimetric-chloride 

SPIKE: 

Parameter 
Titrimetric-Chloride 

LABORATORY CONTROL SAMPLE: 

Parameter 
Titrimetric-chloride 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-m-4032 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

~ 
0.5 

~ 
0.5 

~ 
0.5 

December 11, 1992 
PACE Project Number: 721120508 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 88.65 

Reference 
Value 
88 . 65 

Duplicate 
of 
75 0159422 
ND 

spike 
Recv 

98% 

~ 
97% 

An Equal Opportunily Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
; •E ASSijRANCE OF OUALIT! ... 

Dr. Ram 
Page 20 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

Turbidity 
Batch: 75 04290 

Samples: 75 0159406 

SAMPLE DUPLICATE: 

Parameter 
Turbidity 

5702 Balsa Avenue 
Huntingu,n Beach, CA 92S49 
ffi: TH-192-2565 
FAX: 714·890-4032 

units 
NTU 

MDL 
0.2 

PACE Project Number: 72112050~ 

Duplicate 
of 

750159422 75 0159422 
ND ND 

An Equal Opponunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
TH! t.SS U RANCE OF QUA L IT Y 

,r. Ram 
£>age 21 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

pH 
Batch: 75 04195 

samples: 75 0159406 

SAMPLE DUPLICATE: 

Parameter 
pH 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

units 
units 

~ 
2.0 

PACE Project Number: 721120508 

750159422 
6.2 

Duplicate 
of 
75 0159422 
6.2 

An EQual Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
TH f ,s·suRANCE OF QU ALITY 

Dr. Ram 
Page 22 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-OIL & GREASE 
Batch: 75 04310 

Samples: 75 0159406 

METHOD BLANR: 

Parameter 
Date Extracted 
oil & Grease 

units 

mg/L 

MDL 

o.os 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Oil & Grease 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 
FAX:714-~ 

units 
mg/L 

~ 
0.05 

December 11, 1992 
PACE Project Number: 72112050& 

Method 
Blank 

ND 

Reference 
Value 
4.62 

oupl 
~~ 

891 o, 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
l'Mt ~SS U AANCE OF QUA LI TY 

r. Ram 
..?age 23 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-TPB 
Batch: 75 04309 

samples: 75 0159406 

METHOD BLANK: 

Parameter 
Date Extracted 
Total Petroleum Hydrocarbons 

Units 

mg/L o.os 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Total Petroleum Hydrocarbons 

5702 Bolsa Avenue 
Huntington Beach. CA 92549 
TEL: m-192-2565 
FAX: 714-890-4032 

Units 
mg/L 

MDL 
0.05 

December 11, 1992 
PACE Project Number: 721120508 

Method 
Blank 

ND 

Reference 
Value 
4 . 89 

B!!£Y 
84% 

Dupl 

M£Y~ 
85% 11 

An Equal Oppcnuni1y Employer 



REPORT OF LABORATORY ANALYSIS 
TM E ASSURAHE OF QU AL I TY 

. "' 

Dr. Ram 
Page 24 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETR:IC-CBROMIUM, HEXAVALENT 
Batch: 75 04193 

samples: 75 0159406 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Date Extracted 
Chromium, Bexavalent 

SPIKE: 

Parameter 
Chromium, Hexavalent 

LABORATORY CONTROL SAMPLE: 

Parameter 
Chromium, Hexavalent 

5702 8ol$a Avenue 
Huntington Beach. CA 92649 
TEL: 714-02·2565 
FAX: 714-89()-,I032 

Y!!ll§. 

mg/L 

Units 
mg/L 

Yfilll 
mg/L 

~ 

0.01 

MDL 
0.01 

~ 
0.01 

December 11, 1992 
PACE Project Number: 72112050~ 

Method 
Blank 750159414 

ND ND 

750159414 Spike 
ND O. 53 

Reference 
value 
0.53 

Dupl icate 
of 
75 0159414 

ND 

Spike 
~ 
100, 

~ 
100, 

An EQual Opponunitv Employer 

~ 
NC 
NC 



REPORT OF LABORATORY ANALYSIS 
:. ; AS SU RA ~ Ce OF OU All TY 

>r. Ram 

.:>age 25 
QUALITY CONTROL DATA December 11 , 1992 

client Reference: Metro Rail/92-2050-02 

TITLE 22 TTLC MERCURY BY CV 
Batch: 75 04384 

samples : 75 0159406 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Para.meter 
TTLC, CV Mercury 

SPIKE: 

Parameter 
TTLC, CV Mercury 

LABORATORY CONTROL SAMPLE: 

1?arameter 
rTLc , cv Mercury 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

Unit s 
mg/L 

Units 
mg/L 

Units 
mg/L 

PACE Project Number : 721120508 

Method 
~ Blank 750159422 
0 . 0003 ND ND 

MDL 750159422 
0.0003 ND 

MDL 
0.0003 

spike 
0.005 

Reference 
Value 
0.005 

Duplicate 
of 
75 0 159422 
ND 

Spike 

~ 
108% 

/In Equal Opponunny Empayer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 
Page · 26 

TH E ASS.SANCE Of OUAlllY 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

BTEX & TPB QUANTIFIED AS GASOLINE 
Batch: 75 04233 

Samples: 75 0159406 

METHOD BLANK: 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
% FB surrogate Spike Recovery 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
TPH Quantified as Gasoline 
TPH Quantified as Gasoline 

LABORATORY CONTROL SAMPLE: 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

units MDL 
ug/L so 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

units ~ 
ug/L 20 
ug/L 50 

Units MDL 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

December 11, 1992 
PACE Project Nwnber: 721120508· 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
90% 

Spike 
Spike Dupl 

750158949 Spike Recv -~ ~ 
ND 

400 90% 911 l\ 

Reference 
Value ~ 
400 97% 
20 98% 
20 95% 
20 97% 
60 93% 

An Equal Opportunity Emplayer 
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1r. Ra1II 

..->age 27 
QUALITY CONTROL DATA 

Client Reference: Metro Ra.il/92-2050-02 

EXTRACTABLE TPB QUANTIFIED AS DIESEL 
Batch: 75 04296 

samples: 75 0159406 

METHOD BLANK: 

Parameter 
TPB Quantified as Diesel 

Units 
ug/L 

MDL 
500 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
TPH Quantified as Diesel 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
ru: 714-892-25'5 
FAX: 714-8'Jl-4032 

Units 
ug/L 

!m& 
500 

December 11, 1992 
PACE Project Number: 721120508 

Method 
Blank 
ND 

Reference 
Value 
2500 

~ 
1121 

oupl 
Recv ~ 
1161 31 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159406 

METHOD BLANK: 

Parameter 
n-NitrosodiJDethylamine 
Phenol 
Aniline 
bis(2-Chloroethyl)ether 
2-chlorophenol 
1,3-Dichlorobenzene 

1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
.4-Methylphenol 

n-Nitroso-di-n-propylamine 
Baxachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 

Benzoic acid 
bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 

Bexachlorobutadiene 
4-Chloro-3-methylpbenol 
2-Methylnaphthalene 
eexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

5702 Bolsa Avenue 
HuntingtOn Beach. CA 92649 
m: 114-192-2565 
FAX: 714-890-41132 

PACE Project Number: 72112050& 

Method 
~ !m& Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L lO ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 20 ND 

ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L so ND 
ug/L 50 ND 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

Samples: 75 0159406 

METHOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Dibenzofuran 
2, .4 .. oini trotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
"'luorene 

4-Nitroaniline 
4,6- Dinitro-2-methylphenol 
n-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
Benzo(a)anthracene 
chrysene 
bis(2-Ethylhexyl)phtha late 
Di-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo(a)pyrene 

5702 Balsa Avenue 
Huntington Beach. CA92649 
m: 114-892-2565 
FAX: 714-~ 

PACE Project Number: 721120508 

Method 
Units ~ Blank 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L so ND 

ug/L 10 ND 
ug/L 50 ND 

ug/L 50 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L so ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/ L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/ L 10 ND 
ug/ L 10 ND 

ug/ L 10 ND 

ug/L 10 ND 
ug/ L 10 ND 

An Equal Opponunity Employer 



REPORT OF LABORATORY ANALYSIS 
TH ! ASSURANCE Of QUA LI TY 

QUALITY CONTROL DATA December 11, 1992 Dr. Ram 
Page· 30 PACE Project Number: 72112050b 

Client Reference : Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159406 

METHOD BLANK: 

Parameter 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2-Fluorophenol 
Phenol-dS 
Nitrobenzene-d5 

2-Fluorobiphenyl 
2,4,6-Tribromophenol 
Terphenyl-dl4 

(Surrog. Recovery 
(Surrog. Recovery 
(Surrog. Recovery 

(Surrog. Recovery 
(Surrog. Recovery 
(Surrog. Recovery 

Units MDL 
ug/L 10 
ug/L 10 
ug/L 10 

' ' I 
I 
I 
I 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPL:Z:CATE: 

Parameter Units MDL 
Phenol ug/L 10 
2-chlorophenol ug/L 10 
1,4-Dichlorobenzene ug/L 10 
n-Nitroso-di-n-propylamine ug/L 10 
1,2,4- Trichlorobenzene ug/L 10 
4-chloro-3-methylphenol ug/L 10 

Acena.phthene ug/L 10 
4-Nitrophencl ug/L 50 
2,4-oinitrotoluene ug/L 10 
Pentachlorophencl ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 
ND 
ND 
68.4 
70.S 
71.2 

72.8 
78.7 
116 

Reference 
Value 
100.00 
100.0 
50.0 
50.0 
50.0 
100.0 

50.0 
100.0 
50.0 
100.0 
50.0 

There was not enough sample fer an MS/MSD. The LCS/LCSD results a.re reported 
instead. 

oupl 
~ ~ RPO 

61% 751 201 
621 701 121 
651 791 191 
621 751 181 
62% 741 171 
701 781 101 

701 801 131 
1101 1051 41 

74% 761 21 
771 781 11 

1381 1341 2, 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEI.: 714-192·2565 
FAX: 714-~ 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04284 

samples: 75 0159406 

METBOD BLANK: 

Parameter 
l,l , 2-Trichlor-1,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
carbon disulfide 
Methylene chloride 
trans-1,2-Dichloroethene 
1,1-Dichloroethane 

2-Butanone 
cis-1,2-Dichloroethene 
chloroform 
1,2-Dichloroethane 
1,1,1- Trichloroethane 
carbon tetrachloride 

Benzene 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

1,1,2-Trichloroethane 
Dibromochloromethane 
Bromoform 
4-Methyl-2-pentanone 
Toluene 
2-Hexanone 

1,1 , 2,2-Tetrachloroethane 
Tetrachloroethene 

5702 Bolsa Avenue 
Huntington Beach. CA 92i49 
TEL: lU-192-2565 
FAX: 714-890-4032 

PACE Project Number: 721120508 

Method 
.Ynili ~ Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 5 ND 
ug/L 50 ND 
ug/L .5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 50 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/ L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 50 ND 
ug/L 5 ND 
ug/L 50 ND 

ug/L 5 ND 
ug/L 5 ND 

An EQual Opportunhy Employer 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04284 

samples: 75 0159406 

METHOD BLANK: 

Parameter 
Chlorobenzene 
Ethylbenzene 
styrene 
Xylenes (Total) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

1,2-Dichlorobenzene ug/L 
l,2-Dichloroethane-d4 (Surrog. Recovery% 
Toluena-d8 (Surrog. Recovery% 
4-Bromofluorobenzene (Surrog. Recovery% 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
·chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
chlorobenzene 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 
FAX:11~ 

.Y!!iY 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

MDL 
5 
5 
5 
5 
5 
5 

5 

~ 
5 
5 
5 
5 
5 

~ 
5 
5 
5 
5 
5 

December 11, 1992 
PACE Project Number: 72112050& 

Method 
Blank 
NO 
NO 
NO 
ND 
ND 

ND 

ND 
124 
98.6 
96.8 

750159406 Spike 
Water Spike oupl 
SM-6A spike M£Y ~ BlQ 
NO 50 841 86' 21 
ND 50 89% 91% 2% 
ND 50 93% 98% 5% 
ND 50 921 961 4% 
ND 50 941 97% 3% 

Reference 
Value M£Y 
50 93% 
50 92% 
50 101% 
50 93% 
50 95% 

An E~ual OPllOrttmity Employer 
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FOOTNOTES ,r. Ram 
!age 33 for pages 8 through 29 

client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPO Relative Percent Difference 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAX: 714-890--'032 

December 11, 1992 
PACE Project Number: 721120508 

An Equal Opportunity Emplayer 
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REPORT OF LABORATORY ANALYSIS 
-., lSSURUC! Of QUALITY 

December 11, 1992 

Dr. Ram 
Earth Technology corporation 
13900 Alton Parkway 
suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721120.509 
Client Reference: Metro Rail/92-2050-02 

Dear Dr. Ram: 

Enclosed is the report of laboratory analyses fer samples received 
November 20, 1992. samples were received by the laboratory in good 
condition with proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us. 

Sincerely, 

~ ;/J!J&v~ 
Eric s. Howarth 
Project Manager 

Enclosures 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

An Equal Opportunny Employer 





PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

REPORT OF LABORATOR.Y ANALYSIS 

721120.509 
Metro Rail/92-2050-02 
SM-9A 
WATER 

MDL UNITS RESULTS 

1,1,2-Trichlor-1,2,2-trifluoroethane 10 ug/L ND 

Chloromethane 10 ug/L ND 

Vinyl chloride 10 ug/L ND 

Bromomethane 10 ug/L ND 

Chloroethane 10 ug/L ND 

Trichlorofluoromethane 10 ug/L ND 

1,1-Dichloroethene 5 ug/L ND 

Acetone 50 ug/L ND 

carbon disulfide 5 ug/L ND 

Methylene chloride 5 ug/L ND 

trans-1,2-Dichloroethene 5 ug/L ND 

1,1-Dichloroethane 5 ug/L ND 

2-Butanone 50 ug/L ND 

cis-1,2-Dichloroethene 5 ug/L ND 

Chloroform 5 ug/L 28 

1,2-Dichloroethane 5 ug/L ND 

1,1,1-Trichloroethane 5 ug/L ND 

Carbon tetrachloride 5 ug/L ND 

Benzene 5 ug/L ND 

Trichloroethene 5 ug/L ND 

1,2-Dichloropropane 5 ug/L ND 

; · 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.509 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-20S0-02 
SM-9A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Bromodichloromethane s 
cis-1,3-Dichloropropene 5 

trans-1,3-Dichloropropene s 
1,1,2-Trichloroethane 5 

Dibromochloromethane 5 

Bromoform 5 

4-Methyl-2-pentanone so 
Toluene 5 

2-Hexanone so 
1,1,2,2-Tetrachloroethane 5 

Tetrachloroethene 5 

Chlorobenzene s 
Ethyl benzene 5 

Styrene 5 

Xylenes (Total) 5 

1,3-Dichlorobenzene 5 

1,4-Dichlorobenzene s 
1,2-Dichlorobenzene 5 

l,2-Dichloroethane-d4 (Surrog. Recovery) 

Toluene-dB (Surrog. Recovery) 

4-Bromofluorobenzene (Surrog. Recovery) 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 120 

' 102 

' 98.5 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

8270 Date Extracted 

n-Nitrosodimethylamine 

Phenol 

Aniline 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

l,J-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2-Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-propylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis(2-Chloroethoxy)methane 

REPORT OF LABORATORY ANALYSIS 

721120.509 
Metro Rail/92-2050-02 
SM-9A 
WATER 

MDL 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

UNITS RESULTS 

-
ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 3 

METHOD DATE 
ANALYZED 

3520 11/20/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Oibenzofuran 

2,4-Dinitrotoluene 

REPORT OF LABORATORY ANALYSIS 

721120.509 
Metro Rail/92-2050-02 
SM-9A 
WATER 

MDL 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

so 

10 

50 

50 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L NO 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L NO 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 4 

METHOD DATE 
ANALYZED 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Diethylphthalate 

4-Chlorophenyl-phenylether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Benzidine 

Pyrene 

Butylbenzylphthalate 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

REPORT OF LABOKATORY ANALYSIS 

721120.509 
Metro Rail/92-2050-02 
SM-9A 
WATER 

MDL 

10 

10 

10 

50 

50 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

10 

10 

10 

10 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L 28 

ug/L ND 

ug/L ND 

~-

December 11, 1992 
Page 5 

METHOD DATE 
ANALYZED 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.509 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM-9A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Benzo(k)fluoranthene 10 

Benzo(a)pyrene 10 

Indeno(l,2,3-cd)pyrene 10 

Dibenzo(a,h)anthracene 10 

Benzo(g,h,i)perylene 10 

2-Fluorophenol (Surrog. Recovery) 

Phenol-d5 (Surrog. Recovery) 

Nitrobenzene-d5 (Surrog. Recovery) 

2-Fluorobiphenyl (Surrog. Recovery) 

2,4,6-Tribromophenol (Surrog. Recovery) 

Terphenyl-d14 (Surrog. Recovery) 

Date Extracted 

Total Petroleum Hydrocarbons o.os 

Date Extracted 

Oil & Grease o.os 
TPH Quantified as Gasoline 20 

Date Extracted 

TPH Quantified as Diesel 500 

TTLC, CV Date Digested 

TTLC, CV Mercury 0.0003 

Antimony (Sb) 0.003 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 62.7 

' 65.8 

' 64.2 

t 70.9 

t 90.7 

' 72.0 

-
mg/L ND 

-
mg/t ND 

ug/L ND 

-
ug/L ND 

-
m.g/L ND 

mg/L ND 

December 11, 1992 
Page 6 

METHOD DATE 
ANALYZED 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

625 11/28/92 

418.1 11/24/92 

418.1 11/24/92 

413.2 12/01/92 

413.2 12/01/92 

8015 LUFT 11/23/92 

8015 LUFT 11/23/92 

8015 LUFT 11/24/92 

7470 12/02/92 

7470 12/02/92 

6020 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Arsenic (As) 

Berium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Ph) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Vanadium (V) 

Zinc (Zn) 

Date Extracted 

Chromium, Hexavalent 

721120.509 
Metro Rail/92-2050-02 
SM-9A 
WATER 

MDL 

0.005 

0.004 

0.002 

0.0025 

0.004 

0.004 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0 . 007 

0.01 

Acute Aquatic Toxicity (Bioassay) 

Date Incubated 

Biological Oxygen Demand 0.2 

Spectrophotometric-Chem Oxygen Demand 5.0· 

UNITS RESULTS 

mg/L 0.016 

mg/L ND 

mg/L 0.003 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 0.008 

mg/L ND 

mg/L 0.019 

mg/L ND 

mg/L ND 

mg/L 0 . 031 

mg/L 0.030 

-
mg/L ND 

t Survival 90 

-
mg/L 7.6 

mg/L ND 

December 11, 1992 
Page 7 

METHOD DATE 
ANALYZED 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

270.2 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

7196 11/20/92 

7196 11/20/92 

11/20/92 

405.1 11/20/92 

405.1 11/25/92 

Hach Kit 12/08/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.509 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
SM-9A 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Gravimetric-Total Suspended Solids 8.0 

Settleable Matter 0.1 

Turbidity 5.0 

Gravimetric-Total Dissolved Solids 10 

Titrimetric-Chloride 0.5 

Spectrophotometric-Total Sulfide 0.05 

Gravimetric-Sulfate 1.0 

Nitrite 1.0 

Nitrate 1 

Specific Conductance 10 

pH 2.0 

UNITS RESULTS 

mg/L 1810 

ml/L 0.1 

NTU 560 

mg/L 620 

mg/L 75 

mg/L ND 

mg/L 330 

mg/L ND 

mg/L 3 

umhos/cm 1020 

Units 9.5 

December"ll, 1992 
Page 8 

METHOD DATE 
ANALYZED 

160.2 11/23/92 

160.5 11/20/92 

180.l 11/20/92 

160.1 11/23/92 

325.3 11/30/92 

376.2 11/24/92 

375.3 11/30/92 

300 12/04/92 

300 12/04/92 

120.1 12/01/92 

150.1 11/20/92 



:Jr. Ram 
Page 9 

'.HE ASSURA•CE OF QUALi!> 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December ll, 1992 
PACE Project Number: 721120509 

All QA reports and data have been reviewed and are within acceptable 

Jl:~ 
Kenneth D. Faust, 
Southern California Regional Director 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-m-co32 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 
Page 10 

THI ASHU~ CI OF DUALITY 

FOOTNOTES 
for pages 1 through 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
ND Not detected at or above the MDL. 

5702 Bolsa Avenue 
Huntington Beach. CA 92fi49 
TEL: 714-192-2565 
FAX: 714-8H032 

December 11, 1992 
6 PACE Project Number: 721120509 

An Equal Opponunity Empioy!f 



REPORT OF LABORATORY ANALYSIS 
·., ASSU R .. CE OF OUAllTY 

or. Ram 
Page ll 

QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-2050-02 

Biological oxygen Demand 
Batch: 75 04303 

Samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Biological oxygen Demand 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
m: 114-192.2555 
FAX: 714-890-4032 

units 
mg/L 

MDL 
0 .2 

PACE Project Number: 721120509 

Method 
Blank 
ND 

750158949 
2.2 

cup lie ate 
of 
75 0158949 
2.2 

An Equal Opportunity Empk>yer 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 
Page 12 

;Hf ASSURANCE OF OUAllTY 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-sulfate 
Batch: 75 04297 

samples: 75 0159414 

METHOD BLANR AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-sulfate 

SPIKE: 

Parameter 
Gravimetric-sulfate 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-sulfate 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TB.: 714-192-2565 
FAX: 714-890-4032 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
1.0 

December 11, 1992 
PACE Project Number: 721120509 

Method 
Blank 750159392 
ND 750 

750159392 Spike 
750 338 

Reference 
Value 
338 

Duplicate 
of 
75 0159392 
750 

Spike 

~ 
98% 

Recv 
95% 

An Equal Opponunity Employer 

RPO 
o, 



~cq~'• REPORT OF LABORATORY ANALYSIS 
THE • SSU Rl"CI Of OUlllll 

>r. Ram 
l?age 13 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-Total Dissolved solids 
Batch: 75 04192 

Samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved solids 

SPIKE: 

Parameter 
Gravimetric-Total Dissolved Solids 

LABORATORY CONTROL SAMPLE: 

.,arameter 
-ravimetric-Total Dissolved Solids 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: m-m-2515 
FAX: 714-890~ 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

~ 
10 

~ 
10 

~ 
10 

PACE Project Number: 721120509 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 1000 

Reference 
value 
1000 

Duplicate 
of 
75 0159422 
NO 

Spike 

~ 
1011 

An Equal Opportunity Employer 

BlQ 
NC 



REPORT OF LABORATORY ANALYSIS 
TH£ ASSUHNCE OF QUAL I TT 

Dr. Ram 
Page 14 · 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-Total suspended Solids 
Batch: 75 04300 

samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPL:tCA'l'E: 

Parameter 
Gravimetric-Total suspended solids 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: m-192·2565 
FAX: 714--890-'032 

units 
mg/L 

~ 
4.0 

PACE Project Number: 721120509' 

Method 
Blank 750159422 
ND ND 

Duplicate 
of 
75 0159422 
ND 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
·• : ASSURAN CE Of QUAlllf 

or. Ram 
Page 15 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Settleable Matter 
Batch: 75 04292 

Samples: 75 0159414 

SAMPLE DUPLICATE: 

Parameter 
settleable Matter 

5702 Bo1sa Avenue 
Huntington Beactl. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

units 
ml/L 

PACE Project Number: 721120509 

Duplicate 
of 

750159422 75 0159422 
ND ND 

An Equal Opportoo11y Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
TH E ASSURANCE Of QUAL I TY 

· Dr. Ram 
Page . 16 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

specific conductance 
Batch: 75 04288 

samples: 75 0159414 

SAMPLE DUPLICATE: 

Parameter 
specific conductance 

5702 Bois, Avenue 
Hllllington Beach, CA 92649 
TEL: 714-112-25&5 
FAX: 714-850-4032 

Y!!ill ~ 
umhos/cm 10 

PACE Project Number: 721120509 

Duplicate 
of 

750158949 75 0158949 
860 870 

An Equal Opportlllity Employer 

~ 
11 



REPORT OF LABORATORY ANALYSIS 
~M~ l SS U AAN C E OF QU AL ITY 

">r. Ram 
,age 17 

QUALITY CONTROL DATA December 11, 1992 

Client Reference : Metro Rail/92-2050-02 

spectrophotometric-chem oxygen Demand 
Batch: 75 04425 

samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Spectrophotometric-chem oxygen Demand 

SPIKE: 

Parameter 
Spectrophotometric-Chem oxygen Demand 

LABORATORY CONTROL SAMPLE: 

.,arameter 
pectrophotometric-Chem oxygen Demand 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-8!12·2555 
FAX: 714-890-4032 

units 
mg/L 

units 
mg/L 

Units 
mg/L 

~ 
s.o 

~ 
5.0 

~ 
5.0 

PACE Project Number: 721120509 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 50 

Reference 
value 
50 

Duplicate 
of 
75 0159422 
ND 

Spike 
~ 
124% 

~ 
126% 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 

or. Ram 
Page 1B 

I•! ASSURANCE O f QUA LITY 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

spectrophotometric-Total sulfide 
Batch: 75 04311 

samples: 75 0159414 

METBOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
spectrophotometric-Total sulfide 

SPIKE: 

Parameter 
spectrophotometric-Total sulfide 

LABORATORY CONTROL SAMPLE: 

Parameter 
spectrophotometric-Total sulfide 

5702 Bolsa Avenue 
Hurtington Beach. CA 92649 
TEL: 714-892-2565 
FAX:714-890-4C32 

units 
mg/L 

Y!UE 
mg/L 

Units 
mg/L 

MDL 
o.os 

~ 
0.05 

~ 
0.05 

December 11, 1992 
PACE Project Number: 721120509 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 0.21 

Reference 
value 
0.21 

Duplicate 
of 
75 0159422 
ND 

spike 
~ 
100, 

An E,u,1 Opportunily E1111Jloyer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
7 .•d ASSURANCt O F QU ALIT Y 

r:. Ram 
.lage 19 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

Titrimetric-chloride 
Batch: 75 04298 

Samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Titrimetric-Chloride 

SPIKE: 

Parameter 
Titrimetric-chloride 

LABORATORY CONTROL SAMPLE: 

'!l.ra.meter 
.itrimetric-chloride 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEl: 714-892-2565 
FAX: 714-890-4032 

Units 
mg/L 

Units 
mg/L 

units 
mg/L 

~ 
0.5 

~ 
0.5 

MDL 
o.s 

PACE Project Number: 721120509 

Method 
Blank 750159422 
NO ND 

750159422 Spike 
NO 88.65 

Reference 
Value 
88.65 

Duplicate 
of 
75 0159422 
NO 

Spike 
Recv 

98% 

An Equal Opp0nuni1Y Employer 

RlQ 
NC 



REPORT OF LABORATORY ANALYSIS 
,H E ASSuHNCE OF DUA LITY 

or. Ram 
Page• 20 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Turbidity 
Batch: 75 04290 

samples: 75 0159414 

SAMPLE DUPLICATE: 

Parameter 
TUrbidity 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-192·2565 
FAX: 714-890-4032 

Units 
NTU 

MDL 
0.2 

PACE Project Number: 72112050~. 

