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PREFACE 

Over the past several years the Geosciences Program of the 
Department of Energy's Office of Basic Energy Sciences ( OBES) has been 
plac ing increased emphasis on basic geosciences studies relating to 
hydrocarbon resources. In December 1 9 8 5, Secretary of Energy John s. 
Herrington called upon the Department's Energy Research Advisory Board 
( ERAS) to initiate a study of geosciences research as an important 
endeavor for the DOE. The ERAB report, issued in February 1987, 
recommended an expansion of short- and intermediate-term hydrocarbon 
research while maintaining a long-term basic research program. During 
this period, interest was expressed in both houses of Congress in the 
strengthening of the Department's basic and applied research efforts 
in areas pertaining to hydrocarbon resources. 

The Geosciences Program of OBES and the Office of Fossil Energy 

have reflected this increased interest. The research supported by the 
OBES Geosciences Program has included scientific drilling as part of 
further study of the continental crust. 

In 1 9 87, the Department of Energy asked the National Research 

council ( NRC) to appoint a committee to review scientific dril ling 
options to contribute to a better understanding of the scientific 
foundations that underlie hydrocarbon technologies. 

In response to this request, the NRC established the Committee on 

Hydrocarbon Research Drilling in September 1 9 87 under the Board on 

Mineral and Energy Resources. The committee consisted of 10 

geoscientists from academia, industry, and government with a broad 
range of relevant technical and scientific expertise. 

The committee was asked to address the following questions: 

vii 
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1. What sor ts of Con t i nental Sc i en t i f i c  Dr i l l i ng efforts  a r e  
l ik e ly to con t r ibute i n  a ma j o r  way t o  a deeper understand ing o f  the 
sci ent i f i c  founda t i ons that unde r l i e  hyd r oca r bon resou rce 
technol og i e s ?  Is  a separate i n i t iat ive i n  th is area just i f i ed 
s c i ent i f i ca l ly ? 

2. I f  appropr iate e f f o r ts a r e  iden t i f i ed in r es ponse to ( 1 ) , what 
c r i te r i a  shou ld be used in the selec t i on of dr i l l ing s i tes and 
pr oject s ?  

3. Wh a t  pa r t icular s i tes , o r  c lasses o f  s i tes , i f  any , a r e  
clearly  known t o  b e  especially i n terest i ng , and , f o r  the s i tes 
i dent i f i ed ,  wha t a r e  the key sci en t i f i c  issues l i kely to be 
ill um i nated? 

Following a planning meet i n g  in October  1987, the committee met as 
a whole s i x  t imes , i n  Wa sh ington , Da l las , San Franc i s co , and Aus t i n .  
I n  add i t ion to d r awing  on the expe r i en ce o f  i t s  own membe r s , the 
comm i t tee obta i ned in forma t i on f r om the Department of Ene rgy , the u. s. 
Geologi ca l Survey ,  the Gas Resear ch I ns ti tute , and i nd iv i dual 
s c i en t ists  a nd eng ineers  who attended the meet ings . 

I n  cons i de r ing its  charge , the commi ttee focused on r es ea rch 
i nvolv ing , f i r s t , s c i en t i f i c  d r i l l ing to bene f i t  nat i onal hyd r oca r bon 
energy pr i o r i t i es, second , ar ea s  of hyd r oca r bon r esearch not being 
under ta k en by indus t r y, and th i r d , how s c i en t i f ic dr i l l ing could 
con t r ibute to s uch r es ea r ch . The comm i ttee also cons i de r ed cr i t e r ia 
for select ing d r i l l ing s i tes and pr o j ects , and has sugges ted s i t es , o r  
c l as ses of s i tes , as appr opr iate . 

The commi ttee ' s  r ecommenda t i ons incl ude r esearc� ranging f r om 
explorat i on to ext ract i on , f r om reservo i r  character i za t i on to deep 
d r i l l i ng in unknown ter r a ins , and a f u ll spect r um of appl i ed and bas i c  
r esear ch . 

v i i i  
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EX ECUTIVE SUMMARY 

Ove r th ree mi l l i on holes have been d r i l led in  t he sea rch f o r  o i l  

and nat u ral gas i n  t he Un i ted S tat es , somet h i ng on the orde r o f  80 

pe r cent of al l ho l es eve r d r i l led f o r  t h i s  pu rpose i n  the wor l d .  Most 

of these d r i l l  ho les , and espec ially the deepe r we l l s , have been 

d r i l led i n  t he sea rch for  and the deve l opment o f  hydroca r bons . Is  

such d r i l l i ng dens i ty yet inadequate to understand the cr ustal geology 

of the Un i t ed States? Are the re bas ic s c i ent i f ic problems yet to be 

solved wi th the d r i l l ?  Are the re aspect s  of the rema i n i ng r esou rce 

base of oi l a nd natu ral gas t hat j ust i fy a publ i c ly suppo r t ed resea rch 

d r i l l i ng ef f o rt ?  The committee concludes that the answe r to these 

ques t i ons is yes . 

In the recove ry of hyd roca rbons , ou r knowledge of the geolog i c  

complex ity of reservoi rs·and the behavio r o f  f l u i ds relative t o  these 

comple x i t i es is  such that we s t i l l  develop rese rvo i rs  wi th wel l s  

u n i f o rmly spaced ,  ut i l i z i ng geog r aphy , not geo logy . TWo-th i rds of the 

o i l rema i n i ng in ex i s t i ng rese rvo i rs i s  c l assed as unrecove rable . A 

know ledge of reser voi rs suf f ic i ent to exp l o i t  them s t rateg ical ly i s  

1 
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2 

general ly beyond our  pr esen t  r each . Fu r the r , in many of the 

ex ten s i vely d r i l l ed bas ins , the deeper ha l f  of bas in f i l l s ,  wh ich ar e 

most product ive and the presumed sou r ce o f  hydrocarbon generat i on , a r e  

l a r ge ly und r i l l ed a n d  unknown . Other  f r on t i e r  a r ea s  have been 

v i r tual ly untouched by the dr i l l , and despi te r ema r k able  advances i n  

geophys ical  techn iques , many ter rains a r e  se i smica l l y  obs cu r e  and 

un interpreted . Even in par ts o f  bas ins presumed to be wel l k nown , 

many aspects def i n ed by advanced seismic pr of i l ing  methods hav e  ye t to 

be ver i f i ed by ca r e f u l l y  des igned t r ansects of d r i l l  hol es . 

The pet roleum indus try has gath e r ed , and wi l l  con t i nu e  t9 gather , 

a wea l th o f  bas i c  data on the occu r r ence and product i on of o i l  and 

gas .  Mos t of th is r es ea r ch is  ca r r i ed out by a few ma j o r  companies , 

whe r eas more than hal f  of con t i n en tal  u. s. product i on is  ac compl i shed 

by the ove r  20,000 sma l l er independen t o il compan ies . Mo r eover , the 

resear ch prog r ams of the ma j o r  compan i es tend to focus on r e l a t ivel y 

h igh-potent ial , h igh- r i s k  dis cov er ies in r emote pa r ts o f  the Un i ted 

Sta tes and abroad . As a r esu l t  pr i vate sec tor r esea r ch may not 

f u r n i sh adequate i n format i on on mo r e  e f f i c i ent incr emen ta l r ecove ry 

f r om ex ist ing f i elds . 

Acco r dingly , the commi ttee concl udes that maj o r  r es ea r ch f r on t i er s  

ex i s t , and that a sys temat i c  hydrocarbon r esearch dr ill ing pr ogram 

suppo r ted by the fede ral  government and conducted complemen ta r y  to 

and , as appr opr iate , in coope ra t i on w i th pr ivate indus t ry and 

ind iv i dual states shoul d be pu rs ued . Res ear ch dr i l l i ng is pr opos ed i n  

f o u r  ma in a r eas: 
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1. compr ehens ive cha r ac te r i za t i on of complex r eservo i r s  for th e 

development of advanced , pred i c t i ve geolog i ca l  and f l u i d  behav i o r  

model s to enab l e  opt imal hydr ocar bon r ecovery f r om e x i s t ing r es e r vo i r s .  

2. control led t r ansec ts dr i l led acr oss sedimentary bas i ns w i th in 

integ rated geol ogi ca l  and geophys i ca l  f r amewo r k s  to impr ove 

fundamental k nowl edge of bas i n  a r ch i tec ture . 

3. Se i sm i ca l l y  obs cu r e  te r r a ins hos t i l e  to geophys i ca l  imagi n g ,  

t o  more f u l l y  under s tand and assess the i r  hydroca rbon pot en t i a l . 

4. De ep , untes ted po r t i ons of p r oduc t i ve bas i ns and spa r sel y 

d r i l led f r ont i e r  bas i ns , to incr ease bas i c  unders tand ing and to 

i mprov e  capab i l i t i es fo r hyd r oca r bon asses smen t . 

Fo r the recommended sci en t i f i c  dr i l l ing pr ogram to be e f fective 

and to ach i eve max i mum potent i a l , it  i s  cr i t i cal that the d r i l l i n g  not 

be done in isol a t i on , but r a ther  in  the broadest pos s i ble con te x t . 

Each s i te should be evaluated s t r ategi ca l l y  for maxi mum sci en t i f i c  

va l ue . Pre-d r i l l ing geophys i ca l  s tud i es and eva l uat i ons of a l l  

exi s t i ng r e l evant da ta should b e  accompl i shed . Mos t r esearch holes 

should be ma inta i ned for  l ong-term mon i tor ing and tes t ing , and a l l  

da ta ob ta ined shoul d  be ca r ef u l l y  a r ch ived .  Annual budgets s uppo r t i n g  

t h e  r ecommended prog r am shou ld devote about one -th i r d  t o  one-hal f  o f  

the funds t o  r esea r ch and non-d r i l l i ng expend i tu r es , and the ba lance 

to ac tual d r i l l ing costs . 

The con terminous Un i ted Sta tes has a subs ta n t i a l  r es ou rce of 

hyd rocarbons yet to be d i scovered as wel l as l a r ge vol umes sui tab l e  
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for  advanced r ecove r y .  Imp roved ut i l i z at i on of t h i s  resou r ce i s  

essent ial  i f  we a r e  t o  r ed uce the g rowing dependency of t h e  Un i ted 

States on fo re ign hyd roca r bon sou rces . A systemat ic prog ram of 

hyd roca rbon r esea rch d r i l l i ng , r each ing a suppor t  l evel of f200 

mi l l i on annual ly i n  th ree to f i ve yea r s ,  cou ld be a ma j o r  cont r i butor 

i n  such effo rts . 
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1. 1 INTRODUCT ION 

Chapte r  1 

HYDROCARBON RESEARCH DRILLING 

The d i scove ry and recove ry of add i t i onal domes t i c  hyd r ocarbon 

resou rces ca n be enhanced by bet te r unde rstand ing the natu re of and 

changes occu r r ing wi thin  the ear th ' s  c r us t . The d r i l l  is r ecogni zed 

as an essent ial s c i ent i f i c  tool for  a id i ng i nte rpretat i on of crustal 

evo lu t ion ,  subs i dence history , bas i n  development , and the gene rat i on ,  

mig rat i on , ent rapment ,  a nd ext r act i on of hyd r oca rbons . Emp l oyed in 

conjunc t i on wi th othe r geolog i cal and geophys i cal tools , the d r i l l  

prov ides info rmat i on and i n s i ghts that a r e  unobt a i nable f rom othe r 

sou rces . The d r i l l  can prov i de data to pr ove an i n f e r ence and the 

ve r i f icat i on of a mode l ,  o r  data that can d isprove or ref ute them . 

The e a r th ' s  crust  is a complex ar rangement of s t r uc t u r es w i th 

d i ve r se h i s to r ies . How these s t r uc tu r es fo rmed , how ba s i ns a r e  f i l l ed 

wi th sed iments , how heat and compac t i on con t r i bute to the fo rmat i on of 

f os s i l  f uel s ,  how l iqui ds mig rate a nd become ent r apped , how rocks and 

f l u i ds behave when f l u i d s  a r e  ex t rac ted , and the t iming of the even ts , 

5 
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are questions to be further resolved by scientists involved in 

hydrocarbon studies. Such geological and geophysical investigations 

of the earth's surface require the dr ill to measure and sample the 

earth's crust directly. 

Geoscientists know that extrapolating surface and near-surface 

geological and geophysical data to depth eventually requires 

substantiation achieved only by direct observation through drilling. 

The Energy Research Advisory Board ( ERAB) report ( 1987 ) emphasized 

that: 

knowledge is inadequate about the origin, composition, structure, 
and processes of the continental crust, and the relationship of 
crustal structures and processes to energy resources • • • • 
computer models • • • require actual testing for verification and 
validation. The ultimate geoscience test is scientific 
drilling. ! -

-- --

The ERAB report summarized specific geoscience study topics, 

especially crustal research initiatives, applicable to oil and gas 

environments, including: 

• an improved understanding of the behavior of subsurface organic 

and inorganic fluids in rocks; 

• a three-dimensional characterization of the internal properties 
and struc tures of rock bodies; 

• in situ measurement in high-pressure and high-temperature 
environments in deep boreholes; 

• modeling crustal structures and processes ; 

• testing crustal models through scientific drilling; and 

• exploring the range of hydrocarbon generation in time and space. 
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1. 2 RATIONALE FOR A HYDROCARBON RESEARCH DR ILLING PROGRAM 

The United States has a broadly based petroleum industry ranging 

from many one-to-two-person companies to large, multinational 

corporations. These companies have drilled in the United States more 

extensively than any nation on earth in the search and development of 

oil, natural gas, and other minerals, and a resulting extensive data 

base exists. Further, a recent survey by the National Petroleum 

Council, to be published in 1988, indicates that u. s. companies are 

spending in excess of fl billion annually in petroleum-related 

research and development. 

In considering the merits of a publicly supported hydrocarbon 

research drilling program, central questions emerge: Is such a program 

justifiable in view of the existing and historical effort of the u. s. 

petroleum industry? And if there is appropriate and justifiable 

research to do, will not the industry, with its large research 

laboratories, pursue such research in its own economic interest? 

In light of these questions, the committee concludes that a major 

federally supported program in hydrocarbon research drilling, 

complementary to and, where appropriate and mutually desirable, in 

cooperation with industry, is justified. In reaching this conclusion 

we recognize the following: 
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1. A number of issues related to hydrocarbon formation, 

migration, and reservoir characteri zation are of basic scientific 

interest, long-term in possible application, and not necessarily of 

immediate concern to the private industry. 

2. The u. s. petroleum industry consists of more than 20,000 

entities. Internal research capabilities are limited to a dozen or so 

of the major companies. The vast bulk of the entities constituting 

the u. s. petroleum industry are the smaller companies and independent 

operators pursuing smaller reserve increments. They must, of 

necessity, maintain low overhead costs, and accordingly rely on 

external, chiefly public, sources for research concepts, techniques, 

and products. Historically, many independent operators have 

maintained some access to major company research and development 

through the mechanism of farm-outs with major companies ( i. e. ,  

drilling on properties held by major companies for targets not 

necessarily a part of the lease-holder's strategy ) .  Today, however, 

there are many areas of the country where the majors no longer 

maintain interest, and here this historical relationship does not 

exist. 

3. The major companies with internal research structures are 

generally multinational in scope and interest. A significant part of 

their research and development expenditure is in support of activities 

abroad or activities in the United States that are focused in 

high-potential, high-risk areas such as the deepwater offshore, and 

hostile environments of the Arctic. 
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4. A substantial portion of industry research and development is, 

and will remain, proprietary. This is obviously appropriate to the 

competitive interest of the companies conducting and financing the 

research. Results of some of this research, over time, may be 

released for publication, but much of it never becomes available. 

5. The character of the remaining u.s. resource base of oil and 

natural gas, especially on land in the lower 48 states, is an 

important consideration, where nearly two-thirds of the onshore oil is 

produced by smaller, independent operators. By most accounts the 

total volume of the remaining resource is quite large, but much of 

this potentia l resource can be converted to producib le resources only 

in relatively small increments. This is because most future reserve 

additions, as those of the recent past, must come from discovery of 

relatively small fields, from extensions of existing fields either 

areally or vertically, by intensive development of existing fields 

through extended conventional means (geologically targeted infill 

drilling), and through deployment of advanced tertiary recovery 

processes (enhanced oil recovery). 

Historically, major multinationa l  oil companies and those commonly 

with internal research capabilities have logically based their 

competitive positions on access to large-volume fiel ds. With the 

potential of l arge field discovery on-land in the United States 

l argely realized, most major companies have turned their interest and 

their research investment to potential large field discovery in remote 

parts of the United States and, increasingly, abroad and offshore. 
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While economies of scale are realized w ith large-increment 

discoveries and production, the economic benefits from small-increment 

drilling and recovery must come from improved efficiencies, generally 

available only through specific research and development efforts. 

Some major companies do pursue small-increment additions as part 

of their corporate strategy, and some may gear their research and 

development efforts to become more aggressive in that pursuit. Others 

will choose not to, and still others may restrict interest to what 

they perceive as the most attractive of small-increment targets. 

However, traditionally it has been the independent and smaller 

operator who has pursued the smaller-increment targets and who could 

most benefit from a publicly supported hydrocarbon research drilling 

program. Indeed, the maintenance of this substantial part of the u. s. 

petroleum industry may depend on increased efficiency gained by 

publicly available research and development. 

The remaining large, but small-increment resource base in the 

United states is a real frontier, not extensively pursued and not the 

target of principal research expenditure, but one with substantial 

promise. 

