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I. INTRODUCTION

Tha cnly way tc be absolutely certain of safety and of freedom
from hazards of pollution in comnmaction with drilling in the ocecans
is to do ne drilling at all. Any drilling involves some risk. The
value of the scientific cbjectives that are sought mist be balanced
against potential hazards sa that the program will achieve thase
cbjectivas so far as possible without falling below acceptable stan-
dards either of safety or for the prevantion of pollution.

It is the unanimsus opinion of the Panal, considaring the
rossible value of the results to be obtained and after weighing the
safety measures which can reasonably be taken, that risks can be 3o
minimized through planning and operational procedures that the major
objectives of the program can always be cbtained. The Panel esphasizes,
however, that adherence to the old adage of "An ounce of prevention is
worth a pound of cure™ offers the highest benafit-cost ratio for safety
and pollution-prevention. A few dollars spent on extra care in pre-
liminary site surveys and in planning of the drilling program may
forestall an accident which could not only cause lamentable loss of

life and property and damage to the environnant but could also causa
the abrupt termination of the whole DSDP.

This November 25, 1975, revised edition of the Manual has been
prepared with recognition of the approaching Phase 4, International Phase
of Ocean Drilling (TPOD)}, of the Deep Sea Drilling Project (DSDF),
achedyled to start this fall with Leg %5. The diverse sites of IPQD
will involve some addirional hazards over those of previcus DSDP
drilling, in that deeper sediment pepetrations (with re-entries) are
scheduled ‘for many wargin sites and, on the margins, more holez may
be drilled in relatively shallow water than heretofore. Horeover,
it now seams probabls that at leasr for the first years of IP0D there
will be little change in the drilling equipment available on the
GLOMAR CHALLENGER, and that IFOD must continue to face the safety hazards
of DSDP inherent in lack of riser pipe to the surface, lack of returm
circulation, and lack of blowout preventers. However, it is still the
hope of this Panel that a well legging capability may he established
on board bafore very thick sediment drilling is undertaken, and it is
also hoped that more adequate seismic information will be available
on IPOD holes than on many of the previcus holes. Ip any case it
geems evident that safety and pollutien-prevention aspects of the .
program should continue to receive as great or greater emphasis than
before. It is recommended that thiz Manual be given wide distribution
to all concermed with DSDP-IPOD program and operations.

II. PRINCIPAL HAZARDS

A. 0il and Gas Escape and Blowoutrs

The principal hazard in ocean drilling, with respect to safety
and pollution-prevention, comes from the possibility of opening up
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reservoir strata which would allow oil or hydrocarboh gas to escape
in large quantities into the sea or the atmosphere.

Ratural submarine seepages both of oil mnd of gas exist in many
parts of the world, apparently with little deleterious effect oo the
environment, and it is difficult to say what amounts of oil or gas
released into the sea watsr or the atmosphere by drilling cperaticus
should be termed hazardous 85 regards environmantal considerations.

Certainly arx a pollutant, escaping oil must be considered far more
serious than escaping gas. ’

On the other hand, az a hazard tc safety of perscnnel and
property, hydrocarbon gas may be even more dangerous than oil becausa

of its mobility, bighly flammable nature, and the difficulties in its.
preszure control.

Offshore drilling for oil is currently taking place along much
of the world's marine coastline and, on the whole, exhibits a
remarkable safaty record. However, it must be recognized that, inm-
any drilling cperation, release of hydrocarbons can occur if adeguate
precautions are net taken and thet this can be hazardousz both asz
regards pollution and safety. .Since DSDP drillipg is particularly
vulnerable in this respect because of the limited controls available
from the GLOMAR CHALLENGER, it has seemed particularly important both
for pollution and safety consideraticns to try te aveid entirely any
substantial release of either oil or gas during its operations, either
into the sea or the atmosphere, whether through quiet escaBe or through
violent blowouts. Horeover, regardlezs of pollution or safety effects,
the waste of gas or oil by careless dissipation into the oceans might

.bring about & serious mecnace to the DEDP from owners or potential
“owners of this resource in these days of emphasis on energy conservation.