Duplicate 
of 

750159422 75 0159422 
ND ND 

An Equal Opportunity Employer 

RPD 
NC 



REPORT OF LABORATORY ANALYSIS 
TM! ASS U RANCE QF QUAL ITY 

r. Ram 
Page 21 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

pH 
Batch: 75 04195 

Samples: 75 0159414 

SAMPLE OUPL!CATE: 

Parameter 
pH 

5702 Boin Avenue 
Huntmgton Beach. CA 92649 
TEL: 71..a92-2565 
FAX: 714-800-4032 

Units 
units 

MOL 
2.0 

PACE Project Number: 721120509 

Duplicate 
of 

750159422 75 0159422 
6.2 6.2 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
rM( ASS IJ AAIIIC( or QllAllfY 

Dr. Ram 
Page 22 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-OIL & GREASE 
Batch: 75 04310 

samples: 75 0159414 

METHOD BLANKi 

Parameter 
Date Extracted 
oil & Grease mg/L 

~ 

0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Oil & Grease 

5702 BolSI Avenue 
Huntington Beach. CA 92649 
TEL: 714-112-25&5 
FAX: 71 '-190-4032 

Ynlli 
mg/L 

~ 
a.as 

December 11, 1992 
PACE Project Number : 721120509 

Method 
Blank 

ND 

Reference 
Value 
4.62 

Dupl 
&!£.YBE.Q_ 

a9, o, 

An Equal Opportuni1v Employer 



REPORT OF LABORATORY ANALYSIS 

• Ram 
1a.ge 23 

" • : ASSU AAN C! Of QU ALITY 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-TPH 
Ba.tch: 75 04309 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
Date Extracted 
Total Petroleum Hydrocarbons 

Units 

mg/L 

MDL 

0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Total Petroleum Hydrocarbons 

5702 Bolsa Avenue 
Huntington Beach. CA 92S49 
TEL: 71H92·Z565 
FAX: 714•890·4032 

units 
mg/L 

HQ& 
0.05 

December 11, 1992 
PACE Project Number: 721120509 

Method 
Blank 

ND 

Reference 
value 
4 . 89 

Dupl 
Recv fil!1L 
as, 11 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
IN ! AS S U RA NC E OF Q UALITY 

Dr. Ram 
Page 24 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92- 2050-02 

SPECTROPHOTOMETRIC-CHROMIUM, HEXAVALENT 
Batch: 75 04193 

samples: 75 01S9414 

METHOD BLANK AND SAMPLE DUPLICATE : 

Parameter 
Date Extracted 
Chromium, Hexavalent 

SPIKE : 

Parameter 
Chromil,lJI), Hexavalent 

LABORATORY CONTROL SAMPLE: 

Parameter 
Chromium, Hexavalent 

5702 Balsa Avenue 
Hunttngton Beach. CA 92649 
TEL: 71t·l!l2·2565 
FAX: 714-890-4032 

!mm 

mg/L 

Units 
mg/L 

Units 
mg/L 

~ 

0 . 01 

MDL 
0 . 01 

MDL 
0.01 

December 11, 1992 
PACE Project Number: 721120509 

750159414 
Method water 
Blank SM-9A 

ND ND 

750159414 
Water 
SM-9A 
ND 

spike 
0.53 

Reference 
value 
0.53 

Duplicate 
of 
75 0159414 

ND 

Spike 

H!.£.Y 
100, 

~ 
100, 

An Equal Opportunity Employer 

BfQ 
NC 
NC 



REPORT OF LABORATORY ANALYSIS 
TH! AS S UAA~ C! Of QUA LITY 

r. Ram 
age 25 

QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-2050-02 

TITLE 22 TTLC MERCURY BY CV 
Batch : 75 04384 

Samples: 75 0159414 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, CV Mercury 

SPIKE: 

Parameter 
TTLC, CV Mercury 

LABORATORY CONTROL SAMPLE: 

·arameter 
LC, CV Mercury 

5702 Salsa Avenue 
HunDngton Such. CA 92649 
TEL: 714-192·2565 
FAX: 714-890~ 2 

Units 
mg/L 

Yfil:.ll 
mg/ L 

Units 
mg/L 

PACE Project Number: 721120509 

Method 
~ Blank 7 50159422 
0,0003 NO ND 

~ 750159422 
0 , 0003 ND 

~ 
0 . 0003 

Spike 
0.005 

Reference 
Value 
0.005 

Duplicate 
of 
75 0159422 
NO 

Spike 
Recv 
108% 

An Equal Opportunity Emplove1 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
Tl'l f ASSURANC( OF OUA l lT Y 

Dr. Ram 
Page 26 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

BTEX & TPH QUANTIFIED AS GASOLINE 
Batch: 75 04233 

samples : 75 0159414 

METHOD BLANK: 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
% FB surrogate spike Recovery 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
TPH Quantified as Gasoline 
TPH Quantified as Gasoline 

LABORATORY CONTROL SAMPLE : 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
xylenes 

5702 Bolsa A~enue 
Huntmgton Beach. CA 92649 
TEL: 714-192-2565 
FAX: 714•890-4032 

units ~ 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

units !ml! 
ug/L 20 
ug/L 50 

Units !ml! 
ug/L so 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

December 11, 1992 
PACE Project Number: 72112050~ 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
90\ 

Spike 
spike oupl 

750158949 Spike B!£Y ~ Bm 
ND 

400 90% 9U l 

Reference 
Value Recv 
400 97% 
20 98% 
20 95% 
20 97% 
60 93% 

An Equal Opportuni1y Employer 



REPORT OF LABORATORY ANALYSIS 
••: ASSUAANC! Of QUAl lT Y 

r. Ram 
Page 27 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

EXTRACTABLE TPH QUANTIFIED AS DIESEL 
Batch: 75 04296 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
TPH Quantified as Diesel 

Units 
ug/L 

MDL 
500 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
TPH Quantified as Diesel 

5702 Balsa Avenue 
Hunnngton Beach, CA 92649 
T!l: 714-192-2565 
FAX: 714-890..co:32 

Units 
ug/L 

MDL 
500 

December 11, 1992 
PACE Project Number: 721120509 

Method 
Blank 
ND 

Reference 
Value 
2500 

Recv 
112% 

oupl 
~ RPO 
116% 3% 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
'•! ASSUAl~CE OF OUlLITV 

or. Ram 
Page 28 

QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bia(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 

1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Di~nlorobanzane 
2-Methylphenol 
bis(2-Chloroisopropyl)ethar 
4-Methylphenol 

n-Nitroso-di-n-propylami.ne 
Bexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 

Benzoic acid 
bis(2-Chloroethoxy)mathane 
2,4-Dichlorophanol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-chloroaniline 

Hexachlorobutadiene 
4-Chloro-3-methylphanol 
2-Methylnaphthalene 
Bexachlorocyclopentadiene 
2,4,6-Trichlorophanol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

S702 Bois, Avenue 
Huntington Beach. CA 92649 
TEL: 714-112-2565 
FAX: 714-890~ 

PACE Project Number: 721120509 

Method 
units MDL Blank 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 20 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/ L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 50 NO 
ug/L 50 ND 

An EQual Opportunity Employer 



r. Ram 
;age 29 

i ME & SSU ~AN CE oi 0 UA l 1T t 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA December 11, 1992 
PACE Project Number: 721120509 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159414 

M!!:THOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Dibenzofuran 
2,4-.Dinitrotoluene 
Oiethylphthalate 
4-Chlorophenyl-phenyl ether 
·1uorene 

4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
n-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
oi-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo(a)pyrene 

5702 Bolsa Avenue 
Huntington Btach;CA 92649 
TEL: 71H92·2565 
FAX: 714-890-4032 

Method 
units HQ!t Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 
ug/L so ND 

ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 NO 
ug/L 10 ND 

ug/L 10 ND 

ug/L 50 ND 

ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 NO 
ug/L 10 NO 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

An Equal Oppor1un11y Employer 



REPORT OF LABORATORY ANALYSIS 
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December 11, 1992 or. Ram 
Page 30 

QUALITY CONTROL DATA 
PACE Project Number: 721120509 

client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 7 5 04241 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2-Fluorophenol 
Phenol-dS 
Nitrobenzene-dS 

2-Fluorobiphenyl 
2,4,6-Tribromophenol 
Terpheny.l-dl 4 

units 
ug/L 
ug/L 
ug/L 

(Surrog. Recovery% 
(Surrog. Recovery\ 
(Surrog. Recovery% 

(Surrog. Recovery% 
(Surrog. Recovery\ 
(S'Urrog. Recovery% 

~ 
10 
10 
10 

I.ABOMTORY CONTROL SAMPLE ANO CONTROL SAMPLE DUPLICATE: 

Parameter units ~ 
Phenol ug/L 10 
2-chlorophanol ug/L 10 
1,4-Dichlorobenzene ug/L 10 
n-Nitroso-di-n-propylamine ug/L 10 
1,2,4-Trichlorobenzene ug/L 10 
4-chloro-3-methylphenol ug/L 10 

Acenaphthene ug/L 10 
4-Nitrophenol ug/L 50 
2,4-Dinitrotoluene ug/L 10 
Pentachlorophenol ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 
ND 
ND 
68.4 
70.5 
71.2 

72 .8 
78.7 
116 

Reference 
value 
100.00 
100.0 
50.0 
so.o 
50.0 
100.0 

50.0 
100.0 
50.0 
100.0 
50.0 

There was not enough sample for an MS/MSD. The LCS/LCSD results are reported 

instead. 

oupl 
Recv Recv ~ 

61% 75% 20% 
62% 701 12% 
65\ 791 191 
62% 75% 18% 
621 74% 171 
701 781 101 

701 801 131 
110\ 105% 41 

741 761 21 
77% 781 1% 

138% 134% 21 

57D2 Bolsa Avenue An Equal Opportunitv Employer 
Huntington Beach. CA 92649 
TEL: 714-192·25&5 
FAX: 714-890-.4032 



REPORT OF LABORATORY ANALYSIS 
· ., A SS U RAMCE o, QU A LI TY 

r . Ram 
!age 31 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
1,1,2-Trichlor-l,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
carbon disulfide 
Methylene chloride 
trans-1,2-Dichloroethene 

1-Dichloroethane 

.!-Butanone 
cis-1,2-0ichloroethene 
chloroform 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 

Benzene 
Trichloroethene 
1,2-oichloropropane 
Bromodichloromethane 
cis-1,3-0ichloropropene 
trans-1,3-Dichloropropene 

1,1,2-Trichloroethane 
Dibromochloromethane 
aromoform 
4-Methyl-2-pentanone 
Toluene 
2-Hexanone 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 B0l$1 Avenue 
Hun1ing1on Beach. CA 92649 
TEL: 714·192-2565 
FAX: 714-890~ 

~ 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/~ 
ug/L 
ug/L 

ug/L 
ug/L 

~ 
10 
10 
10 
10 
10 
10 

5 
so 
5 
5 
s 
5 

so 
s 
5 
5 
5 
5 

5 
s 
5 

5 
5 

5 

5 

5 
5 
so 
5 
50 

s 
5 

PACE Project Number: 721120509 

Method 
Blank 
ND 

ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

An Equal Opportunity Employer 
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Dr. Ram 
Page 32 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2O50-O2 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159414 

METHOD BLANK: 

Parameter 
chlorobenzene 
Ethylbenzene 
styrene 
xylenes (Total) 
l,3-Dichlorobenzene 
l,4-Dichlorobenzene 

units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

1,2-Dichlorobenzene ug/L 
l,2-Dichloroethane-d4 (Surrog. Recovery% 
Toluene~ds (Surrog . Recovery% 
4-Bromofluorobenzene (Surrog. Recovery% 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
chlorobenzene . 

5702 Bolsa Avenue 
Hunongton Beath. CA 92649 
TEL: 714-192·2565 
FAX: 114-89()..4032 

units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

units 
ug/ L 
ug/ L 
ug/L 
ug/L 
ug/L 

~ 
s 
s 
s 
s 
5 
5 

s 

~ 
5 
5 
5 
5 
5 

MDL 
5 
5 
5 
5 
5 

December 11, 1992 
PACE Project Number: 721120509 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
119 
100 . 
96.9 

Spike 
Spike Dupl · 

750158949 Spike ~ B!£Y Bf.Q 
ND 50 82% es, 3% 
ND 50 92% 95% 3% 
ND 50 101% 105% 3% 
ND 50 96% 96% 0% 
ND 50 97% 97% 0% 

Reference 
Value ~ 
50 82% 
50 901 
50 92% 
50 93% 
50 94% 

An Equal Opportunitv Employer 
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FOOTNOTES • • Ram 

age 33 for pages 8 through 29 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPO Relative Percent Difference 

5702 Boin Avenue 
Huntington Beach, CA 92649 
TEL: 714.192.2515 
FAX: 714-~ 

December ll, 1992 
PACE Project Number: 721120509 

An Eaual Opportunity Employer 
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REPORT OF LABORATORY ANALYSIS 
-•e ASSURANC E Of QUALITY 

December 11, 1992 

or. Ram 
Earth Technology Corporation 
13900 Alton Parkway 
suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721120.507 
client Reference: Metro Rail/92-2050-02 

Dear Dr. Ram: 

Enclosed is the report of laboratory analyses for samples received 
November 20, 1992. Samples were received by the laboratory in good 
condition with the proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us. 

sincerely, 

)_¼ f) )4,," vt-t 
Eric s. Howarth 
Project Manager 

Enclosures 

5702 Bolsa Avenue 
Hunt1ng10n Beach. CA 92649 
TEL: 714-892-2565 
FAX: 71C-890..o32 

An Equal Opportunotv Employer 
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PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

REPORT OF LABOi~TORY ANALYSIS 

721120.507 
Metro Rail/92-2050-02 
R-8 
WATER 

MDL UNITS RESULTS 

1,1,2-Trichlor-1,2,2-trifluoroethane 10 ug/L ND 

Chloromethane 10 ug/L ND 

Vinyl chloride 10 ug/L ND 

Bromomethane 10 ug/L ND 

Chloroethane 10 ug/L ND 

Trichlorofluoromethane 10 ug/L ND 

1,1-Dichloroethene 5 ug/L ND 

Acetone 50 ug/L ND 

Carbon disulfide 5 ug/L ND 

Methylene chloride 5 ug/L ND 

trans-1,2-Dichloroethene 5 ug/L ND 

1,1-Dichloroethane 5 ug/L ND 

2-Butanone 50 ug/L ND 

cis-1,2-Dichloroethene 5 ug/L ND 

Chloroform 5 ug/L ND 

1,2-Dichloroethane 5 ug/L ND 

1,1,1-Trichloroethane 5 ug/L ND 

Carbon tetrachloride 5 ug/L ND 

Benzene 5 ug/L ND 

Trichloroethene 5 ug/L NO 

1,2-Dichloropropane 5 ug/L ND 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.507 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
R-8 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Bromodichloromethane 5 

cis-1,3-Dichloropropene 5 

trans-1,3-0ichloropropene 5 

1,1,2-Trichloroethane 5 

Dibromochloromethane 5 

Bromoform 5 

4-Methyl-2-pentanone 50 

Toluene 5 

2-Hexanone 50 

1,1,2,2-Tetrachloroethane 5 

Tetrachloroethene 5 

Chlorobenzene 5 

Ethyl benzene 5 

Styrene 5 

Xylenes (Total) 5 

1,J-Dichlorobenzene 5 

1,4-Dichlorobenzene 5 

1,2-0ichlorobenzene 5 

1,2-Dichloroethane-d4 (Surrog. Recovery) 

Toluene-de (Surrog. Recovery) 

4-Bromofluorobenzene (Surrog. Recovery) 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 122 

' 101 

' 98.1 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

8270 Date Extracted 

n-Nitrosodimethylamine 

Phenol 

Aniline 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2-Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-propylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis(2-Chloroethoxy)methane 

REPORT OF LABORATORY ANALYSIS 

721120.507 
Metro Rail/92-2050-02 
R-8 
WATER 

MDL 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

UNITS RESULTS 

-
ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 3 

METHOD DATE 
ANALYZED 

3520 11/20/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,4-Dinitrotoluene 

REPORT OF LABORATORY ANALYSIS 

721120.507 
Metro Rail/92-2050-02 
R-8 
WATER 

MDL 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

50 

10 

50 

50 

10 

10 

UNITS RESULTS 

ug/L NO 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 4 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Diethylphthalate 

4-Chlorophenyl-phenylether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 

4-Bromophenyl-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Benzidine 

Pyrene 

Butylbenzylphthalate 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

REPORT OF LABOKATORY ANALYSIS 

721120.507 
Metro Rail/92-2050-02 
R-8 
WATER 

MDL 

10 

10 

10 

50 

50 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

10 

10 

10 

10 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 5 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.507 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
R-8 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Benzo(k)fluoranthene 10 

Benzo(a)pyrene 10 

Indeno(l,2,3-cd)pyrene 10 

Dibenzo(a,h)anthracene 10 

Benzo(g,h,i)perylene 10 

2-Fluorophenol (Surrog. Recovery) 

Phenol-d5 (Surrog. Recovery) 

Nitrobenzene-d5 (Surrog. Recovery) 

2-Fluorobiphenyl (Surrog. Recovery) 

2,4,6-Tribromophenol (Surrog. Recovery) 

Terphenyl-d14 (Surrog. Recovery) 

Date Extracted 

Total Petroleum Hydrocarbons 0.05 

Date Extracted 

Oil & Grease 0.05 

TPH Quantified as Gasoline 20 

Date Extracted 

TPH Quantified as Diesel 500 

TTLC, CV Date Digested 

TTLC, CV Mercury 0.0003 

Antimony (Sb) 0.003 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 54.9 

' 62.0 

' 61.1 

' 65.6 

' 73.4 

' 63.6 

-
mg/L ND 

-
mg/L 0.01 

ug/L ND 

-
ug/L ND 

-
mg/L ND 

mg/L ND 

December 11, 1992 
Page 6 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

418.1 11/24/92 

418.1 11/24/92 

413.2 12/01/92 

413.2 12/01/92 

8015 LUFT 11/23/92 

8015 LUFT 11/23/92 

8015 LUFT 11/24/92 

7470 12/02/92 

7470 12/02/92 

6020 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Arsenic (As) 

Berium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Vanadium (V) 

Zinc (Zn) 

Date Extracted 

Chromium, Hexavalent 

721120.507 
Metro Rail/92-2050-02 
R-8 
WATER 

MDL 

0.005 

0.004 

0.002 

0.0025 

0.004 

0.004 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.007 

0.01 

Acute Aquatic Toxicity (Bioassay) 

Date Incubated 

Biological Oxygen Demand 0.2 

Spectrophotometric-Chem Oxygen Demand 5.0 

UNITS RESULTS 

mg/L ND 

mg/L 0.020 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 0.011 

mg/L ND 

mg/L 0.020 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 0.060 

-
mg/L ND 

t Survival 100 

-
mg/L 7 . 0 

mg/L ND 

December 11, .1992 
Page 7 

METHOD DATE 
ANALYZED 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

270.2 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

7196 11/20/92 

7196 11/20/92 

11/20/92 

405.1 11/20/92 

405.1 11/25/92 

Hach Kit 12/08/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.507 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
R-8 

SAMPLE MATRIX: WATER 

PARAMETER MDL 

Gravimetric-Total Suspended Solids 4.0 

Settleable Matter 0.1 

Turbidity 0.2 

Gravimetric-Total Dissolved Solids 10 

Titrimetric-Chloride 0.5 

Spectrophotometric-Total Sulfide 0.05 

Gravimetric-Sulfate 1.0 

Nitrite 1.0 

Nitrate 1 

Specific Conductance 10 

pH 2.0 

UNITS RESULTS 

mg/L 80 

ml/L 2.2 

NTU 4.5 

mg/L 1500 

mg/L 43 

mg/L NO 

mg/L 750 

mg/L ND 

mg/L 3 

umhos/cm 1820 

Units 7.5 

December 11, 1992 
Page 8 

METHOD DATE 
ANALYZED 

160.2 11/23/92 

160.5 11/20/92 

180.l 11/20/92 

160.1 11/23/92 

325.3 11/30/92 

376.2 11/24/92 

375.3 11/30/92 

300 12/04/92 

300 12/04/92 

120.1 12/01/92 

150.1 11/20/92 



Ram 
..'age 9 · 

fJ.i; 1SSUA 41ri: C l OF- OUAltTl 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December ll, 1992 
PACE Project Number: 721120507 

All QA data have been reviewed and are within 

Kenneth D. Faust, 
southern California Regional Director 

5702 Balsa Avenue 
Hunnngton Beach. CA 92649 
TEL: 714-192·2515 
FAX: 714-890·4032 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
TH! ASSURANCE OF OVH I TY 

FOOTNOTES or. Ram 
Page 10 for pages l through 

client Reference: Metro Rail/92-2050-02 

< Less than reported value. 
MOL Method Detection Limit 
ND Not detected at or above the MOL. 

5702 Bols.i Avenue 
Huntington Beach, CA 92649 
TEL: 714-192·2565 
FAX: 714-890-4032 

December 11, 1992 
6 PACE Project Number : 721120507 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
; ~E ASSU RANCE OF OU AL llr 

Ram 
Jage 11 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Biological oxygen Demand 
Batch: 75 04303 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Biological oxygen Demand 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
m: 714-192-2565 
FAX: 714•m-40J2 

Ynlli 
mg/L 

~ 
0.2 

PACE Project Number: 721120507 

Method 
Blank 750158949 
NO 2 . 2 

Duplicate 
of 
75 0158949 
2.2 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

or. Ram 
Page 12 

T M! ASSUU~CE Of O UAdTl 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Sulfate 
Batch: 75 04297 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-sulfate 

SPIKE: 

Parameter 
Gravimetric-sulfate 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-sulfate 

5702 Balsa Avenue 
Hunnngton Beach. CA 92649 
TEL; 714-892-2565 
FAX: JU.890-4032 

units 
mg/L 

units 
mg/L 

Units 
mg/L 

~ 
1.0 

MDL 
1.0 

MDL 
1.0 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 
ND 

750159392 
Water 
R-8 
750 

750159392 
water 
_R_-_8 ____ Spike 
750 338 

Reference 
Value 
338 

Duplicate 
of 
75 0159392 
750 

Spike 
~ 

98% 

B!£Y 
95% 

An Equal Opponunity Employer 



REPORT OF LABORATORY ANALYSIS 
~ .. d AS SUAI\NCE GF OUALITY 

r. Ram 
Page 13 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-Total Dissolved Solids 
Batch: 75 04192 

Samples: 75 0159392 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved Solids 

SPIKE: 

Para.meter 
Gravimetric-Total Dissolved solids 

LABORATORY CONTROL SAMPLE: 

ara.meter 
ravimetric-Total Dissolved Solids 

5702 Bolsa Avenue 
Hunnngton Beach, CA 92649 
TEL: 714-192·2565 
FAX: 714-890-4032 

units 
mg/L 

units 
mg/L 

.Ynill 
mg/L 

~ 
10 

~ 
10 

MDL 
10 

PACE Project Number: 721120507 

Duplicate 
Method of 
Blank 750159422 75 0159422 
ND ND ND 

750159422 spike 
ND 1000 

Reference 
value 
1000 

Spike 
B!!.£Y 
101% 

B!!.£Y 
99% 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
•~ E USURA~CE OF OUALIIY 

or. Ram 
Page 14 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Total suspended Solids 
Batch: 75 04300 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Para.meter 
Gravimetric-Total suspended solids 

5702 Bolsa Avenue 
Hunnngton Beach. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

Units 
mg/L 

MDL 
4.0 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 750159422 
ND ND 

Duplicate 
of 
75 0159422 
ND 

An EQual Opportumty Employer 

RPO 

NC 



REPORT OF LABORATORY ANALYSIS 
T "E ASSURANCE OF OUAllTl 

. Ram 
age 15 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

settleable Matter 
Batch: 75 04292 

samples: 75 0159392 

SAMPLE DUPLICATE: 

Parameter 
Settlaable Matter 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-1565 
FAX: 714-850~2 

Units 
ml/L 

PACE Project Number: 721120507 

Dupl icate 
of 

750159422 75 0159422 
ND ND 

An Equal Opportumtv Employer 

B;fQ 
NC 



REPORT OF LABORATORY ANALYSIS 
THE ASSURA~CE Of OUH I T! 