6. Finally, the committee recognizes that in addition to the 

private interest in pursuing hydrocarbon development profitably, there 

is also a profound public interest in the highest realizable level of 

domestic production of oil and gas. This public interest is manifest 

in concerns with trade balances, constrained levels of oil imports, 

reliability and stability of supply, and the economic benefits and 

stability that domestic development provides. 
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1.3 CURRENT RESEARCH D RILLING PROGRAMS 

The total prog r am o f  research drilling cur r ently being supported 

in the Uni ted States is small. D rilling projects designed 

specifically for long- term research are sponso r ed and financed largely 

by governm ent agencies. Most do not speci fically add ress hydrocarbon 

r esources research. 

S t r atig raphic test well s, generally con t r ac ted ·by a consorti um of 

explorati on g roups, provide detailed information on the s t r atig raphy 

and litholog y of geol ogic sections. An ex ample is the Continen tal 

O f f shore st ratig r aphic T est (COST) prog ram . The COST program has been 

ef fectiv e in d et ermining the geological cha racter of s trata in a 

number of u.s. o f f shore f rontier regions, including Alaska, 

Cali fornia, the Gul f  of M exico, and the A tlantic coast. Although the 

principal purpose o f  COST well s is to gather informati on for indus t ry 

and gov e rnment use in evalua ting t racts to be leased, conside rable 

sci enti fic information can be gathe red in the process. Whil e COST 

well s have provided useful s t ratig raphic in f o rmation f o r  appli cation 

in oil and gas exploration of som e  f r ontie r areas, vas t regi ons 

offsho re remain wi th li ttle or no well cont rol. No compa rable pr og r am 

of this magnitude exists onshore. 

An occa sional scienti fic hole is d rill ed wi th funds provided 

solely by a pet roleum company's resea rch labo ratory, or in coopera ti on 

wi th the fi rm's ope r ating af filiat�. Su ch holes commonly involve 

proprieta ry resea rch, and resul ts may be retained by the i nvesting 

company fo r ex tended pe riods of time. 
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An example of research based on holes financed by private 

companies is  Project Upper Crust, designed and directed by 

geoscientists from the University of Kansas and now partly funded by 

the Deep Observation and Sampling of Earth's Continental Crust, Inc. 

(DOS ECC) program. This project covers a large portion of the u.s. 

midcontinent region and has as its primary goal a better understanding 

of the midcontinent Proterozoic crust. The composition and age of the 

crust are being determined by the examination of cores and cuttings 

from completed commercial drill holes, and from •holes of opportunity• 

drilled by private companies or other groups. A hole of opportunity 

can provide the basis for a public extension of a privately drilled 

hole at very reasonable, if any, cost. It sometimes involves 

convinc ing the organization funding a drilling project to continue 

drilling into the basement complex i n  order to obtain samples of 

Precambrian rocks. Project Upper crust scientists have obtained a 

large number of cores and cutting samples by this method in recent 

years. Other holes drilled by private companies might be deepened if 

there were a more coordi nated and expanded program for di sseminating 

information on drilling activiti es, and an organized program to take 

advantage of selected holes. 

An interagency group comprising the Department of Energy (DOE), 

the u.s. Geological Survey (USGS), and the National Science Foundation 

(NS F) plans and coordinates the u.s. Continental Scientific Drilling 

Program. DOSECC, on behalf of the USGS and the NSF, manages part of 

the program. To date, the only dedicated drilling project is a 
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1 1, 5 1 5-ft hole drilled in cajon Pass, california and designed for 

research on the San Andreas fault. 

An example of successful use of the drill as a scientific tool was 

the federal ly funded Deep Sea Dril ling Project (DSDP). This 

multinational program, which is being continued as the Ocean Drilling 

Program (ODP), has produced data on the earth's crust that have 

changed basic geologic concepts. The DSDP was developed in the 

mid-1960s as a sci entific program to explore the nature of the 

seafloor, the sedimentary units overlying the oceanic basaltic crust, 

and the oceanic crust itsel f. Drilling sites were chosen where 

geophysical data indicated worthwhile scientific targets and offered 

opportunities to maximize the yield of new scientific information. 

In recent years, various units of the Department of Energy have 

participated in dril ling projects with scientific goals, although 

these projects were not targeted to hydrocarbon research. These 

projects include the Hot Dry Rocks Program near Los Alamos, New 

Mexico, supported by the Office of Geothermal Energy, and dril ling of 

potential geothermal regions with funds supplied by the Office of 

Basic Energy Sciences (OBES). The Salton sea Project in California, 

also geothermally oriented, is basical ly a scientific dril ling 

project. This we l l  is presently at a depth of 10,564 ft and has been 

the source of significant new data contributing to improved 

understanding of active hydrothermal systems. 

In a few instances, the DOE's Office of Fossi l Energy has dril led 

ho les to he lp evaluate the hydrocarbon potential of 

government-control led lands. In some cases, such wel ls may provide a 
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basis for acceptable lease bid levels : in other instances drilling has 

been a cooperative venture in testing a particular geologic 

environment. 

Because these dril ling projects are aimed chiefly at testing 

potential for production, the amount of research performed has been 

erratic : for example, under the Office of Fossil Energy, DOE drilled a 

24,466-ft well in the Naval Petroleum Reserve No. 1 in California. 

The area, known as Elk Hill s, is considered to have additional 

petro leum potential and is periodical ly reviewed for possible leasing 

to private exp loration/development groups. The well, completed in 

1 9 87, was designed to drill through a thick section of sediments and 

penetrate crystalline basement, but was stopped in overlying 

sediments. Discussion within the scientific community regarding the 

site selection process and the scientific studies performed was hel d  

largely while dri l l ing was in progress. Minimal pre-dril ling seismic 

profiling was done : few scientific experiments were conducted while 

the hole was being dril led. The project was more of a wildcat 

exploration than a research dri l ling project. The ho le probabl y cou ld 

have been used for a number of research objectives, but it was not so 

designed, and its research potential was not realized. 

Other nations are conducting or planning a number of extensive and 

costly research drilling projects with both direct and indirect 

bearing on hydrocarbons.
2 

The Soviet Union has embarked on an 

ambitious dril l ing program with eight holes currently being dril led, 

and at l east seven others in the p lanning stage. This program is 
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designed to acquire a broad spectrum of geoscientific data while 

testing areas for resource potential. Approximately half of the 

drilling targets involve regions considered to have some oil or gas 

potential. The most publicized of these projects is on the Kola 

Peninsula in northwest Russia, where a world-record 12,065-m (39,557 

ft) hole has been drilled over the past 18 years. Although the 

Soviets have published only limited information on scientific 

conclusions from the drill hole, some results have been reported. 

These include indications that liquids and gases have apparently 

seeped into the drill hole through fractures within the crystalline 

host rocks at great depths. The Soviet scientists also have stated 

that seismic reflection horizons detected by geophysical surveys on 

the surface were not identifiable in the drill hole. Thermal 

gradients increased unexpectedly below 3 km, resulting in temperatures 

in the range of 200
°

C at a depth of 12 km. The target depth for the 

Kola Superdeep Drill Hole is 15 km (49,1 80 ft). A number of holes in 

the Soviet program identified specifically as hydrocarbon research 

projects have been drilled to depths of over 30,000 ft. 

A scientific drilling project in the Federal Republic of Germany 

was begun in September 1 9 8 7  to define an area of structural complexity 

in northwest Bavaria. Although the planned 12- to 14-km (40,000 ft) 

hole is not expected to provide specific hydrocarbon-related data, 

geologic and geophysical information from the drill hole will be 

applied in interpreting regional paleogeographic features. A $250 

million commitment has been made by the German government to this 
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project, which involves drilling a 3-km (10,000 ft ) pilot hole before 

the deeper drilling is begun. 

A third drilling project in Europe is the Gravberg No. 1, drilled 

in the Siljan meteorite impact struc ture of central SWeden. The hole 

was financed principally by the SWedish State Power Board in an 

attempt to penetrate a series of high-amplitude seismic reflectors, 

interpreted to possibly indicate significant concentrations of natural 

gas. The project had serious drilling problems and is currently 

dormant for lack of funds at a depth of 6,600 m ( 21,640 ft ). Limited 

scientific experiments have been performed in the drill hole and on 

the few core samples recovered. The drilling fluid and rock cuttings 

were analyzed for gases. The three high-amplitude reflectors drilled 

to date have been identified as dolerite sills intruded into the 

granitic basement rocks. Apart from its problems, there had been an 

extensive program involving analysis of logs, drill samples and fluids 

collected from the hole. Elaborate geochemistry run on the fluids has 

provided much useful scientific information. A report in preparation 

by the Gas Research Institute ( GRI )  will document the findings. 

1. 4 GOALS OF A RESEARCH DR ILLING PROGRAM 

Numerous reviews have been made and conclusions drawn by groups 

both within and outside the Department of Energy regarding the growing 

need for additional hydrocarbon research. These studies, conducted 

over a span of 10 years, unanimous ly concl ude that only a dedicated 
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scientific drilling program and related scientific experiments can 

resolve particular questions concerning hydrocarbon formation and 

concentration. 

After reviewing previous recommendations and accessing what new 

knowledge is needed, the committee has organized its recommendations 

under four main themes, each with specific goals for a hydrocarbon 

research drilling program. The goals are not mutually exclusive; they 

serve as an organizational framework for an envisioned program. 

Theme 1: Reservoir characterization and geologic modeling. 

Recovery from most hydrocarbon fields ranges from 1 5  percent to 5 5  

percent for primary and secondary conventional techniques. Most 

potential reserves in the United States are in already-discovered 

fields and are considered to be nonrecoverable resources. Goals: To 

develop a better understanding of reservoir heterogeneity, in situ 

rock and fluid properties, and enhanced oil recovery techniques. 

Major oil companies with internal staff and facility capabilities are 

conducting research in this area; however, economic considerations 

severely limit the amount of basic research conducted in the private 

sector. Short-term and long-term publicly funded research would 

include drilling closely controlled by previous holes and 

high-resolution geophysical surveying. Expected result: Improved 

recovery, thereby augmenting the resource base and adding to reserves. 

Theme 2: Sedimentary sequences and crustal geology. Drilling 

controlled transects across basins to integrate geological and 
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geophys i cal frameworks would prov ide ess en t ia l  data on basin 

development, sequence pac kages , rock properties, and the gene r a t i on , 

migration, and entrapment of hydrocarbons. Goals: To characte r i ze 

sedimentary sequen ces in different bas i n  setti ngs: to develop and test 

predictive models of the distribution of reservoir-prone and 

source-rock-prone facies and of those factors controlling the 

gene r a t i on , maturation, migration, and ent rapment o f  hydroca rbons . 

Expected results: Improved fundamental knowledge basic to identifying 

hydrocarbon concentrations, improving prediction and identification of 

subtle traps in mature bas ins , and reducing exploration risk . 

Theme 3: Se i sm i cal ly obscured t e r rains . Drilling to determine the 

nature of complex and difficult terrains where seismic data will not 

permit reliable interpretation wou ld develop basic information in 

areas hostile to geophysical imaging. � : To iden tify and 

characterize those terrains, and to provide basic scientific data 

useful in modeling them . Expec ted r es u l t :  Improved data base for  

accurately interpreting obscured terrains and for modeling and 

p r ed i c t i ng hydrocarbon locations and potential. 

Theme 4: Frontier areas. Drilling should be done in deep 

sedimentary basins, below zones of current exploration, and in rifted 

or wrench/fault-related basin settings, to better understand rock 

properties and hydrocarbon sources, maturation, and rock-fluid 

interactions. Goals: To identify and characterize rock strata, to 
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develop more reliable bases for predicting hydrocarbon occurrences, 

and to test models of basin formation and hydrocarbon generation. 

Expected results: Improved capabilities for predicting hydrocarbon 

occurrences and reducing exploration risk. 

1. 5 HYDROCARBON RESEARCH METHODS AND TOOLS 

Besides detailed analyses of rock and fluid samples obtained from 

a research drill hole, there is an equally important need for in situ 

downhole, hole-to-hole, and hole-to-surface measurements to aid in the 

interpretation of subsurface environments. Improved methods and 

techniques becoming available for in situ measurements and experiments 

during and after drilling include geophysical and geochemical well 

logging, fluid sampling, vertical seismic profiling, hydrofracture 

experiments, temperature measurements and flow testing. Slant hole or 

horizontal drilling techniques should also be considered. 

Once completed, a scientific drill hole offers the opportunity for 

continual physical and chemical monitoring. Long-term experiments can 

be designed to identify permeabilities by use of natural or injected 

tracers in formations and monitoring tracer movement in drill holes. 

In situ teleseismic measurements distinguish crustal structure with 

diminished attenuation and dispersion signal loss caused by the 

fractured upper crust. Downhole temperature measurements taken over 

extended periods can aid in defining undisturbed thermal gradients and 

fluid motion within the formations. 
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Although a number of instruments and tools designed for measuring 

physical and chemical parameters are generally available, add itional 

trial development of refined models is necessary. Successful use of 

such instruments w ill depend on a number of fac tors, includ ing 

temperature and pressure var iances along with hole conditions such as 

diameter and hole deviation. Trade-offs in tool selection may be 

needed to balance the relative value of measurements with drill hole 

restrictions. 

As measurements of additional physical and chemical properties are 

sought by geologists and geophys ic ists, researchers need to develop 

new capab ilities, such as measuring permeabil ity, evaluat ing fracture 

patterns, perform ing downhole elemental analyses, determ ining fluid 

flows, and predicting and measuring excess ive borehole breakouts. 

Sample and hole curation are as important as drill hole sample 

collection and downhole measurements. All hydrocarbon research 

drill ing projects should include plans for rock and fluid sample 

curation, as well as for mainta ining the hole as an observation or 

test well for periods of t ime. The pr incipal form of rock samples 

from a research dr ill hole should be core. cons iderat ion must be 

given for nat ive-state core and fluid recovery and storage. Improved 

cor ing, sampling, and storage techniques may have to be developed to 

retain dr ill hole samples in the most acceptable cond ition for future 

scient ific studies. 

Although in s itu research is necessary to define and interpret 

rock units in and near a dr ill hole, parallel laboratory 
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investigations must also be conducted to characterize the drill hole 

environment under simulated subsurface conditions. Thus processes 

involved in fossil fuel formation can be studied bot.h by sampling 

through drilling and by laboratory experiments to achieve optimum 

scientific results. 

The chapters that follow will develop the four major themes and 

their goals for an effective hydrocarbon research drilling program, 

describe the types of research for reaching each goal, and discuss 

requirements for implementing a successful program. 
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Chapter 2 

RESEARCH GOALS OF A SC IENT IF IC DRILLING PROGRAM 

2. 1 INTRODUCT ION 

Although projects for scientific drilling are broadly addressed in 

current and planned programs, few focus on specific goals that would 

promote research on hydrocarbon discovery and recovery. In 1979, for 

example, the u.s. Geodynamics Committee emphasized that a principal 

purpose of scientific drilling is to define materials, structures, 

conditions, and processes of rock-fluid interaction beneath the 

earth's crust. The committee recommended: 

that a continental Scientific Drilling Program be initiated to 
achieve expanded knowledge and understanding of the uppermost 
part of the crust of the earth in the United States • • • • This 
program would provide a central focus for the scientific aspects 
of federal drilling activities and a mechanism for communication 

and cooperation with academic, industrial, and state scientific 
constituencies. ! 

In 1983, the committee on Opportunities for Research in the Geological 

Sciences of the National Research council ( NRC) concluded: 

24 
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Deep holes drilled entirely for scientific reasons of 'dedicated 
deep drilling' have been a wistful gleam in the eyes of 
geologists but have always seemed too expensive in comparison 
with other needs. Now, however, based on the information we are 
getting about the deep continental structures from geophysical 
probes, we are rapidly approaching the time when direct sampling 

by drilling will be the only way to calibrate geophysical data 
• • • A program of drilling holes dedicated to scientific 
studies is highly recommended over the next few years • • • • 
Just as critical areas of the oceanic crust have been tested by 
the drill with remarkable results, similar existing discoveries 

can be anticipated from a program of continental scientific 
drilling. 2 

Other impartial review groups have defined scientific drilling 

objectives to advance geological knowledge of active fault zones, 

thrust belts and mineral resources. 

This chapter identifies recommended goals for scientific drilling 

that relate directly to research on exploration and production of 

hydrocarbons. Specifically addressed is the question, •What drilling 

is needed to advance the science related to oil and gas discovery and 

recovery?• 

The committee considered a matrix of scientific drilling 

activities and target environments in this area. Figure 2. 1 

summarizes this matrix, integrating scientific drilling goals to (1) 

identify and characterize, (2) model and predict, and (3) test and 

verify various hydrocarbon elements of a topical or functional 

nature. Functional themes range from basic geological framework 

studies to processes affecting hydrocarbon generation, maturation, 

migration, entrapment, and extraction. 

We have organized the discussion under the following topical 

themes: 
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(1) reservoir characterization and geologic modeling, ( 2) sedimentary 

sequences and crustal geology, ( 3) seismically obscured terrains, and 

( 4) frontier and underexplored areas. The role of drilling and 

suggested research studies are discussed under these four headings. 

After each discussion is a section giving examples of types of 

drilling sites to be considered in a dedicated scientific hydrocarbon 

drilling program. 

The expected results of a comprehensive research drilling program 

include (1) improved understanding of geological frameworks and 

processes controlling hydrocarbon distribution, (2) improved methods 

and techniques for predicting hydrocarbon occurrences, ( 3) improved 

hydrocarbon recovery, and ( 4) reduced exploration risk. 