1. Hydrocarbon origin and occurrences

The term petroleum may be applied to any dominantly hydrocarbon
substance —- liquid, gas, or solid -- originating in the rocks of the
Earth, slthoughk it is popularly reserved for the crude oil, natural
gas, and asphalt of the so-called petrolewum industry.

Mixtures of petroleum hydrocarhons axist as gaseouns, ligquid,
and zolid phases depending on the temperature, pressure, gnd composition
of the system. Under natural surface conditions, € -, hydrocarbons --
such as methane (Cﬂu)' ethane (CZHE)’ propane (C_H 5, and butane (C H_ ) -~

. < 0
ars predominantly in the gas phaSe vhile C_ and iigher hydr-ocarbonau—1

‘such as penteane (C5H12)' hexane (CsHlu), e%c, ~- are predominantly liquid.

Hydrocarbon gases -- largely methane -- may be generated in
significant quantities from organic matter in sediments either under
near-surface conditions by bacterial action, or at generally greater
depthe by thermochemical action. Liquid petrolieum (oil), however, is
almost exclusively the product of thermochemical generation from
hydrogen-rich organic matter in deeply buried sediments. This gen:ratioﬂ
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appears to become quantitatively important only as temperatures in
excess of 40-50°C are reached —- burisl depths of 1000-1500 m Ffor
average geothermal gredients. Hydrocarbon gases are generated with
the oil and, although consisting largely of methane, usually include
significant quantities of ethane, propane, butane, etc. Thermochemical
conversion of organic matter to hydrocarbonz will continue to depths
and temperatures at which all organic matter and the oil itself

has been converted to methane and carbon Tesidue,

The supposed relation of gas and liquid hydrocarbons of differant

wodes of genesis to depth and tempereture is shown diagrammatically

in Figure 1. It should be stressed, however, that while biogenic
hydrocarbone are generated at relatively shallow dapths and thermo-
chemical hydrocarbons st relatively greater depths, either maxy be found

at any drilling depth in the sedimentary section, due to the results of
migration or either zubsequent burial or exhumaticn.

Bilogenic methane is cormmonly formd In swamps where it ie known
as "marsh gas," but it ic also forped In marine sediments. Biogenie
methane can be distinguished from thermochemical methane by means of
the mass =pectrograph -- the ]::'.ogmé.}f form has a distinctly higher
ratic of the light carbon isoctope to the heavy carbon isotope cls
Also, thermochemical methane generally shows a lower methane/ethane
ratio than does bicgenic mathane, although (Zcme thermochemical methane
iz lacking in ethane and it now seems bvident also that under some

circumstances scme ethane may be genereted biochemically along with -
methane.

A dlacuzsion of the maturation chimacteristies of crganic matter
in sediments by George Claypool of this Panel is given In Appendix ¢-1.

Both biogenic and thermochemical methane may be expected to be
encountered under respectively appropriate conditions in DSDP holes.
There is little or no difference in their common physical and chemical
properties. Both can cause blowoutg, both can catch fire, both can bs
associated with some ethane, and both ean oceur in substantial guentities
at very shallow depths. About the omly majer difference in significance
is that the conditiona which produce thermochemical methane may alao
produce liguid oil, whereas biogenic oil iz unkmown. .

There is a common Ffallacy that if methane can be identified as
biogenic, it can be disregarded as a threat to safety, but this is not -
2za. (At least one serious blowout bas occurred in offghore drilling
cperations due to gas of apparent biogenic origin - Cook Inlet, Alaska -
and some commercial accumulations of purely biogenic methane are known.)
Alsc it has been mistakenly suggested that if wethane/ethane ratlos are
greater than a certain value, gas dangers can be dismiszed because it
is then a question of only "marsh gas,” not "true petroleun gas"!
Similarly, it has been aaid that shallow gas cannet be dangsrous because
it iz "probably only biogenic”! Turther, it has been jrresponsibly
suggested that on board the G:bogig GCER certain levels of ethane
content or concentration or of - Totics be set as criticel limits
beyond which no danger need be anticipated.
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The Panel is, and has been, strongly in favor of getting as muoch
information as possible on the character of the hydrocarbons encountered
in the DSDP holes, but it would deplore, 23 & menacs rather than an
aid to safety, the setting of "magic mmbers" of this sort as substityutes
for balanced judgment based on the mmltitude of geological, geochemical ,
operational, and experience factors vhich should enter into the decisiom