Dr. Ram 
Page 16 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Specific Conductance 
Batch: 75 04288 

samples: 75 0159392 

SAMPLE DUPLICATE: 

Parameter 
Specific Conductance 

5702 Bols1 Avenue 
Hun~ngton Beach, CA 92649 
TEL: 714-892-2555 
FAX: 714-890...a:32 

units MQl! 

umhos/cm 10 

PACE Project Number: 721120507 

Duplicate 
of 

750158949 75 0158949 
860 870 

An Equal Opportunity Employer 

~ 
1% 



REPORT OF LABORATORY ANALYSIS 

Ram 
.'age 17 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Spectrophotometric-chem Oxygen Demand 
Batch: 75 04425 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
spectrophotometric-chem oxygen Demand 

SPIKE: 

Parameter 
spectrophotometric-chem oxygen Demand 

LABORATORY CONTROL SAMPLE: 

:ameter 
_ectrophotometric-chem oxygen Demand 

5702 Bolsa Avenue 
Huntington Bt1ch, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

units 
mg/L 

Units 
mg/L 

Y!!ll!. 
mg/L 

~ 
5.0 

~ 
5.0 

MDL 
5.0 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 750159422 
ND ND 

750159422 spike 
ND 50 

Reference 
Value 
50 

Duplicate 
of 
75 0159422 
ND 

Spike 
M£Y 
124% 

Recv 
126% 

\ 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
TH! ASS UA ANC E Of QUAll TV 

or . Ram 
Page 18 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Spectrophotometric-Total sulfide 
Batch : 75 04311 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Spectrophotometric-Total sulfide 

SPIKE : 

Parameter 
spectrophotometric-Total Sulfide 

LABORATORY CONTROL SAMPLE : 

Parameter 
spectrophotometric-Total Sulfide 

5702 Bolsa Avenue 
Huntington Btach. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

Yfil:.ll 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
0.05 

MDL 
0 . 05 

~ 
0.05 

December 11, 1992 
PACE Project Number: 72112050', 

Method 
Blank 750159422 
ND NO 

750159422 spike 
ND 0.21 

Reference 
Value 
0.21 

ouplicate 
of 
75 0159422 
NO 

spike 

~ 
100, 

An Equal Opportunity Employer 

~ 
NC 



REPORT OF LABORATORY ANALYSIS 
'.ri[ •SSUAANC! OF OUAll T l 

>r. Ram 
Page 19 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Titrimetric-chloride 
Batch: 75 04298 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Titrimetric-chloride 

SPIKE: 

Parameter 
Titrimetric-chloride 

LABORATORY CONTROL SAMPLE: 

->arameter 
itrimetric-chloride 

5702 Bolsa Avenue 
Huntrngton Bea eh. CA 92649 
m:m-m-2s65 
FA)(; 114-m-4032 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
o.s 

MDL 
0.5 

MDL 
0.5 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 750159422 
ND ND 

750159422 Spike 
ND 88.65 

Reference 
Value 
88.65 

Duplicate 
of 
75 0159422 
ND 

Spike 
~ 

98% 

~ 
97% 

An Equal 0pponuni1y Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
TH! ASSURANC( Of OU A ll TY 

:>r. Ram 
Page 20 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metre Rail/92-2050-02 

Turbidity 
Batch: 75 04290 

samples: 75 0159392 

SAMPLE DUPLICATE: 

Parameter 
Turbidity 

5702 Bolsa Avenue 
Hun11ng10n Beath. CA 92649 
TEL; 714-892-2565 
FAX: 714-890-4032 

units 
NTU 

MDL 
0.2 

PACE Project Number: 721120507 

Duplicate 
cf 

750159422 75 0159422 
ND ND 

An Equal Opportunity Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
:-'1; ASSU AAJri CE Of QU A LITY 

r . Ram 
..'.age 21 

QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-2050-02 

pH 
Batch: 75 04195 

samples: 75 0159392 

SAMPLE DUPLICATE: 

Parameter 
pH 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-19Z-Z5&5 
FAX: 714·1m-40J2 

Units 
Units 

MDL 
2.0 

PACE Project Number: 721120507 

750159422 
6.2 

Duplicate 
of 
75 0159422 
6 . 2 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

or. Ram 
Page 22 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-OIL & GREASE 
Batch: 75 04310 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
Date Extracted 
oil & Grease mg/L o.os 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE : 

Parameter 
Oil & Grease 

5702 Bolsa Avenue 
Hunnn91on Beach. CA 92649 
TEL: 714-812-2565 
FAX: 714•890·4032 

units 
mg/L 

~ 
o.os 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 

NO 

Reference 
value 
4.62 

~ 
89% 

oupl 
M£Y~ 

89% 0% 

An Equal Opportun11y Employer 



REPORT OF LABORATORY ANALYSIS 
!• ! 15SU AAN C! OF OU Al lTY 

r. Ram 
.>age 23 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-TPH 
Batch: 75 04309 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
Date Extracted 
Total Petroleum Hydrocarbons 

Units 

mg/L 

MDL 

0.05 

LABORATORY CONTROL SAMPLE ANO CONTROL SAMPLE DUPLICATE: 

Parameter 
Total Petroleum Hydrocarbons 

5702 Boin Avenue 
nunnngton Beach. CA 92649 
TEL; 71'"892-2555 
FAX: 114-890..a:32 

Units 
mg/L 

MDL 
0.05 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 

ND 

Reference 
Value 
4.89 

Oupl 
~~ 
as, a 

A~ Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
Th t AS S UR& NC ! Of OU&L IT Y 

or. Ram 
Page 24 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC-CHROMIUM, HEXAVALENT 
Batch: 75 04193 

samples: 75 0159392 

METHOD BLANR AND SAMPLE DUPLICATE: 

Parameter 
Date Extracted 
chromium, Hexavalent 

SPIKE: 

Parameter 
Chromium, Hexavalent 

LABORATORY CONTROL SAMPLE: 

Parameter 
chromium, Hexavalent 

5702 Bolsa Avenue 
Hunnngton Beach. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

Y.n.!.ll 

mg/L 

units 
mg/L 

Units 
mg/L 

~ 

0.01 

MDL 
0.01 

~ 
0.01 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 750159414 

ND ND 

750159414 Spike 
ND 0.53 

Reference 
Value 
0.53 

Duplicate 
of 
75 01594 14 

ND 

spike 
~ 
100% 

~ 
100\ 

An Equal Opponunity Employer 

RPO 
NC 
NC 



REPORT OF LABORATORY ANALYSIS 
T •E AS SURAN C E OF QU ALITY 

• Ram 
age 25 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

TITLE 22 TTLC MERCURY BY CV 
Batch: 75 04384 

samples: 75 0159392 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, CV Mercury 

SPIJ<E1 

Parameter 
TTLC, CV Mercury 

LABORATORY CONTROL SAMPLE: 

·ameter 
,C, CV Mercury 

5702 Bolsa Avenue 
Hur.nngton Beach, CA 92619 
TEL: 714-192·2555 
FAA: 714·1!9CM032 

units 
mg/L 

units 
mg/L 

:!l!!lli 
mg/L 

PACE Project Number: 721120507 

Method 
MDL Blank 750159422 
0.0003 ND ND 

~ 750159422 
0.0003 ND 

MDL 
0.0003 

spike 
0,005 

Reference 
value 
0.005 

Duplicate 
of 
75 0159422 
ND 

spike 
Recv 
108% 

~ 
98% 

An Equal Opponumty Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
;HE A SS URAN CE OF OU AllTY 

or. Ram 
Page 26 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

BTEX & TPB QUANTIFIED AS GASOLINE 
Batch: . 75 04233 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
TPB Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
xylenes 
% FB surrogate spike Recovery 

SPIKE ANO SPIKE DUPLICATE: 

Parameter 
TPH Quantified as Gasoline 
TPH Quantified as Gasoline 

LABORATORY CONTROL SAMPLE: 

Para.meter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

5702 Boin Avenue 
Hunnngton Beach. CA 92649 
TEL: 7U•"2·Z555 
FAX: 714-890-4032 

uni ts MOL 
ug/L 50 
ug/L 0 . 3 
ug/L 0.3 
ug/L 0.3 
ug/L 0 . 6 

~ MOL 
ug/L 20 
ug/L 50 

Y!l.ll!. ~ 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

December 11 , 1992 
PACE Project Number: 721120507 

Method 
Bl,ank 
ND 
ND 
NO 

ND 

ND 
90% 

spike 
spike Oupl 

750158949 spike ~ S!£.Y Bl2 
ND 

400 901 91% 11 

Reference 
value ~ 
400 97% 
20 981 
20 95 % 
20 97% 
60 93% 

An Eoual Opportun11y Employer 



REPORT OF LABORATORY ANALYSIS 
~~E lSS iJ RINCE OF O U A ll TY 

. Ram 
.:>age 27 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

EXTRACTABLE TPH QUANTIFIED AS DIESEL 
Batch: 75 04296 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
TPH Quantified as Diesel 

Units 
ug/L 

~ 
500 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
TPH Quantified as Diesel 

5702 Balsa Avenue 
Hunnngton Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

Units 
ug/L 

MDL 
500 

December 11, 1992 
PACE Project Number: 721120507 

Method 
Blank 
ND 

Reference 
Value 
2500 

Recv 
112% 

oupl 
Recv SfQ_ 
116% 3% 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
; ,q -.ss u A.t~CE OF OUAl lT ~ 

or. Ram 
Page 28 

QUALITY CONTROL DATA December 11, 1992 
PACE Project Number: 721120507 

client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 

1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
4-Methylphenol 

n-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 

· Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-chloroaniline 

Hexachlorobutadiene 
4-Chloro-3-mathylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2 , 4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

5702 Botsa Avenue 
Hunttngton Beach, CA 92649 
T!L: 71c-192-Z~65 
FAX: 714-890~2 

Ynlli 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 

Method 

~ Blank 
10 ND 
10 ND 
10 ND 
10 ND 
10 ND 
10 ND 

10 ND 
10 ND 
10 ND 
10 ND 

10 ND 
10 ND 

10 ND 
10 ND 
10 ND 
10 ND 
10 ND 
10 ND 

50 ND 
10 ND 
10 ND 
10 ND 
10 ND 

20 ND 

10 ND 
10 ND 
10 ND 
10 ND 
10 ND 
10 ND 

50 ND 
50 ND 

An EQual Opportumtv Employer 



REPORT OF LABORATORY ANALYSIS 
t 11 f AS S U RANCE OF OU ALlfl' 

.• Ram. 
.'age 29 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Dibenzofuran 
2,4-:Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 

uorene 

4-Nitroaniline 
4,6-Dinitro-2-mathylphenol 
n-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
Oi-n- butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo(a)pyrene 

5702 Bolsa Avenue 
Hurmngtcn Beach. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

PACE Project Number: 721120507 

Method 
Units MDL Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 
ug/L so ND 

ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L so ND 
ug/L 50 ND 
ug/ L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/ L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 

ug/L 10 NO 
ug/L 10 NO 
ug/L 10 ND 
ug/L 10 ND 
ug/ L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/ L 10 ND 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
: H[ AS SURANCE Of OUAI I TT 

QUALITY CONTROL DATA December 11, 1992 )r. Ram 
?age 30 PACE Project Number : 721120507 

:lient Reference: Metro Rail/92-2050-02 

:.EMI-VOLATILES 
Batch: 75 04241 

3amples : 75 0159392 

~THOD BLANK: 

?arameter 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
aenzo(g,h,i)perylene 
2-Fluorophenol 
Phenol-d5 
Nitrobenzene-d5 

2-Fluorobiphenyl 
2,4,6-Tribromophenol 
Tarpheny.l-dl4 

(Surrog. Recovery 
(Surrog. Recovery 
csurrog. Recovery 

(Surrog. Recovery 
(Surrog. Recovery 
(Surrog. Recovery 

Yll!ll MDL 
ug/L 10 
ug/L 10 
ug/L 10 

' ' ' 
' ' ' 

LABORATORY CONTROL SAMPLE ANO CONTROL SAMPLE DUPLICATE: 

Parameter Units Hmt 
Phenol ug/L 10 
2-Chlorophenol ug/L 10 
1,4-Dichlorobenzene ug/L 10 
n-Nitroso-di-n-propylamine ug/L 10 
1,2,4-Trichlorobenzene ug/L 10 
4-Chloro-3-methylphenol ug/L 10 

Acenaphthene ug/L 10 
4-Nitrophenol ug/L 50 
2,4-Oinitrotoluene ug/L 10 
Pentachlorophenol ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 
ND 
ND 
68.4 
70.5 
71.2 

72.8 
78.7 
116 

Reference 
Value 
100.00 
100.0 
so.a 
50.0 
50 . 0 
100.0 

50.0 
100.0 
50.0 
100.0 
50.0 

There was not enough saDlple for an MS/MSD. The LCS/LCSD results a re reported 
instead. 

oupl 
Recv B!!£Y 
61\ 751 
62\ 10, 
651 79\ 
62\ 75\ 
62\ 741 
70\ 78\ 

10, so, 
llO\ 105\ 
741 761 
11, 781 

138% 1341 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TI:L: 714-892-2565 

f(n EQual Opportunity Employer 

FAX: 714-890-.a:32 

Bf2... 
201 
121 
19\ 
18\ 
171 
10, 

13\ 
4\ 
2 , 
11 
2, 



REPORT OF LABORATORY ANALYSIS 
'. ".E ASS U RAN CE Of DU ALITY 

r. Ram 
.?age 31 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
1,1,2-Trichlor-l,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
Cat"bon disulfide 
Methylene chloride 
trans-l,2-Dichloroethene 

l-Dichloroethane 

2-Butanone 
cis-1,2-0ichloroethene 
chloroform 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
carbon tetrachloride 

Benzene 
Trichloroethane 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
trans-l,3-Dichloropropene 

l,l,2-Trichloroethane 
Dibromochloromethane 
Bromoform 
4-Methyl-2-pentanone 
Toluene 
2-Hexanone 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 Bolsa Avtnut 
Huntington Beach, CA 92649 
TEL: 71'"892·2555 
FAX: 714·890-4032 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 

MDL 
10 
10 
10 
10 
10 
10 

5 
so 
s 
5 
s 
5 

so 
s 
5 
s 
s 
s 

5 
5 

5 

5 
5 
5 

5 

5 
5 
50 
5 
50 

5 
5 

PACE Project Number: 721120507 

Method 
Blank 
NO 

NO 

NO 
ND 
NO 

ND 

NO 
ND 
NO 
ND 
NO 
ND 

ND 
ND 
ND 
NO 
NO 

ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
" ; f ASSU RA~ CE Of QUAI ITY 

or. Ram 
Page 32 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159392 

METHOD BLANK: 

Parameter 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (Total) 
1,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 

1,2-Oichlorobenzene 
l,2-Dichloroethane-d4 (Surrog. 
Toluen~~dB (Surrog. 
4-Bromofluorobenzene (Surrog. 

SPIKE ANO SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
chlorobenzene 

5702 Boin Avenue 
Hunnnoton Buen. CA 9~9 
m: 114-192.2555 
FAX: 714-890-4032 

IDli.ll 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
Recovery, 
Recovery I 
Recovery\ 

1!!lill 
ug/L 
ug/L 
ug/L 
ug/ L 
ug/L 

Units 
ug/ L 
ug/L 
ug/L 
ug/ L 
ug/L 

~ 
5 
5 
5 
5 
5 
5 

5 

~ 
5 
5 
5 
5 
5 

MDL 
5 
5 
5 
5 
5 

December ll, 1992 
PACE Project Number: 721120507 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
119 
100 
96.9 

spike 
Spike Dupl 

75015~94~ illll Recv Recv RPO 
NO so 82% es, 3\ 
NO so 92\ 95\ 3% 
ND 50 101\ 10s, 3% 

ND 50 96' 96\ o, 
ND so 97\ 97\ o, 

Reference 
Value ~ 
50 82\ 
50 90\ 
50 92% 
50 93\ 
50 941 

An E~ual OpportUflity Employer 



REPORT OF LABORATORY ANALYSIS 
·~, ASSUA.llll t E OJ OU ALITY 

FOOTNOTES r. Ram 
Page 33 for pages B through 29 

client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPO Relative Percent Difference 

5702 Bolsa Avenue 
Hunnngton Beach. CA 92649 
TU; 714-112·2565 
FAX: 71H90~ 

December 11, 1992 
PACE Project Number: 721120507 

An Equal Opportunity Employer 
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REPORT OF LABORATORY ANALYSIS 
~01[ ASSUAANCE 0 ~ 0UAL I TY 

December 11, 1992 

Dr. Ram 
Earth Technology Corporation 
13900 Alton Parkway 
suite 120 
Irvine, CA 92718 

RE: PACE Project No . 721120.510 
Client Reference: Metro Rail/92-2050-02 

Dear or. Ram: 

Enclosed is the report of laboratory analyses for samples received 
November 20, 1992. Samples were received by the laboratory in good 
condition with the proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us. 

Sincerely, 

f k <l ~all;::;__ 
Eric s. Bowarth 
Project Manager 

Enclosures 

5702 Balsa Avenue 
Hunnngton Beach. CA 92649 
TEL: 714-892-2565 
FAA 714-890-4032 

An Equal Opportunity Employer 





REPORT OF LABOKJ\TORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

1,l,2-Trichlor-1,2,2-trifluoroethane 10 

Chloromethane 10 

Vinyl chloride 10 

Brornornethane 10 

Chloroethane 10 

Trichlorofluoromethane 10 

1,1-Dichloroethene 5 
Acetone 50 

Carbon disulfide 5 

Methylene chloride 5 

trans- 1,2-Dichloroethene 5 

1,1-Dichloroethane 5 

2-Butanone 50 

cis-1,2-Dichloroethene 5 

Chloroform 5 

1,2-Dichloroethane 5 

1,1,1-Trichloroethane 5 

Carbon tetrachloride 5 

Benzene 5 

Trichloroethene 5 

1,2-Dichloropropane 5 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

.ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Bromodichloromethane 

cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 

1,1,2-Trichloroethane 

Dibromochloromethane 

Bromoform 

4-Methyl-2-pentanone 

Toluene 

2-Hexanone 

1,1,2,2-Tetrachloroethane 

Tetrachloroethene 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes (Total) 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

5 

5 

5 

5 

5 

5 

50 

5 

50 

5 

5 

5 

5 

5 

5 

5 

5 

5 

l,2-Dichloroethane-d4 (Surrog. Recovery) 

Toluene-dB (Surrog. Recovery) 

4-Bromofluorobenzene (Surrog. Recovery) -

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

uq/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 129 

' 101 

' 98.7 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 

624 12/01/92 -



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

8270 Date Extracted 

n-Nitrosodimethylamine 

Phenol 

Aniline 

bis(2-Chloroethyl)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

2-Methylphenol 

bis(2-Chloroisopropyl)ether 

4-Methylphenol 

n-Nitroso-di-n-propylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis{2-Chloroethoxy)methane 

REPORT OF LABO ... " .... "OR)" ANALYSIS 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

UNITS RESULTS 

-
ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 3 

METHOD DATE 
ANALYZED 

3520 11/20/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-J-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Chloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

2,4-~'nitrotoluene -

REPORT OF LABORATORY ANALYSIS 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

50 

50 

10 

10 

10 

50 

10 

50 

50 

10 

10 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 4 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 .11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 . 11/27 /92 

625 11/27/92 

625 11/27/92 

625 11/27/92 -



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Diethylphthalate 

4-Chlorophenyl-phenylether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-rnethylphenol 

n-Nitrosodiphenylarnine 

4-Brornophenyl-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Benzidine 

Pyrene 

Butylbenzylphthalate 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluoranthene 

REPORT OF LABO ... ~TORY ANALYSIS 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

10 

10 

10 

50 

50 

10 

10 

10 

10 

10 

10 

10 

10 

50 

10 

10 

10 

10 

10 

10 

10. 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

December 11, 1992 
Page 5 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.510 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

Metro Rail/92-2050-02 
Equipment Blank 
WATER 

PARAMETER MDL 

Benzo(k)fluoranthene 10 

Benzo(a)pyrene · 10 

Indeno(l,2,3-cd)pyrene 10 

Dibenzo(a,h)anthracene 10 

Benzo(g,h,i)perylene 10 

2-Fluorophenol (Surrog. Recovery) 

Phenol-d5 (Surrog. Recovery) 

Nitrobenzene-d5 (Surrog. Recovery) 

2-Fluorobiphenyl (Surrog. Recovery) 

2,4,6-Tribromophenol (Surrog. Recovery) 

Terphenyl-dl4 (Surrog. Recovery) 

Date Extracted 

Total Petroleum Hydrocarbons 0.05 

Date Extracted 

Oil & Grease 0.05 

TPH Quantified as Gasoline 20 

Date Extracted 

TPH Quantified as Diesel 500 

TTLC, CV Date Digested 

TTLC, CV Mercury 0.0003 

Antimony (Sb) .___ 
0.003 

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 64.7 

' 70.0 

' 59.9 

' 69.0 

' 75.3 

\ 131 

-
mg/L ND 

-
mg/L ND 

ug/L ND 

-
ug/L ND 

-
mg/L ND 

mg/L ND 

December 11, 1992 
Page 6 

METHOD DATE 
ANALYZED 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

625 11/27/92 

418.1 11/24/92 

418.1 11/24/92 

413.2 12/01/92 

413.2 12/01/92 

8015 LUFT 11/23/92 

8015 LUFT 11/23/92 

8015 LUFT 11/24/92 

7470 12/02/92 

7470 12/02/92 

6020 12/01/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

Arsenic (As) 

Berium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Thallium (Tl) 

Vanadium (V) 

Zinc ( Zn) 

Date Extracted 

Chromium, Hexavalent 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

0.005 

0.004 

0.002 

0.0025 

0.004 

0.004 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 

0.007 

0.01 

Acute Aquatic Toxicity (Bioassay) 

Date Incubated 

Biological oxygen Demand 0.2 

Spectrophotometric-Chem oxygen Demand 5.0 

UNITS RESULTS 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L NO 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L NO 

mg/L NO 

mg/L ND 

mg/L NO 

mg/L ND 

111g/L NO 

mg/L ND 

mg/L 0.012 

-
mg/L NO 

% survival 90 

-
mg/L 2.6 

mg/L ND 

December 11, 1992 
Page 7 

METHOD DATE 
ANALYZED 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

270.2 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

6020 12/01/92 

7196 11/20/92 

7196 11/20/92 

11/20/92 

405.1 11/20/92 

405.1 11/25/92 

Hach Kit 12/08/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

721120.510 
Metro Rail/92-2050-02 
Equipment Blank 
WATER 

MDL 

Gravimetric-Total Suspended Solids 4.0 

Settleable Matter 0.1 

Turbidity 0.2 

Gravimetric-Total Dissolved Solids 10 

Titrimetric-Chloride 0.5 

Spectrophotometric-Total Sulfide 0.05 

Gravimetric-Sulfate 1.0 

Nitrite 1.0 

Nitrate 1.0 

Specific Conductance 10 

pH 2.0 

UNITS RESULTS 

mg/L ND 

ml/L ND 

NTU ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L ND 

mg/L 2 

umhos/cm ND 

Units 6.2 

December 11, 1992 
·Page 8 

METHOD DATE 
ANALYZED 

160.2 11/23/92 

160.5 11/20/92 

180.1 11/20/92 

160.1 11/23/92 

325.3 11/30/92 

376.2 11/24/92 

375.J 11/30/92 

300 12/04/92 

300 12/04/92 

120.1 12/01/92 

150.1 11/20/92 



·• Ram 
•age 9 

· .; ASSURANCE o, OUAllTI 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December 11, 1992 
PACE Project Number: 721120510 

reports and data have been reviewed and are within acceptable 

Kenneth o. Faust, 
southern California Regional Director 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714·892·2565 
FAX: 714-890·4032 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
THI &SSUR&NCE OF QUAllTY 

Dr. Ram 
Page 10 

FOOTNOTES December 11, 1992 
for pages 

client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
ND Not detected at or above the MDL. 

5702 Boin Avenue 
HuntingtOn Beach. CA 92649 
TEL: 714-192-25!5 
FAX: 714-890-4032 

1 through 6 PACE Project Number: 72112051G 

An Equal Opporlumty Employer 



REPORT OF LABORATORY ANALYSIS 

Ram 
!age ll 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Biological Oxygen Demand 
Batch: 75 04303 

samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Biological oxygen Demand 

5702 Balsa Avenue 
Huntington Beach, CA 92~9 
TEL: 714-892·2565 
FAX: 714-8~..o:32 

Units 
mg/L 

HQb 
0.2 

December 11, 1992 
PACE Project Number: 721120510 

Method 
Blank 750158949 
ND 2 .2 

Duplicate 
of 
75 0158949 
2.2 

An Equal Opportunity Employer 

~ 
01 



REPORT OF LABORATORY ANALYSIS 
fH ( AS i U RAN t E Of OU AL l ! Y 

Dr. Ram 
Page 12 

QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-sulfate 
Batch: 75 04297 

samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-sulfate 

SPIKE: 

Parameter 
Gravimetric-sulfate 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-sulfate 

/ 

5702 Bolsa Avenue 
Huntington Beacn. CA 926'9 
TEL: 714-892-2565 
FAX: 714-890·4032 

units 
mg/L 

!l!lll.! 
mg/L 

units 
mg/L 

MDL 
1.0 

~ 
1.0 

MDL 
1.0 

PACE Project Number: 72112051, 

Method 
Blank 
ND 

750159392 
750 

750159392 
750 

Spike 
338 

Reference 
value 
338 

Duplicate 
of 
75 0159392 
750 

Spike 
S!!£Y 

98% 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
·-, >SSURA•C E Of OUALIT! 

