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Dear Mr. Solanas: 
We are submitting herewith f o r your review and approval 
our plans f o r developing the westerly portion of Tract 
OCS P-0240. I n connection with t h i s development we are 
also furnishing some rather detailed evidence as to the 
manner i n which we w i l l comply with OCS Order No. 10. 
Much of t h i s i s supplemental to tha t previously furnished 
i n our response to the Secretary's telegram of March 1, 1969. 
An itemized l i s t i n g of the exh i b i t s and reports i s attached. 
The preparation of t h i s material has been a j o i n t e f f o r t 
involving Superior and Marathon and they have made many 
fine contributions. You may be assured that the very best 
thinking available i n each company has been brought to 
bear on our planning. 
We think you w i l l f i n d of p a r t i c u l a r i n t e r e s t the professional 
opinion prepared by Dames and Moore, Foundation Engineers. 
Theoretical aspects as w e l l as actual experience are c i t e d 
to show that p i l e d r i v i n g required f o r the platform structure 
and conductors w i l l not cause shattering or fractures that 
could r e s u l t i n escape of shallow producible hydrocarbons. 
I n c i d e n t a l l y we have a 200% safety factor incorporated i n 
our p i l e designs. 
We are also furnishing a detailed report of our submarine 
inspection of the sea f l o o r i n the proposed platform area. 
The bottom has not changed i n appearance since we f i r s t 
sent divers down i n July 1968 on our w e l l OCS P-0240 No. 2. 
There are no caverns, c a v i t i e s , crevices or l i q u i d hydrocarbons 
v i s i b l e . A video-tape record was made of the inspection which 
we have offered to show. 
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There are some special features of our plans which we 
think deserve emphasis. I t i s important t o recognize that 
because the geologic structure dips i n an easterly d i r e c t i o n 
our s t r u c t u r a l p o s i t i o n i s at least 100 feet lower than that 
of Tract OCS P-0241. This provides us with an added safety 
factor i n that the deeper occurrence of the f i r s t producible 
hydrocarbons w i l l permit us to i n s t a l l more conductor casing 
as safely accomplished i n the eight exploratory wells we 
have already d r i l l e d . The conductors w i l l be cemented i n 
s t r a i g h t , not deviated, holes. We w i l l not perforate and 
produce both shallow and deep zone pays i n the same w e l l . 
Another matter of importance i s our rather unusual plan to 
have pipe lines and equipment completed so that unexpected 
pressures can be relieved to shore. 
We have made no mention of our p o l l u t i o n containment and 
removal equipment. These d e t a i l s w i l l be furnished l a t e r 
with our application to d r i l l rather than now to take 
advantage of the development work being done by our 
industry to make such equipment more e f f e c t i v e i n open waters. 
F i n a l l y you w i l l note we have scheduled the development 
to take place i n phases beginning with the Lower Zone 
north, south and east of the platform and ending with 
the shallow zone west of the platform. We have previously 
reviewed t h i s approach with you. 
We hope these plans and procedures meet with your approval. 
They were very c a r e f u l l y prepared, generally exceed minimum 
requirements, and the people who w i l l carry them out are 
the most capable i n our organization. 

Yours very t r u l y , 
SUN OIL COMPANY 
DX DIVISION 

M. R. E l l i o t t 
MRE/nkr 
Attachments 



OCS P-0240 
LIST OF EXHIBITS 

Plan f o r the development and operation of the west 
side of OCS P-0240. 
Report on a submarine inspection of the proposed 
i n s t a l l a t i o n s i t e of Platform Hillhouse. 
Dames and Moore report on "Fracturing Potential During 
Pil e Driving - Platform Hillhouse." 
The following schematic presentation e x h i b i t s : 
(a) North-South Typical Repetto Structure Section -

West Side of OCS P-0240. 
(b) East-West Typical Repetto Structure Section -

West Side of OCS P-0240. 
(c) P i l e i n s t a l l a t i o n plan f o r Platform Hillhouse noting 

l i t h o l o g y from the mudline to the f i r s t possible 
producing sand. 

(d) Casing i n s t a l l a t i o n for eight (8) exploratory wells 
d r i l l e d on OCS P-0240 by the SSM Group a f t e r obtaining 
the lease. 

(e) Curve i n d i c a t i n g the considerations given to BHP and 
fracture gradients as related to surface casing 
s e t t i n g depths. This curve v e r i f i e s the c r e d i b i l i t y 
of the casing s e t t i n g depth requirements l i s t e d i n 
OCS Order No. 10, Section 3, paragraph ( i i ) . 