"in any specific case. It believes that such arbitrarily imposed

numerical limits are dangerous zince the values wust vary so much with
other factors and circumstances, and since they are so likely to be used
blindly as crutches to avoid sounder and more ressoned judgment, As

ve have stated many times, no one acems to have been able to convince
the molecules of mareh gas or biogenie methane or "protopetroletm™ that
they have no right to accumulate, or blow out, or burn, or contaminate,
just because they are mot "true petroleun” or are not asscciated with
other products of thermal maturation®

2. "Cause and explanaticn of blowouts

In oil well drilling operations, formation fluid (water, oil,
or pas, as the case may be) will flow from reservoir strata inte the
well bore whepever a substantial pressure-differential exists betwasn
the formation fluid and the drillipg mud in the hole, that is, whenever
the pressure of the fluid in the interstices of a reservoir formation
substantially exceeds the adjecent pressure in the drill hole retulting
from the weight of the colum of drilling fluid Filling the hole. The
formation fluid entering the well bore iz generally less dense than the
drilling fluid and therefore will tend to move upward in response to
gravity, once it has entered the hole.

When the formation fliuid is gas, gas-charged oil, or gas-charged
water, the gas, on entering the hole, may permeate the drilling fluid
causing it to become “gas-eut" (filled with gas bubbles) and thus
greatly diminishing its density and ite ability to cause back-pressure
on the formation. Likewise, when gas enters the well bore, it undergoes
rapid expansion due to pressure reduction while travelling up the hole.
Because the drilling fluild is confined by the narrow diameter of the
bere hole (commomly less than 10 inches), the increasing expansicn
of the gas bubbles in the driliing fluid as they move upward will cause
a flow of displaced drilling mud from the mouth of the hole, with
further consequent reduction of the tota) weight of the fluid columm
in the hole, resulting in further reducticn of the restraining pressure
on the entry of formation flnid. The consequence is a sort of chain
resction. Gas will tend to enter the hole at an ever-accelerating
rate as the pressure differential between formation and hole is increased,
and, if not promptly brought under control, this may quickly result
in vioclent ejection of all drilling Fluid from the hole which ip turm
will result in "wild" or unrestrained flow of gas or gas-charged
formation fluid at the surface. Such a calamitous event is called a
"blowout” and may be extremely dangercus to life, property, and
environment. Elaborate msasures are employed by the industry to prevent
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its cecurrence -- weighting of drilling muds, application of back pressure

by pumps, use of mechanical blowout preventers, atc.

3. Differences in blowout risks between DSDP and oil wall
drilling operations

In current Deep Sea Drilling Project (DSDP) operaticns,
conditions are in some respects quite different from those of customary
oil well drilling, principally dus to lack of means for return ciren-
lation, the use of sea water as drilling fluid, the lack of any
confining amnular space around the drill pipe above the level of the
sea floor, and the much greater water depths involved, as well as
various other factors. In current DSDP operaticns, any gas encountered,
under pressura sufficient to cause it to enter tha hole and permeate -
the drilling fluid, would, as it travelled upward, be confined only
until it reached ccean floor (top of the boras hole), or until it
reached the base of such interval of soupy, fluid sediment as might
locally lie immediately below the ccean fleor. Above this point, the
gas, although continuing its upward course, would probably also tend to
diggipate away from tha wvicinity of the bore hole, and would reach the
ccean surface, if at all, in less concentration and over an increasingly

broad area in propertion to the water depth (thicknessz of water columm)
through which it had to pass.