• Ram 
age 13 

QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

Gravimetric-Total Dissolved solids 
Batch: 75 04192 • 

samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved solids 

SPIKE: 

Para,rneter 
Gravimetric-Total Dissolved Solids 

BORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-Total Dissolved Solids 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714·892-2555 
FAX 714-890..m2 

Units 
mg/L 

units 
mg/L 

Units 
mg/L 

~ 
10 

MDL 
10 

~ 
10 

December 11, 1992 
PACE Project Number: 721120510 

750159422 
Water 

Method Equip. 
Bl ank Blank 
ND ND 

750159422 
Water 
Equip. 
Blank 
ND 

Spike 
1000 

Reference 
value 
1000 

Duplicate 
of 
75 0159422 
NO 

Spike 
~ 
101% 

~ 
99% 

An Equal Opportunity Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 
: Hf ASSUAU C! Of 0UA1 I 1' 

Dr . Ram 
Page 14 · 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Gravimetric-Total suspended solids 
Batch: 75 04300 

samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLJ:CATE: 

Parameter 
Gravimetric-Total suspended solids 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-890...a32 

units ~ 
mg/L 4.0 

December ll, 1992 
PACE Project Nwnber: 72112051\ 

750159422 
Water Duplicate 

Method Equip. cf 
Blank Blank 75 0159422 ~ 
ND ND ND NC 

An Equal Opportunity Emplover 



REPORT OF LABORATORY ANALYSIS 
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r. Ram 
.·age 15 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

settleable Matter 
Batch: 75 04292 

samples: 75 0159422 

SAMPLE DUPLICATE: 

Parameter 
settleable Matter 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 71H92·2565 
FAX: 714-890-4032 

units 
ml/L 

PACE Project Number: 721120510 

HI2b 
0.1 

750159422 
Water 
Equip. 
Blank 
ND 

Duplicate 
of 
75 0159422 
NO 

An Equal Opportunny Employer 

RPD 
NC 
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QUALITY CONTROL DATA December ll, 1992 

Client Reference: Metro Rail/92-2050-02 

Specific Conductance 
Batch: 75 04288 

samples: 75 0159422 

SAMPLE DUPLICATE: 

Parameter 
specific conductance 

5702 Bolu Avenue 
Hunnngton Beach. CA 92649 
ru: 114-112-25&5 
FAX: m-890-4032 

Units 
umhos/cm 

l:m!. 
10 

PACE Project Number: 72112051L 

750158949 
860 

Duplicate 
of 
75 0158949 
870 

An Equal Opportunity Employer 

~ 
11 



REPORT OF LABORATORY ANALYSIS 
7 - f l $ $U IIAN CE OF Q U A LIT Y 

Ram 
.•age 17 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

spectrophotometric-Chem oxygen Demand 
Batch: 75 04425 

samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
spectrophotometric-chem oxygen Demand 

SPIKE: 

Parameter 
spectrophotometric-Chem oxygen Demand 

BORATORY CONTROL SAMPLE: 

Parameter 
Spectrophotometric-Chem oxygen Demand 

5702 Bolsa A~enue 
Huntington Beach. CA 92649 
TEL: 714-892-25&5 
FAX: 714-890·4032 

units 
mg/L 

~ 
mg/L 

units 
_mg/L 

~ 
5.0 

~ 
5.0 

~ 
5.0 

December 11, 1992 
PACE Project Nwnber: 721120510 

750159422 
water 

Method Equip. 
Blank Blank 
ND ND 

750159422 
Water 
Equip. 
Blank 
ND 

Spike 
so 

Reference 
Value 
50 

Duplicate 
of 
75 0159422 
ND 

Spike 
Recv 
124% 

Recv 
126% 

An Equal Opportunity Employer 

~ 
NC 
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QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

spectrophotometric-Total sulfide 
Batch: 75 04311 

samples: 75 0159422 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Parameter 
spectrophotometric-Total sulfide 

SPIKE: 

Parameter 
Spectrophotometric-Total sulfide 

LABORATORY CONTROL SAMPLE: 

Parameter 
spectrophotometric-Total sulfide 

5702 Bolsa Avenue 
Hunnngton Buch. CA 92649 
TEL: 714-192-2565 
FAX: 714-~ -4032 

Units 
mg/L 

units 
mg/ L 

Units 
mg/L 

MDL 
0.05 

MDL 
0.05 

~ 
0.05 

December 11, 1992 
PACE Project Number: 72112051 

750159422 
water 

Method Equip, 
Blank Blank 
ND ND 

750159422 
Water 
Equip. 
Blank Spike 

0 . 21 ND 

Reference 
value 
0.21 

Duplicate 
cf 
75 0159~22 
ND 

Spike 
~ 
100% 

An Equal Opportunity Employer 

.8fQ 
NC 



REPORT OF LABORATORY ANALYSIS 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

Titrimetric-Chloride 
Batch: 75 04298 

Samples: 75 0159422 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Parameter 
Titrimetric-chloride 

SPIKE: 

Parameter 
Titrimetric-Chloride 

BORATORY CONTROL SAMPLE: 

Parameter 
Titrimetric-chloride 

5702 801sa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192·2565 
FAX:714•~2 

!l!lil..!! 
mg/L 

units 
mg/L 

units 
mg/L 

~ 
0.5 

~ 
0.5 

~ 
0.5 

December 11, 1992 
PACE Project Number: 721120510 

750159422 
Water 

Method Equip. 
B!ank Blank 
ND NO 

750159422 
water 
Equip. 
:B.:l.;::::a-n_k ____ spike 
ND 88,65 

Reference 
Value 
88 . 65 

Duplicate 
of 
75 0159422 
NO 

Spike 
Recv 

98% 

M£Y 
97% 

An Equal Opportunity Employer 

SEQ 
NC 
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QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

Turbidity 
Batch: 75 04290 

samples: 75 0159422 

SAMPLE DUPLICATE: 

Parameter 
Turbidity 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAX 114-890-4032 

Units 
NTU 

~ 
0.2 

PACE Project Number: 72112051~ 

750159422 
water 
Equip. 
Blank 
NO 

Duplicate 
of 
75 0159422 
ND 

An Equal Opportunity Employer 

RPO 
NC 



REPORT OF LABORATORY ANALYSIS 

, Ram 
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· - ; lS S U AA~ C! or OUlll lY 

QUALITY CONTROL DATA 

Client Reference : Metro Rail/92-2050-02 

pH 
Batch: 75 04195 

samples: 75 0159422 

SAMPLE DUPLICATE: 

Parameter 
pH 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TU: 714-892-2555 
FAX: m -890-4032 

.Yn.i..ll MDL 
units 2.0 

December 11, 1992 
PACE Project Number: 721120510 

750159422 
water Duplicate 
Equip. of 
Blank 75 0159422 RPO 

6.2 6.2 0% 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-OIL & GREASE 
Batch: 75 04310 

Samples: 75 0159422 

METHOD BLANK: 

Parameter 
Date Extracted 
Oil & Grease 

Units 

mg/L 0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
oil & Grease 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

Units 
mg/L 

~ 
0.05 

December 11, 1992 
PACE Project Number: 72ll205lt 

Method 
Blank 

ND 

Reference 
value 
4.62 

Recv 
89% 

Dupl 
Recv ~ 

89% o, 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC, IR-TPH 
Batch: 75 04309 

samples: 75 0159422 

METHOD BLANK: 

Parameter 
Date Extracted 
Total Petroleum Hydrocarbons 

units 

mg/L 

~ 

0.05 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
Total Petroleum Hydrocarbons 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 71H92-2565 
FAX 714-890-4032 

units 
mg/L 

~ 
o.os 

December ll, 1992 
PACE Project Number: 721120510 

Method 
Blank 

ND 

Reference 
value 
4.89 

Dupl 
~ Bfil:.YRPD 

84% 85% 1% 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

SPECTROPHOTOMETRIC-CHROMIUM, HEXAVALENT 
Batch: 75 04193 

samples: 75 0159422 

METHOD BLANK ANO SAMPLE DUPLICATE: 

Parameter 
Date Extracted 
Chromium, Hexavalent 

SPIKE: 

Parameter 
Chromium, Hexavalent 

LABORATORY CONTROL SAMPLE : 

Parameter 
Chromium, Hexavalent 

5702 Balsa A·11nu1 
Hun1ington Buch. CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

units 

mg/L 

Yru.ll 
mg/ L 

units 
mg/L 

HQlt 

0.01 

HQlt 
0.01 

HQlt 
0.01 

December 1 1 , 1992 
PACE Project Number: 72112051 

Method 
Blank 750159414 

ND ND 

750159414 Spi ke 
ND 0.53 

Reference 
value 
0,53 

Duplicate 
of 
75 0159414 

ND 

Spike 
Recv 
100% 

Recv 
100% 

An Equal Opportunity Employer 

Bm 
NC 
NC 
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QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050- 02 

TITLE 22 TTLC MERCURY BY CV 
Batch: 75 04384 

Samples: 75 0159422 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, CV Mercury 

SPIKE: 

Parameter 
TTLC, CV Mercury . 

BORATORY CONTROL SAMPLE: 

Parameter 
TTLC, CV Mercury 

5702 Balsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

units 
mg/L 

Units 
mg/L 

Uni ts 
mg/ L 

PACE Project Number: 721120510 

MDL 
0.0003 

750159422 
Water 

Method Equip. 
Blank Blank 
ND ND 

750159422 
water 
Equip. 

MDL ... B ... l ... a ... n.,.k __ _ Spike 
0. 005 0.0003 ND 

MDL 
0.0003 

· Reference 
Value 
0 . 005 

Duplicate 
of 
75 0159422 
ND 

spike 
~ 
108% 

An Equal Opportunity Employer 

~ 
NC 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

BTEX & TPH QUANTIFIED AS GASOLINE 
Batch: 75 04233 

samples: 75 0159422 

METHOD BLANK: 

Parameter 
TPH Quantified as Gasoline 
Benzene 
Toluene 
Ethylbanzene 
Xylenea 
% FB surrogate spike Recovery 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
TPH Quantified as Gasoline 
TPH Quantified as Gasoline 

LABORATORY CONTROL SAMPLE: 

Parameter 
TPB Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

Yn.ill ~ 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0.3 
ug/L 0.6 

Units ~ 
ug/L 20 
ug/L so 

Units ~ 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0 . 3 
ug/L 0.6 

December 11, 1992 
PACE Project Number: 72112051 , 

Method 
Blank 
ND 
NO 
NO 
ND 
NO 
901 

Spike 
spike oupl 

750158949 spike B!!£Y M£Y RP 

NO 

400 90% 911 l 

Reference 
Value B!!£Y 
400 97% 
20 98% 
20 951 
20 97% 
60 93% 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA 

client Reference: Metro Rail/92-2050-02 

EXTRACTABLE TPH QUANTIFIED AS DIESEL 
Batch: 75 04296 

Samples: 75 0159422 

METHOD BLANK: 

Parameter 
TPH Quantified as Diesel 

Units 
ug/L 

~ 
500 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter 
TPH Quantified as Diesel 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
11:L: 714-892-2565 
FAX: 714-m-.4032 

units 
ug/L 

~ 
500 

December 11, 1992 
PACE Project Number: 721120510 

Method 
Blank 
ND 

Reference 
Value 
2500 

~ 
112% 

Dupl 
~!llL 
116% 3% 

An Equal Opportunity Employer 
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QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159422 

METHOD BLANK: 

Parameter 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bis(2-chloroethyl)ether 
2-Chlorophenol 
1,3-oichlorobenzene 

1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-chloroisopropyl)ether 
4-Methylphenol 

n-Nitroso-di-n-propylamine 
Bexacbloroethane 
Nitrobenzene 
Isopborone 
2-Nitrophenol 
2,4-Dimethylphenol 

Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-oichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-chloroaniline 

Bexachlorobutadiene 
4-Cbloro-3-JDetbylphenol 
2-Methylnapbthalene 
Bexachlorocyclopentadiene 
2,4,6-Trichloropbenol 
2,4,5-Trichloropbenol 

2-Chloronaphthalene 
2-Nitroaniline 

5792 Bolsa Avenue 
HUl11lngton Beach. CA 92649 
TR: 714-192-2565 
FAX: 714•890-4032 

PACE Project Number: 72112051~ 

Method 
Units MOL Blank 
ug/L 10 NO 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 NO 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 

ug/L 20 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L so ND 

ug/L so ND 

An Equal Opponunrty E1T111loyer 
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re: ~ SSURA N CE C• QUALITY 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA December 11, 1992 
PACE Project Number: 721120510 

Client Reference: Metro Rail/92-2050-02 

SEMI-VOLATILES 
Batch: 75 04241 

samples: 75 0159422 

METHOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Dibenzofuran 
2,4~Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
?luorene 

4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
n-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Benzi dine 
Pyrene 

Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
oi-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo (a)pyrene 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

Method 
Units ~ Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 50 ND 
ug/L 10 ND 
ug/L 50 ND 

ug/L 50 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L 50 ND 
ug/L 10 ND 
ug/ L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 NO 

ug/L 50 ND 
ug/L 10 ND 

ug/ L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/ L 10 ND 
ug/ L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

An Equal Opportuniiv Employer 
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QUALITY CONTROL DATA 
PACE Project Number: 7211205h 

Client Reference: Metro Rail/92-2050-02 

SEMJ:-VOLATILES 
Batch: 75 04241 

samples: 75 0159422 

METHOD BLANI<: 

Parameter 
Indeno(l,2,3-~d)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2-Fluorophenol (Surrog. Recovery 
Phenol-dS (Surrog. Recovery 
Nitrobenzene-dS (Surrog. Recovery 

2-Fluorobiphenyl (Surrog. Recovery 
2,4,6-Tribromophenol (Surrog. Recovery 
Terpheny 1-dl 4 (Surrog. Recovery 

Yru:.ll ~ 
ug/L 10 
ug/L 10 
ug/L 10 

' % 

' 
' ' ' 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLJ:CATE: 

Parameter ~ ~ 
Phenol ug/L 10 
2-Chlorophenol ug/L 10 
1,4-Dicblorobenzene ug/L 10 
n-Nitroso-di-n-propylamine ug/L 10 
1,2,4-Trichlorobenzene ug/L 10 
4-Chloro-3-methylpbenol ug/L 10 

Acenaphthene ug/L 10 
4-Nitrophenol ug/L so 
2,4-Dinitrotoluene ug/L 10 
Pentachlorophenol ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 
NO 

ND 
68.4 
70 . 5 
71.2 

72.8 
78.7 
116 . 

Reference 
value 
100.00 
100.0 
so.o 
so.o 
50.0 
100.0 

50.0 
100.0 
50.0 
100.Q 
50.0 

There was not enough sample for an MS/MSD. The LCS/LCSD results are reported 
instead. 

oupl 
Recv Recv ~ 

61% 751 · 201 
621 701 121 
651 791 191 

621 751 181 
62% 741 17\ 
70% 781 101 

701 80% 131 
1101 1051 41 

74% 761 21 
771 781 ll 

138% 1341 21 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 

An Equal Opponunitv Employer 

FAX: 714•890-4032 
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QUALITY CONTROL DATA December 11, 1992 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159422 

METHOD BLANK: 

Parameter 
l,l,2-Trichlor-l,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride· 
Bromomethane 
Chlo roe thane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
carbon disulfide 
Methylene chloride 
trans-1,2-Dichloroethene 
· ,l-Oichloroethane 

J.-Butanone 
cis-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
l,l,l-Tr i chloroethane 
carbon tetrachloride 

Benzene 
Trichloroethene 
1 , 2-Dichloropropane 
Bromodichloromethane 
cis-l , 3-Dichloropropene 
trans-1,3-Oichloropropene 

1,1,2-Trichloroethane 
Dibromochloromethane 
Bromoform 
4- Methyl-2-pentanone 
Toluene 
2-Hexancne 

l,l,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 BDlsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-ffl-2565 
FAX: 714-890..o:!2 

PACE Project Number : 721120510 

Method 
Units MDL Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 5 ND 
ug/L 50 ND 
ug/L 5 ND 
ug/ L 5 ND 
ug/ L 5 ND 

ug/ L 5 ND 

ug/L 50 ND 
ug/L 5 ND 
_ug/L 5 ND 
ug/L 5 ND 
ug/ L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 NO 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/ L 50 ND 

ug/ L 5 ND 
ug/ L so ND 

ug/L 5 ND 

ug/L 5 ND 

An Equal Opponunity Employer 
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QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

Samples: 75 0159422 

METHOD BLANK: 

Parameter 
Chlorobenzene 
Ethylbenzene 
styrene 
Xylenes (Total) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

Y!!ill 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

l , 2-Dichlorobenzene ug /L 
l,2-Dichloroethane-d4 (Surrog. Recovery% 
Toluena-d8 (Surrog. Recovery% 
4-Bromofluorobenzene (Surrog . Recovery% 

SPIKE AND SPIKE DtJPL:ICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE : 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobenzene 

5702 Bolsa Avenue 
Huntingum Bea en. CA 92649 
TB.: 714-192-%565 
FAX: 71H90~2 

units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

~ 
5 
5 
5 
5 
5 
5 

5 

~ 
5 
5 
5 
5 
5 

MDL 
s 
s 
5 
5 
s 

December 11, 1992 
PACE Project Number: 72112051~ 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
119 
100 
96.9 

spike 
Spike oupl 

750158949 spike ~ R!£Y RPO 

ND 50 821 es, 3% 

ND 50 921 951 31 

ND so 1011 1051 31 

ND so 96% 961 01 

NO so 97% 971 QI 

Reference 
Value Recv 
so 821 
so 90% 
so 921 
50 93% 
so 941 

An Equal Opportunity Employer 
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FOOTNOTES Jr. Ram 
Page 33 for pages 8 through 29 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPO Relative Percent Difference 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX:714-~ 

December 11, 1992 
PACE Project Number: 721120510 

An Equal Opponunity Employer 





RESULTS OF LABORATORY ANALYSES 
TRIP BLANK 





REPORT OF LABORATORY ANALYSIS 
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December 11, 1992 

Dr. Ram 
Earth Technology Corporation 
13900 Alton Parkway 
Suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721120.511 
client Reference: Metro Rail/92-2050-02 

Dear Dr. Ram: 

Enclosed is the report of laboratory analyses for samples received 
November 20, 1992. samples were received by the laboratory in good 
condition with proper preservatives per the requested analytical 
work. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report , please feel free 
to contact us. 

sincerely, 

l~ j 1Jb.«,.zt~ 
Eric s. Howarth 
Project Manager 

Enclosures 

S702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 71H92·25&5 
FAX: 714-890-4032 

An Equal Opportunity Employer 





PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

REPORT OF LABORATORY ANALYSIS 

721120.511 
Metro Rail/92-2050-02 
Trip Blank 
WATER 

MDL UNITS RESULTS 

1,1,2-Trichlor-1,2,2-trifluoroethane 10 ug/L ND 

Chloromethane 10 ug/L NO 

Vinyl chloride 10 ug/L NO 

Brornornethane 10 ug/L NO 

Chloroethane 10 ug/L ND 

Trichlorofluoromethane 10 ug/L ND 

1,1-Dichloroethene 5 ug/L ND 

Acetone 50 ug/L ND 

carbon disulfide 5 ug/L ND 

Methylene chloride 5 ug/L ND 

trans~l,2-Dichloroethene 5 ug/L ND 

1,1-Dichloroethane 5 ug/L ND 

2-Butanone 50 ug/L ND 

cis-1,2-Dichloroethene 5 ug/L ND 

Chloroform 5 ug/L ND 

1,2-Dichloroethane 5 ug/L ND 

1,1,1-Trichloroethane 5 ug/L ND 

Carbon tetrachloride 5 ug/L ND 

Benzene 5 ug/L ND 

Trichloroethene 5 ug/L ND 

1,2-Dichloropropane 5 ug/L ND 

December 11, 1992 
Page 1 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



REPORT OF LABORATORY ANALYSIS 

PACE PROJECT NUMBER: 721120.511 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

Metro Rail/92-2050-02 
Trip Blank 

SAMPLE MATRIX: WATER 

. PARAMETER MDL 

Bromodichloromethane 5 

cis-1,J-Dichloropropene 5 

trans-1,3-Dichloropropene 5 

1,1,2-Trichloroethane 5 

Dibromochloromethane 5 

Bromoform 5 

4-Methyl-2-pentanone 50 

Toluene 5 

2-Hexanone 50 

1,1,2,2-Tetrachloroethane 5 

Tetrachloroethene 5 

Chlorobenzene 5 

Ethyl benzene 5 

styrene 5 

Xylenes (Total) 5 

1,3-Dichlorobenzene 5 

1,4-Dichlorobenzene 5 

1,2-Dichlorobenzene 5 

l,2-D.ichloroethane-d4 (Surrog. Recovery) 

Toluene-dB (Surrog. Recovery) 

4-Br~mofluorobenzene (Surrog. Recovery) -

UNITS RESULTS 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

ug/L ND 

' 122 

' 100 

' 97.0 

December 11, 1992 
Page 2 

METHOD DATE 
ANALYZED 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 

624 11/30/92 



PACE PROJECT NUMBER: 
CLIENT PROJECT NAME: 
CLIENT SAMPLE DESCRIPTION: 

SAMPLE MATRIX: 

PARAMETER 

TPH Quantified as Gasoline 

REPORT OF LABORATORY ANALYSIS 

721120.511 
Metro Rail/92-2050-02 
Trip Blank 
WATER 

MOL 

20 

UNITS RESULTS 

ug/L ND 

December 11, .1992 
Page 3 

METHOD DATE 
ANALYZED 

8015 LUFT 11/23/92 



Dr. Ram 
Page 4 

TS £ AS.URAN t l 0 1 OUAl llV 

Client Reference: Metro Rail/92-2050-02 

REPORT OF LABORATORY ANALYSIS 

December 11, 1992 
PACE Project Number: 7211205~ 

reports and data have been reviewed and are within acceptable 

Kenneth o. Faust, 
southern California Regional Director 

5702 Bolsa Avenue 
HuntmgtOn Beach, CA 92649 
TEL: 714-892·2565 
FAX: 714-890·4032 

An Equal Opponunity Employtr 



REPORT OF LABORATORY ANALYSIS 

r. Ram 
.:>age 5 

TH£ ASSURANCE Of QUALITY 

FOOTNOTES 
for pages 1 through 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
ND Not detected at or above the MDL. 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-192-2565 
FAX:714-m..co:12 

December 11, 1992 
2 PACE Project Number: 721120511 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
! HE ASS UR AN CE Of OUAl l TY 

or. Ram 
Page 6 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-2050-02 

BTEX & TPB QUANTIFIED AS GASOLINE 
Batch: 75 04233 

Samples : 75 0159538 

ME'l'BOD BLANK : 

Parameter 
TPB Quantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
% FB surrogate spike Recovery 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
TPB QUantified as Gasoline 
TPB QUantified as Gasoline 

LABORATORY CONTROL SAMPLE: 

Parameter 
TPH QUantified as Gasoline 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

5702 Bolu Avenue 
Huntington Beach. CA 92649 
TU: 714-192·2565 
FAX:714-~ 

units MDL 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0 . 3 
ug/L 0.6 

units ~ 
ug/L 20 
ug/L 50 

~ ~ 
ug/L 50 
ug/L 0.3 
ug/L 0.3 
ug/L 0 . 3 
ug/ L 0.6 

December 11, 1992 
PACE Project Number: 72112051~ 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
901 

Spike 
Spike Dupl 

750158949 spike ~ ~ RPD 
ND 

400 90% 911 l 

Reference 
Value B!!£Y 
400 971 
20 98% 
20 95% 
20 97% 
60 93% 

An Equal Opponunitr Employer 



REPORT OF LABORATORY ANALYSIS 
-•! ASSURAN C: OF OU AIITT 

>r. Ram 
!age 7 

QUALITY CONTROL DATA December 11, 1992 

client Reference: Metro Rail/92-2050-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159538 

METHOD BLANK: 

Parameter 
l,l,2-Trichlor-1,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
Carbon disulfide 
Methylene chloride 
trans-1,2-Dichloroethene 
t,1-Dichlorcethane 

2-Butanone 
cis-1,2-Dichlorcethene 
Chloroform 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 

Benzene 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

1,1,2-Trichloroethane 
Dibromochloromethane 
Br0m0form 
4-Methyl-2-pentancne 
Toluene 
2-Hexanone 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAX: 714-890--4032 

PACE Project Number: 721120511 

Method 
Units ~ Blank 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

ug/L 5 ND 

ug/L so ND 

ug/L s ND 
ug/L 5 ND 
ug/L s ND 
ug/L 5 ND 

ug/L so ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 

ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 

ug/L 5 ND 
ug/L 5 ND 
ug/L s ND 
ug/L 50 ND 
ug/L 5 ND 

ug/L 50 ND 

ug/L 5 ND 

ug/L 5 ND 

An Equal Opponunity Employer 



REPORT OF LABORATORY ANALYSIS 
TH[ ASSURANCE Of QUA LI TY 

Dr. Ram 
Page. 8 

QUALITY CONTROL DATA 

Client Reference: Metro Rail/92-20S0-02 

VOLATILE ORGANICS 
Batch: 75 04260 

samples: 75 0159538 

METHOD BLANK: 

Parameter 
chlorobenzene 
Ethylbenzene 
styrene 
xylenes (Total) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

~ 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

1, 2-Dichlorobenzene ug /L 
l,2-Dichloroethane-d4 (Surrog. Recovery 1 
Toluen~-d8 (Surrog. Recovery I 
4-Bromofluorobenzene (Surrog. Recovery% 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethane 
To.luene 
Chlorobenzene 

5702 Balsa Avenue 
Hulltington Beach. CA 92649 
TEI.: 714-892-2565 
FAX: 714-89(µ032 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

!ml! 
5 
5 
5 
5 
5 
5 

5 

!ml! 
5 
5 
5 
5 
5 

~ 
5 
5 
5 
5 
5 

December 11, 1992 
PACE Project Number: 72112051~ 

Method 
Blank 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
119 
100 
96.9 

Spike 
spike Dupl 

750158949 Spike ~ Recv ~ 
NO 50 821 851 31 

ND so 921 951 31 
ND 50 101% 105% 31 

ND 50 961 96% o, 
ND 50 97% 97% 0% 

Reference 
Value ~ 
so 82% 
50 90% 
50 92% 
so 931 
50 94% 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

FOOTNOTES Jr. Ram 
.Page 9 for pages 4 through 

Client Reference: Metro Rail/92-2050-02 

MDL Method Detection Limit 
ND Not detected at or above the MOL. 
RPD Relative Percent Difference 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

December 11, 1992 
6 PACE Project Nwnber: 721120511 

An Equal Opportuniw Employer 
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REPORTS OF LABORATORY ANALYSES 
MONITORING WELL SM-11 





•HE ASSURANCI Of QUALITY 

November 15, 1992 

Dr. Ram 
Earth Technology corporation 
13900 Alton Parkway 
Suite 120 
Irvine, CA 92718 

RE: PACE Project No. 721026.509 
Client Reference: 92-2050-02 

Dear Dr. : 

REPORT OF LABORATORY ANALYSIS 

Enclosed is the report of laboratory analyses for samples received 
October 26, 1992. 

Footnotes are given at the end of the report. 

If you have any questions concerning this report, please feel free 
to contact us. 