( f) Typical Lower Zone casing and completion program. 
(g) Typical Upper Zone casing program. 
(h) Casing design safety f a c t o r chart. 
( i ) BOP i n s t a l l a t i o n u n t i l surface casing has been set. 
( j ) BOP i n s t a l l a t i o n a f t e r surface casing has been set. 
Dames and Moore statement of q u a l i f i c a t i o n s . 



t S U N OIL C O M P A N Y INTER-OFFICE CORRESPONDENCE 

SUBJECT: Submarine I n s p e c t i o n a t Proposed S i t e o f P l a t f o r m H i l l h o u s e 

DATE: A p r i l 10, 1969 

FROM; G. J . Welsh 
T O : M. R. E l l i o t t 

CONCLUSION 
The sea f l o o r survey o f the s i t e o f proposed P l a t f o r m H i l l h o u s e 
revealed a f l a t , c l e a r bottom devoid o f rock outcrop or geologic 
d i s r u p t i o n which could pose hazards t o t i p - u p o f a p l a t f o r m . 
The exposed sediment i s b e l i e v e d t o be p a r t o f a 6'-7' t h i c k 
loose mantle unconformably o v e r l y i n g more consolidated sediments 
of the upper Repetto (R-2) for m a t i o n . As t h i s overburden o f 
Recent age obscures geology of the sub s t r a t a , one must seek 
other means f o r examining the nature o f the u n d e r l y i n g Repetto. 
INTRODUCTION 
On A p r i l 3, 1969, a submarine i n s p e c t i o n was made of the ocean 
f l o o r a t the proposed l o c a t i o n f o r P l a t f o r m H i l l h o u s e . The v e h i c l e 
used was the two-man General Dynamics submarine Star I I , p i l o t e d by 
Mr. B i l l De Cort. Subsurface observer f o r the f i r s t p o r t i o n o f 
the survey was the undersigned whose r e p o r t f o l l o w s . Subsurface 
observer f o r the second p o r t i o n o f the survey was Mr. H. D. Palmer, 
Marine Geologist, o f Dames and Moore, whose r e p o r t w i l l be i n ­
corporated i n a l a r g e r r e p o r t t o be prepared by Dames and Moore. 
Surface survey o f the submarine's p o s i t i o n was accomplished by Mr. 
Ken Chapman of Lewis and Lewis Offshore, I n c . Surface observer 
was Mr. B. F. Brawley o f Sun O i l Company-DX D i v i s i o n . 

Included w i t h t h i s r e p o r t i s a bathymetric map o f the v i c i n i t y 
of proposed P l a t f o r m H i l l h o u s e showing ocean f l o o r l e g p e n e t r a t i o n 
p o i n t s o f the e i g h t - p i l e s t r u c t u r e , p o s i t i o n o f Star I I a t various 
times dur i n g the survey and notes o f several features seen. 
Survey p o s i t i o n s are based on Lewis and Lewis autotape "Shot Record", 
a copy of which i s enclosed. Also in c l u d e d i s a Surface Log o f 
A c t i v i t i e s by Mr. Brawley and a Subsurface Log of A c t i v i t i e s by 
the undersigned. 
Also i n Sun O i l Company's possession a t i t s Ventura o f f i c e i s a 
video tape of the ocean f l o o r over most of the survey. This tape 
was produced on and may be replayed on a Sony EV-200 Videocorder. 

EXHIBITS 



METHOD OF SURVEY 
A reference marker buoy was placed at the po s i t i o n of the pro­
posed platform's northeast leg. Star I I was launched from i t s 
work boat, towed to po s i t i o n and submerged at the marker buoy. 
Despite problems described i n attached log, the sea bottom at the 
platform s i t e was adequately inspected and videotaped to f u l f i l l 
the planned mission. An average radius of inves t i g a t i o n of 175' 
from the center of the proposed platform was surveyed by Star I I . 
This was more than enough to investigate the area covered by the 
ocean f l o o r leg penetration points of the platform (163'-4 1/2" 
X 133'-4 1/2"). 
OBSERVATIONS AND GEOLOGIC COMMENT  
General Features 
The general character of the ocean f l o o r over the area surveyed 
was of a f l a t p l a i n . The bathymetric map indicated a shallow 
southerly dip but t h i s was not evident from the submarine. Upon 
the p l a i n were impressed current r i p p l e marks of some 2"-3" 
r e l i e f which trended i n a northwest-southeast d i r e c t i o n . The 
bottom appeared to consist of a mixture of unconsolidated gray 
s i l t and fine sand, f i r m enough to support the submarine sled 
for skid marks were no more than 4" deep, but loose enough to 
form a powdery dust cloud when stopping or turning the sub­
marine. Common over much of the f l o o r were finger sized holes 
or borings between which lay curled clumps of boring debris or 
casts, both features obviously related and made by marine worms. 
Occasional larger burrows or p i t s (up to 2" diameter) were noted. 
Most of these appeared no more than 3"-4" deep and may have been 
old burrows p a r t i a l l y f i l l e d i n . While no casts or debris were 
associated with these features, they gave the impression of 
having been created by marine l i f e . Other physical evidence 
seen on bottom were rare, small (1/2"-1") sea s h e l l valves 
(pelecypods), one piece of a land tree root system apparently 
carried to sea by storms, several kelp leaves, and two t i n cans. 
Several v a r i e t i e s of sea l i f e were observed: 

1) Common sea cucumbers, of at least two species, 
crawled on bottom. 