Considering the usually much greater water depths invglved in
DSDP drilling than in normal oil well drilling, there is relatively
much less danger in the forwer of a violent cutbreak of gas at the surface
with accompanying hazards to the drilling vessel. However, at the same
time, the means of control over the results of a gas flow into the hole
are also much less effective under current DSDP operatipg comditions.
It 1as entirely possible that a blowout could ccour aven with drilling
operations in water depths of 500 m or more. Moreover, even though the
excaps of gas or oil at the ocean surface from holes drilled in water
deptha of several thousand meters might he so diffuse as not to be
raadily discernible, the total pollution of ocean waters by hydrocarbons
(or the dissipation of potential hydrocarhon resources) might be as
Ereat or even graater than in a more viclent blowout. It is even possible
that a continuing substantial escapa of hydrocarbons into the ocean waters

from a DSDP hole could occur so quietly as to complately evada natice
From the drilling vessel,

A gas blowout could imperil the vessel and crew in saveral
ways — by relesase of noxious gases, by fire, or by causing a losa of
the vessel's buoyancy due to charging of the surrounding sea water with
ga3 bubbles.

Hydrogan sulphide iz the principal highly nmoxiocus gas that
might be encountered. It has often basn found in high concentration in
petroleun drilling operations but is easily detected by several commercial
devices and Is identifiable even in low concantration simply by Iits
characteristic odor.




The greatest fire danger from a pgas blowput on the GLOMAR
CHALLENGER would occmr 1f a blowout of hydrocarbon gas took place
through the drill pipe. However, in relatively shallow water, gaa
sscaping to the surface from around the drill pipe at the sea floor
may also present a fire hazard to the vessel.. The CHALLENGER drill

crews must be trained in the standard oil field practices for avoiding
or controlling thess posxibilities,

Aeration of the sea by gas to the point where bucyancy Is seriously
impaired could hardly occur ino the water depths usually encountarsd
at DSDP sites. Howewver, this has apparently happened twice with
vessels drilling for oil in shallow water and the possibkbility should
not ba ignored at the shallower DSDP sites.

B, Intercommunication Between Reservoirs and Exchange of Fluids

This situation may ocecur when Formation fluids (oil, gas, watar)
From deep, high-pressure zones, in process of Flowing up the bore
hole, pass shallower zones with lower pormally-pressured formation
fluids, A real danger exists that under these conditions hydrocarbons
may enter a zone that opens to the sea floor by outcrop or fracturs,
resulting in an uncontrollable leak. Fu-thermore, high-pressure fluids
from deep zones may in the same way charge shallow zones with fluida
above normal hydrostatic pressure and thus make even shallew future
drilling in the area bazardous. Also, it is possible, though not very
likely under DSDP conditions, that deep saline formation water might in
this way contaminate valuable shallower fresh water aquifers.

©. Political Concerna

Questions of political jurisdiction over areaa in which the DSDP
iz operating may involve hazards due to conflicts between varicus national
claims and due to uncertainties regarding national-international boundaries
at =ea. Also, different couwntries may have different standards with
respect to pellution prevention. It doas not seem appropriate for the
Panel to take responsibility for problems of this nature which may arise,
since their sclution inveolves intarnational law and top-level policy
for the whole program, However, the Panel has requested the Chiaef
Scientist to supply information on distances of sites from shore and
probable political jurisdicticnal control at each site and it has
considered that it is its duty to call attanticon to possible political
hazards which might arise. (See Sectiom IV-J.)

0, Other

Harards of storms, hurricanes, ice, collisions, etc., are common
to all vessels and consequently ars not detailed here. Likewise, the
hazards involved in the mechanical operation of drilling egquipment
are common ta all offshore drillting operations and 46 hot require special
mention. -
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While not detailed here, it is of course mandatory that conven-
tional safety measures vsed in oil field operations and on drilling
vessels, such as saxfety hats, no smoking except in designated areas,
emergency blowout and fire drills, etc., be chserved at all times,
It is also essential that measures be taken to prevent pollution of
the envirenment by any of the operations incidental to the program.