2. 2 RESERVOIR CHARACTERIZATION AND GEOLOGIC MOD ELING 

About 330 billion barrels of oil will remain in known u.s. 

reservoirs after current primary and secondary recovery operations are 

3 
completed. This resource base, discovered during more than 125 

years of exploration and exploitation, is more than twice the 

cumulative u.s. production to date, and continues to be the target of 

improved oil recovery. Recovery for most u.s. fields ranges from 15 

percent to 55 percent by conventional, primary, and secondary 

techniques. Thus the largest fraction of potential resources in the 

United States is in already-discovered fields but is considered to be 

•remaining oil-in-place.• Recovering a portion of these resources 
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will require a better understanding of reservoir heterogeneity and in 

situ rock and fluid properties. certain major oil companies have 

research programs in this area of incremental recovery from existing 

reservoirs, but many known u.s. onshore fields are being exploited by 

smaller companies that have neither the means nor the organization to 

support the type of research directed toward more efficient recovery 

of known sources. A federal program of research in reservoir 

characterization is therefore appropriate, and should involve 

industry, not-for-profit and academic institutions, and state 

geological surveys. 

Although expanded scientific knowledge regarding reservoir 

characteristics will aid development of new fields, the first target 

would be oil that is currently considered nonrecoverable. Of the 

estimated 330 billion barrels so classified, some 230 billion are 

trapped by viscosity and capillary properties of the fluid in the 

reservoir rock. About 1 0 0  billion barrels are potentially mobile, 

representing oil that has been bypassed or uncontacted by conventional 

drilling and producing methods. A portion of this oil could be 

produced if located and properly contacted. Some of the 230 billion 

barrels can be mobilized and displaced by tertiary processes if 

detailed reservoir models were available. Recovering part of the 1 0 0  

billion barrels of unswept mobile oil offers the most immediate 

contribution to domestic production, since such recovery could use 

extensions of current technology. 
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Locating and extracting mobile oil concentrations require more 

accurate and detailed reservoir characterization. The exact location 

of these resources is uncertain because many wells in existing fields 

were drilled years ago without an attempt to identify the percentage 

extraction taking place. In addition, most wells were drilled with a 

uniform geographic spacing to extract the oil and gas from their 

reservoirs. In many instances, this uniform spacing assumed that the 

reservoirs and the fluids contained were homogeneous and behaved 

uniformly. 

Most current geologic models of reservoirs were developed for 

exploration rather than exploitation. They emphasize the importance 

of external reservoir configuration and do not adequately explain the 

internal reservoir compartments that control hydrocarbon recovery. 

Research indicates a definite relationship between reservoir genesis, 

reservoir drive energy, and the volume of unrecovered mobile oil in 

the reservoir. In complex reservoirs, from SO to 85 percent of the 

mobile oil may remain unrecovered at abandonment. This mobile oil is 

prevented from migrating to existing wells by internal reservoir flow 

barriers, and it remains trapped in geologically controlled 

compartments. For example, subtle heterogeneity patterns produced by 

circulating water result in isolated pools of oil held static as water 

flows through bypass channels. In-fill drilling and alteration of 

pressure gradients could mobilize some of these potentially 

significant sources of oil. 
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A thorough understanding of a reservoir's physical continuity and 

its relation to lithofacies, porosity, and permeability is 

prerequisite to recovery of additional mobile and related immobile 

oil. Reservoir geologists and engineers need improved geologic models 

and interpretive procedures that address the complexity of internal 

reservoir geometries. New models should describe the internal 

architecture of reservoirs with respect to the geometry of 

unconformities, bedding and fracture surfaces, their relation to the 

lithofacies, and both primary and secondary porosity and permeability. 

Reservoir types vary widely, and a representative number should 

be studied. For example, submarine fan deposits offer a potential for 

increased production in known fields. The commonly accepted model of 

deep sea fans, based on studies of submarine sedimentary cores, 

visualizes progradational units of upper, middle, and lower fan 

facies. However, recent seismic, stratigraphic, and outcrop studies 

of ancient submarine fans indicate that this model is inadequate and 

can be misleading. Translating some of the new concepts into use in 

known reservoirs will require a blend of geophysical studies 

calibrated by the ground truth of drilling.
4 

Research drilling and related experiments should also focus on 

reservoir heterogeneities that control the effectiveness of well 

completion and stimulation practices. Secondary processes often have 

altered primary features and established different migration paths, 

seals, and flow units. Further insight into the chemistry and physics 

of these processes is needed to help operators optimize completion and 
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stimulation practices. Answers are needed to the question , •What 

works best , where , and why?• 

The program of reservoir characterization and model development 

should identify basic reservoir types with a wide range of physical 

parameters (see Table 2. 1). The scientific goals of such a program 

are bet ter understanding of: 

• Primary depositional processes. Reservoirs need to be 
described in terms of the continuity of physical chronostratigraphy , 
unconformities , bedding and fracture surfaces , and their relation to 
lithostratigraphic depositional systems and facies architecture. We 
should be able to recognize the system that created the reservoir , and 
especially the location of any particular reservoir in the 

depositional system. Closely spaced dril ling wil l  be needed to 
construct a three-dimensional pic ture of the reservoir. 

• Secondary al teration processes , including fracturing and 

diagenesis. These need to be defined so that their overprint on 
primary processes can be predicted and mapped for optimum design of 
well location and production programs. 

• Fluid drive mechanisms. These are understood in terms of 
classical physics , but too lit tle is known of the in situ properties 
of reservoir fluids and rocks and how they affect sweep efficiency and 
flow in heterogeneous media. 

• Chemical and physical processes affecting well stimulation and 

completion. These need to be understood for varying subsurface 
conditions so as to establish optimum stimulation and completion 
practices , ensure maximum producing and recovery rates , and avoid 
formation damage. 

A research program studying a group of representative reservoir 

types , defined by combinations of the processes listed above , would 

require designation of research areas or •fields of opportunity. • 

Closely spaced drilling, detailed fluid and rock sampling , and 

eventual creation of long-term observation wells would allow the 

following research to be conducted : 
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• Detailed reservoir description , including fluid properties, 
petrography, sedimentology, porosity , permeability and other rock 
properties : 

• surface and well geophysics and geochemistry, including 

seismic , electrical, magnetic , and chemical properties of rocks and 
fluids : 

• Access to subsurface occurrences of rocks known at their 
outcrops : 

• Development of detailed geologic model s  for prediction of 
complex flow patterns : and 

• A combination of laboratory experimentation and drill hole 

testing to understand processes affecting well stimulation and 
completion, to predict optimum practices under varying subsurface 
conditions, and to check and verify the predictions and procedures. 

Some of the recommended wells would obtain information regarding 

the reservoir seals and migration pathways to test theories of 

migration and trapping in development of reservoir models. In 

addition , a high-density well suite can be used to physically test 

flow path models developed from limited data, to further improve 

modeling of the internal architecture of reservoirs. use of slant and 

horizontal drilling should be considered to determine lateral 

variations, especially for correlation with geophysical data. This 

type of research drilling could be done in the near-depleted, 

water-flooded portion of a mature reservoir. Adequate testing of 

existing wells , modification of injection patterns, and special 

logging will require a long-term commitment by the research groups. 

Consequently , adequate access arrangements must be negotiated with the 

property owner and operator. Tests of this type should be carried on 

in various geologic settings to characterize reservoir rock 
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heterogeneity and the result ing quantitative trapping of oil during 

water displacement. 

Geophysics can be especially important in maximizing the 

significant investments made in a dr ill ing program. High-resolution 

methods , downhole and crosshole tomography, improved logging methods 

and tools, and possible application of other geophysical parameters 

such as electric fields , should be considered. These studies are 

essent ial to modeling existing fields in order to •see• beyond the 

drill hole. 

2. 3 SED IMENTARY SEQUENCES AND CRUSTAL GEOLOGY 

•Geoscience Research for Energy Security,• the 1987 report by the 

Energy Research Advisory Board (ERAB ) to the DOE , placed a priority on 

research for the detection of subtle stratigraphic traps, on basin 

analysis, and on improved knowledge of reservoir heterogeneity.
5 

The report further noted the importance of better understanding both 

basic crustal structure and tectonic processes. The subsequent 

development of computer models to predict structures and processes 

w ill require test ing for verification and validation , followed by the 

ultimate test of drilling. 

This committee strongly endorses these views and concludes that 

further expansion of these concepts is warranted. The committee 

recognizes that crucial elements of crustal analysis must be combined 

with basin analysis, herein referred to as crustal geology, to improve 
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the understanding of basin evolution (basin-subsiding, basin-filling, 

and basin-deforming processes ) ,  of thermal history , and of the impacts 

of sea level and climatic changes. Each of these elements requires 

further research to establish the controls on hydrocarbon generation, 

migration , entrapment, and preservation. 

Basin-filling processes depend on rates of subsidence and 

deposition, sea-level position , and climate. Each exerts strong 

controls on the succession of sedimentary sequences and the stratal 

patterns and facies distribution within them. These in turn govern 

the three-dimensional aspects of reservoirs, source rocks and seals , 

and the physical nature of fluid systems. 

Crustal elements exterior to the basins also require 

consideration; factors such as rates of uplift and sediment supply 

also influence the nature of sedimentary sequences. Information on 

heat flow , paleotemperatures , subsidence, and tectonic uplift is 

needed to characterize basin-forming and basin-deforming processes 

more fully. Only drilling can provide the basic subsurface data 

regarding these critical parameters. 

Post-depositional changes in temperature and pressure produce 

changes in rock properties and in contained organic matter and 

fluids. These changes promote interactions that affect the quality of 

reservoirs and seals and the ability of source rocks to generate 

hydrocarbons. Calibration is needed for the reactions producing these 

changes in different basin settings, under differing conditions of 

pressure and temperature , and in different physical and chemical 

environments. 
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The key to improved hydrocarbon predictions is obtaining 

additional information on the nature of sedimentary sequences, the 

processes that control them, and basin dynamics. Especially needed 

are data on the timing of tectonic events and thermal history, to 

establish kinetics of processes and reactions. Added informat ion on 

impedance to fluid flow is also vital. such information would provide 

greater capability for modeling and predicting those fac tors 

controlling the distribution of hydrocarbons. 

The processes that control vertical and lateral variations in 

crustal geology need to be examined in more detail. The drill is a 

tool that should be used extensively , both to establish a 

statist ically and scientifically sound data base of required 

measurements and to obtain informat ion to test and verify models and 

predictions. The committee has grouped into two categories the goals 

for scientific drilling in this topical area: ( 1) those related to the 

development of sedimentary sequences and concentrating on lateral 

variations, depos i tional history of a given sequence, and the 

detection of subtle traps within that sequences : and (2) those related 

to crustal geology, emphasizing the vertical succession of rock 

sequences : their thermal , subsidence , and deformat ional histories : and 

the resulting conditions controlling hydrocarbon generation and 

rock-fluid interactions. The former stresses basin-filling processes 

and resulting geometric and lithologic configurations. The latter 

emphasizes basin-forming and basi n-modifying processes and the physics 

and chemistry of hydrocarbon generation , migration, entrapment, and 

preservation. 
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• Sedimentary Sequences. The ERAB report highlighted the need to 

develop a more advanced technology base to aid in subsurface 

definition of regional stratigraphy, sedimentology , biostratigraphy, 

geochronology, and geochemistry of source rocks. It urged efforts 

toward a better understanding of the relationship between exploration 

concepts and sequence stratigraphy, noting especially the need for 

research to improve seismic stratigraphic methods for defining subtle 

traps. 

Sequence stratigraphy involves subdividing , correlating ,  mapping 

and analyzing cyclic changes in sedimentary rocks observed in outcrop, 

drill hole , and seismic data. Seismic stratigraphy , well control , and 

generic discontinuity boundaries have shown chronostratigraphic 

depositional intervals , referred to as sequences, that have been 

recognized throughout a number of basins. These boundaries can be 

recognized across facies changes and sites of non-deposition, 

suggesting such correlations can be established independent of 

formation boundaries and rock type. Each sequence contains 

depositiona l intervals and stratal patterns that can be interpreted in 

terms of depositional environment , lithofacies, and paleogeography . 

Some of these sequences have been integrated with biostratigraphy and 

with physical stratigraphy to define a precise relationship among 

biostratigraphic zones, environmental indicators, and position within 

sequence cycles. 

Additional documentation is required to demonstrate the full 

potential of sequence stratigraphy and to predict stratal patterns and 
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lithofacies in different settinqs. Promisinq resul ts have been 

obtained to date in predictinq the distribution of effective seals and 

miqration pathways. What is needed now is a systematic approach to 

further expand and develop the concepts of sequence stratiqraphy by 

drillinq. 

Research drillinq of selected continuously cored holes coul d 

provide the information needed for the development of detailed, 

three-dimensional profiles of biostratiqraphy, maqnetic reversal, 

isotopic variations of minerals and fluids, source rock 

characteris tics, fluid types, and lithofacies, some of which are not 

available from outcrops or conventional well loqs. Research drillinq 

would provide critical data to allow scientists to interpret and 

correlate well loqs, inteqrate qeoloqic data with interpretations of 

seismic sections and other qeophysical and qeochemical data, refine 

and develop concepts, and understand the conditions for entrapment of 

hydrocarbons. These studies could result in the location of subtle 

hydrocarbon traps and in more accurate identification of reservoir 

rocks, seals ,  and traps. 

The recommended proqram is best carried out throuqh a 

multidisciplinary approach involvinq selected basin transects in a 

variety of tectonic settinqs and rock systems. The data base would 

consist of hiqh-resolution qeophysical profiles , available well and 

outcrop control data , and continuously cored drill holes in the 

sequences of interest. 

The major steps in this proqram should include (1) analyzinq 
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representative basin types and stratigraphic sequences across 

selective transects (lines of profile ) ;  (2 ) compiling and analyzing 

available data ; ( 3) conducting scientific drilling as needed to 

complete the initial data base ; (4) basin modeling and simulation ; (5) 

verifying concepts and hypotheses using coring , sampling, and analysis 

of specific sequence intervals ; and (6) using new information for 

further analysis to better predict hydrocarbon occurrences. This 

procedure should be repeated as drilling continues along individual 

basin transects. 

Carrying out this recommended scientific research program should 

involve the following approach: 

• The classification of all major producing basins should be 
reviewed i n  terms of structural type and major rock systems such as 
silici clast ics, carbonates, evaporites , or combinations of these. 
Based on this review , groups of transects of the same general age with 
different tectonic settings and rock systems should be selected. 

Basin-scale transects are preferred. Some of the transects that have 
been described in Geological Society of America and American 
Association of Petroleum Geolog ists publications may be suitable for 
this project. 

• Emphasis should be placed on hydrocarbon potential when 

selecting transect locations and stratigraphic intervals .  

• The structure, strat i graphy, depositional systems , depositional 

environments , and lithofacies should be analyzed along each transect 
pr i or to new drilling . The structural analysis should be based on 
tectonic subs idence profiles and analysis of post-depositional stratal 
patterns to determine structural style. Stratigraphy and structural 

timing should be integrated utilizing tectonic subsidence profiles. 

The stratigraphic analysis should be based on seismic stratigraphic 
techniques, dating th� resulting sequences and packets of stratal 

patterns wi th biostratigraphic or othe r appropriate data . 
Depositional systems , env ironments , and l i thofacies w i thin each system 
should be ident i f i ed on well logs and seismic and adjacent outcrops 
and then integrated and mapped along the transect . 
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• Heat flow history should be interpreted from present day values 

and the tectonic subsidence curves. Fluid type , pressures, and 
hydrocarbon maturation and generation data should be compiled for 
modeling. 

• Should the data base then indicate that scientific drilling is 
needed to complete a transect to provide either lateral or vertical 
control, then scientific drilling should be planned. 

• Participation of industry, not-for-profit institutes , state 
geological surveys , professional societies , and universities should be 
encouraged in the data collection phase to ensure an optimum data 
base, to maximize understanding of the variables likely to affect the 
results, and to optimize the use of the data. They should be 

distributed on request to interested research, academic, and 
industrial groups. Close integration of these data with other data 
should be encouraged. This will allow the rapid appraisal and 
evaluation of various exploration methods and techniques. 

• Modeling along the interpreted transects should be done with 
the latest techniques to simulate stratal pat terns, discontinuities, 
and lithofacies dis tribution. Such variables as rates of tectonic 
subsidence , sediment supply, and sediment accretion ; climate ; 
paleo-oceanography ; and sea-level fluctuations should be considered in 
developing the models. From the simulated sections, models should be 
developed to predict fluid dynamics, hydrocarbon generation , 
hydrocarbon migration , and the most likely areas for hydrocarbon 
entrapment. 

• computer simulation studies should be considered in basins 

where extensive basin transects are carried out. 

• Testing and verifying the models by scientific drilling should 
proceed only after the research steps described above have been taken 
and the objectives for drilling and coring have been clearly stated. 
All relevant questions dealing with the entire process of hydrocarbon 
generation, migration, and entrapment should be considered. Gathering 
core material is imperative and should be given the highest priority. 
Most importantly , widespread prior notification of the location of the 
transect , the selection of coring sites and depths, and the 
announcement of curation procedures should be made. 

• Workshops should be held to explain results and interpretations 
in order to transfer technology, including derived data, methods, 
techniques , and concepts. 