2) Common small f i s h (cod?) 4"-9" long swam i n d i v i d u a l l y 
or i n pairs above bottom or rested on bottom on t h e i r 
pectoral f i n s . 

3) Occasional sea pens l ' - 2 ' high rose above the bottom. 
4) Several s t a r f i s h and s t a r f i s h impressions were observed. 
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5) One f l a t f i s h ( h a l i b u t or ray) darted from i t s p o s i t i o n 
on bottom l e a v i n g i t s impression i n the f l o o r . Several 
more of these impressions were seen. 

6) One nudibranchiate was seen c r a w l i n g on bottom. 
Except f o r the s p e c i a l f eatures discussed below, no s i g n i f i c a n t 
g e o l o g i c a l features were seen. There were no outcrop or even 
loose rocks or pebbles. There were no d i s r u p t i o n s of the ocean 
bottom, no slump areas, no l i n e a r markings. No evidence o f 
hydrocarbon o i l , f r e e or r e s i d u a l , was seen. And except f o r 
the pelecypod s h e l l s and kelp leaves mentioned above, no dead 
marine l i f e was observed. 
Special Features 
On the f i r s t n o r t h e r l y l e g of the voyage (at approximately 10:40 a.m. 
near P3 of the enclosed Shot Record and Bathymetric Map) there was 
encountered the w e s t e r l y edge o f a depression created most probably 
by the placement o f anchor #2 on w e l l #2 by the Wodeco IV. With 
water v i s i b i l i t y a t s i x f e e t and a l i m i t e d view from the p o r t h o l e , 
the depression or p i t might be described as a 6 1 long arc concave t o 
the east and dropped down t o the east. The i n i t i a l drop o f about . 
one f o o t was abrupt, almost a scarp, then shallowed t o a d e c l i v i t y 
some 1-1/2' deep. Upon the s l o p i n g p o r t i o n of the depression lay 
three or fou r l i v e sea cucumbers and upon one o f these l a y a large 
s t a r f i s h . Star I I was ordered t o stop t o enable us t o t r a c k and 
f i l m t h i s f e a t u r e but i n the dust kicked up by stopping and t u r n i n g 
we l o s t i t . We should note t h a t we d i d not witness: c o l o r change 
between f l o o r o f the depression and surrounding ocean f l o o r , any 
evidence of o i l seep or o i l s t a i n i n g or any gas bubbles, no 
surrounding d e b r i s , no rocks or pebbles, no layered sub-stratum. 
A second s p e c i a l f e a t u r e encountered were bubbles emanating 
from f i n g e r size holes i n the ocean f l o o r . Clusters of these 
features appeared near P6 and P15 as shown on the bathymetric map. 
The P6 c l u s t e r was not f i l m e d . The P15 c l u s t e r was f i l m e d but 
the videotape does not record the bubbles. The impression gained 
from r e l a t i v e l y r a p i d passage through these bubble c l u s t e r s o f 
l i m i t e d a r e a l e x t e n t was of pressure f l a t t e n e d c l e a r bubbles 
i n t e r m i t t e n t l y r i s i n g from f i n g e r sized holes. Some holes per­
c o l a t e d the bubbles w h i l e other s i m i l a r holes i n the v i c i n i t y 
d i d not. There appeared no evidence of o i l or t a r on the bubbles, 
i n the water or surrounding the holes. Furthermore, there were 
l i v i n g sea cucumbers among the holes. Subsequent discussion w i t h 
p r o f e s s i o n a l d i v e r s i n the Santa Barbara Channel reveal they too 
have witnessed t h i s f e a t u r e . I n the absence o f chemical analysis 
we would describe the bubbles as low pressure marsh gas. 

SUMMARY OF GEOLOGY .. 
The Star I I survey o f the P l a t f o r m H i l l h o u s e s i t e revealed a 
homogeneous appearing f l a t bottom (agreeing w i t h an e a r l i e r sonic 
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r e f l e c t i o n survey) remarkably clear of vegetation, rock outcrop 
or bottom di s r u p t i o n . Almost c e r t a i n l y t h i s monotoned mono-textured 
bottom i s a veneer of Recent age covering a sub-strata of 
Repettian age. 
Indicated on the bathymetric map are the two coreholes d r i l l e d 
f o r Platform Hillhouse foundation investigations. Corehole #1 
penetrated 7' of overburden composed of dark green-gray loose 
s i l t y f i n e sand containing shells and decayed vegetation with an 
H~S odor. Corehole #2 penetrated 6 1 of t h i s same overburden. 
Tne anomaly between the darker colored high vegetation content 
overburden of the coreholes and the l i g h t colored vegetation 
clear bottom observed from the submarine may be explained by the 
action of stronger winter currents sweeping the bottom clean. 
I t i s our opinion that the observed bottom sediments are but 
another layer of the overburden found i n the coreholes. And 
with 6'-7' of overburden i n the area there i s l i t t l e wonder that 
no outcrops were observed. Furthermore, the overburden*s content 
of decayed vegetation could account for the bubble clusters seen. 
Immediately below the overburden both coreholes penetrated 
sediments of the Repettian R-2 stage. These results agree with 
the R-2 stage designation f o r the area as mapped by the CUSS 
Group i n t h e i r ocean bottom sampling and corehole program. 