III. GENERAL OBSERVATIONS DN. PRECAUTIONARY MEASURES, RESPONSIBILITIES, .
INFORMATION REQUIREMENTS, AND PANEL PROCEDURES

Topics considered by the Panel to be the most important to stress
Tor purposes of safety and to prevent hazards to the environment zre
treated below under the following five heads:

{1} Choice of reasonably safe drill sites

(2} Proper planning of the drilling program for each site

(3} Early detection or anticipation of hydrocarboms or high
fluid pressures during drilling

(4) Heasures for coping with flows of fluids encountered or
anticipated during drilling

(5) ¥Measures for abandoning holes

Care in the first of these -- Choice of reasonably safe drill sites --
probably offers the greatest return in insurance against trouble.

The Fanel strongly believes that it is the responsibility of those
who plan each Leg and its drilling sites (Site Survey Panel) to consider
each of these topiecs, hoth in advance planning and in connection with
ghipboard operations., It is also their respensibility to propose to
the best of their ability only drilling sites apd drilling programs
which they themselves can conscientiously support as reasonably safe.

The function of the Panel on Polluticn-Prevention and Safety is only to
check again from the safety angle propeosals of sites and drilling programs

for the safety of which the planners of the Leg are already willing to
take responsibility.

Those who are responsible for initimlly planning a Leg should do
so only after thoroughly considering the possible hazards and the
precautions outlined in this Mamuel and adjusting their proposals
accordingly. There should be no attitude of attempting to "mm a
program by" the Panel~or shift responsibility to the Panel for any
program for which the original proposers are not also willing to teke
full safety responsibility. Decisions on risks should be made with the
recognition that it is not one site or one Leg that is concerned but the

future of the whole program which may be jecpardized by an accident or a
pollution incident.

The Chief Scientists of each Leg or the Site Survey Panel should
be responsible for presenting to the Panel for Pollution-Prevention
and Safety sufficient data to allow A thorough evaluation of each of
the above listed safety components for that Lepg and for each drill
site proposed. Unless adeguate data are provided, the Panel must refuse
to consider a proposed site or drilling program. Morecvar, these data
should be provided in time to allow review by individual Panel members
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in zdvance of the meeting at vhich a Leg is scheduled for reaview by
the Panel. Only definitely identified and supported locations can
be approved by the Panel, and if a location approved by the Panel is
subsequently moved it cannot be copsidered to have been supported by
the Panel. Further details on information requirements of the Panal
and Panel procedures are given in a letter of Janusry 19, 18973 from
the Chairman of the Panel to the Chairman of the JOIDES Executive
Committee reproduced here in Appendix A.

Once drilling operations are started on a hole, the responsibility
for zafety and pollution measures, Including ceseation or abandenment
of drilling, should be clexxrly fixed on the Cruise Operations Hanager,
who should be thoroughly experienced in the hagards of petrolaum
drilling. He will, of course, consider the recommendations of the
Chief Scientists. Both the Cruisze Operations Manager and the Chief
Scientists should desirably be pressnt at the Panel meeting held to
consider that Leg. Furthermore, it is strongly reccmmended, on any
Leg where the geology of the region is known to be generally conduciva
to petroleum origion and accumulation, that the sclentific personnel
on board the vessel include a gpeclogist with a background of experience
with petrcleum exploration atd production wells.

IV. PRECAUTIONS TIH CHOICE OF DRILL SITLS

A. Thickness and Character of Underlying Rock Strata

It is basic both to the general program and to safety and pollution
prevention to make in advance the best possible estimate of the total
thicknees of the sedimentsry section at a proposed drill site and the
Probable gorganic content and 1litho)opy of the rocks to he penetrated.