~b%J~ 
Eric s. Howarth 
Project Manager 

Enclosures 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
TEL: 714-892-2565 
FAX: 714--890-4032 

An Equal Opportunity Employer 





·- , •SSUR AN CE OF 0CAL l rY 

Earth Technology Corporation 
13900 Alton Parkway 
Suite 120 
Irvine, CA 92718 

Attn: Dr. Ram 

Client Reference: 92-2050-02 

PACE Sample Number: 
Date Collected: 
Date Received: 

Parameter 

INORGANIC ANALYSIS 

INDIVIDUAL PARAMETERS 
GFAA, Arsenic 
GFAA, Date Digested 
GFAA, Selenium 
GFAA, Thallium 
Gravimetric-Total Dissolved Soli ds 
ICP Antimony 

ICP Beryllium 
ICP Cadmium 
ICP Chromium 
ICP Copper 
I CP Date Digeated 
ICP Lead 

ICP Nickel 
ICP Silver 
ICP Zinc 
Specific Conductance 
Titrimetric-Total Sulfide 
pH 

TITLE 22 TTLC MERCURY BY CV 
TTLC, CV Date Di gested 
TTLC , CV Mercury 

ORGANIC ANALYSIS 

VOLATILE ORGANICS 
1,1,2-Trichlor-l,2,2-trifluoroethane 
Chloromethane 
Vinyl chloride 
1romomathane 

5702 Bolsa Avenue 
Hun11ngton Beath. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-4032 

REPORT OF LABORATORY ANALYSIS 

Units 

mg/L 

mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
mg/L 
mg/L 
mg/L 

mg/L 

mg/L 
mg/L 
mg/L 
umhos/cm 
mg/L 
Units 

mg/L 

ug/L 
ug/L 
ug/L 
ug/L 

November 15, 1992 
PACE Pr oject Number: 721026509 

MDL 

75 0149397 
10/26/92 
10/26/92 
SM-11 

-----

0.0025 0.007 

0 . 0025 ND 
0 . 0025 ND 
10 · 1250 
0 . 2 ND 

0.002 ND 
0.006 ND 
0.004 0.036 
0.005 0.031 

0.05 ND 

0.02 0 . 04 
0.02 ND 
0.007 0.12 
10 1650 
0 . 5 ND 
2.0 7.4 

0.0003 ND 

10 
10 
10 
10 

ND 
ND 
ND 
ND 

METHOD DATE ANALnED 

7060 
3005 
7740 
7841 
160.l 
6010 

6010 
6010 
6010 
6010 
3005 
6010 

6010 
6010 
6010 
120 . 1 
376.1 
150.l 

7470 

624 

11/05/92 
11/04/92 
11/04/92 
11/05/92 
10/28/92 
11/05/92 

11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/04/92 
11/05/92 

11/05/92 
11/05/92 
11/05/92 
10/28/92 
10/29/92 
10/27/92 

11/04/92 
11/04/92 

11/03/92 
11/03/92 
11/03/92 
11/03/92 

An Equal Opportunity E1T111ioYt1 



Dr. Ram 
Page 2 

l H! ASSU UN C! OF OUA llTY 

Client Reference: 92-2050-02 

PACE Sample Number: 
Date collected: 
Date Received: 
Client Sample ID: 
Parameter 

ORGANIC ANALYSIS 

VOLATILE ORGANICS 
Chloroethane 
Trichlorofluoromethane 
1,1-Dichloroethene 
Acetone 
Carbon disulfide 
Methylene chloride 

trans-1,2-Dichloroethene 
1,1-0ichlcroethane 
2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 

1,1,1-Trichloroetpane 
carbon tetrachloride 
Benzene 
Trichloroethane 
1,2-Dichlorcpropane 
BrCCIIOdichloromethane 

cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Dibromochloromethane 
Bromoform 
4-Hethyl-2-pentanone 

Toluene 
2-Bexanone 
1,1,2,2-Tetrachloroethane 
Tetrachlcroethene 
Chlcrobenzene 
Ethylbenzane 

Styrene 

S7Q2 Bolu Avenue 
Huntington Beath. CA 92649 
1El.; m-892-2565 
FAX: 714-t90-4032 

REPORT OF LABORATORY ANALYSIS 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 

MDL 

10 
10 
5 
so 
s 
s 

5 
5 
so 
s 
s 
s 

5 
5 

5 
5 
5 
5 

5 
s 
s 
5 
5 
so 

5 
50 
5 
5 
s 
5 

s 

November 15, 1992 
PACE Project Number: 721026509 

75 0149397 
10/26/92 
10/26/92 
SM-11 

ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND 
ND 
NO 

ND 

NO 
NO 
NO 
ND 
NO 
NO 

ND 

METHOD DATE ANALYZED 

624 
ll/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 

11/03/92 
11/03/92 
11/03/97 
11/03/9 
11/03/92 
11/03/92 

11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 

11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 

11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 
11/03/92 

11/03/~' 

Aa Equal Opportunity Effll)loyer 



Dr. Ram 
Page 3 

Client Reference: 92-2050-02 

PACE Sample Number: 
Date Collected: 
Date Received: 
Client Sample ID: 
Parameter 

ORGANIC ANALYSIS 

VOLATILE ORGANICS 
Xylenes (Total) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
l,2-Dichloroethane-d4 (Surrog. 
Toluene-d8 (Surrog. 

4-Bromofluorobenzene (Surrog. 

SEKI-VOLATILES 
8270 Date Extracted 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bis(2-Chloroethyl)ether 
2-Chlorophenol · 

1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 

4-Methylphenol 
n-Nitroso-di-n-propylamine 
Hexachloroethane 
Ni trobenzene 
Isophorone 
2-Nitrophenol 

2,4-Dimethylphenol 
Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4- Dichlorophenol 
1,2,4-Trichlorobenzene 

5702 Bolsa Avenue 
Huntington Beach·. CA 92649 
TEL: 714-892·2565 
FAX: 714-890-4032 

Recovery) 
Recovery) 

Recovery) 

REPORT OF LABORATORY ANALYSIS 

Uni ta MDL 

ug/L 5 
ug/L 5 
ug/L 5 
ug/L 5 

' ' 
' 

ug/L 10 
ug/L 10 
ug/L 10 
ug/L 10 
ug/ L 10 

ug/L 10 
ug/L 10 
ug/L 10 
ug/L 10 
ug/ L 10 
ug/L 10 

ug/L 10 
ug/ L 10 
ug/ L 10 
ug/L 10 
ug/L 10 
ug/L 10 

ug/L 10 
ug/ L so 
ug/L 10 
ug/L 10 
ug/L 10 

November 15, 1992 
PACE Project Number: 721026509 

75 0149397 
10/26/92 
10/26/92 
SM-11 
_____ METHOD DATE ANALYZED 

624 
13 11/03/92 
ND 11/03/92 
ND 11/03/92 
ND 11/03/92 
95.l 11/03/92 
93.7 11/03/92 

92.7 11/03/92 

625 
11/01/92 

ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 

ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND ll/05/92 
ND 11/05/92 
ND 11/05/92 

ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND ll/05/92 

ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 

An Equal Opportunity Employer 



Dr. Ram 
Page 4 

I M( ~ S. u RA N C( Of OUAL I1 I 

Client Reference: 92-2050-02 

PACE Sample Number: 
Date collected: 
Date Received: 
Client Sample ID: 
Parameter 

ORGANIC ANALYSIS 

SEMI-VOLATILES 
Naphthalene 
4-Chloroani.line 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroanilin• 
Dimethylphthalate 
Acenaphthylene 

2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
D.ibenzofuran 

2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 

n-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phananthrene 
Anthracene 

Di-n-butylphthalate 

5702 Botn AV!nue 
HunbngtOn Bea en. CA 92649 
TEL: 714-192-2565 
FAX: 714-890-<!032 

REPORT OF LABORATORY ANALYSIS 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 

MDL 

10 
20 
10 
10 
10 
10 

10 
10 
50 
so 
10 
10 

10 
so 
10 
50 
so 
10 

10 
10 
10 
10 
50 
so 

10 
10 
10 
10 
10 
10 

10 

November 15, 1992 
PACE Project Number: 721026509 

75 0149397 
10/26/92 
10/26/92 
SM-11 

-----

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 

METHOD DATE ANALYZED 

625 
11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 

11/05/92 
11/05/92 
11/05/92 
11/05/9 
11/05/92 
11/05/92 

11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 

ll/0S/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 

11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 
11/05/92 

11/05/~ 

An Equal Opponunity Employer 
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Dr. Ram 
Page s 

Client Reference: 92-2050-02 

PACE Sample Number: 
Date Collected: 
Date Received: 
Client Sample ID: 
Parameter 

ORGANIC ANALYSIS 

SEMI-VOLATILES 
Fluoranthene 
Benzidine 
Pyrene 
Butylbenzylphthalate 
Benzo(a)anthracene 
Chrysene 

bis(~-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 

Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2- Fluorophenol (Surrog. 
Phenol-d5 (Surrog. 
Nitrobenzene-d5 (Surrog. 
2-Fluorobiphenyl (Surrog. 

2,4,6-Tribromophenol (Surrog. 
Terphenyl-d14 (Surrog. 

Recovery) 
Recovery) 
Recovery) 
Recovery) 

Recovery) 
Recovery) 

REPORT OF LABORATORY ANALYSIS 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 

' ' ' ' 
' ' 

MDL 

10 
so 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 

November 15, 1992 
PACE Project Number: 721026509 

75 0149397 
10/26/92 
10/26/92 
SM-ll 
_____ METHOD DATE ANALYZED 

625 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 

ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 
ND 11/05/92 

ND 11/05/92 
ND 11/05/92 
62.6 11/05/92 
49.9 11/05/92 
60.6 11/05/92 
91.7 11/05/92 

73.4 11/05/92 
82.7 11/05/92 

reviewed and are approved for release. 

Kenneth D. Faust, 
Southern California Regional Di rector 

5702 Balsa Avenue 
Huntington Bea eh. CA 92649 
Ta: 714-892-2565 
FAX: 714-8!l0-4032 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
;H! AS SU RAN CE OF QUA LIT Y 

Dr. Ram 
Page 6 

FOOTNOTES November 15, 1992 
for pages 

Client Reference: 92-2050-02 

MDL Method Detection Limit 
ND Not detected at or above the MDL. 

5702 Bolsa Aijenue 
Humington Beach. CA 92649 
Ttl: 71H92-25&5 
FAX: 714~~ 

1 through 5 PACE Project Number: 721026509 

An E11111I Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 
TK ! ASS U RHC! Of CUAL ITY 

Dr. Ram 
Page 7 

QUALITY CONTROL DATA 

Client Reference: 92-2050-02 

Gravimetric-Total Dissolved Solids 
Batch: 75 03787 

samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Gravimetric-Total Dissolved Solids 

SPIKE: 

Parameter 
Gravimetric-Total Dissolved Solids 

LABORATORY CONTROL SAMPLE: 

Parameter 
Gravimetric-Total Dissolved Solids 

5702 Bolsa Avenue 
Huntington Beach. CA 9~9 
TEL: 714-192-2565 
FAX: 714-m-4032 

~ 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
10 

MDL 
10 

MDL 
10 

November 15, 1992 
PACE Project Number: 721026509 

Method 
Blank 
ND 

750149397 
SM-11 
1250 

750149397 
_S....;M_-..;al_l ___ Spike 
1250 1000 

Reference 
Value 
1000 

Duplicate 
of 
75 0149397 
1230 

Spike 
Recv 

95\ 

Recv 
97\ 

An Equal Opportunity Employer 



' HE ASSUHNC! Of QUAL I TY 

Or. Ram 
Page 8 

Client Reference: 92-2050-02 

ICP Copper 
Batch: 75 03918 

Samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
ICP Antimony 
ICP Beryllium 
ICP Cadmium 
ICP Chromium 
ICP copper 
ICP Lead 

ICP Nickel 
ICP Silver 
ICP Zinc 

SPIKE: 

Parameter 
ICP Antimony 
ICP Beryllium 
ICP Cadmium 
ICP Chromium 
ICP Copper 
ICP Lead 

ICP Nickel 
ICP Silver 
ICP Zinc 

LABORATORY CONTROL SAMPLE: 

Parameter 
ICP Antimony 
ICP Beryllium 
ICP Cadmium 
ICP Chromium 
ICP Copper 
ICP Lead 

5702 Bolsa Avenue 
Huntington Beach. CA 92649 
m: 11,-m-2565 
FAX: 714-890--4032 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Duplicate 
Method 750149397 of 

Units ~ Blank SM-11 75 0149397 RPO 

mg/L 0.2 ND ND ND NC 

mg/L 0.002 ND ND ND NC 

mg/L 0.006 ND ND ND NC 

mg/L 0.004 ND 0.036 0.038 5\ 

mg/L 0.005 ND 0.031 0.041 28\ 

mg/L 0.05 ND ND ND NC 

m9/L 0.02 ND 0.04 0.03 29\ 

mg/L 0.02 ND ND 0.02 NC 

mg/L 0.007 ND 0.12 0.12 
, 

750149397 Spike 

~ ~ SM-11 Spike Recv 

mg/L 0.2 ND o.s 102, 

mg/L 0.002 ND 0.5 98\ 

mg/L 0.006 ND 0.5 96\ 

mg/L 0.004 0.036 0.5 95\ 

mg/L 0 . 005 0.031 0.5 94\ 

mg/L 0.05 ND 0.5 102, 

mg/L 0.02 0.04 0.5 92\ 

mg/L 0.02 ND 0.5 90\ 

mg/L 0.007 0.12 0.5 94\ 

Reference 
Units MDL Value Recv 

mg/L 0.2 o.s 96\ 

mg/L 0.002 o.s 98\ 

mg/L 0.006 o.s 94' 

mg/L 0.004 o.s 96\ 

mg/L 0.005 0.5 96\ 

mg/L 0.05 o.s 100\ 

An Equal Opportunity E11111lover 



,,, ASSURANCE OF QUAL I TY 

Dr. Ram 
Page 9 

Client Reference: 92-2050-02 

ICP Copper 
Batch: 75 03918 

Samples: 75 0149397 

LABORATORY CONTROL SAMPLE: 

Parameter 
ICP Nickel 
ICP Silver 
ICP Zinc 

5702 Balsa Avenue 
Huntington Beach. CA 92619 
TEL: 71H92-2565 
FAX: 714-890-4032 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Reference 
Units MDL Value Recv 
mg/L 0 . 02 0.5 96\ 
mg/L 0 . 02 o.s 90\ 
mg/L 0 .007 0 . 5 86\ 

An Equal Opportunity Employer 



Dr. Ram 
Page 10 

Tri! ASSURA~CE OF DUALITY 

Client Reference: 92-2050-02 

Specific Conductance 
Batch: 7S 03783 

Samples: 7S 0149397 

SAMPLE DUPLICATE: 

Parameter 
Specific Conductance 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-192·2565 
FAX: 714-890-C32 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA 

units 
wnhos/cm 

MDL 
10 

November 15, 1992 
PACE Project Number: 721026509 

Duplicate 
750149397 of 
SM-11 75 0149397 -----1650 1630 

An Equal Opportunity Employer 

RPD 
11 



Dr. Ram 
Page 11 

;HE ASSURA NCE Of OUllllY 

_Client Reference: 92-2050-02 

TTLC, GFAA Arsenic 
Batch: 75 03906 

Samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, GFAA Arsenic 

SPIKE: 

Parameter 
T11,,C, GFAA Arsenic 

LABORATORY CONTROL SAMPLE: 

Parameter 
TTLC, GFAA Arsenic 

5702 Bolsa Avenue 
Hun1mg1on Beach. CA 92649 
TEL: 71H92-2565 
FAX: 714-890-4032 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Units 
mg/L 

~ 
mg/L 

Units 
mg/L 

Method 
MDL Blank 750151936 
0.0025 ND ND 

~ 750151936 
0.0025 ND 

MDL 
0.0025 

Spike 
0.03 

Reference 
Value 
0.03 

Duplicate 
of 
75 0151936 
ND 

Spike 
Recv 
87' 

Recv 
97' 

An Equal Opportunity Employe, 

RPD 
NC 



Dr. Ram . 
Page 12 

Client Reference: 92-2050-02 

TTLC, GFAA Selenium 
Batch: 75 03907 

Sample■: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, GFAA Selenium 

SPIKE: 

Para.meter 
TTLC, . GFAA Selenium 

LABORATORY CONTROL SAMPLE: 

Parameter 
TTLC, GFAA Selenium 

5702 Bolsa Avenue 
Huntington Bea eh. CA 92649 
TEL: m-192-2565 
FAX: 71<1-19(µ()32 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number : 721026509 

Units 
mg/L 

units 
mg/L 

Units 
mg/L 

Method 
MDL Blank 750151936 
0.0025 ND ND 

~ 750151936 
0.0025 ND 

~ 
0.0025 

Spike 
0.03 

Reference 
Value 
0.03 

Duplicate 
of 
75 0151936 
ND 

Spike 
Recv 
93\ 

Recv 
83\ 

An Equal Opportunity Ernploytr 

~ 
NC 



Dr. RllJll 
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Client Reference: 92-2050-02 

TTLC, GFAA Thallium 
Batch: 75 03908 

Samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, GFAA Thallium 

SPIKE: 

Parameter 
~c, GFAA Thallium 

LABORATORY CONTROL SAMPLE: 

Parameter 
TTLC, GFAA Thallium 

5702 Balsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892-2565 
FAX: 714-890-4032 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

PACE Project Number: 721026509 

Method 
MDL Blank 
0.0025 ND 

Duplicate 
of 

750151936 75 015193i 
ND ND 

MDL 750151936 Spike 
0.03 

Spike 
Recv 

93\ 0 . 0025 ND 

~ 
0 . 0025 

Reference 
Value 
0.03 

-Recv 
97\ 

An Equal Opportunity Empjoyer 

RPO 
NC 



<HE ASSURA~CE OF OUAI ITY 

Dr. Ram 
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Client Reference: 92-2050-02 

Titrimetric-Total Sulfide 
Bateh: 75 03794 

Samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
Titrimetric-Total Sulfide 

SPIKE: 

Parameter 
Titr~tric-Total Sulfide 

LABORATORY CONTROL SAMPLE: 

Parameter 
Titrimetric-Total Sulfide 

5702 Balsa Avenue 
HuntingtOn Beach, CA 92649 
ru.: m-192-2565 
FAX:m-~ 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA 

Units 
mg/L 

Units 
mg/L 

Units 
mg/L 

MDL 
0.5 

MDL 
o.s 

MDL 
0.5 

November 15, 1992 
PACE Project Number: 721026509 

Method 
Blank 
ND 

750149397 
SM-11 
ND 

750149397 
_S_M_-_l_l___ Spike 
ND 11,25 

Reference 
Value 
11.25 

Duplicate 
of 
75 0149397 
ND 

Spike 
Recv 
107\ 

Recv 
107\ 

An Equal Opportunity Employer 

RPO 

NC 



'•E ASSURAN CE o; OUAll TI 

Dr. Ram 

Page 15 

Client Reference: 92-2050-02 

pH 
Batch: 75 03784 

Samples: 75 0149397 

SAMPLE DUPLICATE: 

Parameter 
pH 

5702 Bolsa Avenue 
Huntington Beach, CA 92649 
TEL: 714-892·2565 
FAX: 714-~ 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA 

Units 
Units 

MDL 
2.0 

November 15, 1992 
PACE Project Number: 721026509 

750149397 
SM-11 
7.4 

Duplicate 
of 
75 0149397 
7.4 

An Equal Opportunity Employer 

RPO 
01 
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Dr. Ram 
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Client Reference: 92-2050-02 

TITLE 22 TTLC MERCURY BY CV 
Batch: 75 03886 

Samples: 75 0149397 

METHOD BLANK AND SAMPLE DUPLICATE: 

Parameter 
TTLC, CV Mercury 

SPIKE: 

Parameter 
TTLC! . cv Mercury 

LABORATORY CONTROL SAMPLE: 

Parameter 
TTLC, CV Mercury 

5702 Bolsa Avenue 
Huntington Bea ch. CA 92649 
TIL: 714-192-2565 
FAX: 714-890-4032 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Units 
mg/L 

Units 
mg/L 

units 
mg/L 

Duplicate 
Method 750149397 of 

MDL Blank ~SM~-~l~l"---- 75 0149397 
0.0003 ND ND ND 

750149397 
MDL _SM_-_l_l ___ Spike 
0.0003 ND 0.005 

~ 
0.0003 

Reference 
Value 
o.oos 

Spike 
Recv 
100, 

Recv 
100, 

An Equal Dpponunrty Employer 

RPO 
NC 



Dr. Ram 
Page 17 

T• E ! SS UAAN CE o, 0 UALIT Y 

Client Reference: 92-2050-02 

SEMI-VOLATILES 
Batch: 75 03939 

Samples: 75 0149397 

METHOD BLANK: 

Parameter 
n-Nitrosodimethylamine 
Phenol 
Aniline 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 

1., ~-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bie(2-Chloroisopropyl)ether 
4-Methylphenol 

n-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethyl phenol 

Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
.4-Chloroaniline 

Hexachl0r0butadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4 , 6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroani line 

5702 Bolsa Avenue 
Huntington Beach:CA 92649 
TEL: 714-192-2565 
FAX: 714-890~ 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Method 
Units MDL Blank 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 20 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 50 ND 
ug/L 50 ND 

An Equal Opportunity Employer 
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THE ASSUR lN C( 0 1 OUAL ll f 

Client Raferencaz 92-2050-02 

SEMI-VOLATILES 
Batch: 75 03939 

Sample■ : 75 0149397 

METHOD BLANK: 

Parameter 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Ni~~phenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalata 
4-Chlorophenyl-phenylether 
Fluorene 

4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
n-Nitrosodiphenylanaine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 

Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrane 

Butylbenzylphthalate 
Benzo(a)anthracene 
Chryaene 
bis(2-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 
Benzo(a)pyrene 

5702 Bots, Avimue 
Hunllngton Beach. CA 92M9 
TEL: 71W92-2515 
FAX:714-~ 2 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026S09 

Method 

~ ~ Blank 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 

ug/L 10 ND 

ug/L so ND 

ug/L 50 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L so ND 
ug/L so ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L so ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 
ug/L 10 ND 

ug/L 10 ND 

ug/L 10 ND 
ug/L 10 ND 

An Equal Opponunily Employer 



REPORT OF LABORATORY ANALYSIS 
""' ,s suRANC! o, OUAlll Y 

QUALITY CONTROL DATA November 15, 1992 Dr. Ram 
Page 19 PACE Project Number: 721026509 

Client Reference: 92-2050-02 

SEKI-VOLATILES 
Batch: 75 03939 

Samples: 75 0149397 

METHOD BLANK: 

Parameter 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
2-Fluorophenol 
Phenol-d5 
Nitrobenzene-d5 

2~fluorobiphenyl 
2,4,6-Tribromophenol 
Terphenyl-dl4 

(Surrog. 
(Surrog. 
(Surrog. 

(Surrog. 
(Surrog. 
(Surrog. 

~ MDL 
ug/L 10 
ug/L 10 
ug/L 10 

Recovery ' Recovery ' Recovery ' 
Recovery ' Recovery ' Recovery ' 

LABORATORY CONTROL SAMPLE AND CONTROL SAMPLE DUPLICATE: 

Parameter Onita MDL 
Phenol ug/L 10 
2-Chlorophenol ug/L 10 
1,4-Dichlorobenzene ug/L 10 
n-Nitroao-di-n-propylamine ug/L 10 
1,2,4-Trichlorobenzene ug/L 10 
4-Chloro-3-methylphenol ug/L 10 

Acenaphthene ug/L 10 
4-Nitrophenol ug/L so 
2,4-Dinitrotoluene ug/L 10 
Pentachlorophenol ug/L 10 
Pyrene ug/L 10 

Method 
Blank 
ND 

ND 
ND 
71.0 
58.1 
66.6 

89.0 
59.7 
117 

Reference 
Value Recv 
100.00 59\ 
100. 0 63\ 
50. 0 72\ 
50.0 47\ 
50.0 69\ 
100 . 0 58\ 

so.o 77\ 
100.0 32\ 
50.0 641 
100.0 751 
so.o 1131 

Not enough sample received for matrix spike and matrix spike duplicate. 

5702 Bolsa Avenue 
Huntington Beach, CA 92645 
TEL: 71'"892·2565 
FAX: 714-890-4032 

An Equal Opportunrty Employer 

Dupl 
Recv RPD ----60\ l\ 
66\ 4\ 
74\ 2, 
49\ 4\ 
12, 4\ 
63\ 8\ 

82\ 6\ 
28\ 13\ 
561 13\ 
731 2\ 

1151 l\ 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 
Page 20 

QUALITY CONTROL DATA November 15, 1992 

Client Reference: 92-2050-02 

VOLATILE ORGANICS 
Batch: 75 03898 

Samples: 75 0149397 

METHOD BLANK: 

Parameter 
l,l,2-Trichlor-1,2,2-trifluoroethane 
Cbloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

1,1-Dichloroethene 
Acetone 
Carbon disulfide 
Methylene chloride 
trana-1,2-Dichloroethene 
1,1-Dichloroethane 

2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
1,1,l-Trichloroetbane 
Carbon tetrachloride 

Benzene 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cia-1,3-Dichloropropene 
trana-1,3-Dichloropropene 

1,1,2-Trichloroetbane 
Dibromochloromethane 
Bromoform 
4-Methyl-2-pentanone 
Toluene 
2-Hexanone 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

5702 Bolsa Avenue 
Huntington Beacn. CA 92649 
TEL: n.t-192-2565 
FAX: 714-890-4032 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

'!,Jg/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L. 

PACE Project Number: 721026509 

Method 
MDL Blank 
10 ND 
10 ND 
10 ND 

10 ND 

10 ND 
10 ND 

5 NJ;) 

50 ND 
5 ND 
5 ND 
5 ND 
5 ND 

50 ND 
5 ND 

5 ND 

5 ND 
s ND 
s ND 

5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 

5 ND 
5 ND 

so ND 
5 HD 
50 HD 

5 ND 
5 ND 

An Equal Opportunity Employer 
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Dr. Ram 
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Client Reference: 92-2050-02 

VOLATILE ORGANICS 
Batch: 75 03898 

Samples: 75 0149397 

METHOD BLANK: 

Parameter 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenea (Total) 
1,3-Diehlorobenzene 
l,4-Dichlorobenzene 

l_,~-Dichlorobenzene 
1,2-Dichloroethane-d4 (Surrog. 
Toluene-dB (Surrog. 
4-Bromofluorobenzene (Surrog. 

SPIKE AND SPIKE DUPLICATE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobenzene 

LABORATORY CONTROL SAMPLE: 

Parameter 
1,1-Dichloroethene 
Benzene 
Trichloroethene 
Toluene 
Chlorobenzene 

5702 Bolsa Avenue 
Humington Beach. CA 92649 
TEL: 71'"892-2565 
FAX: 714-~ 

REPORT OF LABORATORY ANALYSIS 

QUALITY CONTROL DATA November 15, 1992 
PACE Project Number: 721026509 

Method 
Units MDL Blank 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 
ug/L 5 ND 

ug/L 5 ND 
Recovery ' 96.1 
Recovery ' 95 . 6 
Recovery ' 102 

Spike . 
750149397 Spike Dupl · 

~ MDL SM-11 Spike Recv Recv RPO 
ug/L 5 ND 50 98\ 84\ 15\ 
ug/L 5 ND so 98\ 102, 4\ 
ug/L s ND so 102, 104\ l\ 
ug/L 5 ND so 113\ 107\ 5\ 
ug/L 5 ND so 102\ 99\ 2, 

Reference 
Units MDL Value Recv 
ug/L 5 so 76\ 
ug/L 5 so 94\ 
ug/L 5 5 0 97\ 
ug/L 5 so 94\ 
ug/L 5 so 101\ 

An Equal Opportunity Employer 



REPORT OF LABORATORY ANALYSIS 

Dr. Ram 
Page 22 
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MDL Method Detection Limit 

FOOTNOTES 
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NC No calculation due to value below detection limit. 
ND Not detected at or above the MDL. 
RPD Relative Percent Difference 

5702 Bolsa Avenue 
HvntingtOn Beach. CA 92649 
m: m-m-2565 
FAA: 714-SS0-4031 

November 15, 1992 
PACE Pro~ect Number: 721026509 

An Equal OP1J01tunity Employer 



APPENDIX G 

omER LABORATORY ANALYSES 

060793.APN/ 92-2050-01 





APPENDIX G 
OTHER LABORATORY ANALYSES 

G.1 X-RAY DIFFRACTION 

X-ray diffraction is used to identify particles to about 10-8mm (1 angstrom = 10-1mm). In 
the diffractometer, a powered sample mounted on a glass slide is rotated at a fixed angular 
rate in a x-ray beam. A recording device rotates around the same axis, detecting the 
diffracted x-rays. The detected impulse is transmitted and recorded on a strip chart. 
Expressions are available relating wave length of x-ray radiation and the angle of rotation 
to the spacing of a particular set of crystal planes, from which the mineral is identified. 