Gordon J. Welsh 
Project Exploitation Geologist 

GJW/ph 
Attached 



 

Bathymetry Data 

Pursuant to the Freedom of Information Act (5 U.S.C. 552) and its implementing regulations (43 CFR Part 
2) and as provided in 30 CFR 550.199(b), the information contained in this section is deleted from the 
public information copy of this submission. 
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A p r i l 11, 1969 

Sun O i l Company 
DX D i v i s i o n 
Post O f f i c e Box AQ 
Ventura, C a l i f o r n i a 93001 
A t t e n t i o n : Mr. B. F. Brawley 

P r o j e c t Engineering Manager 
Gentlemen: 

We herewith submit our r e p o r t " F r a c t u r i n g 
P o t e n t i a l During P i l e D r i v i n g , Proposed Offshore P l a t f o r m 
H i l l h o u s e , Santa Barbara Channel, Santa Barbara, C a l i f o r n i a , 
For Sun O i l Company." This r e p o r t was prepared i n response 
t o your l e t t e r of A p r i l 7, 1969, a u t h o r i z i n g a f e a s i b i l i t y 
study o f bottom or subsea c o n d i t i o n s on your OCS P-0240, 
Parcel 401 r e l a t i v e t o p i l e foundation work. 

The purpose of our study v/as t o consider the 
l i t h o l o g y of the area, the i n d i c a t i o n s t h a t could be. 
obtained by rock mechanics analysis techniques, and other 
c o n d i t i o n s which might bear on the i n s t a l l a t i o n of foundation 
p i l e s f o r P l a t f o r m H i l l h o u s e i n the Santa Barbara Channel. 

Very t r u l y yours, 

DAMES & MOORE 

j VAS:HDP:bs 
! 
I 

C A B L E A D D R E S S : D A M E M O R E O 



FRACTURING POTENTIAL DURING PILE DRIVING 
PROPOSED OFFSHORE PLATFORM HILLHOUSE 

SANTA BARBARA CHANNEL 
SANTA BARBARA, CALIFORNIA 

FOR SUN OIL COMPANY 

INTRODUCTION AND SCOPE 
This r e p o r t presents our opinions regarding the 

behavior of sea f l o o r m a t e r i a l s d u r i n g p i l e d r i v i n g f o r 
Pl a t f o r m H i l l h o u s e , Parcel 401, Santa Barbara Channel. Our 
opinions are based on: 

1. A b r i e f reconnaissance of the sea 
f l o o r by our marine g e o l o g i s t . 

2. The r e s u l t s o f our foundation 
i n v e s t i g a t i o n o f the proposed s i t e . 
Our f i n a l r e p o r t was dated November 4, 
1968. 

3. Analysis o f the p h y s i c a l p r o p e r t i e s of 
the bedrock formations using rock 
mechanics techniques. 

4. Analysis of the r e a c t i o n of s o i l s and 
rock t o p i l e d r i v i n g . This analysis 
was prepared by Dr. Ronald F. Sc o t t , 
Professor of C i v i l Engineering, C a l i f o r n i a 
I n s t i t u t e o f Technology. 

SEA FLOOR RECONNAISSANCE 
On A p r i l 3, 1969, our marine g e o l o g i s t , Harold D. 

Palmer, p a r t i c i p a t e d i n a reconnaissance of the sea f l o o r a t 

D A I V I E S e M O O R E 
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the proposed p l a t f o r m s i t e . This study was conducted w i t h 
the submersible STAR I I under the d i r e c t i o n of Sun O i l Company 
personnel. Mr. Buz Welsh, g e o l o g i s t f o r Sun O i l Company, 
surveyed the western h a l f o f the p l a t f o r m s i t e ; our marine 
g e o l o g i s t examined the nor t h e r n p o r t i o n of the eastern h a l f . 

The above g e o l o g i s t s have compared t h e i r observations 
and found t h a t they were s i m i l a r . The f o l l o w i n g comments 
are based on these observations: 

1. The f i n e sand and s i l t comprising the 
bottom surface m a t e r i a l s at the s i t e d i s p l a y r i p p l e 
marks. The cr e s t s of these r i p p l e marks trend 
240 degrees magnetic, i n d i c a t i n g a c u r r e n t or surge 
d i r e c t i o n from 150 degrees or 330 degrees magnetic. 
Surface c u r r e n t s i n the area are g e n e r a l l y from west 
t o east, suggesting t h a t bottom currents are from 
the.approximate heading o f 330 degrees. Bottom 
currents were weak at the time of observation, but 
d e f l e c t i o n o f sea organisms attached t o the bottom 
support t h i s assumption. 