Thickness of sedimentary strata above igneocus or metamorphic reck
basement is. one of the most useful factors in initially deciding whether
or not the section at a drill zite hag potential petyolewm hazards. -
It ic generally agreed that most petyoleum yesults from thermochemical
action on organic matter buried in the sediments and that usually this
generation takes place abundantly only after the sediments have bean
buried tc z depth of 1000 m or more so that, as a result of the
geothermal gradient, they have reached temperatures of some 50°C op
more (see Section YI-A-l and Appendix C-1). It is difficult to predict
in advance of drilling whether or not there has been a sufficient
supply of organic matter in a section to have allowed substantial
petroleum generatiom, but seismic inforwation can usually provide
reasonably accurate advance informetionm on the sedimentary thickness
at a proposed drill site. Lacking any definite information on the
abeence of petroleum source material, thick sedimentary sections
{1000 m or more) must always be looked on as possible propenitors
of petroleum and should be &rilled with sppropriate caution.
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For purpcses of considering petroleum hazards, ccaanic aneas
may in a general way be divided Into those with more than 1000 m
of sediment abave basement {most of the shelves, slopes, and rises
adjacent to continents or islands; many of the small ocean basins
and oceanic troughs; and some few sediment-filled basins far from land
in the main oceans) and those with less than 1000 m of aediment
(constituting most of the vast central areasz of the major oceans, the
- mid ocean ridges, and many trenches and local areas nearer to land),

Sedimentary columns less than 1000 m thick in general have not
experienced sufficient geothermal heating to have allowed in situ
generation of abundant liquid petrelemm, Such areas of relatively
thin sediments are thus relatively low in oil hazerds even where they
contain or have contained considerable potantial source organic matter,
if these areas are so situvated that there is little possibility of them
having once been more deeply buried, or unless they are at the wedging
out margins of adjacent sedimentary basins with thicker colums of
petential eil-generating sediments from which lateral migration could
have taken place or unless they have experienced greater than normal
heat flow as in basing developed over areas of ipitial sea floor rifting.
In general the Panel considers the vast central oceanic areas with
only 500 m or less of sediment above basement to be nearly free from
petroleum hazards. However, even in such sreas copsideration must be
given to the possibility that thick older sedimentary sections may
underlie the present acoustic basement (usually oceanic basalt),

and also there is always a possibility of accumulations of bicgenic
mE'th Ane.

Obviously, hydrccarbon hazards are greatly increassd if there are
good potential reservoir strata in the sectien and this factor has an
important modifying bearing on safety conclusions based purely on
thickness and probable organic content. Seismic data and regicnal
geologic considerations may give helpful information on the probability
of substantial pegservoirs being present in a sectien. Drilling should
not be carried into sections showing seismic "bright spots™ indicative
of gas reservoirs.

The anticipated presence of evaporites, over-pressured shales,
¢lesthrate zones, and other sealing lithologies, below which hydrocarboms
may be trapped, has an important bearing on the depth to which a drill

hole can be carried safely. Likewise, the presence of evaporite or
shale diapirs iz a danger signal.

B. Structural Attitude and Probability of Trap Features

Equally as pertinent as the thickness-of-sediment factor in
evaluating the riskiness of a drilling site is the matter of whether
or not the hole is likely to penetrate a trap feature capable of
holding hydrocerbons. It is recommended that at least one continuous
geisnic profile be cbtained across any prospective desp sea drilling
gite and that two intersecting profiles approximately at right angles
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be obtained for any prospective drilling location on the shelf, slope,

or rise or any other area of potential hydrocarbon accumulaticn. Features
of trap significance to be checked on the seismic profiles include folds,
faults, pimchouts, unconformities, diapirs, etc. Any sort of a trap
feature (structural or stratigraphic) within the section to be penetrated
should be avoided in the cboice of drilling locations, While reliance
must be placed primarily co seismic sections for the identificatiom of
trap features, other available lines of evidence such as gravity,
magnetics, and detailed bathymetry may also ba helpful.

It often happens that those responsible for picking the drilling
locations of a leg tend to put them at the crests of structural highs
kecause such sites represent minimum drilling distances to stratigraphic
objectives. However, these are at the same time the most hazardous
places to drill because of the danger that they or their flanks may
alsoc represent trapping features for petrolewm. It ie urged that the
Chief Sclentists (or Site Survey Panel) in the initial selection of
locationa seek places off structure where the desired cbjedtives can
be reached, even if this means some extra drilling distance.