Samples were submitted to University of Utah Research Institute, Earth Science Laboratory 
for analyses. The results are provided in Table 5-9. The method for semi-quantitative x-ray 
diffraction (XRD) analysis of bulk samples is derived from the extensive methods outlined 
in USGS Bulletin #1563. The method performed includes sample preparation by hand
grinding in acetone to <325 mesh, x-ray diffraction scan from 2 to 65 ·20 at 2 • 26 per minute, 
glycolation and scan from 2 to 10 • 26, identification of minerals present and determination 
of the approximate weight percentage of each mineral. 

The method for semi-quantitative x-ray diffraction analysis of clay mineralogy includes 
extraction, from bulk samples of the <2µ (or <5µ,) fraction by light crushing, sonic 
disaggregation in de-ionized water, Stokes Law settling and centrifugation. The resulting 
slurry, sedimented on glass slides, is x-rayed at 1 · 26 per minute following air-drying ( to 
37"26), vapor glycolation of 60" C for 24 hours (2 to 22 "20), and if necessary, heating to 
250 • C for one hour (2 to 15 · 26) and heating to 550 · C to one hour (2 to 15 • 20). Clay 
minerals are identified and their approximate weight percentages ( of the total layer silicate 
fraction) are determined by comparison of selected peak intensities with those generated by 
mixtures of standard clay minerals in known percentages. Verification analysis was 
conducted by Dr. Robert E. Winchell for one sample. A copy of his letter dated January 
11, 1993 is included in this appendix. 

G.2 THIN SECTION ANALYSES 

Thin sections of representative rock core samples were analyzed microscopically. The thin 
sections were prepared by San Diego Petrographics, Escondido, California. The thin section 
was prepared by mounting a trimmed slab of rock on to a standard 27 x 46 glass slide. The 
mounted slab of rock was ground to a uniform thickness of 0.03mm, polished and covered 
with a thin piece of glass. The rock slab was impregnated with resin prior to grinding to 
bind the sample together if the rock was poorly cemented, highly fractured, or porous. A 
petrographic polarizing microscope was used to examine each thin section. 
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G.3 MICROPALEONTOLOGY 

Micropaleontologic analyses were conducted by Micropaleo Consultants, Inc. in Encinitas, 
California for microfossil and pollen identification. The results of the analyses are presented 
in their letter dated December 8, 1992. 

Detailed descriptions of each thin section are provided in this Appendix. 
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DR. ROBERT E. WINCHELL 
6411 WEBER CIRCLE 

HUNTINGTON BEACH, CA 92647 

Mr. Matthew c. Curtis 
Senior Staff Geologist 
The Earth Technology Corporation 
13900 Alton Parkway, Suite 120 
Irvine, CA 92718 

Dear Mr. Curtis: 

January 11, 1993 

I have now been able to compete the work on the sample SM-9-149-
664. 9 for which you wished additional x-ray work done. The 
sample was described as a basalt core obtained as part of your 
Project 92-2050-02 from the Metro Red Line, Segment 3. 

A hand specimen examination of the core indicates that does have 
the general appearance of a basalt but I would describe it as an 
altered, possibly deuterically altered and/or metamorphosed, 
basalt or gabbro breccia. It appears to be of somewhat variable 
composition and has thin white veinlets and stringers running 
through it, filling what appear to be fractures in the material. 
The material also shows slickensides. 

You also provided information concerning diffraction work done by 
the University of Utah Research Institute (UURI) concerning this 
sample. 

I agreed to run up to two samples, as necessary, of the core 
material provided. Hand specimen examination of the material 
indicated that the bulk of the material seemed to be composed of 
a black and a olive green material, exclusive of the material in 
the veinlets. Consequently, I examined the two former materials 
by x-ray diffraction. I did not examine the material in the 
veinlets by x-ray diffraction but an acid test indicates that · 
that material is predominantly, if not completely, calcite. 

standard smear mounts of the black and olive green materials were 
prepared by routine methods. Oriented slides of the materials, 
as commonly are used for routine identification of clay-fraction 
minerals, were not prepared, since it did not seem necessary on 
the basis of the information obtained from the standard smear 
mounts. Based on the result obtained, each of the two samples 
prepared were glycolated for approximately 22 hours to determine 
the presence or absence of an expandable/contractible clay 
mineral. 

The diffraction patterns obtained for these two materials are 
included. The G suffix to the chart number indicates the result 
obtained for the respective sample after glycolation. 



Analysis of these patterns provided the following results: 

L The olivine green material (diffraction charts 1 and lG) is 
composed of analci te and what I would take as a mixed layer, 
predominantly smecti tic clay mineral. Though it would be 
necessary to correct for absorption differences in order to 
provide quantitative results, the analcite appears to predominate 
with somewhat lesser amounts of the smectitic clay mineral. 

2. The black material (diffraction charts 2 and 2G) seems to be 
completely composed of a mixed layer, 
nonexpandable/noncontractible clay mineral, perhaps a smectite
chlori te, though there may also be, allowing for absorption 
differences, minor to very minor serpentine present . Since 
nonintegral spacings are possible in these clays, it is not 
possible to indicate with surety whether the spacings at 6.6A., 
4. 6A. and 1. 54A. , among other possible diffractions, belong to 
the clay or not. I have checked for a number of common minerals 
which might be expected in a sample of the sort provided but have 
not been able to find any conclusive evidence of the presence of 
any of these . 

With regard to the analyses made by OURI , I might make the 
following comments: 

For the olivine green material: 
1. I find no evidence of the presence of quartz in the materials 
Ix-rayed, but since only a trace was indicated and the material 
is variable, I may not have had exactly the same material as they 
examined. 

2. As for quartz, I did not observe the presence of calcite and 
perhaps for the same reason. 

3. Vermiculite is a member of the smectite clay mineral group but 
has been differentiated on the basis of it higher cation
exchange capacity and its more limited expansion in water. 
Perhaps UURI has information to support this choice among the 
smectites, but I do not and did not examine the material in this 
regard. I have, therefore, considered it a member of the 
smectite group and, because of its failure to expand the 17A., to 
be a mixed layer clay with a predominant smectite composition. 

4. Both analci te and a smecti tic clay mineral are present as 
indicated for the UURI sample. Though, as indicated, I did not 
attempt corrections for absorption and did not use standards for 
comparison, a rough comparison of analcite peak heights for this 
sample to those for pure analcite run under the same conditions 
as the olivine green material indicates that there is much more 
than 11% analcite in the green material I examined. Again, since 
the material is somewhat variable, the material which I examined 
may be different that the UURI material, particularly i f they 
used a random, general sample of the material in which the black 
material predominated. 



The black material corresponds more closely to the preponderance 
of "vermiculite" indicated in the UURI results but does not 
appear to contain any analci te, perhaps for the same reason 
indicated above. 

These x-ray results confirm the presence and abundance of 
analci te and a clay mineral or clay minerals of smecti te 
composition in the rock. The UURI work seems to have been done 
on a grab sample of variable material which ranges in composition 
from predominantly if not almost completely analci te to almost 
completely a mixed layer clay. This is not unexpected, if one 
considers the geological provenance of this material. 

You raised the question about what other determinative work might 
be done if the sample was not amenable to x-ray work. The thin 
section work is complementary and may provide some further 
substantiation of this composition for the analci te as well as 
information on other minerals which might be present . The 
textural information ought to be useful as well perhaps. If you 
require further substantiation of this and other mineralogy and 
about the clays and it is cost effective to have this 
information, the next step would be to obtain chemical 
information such as compositional and ion exchange information as 
might be provided, for instance, by scanning electron microscopy 
( SEM), energy dispersive analysis (EDAX) and ion exchange 
analysis. 

I have attached an invoice for services as agreed. 

If you have questions about this work or I can be of further 
assistance to you, please contact me at your convenience at {310) 
985-4920. 

Sincerely, 

ift:,~L e..2/2-?YL~ -
oi;;t E. Winchell · ~ 

Registered Geologist #001035 



... 
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THIN SECTION DESCRIPTIONS 

SM-2 (407.2' to 407.6') 
Granite -- metamorphosed to greenschist grade. The rock includes quartz, orthoclase, 
plagioclase, kaersutite(?), muscovite, zeolite, sericite, and chlorite (penninite ). Accessory 
phases include spine!, zircon, garnet and hematite(?). Quartz, orthoclase, plagioclase and 
kaersutite are ophitic. Chlorite is replacing kaersutite, and may also have replaced biotite. 
The feldspars are substantially altered to sericite, beginning along cleavages, so it is difficult 
to tell orthocJase from plagioclase. Muscovite (minor) occurs in a sheared form, so it is 
metamorphic, but it is not possible to tell what it replaced. A fibrous zeolite is replacing 
garnet. Indications of tectonic strain include the following; 1) a few through-going irregular 
fractures healed by chlorite, 2) kinked twin lamellae and partial recrystallization in 
plagioclase, and 3) ubiquitous undulose extinction in quartz. There is no particular planar 
or linear fabric evident in this section. 

Quartz 
Orthoclase 
Plagioclase 
Kaersutite(?) 
Chlorite (penninite) 
Sericite 
Muscovite 
Hematite(?) 
Spinel 
Zircon 
Garnet 
Zeolite 

SM-3 (264.2' to 264.4') 

% 
20.2 
14.4 
5.3 

6.2 
24.5 

1.9 
3.8 
0.5 

<0.5 
1.0 
2.0 

20.2 . 

Quartz monzonite (holocrystalline) including quartz, potassium feldspar (microcline?), 
plagioclase, biotite, and hornblende. Minor phases include spine!, zircon and hematite(?). 
Quartz, potassium feldspar and plagioclase are hypidiomorphic; biotite and hornblende are 
ophitic. The feldspars have minor to moderate alteration to sericite along cleavages; all 
other phases appear unaltered. Indications of tectonic strain include the following; 1) a few 
through-going irregular fractures, 2) frequent partially healed irregular intragranular 
fractures (not cleavage) and inclusion trains in feldspar, 3) occasional undulose extinction 
and recrystallization in quartz, 4) patchy recrystallization of plagioclase evidenced by 
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· , disappearance of twin lamellae, and 5) limited grain-boundary recrystallization with 
interpenetration. There is no particular planar or linear fabric evident in the section 
although a planar fabric is evident in the core. 

Quartz 
Potassium feldspar 
( microcline ?) 

Plagioclase 
Biotite 
Hornblende 
Spine} 
Zircon 
Hematite(?) 
Sericite 
Other 

.SJ\1-3 (346.0' to 346.3') 

% 
20.9 

33.0 
17.6 
7.9 

17.7 
<0.5 

0.9 
0.5 
0.5 
0.9 

Quartz monzonite (holocrystalline) including quartz, orthoclase, plagioclase, biotite, 
hornblende, and chlorite (penninite ). Minor phases include spinel, zircon and hematite(?). 
Quartz, orthoclase and plagioclase are hypidiomorphic; biotite and hornblende are ophitic. 
Chlorite is a replacement of most of the biotite and some of the hornblende. The feldspars 
have minor to moderate alteration to sericite along cleavages. Indications of tectonic strain 
include the following; 1) a few through-going irregular fractures healed by chlorite and 
feldspar, 2) frequent partially healed irregular intragranular fractures (not cleavage) and 
inclusion trains in feldspar and quartz, 3) frequent undulose extinction and recrystallization 
in quartz, 4) kinked twin lamellae, crushing and partial recrystallization of plagioclase, and 
5) widespread grain-boundary recrystallization with interpenetration. Hornblende has a 
weak linear fabric in this section. 

Quartz 
Orthoclase 
Plagioclase 
Biotite 
Hornblende 
Chlorite (penninite) 
Spinel 
Zircon 
Hematite(?) 
Other 
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% 
24.6 
28.8 
26.7 
<0.4 
12.7 

5.1 
0.4 

<0.4 
0.8 
0.8 



-- SM-4 (363.8' to 364.0') 
Contact between quartz monzonite and basalt. A fracture at the contact is coated with 
calcite and chlorite. 

Quartz monzonite including quartz, orthoclase, plagioclase, kaersutite(?), sencite, and 
chlorite (penninite ). Minor phases include spinel, and hematite(?). Quartz, orthoclase, 
plagioclase and kaersutite are hypidiomorphic. Chlorite is replacing kaersutite, and may also 
have replaced biotite. The feldspars are moderately to highly altered to sericite, beginning 
along cleavages. Indications of tectonic strain include the following; 1) frequent partially 
healed irregular intragranular fractures ( not cleavage) and inclusion trains in feldspar and 
quartz, 2) extensive undulose extinction and recrystallization in quartz, 4) a few through 
going irregular fractures healed with chlorite and quartz, and 4) frequent grain-boundary 
recrystallization with interpenetration. There is no particular planar or linear fabric evident 
in this section. 

Quartz 
Orthoclase 
Plagioclase 
Kaersutite 
Chlorite (penninite) 
Sericite 
Hematite(?) 
Spinel 

% 
31.0 
13.4 
7.0 
7.0 

12.7 
28.9 
<0.7 
<0.7 

Basalt (hydrothermally altered) including plagioclase, chlorite, aegerine-augite, antigorite, 
and accessory pyrite(?) and garnet. Plagioclase (which appears to have a trimodal 
distnbution of crystal sizes) averages about 30% replacement by antigorite. The groundmass 
is wholly altered to antigorite. Aegerine-augite is almost entirely replaced by chlorite. 
There is a chilled margin (fewer phenocrysts) at the contact with the quartz monzonite. 

Plagioclase 
Chlorite 
Aegerine-augite 
Antigorite 
Pyrite(?) 
Garnet 
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% 
15.3 
16.6 
2.5 

65.0 
0.6 

<0.6 



SM-4 (418.1' to 418.6') 
Granodiorite (holocrystalline) including quartz, orthoclase, plagioclase, biotite, hornblende, 
pyroxene (relict) and chlorite (penninite). Minor phases include spin el, zircon, hematite and 
sericite. Quartz, orthoclase and plagioclase are hypidiomorphic; biotite and hornblende are 
ophitic. Chlorite is a replacement of most of the biotite and pyroxene and some of the 
hornblende. The feldspars have minor to moderate alteration to sericite along cleavages. 
Indications of tectonic strain include the following; 1) patchy recrystallization of plagioclase 
evidenced by disappearance of twin lamellae, 2) frequent partially healed irregular 
intragranular fractures ( not cleavage) and inclusion trains in feldspar and quartz, 3) extensive 
undulose extinction and recrystallization in quartz, 4) kinked twin larnellae, crushing and 
partial recrystallization of plagioclase, and 5) widespread grain-boundary recrystallization 
with interpenetration. Hornblende-crystal alignment causes a moderate linear fabric in this 
section. 

Quartz 
Orthoclase 
Plagioclase 
Biotite 
Hornblende 
Chlorite (penninite) 
Spinel 
Zircon 
Hematite(?) 
Sericite 
Pyroxene 

SM-4 (491' to 491.4') 

% 
32.8 
19.9 
25.4 

5.5 
6.0 
3.0 
0.5 

<0.5 
0.5 
5.0 
1.5 

Hydrothermally altered basalt including plagioclase, antigorite, prochlorite, olivine(?) and 
hematite. Plagioclase averages about 20% replaced by antigorite and prochlorite. Olivine(?) 
is only locally preserved as relics being replaced by antigorite and pyrite. The groundmass 
is wholly replaced by antigorite. The rock is crisscrossed by a network of fine, irregular 
fractures and shears, along which the transition to antigorite is more pronounced. Much of 

. the plagioclase, particularly the larger crystals, has undulose extinction, indicating strain. 

Plagioclase 
Antigorite 
Prochlorite 
Olivine(?) 
Hematite 
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% 
12.9 
36.7 
47.6 

1.4 
1.4 



·- SM-5 (555.7' to 556.0) 
Lithic graywacke with two interbeds of tuff; both are metamorphosed to chlorite grade. 

Lithic graywacke including angular to subangular, fine to coarse-sand sized detrital grains 
of quartz, orthoclase and plagioclase, with subrounded fine-gravel sized rock fragments. The 
matrix has been metamorphosed to chlorite. Magnetite is present as detrital grains with 
overgrowths. Chlorite and minor calcite appear to be the cement. Possible effects of 
deformation are limited to undolose extinction in some quartz grains. 

Quartz 
Orthoclase 
Plagioclase 
Chlorite 
Magnetite 
Rock fragments 
Calcite 

% 
25.2 

6.1 
4.8 

46.9 
2.7 

12.9 
1.4 

Tuff -- probably originally a crystal-vitric tuff -- including plagioclase, chlorite, calcite and 
magnetite. Chlorite is replacing plagioclase (along cleavages), but is probably principally a 
replacement for the vitric components. Calcite appears to be replacing p]agioclase. 
Magnetite appears to be secondary. 

Plagioclase 
Chlorite 
Magnetite 
Calcite 

SM-5 (605.8' to 606.3') 

% 
26.9 
68.3 
<0.7 

4.8 

Mylonite incorporating two lithologies from the albite-epidote-hornfels facies. One side of 
the mylonite is a quartz-epidote rock with accessory pyrite. The epidote appears to have 
comprised very small remnant cores of epidote(?) surrounded by much larger rims of 
clinozoisite(?) (iron-free epidote ). Quartz, epidote and clinozoisite are finely fractured and 

. sheared. The other side of the mylonite is a quartz-albite-chlorite rock with accessory 
epidote(?) and pyrite; the quartz, albite and epidote are also finely fractured and sheared. 
Chlorite has crystallized along the fractures and shears. A few calcite-healed fractures cross 
the section. 
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Quartz 
Albite 
Epidote(?) 
Clinozoisite(?) 
Chlorite 
Pyrite 
Calcite 

SM-6 (727.5' to 727.8') 

% 
31.9 

2.4 
6.3 

36.7 
21.7 

1.0 
<0.5 

Quartz monzonite -- crushed and metamorphosed to greenschist grade. The rock includes 
quartz, orthoclase, plagioclase, kaersutite(?), and chlorite (penninite and prochlorite ). Minor 
phases include, zircon, hematite(?) and clay. Original igneous textures are almost entirely 
masked by cataclasis, replacement and recrystallization. Based on other thin-sections in the 
suite, chlorite is likely to be principally a replacement of biotite, and also appears to be 
replacing k.aersutite(?). The feldspars have minor to moderate penetrative alteration to 
sericite. Some hematite(?) appears to be altered with limonite fringes. Cataclastic effects 
(in order of decreasing frequency) include 1) throughgoing zones of crushed, brecciated and 
h~aled feldspar and quartz, 2) healed enechalon microfractures, 3) throughgoing chlorite
filled irregular fractures (predating the crushed zones), 4) kinked twin larnellae, crushing and 
partial recrystallization of plagioclase, and 5) grain-boundary recrystallization with 
interpenetration. Chlorite veins give the rock a moderate planar fabric. 

% 
Quartz 19.4 
Orthoclase 21.3 
Plagioclase 12.6 
Kaersutite(?) 1.5 
Penninite 14.6 
Prochlorite 3.4 
Zircon <05 
Hematite(?) 5.8 
Sericite 21.3 

SM-7 (303' to 303.7') 
Feldspathic graywacke including angular to subangular detrital grains of orthoclase, 
plagioclase, quartz (vein and igneous varieties), biotite, and pyrite in a matrix of cementing 
montrnorillonite. Pyrite also occurs locally as a precipitated cement. The sand-size fraction 
is moderately sorted. Prochlorite and biotite are being replaced by montmorillonite. 
Deformation - which may be due simply to consolidation -- is evidenced by 1) slight 
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dissolution and penetration at sand grain contacts, 2) bent biotite grains, 3) undulose 
extinction in feldspar grains, and 4) quartz grains that have been fractured and pulled-apart. 

-- Quartz . and feldspar are fresh. 

Plagioclase 
Orthoclase 
Quartz 
Biotite 
Pyrite 
Montmorillonite 
Porosity 

SM-7 (353.9' to 354.2') 

% 
2.4 

19.7 
45.2 
4.8 

<0.5 
26.9 

1.0 

Lithic graywacke (poorly sorted) composed of silt- to fine sand-sized subrounded to 
subangular quartz, biotite, feldspar and sericite grains, and medium to coarse sand-sized 
rounded to subrounded rock fragments. The rock fragments are principally orthoquartzite, 
quartzite and quartz-rich metasedimentary rocks; quartzofeldspathic igneous rocks and basic 
igneous rocks are less common. Sericite appears to be the cementing material. The section 
contains minor secondary porosity, likely due to dissolution of sericite. A few fractured 
grains of coarse sand appear to be the only deformation effects. The minerals appear fresh. 

% 
Quartz grains 30.9 
Biotite 2.4 . 
Sericite 16.4 
Feldspar grains 13.0 
Rock fragments very 

high in quartz 12.6 
Other rock fragments 19.8 
Porosity 4.5 
Pyrite 0.5 

SM-7 (702.5' to 702.9') 
Subgraywacke (poorly sorted) composed of silt- to fine sand-sized subrounded to subangular 
quartz, biotite, feldspar and sericite grains, and medium-sand to fine gravel-sized rounded 

• to subrounded rock fragments. The rock fragments are principally orthoquartzite, quartzite 
and quartz-rich metasedirnentary rocks; quartzofeldspathic igneous rocks and basic igneous 
rocks are less common. Sericite appears to be the cementing material. The section contains 
minor secondary porosity, likely due to dissolution of sericite. A few throughgoing planar 
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fractures, including one which offsets a quartzite pebble, appear to be the only deformation 
effects. · The minerals appear fresh. The section appears to be largely a sample of the matrix 
of-a coarse conglomerate; large clasts are evident in the core. 

% 
Quartz grains 16.3 
Biotite 1.9 
Sericite 13.5 
Feldspar grains 16.8 
Rock fragments very 

high in quartz 3.4 
Other rock fragments 38.9 
Porosity 9.1 

SM-8 (345.0' to 345.4') 
Scoriaceous basalt (hydrothermally altered) including plagioclase, chlorite (prochlorite and 
clinochlore[?]), analcite, vermiculite(?), antigorite, and accessory hematite(?). Plagioclase 
averages about 70% replacement by antigorite. The groundmass is wholly altered to 
aptigorite. Several generations or species of chlorite occur: 1) as a replacement for 
clinopyroxene (prochlorite), 2) as a replacement for pyroxene (clinochlore[?)), 3) filling a 
few irregular fractures and, 4) filling vesicles (prochlorite ). Analcite is also a vesicle filling, 
and vermiculite(?) is a primary lining of several vesicles. Vesicles comprise about 40% of 
the slide. The only evidence of strain is a few irregular, chlorite-healed fractures. 

Plagioclase 
Prochlorite 
Oinochlore(?) 
Analcite 
Vermiculite(?) 
Antigorite 
Hematite(?) 

. SM-8 (442.2' to 442.5') 

% 
7.2 

34.0 
1.9 
6.2 
4.3 

45.9 
0.9 

Basalt (hydrothermally altered) including plagioclase, chlorite, analcite, antigorite, and 
accessory pyrite(?). Plagioclase averages about 10% replacement by antigorite. The 
groundmass is wholly altered to antigorite. Several generations or species of chlorite occur: 
1) as a replacement for clinopyroxene, 2) as a replacement for olivine(?), and 3) filling a few 
vugs and a few irregular fractures. Analcite is a filling with chlorite in a few irregular 
fractures. 
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Plagioclase 
Chlorite 
Analcite 
Antigorite 
Pyrite(?) 
Other 

SM-8 (474.8' to 475.1') 

% 
15.9 
37.3 

2.0 
42.8 

1.5 
0.5 

Basalt including plagioclase, glass, tridymite, chalcedony, fayalite, and accessory pyrite. This 
section is quite unlike the others in that 1) it has no signs of hydrothermal alteration and 
2) the groundmass is glass. Chalcedony is precipitated in several vugs, and the glass adjacent 
to the vugs is progressively altered to tridyrnite. A few cracks (with tridyrnite alteration) 
appear to be due to aging of the glass rather than tectonic origins. 

Plagioclase 
Fayalite 
Chalcedony 
Glass 
Tridymite 
Pyrite(?) 
Other 

SM-8 (568.8' to 569.0') 

% 
15.9 

7.2 
2.4 

15.9 
58.0 
<0.5 

0.5 

Subgraywacke (poorly sorted) composed of fine to medium sand-sized angular to subangular 
quartz, feldspar grains, fine detrital pyrite grains, and medium to coarse sand-sized 
subangular to subrounded rock fragments cemented by calcite. The rock fragments include 
quartzite, quartz-rich metasedimentary rock, shell · fragments, quartzofeldspathic igneous 
rocks and basic igneous rock. Locally, the quartz and feldspar are being replaced by calcite. 
Pyrite has secondary overgrowths. Deformation effects are limited to fracturing and pulling
apart of quartz and feldspar grains. 

Quartz grains 
Calcite 
Feldspar grains 
Rock fragments very 
. high in quartz 
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27.7 
17.5 

13.1 

27.7 



... Other rock fragments 
Pyrite 
Porosity 
Other 

SM-8 (720.1' to 720.4') 

12.1 
1.0 
0.5 
0.5 

Feldspathic graywacke including angular to subangular detrital grains of orthoclase, 
plagioclase, quartz (vein and igneous varieties), muscovite, biotite and pyrite and a small 
amount of montmorillonite. Montmorillonite (possibly along with silica) appears to be the 
cementing agent. Pyrite also occurs locally as a precipitated cement. The sand-size fraction 
is moderately sorted. Biotite is being replaced by montmorillonite. About 25% of the 
orthoclase grains show minor sericitization (probably predepositional). Otherwise, quartz 
and feldspar are fresh. Deformation -- which may be due simply to consolidation -- is 
evidenced by 1) slight dissolution and penetration at sand grain contacts, 2) bent biotite 
grains, and 3) undulose extinction in feldspar and quartz grains. 

Plagioclase 
Orthoclase 
Quartz 
Biotite 
Muscovite 
Pyrite 
Montmorillonite 
Porosity 

SM-8 (729.3' to 729.6') 

% 
6.3 

19.3 
46.9 

1.4 
2.4 
2.9 

20.3 
0.5 

Metamorphosed (chlorite grade) subarkose (poorly sorted) composed of silt- to medium 
sand-sized angular to subangular quartz, biotite, muscovite, feldspar and chlorite grains, and 
medium sand to medium gravel-sized subangular to subrounded rock fragments. The rock 
fragments are principally orthoquartzite, quartzite and quartz-rich metasedimentary rocks; 
quartzofeldspathic igneous rocks and basic igneous rocks are less common. Chlorite, based 
on other thin-sections, has probably replaced sericite. The secondary porosity observed in 
other sections is here occluded by pyrite. Deformation-related features include 1) quartz 
and feldspar grains that have been fractured and pulled-apart, 2) undulose extinction in 
quartz, and 3) relatively common breakage and penetration at grain-to-grain contacts. 