2. The upper 70 f e e t o f the water column was 
clouded by organic matter ( l e p t o p e l ) . The lower 
boundary probably represents the thermocline at the 
time of the d i v e . 

O i l was seen on the surface o f the water at 
the s i t e . No o i l was seen r i s i n g through the water 
column during the two dives. 
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H o r i z o n t a l v i s i b i l i t y was as f o l l o w s : 

DEPTH IN FEET VISIBILITY IN FEET 
100 
170 
200 

75 
10 
3 

T u r b i d i t y at the bottom was caused by suspended 
sediment. 

3. During the dives, streams and clouds of 
bubbles were noted w i t h i n the water column. Observations 
at the sea f l o o r i n d i c a t e d t h a t these bubbles were 
r i s i n g from c i r c u l a r p i t s i n the sediment. The 
average diameter of these p i t s was estimated at 
1 inch, w i t h maximum diameters of about 3 inches. 

unknown dimensions during his d i v e . R e s t r i c t e d 
v i s i b i l i t y precluded i n v e s t i g a t i o n of t h i s f e a t u r e . 
However, the i n d i c a t i o n s are t h a t t h i s p i t i s 
f a i r l y deep. I t i s our opinion t h a t t h i s p i t was 
created by detonation of a heavy explosive charge. 
Such a charge was req u i r e d t o sever a "stuck" d r i l l 
s t r i n g during our foundation i n v e s t i g a t i o n . This 
charge was detonated at a depth of 10 f e e t below 
the mudline. 

4. Of the t o t a l number of p i t s observed by 
Mr. Palmer, i t i s estimated t h a t less than 5 percent 
were a c t u a l l y r e l e a s i n g bubbles. I n the a c t i v e p i t s , t 

bubble streams were seen t o issue i n t e r m i t t e n t l y . Re­
s t r i c t e d v i s i b i l i t y precluded an accurate assessment. 

Mr. Welsh encountered a la r g e p i t of 

D A M E S B M O O R E 
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5. Benthonic fauna observed at the s i t e 
included many sea pens, sea cucumbers and a few 
s t a r f i s h . No polychaete worms or other burrowing 
organisms, u s u a l l y associated w i t h c y l i n d r i c a l p i t s , 
were seen. 

6. The bubble streams r i s i n g from these 
p i t s are a t t r i b u t e d t o the escape of gas (hydrocarbons) 
from formations underlying the t h i n mantle of uncon­
s o l i d a t e d Recent sediments. Overburden thickness, 
as measured by sampling i n c o n j u n c t i o n w i t h foundation 
s t u d i e s , was 7 f e e t or l e s s . The i n t e r m i t t e n t r e ­
lease of bubbles i s a t t r i b u t e d t o discharge from 
numerous small subsurface voids s e r v i n g as r e s e r v o i r s . 
The upward v e l o c i t y of bubbles i s s u i n g from the p i t s 
was commensurate w i t h ambient h y d r o s t a t i c pressure. 
I n no case was a " j e t " e f f e c t evident and there 
was no i n d i c a t i o n of subsurface pressure f o r c i b l y 
d i s p l a c i n g the gas. 

7. B i o l o g i c a c t i v i t y which w i l l produce gas, 
and consequently bubbles, at the sea f l o o r can only 
be a t t r i b u t e d t o the a c t i v i t y of b a c t e r i a . The gas 
i s most commonly e i t h e r ammonia or hydrogen sulphide. 
The samples of s u p e r f i c i a l Recent sediments obtained 
during foundation studies had a d i s t i n c t odor of 

i n d i c a t i n g t h a t b a c t e r i a l r e d u c t i o n of organic 
m a t e r i a l w i t h the associated generation o f Ĥ S gas 
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was o c c u r r i n g . However, i t i s believed t h a t the 
observed volume of bubbles cannot be s o l e l y ascribed 
t o b a c t e r i a l a c t i o n w i t h i n the sediment. Neither 
can i t be a t t r i b u t e d t o metabolic processes ( r e s p i r ­
a t i o n ) o f l a r g e r organisms. 

I t i s our o p i n i o n t h a t the bubbles are 
p r i m a r i l y hydrocarbons from accumulations of l i g h t 
petroleum products. The chemical composition of 
the gas forming the bubbles may e a s i l y be determined 
by chemical analyses. I f t h i s f a c t o r i s c r i t i c a l , 
a d i v e r could c o l l e c t samples o f the gas at the 
sea f l o o r at several d i f f e r e n t l o c a t i o n s . 

8. H i s t o r i c a l l y , the n a t u r a l release o f 
s o l i d and gaseous hydrocarbons from the sea f l o o r 
i s common i n the Southern C a l i f o r n i a area, 
e s p e c i a l l y i n Santa Barbara Channel. Offshore gas 
leaks and t a r seeps have been described i n geologic 
l i t e r a t u r e f o r many years. Petroleum was found i n 
f o r a m i n i f e r a l t e s t s and a l s o "was found i n f r a c t u r e s 

i n the upper samples recovered i n our foundation 
i n v e s t i g a t i o n performed i n November 1968. 