This type of research program would allow the development of 
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concepts, techniques, and interpretation procedures to bet ter locate 

subtle hydrocarbon traps. A cooperative approach involving industry , 

not-for-profit institutes, state geological surveys, and profess ional 

societies will promote the implementation, execution, and rapid use of 

the resul ts. This program could provide a unifying concept for 

stratigraphy, much as the ocean drilling program has provided a global 

structure through its revelations of plate tectonics. The recommended 

scientific effort will address (1) sequence stratigraphy concepts and 

the impact of oceanography and relative sea level changes , (2 ) 

concepts and techniques for analyzing and interpreting subtle 

structures and traps , and ( 3) the ability of computer-generated models 

to simulate basin-scale fluid dynamics. Together with the research 

effort descr ibed in the following section on crustal geology, the 

research drilling would also document the geological history of basin 

profiles and evaluate crustal evolution theories for different basin 

types and for the stratigraphic intervals selected for study in basin 

transects. 

• Crustal Geology. The ERAB report highlighted the need for 

establish ing more detailed reference sections for basins. It called 

for integrating data regarding physical, geochemical ,  and geophysical 

properties of rock sequences. Specific research on the thermal and 

hydrodynamic history of basins, particularly in relation to maturat ion 

of source rocks, migration, and accumulation, was recommended. 

Modeling of crustal structures and processes and subsequent testi ng 

through drilling were noted as the sequential steps after initial 

assimilation of data . 
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Sampling o f  representative basin settings controlled by 

high-quality seismic lines should prove helpful in ( 1 )  understanding 

the processes controlling the vertical succession and nature of rock 

sequences, ( 2 )  quantifying those parameters needed for modeling basins 

and sequences and for predicting hydrocarbon distribution, and ( 3) 

providing an added dimension for sequence analyses by placing lateral 

changes in the context of dynamic geologic events that preceded and 

followed the sequence interval of interest. It should be noted that 

the objectives of sequence stratigraphy would require a number of 

shallow drill holes with continuous coring, whereas the objectives of 

crustal geology require fewer, deeper drill holes with information 

from logs, sample cuttings, and selected cores. 

crustal geologic processes help control the vertical succession 

and nature of rock sequences. For example, formation and deformation 

control the size and shape of the structural setting that receives the 

sediments, contribute to the rate of sediment supply, partially 

control sea-level and shoreline locations, and produce structures 

capable of hosting hydrocarbons. Heat flux and internal stresses deep 

within the earth may well be the underlying controls of basin 

evolution. The interplay among the rates of uplift of adjacent areas, 

rates of subsidence and heat influx, and sea-level and climatic 

fluctuations contributes to the ultimate nature of rock sequences and 

their contained fluids. Vertical sampling of representative basin 

types and crustal settings from the surface down to and into 

crystalline rocks below the sediments can provide insight into the 
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interplay of these processes and their relative contributions . 

Drilling carried out to provide appropriate sample material can 

provide details on geochronology, geothermometry, and rates of 

sediment influx to better characterize the basic processes of basin 

evolution. 

It should be noted that conventional exploration drilling taps a 

b iased sample, a structure or feature that is not representative of a 

basin. This program, designed to drill off-structure, could provide 

vital information not obtainable any other way. Thus it can yield a 

better statistical representation of total basin setting. 

Drilling of selected basin types and crustal settings will provide 

quantitative information on the parameters used in modeling and 

predicting hydrocarbon generation, fluid dynamics, fluid entrapment, 

and fluid preservation. Source rocks are rarely drilled deliberately, 

and this drilling could fill an important gap. Geochronology can be 

established by both biostratigraphic and radiometric age-dating 

techniques. Geothermometry can be used to establish temperature 

history. combining time and temperature measurements will provide 

more reliable information on the kinetics of maturation under 

different basin settings and conditions of heat influx for a variety 

of organic faci es. 

Time, temperature, and pressure conditions for different rock 

compositions can also be determined by adequate sampling and in situ 

measurements to allow modeling of porosity change and impacts on 

permeability for both reservoir rocks and seals. In situ measurements 
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o f  heat flow, thermal conductivities, electrical conductivities, and 

other parameters will allow further improvements in modeling 

diagenetic changes affecting fluid transmissibility and reservoir 

quality. 

The evolution of a basin and its environs before, during, and 

after the depositon of a sedimentary sequence strongly influences the 

generation, migration, and entrapment of hydrocarbons within that 

setting. A detailed understanding of these events assists in placing 

the analysis of sequence stratigraphy in perspective. Basin evolution 

analyses involve determination of the presence and distribution of 

regional aquifers and regional seals above or below a given sequence, 

which influence the vertical as well as the lateral migration of 

hydrocarbons. 

The approach for selecting hydrocarbon research drill sites to 

examine crustal geology is similar to that proposed for sequence 

stratigraphy. Both involve a review of producing basins and their 

classification into structural types with major rock systems. 

Transects across representive types then should be selected for 

further investigation. In some cases, the same transects could be 

selected for both sequence stratigraphy and crustal geology studies . 

High-quality geophysical profiles will be required along some 

transects to select the most appropriate scientific drilling locations 

to provide the required information. It is estimated that one deep 

hole per transect would be the minimal requirement. Each deep hole 

should be regarded as a linchpin in a regional network of high-quality 
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geophysical profiles . Table 2. 2 g i ves examples of possi ble drilling 

sites for th is area of research. 

Scientists can process drill hole data to cali brate various 

sequences recognized from se ismic signatures, and incorporate the data 

on thickness, geochronology, paleo-temperatures, rate-dependent 

information, and other parameters in model ing and pred icting source 

rock deposition, hydrocarbon maturat ion and generat ion, fluid 

dynamics, reservoir and aqu ifer quality, and hydrocarbon migration, 

entrapment, and preservation. The objecti ves of these recommended 

scientific drill holes for sequence stratigraphy and crustal geology 

bear many similarities to the offshore COST well program. The 

committee specif ically recommends that such drilling be carried out i n 

cooperat ion with in industry, other DOE groups, state and federal 

agencies, nonprofit organizations, and uni versities as appropriate. 

2 . 4  SEISMICALLY OBSCURED TERRAINS 

TWo kinds of exploration problems are at times insurmountable: 

Imaging complex subsurface structures from the surface, and imaging 

below high sei smic velocity layers near the surface . These are 

referred to as •obscured terrains,• i. e. , portions of concealed crust 

that do not read ily transm it energy to provide coherent reflections, 

thus resulting in seismic reflect ion records of limited quality in 

such areas. 
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T ABLE 2 . 2  Exampl es o f  r esearch d rilling si t es for sequence 

s t r a tig raphy/cr u s ta l  geol ogy , obscu r ed t e r r ains , and f r on ti er a r ea s  

Sequence Strat igraphy 
and crustal Geology 

Transects : 
- Cretaceous Bas ins 

Paleozoic Bas ins 

Crustal Geology: 
- Bas i ns 

Anadarko 
Appalachi an 
Ardmore 
Big Horn 
Delaware 
Denver 
East Texas 
Great Va l l ey 
Green River 
Gul f  Coas t  
I l l i no is 
Los Angeles 
M ichigan 
Paradox 
Permian 
Powder River 
san Joaquin 
ventura 
War rior 
W i l l i s ton 
Wind River 

- Arches 
Cincinnat i Arch 
Lima Arch 
Sabine Upl i f t  
San Ma rcos Arch 

Obscured 
Ter ra ins 

Complex Structures : 
Th r us t  Bel ts 
Appalachian 
Brooks Range 
Chugach Terrain 
Qach i ta Mountains 
Rocky Mountains 

Imaging Diff i cu l t i es :  
- Vol canic cover 

Absaroka 
Columbia River 
Snake River 

Prov ince 
Yukon-Koyakuk 

Province 
- Ice cover 

Arctic shelves 
Permafrost areas 

- Subduction Wedges 
Aleut ian Arc 
cordil l e r ian 

Subduct ion Ma rgi n  

Front ier and 
Underexplored Areas 

R i ft Sys tems : 
East coast Ri f t s  
Mid continent R i f t s  
New Madr i d  R i f t  
Th rust Belts 
Rome Trough 
Rough Creek-

Shawneetown 
Sev i e r  Bas i n  

Wrench Featu res : 
Ardmore Bas i n  
Ca l ifornia Bas i ns 

Deeper Bas ins : 
Anadarko 
Appalach i a n  
Delaware 
Great Val l ey 
Green River 
Gul f  coast 
I l l i no i s  
Ventura 
Wind River 

Growth Fau l t s : 
Gulf of Mex ico 

Sal t Tecto n i cs : 
Gu l f  of Mex ico 

Untested concepts : 
Con t i nental Rises 
Mon terrey Fans 

Other Front iers : 
Alaska North Slope 
Alaska Inter ior Bas i n  
Beaufort She l f  
Chuckch i She l f  
Great Bas in 
Puerto Rico/V i rg i n  

I slands 
SE u . s .  Offshore 

Ma rgin 
W u . s .  Offshore 

Ma rgin 
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• Structurally complex areas . Some subsurface structures are too 

complex to be described adequately, even with dense three-dimensional 

seismic data. Difficulties can arise because of the complexity of 

structures such as thrust belts, irregular rock interfaces found 

around salt domes, heavily faulted areas such as the basin and range 

province in the western United States, or areas that lack coherent 

horizontal seismic reflectors, such as major transcurrent fault 

systems. The difficulty arises from the fact that seismic rays, which 

are generated and recorded at the earth's surface, have poor resolving 

capability when rock interfaces dip steeply or are very irregular. To 

determine accurately the shape of such boundaries, seismic imaging is 

needed in additional directions. Such measurements are often possible 

by using drill holes in the area of interest. Establishment of the 

surface and downhole source and receiver sites permits the necessary 

measurements between the surface and downhole receivers or sources. 

If more than one drill hole is available, cross-hole seismic data can 

be obtained. It is noteworthy that such measurements are useful not 

only in designing exploration programs but also to monitor hydrocarbon 

recovery in complex structures. 

• Imaging difficulties. In some areas impediments inhibit the 

penetration or return of seismic waves from underlying rock strata, 

rendering such areas difficult to explore and interpret. These areas 

include volcanic plateaus, regions of thick salt beds, thick carbonate 

sequences, and regions of permafrost and ice cover. Areas in the 

United States concealed by volcanics include the Columbia Plateau 
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region and portions of the Basin and Range province, which are covered 

with thick sequences of basalt flows . The basaltic rocks have higher 

seismic velocities than the sedimentary rocks they cover, and 

consequently seismic penetration is poor. Alaska's North Slope 

permafrost creates a similar high-seismic-velocity zone near the 

surface. 

Drill holes that penetrate below the high-velocity zones could 

provide the key for exploring the underlying sedimentary sequences. 

Not only would the drill hole provide information about the nature of 

underlying sediments, but the hole itself could be used for the 

emplacement of seismic imaging tools to expand knowledge of these 

obscured terrains. The most promis ing approach involves the use of 

powerful or repeatable seismic sources placed in available drill 

holes, and the recording of signals with widespread seismic arrays on 

the earth's surface. With this arrangement, much stronger signals 

will be obtained, consisting of direct arrivals as well as reflections 

from deeper layers, thus revealing geologic details which at present 

cannot be seen. 

Unlike Vertical Seismic Profiling measurements, in which a limited 

number of receivers are placed in a drill hole and a source is moved 

to various sites on the surface, many surface receivers can be used 

w ith one source location in a drill hole with the recommended system . 

Thus it will become practical to collect relatively large amounts of 

seismic data quite rapidly and hence economically. A program of 

research drilling would provide: 
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• rock samples for measurement o f  rock physical properties, 

• downhole measurement of rock and fluid physical properties, 

• change in the state of stress with depth, and 

• downhole source and/or sensor placement for geophysical 

measurements below and up/through velocity anomal ies. 

Table 2 . 2  suggests examples of research drilli ng sites for 

seismically obscured terrains. 

2 . 5  FRONT IER REG IONS AND UNDEREXPLORED AREAS 

Drill ing funded by the private sector is generally designed within 

a context of economic incentives that influence the selection of 

exploration and production sites for hydrocarbon drilling targets. 

Areas that do not meet investment criteria, have techn ical problems, 

or are consi dered too ri sky, are generally excluded from exploration 

drilli ng programs. consequently, reg i ons wi thin the United States 

that may conta in significant concentrations of petroleum and natural 

gas have never been adequately tested by drilling. These areas are 

defined here as frontier regions or underexplored areas. current 

informat ion on these areas is not adequate to develop exploration 

models. 

Cont inental rift systems, areas of thrust faulting, wrench fault 

sett ings, deep port i ons of sedi mentary bas i ns, portions of growth 

fault systems, and areas of salt tecton ics are examples of 

underexplored areas in the United States. A sci ent i f ic drill ing 
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prog ram f o r  systema ti cal l y  collecting data on such envi r onmen ts could 

s timu late fu t u r e  explor ation by private g r oups and ev en tu a l l y  r es ul t 

in signi ficant discov eries o f  hydroca rbon r esources . 

Th r ee ma jor rift sys tems o f  Nor th America incl ude the Precambrian 

( 1 . 1 bi l li on yea r s) Midcon tinent Ri ft, the late Pro te r ozo i c  to 

Cambrian ( 50 0  to 7 0 0  mil lion yea r s) rift basins ar ound the edge o f  the 

l a te Precambrian con tinental margins, and the Early Mesozoi c  ( 1 90 

mil lion yea r s) ri f t  basins on the con tinental margi n  o f  the eas tern 

Uni ted States . The Mi dcon tinent Ri ft in the Lake Superior region 

contain s sedimenta r y  sequen ce s  up to 1 0  km thick and ex tends to the 

southwest unde r l ying pa r ts o f  I ow a, Nebraska, Kansas, and O k l ahoma . 

Subsidence o f  the cen t r a l  g r abens and f l an king basins has been hig h l y  

v a riable al ong this ri f t  sys tem . 

The mos t  impo r ta n t  facto r s  determining whether rift sedimen ts 

contain hyd roca rbons are a combinati on o f  tectonic timing or rapi d  

sediment deposi ti on during r i fting, a n d  paleoclima te, or s tab le 

s t r a ti fied l ak es wi th anoxic bot tom w a ter for the accumulat i on o f  

sour ce r oc ks .  Acquisi ti on and study o f  po ten tial fie l d  da ta, 

especi a l ly g r avity, coupled wi th deep seismi c r e f l ec ti on pro fi l ing an d 

s ubsequent d ril ling, coul d  pe rmit r econs tr ucti on o f  t he tectonic 

h is tory of such ri f t  sys tems and the locati on of the major 

depocenter s . The o riginal hyd r oca rbon source char acte r and the 

p r es ent state of ther ma l  a l terati on of sediments wil l  be impo r tan t 

factors fo r the possib le occu r r ence o f  liquid hydr oca rbons in the 

M i d con ti nent Ri ft. A s ci enti fic dril ling program as a component o f  an 
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integrated rift system study would contribute to economic evaluation 

of areas that could develop into hydrocarbon producers. 

Similarly, a scientific drilling program could assist in 

evaluating the series of late Proterozoic to cambrian rifts that 

extended inland from the late Precambrian Margins in the interior of 

the United States and of Mesozoic rifts along the Atlantic Margi n. 

Examples of these rifts are listed in Table 2 . 2 .  Some of the rifts 

have passed through a rift phase into a broader cratonic sag status. 

Acquisition of high-quality seismic data and potential field data, 

followed by scient ific drilling, could provide information to 

reconstruct the tectonic, burial, and thermal histories of such 

areas. Th is information, together with data on sequence thicknesses, 

rock type, and organic facies, could be used to model and predict 

types of hydrocarbons, and the nature of porosity reduction, 

destruction, or enhancement. It could also prov ide basic data for 

modeling fluid dynamics and predicting hydrocarbon generation, 

migration, entrapment, and preservation. 

In each of the r ift systems, the original character of the 

hydrocarbon source and current thermal alteration of organ ic matter 

and sediments are critical factors controlling the occurrence of 

liquid or gaseous hydrocarbons. 

Wrench tecton ic features also may consti tute new frontiers or 

underexplored areas. Recent work has speculated on the origin of 

6 
these features. The var ious hypo theses proposed should be tested 

and ver i fied by dr ill ing . Informat i on should be gathered concurren tly 
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o n  interna l  geome t r i es o f  rock s equ ences , pore pr essu r es , and 

o r i en ta t ion of s t ress f i el ds and f r actu r es . Al l of these r equ i r e  

ver i f i ca t i on on ly throu gh d r i l l ing . Aga in , i t  is emphas i zed that 

d r i l l ing mus t  be pr eceded by seismic l i nes of h igh qua l i ty and h igh 

r esol u t i on to permi t ex trapola t i on beyond the dr il l hol es . 