Quartz grains 30.0 
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Biotite 
Chlorite 
Muscovite 
Feldspar grains 
Rock fragments very 

high in quartz 
Other rock fragments 
Pyrite 
Porosity 

SM-8 (786.2' to 786.5') 

1.0 
3.9 

<0.5 
25.6 

1.9 
36.2 

0.5 
1.0 

Arkose including angular to subangular detrital grains of orthoclase, plagioclase, quartz (vein 
and igneous varieties), muscovite, biotite and pyrite and a small amount of montmorillonite. 
Montmorillonite (possibly along with silica) appears to be the cementing agent. Pyrite also 
occurs locally as a precipitated cement. The sand-size fraction is moderately sorted. Biotite 
is being replaced by montmorillonite. About 25% of the orthoclase grains show minor 
sericitization (probably predepositional). Otherwise, quartz and feldspar are fresh. 
Deformation -- which may be due simply to consolidation -- is evidenced by 1) slight 
dissolution and penetration at sand grain contacts, 2) bent biotite grains, 3) undulose 
extinction in feldspar and quartz grains, and 4) feldspar and quartz grains which have been 
fractured and pulled apart. The section has minor secondary porosity which appears to be 
due to dissolution of montmorillonite. 

Plagioclase 
Orthoclase 
Quartz 
Biotite 
Muscovite 
Pyrite 
Montmorillonite 
Porosity 
Rock fragments 

SM-9 (409.8' to 410.1') 

% 
5.8 

18.7 
42.8 
7.2 
0.5 
1.0 
6.2 

17.0 
0.5 

Brecciated vesicular basalt (hydrothermally altered) including plagioclase, chlorite 
(prochlorite, and penninite ), analcite, vermiculite(?), antigorite, and accessory hematite. 
Plagioclase averages about 50% replaced by antigorite. In one half of the section the 
groundmass is wholly altered to antigorite; in the other half the antigorite appears to be 
superseded by vermiculite(?). Several generations or species of chlorite occur: 1) as a 
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replacement for clinopyroxene (prochlorite) and, 2) in several fractures (prochlorite) and, 
3) in vugs and vesicles (penninite[?]). Vermiculite(?) is the primary lining of numerous 
·vesicles and fractures. Post-vermiculite refracturing is healed by prochlorite and analcite. 

Plagioclase 
Prochlorite 
Penninite 
Analcite 
Vermiculite(?) 
Antigorite 
Pyrite(?) 

SM-9 (652.0' to 652.3') 

% 
1.9 

40.7 
<0.5 

1.4 
9.6 

45.4 
1.0 

Vessicular basalt (hydrothermally altered), possibly originally an agglomerate, including 
plagioclase, chlorite (prochlorite, and penninite ), analcite, vermiculite(?), antigorite, 
natrolite(?), and accessory pyrite(?). Plagioclase averages about 60% replaced by antigorite. 
The groundmass is wholly altered to antigorite. Several generations or species of chlorite 
o~ur: 1) as a replacement for clinopyroxene (prochlorite) and, 2) filling numerous shears 
and fractures (prochlorite) and, 3) filling vugs and vesicles (penninite[?]). Analcite and 
natrolite(?) (along with chlorite) occur in the irregular fractures. Vermiculite(?) is the 
primary lining of numerous vesicles . . Evidence of strain includes 1) throughgoing zones of 
multiply sheared rock that is entirely altered to chlorite and antigorite with secondary 
analcite and natrolite(?) mineralization, 2) discontinuous irregular chlorite-filled fractures, 
and 3) patches of strained (non-isotropic) analcite. 

Plagioclase 
Prochlorite 
Penninite 
Analcite 
Vermiculite(?) 
Natrolite(?) 
Antigorite 
Pyrite(?) 

SM-11 (301.5' to 302.0') 

% 
1.4 

34.3 
2.4 

23.8 
4.8 
2.4 

30.9 
<0.5 

Medium-sand sized arkose overlying graded laminae of fine-sand sized lithic graywacke. The 
arkose is moderately well sorted and includes angular to subangular, medium-sand sized 
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detrital grains of quartz, plagioclase, orthoclase, chlorite, muscovite, rock fragments and 
hematite in calcite cement. The graded laminae include fine-sand to silt-sized, subangular 

-- detrital grains of quartz, orthoclase, chlorite and hematite; the cement appears to be chlorite 
and hematite. 

Quartz 
Orthoclase 
Plagioclase 
Chlorite 
Muscovite 
Hematite 
Calcite 
Rock fragments 
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% 
55.1 
12.6 
4.8 

11.1 
<0.5 

4.8 
4.3 
7.2 
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Mr. Dennis Burke 
The Earth Technology Corporation 
13900 Alton Parkway, Suite 120 
Irvine, California 92718 

Dear Dennis: 

December 8, 1992 

Enclosed is our report on the two samples you recently sent us. We examined 
sample B-8 for Foraminifera and palynology; only Foraminifera were done on sample 
SM-1. 

Sample B-8 contains no definite fossils and, therefore, is age indeterminate. The 
lithology appears to be some sort of muddy sandstone containing abundant plutonic 
fragments. It is possible, however, the sample is 100% fault gouge. 

Sample SM-1 is certainly sedimentary. We believe it represents Modelo 
deposition, but it could be as old as Topanga. 

Our invoice is also enclosed. If you have any questions about either the bill or 
the report, give me a call. 

Sincerely, 

Richard S. Boettcher 
MICROPALEO CONSULTANTS, INC. 

RSB:be 

Enclosures 

681 Encinitas Blvd• Suite312 • Encinita5i California 92024 • (619) 942·6082 • FAX(619) 942·9623 
Laboratory. 4569 Mission Gorge Place• Suite K • San Diego, California 92120 • (619) 284-7703 



FORAMINIFERA 

Age: 

Environment: 

Fossils: 

Remarks: 

Interpreted by: 

Richard S. Boettcher 

SAMPLE SM-1 

Middle to Late Miocene, Probable Luisian to "Delmontian" 
Equivalent. Topanga/Modelo Formation(s). · 

Open Marine 

Arenaceous spp. (C), Haplophragmoides spp. (F), 
Globigerina bulloides (C), G. quadrilatera? (C), G. spp. (A), 
Fish remains (R), Radiolaria (F) 

The lithology of this sample is a light brown/gray 
shale/ mudstone, plus some white tuff. The fossils are not 
highly age restrictive except to say middle to late Miocene 
( roughly Luisian to "Delmontian"). There is possibly 
slightly more evidence to suggest assignment to the younger 
part of this age range, say Mohnian to "Delmontian", 
although this is speculative. The maximum range of 
formational assignment would be from the Topanga to the 
Modelo ( = Puente). Again, if we are correct in our 
speculation that the fauna implies a Mohnianf"Delmontian" 
age, then the Modelo would be preferable to the Topanga. 
The arenaceous species do not provide much paleodepth 
information; the abundant planktonics indicate an open 
marine setting. 

/~/fc-♦;9 .;,,·✓'-1/tSS 
Hideyo Haga 

MICRQPALEO CONSULTANTS, INC. MICROPALEO CONSULTANTS, INC. 



FORAMINIFERA 

Age: 

Environment: 

Fossils: 

Remarks: 

PALYNOLOGY 

Age: 

Environment: 

Remarks: 

SAMPLE B-8 

Indeterminate 

Indeterminate 

Arenaceous spp.? (R) 

The lithology consists of a light gray muddy sandstone?, 
with abundant plutonic fragments. There are no definite 
Foraminifera in this sample. The arenaceous spp.? 
recorded may well be some inorganic occurrences that in 
a general way mimic crushed arenaceous Foraminifera. In 
view of this uncertainty, we prefer to categorize both the 
age and environment as indeterminate. 

Indeterminate 

Indeterminate 

Barren of organics. 

681 Encinitas Blvd • Suite 312 • Encinitas. California 92024 • (619) 942·6082 • FAX (619) 942·9623 
Laboratory: 4569 Mission Gorge Place• Suite K • San Diego, California 92120 • (619) 284-7703 
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APPENDIX H 
GEOLOGY AND GROUNDWATER CONDffiONS 

H.1 GEOLOGIC UNITS 

Most of the tunnel will be advanced in consolidated bedrock of various types. Only a 
limited portion of the tunnel is to be excavated in unconsolidated alluvial deposits. The 
bedrock material occurring along the Segment 3 tunnel alignment consists of three general 
types, namely plutonic, volcanic and sedimentary rock types. These general rock types can 
be grouped into several geologic units that are based on lithology and geologic age. From 
oldest to youngest, and also from south to north along the alignment, the geologic units 
include Cretaceous plutonic rocks, Cretaceous conglomerate and sandstone of the Chico 
Formation, Paleocene conglomerate and sandstone of the Semi Conglomerate and Las 
Virgenes Sandstone, Miocene sandstone and conglomeratic sandstone of the Lower Topanga 
Formation, Miocene basalt and interbedded sandstone of the Middle Topanga Formation 
and Miocene sandstone, conglomeratic sandstone, siltstone and shale of the upper Topanga 
Formation. Miocene shale and claystone of the Puente Formation, the youngest rock unit 
encountered during the exploration, occurs as a sliver within the Hollywood fault zone at 
the south end of the alignment. 

The stratigraphic nomenclature descnbed above is based on the various geologic reports 
reviewed for the project (Section 2.0). The nomenclature however, most closely follows 
terminology used by Dibblee (1991) with some minor modifications. 

Plutonic Rocks 
The plutonic rocks underlie the south flank of the Santa Monica Mountains study area The 
rocks extend from the Hollywood fault zone on the south, where they are in fault contact 
with alluvial deposits, to a postulated fault that separates the plutonic rocks from the 
sedimentary section that occurs to the north (Plate 2). A total of eight borings (SM-1, SM
lA, SM-1B, SM-2, SM-3, SM-4, SM-5 and SM-6) encountered the plutonic rocks. The rock 
may be correlative with other plutonic rocks that occur at the east end of the Santa Monica 
Mountains in the Griffith Park area according to Dibblee (1991). 

The plutonic rock is generally a medium to light gray, medium-to coarse-grained 
holocrystalline rock with a composition that ranges from quartz monzonite to quartz diorite 
(granodiorite being intermediate and typical). The rock is largely composed of white to pale 
gray plagioclase and orthoclase feldspar and translucent quartz with lesser amounts of dark 
colored hornblende and biotite mica The feldspar content (based on x-ray defraction and 
thin section analyses) generally ranges from 15 to 56 percent with quartz providing from 10 
to 33 percent of the total rock mineralogy. Up to 25 percent of the rock's composition 
consists of hornblende and mica. Segregation of the light and dark colored minerals imparts 
a locally well developed gneissic foliation to the rock mass. Foliated rock was observed 
locally in outcrop as well as periodically in core samples. Occasional inclusions (xenoliths) 
of darker colored more mafic rock, schist and gneiss were observed and generally range up 
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to several feet in size. Many of these inclusions appear to be oriented somewhat along 
foliation and have contacts that are transitional with the host granodiorite. Dikes of basalt 
and quartz aplite also occur locally within the granodiorite. The basaltic dikes generally 
have irregular boundaries and range up to several tens of feet in thickness. Petrographic 
analysis of core samples (Boring SM-4) indicates that the basalt has been hydrothermally 
altered with much of the rocks original mineralogy converted to ch1orite and serpentine 
group minerals. The quartz aplite dikes are typically light colored, contrasting with the 
relatively darker granodiorite. These dikes are usually several inches thick. 

At the ground surface, the rock is completely weathered and it readily disintegrates into 
sand-to gravel-sized fragments and prominent naturally occurring outcrops are absent. Less 
weathered rock however, is exposed locally in the bottom of Runyon Canyon where surface
water runoff has stripped away the more weathered material. Based on the borings, the 
degree of rock weathering decreases with depth. Weathering extends to depths ranging from 
80 to 100 feet in the canyon bottoms (Borings SM-3 and SM-4) and up to 200 feet deep on 
the ridges (Boring SM-2). Rock below these depths is generally fresh but the rock mass is 
extensively fractured at depth. 

Chico Formation 
Marine sedimentary rocks of Late Cretaceous age overlie the granodiorite. The contact 
bytween these two rock types appears to be a fault zone in the-project area. This conclusion 
is based on the presence of a chaotic zone of crushed, sheared and brecciated rock occurring 
at the base of the sedimentary section observed in core obtained from Boring SM-5 and 
observed in outcrop during geologic mapping. In other areas of the Santa Monica 
Mountains, the base of the Cretaceous sedimentary rocks is an unconformity with the 
materials being deposited on an erosion surface developed on the older basement rocks. 

The Chico Formation generally underlies the highest elevations present along the alignment 
and is exposed in the upper part of Runyon Canyon and along the west-facing slopes of 
Nichols Canyon. Naturally occurring outcrops are subdued due to the highly weathered 
nature of ground surface exposures: however, there are some good road-cut out crops 
present along upper Runyon Canyon Road and along the dirt extension of Solar Drive near 
Boring SM-5. In addition to Boring SM-5, Borings SM-6 and SM-7 penetrated the Chico 
Formation. The upper part of the formation was encountered in Boring SM-7 and the lower 
part in Borings SM-5 and SM-6. 

Locally the Chico Formation consists of crudely bedded sandy conglomerate and 
conglomeratic sandstone with intervals of sandstone. Oaystone beds occur but are rare. In 
Boring SM.;S, the clay content of the matrix increases near the contact with the plutonic 
rocks, transitioning into a distinctive two-foot thick dark gray claystone layer present at the 
base. They claystone layer was also observed at the contact in Boring SM-6. Most of the 
conglomerate intervals are supported by a medium-to coarse-grained sand matrix. However, 
some intervals are clast supported. The clasts are typically hard, coherent and have well 
rounded, polished surfaces. They are composed mostly of volcanic clasts with metamorphic 
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and plutonic clasts in lesser abundance (Colburn, 1973). The metamorphic rocks include 
schists, quartzite and slate-hornfels. The conglomerate clasts range in size from gravels, 

-- pebbles and cobbles but rarely exceed 8 inches in size. Larger clasts up to 24 inches in size 
are rare, but have been observed. The quartzite clasts are often disintegrate along 
microfractures into gravel-sized fragments where as the plutonic clasts are usually intact. 
The matrix to clasts ratio is extremely variable with some intervals containing as much as 80 
percent rock clasts. Bedding is poorly defined in the conglomerate intervals. 

The sandstone beds are usually conglomeratic though occasional relatively thick beds of 
coarse-to very coarse-grained arkosic sandstone occur. Individual sandstone beds are often 
lenticular and range from a few inches to several feet thick and are often transitional with 
adjacent materials. 

Weathering appears to extend to depths of 100 and 170 feet deep based on Borings SM-5 
and SM-6, respectively. In the weathered zone, the rock is typically discolored brown and 
yellow. Gray colors dominate the remaining portion of the rock in the unweathered zone. 
In the weathered zone, both the clasts and matrix have undergone some decomposition. 
Clasts in the weathered section have a tendency to break apart and separate readily from 
the matrix. 

Cementation varies greatly throughout the unit. It is generally weak in clast-supported layers 
and moderate in sandstone and conglorneratic layers. The cementing agents appear to be 
both calcareous and noncalcareous materials with sericite ( a mica derived by the 
decomposition of feldspar), montmorillonite, chlorite, minor calcite and minor pyrite being 
identified in thin section. 

Simi Conglomerate 
The Paleoc_ene age sediments of the nonmarine Simi Conglomerate were deposited on an 
erosion surface that developed on the Chico Formation conglomerates. At various locations, 
including the Runyon Canyon area, the erosion surface is characterized by a red mudstone 
bed and red-weathered conglomerate (Colburn and Novak, 1989). A similar appearing zone 
of red-brown conglomerate was described in the Los Angeles City Sewer Tunnel geologic 
log (Station 404+ 76) directly below a quartzite-rich conglomerate which is indicative of the 
base of the Simi Conglomerate and has been interpreted to be part of the Martinez 
Formation (Durrell, 1954) and is included in the Santa Susana Formation by Dibblee (1991). 

The Simi Conglomerate is exposed in a narrow band which crosses the northern part of 
Runyon Canyon Park (Plate 1). As with the underlying Chico Formation, the Simi 
Conglomerate does not form prominent outcrops due to the highly weathered nature of 
surface exposures. Good road cut exposures occur along the upper part of the Runyon 

. Canyon Road where the stratigraphic section described and measured by Colburn and Novak 
(1989) is located. Boring SM-7 was the only boring that encountered the Simi 
Conglomerate. 
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In the project area, the Simi Conglomerate consists of a cobble and boulder conglomerate 
with coarse sandstone lenses. The lower half of the unit is made up almost entirely of 
lavender-colored quartzite (quartz arenite of Colburn and Novak, 1989) clasts which 
accounts for up to 60 percent of the clasts in the Runyon Canyon area. Clasts of 
granite/granitic gneiss are next in abundance with volcanic clasts being rare. The upper half 
of the unit is dominated by granite/granite gneiss and volcanic clasts with quartzite clasts 
being rare. Overall, the clasts are typically well rounded and have polished surfaces, which 
appears to be a result of tectonic deformation. Clasts as large as six inches in size are 
common contained both in matrix-supported and clast-supported beds, but clasts as large as 
one- to two-feet in size occur ( clasts up to three feet in size are reported to occur at other 
localities). The matrix is an arkosic mix of moderately rounded feldspar, quartz and lesser 
dark mineral grains and is typically only weakly to moderately cemented. Individual clasts 
appear to be loose in the matrix and easily separate. The quartzite clasts are microfractured, 
as with the Chico Formation clasts, and disintegrate into gravel-sized angular fragments. 
Interstratified with the conglomerate are numerous gravelly, coarse sandstone beds and 
sandstone lenses. The composition of these intervals are similar to the matrix materials 
described above. 

The poorly cemented nature of this unit is apparent in weathered surface exposures. Surface 
exposures tend to be moderately friable with the material readily disintegrating into its 
~<;>mponent parts. 

Las Virgenes Sandstone 
The Simi Conglomerate conformably transitions into the partially nonmarine and marine Las 
Virgenes Sandstone also of Paleocene age. The unique white arkosic sandstone and 
overlying claystone beds of the Las Virgenes Sandstone, as with the Simi Conglomerate, are 
included in the Martinez Formation of Durrell (1954) and the Santa Susana Formation 
(Dibblee, 1991). Similar strata are named the Coal Canyon Formation in the central Santa 
Monica Mountains (Yerkes and Campbell, 1979). 

The Las Virgenes Sandstone is exposed in a narrow band of strata which crosses the 
northern part of Runyon Canyon Park (Plate 2). Due to the friable nature of surficial 
exposures, the unit does not form prominent outcrops. Good road-cut exposures of the unit 
are available along the upper part of Runyon Canyon Road and along La Questa Drive in 
the vicinity of Boring SM-7. Colburn and Novak (1989) descnbed and measured the Las 
Virgenes Sandstone section from exposures occurring along the upper part of Runyon 
Canyon Road. Boring SM-7 encountered the lower portion of the Las Virgenes Sandstone. 

The Las Virgenes sandstone is dominated lithologically by white arkosic sandstone with 
scattered pebbles and pebble lenses. The sandstone grades into a greenish micaceous 
claystone. Thin layers of both red and green siltstone are interbedded within the sandstone. 
A thin bentonite bed is reported to be present near the base ( Colburn and Novak, 1989). 
The sandstone consists of medium to very coarse-grained sand that is moderately sorted and 
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weakly cemented. The cementing material is reponedly a secondary unidentified clay 
mineral (Colburn and Novak, 1989). The composition of the sandstone consists of 30 to 45 

-- percent quartz grains and 54 to 69 percent feldspar grains with biotite accounting for 
approximately 1 to 2 percent (Colburn and Novak, 1989). The composition of the pebbles 
is predominantly granite and granite gneiss with lesser amounts of quartzite, schist and other 
rock types. The clasts are typically well rounded and range up to three inches in size, but 
fine-gravel sizes predominate. Bedding is generally massive with infrequent intervals that 
are laminated. Pebble stringers define the structural orientation of the unit. 

The sandstone sequence grades upward into a vaguely bedded micaceous silty claystone. 
Very hard, well cemented lenses of sandstone up to several feet thick are interbedded. The 
claystone interval was observed only at one place (along Runyon Canyon Road) in the 
project area and, therefore, appears to be of limited extent. Similar materials were not 
reported in the Los Angeles Sewer Tunnel. 

Surface exposures are typically highly weathered with the rock material being partly friable. 
Weathering extends to a depth of approximately 70 feet in Boring SM-7. 

Topanga Formation 
In the project area, the middle Miocene marine strata are subdivided into lower and upper 
parts that are separated by a sequence of volcanic rocks. Collectively, the three parts are 
named the Topanga Formation (Durrell, 1954) or Topanga Group (Yerkes and Campbell, 
1979). Various names have been given to the different pans of the formation (Yerkes and 
Campbell, 1979). However, we have adopted the designations of Durrell (1954) that are 
used by Dibblee (1991) for his geologic map of the Hollywood and Burbank (south 1/2) 
quadrangles. These designations are the Lower Topanga, Middle Topanga and Upper 
Topanga formations. 

Lower Topanga Formation 
The lower Topanga Formation consists of approximately 350 to 400 feet of thick bedded 
sandstone and conglomerate sandstone present between the Paleocene and volcanic rocks. 
Naturally occurring exposures are rare because of the highly weathered condition of the rock 
at the surface but good road-cut exposures are present along Nichols Canyon Road and 
along upper Runyon Canyon Road (Plate 2). The contact with the underlying Paleocene 
rocks is identified as an unconformity by Dibblee (1991) and may be fault controlled 
according to Colburn and Novak (1989). The unit was encountered in the subsurface in 
Boring SM-8. The percentages assigned to the lithologies that follow are based on the 
thicknesses of each penetrated by the boring. 

The Lower Topanga Formation consists of sandstone (85 percent) and conglomeratic 
sandstone (10 percent) with rare intervals of conglomerate (5 percent) and siltstone (5 
percent) interbeds. The sandstone, as well as the conglomeratic sandstone, is generally 
massive but medium to thick beds and laminated intervals occur. It is composed of gray to 
greenish gray fine- to coarse-grained, angular to subangular sand that is moderately to well 
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cemented in the subsurface. The thin section analyses (Section 6.0) indicate that quartz 
accounts for the majority of the sand grains and it ranges from 28 to 47 percent of the rock 
examined in thin section. Feldspar grains comprise from 18 to 26 percent of the rock and 
Iithic fragments (granitic and mafic igneous rocks, quartzite and quartz-rich meta 
sedimentary rocks) account for up to 36 percent. The cementing agent varies from calcite 
(up to 28 percent of one sample) to montmorillonite (up to 20 percent of one sample) with 
chlorite, silica and pyrite occurring in amounts up to 10 percent. Bulk mineralogy by x-ray 
diffraction analysis indicate similar results (Section 6.0). 

The conglomerate intervals occur in beds or lenses up to three feet thick and are typically 
matrix supported with zones that are clast supported. The clasts are subrounded to well 
rounded and are composed essentially of granite, granodiorite quartzite and various volcanic 
and sedimentary rock types. Clast sizes range from fine gravel to small cobbles with clasts 
up to 18 inches in size observed, although rarely. Cementation of the conglomerate is poor 
with gravelly· zones being very friable. 

Siltstone intervals are typically bluish gray in color and range from thin seams to intervals 
that are up to five feet thick. The intervals are often thinly bedded to laminated. 

Middle Topanga Formation 
1J}e Middle Topanga Formation consist of approximately 1200 to 1500 feet-of predominantly 
basaltic volcanic rocks with some lenticular sandstone intervals interbedded. These rocks 
are probably correlative with the Conejo Volcanics (Yerkes and Campbell, 1979). Naturally 
occurring outcrops of the volcanic rocks are rare because of the high degree of weathering; 
however, the rock is well exposed in the central portion of the study area in roadcuts along 
Mulholland Drive (Plate 2). The sandstone interbeds are generally less weathered and, 
because of their moderate to strong cementation, form prominent, craggy outcrops. In most 
places, the strata of the Middle Topanga Formation are conformable with the underlying 
sandstone and conglomeratic sandstone of the Lower Topanga Formation. Borings SM-8 
and SM-9 penetrated portions of the volcanic rock. The borings did not encounter any 
sandstone interbeds suggesting they may be either lenticular or truncated by faults. 

The volcanic rocks consist of alternating and interbedded dark gray to greenish black basaltic 
breccias, mudflow breccias, flows, pillow breccias and tuff with minor interbedded, locally 
fossiliferous volcanic sandstone and siltstone. Locally, a black shaly marine siltstone is 
present at the base. According to Hoots (1930), the lower part of the basalt is pyroclastic 
consisting of angular fragments embedded in a fine-grained matrix. The upper part is 
generally massive having been fractured into angular blocks. However, the core obtained 
from Borings SM-8 and SM-9 indicate that the basalt is predominantly brecciated with 
massive intervals intercalated. The massive intervals may represent a series of individual 
flows that range from two to ten feet thick. The tops of the flows are characterized by a 
zone of reddish discoloration (a zone of weathering and oxidation) and an increase in the 
frequency of filled vesicles. The brecciated intervals consist of subangular fragments of 
coherent basalt up to several inches in size that are suspended in a relatively softer matrix. 
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Thin section analyses indicate that the basalt (both brecciated and massive intervals) has 
been hydrothermally altered with much of the original mineral constituents and matrix 

-- replaced by chlorite group and serpentine group minerals ( chlorite, prochlorite and 
antigorite). Serpentine group mineral (antigorite) content ranges from 31 to 65 percent and 
the content of chlorite group minerals ranges from 17 to 68 percent of the rock. 
Vermiculite, a micaceous clay mineral, which is mineralogically related to chlorite, was 
identified by x-ray diffraction as well as in thin section. Chlorite vermiculite, zeolites and 
calcite fill vesicles and heal fractures. 