9. S o l i d petroleum was seen only on the water 
surface. I t was not observed i n the water column or 
on the sea f l o o r . Crude o i l has been recovered w i t h i n 
t h i s general area i n grab and core samples obtained 
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by the A l l a n Hancock Foundation, U n i v e r s i t y of 
Southern C a l i f o r n i a . However, digg i n g w i t h the 
submarine's claw d i d not re v e a l anything recognizable 
as crude o i l a t the H i l l h o u s e s i t e . Excavation t o 
a depth of approximately 2 f e e t d i d not r e s u l t i n 
the release o f bubbles. 

PROPOSED CONSTRUCTION 
We understand t h a t 8 pipe p i l e s of 39-inch 

outside diameter and 3/4-inch w a l l thickness w i l l be d r i v e n 
t o a depth of approximately 50 f e e t below the mudline or 
t o r e f u s a l . A 28-inch-diameter hole w i l l then be d r i l l e d 
t o a depth of 195 f e e t w i t h i n these p i l e s and a 24-inch 
p i l e w i l l be grouted in- p l a c e w i t h i n t h i s hole. I n a d d i t i o n , 
an u n s p e c i f i e d number of 20-inch-diameter conductor pipes 
w i l l be d r i v e n t o a depth o f 25 t o 35 f e e t below the 
mudline. 

SITE CONDITIONS 
The f i n e t o medium sands labeled "Mid-Repetto" 

d i r e c t l y beneath the s u r f i c i a l Recent sediments were found 
t o be from 14 t o 20 f e e t t h i c k . These dense sands are 
un d e r l a i n by s i l t s t o n e c o n t a i n i n g sand lenses or s t r i n g e r s 
and s h e l l horizons. These m a t e r i a l s were encountered t o 
the maximum depth of sampling, or 146 fe e t below the mud­
l i n e . These m a t e r i a l s are also believed t o be a p a r t of the 
Mid-Repetto Formation. The f i n e t o medium sand obtained 
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from both the uppermost u n i t and the s t r i n g e r s w i t h i n the 
s i l t s t o n e are dense but are not cemented. The s i l t s t o n e i s 
r e l a t i v e l y hard but contains lenses o f clayey m a t e r i a l as 
w e l l as the sand s t r i n g e r s . 

I t i s planned t h a t the depth o f p i l e s w i l l be 
190 f e e t . However, our e x p l o r a t i o n borings were forced . 
t o stop at a depth of 146 f e e t , due t o problems w i t h the 
d r i l l s h i p . Other data have been found which does confirm 
t h a t the Mid-Repetto Formation continues w e l l below the 
195-foot depth. 

Due t o the nonhomogeneity of the formation, i t  
i s d o u b t f u l t h a t a l o c a l i z e d stress c o n c e n t r a t i o n could  
cause f r a c t u r i n g which would propagate v e r t i c a l l y downward  
through.the d i s c o n t i n u i t i e s t h a t e x i s t i n t h i s m a t e r i a l .  

PREVIOUS EXPERIENCE WITH PILE DRIVING 
Experience i n d r i v i n g p i l e s i n s i m i l a r foundation 

m a t e r i a l s has i n d i c a t e d t h a t open-end pipe p i l e s can be 
d r i v e n t o an average depth of approximately 20 f e e t , AS the 
p i l e s are d r i v e n , the blow count becomes very high. F i n a l l y , 
the p i l e cannot be advanced f u r t h e r . Evaluation, of p i l e 
d r i v i n g i n d i c a t e s t h a t a s i g n i f i c a n t amount of the hammer 
energy i s t r a n s m i t t e d t o the t i p of the p i l e , u n t i l the 
d r i v i n g count reaches 35 t o 40 blows per inc h . Beyond t h i s 
count, the e f f i c i e n c y o f energy t r a n s m i t t e d t o the p i l e 
t i p drops o f f very sharply. 
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Experience, and wave equation s o l u t i o n s , r e v e a l 
t h a t beyond a c e r t a i n l e v e l of d r i v i n g r e s i s t a n c e l i t t l e 
energy i s t r a n s m i t t e d t o the t i p o f the p i l e . However, 
energy i s needed at the t i p i n order f o r the p i l e t o advance. 
Thus, most of the. energy i s d i s s i p a t e d w i t h i n the p i l e 
i t s e l f , and the p i l e acts as a s p r i n g . Under these c o n d i t i o n s , 
the p i l e t i p remains at the " r e f u s a l " e l e v a t i o n and does 
not penetrate deeper. This i s borne out by f i e l d experience 
where d r i v i n g continues t o high blow counts w h i l e the p i l e 
remains a t a f i x e d l e v e l . 