Bas ins wi th sedi men tar y  sequen ces up to 1 5  km th ick have devel oped 

i n  some r eg i ons of the Un i ted Sta tes . Deep por t i ons o f  such bas ins 

may con ta in large amoun ts of natu r a l  gas . H i gh cos ts and techn i ca l  

probl ems assoc i a ted w i th deep dr i l l ing have l imi ted the explor a t i on 

and expl oi ta t i on of t h i s  poten t ia l  r es ou r ce , an d on l y  a sma l l  fr act i on 

of sed iments has been dr i l led to a depth of more than 8 km . Indeed , 

very few ar ea s  have been dr i l l ed to basemen t bel ow 6 km ( about 2 0 , 0 0 0  

ft ) .  Th ese prospect ive regions have been tes ted b y  a total of 1 6  

we l l s , a s  shown i n  Figu r e  2 . 2 .  Ex t r apol a t i ons o f  r es e r vo i r  qual i ty 

with  increas ing depth have r esul ted in gener a l l y  pess i m is t i c  

expecta t ions o f  deep gas occu r r en ces . However , du r in g  a br i e f  pe r iod 

of  regional decon t r o l  of gas pr i ces in the late 1 97 0 s ,  l a r ge gas 

r esour ces we r e  i den t i f i ed in the Anada r k o  bas in . Deep w i l dcat wel l s  

( bel ow 4 . 6  km ) had a succes s r a t i o  o f  two/three , or  three t imes the 

u . s .  average fo r success ful natu ral gas wel l s  to da te . A hyd r oca r bon 

r esea r ch d r i l l ing program comm i t ted to advanc ing the unders tand ing o f  

such deep bas in  ga s occu r r en ces woul d  cl ea r ly b e  benef i c i a l  t o  th e  

economic a n d  na t i ona l secu r i ty o f  the Uni ted States . 

Gas occu r r en ces hav e been con f i rmed in  the deep Pal eoz o i c  bas ins 
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of t h e  mi dcon t i n en t  reg i on and Mesozoi c  bas ins of the Gul f  coas t . 

Deep bur ied sed i ments i n  other s t r ucturally complex env i r onmen ts s uch 

as wr ench related a r eas , s ub duc t i on zones , and overthrust  bel ts shoul d  

also be eva l uated fo r deep ga s poten t i a l . Even tual l y ,  d r i l l i n g  i n  

deep bas ins w il l  b e  r equ i red to test concepts of deep bas in gas 

occu r ren ce to determine l imi ts on volumes and pr oducing r ates . 

Research in  d r i l l ing technology to l ower dr i l l ing cos ts w i l l  be an 

i mpo r tant facto r  in the even tual r ea l i z a t i on of new deep bas i n  gas 

r esour ces . 

Growth faul t env i r onmen ts also offer  at t r ac t i ve ta r ge ts fo r 

s c i en t i f i c  d r i ll i ng . Al though the upper por t i ons of growth f aul t s  

w i th in del ta sys tems have been studi ed for many yea rs , the l owe r , 

deep-wa ter por t i ons a r e  not wel l -de f i ned . For example , s truc tu r es 

c r eated by thr us t i ng at the down d i p  toes of g r owth fau l ts shoul d be 

s tudied in de ta i l , pa r t i cular ly the i r  r el a t i onsh i p  to r eservo i r  rock . 

La r ge hyd r oca r bon-bear in g  tu r b i di te fans have been d i s cove r ed i n  the 

l ower por t i ons of growth f au l ts in the Gul f of Mex i co and may be much 

mor e  common than pr ev iously r ecogn i z ed . 

Al though s t r uc tur es associ a ted wi th sa lt  tecton i cs have been 

s tu d i ed fo r yea r s , many f r on t i e r  hyd r ocarbon expl orat i on oppor tun i t i es 

are  s t i l l  unt es ted . Of par t i cular  s i gn i f i cance are  ar eas such as the 

Gu l f  of Mex i co ,  whe r e  sal t sea l s  extend over pos s i b l e  r es er voi r rock . 

S ub t l e  traps assoc i a ted wi th sal t -r i ch fea t u r es of fer a h i gh 

p r obab i l i ty fo r f i n d ing futu r e  r eser ves . 

Another goa l of a sci ent i f i c  hydrocarbon dr i l l ing program shou l d  
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be  to  eluci da te the depths of frac tu r e  sys tems and the i r  e f fec t iv enes s  

in t r ansmi tt ing f l u i ds , and t h e  par t i t i on i n g  o f  bas ins in to sepa r ate 

pressur e  sys tems . Qu es t i ons e x ist  about the r ol e  of  frac tur es in o i l  

and gas migr at ion and en t r apmen t .  How deep do fr actu r e  sys tems 

penet r a te the ea r th ' s  c r ust ? What is the na ture of frac tu r e  open ings 

in  s i tu under var ying condi t i ons o f  s t r es s ?  can open f r actu r es be 

i d en t i fied  i n  bor ehol es and mapped as to the i r  az imu th and geometry ? 

can the i r  effec t i v en ess as condu i ts be es tabl i s h ed over  geolog i c  

t ime ? A r e l a ted ques t i on i s  whether f au l t  z on es a r e  ma jor pr essu r e  

bar r i e r s  wi th in bas i n s , ma jor condu i ts fo r the migrat ion of pe t r ol eum , 

or both . 

Fl ow data f r om pr odu c i n g  f i el ds can be suppl emen ted by s ci en t i f i c  

d r i l l ing des i gned to pr ov ide pr essu r e  da ta . Knowl edge of pr essu r e  

sys tems co u l d  s i gn i f i cantly a f fect t h e  des ign a n d  l ocat ion o f  

hyd rocarbon expl o r a t i on pro j ects , espe c i a l ly those des i gned to 

inves t i gate  l a r ge -sca l e  par t i t i on i n g  of bas ins into d i s t i nct 

press u r e -isolated chambers . 

Th r ee s i tes a r e  noted h e r e  as examples of f r on t i e r  r eg i ons an d 

underexplored a r eas . Others are l is ted in Tab l e  2 . 2 .  Speci f i c  

hyd r ocar bon r es ea r ch d r i l l ing  s i tes shoul d b e  devel ope d  thr ough jo i n t  

meet ings w i th indus try , s tate geolog i ca l  s u rveys , a n d  i n ter es ted 

s c i en t i s ts . 

The f i r s t  example i s  an un tes ted env i r onmen t in  the San Ma rcos 

a r ch reg i on of the Te xas Gu l f  coas t , wh i ch includes a ma jor r i ft 

sys tem and a th i c k , pa r t i a l ly explored sedimen ta r y  sect i on . 
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Geophys i ca l  stud i es have ind i ca ted that a t r ans i t i onal cr us t  unde r l i es 

the sed imen ts . Th is could be due to r i f ted basemen t rocks , to bur ied  

po r t i ons of the OUach i ta t r end , to an accr eted i s land a r c , or  to 

e xo t i c  con t inen ta l  basemen t r elated to a pro to-south Amer i can 

con t i nen t .  I t  has been pr opos ed that a hole be d r i l led southea s t  of 

the reef t r end to penetrate the th i c k  sequ ence o f  abyssal sed imen t s , 

s ampl e the fo r ma t ion wi th in the unde r lying r i ft ,  and even tu a l l y  ente r 

the basemen t beneath the sed iments . What processes led to d iagenes is  

and l i th i f i cation , and what a r e  the sedimen ta r y  f i l l  hyd r odynamics o f  

th i s  bas i n ?  Mass f l ux f r om basement uni ts and convect ive r ecyc l ing of 

deep waters  ar e cons i de r ed as explanations fo r the pe r vas i v e  

d i agene t i c  fea tu r es and for the m i neral a n d  hydrocarbon occu r r ences 

enco un ter ed in sedi men ts by the few sha l l ow dr i l l hol es in the r eg i on . 

Resea rch dr i l l hol es wi th in the San Mar cos arch coul d  lead to an 

unde r s tanding of the natu r e  of the unde r lying c r us t ;  super jacen t 

sed imen ts and the i r  con ta ined wa ter s ;  the t im ing o f  r i f t ing ; f l u i d  

dynami cs ; geochemi s t ry ; d iagenes i s  and ea r ly depos i t i onal  h is tory of 

the sed imen tary sequ ence ; ther ma l  h i s tory and thermal grad i en t s ; 

hyd r ocar bon generat ion and mig r a t i on ; and f l u i d  pr es su r e  r eg i me i n  the 

deep sedimentary sec t i on . Sci en t i f i c  exper iments conducted in the 

co urse of d r il l ing a hole in  th is r eg i on shoul d incl ude organ ic 

geochem i ca l  i nv es t i ga t i ons gu i ded by two pr imary goa l s . F i r s t , a hole  

d r i l l ed to basemen t wou l d  a l l ow inv es t i gato r s  to  examine act i v e  bur ia l  

me tamor ph ism i n  a greensch ist  faci es . Th is  i s  cr i t i ca l  because some 

hypotheses sugges t that f l u i d  and heat f l uxes gener ated at depth in 
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the c r u s t  dr ive sha l l ower diagene t i c  processes . The f l u x  of f l u i ds , 

espec i a l ly of me thane and ca r bon diox i de , may hav e ma j o r  impacts on 

deep energy r eso ur ces . Second , a con t inuous ly cor e d  hole coul d  

pr ov i de in fo r ma t i on about the or i g i n  and d i s tr ibu t i on o f  pet r oleum 

r esour ces in a geolog i cal ly act ive sedimen tary bas in . Al though the 

Gu l f  of Mex i co has been dr i l l ed exten s i v el y , the facto r s  con t r ol l ing  

o i l  and  gas  d is tr ibu t i on and  the mi gr a t i on pa thways a r e  l a r gely 

unknown . De ta i l ed s amp l i n g  of con t i nuous ly co r ed i n te r vals cou l d  

def ine the d is t r ibut i on o f  sou r ce sediments and depos i t i onal 

env i ronmen ts . car ef u l  sampl ing  of  f l ui ds i n  s i tu woul d pl ace 

cons tra i n ts on mi g r a t i on mechan isms of any pe troleum pr es ent . By 

i n teg rat ing  thes e  obse r vations w i th measur emen ts of the  therma l  

h is tory of these
.
rocks , mathema t i cal models of pe t r oleum gener a t i on 

and migrat ion i n  the Gu l f  coas t bas in can be a ssembled . 

The second e xampl e is the I l l ino i s  Bas in  o f  sou theas ter n I l l i no is , 

a r i f t -rel a ted i n t r ac r aton i c  bas i n . A d r il l  hole has been pr opos ed at 

or near the th i ckest  sec t i on of s trat i f i e d  rocks ( 7  to 8 km ) in the 

bas i n . The hole co u l d  tes t  and ver i fy several  model s  that have been 

pr oposed for bas in or i g i n . I t  coul d  a lso help to de f i ne and 

characte r i z e  s e i s m i c  sequen ces , determine the thermal and bur ia l 

h is tor i es , and obta i n  da ta to model hydrocarbon ma tura t i on and 

generat ion as wel l  as po r os i ty pr es e r vat ion . 

Despi te mor e  than 1 4 0  years  o f  s tudy based on explor a t i on for o i l , 

gas , and miner a l s , the deepe r sect i on of the 2 3 , 0 0 0 -f t -th ick I l l i no i s  

Bas in i s  poor ly k nown and ess en t i a l ly un tes ted . Mos t of the dr i l l ing 
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h a s  been concen t r a te d  above 5 , 0 0 0  ft . Deep dr i l l ing and core sampl es 

ar e rar e ,  and the l owe r  8 , 0 0 0  ft o f  l aye r ed r ocks  has not been 

pene t r a ted . The pr imary ob ject ives o f  s c i en t i f ic dr i l l ing in  th i s  

r egi on woul d b e  t o  inves t i gate t h e  natu r e  of t h e  pr ev ious ly unsampled 

r i ft - f i l l rocks i n  the deeper par t of the I l l i no i s  Bas i n ;  s tudy the 

qual i ty o f  r es e r vo i r  and sour ce r oc k s ; es tab l i sh the geochr onol ogy and 

geothermome try r equ i red to cons truct a de ta i led ther ma l  and s ubs i den ce 

h is to r y  of t h is po r t i on of the bas in ; and devel op mod e l s  to pr ed i c t  

t h e  ma tura t i on , gene r a t i on , a n d  pr eservati on o f  hydroca rbons in  the 

deepe r par ts of the bas in .  

The th i r d exampl e i s  the southern  Appa lach ian r eg i on , whe r e a 

consor t i um of s c i en t i s ts from academia , government agen c i es , and 

pr ivate indus t r y  hav e  conducted exten s i v e  s tu d i es to sel ect a s i te fo r 

one or mor e  r esea rch-or i en ted dr i l l  hol es . The pr incipal  goa l s  o f  

dr i l l ing i n  the southern Appalach ians a r e  to tes t t h e  hypothes i s  o f  

th i n-sk inned thr us t ing o f  large shee ts of  crys ta l l i ne rock s ; to s tudy 

the pe t r ol ogy of Grenv i l l e  basemen t r ock s ; to dete rmine s t r es s  in the 

crust  at se ismogen i c  depth s ; to compare pr essure-tempe r a ture 

metamorph ism in  s im i l a r  assemblages of sur face expos u r es and co r e ;  and 

to s tudy br i t t l e  and duc t i l e  faul t rock s at several  depths . 

The pr opos ed d r i l l ing  woul d  pe rmi t in  s i tu s tu d i es of po r e  f l u i d  

chem is try , hydrocarbon ma tur a t i on l imi ts and poten t ial ac cumu la t i ons , 

chemica l t r ans po r t  and meta l s  accumulat i on , and the hyd r aul i cs and 

f l u i d  dynamics of an i n tac t ov e r th r ust  ter ra i n . I n  addi t i on ,  dr i l l ing 

cou l d  prov i de new i n fo rmat ion on r es e r vo i r  hyd r aul i cs , the e f fects on 
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con t inen ta l  mar g i n  sed imen ts o f  emplacement o f  l a r ge composi te 

crys ta l l ine thrus t  sheets over  a wel l -devel oped ca rbonate pl atform , 

and the hydraul i c  ef fec ts of emplacemen t of a crys ta l l i ne mass on the 

dynami cs of for eland thrust  sheets beneath . Stu d i es of hyd r ocarbon 

ma tura t i on would enhance the assessmen t o f  v i ab il i ty o f  hydrocarbon 

pl ays benea th l a r ge crys ta l l ine sheets . 

Propon en ts of dr i l l ing in the southern Appalach i an reg i on bel i eve 

the crys ta l l ine sheet may have been thr us t over poten t i a l  hyd r oca rbon 

sou r ce rocks . The oc cur r ence o f  hydroca rbons in the pla t form 

assemblage cou l d  be an impo r tan t i n d i ca tor that thes e  r ocks 

e x pe r i en ced m i n i mal ther ma l  r ead justmen t a f ter emplacemen t of th e 

crys ta l l ine a l l och thon . A pr imary goal of the southern Appalach ian 

pro ject wou l d  be to measure d i r ec tly the degree of conv er s i on and 

t h e r ma l  matu r i ty of deeply bu r i ed sedimen ts en coun te r ed du r in g  

cor ing . The r ma l  ma tur i ty is a k ey fac tor  con tr o l l ing t h e  gener a t i on 

o f  hyd r oca r bons f r om sou r ce r oc k  organ i c  mat te r , an d the even tual  

des t r u c t i on o f  hyd roca r bons in deep , hot r eservo i r s . conv er s i on and 

ther ma l  ma tu r i ty can a l s o  be es t imated by s tu dy of hyd r oca rbons 

e x t r a c ted from cor e s ampl es or from r eservo i r  i n tervals encoun tered 

du r in g  co r in g .  Thes e da ta w i l l  b e  appl i ed t o  computer model s  based on 

organ i c  fac i es , bur i a l  h is tory , and heat f l ow informa t i on .  Su ch 

models  ar e mos t u s e f u l  wh en meas u r ed conv ers ion i n d i ces and thermal 

ma tu r i t i es a r e  ava i l abl e for cal i br a t i on purpos es . Once the therma l  

matur i ty h is to r y  of  t h e  southern Appa l ach ian loca t ion is  meas u r ed and 
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models des i gned , other models c a n  b e  cons tructed t o  predi ct the 

the r ma l  matu r i ty h is tor ies a t  other loca t i ons in s im i l a r  tecton i c  

env i r onments . 

Table  2 . 2 l i s ts examples of sci en t i f i c  d r il l in g  s i tes for f r on t i e r  

and underexplored ar eas . 

2 . 6 CR ITERIA AND PRIORITIES FOR SCI ENTI F IC DRILLING S ITES 

The commi t tee r ecommends that the follow ing cr i ter i a  be used to 

ensur e tha t the s e l ect i on of sci en t i f i c  d r i l l  holes w i l l  ma ximize 

s c i en t i f i c  and technol ogi ca l  re turns . They are l is ted bel ow . 

1 .  Sc i en t i f i c  impact .  The r es ea r ch ob ject i v es sh oul d addr es s  

fundamen ta l s ci ent i f i c  qu es t i ons w i th pot en t ia l l y  broad impact on the 

unde r s tandi n g  of hyd r oca r bon d i s t r ibut i on and ext r ac t i on . 

2 .  Na t i ona l needs . The r esea r ch ob ject ives shou l d  address 

r es ea r ch tha t is  r el evan t to nation a l  needs ( e .g . , hyd r oca rbon 

r esour ces i nven tory , i n -depth unders tand ing of the fac tors con tr o l l ing 

hyd r ocar bon di s t r ibu t i on , enhance d  explorat i on or ex t r ac t i on 

techn iqu es , and energy dev elopment ) .  

3 .  Repr es en ta t i ve examples . The ta r ge ts of the inqu i r ies shoul d 

r epr es en t  gene r i c  classes o f  hydrocarbon probl ems , so that the 

s c i en t i f i c  r es ul ts ca n be gen e r a l i z ed and appl i ed to explorat i on and 

re covery of hyd rocarbons in other ar eas as well as to the local reg i on . 
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4. Backgr ound da ta ava i l ab l e . compr ehen s i v e  pr e-d r il l ing s tudies 

a r e  ess en t ia l  and incl ude the des ign o f  a s i t in g  s tudy and a t i mely 

s i te sel ect i on pr ocess fo r s pec i f i c  r es ea r ch dr il l in g  s i tes . 

s .  Sci en t i f i c  focus . The dr i l l ing i nv es t i ga t i on shou l d  be 

spe c i f i c  and focu sed fo r the r es ea r ch effo r t  to ach i eve i ts sci en t i f i c  

ob j ect i v es w i th m i n imum ex pendi ture of t i me and funds . 