A dark-colored shaly siltstone reportedly occurs locally at the base of the basalt (Yerkes and 
Campbell, 1979). This relationship was not observed in Boring SM-8, which penetrated the 
contact between the basalt and underlying sedimentary rocks. However, a mudstone and 
sandstone sequence was observed at the base of the basalt in the Los Angeles Sewer Tunnel 
excavation. The sequence was descnbed in the sewer tunnel log as "fine to medium grained, 
hard, gray sandstone and mudstone or argillite that is generally massive." At the upper end 
of the sequence, basalt interbeds begin to occur before transitioning into the main body of 
the basalt. According to the sewer tunnel geologic log, this transition takes place over a 
distance of approximately 200 feet. 

Surface exposures of the basalt are usually highly weathered to completely weathered and 
readily disintegrate into sand and gravel sizes. Weathered rQck is discolored yellowish brown 
while the fresh material is greenish black to dark gray. Data from Borings SM-8 and SM-9 
indicate that the depth of the weathered zone is variable, ranging from 45 to 85 feet below 
grade. Weathered material is not anticipated to occur within the tunnel zone except possibly 
along fractures or shears. 

Upper Topanga Formation . 
The Upper Topanga Formation is subdivided into a lower sandstone and conglomerate 
section and an upper interbedded sandstone and siltstone/shale section. The contact 
between these two sections is transitional and is inferred to occur north of the intersection 
of Multiview Drive with Mulholland Drive (Plate 2). The basal contact between these 
sedimentary rocks and the underlying basalt is primarily conformable and often 
interfingering (Dibblee, 1991). Strata of the Upper Topanga Formation underlie the north 
flank of the Santa Monica Mountains and extend to the hills at Universal City. Upper 
Topanga sediments also underlie the alluvium within Cahuenga Pass. The rock is poorly 
exposed except for scattered roadcut outcrops along Mulholland Drive, Multiview Drive and 
other residential streets on the south slope of the mountains. Our exploration of this 
formation included four borings. Boring SM-10 encountered the lower sandstone and 
conglomerate section and Borings SM-11, SM-12, SM-13 and SM-14 encountered the upper 
interbedded sandstone and siltstone/shale section. 
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Lower Section 
The lower section of the upper Topanga Formation consists of approximately 1,100 feet of 
mostly medium gray, medium- to coarse-grained sandstone that is partly conglomeratic. 
Approximately 80 percent of the material encountered by Boring SM-10 is sandstone 
containing scattered conglomerate clasts. The boring also penetrated about 15 percent 
conglomeratic sandstone and 5 percent conglomerate. According to the Los Angeles Sewer 
Tunnel geologic log, the base of the lower section consists of matrix supported 
conglomerate. Boring SM-10 was not drilled deep enough to reach the conglomerate at the 
base of the lower section. The clasts are subangular to subrounded, ranging in size up to 
24 inches. At other localities, basalt boulders as large as 4 feet in size are reported (Hoots, 
1930). The clasts are of various rock types and include basalt, various plutonics, quartzite, 
shale and other volcanic types. The matrix consists of angular to subangular medium- to 
coarse-grained sand that is moderately cemented. Thick beds of medium- to coarse-grained 
sandstone and minor thin siltstone layers are interbedded. 

Sandstone predominates the upper part of the lower section. Intervals of conglomerate still 
occur but become less common. Thin siltstone interbeds are present periodically. The 
sandstone generally consists of moderately cemented, medium- to very coarse-grained sand 
that is thickly to massively bedded and locally conglomeratic. Fine-grained sandstone 
intervals are interbedded and are frequently laminated. Thin sections indicate that the sand 
is_ composed of approximately 15 to 30 percent quartz grains with intervals that contain up 
to 55 percent. Feldspar grains account for 18 to 37 percent of the sandstone and lithic 
fragments (volcanics, plutonics and metarnorphics) contnbute from 7 to 45 percent. The 
sandstone is moderately cemented with the cementing materials being primarily calcite. 

Thin siltstone layers are infrequently interbedded within the lower section sediments. The 
layers are laminated and generally do not exceed one or two inches in thickness. 

At the ground surface, the rocks of the lower sedimentary sequence are highly weathered 
with the rock material being partly friable. Weathering extends to a depth of approximately 
115 feet in Boring SM-10. 

Upper Section 
The upper section of the Upper Topanga Formation consists of over 3,200 feet of 
interbedded sandstone and siltstone/shale with the content of siltstone/shale increasing to 
the north. Intervals of conglomerate or conglomeratic sandstone are present but are very 
infrequent. The composition of the sandstone is similar to the sandstones described above, 
but it is generally finer grained. Bedding is better developed than in the sandstones 
occurring in the lower section with thin to thick beds being common and some laminated 
intervals present. Cementation is variable with weathered material being poorly cemented 
and unweathered material being moderately cemented. Well cemented intervals as well as 
uncemented friable zones occur but are infrequent. The cementing agent probably is calcite 
with some intervals cemented with an unidentified noncalcareous material. 
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The siltstone/shale intervals are dark gray and commonly well laminated. Layers of 
sandstone are interbedded as are very thin seams of clay. Seams of pebbly conglomerate 

-- and lignite and intervals of siltstone rip-up clasts are occasionally interbedded as well. The 
clay seams and siltstone/shale intervals act as planes of weakness in the rock since the rock 
has a tendency to break apart where they are located. 

The sediments of the upper sequence are highly weathered at the ground surface. 
Weathering effects penetrate to depths ranging from 37 feet in Boring SM-11 to 60 feet in 
Boring SM-13. 

Puente Formation 
The middle to late Miocene-age Marine Puente Formation is not exposed at the ground 
surface in the study area. Puente Formation sediments were encountered in the subsurface 
by borings (SM-1 and SM-1B) drilled to study the Hollywood Fault zone (Earth Technology, 
1993). The shale is generally olive gray to black in color, laminated and has intervals of clay 
gouge interstratified. In Boring SM-lB, the interstratified zones of gouge contain fragments 
of plutonic rock that range in size from coarse sand to gravel. The shale may extend as far 
south as Boring SM-lC where a thin zone of sheared clay occurs between the weathered 
granodiorite and underlying alluvium. These data indicate that the Puente Formation was 
faulted from an unknown depth to the near surface as a sliver within the Hollywood fault 
zone. 

AJluviurn 
Alluvial sediments occur at the base of the Santa Monica Mountains along its north and 
south flanks. Alluvium also occurs in the bottom of Runyon Canyon and within the 
Cahuenga Pass area (Plate 2). The alluvial sediments consist of several material types that 
generally reflect the bedrock source materials from which they were derived and range in 
composition from clayey to silty sand to silt and clay. Alluvium was encountered in Borings 
SM-1, SM-lA, SM-lB located at the south base of the mountains; Boring SM-3 located 
within Runyon Canyon; and Borings SM-12, SM-13, and SM-14 located in the alluvium of 
Cahuenga Pass area. 

Other Surficial Deposits 
Other surficial deposits that are shown on Plate 2 or encountered by our borings include 
landslide debris, colluvium, and artificial fill. 

H.2 STRUCTURAL GEOLOGY 

H.2.1 General 

• The Santa Monica Mountains, in the site area, are characterized structurally as an east-west 
trending asymmetrical anticline bounded by major faults along the north and south flanks 
of the range. The range has undergone a relatively short but very intensive structural history 
over the past five million years. Bedrock associated with the range is considerably older 
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than the structures, ranging from Mesozoic age granitic rocks and sedimentary and volcanic 
sequences of Cretaceous and Tertiary age. The core of the range (anticline) consists of a 
Jurassic age metamorphic slate which is exposed about 3-miles west of the project site area. 
The granitic rocks exposed on the south flank of the range intruded the slates prior to uplift 
and even prior to deposition of the overlying Tertiary sedimentary sequence. 

Prior to uplift of the range, shallow marine seas occupied the area and were actively 
accumulating thick sequences of elastic sediments derived from ancestral uplands from the 
east and possibly from the west. Regional north-south compression slowly uplifted the range 
by folding and related faulting processes which are still active today. As uplift continued, 
subsequent erosion removed all of the sediments along the south flank of the rapidly 
forming anticline. Streams cut deeply into the underlying granitics forming deep incised 
canyons of today. The sediments on the north flank of the anticline plunge beneath the 
alluvial basin to the north. The Santa Monica Mountains anticlinal axis is not discemable 
in the site area but is judged to lie somewhere in the granitic terrain on the south flank of 
the mountain. 

Two major faults have been identified on either side of the range and both will be crossed 
in the tunnel sections. The active Hollywood fault trends nearly east-west along the 
southern flank of the mountains. The amount of total vertical displacement is unknown, but 
a_few thousand feet of movement are necessary to have exposed the older bedrock present 
in the mountains. 

At the tunnel alignment the Benedict Canyon fault is located near the toe of the north flank 
of the range. The fault is a near vertical feature with evidence of vertical and left lateral 
displacement (Dibblee, 1991, Hoots, 1930 and AEG 1982). 

Other less significant faults and sedimentary rock flexures have been identified in the study 
area. These and the major faults are descnbed in more detail in Section. All of the 
identified faults and flexures are shown in Plate 2 in both plan and profile. Second order 
structural features mapped are discussed in the following section. 

H.2.2 Faults 

Plate 2 shows mapped faults delineated from this and previous studies in the corridor. The 
majority of these local faults coincide with aerial photographic lineaments and/or geologic 
contacts. Due to the urbanization of the area, most of these features could not be directly 
accessed in the field for study. With little doubt, some of the mapped features do not 
represent actual faults or fault zones but probably coincide with topographic anomalies, 
vegetation and tonal contrasts. Shear and fault zones will be encountered at several 
locations in the tunnel based on the boring logs and previous tunnels. Three major faults 
have been identified within the corridor and all will be crossed by the proposed tunnels. 
These include the Hollywood fault, Benedict Canyon fault and unnamed fault that separates 
the granitic .rocks from the sedimentary sequence. 
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The Hollywood fault projects across the corridor near the south end of the Segment 3 as 
shown in Plate 2. Detailed studies have been conducted on the fault for the Metro Red 

-- Line project which are descnbed in detail in the report of The Earth Technology 
Corporation (1992). Dr. Kerry Sieh and Dr. James F. Dolan of the Caltech Seismology 
Department participated in the investigation and reviewed the report prior to submittal. 
Twenty four borings drilled up to 199 feet deep were used to characterize the local faulting 
conditions. Section 7.0 summarizes the anticipated tunneling subsurface conditions within 
the fault zone. The following description of the Hollywood fault is based on the Earth 
Technology report (1993) summarizing the field investigations of the fault. 

The Hollywood Fault zone trends generally in an east-northeast direction and dips north 
approximately 60 degrees beneath the Santa Monica Mountains. At the tunnel alignment 
crystalline rocks north of the fault zone have been faulted against younger rocks and the 
alluvial deposits present to the south. The overall sense of movement is reverse slip with 
a significant left slip component resulting in uplift of the north side relative to the south side 
of the fault. 

The fault consists of a zone of shearing up to 120 feet wide with the most recently active 
part being approximately 20 feet wide . 

. _ The most recent stratigraphic units affected by faulting include a buried paleosol of late 
Pleistocene age and possibly the overlying sediments which thicken at the fault. The 
overlying friable sediments that have no argillic (clay) horizon are interpreted to be 
Holocene in age and do not appear to be affected by faulting. 

The main fault trace forms a ground water barrier across which tunneling conditions change 
from wet to dry (north to south). The north side the fault has shallow ground water · 
conditions (i.e. 9.5 feet); whereas on the southside of the fault, ground water was not 
encountered even below the tunnel depth at La Brea Avenue (to 199 feet). 

Near the north end of the corridor, the tunnel will traverse the east-northeast trending 
Benedict Canyon fault zone. The fault is not exposed at the ground surface and is 
contained to bedrock units of the Miocene Upper Topanga Formation. Alluvium conceals 
the bedrock surface at the fault. The zone is estimated to be roughly 100 feet thick in the 
bedrock and probably will consist of chaotic and intensely sheared and brecciated bedrock 
inclusive of shale, siltstone and sandstone fragments. The fault is mapped as a vertical 
feature with left lateral (Dibblee, 1991) and vertical slip (Hoots 1930) movement with the 
north side downdropped relative to the south side. Hoots (1930), estimated about 1.5 miles 
of lateral offset of several stratigraphic units of Modelo age (late Miocene) and a similar 
amount of offset of the Santa Monica Mountain anticline axis. The age of last movement 
has not been well constrained other than there is no evidence to indicate Quaternary age 
slip (Jennings, 1992, Mualchin and Jones, 1992). 
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An unnamed fault lies at the contact between the granitics and the Chico formation near 
Station 666+ 10 at the ground surface. This fault-contact was intercepted also in borings 
SM-5 and SM-6. The fault appears to have a relatively planar surface that trends 
approximately N65W and dips to the north at about 65 degrees. The zone of shearing, 
brecciation and gouge development may vary between only a few inches to a zone in excess 
of 15 feet thick based on boring logs. The overlying conglomerate rocks are deformed to 
a much greater degree than the underlying granitics. The sense and amount of the 
displacement are unknown. The feature appears to be old and is judged to have formed 
during the initial uplift of the range. No field or aerial photographic evidence was found 
to suggest this fault has moved in Quaternary time. 

H.2.3 Rock Mass Discontinuities 

Rock mass discontinuities are planes of weakness that interrupt the internal fabric of the 
rock. Discontinuities occurring in the rock units other than faults include bedding contacts 
in the sedimentary rocks, foliation planes in the plutonic rocks, joints and shears. Rock mass 
discontinuities that have very irregular surfaces with no apparent structural origin or 
regularity, are characterized as fractures. This is used in description terms such as "highly 
fractured zones" where the rock is intensely broken. 

Bedding and Foliation 
Bedding attitudes in the sedimentary units are generally regular striking to the northwest and 
dipping northeast. Locally on the north flank of the Santa Monica Mountains, the 
sedimentary units are folded. Dip angles are moderate to steep varying from 30 to 70 
degrees with steeper dips becoming more common in the Upper Topanga Formation 
sandstone and shale. Plate 1 shows bedding plane orientations measured during the field 
investigation. Bedding ranges from indistinct to thick bedded in the coarse sediments 
( conglomerate and sandstone) to well developed and often laminated in the finer grained 
deposits (shale and siltstone). 

Segregation of minerals into parallel layers imparts a foliated texture to the plutonic rocks. 
Preferred foliation orientation was not discemable except in vague and discontinuous 
northward-dipping trends. 

Jointing and Shearing 
Jointing and shearing were the most pronounced discontinuities noted along the alignment. 
Extensive weathering of the rock at the surface tends to mask these structures. Overall, the 
texture of the rock is very blocky and fragmented due to a complex pattern of joints and 
shears. 

The· rock mass discontinuity descriptions for the rock units that follow are based on 
observations made in the field during mapping and core logging. The definitions of the 
terms used in the descriptions are provided in Appendix A Only general inferences can be 
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made on the orientations (maximum inclination) of the discontinuities since the core 
obtained was unoriented. 

Granodiorite 
Discontinuities within the granodiorite rock mass include foliation, joints, and zones of 
shearing and rock brecciation. Foliated rock was observed locally in outcrop as well as in 
core samples. The foliation is inclined from 10 to 70 degrees with 30 to 50 degree 
inclinations being most common. There is no obvious preferred orientation to the foliation 
except for a northward inclination. 

Joints are generally very closely to closely spaced in two or more sets. Shallow and steeply 
inclined joint sets that intersect at nearly 90 degrees are best developed. Other very steep 
to vertical joints constitute a third well developed set that occurs locally. Joints throughout 
the rock have mostly planar surfaces that are slightly rough to rough. Iron-oxide staining 
of joint surfaces and thin clay linings are common in weathered rock. Unweathered rock 
has many joints that contain finely- to coarsely-crystalline calcite up to 1 cm thick, but are 
commonly less than 5 mm thick. The calcite-filled joints are often accompanied by chlorite
lined joints having similar thicknesses and orientations. 

Intervals of shearing and rock brecciation occur in the rock at various depths. These 
intervals vary from thin zones of sheared clay to finely brecciated granodiorite in a clay . 
matrix as much as 5 feet thick. Shearing and brecciation appear to be mostly developed 
along the more shallow-dipping joint set. 

Chico Formation and Simi Conglomerate 
Discontinuities within the mostly conglomerate-bearing Chico Formation and Simi 
Conglomerate include bedding, joints and shears. A zone of mylonitic rock occurs within 
the shear zone present at the base of the conglomerates. 

Bedding is generally poorly developed within the conglomerates. It is usually discernable 
by infrequent interbeds of coarse-grained sandstone, rare seams of claystone or siltstone, and 
intervals of conglomerate with imbricated or oriented clasts. Bedding inclinations generally 
range from 10 to 70 degrees with 40 to 60 degree inclinations being most common. 

Jointing pervades the entire rock mass but is best developed (and more apparent) in the 
finer-grained beds. A single joint set that dips from 20 to 40 degrees predominates. A more 
steeply inclined set that intersects the predominate set at right angles is less well developed. 
Steep to vertical randomly oriented joints occur also. Joints are generally closely to 
moderately closely spaced and have mostly planar surfaces that are slightly rough. The joints 
are generally lined with both clay and non-clay materials. Oay linings appear to be more 
common in the younger Simi Conglomerate while calcite healed joints predominate in the 
Chico Formation. 
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Shear zones occur intermittently and are frequently up to 1 foot thick. A zone of shearing 
approximately 15 feet thick was observed at the base of the Chico Formation in Boring SM-
5.- The zones of shearing consist of brecciated clasts contained within slickensided clay 
gouge. Shearing appears to be largely developed along the more prominent, shallow dipping 
joint set. 

Lower Topanga Sandstone and Las Virgenes Sandstone 
Discontinuities within the predominantly sandstone bearing Lower Topanga Formation and 
underlying Las Virgenes Sandstone include bedding, joints and shears. Although the 
sandstone is predominantly massive, laminated intervals and infrequent shaly interbeds 
indicate that the strata is generally inclined from 30 to 60 degrees. Jointing is not as 
prevalent as it is in the older formations with random joints being characteristic. In several 
intervals, a single joint set was identified superimposed on the predominant random set. 
Joints are generally closely to widely spaced and inclined primarily from 30 to 60 degrees. 
Joint surfaces are typically planar and slightly rough to smooth. Slickensided surfaces were 
observed but are infrequent. Most joints have been healed with calcite resulting in a 
relatively high ROD for the rock. 

Middle Topanga Formation Basalt 
Discontinuities in the Middle Topanga Formation basalt consist predominantly of joints, 
_s9me shears and intervals of crushed rock. Two joint sets were observed at moderate and 
steep inclinations with a random set superimposed. The joints are generally inclined from 
25 to 65 degrees with 45 degrees being average. Joint spacing ranges from very closely 
spaced to moderately closely spaced with very closely spaced joints being most common. 
Joint surfaces are primarily planar with some that are wavy. The surfaces are mostly slightly 
rough with rough surfaces occurring periodically. Many joints are healed and filled with 
various minerals including calcite, zeolite and chlorite generally less than 5 mm thick. The 
chlorite-lined joints are commonly sheared and display slickensided surfaces. Crushed 
intervals were observed but are infrequent. The crushed zones are generally less than one 
foot thick and have shallow inclinations. 

Upper Topanga Formation Sandstone and Sandstone/Shale 
Discontinuities in the lower section of the Upper Topanga Formation include joints, shears 
and bedding planes. Joints are generally moderately closely spaced ( ranging from closely 
to widely spaced) with no obvious orientation or regular pattern. They are typically planar 
with surfaces that are slightly rough. Many joints are tightly healed with calcite and some 
have clay fillings up to 5mm thick. The clay fillings are characteristically sheared and the 
rock has a tendency to break along these discontinuities. Bedding planes are infrequent in 
the mostly thick-bedded sandstone of the lower section. Bedding inclinations range from 
40 to 70 degrees. Infrequent clay seams up to a half-inch thick are interbedded and are 
typically sheared. 

Discontinuities in the upper section of the Upper Topanga Formation consists 
predominantly of sheared bedding planes. Few joints intersect bedding at high angles. 
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Periodic thin zones of crushed rock are present. Bedding is well developed with laminated 
intervals common. Bedding is moderately to steeply inclined varying from 50 to 90 degrees . 

. , Steeper inclinations become more frequent in the northern ponion of the upper section and 
are near vertical adjacent to the Benedict Canyon fault. Reversals in dip direction occur as 
a result of numerous folds. Bedding plane surfaces are commonly planar, lined with clay 
and are often sheared. The rock tends to readily separate along these surfaces. 

Joints are generally widely spaced and planar with intervals that contain moderately closely 
spaced joints. Most of the joint surfaces are slightly rough, and stepped where they intersect 
beds. The joints generally intersect bedding plans at near right angles and are inclined from 
10 to 90 degrees with 30 to 40 degrees being typical. 

H3 GROUNDWATERCONDffiONS 

H3.l General 

The proposed tunnel will encounter three general groundwater regimes: 1) the Hollywood 
Basin; 2) the Santa Monica Mountains; and 3) the San Fernando Valley Basin. Both the 
Hollywood Basin and the San Fernando Valley Basin are alluvial aquifers. Bedrock 
materials of the Santa Monica Mountains are described as essentially non-water bearing, 
yielding only small amounts of water. The majority of the proposed tunnel will be located 
within the bedrock terrain of the Santa Monica Mountains. At the south flank of the 
mountains (south of Station 628 + 00), the tunnel will be excavated in alluvium of the 
Hollywood basin. At the north flank of the mountains particularly near the Universal City 
station, the tunnel is expected to be within saturated alluvium at the south side of San 
Fernando Valley basin. 

Within the Santa Monica Mountains, the bedrock formations are expected to yield varying 
amounts of water throughout the tunnel section depending on the degree of local fracturing 
in the bedrock materials. At the surface, small springs locally exist, principally in the canyon 
bottoms, that flow as seeps at a few gallons per minute. Annual stream flows are ephemeral 
but have been increased artificially due to irrigation of backyards by local residents. 

The groundwater conditions along the proposed Red Line tunnel alignment descnbed in this 
section are based on field geologic mapping, static water elevations in borings, logs of 
exploratory borings, and packer tests within the tunnel zone. Even with the available 
information, our understanding of the tunnel hydrogeology is incomplete due to the 
complexity of the geology controlling water flow in the subsurface. 

Three vastly different geologic bedrock terrains exist in the Santa Monica Mountains with 
several different episodes of tectonic deformation superimposed upon the original rock 
structure and texture. These geologic factors result in permeability being controlled in some 
areas by discontinuities (igneous and volcanic rock) only and other areas by varying 
frequencies of discontinuities and primary permeability (in sedimentary rock). In two 
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borings, artesian conditions were indicated suggesting that semi-confined water occurs within 
the sedimentary sequence (sandstones and siltstones of the upper Topanga Formation). 

H.3.2 Water Levels 

Water level measurements have been taken in the open borings and monitoring wells and 
are plotted in Plate 2 to illustrate the generalized potentiometric groundwater surface 
anticipated along the tunnel alignment profile. For Borings SM-1 and SM-11, the first
encountered groundwater elevation is plotted rather than static water in Plate 2. The 
reasons for plotting "first water" rather than static water levels are due to unique geologic 
conditions at each boring as explained later in this section. 

Plate 2 indicates that the groundwater elevations of the borings generally mimic the ground 
surface. The maximum elevation of the groundwater is located at Boring SM-5 which is also 
the highest elevation of the borings drilled for this project. The static groundwater elevation 
is 1,133 feet above sea level and represents 737 feet of elevation difference between the 
static water and the tunnel crown at that location. As the topography descends to the north 
and south, the elevation of the static groundwater also decreases. Locally, the groundwater 
of the mountains intersects the ground surface resulting in springs (seeps) within local 
canyons draining north to San Fernando Valley or south to Hollywood. 
. . 
H.3.3 Artesian Flow 

Indications of artesian groundwater conditions were observed during this field investigation 
as well as during the 1953 investigations of a sewer tunnel for the City of Los Angeles. 
Water flowing from the boring at the ground surface was reported for exploratory Test Hole 
No. 4 drilled into the Topanga Formation sandstones and siltstones for the Los Angeles 
Sewer Tunnel. The field notes indicate that the apparent artesian condition may have been 
related to return flows of water from the formation into the boring which was drilled with 
water under pressure. In Borings SM-10 and SM-11 (drilled for this investigation), water 
was encountered at greater depths than where the static water level eventually settled. At 
Boring SM-10, water rose from a depth of 95 feet where water was first measured to 83 feet 
deep where it finally stabilized. During drilling of SM-11, water began flowing from the 
boring casing onto the ground surface. Flows ranged from 0.5 to 2.0 gpm at SM-11. With 
a pipe extension added to the boring casing, the water level stabilized approximately three 
feet above the ground surface. These apparent "artesian" conditions may result either from 
return of drilling water or from the boring intersecting a permeable sandstone bed or 
fracture system confined by siltstone beds within the Topanga Formation that daylights 
(intersects the ground surface) at a higher elevation. Locally, recharge by surface water 
percolation could result in a hydrostatic pressure head where the boring intersects the water
bearing zone. Rather than allow surface flow of water from SM-11, it was abandoned upon 
drilling completion using a cement-bentonite mix. 

H.3.4 Hollywood and Benedict Canyon Faults 
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At the south side of the Santa Monica Mountains, the Hollywood fault separates the 
bedrock groundwater from the Hollywood Basin. The fault forms a barrier to groundwater 
moving from the fractured and weathered crystalline bedrock (granite and granodiorite) to 

-- the alluvium of the Hollywood Basin. Based on borings (SM-1 and SM-lA) completed as 
piezometers in the hanging wall (north or upthrown side of the fault) and the foot wall 
(south or down thrown side of the fault) a minimum 189.5-foot difference in static 
groundwater elevation exists across the main fault. Boring SM-1 was drilled through the 
hanging wall (granitic rock), where static water was approximately 9.5 feet in depth, through 
the fault into the hanging wall (Hollywood basin sediments) to a depth of 199 feet. No 
water was encountered within the alluvium that comprises the down-dropped side of the 
fault. The piezometer was completed within the tunnel zone and remains dry. Groundwater 
on the south side of the fault could be encountered at an unknown depth below the tunnel. 
Based on the extreme difference in elevation of the groundwater between Borings SM-1 and 
SM-lB (17 feet apart) across the Hollywood fault, the fault must be an effective 
groundwater barrier at that location. 

At the north side of the Santa Monica Mountains, groundwater elevations descend nearly 
parallel to the topography. At SM-13, the groundwater table was measured at 12 feet 
(Elevation 578 feet) below ground surface in alluvium. At the proposed Universal Station, 
also located in alluvium, the groundwater was reported to be approximately 15 to 20 feet 
below the ground surface at elevations 555 to 560 feet above sea level (Plate 2). Between 
the Universal Station and Boring SM-13, the Benedict Canyon fault is projected across the 
tunnel alignment. No groundwater barrier is suggested by the available data from borings. 
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