I f the formation were t o break or f r a c t u r e during 
d r i v i n g , one would expect t h a t the d r i v i n g resistance would 
drop and the p i l e would progress f u r t h e r i n t o the formation. 
This s i t u a t i o n has been observed i n b r i t t l e m a t e r i a l s ( c o r a l s , 
v o l c a n i c s i l l s , etc.) which s h a t t e r during p i l e d r i v i n g . The 
p h y s i c a l p r o p e r t i e s o f the formations at the p l a t f o r m s i t e 
suggest t h a t such s h a t t e r i n g i s h i g h l y u n l i k e l y . From 
foundation experience, p i l e s d r i v e n t o high blow counts 
w i l l not be i n f l u e n c e d by other induced stres s conditions 
when other p i l e s are t o be d r i v e n a t a distance of at l e a s t 
4 diameters. The p i l e s f o r the p l a t f o r m are spaced at a 
much greater distance than t h i s . 

I t may be p o s s i b l e t o e s t a b l i s h c r i t e r i a t o 
c o n t r o l d r i v i n g energies so t h a t u n c o n t r o l l e d , excessively 
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high energies w i l l not be induced i n t o the p i l e , and then 
t r a n s m i t t e d i n t o the formation. One approach i s t o e s t a b l i s h 
a minimum depth f o r the 39-inch p i l e . The p i l e might 
penetrate through the upper sand and penetrate i n t o the 
s i l t s t o n e t o a depth of 10 t o 20 f e e t . D r i v i n g would be 
continued u n t i l 2 consecutive f e e t of d r i v i n g exceed 300 
blows per f o o t . 

The a n t i c i p a t e d two-stage p i l e i n s t a l l a t i o n 
technique should provide r e l i e f f o r s t r e s s concentration 
at the t i p of the 39-inch p i l e s . Inasmuch as d r i l l i n g w i l l 
occur immediately f o l l o w i n g the d r i v i n g , i t i s reasonable 
t o assume t h a t t h i s stress would be relaxed f o l l o w i n g 
d r i l l i n g . 

The g r o u t i n g operation i n c o n j u n c t i o n w i t h the 
d r i l l e d - a n d - g r o u t e d p i l e should f i l l any voids t h a t may 
develop. However, g r o u t i n g pressures should be kept at 
a minimum commensurate w i t h adequate foundation design. 

ROCK MECHANICS EVALUATION 
This analysis presents our c o n s i d e r a t i o n of the 

p o s s i b l e e f f e c t s on the bedrock formation during d r i v i n g 
p i l e s and d r i v i n g conductor pipes a short distance i n t o 
the formation. 

Not considered i s the subsequent d r i l l i n g through 

the s h o r t p i l e s i n order t o set the deeper 24-inch p i l e s . 
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This a c t i v i t y does not i n v o l v e impact or the a p p l i c a t i o n of 
large amounts of energy w i t h i n the bedrock. Therefore, 
t h i s a c t i v i t y i s passive and would not be expected t o have 
an adverse e f f e c t . 

Also not considered are: 
1. The i n s t a l l a t i o n of deep o i l w e l l casing. 
2. The e f f e c t s on the bedrock formation of 

producing o i l and gas, and of changes i n 
gas pressures i n various zones. 

We understand t h a t these a c t i v i t i e s are being considered 
• separately. 

During p i l e d r i v i n g , stresses are induced i n the 
s o i l and rock. i n hard rock, f r a c t u r i n g w i l l occur at the 
boundary o f the p i l e and w i l l extend r a d i a l l y t o a p o i n t 
where the induced t e n s i l e stresses no longer exceed the 
t e n s i l e s t r e n g t h of the rock. The only t e n s i l e stresses 
which are induced by i n s e r t i n g the p i l e are t a n g e n t i a l . 
stresses. These are induced by pushing aside the surrounding 
rock as the p i l e penetrates i n t o the ground. 

The magnitude of the stresses developed depend on 
the e l a s t i c and p l a s t i c c h a r a c t e r i s t i c s of the rock as w e l l 
as the diameter, w a l l thickness, and shape of the p i l e , and 
the method of p i l e d r i v i n g . Another major f a c t o r i n pre­
d i c t i n g the induced stresses i s the s t a t e of stress i n the 
rock p r i o r t o p i l e d r i v i n g . Assuming t h a t the rock i s i n a 
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"relaxed s t a t e " (uniform h o r i z o n t a l stresses i n a l l d i r e c t i o n s ) , 
the t a n g e n t i a l stresses induced by p i l e d r i v i n g can be 
c a l c u l a t e d . Such c a l c u l a t i o n s i n d i c a t e t h a t the induced 
stresses at a distance of 1 diameter from the edge of the 
p i l e are about 10 percent of the induced stresses at the 
edge of the p i l e . 

At t h i s s i t e , i t i s expected t h a t there may be 
some r e s i d u a l t e n s i l e stress i n the bedrock, which may 
modify the stress value of 10 percent at 1 diameter outside 
the p i l e . 