6 .  Si te acces s ib i l i t y .  The d r i l l  l ocat ion mus t b e  a cces s ible  to 

s c i en t i s ts and s u i tabl e for s u r face and s ubs ur face geolog i cal , 

geochemi ca l , and geophys i ca l  s tu d i es . 

1 .  Da ta integra t i on .  Resu l ts of geophys i ca l  s tudi es are to be 

i n teg r a t ed w i th the geol ogi ca l  an d geochemica l  s tu d i es , so that wel l  

da ta can be e x trapo l a te d  beyond the wel l bore . 

8 .  De ta i l ed model s .  Geol ogi cal model s  shou l d  be deta i l ed ,  based 

on a l l  ava i l abl e geolog i ca l  and geophys i ca l  da ta on the geome try and 

phys i ca l  sta te of the r eg i on to be inves t i ga ted by the d r i l l  hol e . 

TO meet these cr i ter ia , r esea r ch dr i l l ing shoul d  be ca r r ied out 

whe r e  oppo r tun i t i es ex i s t  fo r ( 1 ) r ecov e r ing extens i v e  co r e  an d f l ui d  

s ampl es , ( 2 )  us ing techn iqu es tha t a l l ow i n  s i tu exper i men ts  i f  

needed , and ( 3 )  t h e  opt ion o f  ma i n ta in ing access to the hol e fo r a 

number of yea r s , for con t i nuous mon i tor ing and f u tu r e  s c i en t i f i c 

r es ea r ch . I n  add i t i on , s c i en t i f i c  d r i l l i n g  sh ou l d  a lways be t i ed to 

h i gh-qua l i ty ,  h i gh - r esol u t i on geophys i cal se ismi c data . The commi t tee 

a l s o  u r ges tha t a l l  s i tes  be s e l ecte d , i f  pos s i bl e , in coope r a t i on 

w i th i ndus t r y , s ta t e  and federa l agen ci es , and r esea r ch i ns t i tu t i ons . 
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The commi ttee fu r ther  sugges ts that the four topi ca l themes fo r 

s c i en t i f i c  dr i l l ing be cons i dered in  a general o r der of impor tance . 

Beca use of the l a r ge vol ume of a l r eady-d i s cov e r ed o i l  l e ft in the 

g r ound and the magn i tude of poten t i a l  bene f i ts if the proposed program 

for  r es e r vo i r  char acte r iz a t i on i s  s ucces s fu l , the comm i t tee r ecommends 

that th is topi cal area r ece ive top pr i or i ty in the r esea r ch dr i l l ing 

e ffor t .  It i s  r ecogn i z ed that own e r sh ip pr ob l ems on pr ivately hel d  

o il f i e l ds w i l l  need t o  b e  worked out i n  the i mplemen ta t i on  o f  the 

nontechn i ca l  aspects of the pr og r am . 

Second in  i mpo r tance shoul d be d r il l ing  needed to ca r ry out the 

pr oposed program o f  sequ ence s tr a t i graphy and cr us tal geology . The 

other two themes on obscu r ed te r r a ins an d on f r on t i e r  or unde r expl o r ed 

a r eas a r e  cons i dered to be of  about equal impor tan ce . 

De ta i l s  of a ded i cated hyd r oca r bon r es ea r ch d r il l i n g  pr ogr am can 

be consi dered a f ter an i nv en tory of e x i s t ing hol es ava i l able  for  

appr opr iate s c i en t i f i c  s tudi es has  been completed , and  da ta 

comp i la t i on is in pr ogr ess . An i n i t ia l  annual program o f  

approx i mately fo u r  r ig -yea r s  in r es e r vo i r char acte r i z a t i on , thr ee 

r i g -years  in sequ en ce s t r a t i graphy and crus tal geology , and two 

r ig -yea r s  each in obs cu r ed te r r a ins and f r on t i e r  or un de r expl o r ed 

a r eas may prov i de an appropr i a te or der o f  magni tude and ba lance for a 

beg i n n i n g  hyd r oca r bon r esea r ch dr il l in g  pr og r am . The l evel of e f fo r t  

shoul d  b e  s ub j ect to r ev i ew ev ery two yea r s  once dr i l l ing commen ces . 

Dr i l l i n g  sh oul d not commence unt i l  an appr opr iate suppo r t  organ i z a t i on 
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is  in pl ace : adequa te plans have been dra f ted , thorou gh l y  r ev i ewed , 

and approved : funds ar e in  pl ace : and con tr acts have been dr a fted , 

r ev i ewed , and appr oved . 

In  dev el opi ng the d r i l l in g  pr ogr am plan s , bus i ness ar r angemen ts 

shou l d  be car eful l y  cons i dered to pr ov i de coope r a t i ve programs w i th 

indu s t r y  and other  fede r a l  and s ta te age n c i es --to l ease s i tes , to 

pro tec t i n te r es ts of pr i vate i n dus try and landowners , to ensu r e  

adequate con t rol of the ope r at ions a n d  access t o  r es ea r ch r es ul ts , and 

to ens u r e  sa fety and env i r onmen tal pr otect i on . The commi t tee is awa r e  

o f  var ious mode l s  of coope r a t i v e  a r r angemen ts w i th indus try , e .g . ,  

those u t i l i zed by the Gas Resea r ch I n s t i tute and those dev eloped for  

the COST pr og r ams , and bel i ev es that wi th di l i gence , equal l y  s u i tabl e 

a r r an gemen ts can be dev el oped for th i s  pr oposed e f for t . 

Mi l es tones fo r the s ci en t i f i c  d r il l in g  e f f o r t  sh oul d be devel oped 

and targe ted , and may incl ude the fol l ow ing e xampl es , as shown in 

Tab l e  2 . 3 .  

When the pr og r am r eaches fu l l  ca paci ty a t  the en d o f  the th i r d  

yea r , the  annua l cos t w i l l  then b e  appr o x i ma tely $200  m i l l i on per 

yea r . Tab le 2 . 4 sugges ts the pos s i b l e  compon en ts of a s ci en t i f i c  

d r i l l ing pr ogr am tota l l ing about $ 2 0 0  m i l l i on pe r yea r . 
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TABLE 2 . 3  Poss ible sequence of m i l es tones i n  t h e  development of a 
sci ent i f i c  r esea r ch d r i l l ing progr am 

Per iod 

End of F i r s t  Yea r  

Goal s  

Establ i sh a n  appropr iate 
organ i zational plan , i nventory 
of d r i l l  holes , and data banks . 

Staff the organ i za t i on and 
implement the plann ing process . 

End of second Yea r  Have an appr oved plan for each 
progr ammat ic a r ea and secu r e  
f und ing in  place . 

End of Th i rd Yea r  

4 th - 5th Yea rs 

Have cont r acts in place and 
commence d r i l l ing in  each 
prog r am a r ea . 

Up to f u l l  r ig coun t in each 
program area . 

Pe r i od i c  r ev i s i ons made in the 
plan depend i ng on r esu lts  and 
changes in pe rceived needs . 

Program in f u l l  ope r a t i on .  

cos t 
(M = m i l l ions ) 

5 M 

5 0  M 

$ 1 0 0  M 

$ 2 0 0  M 
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TABLE 2 . 4  Pos s i ble budget components o f  a research dr i l l i ng program 

i n  i ts t h i rd yea r 

Example Program 

Prog ram Components cost/Year 
(M • m i l l i ons ) 

Dr i l l ing & Anci l l a ry Suppo r t  

• Rese rvo i r  Cha racte r izat ion 
2 shal low r igs 
2 intermediate r igs 

2 , 5 0 0 -5 , 0 0 0 '  capabi l ity 
5 , 0 00 -1 0 , 0 0 0 ' capab i l ity 

$ 3 5  M 

• Sequence St rat ig raphy and crustal Geo logy 27 M 
2 inte rmed iate r igs 5 , 000-1 0 , 000 ' capab i l i ty 
1 u l t radeep r i g  3 0 , 00 0 ' +  capab i l i ty 

• Obscu r ed Te r rains 
1 deep r ig 
1 u l t radeep r i g  

20 , 0 0 0 ' capab i l i ty 
30 , 0 00 ' +  capab i l ity 

• Fron t i e r  and Unde r expl o r ed Areas 
1 ult radeep r i g  25 , 0 00 ' capab i l i t y  

Subtotal 

Geophys ical Site Su r veys 

• I n i t i al Data Col l ec t i on Analys i s  
• Geophys ical Sur veying , P rocess ing 
• Interpretat ion 
• Workshops 

Scien t i f i c  Research 

• Laboratory, Field and Of f ice S t ud i es 
• Sample cu rat i on 
• Data Base Management 
• Workshops 

Administ rat i on/Management 

• Of f i ce expenses 
• Planning , Coo rdina t i on ,  Ove rs i gh t  
• Cont racts a n d  Grants 
• Othe r  

Grand Total 

2 2  M 

1 6  M 

$1 0 0  M 

50 M 

40 M 

10 M 

$200 M 
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Chapter 3 

FACI LI TI ES AND SUPPORT OPERATIONS 

3 . 1  ·I NTRODUCTI ON 

A hyd r oc a r bon resea r ch d r i l l i ng prog r am should i n c l ude app r opr i a t e  

geol og i ca l , geochem i ca l , geophys ical , a nd eng i neer i ng s t ud i es 

conducted befo r e ,  du r ing , and after  d r i l l i ng . Many of the methods 

u sed in conduct i ng s uch s t ud i es w i l l  be state-of -the-a r t  a nd mod i f i ed 

as new i n s t r uments a r e  developed . Another c r i t ic a l  componen t o f  a l l  

r esea r ch d r i l l ing pro j ects  w i l l  b e  hand l i ng a n d  cu r a t i on of cor es , 

f l u i ds , da ta , and other  mat e r i a l s  pr od uced f r om the d r i l l i ng prog r am .  

Al though the lar gest propo r t i on o f  funds i nves ted i n  such pr o j ec t s  

wi l l  b e  devoted to ac tual d r i l l ing , i t  i s  the r esu l t i ng i n f o rmat i on 

that w i l l af fect the nat i on ' s  hyd roca rbon r esou r ce f u tu r e . 

3 . 2  SAMPLE AND DATA MANAGEMENT 

3 . 2 . 1  sample Co l l ect i on and Ret en t i on 

A hyd r oca r bon r es ea r ch d r i l l ing  prog r am mus t  prov ide for  

68 

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .
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co l lect i on ,  cu ra t i on , and s torage of cutt ings , cor es , and f l u ids  

obta ined f r om the  d r i l l  holes . Thus it  is necessary that  deta i l ed 

protocol s be es tabl i shed for da ta and sample co l l ect i on , handl ing , and 

curat i on , and that a samp l e  faci l i ty be es tab l i shed and ma i n ta ined . 

Th i s  is  an impo r tant i nves tment to bu i l d into the program . 

Sample-handl i n g  protoco l s  should add r es s  the ob jecti ves of the 

dr i l l hole , methods o f  dr i l l i ng , dr i l l ing f l u i ds ,  downho le logs , 

cu t t i ng and co r e  co l l ect i on ,  f l u i d  r ecovery , and pr es e r va t i on 

des i r ed . The cutt ings , cor es , and recovered f l u i ds shoul d  be tr eat ed 

to assur e qual i ty samp l es , and a con trol  prog r am for  mater ia l  

col lected shou l d  be es tabl i shed and agr eed upon by a l l  pa r t i es 

conce rned befo r e  d r i l l i n g  begi ns . Thes e mater ials shoul d  be 

recogn i zed as v i ta l  s c i ent i f i c  data bases . 

Wi th in the fede r al gov ernmen t ,  several organ i z a t i ons have pr opos ed 

ma jor  cor e and sampl e  s to rage faci l i t i es ,  includ ing the Depa r tment o f  

Ener gy ,  t h e  u.s. Geol og i ca l  Su r vey , a n d  t h e  u.s. Bu r ea u  o f  Mines . The 

OCean Dr i l l ing Por gram ma in ta i ns three act i ve cor e  r epos i tory and 

cu rat ion faci l i t i es .  Several  s tate geo l og i ca l  sur veys ma i n ta i n  

compr ehen s i ve fac i l i t i es .  The loca t i on o f  a sampl e-and -da ta-cu r a t i on 

faci l i ty for  mat e r i a l  produced in a hyd r oca r bon r es ea rch dr i l l i ng 

progr am is  an adm i n i s t r a t i ve dec i s i on that wi l l  depend on the natu r e  

o f  the pr og r am . A dec i s i on r ega r di n g  th is impo r tan t compon en t of the 

prog r am shou ld be made e a r ly to ens u r e  that sample protocols  and 

s to r age faci l i t i es a r e  in pl ace or des i gnated befo r e  the d r i l l i ng 

beg i ns . 
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3 . 2 . 2  Samp l e  Cu r a t i on 

Procedu r es for  c u r at ion o f  r oc k  and f l u i d  samples prod uced fr om a 

hyd roca rbon r esea rch dr i l l i ng pro j ect shou ld ensu r e  that mater ial w i l l  

not b e  l os t ,  damage d ,  impr ope r ly stored , o r  otherwi se mi shandl ed . 

Dec i s i ons mu st be made about how l ong cor es and f l u i ds a r e  to be 

ma i nta i ned and how they a r e  to be p r eserved . curat ion procedu r es wi l l  

va ry d epend i ng on the types o f  dr i l l ing f l u i ds used . A core used for  

orga n i c  geochem i s t ry or matu rat ion s tud i es r equ i r es spec ial  cu r a t i on . 

Some expe r iments may r equ i r e  that co res be kept mo i s t , frozen , encased 

i n  wa x o r  epoxy,  o r  otherwi se spec ial ly handl ed . I f  spec i a l ty 

d r i l l ing i s  used i n  the program , new cu r at i on techno l ogy may be 

r equ i r ed .  Such r equ i r ements need to be assessed as pa r t  of the 

ove ral l r ock sampl e handl ing pr otocol . Simi l a r  cons i de r a t i ons must  be 

g i ven to the co l l ec t i on and preservat i on of f lu i d  samples . 

3 . 2 . 3  Arch i v ing Selected Hol es 

It  may be appr opr iate to ma i n ta i n  access to selec ted r esea rch 

d r i l l  ho l es for extended pe r i ods a f te r  d r i l l ing has been compl eted . 

Th i s  r equ i res ear ly cons i de r at ion of d r i l l  hole and cas i ng des i gn , the 

r esea r ch potent i a l  of a par t i cul ar ho l e ,  and r el a t i ve cos ts befor e  

d r i l l i ng .  Cas ing , cemen t i ng ,  a n d  other  h o l e  cond i t i on i ng shoul d be 

done w i th cons iderat i on f o r  the l ong -range poten t ial  fo r downhole 

geophys i ca l  meas u r emen ts of r ock , r ese rvoi r and f lu i d  prope r t i es ; 
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organ i c  mate r i a l : and expe r imenta l d r i ll i ng techniques . Other  

c r i t ical cons i de r at ions for ma i n ta i n i ng a d r i l l  hole  a r e  i t s  l ocal 

geol og i c  sett ing and complex i t i es i nvo lved i n  r e ta i n ing the hole in an 

access ible  cond i t i on .  

3 . 2 . 4  Costs 

A balance must be ach i eved between the amount spen t for  actual 

d r i l l ing and the amount i nves ted i n  the r esea rch po r t i on of a 

s c i ent i f i c  d r i l l i ng pro j ect befo r e  i t  is  implemen ted . Hydr oca r bon 

r esea rch shoul d  be the pr imary goa l of a dr i l l ing program ,  and the 

informat ion obta i ned f r om prope r cor e  and f l u i d  cu rat i on and downhole 

da ta are  the c r i t i cal elements i n  ac compl i sh i ng th is goa l . The r at i o  

of d r i l l ing to other costs should be based on r el iable case-h i s tory 

d r i l l ing da ta , and the ant i c i pa ted s c i ent i f ic i nformat i on r equ i r ed .  

We r ecommend tha t  r epresentat i ves f r om the agenc i es i nvo lved i n  the  

d r i l l ing program ,  assoc i a ted sci ent ists , and e xpe r i enced d r i l l i ng 

eng i nee rs  assess the ob j ect i v es , env i r onmen t , and an t i c i pated 

infrast ructur e ,  and that they d i scuss deta i led budget opt i ons w i t h  

t h e  sponsor ing agency . 

3 . 3  RES EARCH METHODS AND TOOLS 

Resea r ch meas u r ements made befo r e ,  du r ing , and after  d r i l l i ng 

shou l d  be focu sed on iden t i fy ing and charac te r i z ing hyd roca r bon sou r ce 
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rocks and reservoi r s , o n  se ismic sequ ences , and on measu r ing 

parameters r equ i red for  model ing and pred i c t i ng sou rces of 

hyd roca r bons . such measurements w i l l  depend on samp l es obtai ned 

dur ing dr i l l ing and subsequen tly analyzed in the labo r atory , and on 

i n  s i tu observat i ons made d i r ec t ly in the dr i l l  hol e . Many of the 

tool s and i n s t r uments for s uch studi es a r e  cu r rently ava i l ab l e , 

a l though some w i l l  r equ i r e  mod i f i cat i on and others w i l l  r equ i r e  

r e f i ned theo r ies for complete i n terpreta t i on of r esul ts . 

Inst r uments des i gned for  i n  s i tu meas u r ement of phys i cal  and 

chemical pa r ameters  cu r rently incl ude : 

• th ree-component wide-ba nd downhol e  se i smometer ; 

• po r e  pressu r e  mon i to r ; 

• vol umet r ic tensor and ve r t i ca l  s t r a i nmete r ; 

• downho l e  t i l tmete r ; 

• se l f-poten t i a l  ( pi ezoe l ect r i c ) detecto r ; 

• tempe ratu r e/heat f l ow the rmometer s :  

• deep ci rculat i ng f l u i ds ana l yser s ;  

• h i gh-fr equency acoust ic  emi s s i on detec to r ; 

• vibrose i s  stack ing fo r h igh-ga i n , h igh-pr ec i s i on se i sm i c  
veloc i ty mon i to r ing ; 

• bor eho le g r av imete r ; and 

• na tural  gamma r ay s pec t roscopy . 

Not a l l  ins t r uments a r e  compat ible  in a s i ng l e  hole . Some r equ i r e  

cas ing per forat i on ,  a nd othe rs  a r e  ef fect i ve on ly i n  a n  open ho le . 
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Ant i c i pated hole cond i t i ons a l so a f fect the cho i ce o f  downhole too l s .  

Ho le  d iameter  and hole dev iat i on a r e  two c r i t i c a l  elements i n  

cons i de r ing downhole tool s .  In many i ns tances , t r ade-offs  must be 

made i n  i n s t r ument and tool selec t i on depend i ng on the rel at i ve va lue  

of  each measurement a nd on  hole  cond i t i ons . 

Slant hole or hor i zontal  dr i l l ing  may also be cons i d e r ed i n  

des i gn i ng a hyd roca rbon r esea r ch pr o j ect . These cou ld pr ove usefu l i n  

determi n i ng late r a l  var iat ion and inhomogene i t i e s  such a s  fractures , 

the fr equency and spat i a l  or i entat i on of wh i ch may go undetec ted i n  

ver t i ca l  dr i l l  holes . ca r ef u l  plann i n g  a n d  f u r ther tool developmen t 

w i l l  be r equ i red i n  cons ider ing such va r iances i n  d r i l l ing techn i ques . 

3 . 3 . 1  Sei smi c Studi es 

Se i sm i c  prof i l i ng , both r ef lect i on and r ef r ac t i on , is a standa r d  

s u rvey ing tech n i que i n  the o i l  i ndus t ry . In recent yea r s , r ema r kab l e  

advances have been made i n  r ef l ec t i on sei sm i c  prof i l i ng methods . 

Impr oved reso l u t i on has a l lowed mo re soph i s t i ca ted i n t e r preta t i on o f  

r es u l ts . The advent of se i sm i c  s t r a t i gr aphy is a case i n  poi n t . 

Interpretat i on procedu r es for se i sm i c  s t r at i graphy r esu lt in  geo log i c  

t i me l i nes and ref l ect i on packages rel ated t o  d i scon t i nu i ty bound 

s t r a t i gr aph ic uni ts . These genet i cal ly l i nked d epos i t i ona l sys tems i n  

t ime and space a r e  ca l l ed sys tems t r acts . The appl i ca t i on o f  these 

obser vat i ons to d r i l l  holes and outcrop data has r esu l ted in an 

interpret a t i on pr ocedu r e  to pred i c t  st rat i g r aphy and fac i es ah ead of 

the d r i l l  and to ident i fy r eservo i r geome t r y . 
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A r ela t i ve l y  new and largely undevel oped appl i ca t i on of se i smic 

waves is the determinat i on o f  rock pr ope r t i es i n  the r eservo i r  

i t se l f .  Along wi th the r ecogn i t i on o f  the hete r ogeneous natu r e  o f  a 

r eservo i r ,  the r e  has been a maj or sh i f t  i n  the u se of se ismic 

met hods . One aspect of this sh i f t  involves r el a t i ng se i smic 

prope r t i es o f  r eservo i r - r elated rock  to product i on prope r t i es ( e . g . , 

po r os i ty and pe rmeab i l i ty )  and to phys i ca l  state ( e . g . , miner a l ogy , 

satu rat i on ,  and por e  pr essu re ) .  Wave v e loc i t i es i n  reservo i r  wel l s  

a r e  i n f l uenced by facto r s  such a s  po r os i ty ,  clay con ten t ,  s t r es s , po r e  

pr essu r e , f l u id types , phase behav i o r  o f  the pore f l ui d ,  and 

tempe ratu r e .  High-resolu t i on sei smo logy has a poten t i a l  for  

deciphe r ing the con f i gu r at i on of r eservoi r s , mapp ing po r os i ty and 

pe rmeab i l i ty ,  and mon i to r ing r ecovery pr ocesses . When ca l i brated wi th 

logs and s amp l e  i n fo rmat i on ,  the downho le seismic tool may be capabl e  

of  playing a ma j o r  r o l e  i n  expla i n i ng pr ob l ems of r ecove ry and 

produc t i on . 

Al though thr ee -dimens i ona l , ver t i ca l  seismic prof i l i ng su rveys and 

c r os s -hol e tomogr aphy a r e  coming i n to u se , add i t i onal h i gh-reso l u t ion 

downho le methodology needs to be developed to seismica l l y  • see • deep 

i n to s u r round ing fo rmat i ons and r eservoi r s . Th is methodo logy w i l l  

need t o  be tested i n  dr i l l  holes du r in g  dr i l l i n g .  New d r i l l  ho les 

w i th sample con t r o l  and ex tens i v e , h i gh -qual i ty wel l logs a l so w i l l  be 

needed for  eva luat ing and ca l i b r at i ng some of the new methodology and 

tool s .  Examp l es o f  developing techno l ogy r equ i r i ng dr i l l ing for  

tes t i ng and eva luat i on i n cl ude : 

Copyright © National Academy of Sciences. All rights reserved.

Scientific Drilling and Hydrocarbon Resources
http://www.nap.edu/catalog.php?record_id=19104

http://www.nap.edu/catalog.php?record_id=19104


7 5  

• Us ing the Dr i l l  Bi t as Se ism i c  Sou r ce .  The elas t i c  waves 
generated by the d r i l l  b i t  as it breaks the r ock du r ing dr i l l i ng can 
provide s e i smic  informa t i on about the rock mass sur round ing the wel l . 
By placing a numbe r of geophones on the ear th ' s  s u r f ace near and away 
f r om the wel l , a con t i nuous i nver ted mu l t i channel of fset VSP s u rvey 
can be ca r r i ed out at relat i vely modes t cos ts . Thus , when d r i l l ing i s  
completed , a th ree-d imens i onal image o f  the rock volume s u r round ing 
the we l l  ca n be obta ined . Recen t devel opments in  s i gnal pr ocess i ng 
have enabled s ucces s fu l  implemen ta t i on of t h i s  techno logy , and resu l t s  
sugges t that data ca n b e  ob ta ined at modes t cos ts . 

• C r os s -wel l Tomogr aphy . Not unl i k e  x -r ay o r  NMR med i ca l  CAT 
s ca ns , cross-we l l  seism i c  tomography can prov ide deta i l ed informat i on 
on the spa t i a l  and even temporal d i s t r i b ut i on of a cous t i c prope r t i es 
between we l l s .  A typ i c a l  a r r angement involves a s e i smic sou rce , o r  an 
a r r ay of s uch sour ces l owered into one wel l ,  and a r eceiver o r  
r eceiver  a r r ay lowe r ed i n t o  a second we l l . Both a r r ays a r e  moved up 
and down independently in the i r  r espec t i ve dr i l l  holes , so that many 
sei smi c r ays can be obta ined . 

The deta i l s  thus obta ined about spat i a l  hete r ogene i t i es between 
the we l l s  depend s t r ongly on the f r equency of the waves , wh i ch in t u r n  
depend o n  t h e  spac ing between we l l s  a n d  t h e  attenua t i on factor of t h e  
r o c k s  t o  b e  imaged . Th is impl i es tha t r eso lv ing heterogene i t i es of 
on e to t h r ee meters  across may become prac t i ca l . 

• Downho l e  Se ism i c  Sou r ce . Where a dr i l l  hole a l r eady e x ists , 
and a second hole i s  not ava i l able , or  wh en r epeated imagi ng is 
neede d , an  active downhole se ismic sou r ce may be e x t r eme ly useful . 
Such a sou r ce wi ll  be a c t i vated r epeatedly wi thout r et u r n ing to th e 
s u r face .  Such sour ces may prov ide a whol e new d i mens i on in imag ing 
het e r ogenei t i es i n  d i f f i cu l t  ter r a ins , such as ove r t h r us t  bel ts o r  
ba sa l t -cover ed r eg i ons , in wh i ch an explor a tory wel l c a n  b e  used as a 
•window •  into the complex s t r uc tu r e , wh ich is otherwise d i f f i cu l t  or  
even imposs ible to image . 

Al though integrat ion o f  se ismic  i n fo rmat i on wi th magne t i c  and 

g r av i ty s u rvey resul ts has become s tanda r d  procedu r e  in r e g i ona l 

s tu d i es , i t  has not been employe d as ex tens ively in model i ng 

ind i v i dua l f i e l ds or reservo i r s . To impr ove the ef f i c i ency of 

s t r a t i g raph i c  and st r uctu r a l  i n terpret a t i ons devel oped by this  

r esea r ch , interac t i ve compu ter wo r k  s t a t i ons wou ld pr ov i de a 

sys temat ic  approach to in terpr eta t i on that co u l d  be l ea r ned and 
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appl i ed read ily  by explorat ion and r eservo i r  geolog i s ts i n  l arge and 

sma l l  compan i es . Geophys i ca l  techn iques shoul d  be used ex tens i vely in 

a l l  of the top i ca l  a r eas recommended by th i s  comm i t tee for hydroca rbon 

r esea r ch d r i l l ing  prog r ams . 

3 . 3 . 2  Geochemical Methods 

Mos t geochem i ca l  res ea r ch on hyd r ocarbons has focused on the f l u i d  

con tent and organ i c  mat ter of rock s . An impor tant b u t  neg lected 

fac to r  has been the compos i t i on of nonhydr ocar bon componen ts o f  the 

f l ui ds and the i r  interact i on w i th the wal l r ock of the ho l es . 

Per iod i c  sampl i ng of d r i l l ing f lu i ds , format ion f l u i ds , and hos t r ocks 

can resu lt  in  bet ter reservo i r  model ing . For ins tance , sample 

analyses can be c r i t i ca l in  pr ed i c t ing  f low behav ior , d iagenet i c  

impacts , forma t i on damage , and even the success of compl e t i on 

prac t i ces . Appropr iate geochem i ca l  stud i es i n  d r i l l  holes can also 

pr ov ide c r i t ical data r ega r d i ng oil formati on ,  explus i on ,  m i grat i on ,  

and maturat i on . Ex i s t i ng ana lyt i c a l  ins t r umen ts and techn i ques 

r equ i red for s uch s tud i es are  probab ly adequa te , a l though improved 

methods of downho le samp l i ng and in s i tu measuremen ts may be r equ i r ed 

for spec i f ic d r i l l ing pr o j ects . 

3 . 3 . 3  Downhole Instrumen ta t i on 

Logg ing of bo r eholes i s  standa r d  pr ocedu r e  in  the pet r oleum 
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indus try . Mos t of the downhole measurements a r e  focused on 

de termining the bu l k  compos i t i on of f l u i ds or the dens i ty and por os i ty 

of the host rocks . The Ocean Dr i l l ing Program has an ongo ing progr am 

of downhole r esea r ch des igned to expand the scope of l ogg i ng ,  wi th a 

focus on obta i n ing grea ter deta i l  r ega rd ing the compos i t i on and state 

of r oc k s  and f l u i ds . Nat u r a l  gamma r ay spec t r os copy can also  pr ov ide 

i n  s i tu determinat i on of a n umber of i norgan i c  element s ,  such as 

potass i um ,  u r an i um ,  thor ium , a l um i n um ,  i r on ,  sul fur , s i l i con , ca l c i um ,  

ca rbon , and oxygen con t ent o f  the forma t i ons be i ng pent r a ted . 

New too l s  a r e  be i n g  developed to a l l ow dr i l l -hole imagi n g  of 

f ra c tu r es and other tex tu res ; measurement of the total magne t i c  f i e l d , 

incl ud i ng incl inat i on and decl i n a t i on ; and in  s i tu s t r es s  

measur emen ts . New logg i ng tool s cou l d  b e  impor tant ad j uncts t o  the 

r esea rch d r i l l i ng program , es pec i a l l y  in holes dr i l led i n  d i f f i cu l t  or 

obs cu red ter r a i ns . 

The i mpor tance of i n  s i tu measu r emen ts of  v is cos i ty ,  s u r f ace 

prope r t i es , s o l ub i l i ty ,  and chem i ca l  compos i t i on of pe trol eum in p l a ce 

. . d 1 1 s  recogn1 z e  • These cha r ac te r i s t i cs a r e  key pr ope r t i es that cou l d  

determine pet r o leu� ' s  r esponse t o  pr ima r y ,  seconda r y , a n d  ter t i a ry 

r ecov ery ef f o r ts . Dr i l l  holes a r e  necessary to ob ta i n  s amples tak en 

a nd preserved under downhol e pr essu r e , vol ume , and tempe r a tu r e  

cond i t i ons a n d  t o  mak e  d i r ec t  measu r emen ts o f  thes e phys i ca l  

pr ope r t i es .  
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3 . 3 . 4  Associated Labora tory Stud i es 

Some c r i t i ca l  labo ratory inves t i gat ions mus t be conducted i n  

pa ra l lel  w i th in s i tu dr i l l  h o l e  expe r iments .  Opt imum s c i ent i f i c  

r es ul ts ca n be ob ta ined by coo r d i nat i ng laboratory stu d i es w i th 

downhole measurements . The con t r ibu t i on of da ta po ints by downhol e  

meas u r emen ts o n  a cu r ve o f  pr ed i cted r es u l t s  can •pos i t i on •  o r  

ca l i brate t h e  curve . Labora tory i nves t i ga t i ons , howev e r , c a n  s imu late 

a var iety of subsur face con d i t ions and shapes of the cu r ve .  These 

s t rateg i c  ef for ts shou l d  expand the r esu l ts and interpreta t i ons o f  

downhole data beyond l oca l env i r onmenta l cond i t i ons of t h e  d r i l l  holes 

for broade r appl i ca t i ons . 

3 . 4  ORGAN I Z ATION OP A RESEARCH DRI LL I NG PROGRAM 

A car eful ly des i gned organ i z a t i ona l s t r uc ture w i th wel l -def i ned 

c r osscu t t ing r elat i onsh ips is needed to implemen t a pr og r am of 

s c i ent i f i c  d r i l l ing for hyd roca rbon r esea r ch . It  must be staf fed w i th 

capab le sci �n t ists , eng i n ee r s , and suppo r t  sta f f  to des ign and 

implement program , negotiate coope r a t i ve bus i ness a r r angements , 

execu te con t racts , oversee d r i l l ing ope rat ions , coordi nate r es ea rch 

act i v i t i es interna l ly and exte rnal l y ,  eva l uate r esu l t s , publ i sh 

sci en t i f i c  and techn i ca l  concl us i ons , and d i r ec t  a pr og r am mos t 

bene f i c ia l  to the n a t i on .  
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An effec t ive hyd r oca r on r es ea r ch d r i l l i ng pr og r am w i l l  requ i r e  

input and close coor d inat i on w i th a number o f  groups both w i th in  and 

outs i de DOE .  Those wi th in shoul d  incl ude , but are not l imi ted to , the 

Of f i ce of Bas i c  Energy Sci ences , the Of f i ce of Geos c i en ces Research , 

the Of f i ce of Fos s i l  Ene rgy , and the Na t i onal Labor ator i es . OU t s i de 

DOE , c l ose coo r d i nat i on shou l d  be ma inta i ned w i th the u . s . Geological  

sur vey , the  Na t i onal Sci ence Founda t i on , other  fede ral  agenc i es , s tate 

geol og i ca l  surveys , profess i onal soc i e t i es ,  indus t r y , and academic and 

nonprof i t  inst i tu t i ons . 
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NOTE 

1 .  S i l v e r , Leon T. ( 1 9 8 7 ) . Sta t emen t for the Un i ted Sta tes House of 
Repr es enta t i v es commi t tee on Sci en ce , Spa ce ,  and Technology , 
Befo r e  the Subcommi ttee on Energy Res earch and Devel opmen t , July 
1 6 , 7 p .  
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Chapter 4 

RECOMMENDATI ONS 

4 . 1  SUMMARY AND RECOMMENDATIONS FOR I MPLEMENTI NG THE PROGRAM 

A p r og ram of hyd r oca r bon r esea rch d r i l l ing r each ing a level of 

$200 mi l l i on annual ly ove r  the next th ree to f i ve ye ars cou ld be a 

very ef fec t ive meas u r e  i n  a mu l t i faceted nat i onal effor t to r educe ou r 

d ependence on fore ign sou rces of pe t r o leum . Th i s  l ev e l  of i nvestment 

wou l d  r epresent onl y  a f r ac t i ona l pe rcen tage of the u.s. do l l a r s  

expo r ted ye a r l y  for hyd r oca rbons . Annual budget p l ann ing shou l d  

cons i de r  devot ing pe rhaps one-t h i rd to one-ha l f  o f  t h e  f unds to 

r esea rch , and one-ha l f  to two-th i r ds to actual dr i l l ing expend i tu r es . 