The Mid-Repetto Formation bedrock i s not b r i t t l e . 
I t i s not a c r y s t a l l i n e rock. Small deformations of t h i s 
m a t e r i a l would not cause a "glass crack" e f f e c t . The 
m a t e r i a l i s capable of p l a s t i c remolding. I n c o n s t r u c t i o n 
a c t i v i t i e s , where the m a t e r i a l i s exposed on land, we f i n d 
t h a t t h i s bedrock m a t e r i a l can be excavated w i t h bulldozers 
and scrapers. When l a i d down as f i l l , i t can be r e a d i l y 
compacted by sheepsfoot r o l l e r s . The r o l l e r s cause the 
m a t e r i a l t o mash down and t o remold i n t o a f i l l w h i c h i s 

homogenous, and bears l i t t l e resemblance t o the m a t e r i a l 
o r i g i n a l l y c l a s s i f i e d as s t r a t i f i e d sediments. 

Under these circumstances, there i s no reason t o 
expect t h a t f r a c t u r i n g of the rock would extend out i n t o 
areas of small induced stresses. Therefore, f r a c t u r e s would 
not be expected t o extend more than 2 t o 3 diameters beyond 
the edge of the p i l e . 
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THEORETICAL ANALYSES OF FRACTURE POTENTIAL 
I n order t o estimate the t o t a l volume of bedrock 

m a t e r i a l which would be a f f e c t e d by i n s e r t i n g large-diameter 
p i l e s , our l a b o r a t o r y data were examined by Dr. Ronald F. 
Sco t t , Professor of C i v i l Engineering, C a l i f o r n i a I n s t i t u t e 
o f Technology. Dr. Scott i s a recognized a u t h o r i t y i n the 
f i e l d of s o i l mechanics. 

To develop a conservative a n a l y s i s , Dr. Scott 
assumed the worst c o n d i t i o n s f o r each v a r i a b l e derived or 
ca l c u l a t e d from our l a b o r a t o r y t e s t data. These in c l u d e 
the assumption t h a t the m a t e r i a l s are s u f f i c i e n t l y b r i t t l e 
t o f r a c t u r e and t h a t the f o l l o w i n g values apply: 

Shear (or r i g i d i t y ) Modulus = 0.4 X 10 4 pounds/inch 2 

Cohesion = 3,300 pounds/foot 2 

Buoyant U n i t Weight = 33 pounds/foot 3 

Sample Depth = 3 3 f e e t 

C o e f f i c i e n t of Earth Pressure at Rest = 0.5 
The analyses were conducted as f o l l o w s : 

1. Assume t h a t a h o l e e x i s t s i n t h e s o i l 

equal i n diameter t o the i n s i d e diameter 
of the pipe p i l e . 

2. Assume t h a t these s o i l s are under e x i s t i n g 
overburden pressure stres s s t a t e . 

3. Expand the hole by an amount equal t o 
the w a l l thickness of the p i l e (3/4 i n c h ) . 
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4. Calculate the stress i n the surrounding 
s o i l s by l i n e a r e l a s t i c theory. 

5. Superimpose these stresses on the "at r e s t 
pressure c o n d i t i o n s . " 

These analyses r e v e a l t h a t the maximum distance 
away from the center l i n e of the p i l e t h a t the bedrock w i l l 
be a f f e c t e d by the d r i v i n g of the p i l e i s 8 t o 10 f e e t . The 
bedrock m a t e r i a l s more than 3 f e e t ahead of the advancing 
p i l e t i p should not be a f f e c t e d by p i l e d r i v i n g a c i t i v i t y . 
These estimates should not change s i g n i f i c a n t i l y w i t h e i t h e r 
an increase or decrease i n hammer energy. 

OPINIONS 
On the basis of our observation of the sea f l o o r 

on A p r i l 3, we b e l i e v e there are no o i l leaks i n the sea 
f l o o r at the proposed p l a t f o r m s i t e . Gas o f undetermined 
composition i s i s s u i n g from the sea f l o o r , but i n small 
amounts and under very low pressure. We b e l i e v e t h i s gas 
to.be a hydrocarbon leaking from the Mid-Repetto Formation 
u n d e r l y i n g t h e t h i n s u r f a c e sediments. 

D r i v i n g o f p i l e s would be expected t o cause 
f r a c t u r i n g of the rock immediately adjacent t o the p i l e s . 
However, the bedrock formation m a t e r i a l s at the s i t e are 
not b r i t t l e . They would not " s h a t t e r " under p i l e d r i v i n g 
a c t i v i t i e s . Instead, they can deform p l a s t i c a l l y t o accom­
modate small s t r a i n s . Therefore, we see no reason t o expect 
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t h a t l o c a l i z e d f r a c t u r i n g of the rock adjacent t o the p i l e s 
would extend out i n t o areas of small induced stresses. 
Therefore, f r a c t u r e s would not be expected t o extend more 
than 10 f e e t beyond the edge of the p i l e . 

The bedrock more than 3 f e e t ahead of the advancing 
p i l e t i p should not be a f f e c t e d by p i l e d r i v i n g a c t i v i t y . 
This distance should not change s i g n i f i c a n t l y w i t h an 
increase or decrease i n hammer energy. 

R e s p e c t f u l l y submitted, 
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