A successfu l prog r am shou l d  a l l ow the Un i t ed States to i den t i fy and 

devel op i ts r ema i n ing poten t i a l  r esour ces , to produce the k nown 

resou r ce ba se mo r e  effec t i v el y ,  to help slow the r ate of depen dency on 

fore ign sou r ces of pet r o l e um ,  and to help improve the ba l ance of t r ade . 

I n  add i t ion to the stated r ecommenda t i ons fo r substan t i v e  

r esea rch , t h e  fo l l owing hyd r oca rbon r esea rch oppo r t un i t i es a r e  

8 1  
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advanced for immed i a te cons i de r a t i on by the Of f i ce o f  Bas i c  Ene rgy 

Sc i ences a long wi th other DOE en t i t i es and outs i de gr oups as 

approp r i ate : 

1 .  • Es tabl i sh a nd ma i n ta i n  an  i nven tory of the holes d r i l led and 
s uppo r ted by al l gove r nment agenc i es ;  

• Not i fy the s c i en t i f i c  commun i ty of gove rnment -sponso r ed 
d r i l l ing pro j ec ts to encou rage proposa ls for hyd roca rbon-r elated 
s tu d i es ; 

• I nves t i n  sc i en t i f i c  goal -o r i ented hyd r oca rbon res ea rch 
exper imen ts to be unde rtaken befo r e ,  dur i ng , and a f te r  d r i l l ing ; 

• Cons i de r  assuming ownersh ip o f  and r espons i bi l i ty for  completed 
hol es that cou ld serve as l ong-term s c i en t i f ic obse rvato r i es and 
labo ra t o r i es ; 

• Prov ide funds for  d r i l l i ng to accommodate hyd r oca rbon resea rch 
goa l s ; 

• As su r e  appropr i a te handl i ng ,  d i s t r i bu t i on ,  and curat i on of 
samples and downhole data f r om hyd roca rbon rese a r ch d r i l l  holes 
for use by the s c i en t i f i c  commun i ty ,  i n c l ud i ng indus try ; 

• Promote the d i s sem inat i on of r esea rch r esu lts  and technology 
t rans fer . 

An i n ventory of holes d r i l led shou l d  be pub l i shed and pe r iod i ca l l y  

upda ted , ident i fy i ng spec i f ic oppo r t un i t i es f o r  s c i en t i f ic e xpe r i ment s  

i nvolv ing such holes . The in i t i a l  tabu l a t i on of i n f o rmat ion 

pe r ta i n ing to ho l es dr i l led to da te , and r elated geol og i ca l  and 

geophys i ca l  da ta rel evant to i nd i v i dua l d r i l l  s i tes , coul d  beg i n  

immed iate ly a t  relat i ve l y  l ow cos t .  

2 .  Ac t i vely seek oppo r tun i t i es t o  pa r t i c i pate  wi th pr i vate indus try 

in hyd roca rbon r esea r ch projects , i n c l ud ing dr i l l ing , to r eso lve 

c r i t ical  ques t i ons r ega rdi ng ba s i c  concepts .  
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3 .  Prov ide f unds for hyd r oca rbon r esearch expe r i ments t o  be 

coor d inated wi th the goal s  of the sponso r s  of pr i vately d r i l l ed holes . 

4 .  Improve the technology used i n  dr i l l i ng , log g i ng , and downho l e  

meas u r emen t ,  s o  that the r ecommenda t i ons for a DOE hyd r oca rbon 

research d r i l l ing prog r am can be bet ter  implemen ted . OBES shoul d  

enco u r age and , a s  appropr iate , inves t  i n  the devel opmen t of d r i l l i ng 

tool s . Th i s  may be done th rough the Depa rtment of Energy ' s  Sma l l  

Bus iness Innovat i ve Resea r ch P r og r am , the Of f i ce o f  Foss i l  Ene rgy , the 

Nat i ona l Labo r a tor i es , and other appr opr i a te r esea r ch-and-developmen t 

channe l s . 

4 . 2  RATIONALE FOR RESEARCH 

Improved cha racte r i za t i on of subs u r face r oc k  un i t s  and thei r 

conta ined f l u i ds w i l l  prov i de a bet ter under s t and ing of pr ocess es that 

cont r o l  sou r ce and r es e r vo i r  rock depos i t i on ,  and the gen er at ion , 

migra t i on ,  ent rapment , and e x t r ac t i on of hyd r ocarbons . The dynam ics 

of ea r th processes ar e becoming bet ter  k nown as a consequen ce of 

advances in many f i el ds , s uch as g l obal tecton i cs , s e i s m i c  

s t rat i g raphy , a n d  therma l  h istory . A key to con t i nu i ng thes e  advances 

is  the use of the dr i l l  a s  a s c i en t i f i c  tool . 

A prog r am of hyd r oca rbon r esearch d r i l l i n g  wi l l  incr ease 

unde r s tand ing of the processes that con t i nue to shape the ea r th . Th e 

ob j ec t i ves of  r es ea r ch conducted unde r the r ecommended progr am a r e  ( 1 )  

to i dent i fy and cha racter i ze r ock and f l u id pr ope r t i es : ( 2 )  to impr ove 
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model s and pred ict i ons of subs u r face cond i t i ons f o r  sou r ce and 

reser vo i r  roc k  occ u r r ence , and for  oi l generat i on , mig r at ion , 

ent rapment , a nd ex t r act i on ; and ( 3 )  to test and ver i fy o r  mod i fy 

ex i s t i ng model s and pr ed i c t i ons . 

A hyd roca r bon r esea r ch d r i l l ing program ,  generated by the 

Depa rtment of Energy wi th the suppo rt  and coope r a t i on of the pet ro leum 

indus t r y ,  is  i n  the nat i on ' s  bes t  interes t .  The pet rol eum indus t ry 

shou ld be approached to sha re i n  these r esea rch act i v i t i es .  

Background da t a  f rom indus t ry should be sough t to det e rm ine the mos t 

ef fect i ve d r i l l  hole l ocat i ons to ach i eve s c i en t i f i c resea rch goa l s . 

The f o l l owing r ecommendat i ons for an effec t i ve hyd r oca rbon 

resea rch d r i l l ing prog ram resu l t  f rom the del ibera t i ons and f ind i ngs 

of the commi ttee on Hyd r oca r bon Research Dr i l l i n g .  

4 . 2 . 1  Recommendat i ons f o r  Resea rch Themes 

The recommended topi ca l themes of the program shou l d  be cons i de r ed 

a s  a cohes ive effor t ,  and d r i l l ing shou l d  be v i ewed i n  the broadest 

pos s i b l e  contex t . Fo r example , i f  ge os c i en t is t s  a r e  to unde rstand the 

hete r ogene i ty of subs u rface r eser voi rs , it is essen t i a l  that 

app ropr iate  geophys i ca l , geochemical , and eng inee r ing data bases be 

a s semb led a nd s tud i ed on a r eas selec ted pr i o r  to hyd roca rbon resea rch 

d r i l l i ng . I n  all instances , pre-d r i l l i n g  geophys i ca l  s tud i es and a 

compl ete set of any ava i lable l ogs shou l d  be inco rpor ated into 

d r i l l i ng plans , to max imize  the i n terpreta t i on of r oc k  sect i ons 
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penet ra ted by the d r i l l . These s t ud i es shou ld include a l l ava i lable 

geophysi ca l  s u r vey res u l t s . A br oad su i te of downhole meas u r emen ts 

shou l d  be made to measure cr i t i ca l  reservoi r ,  f l u i d ,  and r ock 

prope r t i es . Acqu i s i t i on of  co r es , cut t i ngs , and f l u i d  samples , al ong 

w i th t he in s i tu measurements , shou ld be s tanda r d  procedu r es in eve ry 

hydr oca rbon r esea r ch d r i l l i ng projec t . Al l mater ial  and data f r om 

d r i l l  ho l es shou l d  be prope r ly organ i zed a nd cu rated for u se by f u tu r e  

i nves t igators . 

A hyd r oca r bon r esea r ch dr i l l ing prog r am mus t prov i de impo r tant 

info rmat i on on seve ral key substant i ve areas . The comm i t tee has 

i dent i f i ed four s uch themes : 

1 .  Rese rvo i r  cha rac ter i z a t i on and geolog i c  model i ng ; 

2 .  Sed imenta ry sequences and crustal  geo l ogy ; 

3 .  Se i smica l l y  obs cu r ed te r r a i ns ; and 

4 .  Fron t i e r  area s .  

1 .  Reservo i r  cha racte r i z a t i on and geol og i c  mode l i ng .  Onl y  r ecen tly 

have s c i en t i sts a nd eng ineers begun to apprec i a te f u l ly the 

heterogen e i t y  of hyd r oca rbon r eservo i r s  and other compl i ca t i ons tha t 

have l im i ted pet roleum recovery . On average , 6 5  pe rcent of the 

pet r ol eum in r es e r voi rs wi l l  not be r ecove red wi th ex i s t ing levels of 

devel opment because of l imi ted know ledge of reservoi r cha racte r i s t i c s  

a n d  techn i c a l  a n d  mechan i ca l  l im i t a t i ons . To i mpr ove recovery l evel s , 

a se r i es of closely spaced ho les shou ld be dr i l led i n  e x i s t ing f i e lds 

and ca r ef u l ly ana lyzed to be tter  def i n e  ba s i c  r es e rvo i r 
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c ha r acte r i s t ics . These hol es may i n c l ude some a l ready dr i l led by 

indus t r y ,  suppl emented by new holes ded icated spec i f i ca l l y  for 

hyd roca rbon r esea rch . Resu l t i ng informa t i on shou ld be coup led w i t h  

h igh-resol u t i on geophys i ca l  dat a . 

Type r es e rvo i r s  i n  r epresen ta t ive env i ronmen ts cou l d  be eva luated 

by us ing data f r om and access to e x i s t ing bor eho l es , and by d r i l l ing 

new holes a s  r equ i red . Rese r voi r s  s e l ec ted for  s tudy shou l d  be 

typ i ca l of an explo r a t i on play,  o r  shou ld include s u i tes of produc ing 

holes wi th common geolog i c  and product i on cha racte r is t i cs .  A h igh 

dens ity of wel l s  cou ld a l l ow development of deta i led geo l og ic mode l s  

and pro longed f l ow tests t o  d evelop f l ui d-behav i or models  not feas i b l e  

with informa t i on a n d  techno logy cu r r en t ly in  t h e  publ ic doma i n .  I f  

r es u l t ing expe r iments a r e  sat is facto r i l y  tes ted and in s t r umen ted , 

impo r tant sci en t i f ic informa t i on may be obta i ned w i th r e l evance to 

b roader a rea s beyond i mmed iate  tes t si tes . 

Knowl edge of reservo i r  characte r i s t i cs and rock prope r t i es can be 

i n c reased by an o r de r of magni tude thr ough systema t i c  acqu i s i t i on of 

appropr i ate subs u r face data . Spec i f i c  reservoi r prope r t i es r equ i r ing 

f u r ther  study a r e : 

• compa r isons between subs u r face data and out c r op a r ea s : 

• con t r o l s  on pr imary depos i t i ona l sys tems : 

• effects of secondary a l te r at ion ( e . g . , fr actu r ing and 
d i agenes is ) : 

• facto r s  a f fec t i n g  d r ive  mechan i sms : 
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• deta i l ed reservoi r descr ipt ions f o r  f l u i ds ,  pet r og raphy , 
sediment va r iat ion , po r os i t y ,  pe rmeab i l i t y ,  and other  r oc k  prope r t i es ,  
s uch a s  acou s t i c  veloc i t i es : 

• deta i l ed measu r emen t of r ese rvoi r het e r ogen e i t i es and thei r 
relat i on to i n  s i tu measurements , which i s  espec i a l ly impo r t ant i n  
assess ing unr ecov e r ed mob i le oi l : and 

• f l u i d  model ing as r e l ated to produc t i on probl ems . 

2 .  Sedimen ta r y  sequences and c r u s t a l  geol ogy . A s e r ies of holes 

s hou ld be d r i l led in o r  across pet r o leum-pr oduc t i ve ba s i ns of va r i ou s  

s t ructu r a l  types . S i tes should b e  selec ted o n  the ba s i s  of mu l t i ple  

fac tors , incl ud ing ava i l able or subsequen tly obt a i ned h i gh-reso l u t i on 

regi ona l  se i sm i c  da ta . The r ecommended locat i ons a r e  expected to be 

o f f -s t r uc t u r e  i n  most instances to max i m i ze s c i en t i f i c informa t i on 

f r om mor e  complete sed imen t a r y  sect i on s . Such loca t ions cou l d  

m i n im i ze probl ems of owne r sh i p ,  con t r o l , l i abi l i t y ,  and other  bus i n e s s  

aspects common ly assoc i a t ed wi th holes des i gned for pe rcei ved econom ic 

targets . The ob j ect i ve is  to acqu i re  det a i l s  on the geo log i c  s e t t ing 

and processes a f fect ing the d i s t r i bu t i on of f l u ids i n  such ba s i ns , 

wh i ch wou ld a l low a mo re comprehen s i ve ana lys is of factors con t r o l l i n g  

hyd roca r bon occu r r ence . 

3 .  Sei smica l l y  obs cu r ed t e r r a i ns . Reg i ons whe r e  geol og i c  

comple x i t i es ma k e  geophys i ca l  i n terpreta t i ons unusua l ly d i f f icu l t  mus t  

b e  d r i l l ed i f  the sear ch f o r  hyd r oca rbons i s  t o  ex tend into such 

env i r onments . Fo r example , subs tant i a l  vol umes of hyd roca rbons may 

e x i s t  beneath ove r t h r u s t  bel ts , under ba sa l t i c  cov e r , in r eg i ons of 
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e x tens i ve sal t tec ton i c  act i v ity ,  in  s ubdu c t i on zones , wi th in  complex 

s t r uc tu r a l  sett ings , beneath i ce and perma f rost ·regi ons , and beneath 

th ick ca rbonates . Geophys i ca l  stud i es i n  mos t of these poten t i a l  

target env i ronments a r e  h i ndered b y  veloc i ty prob l ems , a s  no rma l 

geophys i ca l  too l s  a r e  r ender ed unr e l i ab l e  o r  un usab l e . Seismic 

p r of i l e s  obta ined , for example , i n  basa l t  o r  pe rma f rost a r eas are  not 

eas i ly interpret ed . Dr i l l  holes in selec ted obscu r ed t e r r a i n s  co uld 

extend our  und e r s tand ing of the geo logy of impo r tant poten t ial  

hyd r oca rbon a r ea s . A full  s u i t e  of l ogs and  geochem i ca l  and  

geophys i ca l  tests in con j unct i on wi th the  d r i l l ing cou l d  con f i rm or  

mod i fy bas i c  concepts r ega rding  such  r eg i ons . 

4 .  Front i e r  regi ons . Al though geolog ists have a reasonab l e  

understand ing of many r eg i ons prod uc i ng o i l  a n d  gas , t h e r e  st i l l  

r ema in nume r ous unde rexplo r ed areas , o r  f r ont i e r  regi ons , such a s  

u l t r a-deep sed imen t a r y  bas ins , sha l l ow a n d  deep r i f t s , and wren ch 

fau lt  ter r a i ns . cu r r ent op i n i on suggests that some f r on t i er r eg ions 

have a h igh pot en t i a l  for add ing to domes t i c  hyd r oca rbon resou rces . 

These a r eas have not been explored f u l l y  because of cos ts and lack of  

knowledge about the natu r e  of sou rce roc k s , r eservoi r qual i ty ,  f lu i d  

f l ow a nd behav i o r , rock prope r t i es ,  d i agenes is , and therma l  

prope r t ies . Wi thout cons i d e r ab ly mo r e  subsurface data r ega r d i ng thes e 

env i r onments , the poten t i a l  for hyd roca rbon gene r a t i on migrat i on ,  

ent rapmen t , and prese rvat ion cannot be dete rmined . 
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4 . 2 . 2  Fac i l i t i es f o r  sample and Dat a  cur at ion 

Prope r handl ing and d is t r ibut i on of f l u i d  s amples , l ogs , co r es , 

cut t i ngs , and geophys i ca l  data obt a i ned f r om ho l es d r i l led unde r the 

proposed hyd r oca r bon resea rch prog r am a r e  es sen t i a l . I n f o rmat ion 

acqu i red shou l d  be r educed to common data bas es r ead i ly acces s i b le to 

the s c i en t i s t  and eng i nee r , and cu r at i on may be p r ov ided at ex i s t i n g  

federa l o r  s tate  geolog i ca l  fac i l i t i es .  As pa r t  o f  the cu r a t i on 

procedur e ,  samp les and data f r om ho les d r i l l ed under the hyd r oca rbon 

resea r ch program shou l d  be select i ve l y  reta ined .  Th is r equ i r es 

des igning  the hole fo r i n s t r umen ta t i on a f t e r  d r i l l i ng i s  completed , 

and the opt i on o f  r e -en t ry to a l low f u r ther  tests i n  the ho le . Th i s  

des ign should b e  ca r r ied out wi th p r ope r qual i ty con t r o l s  i n  pl ace t o  

ensure that data obta i ned f r om dr i l l  ho l es a r e  r eusable and acces s i b le . 
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