€. Known Qi1 and Gas Occurrences

The planmers of a Leg should obrain information on all known or
suspected oil andfor gas seepages or other hydrocarbon occurrences
relevantly close to the proposad sites of that Leg. This is most
important with respect to prospective locations on continental margins.
Eoth on-shore and off-shore data are desirable. Petroleum companies
who hold.cr have held acreage in the general vicinity should be con-
sulted. Censideration should be given to making hydrocarbon surveys
in the wicinity of propesed sites to sample bottom waters in order to
avoid areas of proncunced high hydrocarbon content which might reflect
underlying petroleum accumulations. Alsc, piston cores at proposed
sites may yield useful advance information on hydrocarbon concentrations
in the surface sediments of these areas.

D. Abnormal Pressures

Araas and section intervals in shich fluids are under greater
than normal hydrostatic pressure should be avoided as far as possible
as they represent hazards to safety bacause of common association
with gas or oil and because of the danger of blowouts.

Tha presence of undercompacted shale iz a warning that flulds
will be encountered at more than normal hydrostatic pressure, (An
undercompacted shale i one in which fluid expulsion has not reached
equilibrium with fluid pressure, so that the formation fluid in the
shale, and perhaps in associated sands, is under not only hydrostatic
pressure but, in addition, carries also a part of the welght of the
overlying rock column and perhaps also some component of intermally
generated pressure.) Undercompacted shales often may be identified
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in sdvance of drilling by means of velocity inversions or decreases
in interval seismic velocity with depth due to abnormally high fluid
content. They may also appear as sections with distorted bedding,
usually strongly convoluted; or they may show up on gravity profiles

' because of their lower density. Absence of a velocity-inversion does

not, of course, preclude abnormal formation pressure, nor does the
presence of a velocity inversion alwaye result from an undercompacted
shale section. However, drill sites at which marked velocity inversicms
are detected should be avoided, uniesz the inversion can be related
clearly to simple lithologie change.

E. High Geothermal Bradient

If possible, heat flow data should be acgquired at prospective
drilling sites because higher than nomal temperaturss are commonly
associated with above-normal pressures and hydrocarbon accumulatiomns.

F. Water Depth

The dangers of oil and gas blowouts to the safety of the vessel
and its personnel diminish greatly with increasing depth of water.
Thus while violent surface blowouts might cocecur in water depths as
great as 500 m there would appear to be little likelihood of such
blowout dangers at 2000 w or more., However, quiet escape of oil or
gas into the sea with consequent risk of pollution of ocean waters and

Yoss of wvaluable hydrocarbon resources can occur while drilling in
any water depth.

G, Significance.of Clathrates to Safety of Drill Sites

Certain gases; including the light C -C_. hydrocarbons, H,S,
and €0, can combine with water to form a tagle solid clathrate
(gas bydrate) structure under the low temperatures and high fluid
pressures of sediments just below the deep ocean Floor. PBecause of
steadily increasing temparature dosmward below the ocean floor, the
clathrate structure is stable only within a limited thickness of the
upper part of the sediment column and a eritical temperature is soon
reachad beyond which the clathrates cannot exist in epite of the
increasing pressure with depth. The thickness of the potential clathrate
zone will vary with water depth, with local bottom water temperatures,
with local geothermal gradients, and with composition of the gas, but
may commonly extend to the order of several hundred to-a thousand
meters below the occean floor. In the sediments above thie depth of
eritical decomposition temperature, any methane in excess of the gquantity
required to saturate the interstitial water will theoretically be
combined with water to form the solid clathrate, Pelow this eritical
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depth seolid gas hydrztes will not be formsd, and those I\-rh:l:h may have

been formed at shallower depth will melt as deposition and subsidence,
or deposition alone, bring them below this point,

Small quantities of C0,, ethanc and propane have a stadbilizing
effact on the clathrate stricture while increased salinity has a
destabilizing effect. In deep sea sedinents these effects approximately
cancel sach other, so that the best available estimates of clathrate
stebility are given by experimental wark on the system pure CHq—pm

H20 -

The phenomenon of methane clathrate formation provides both a
safety factor and a hazard in DSDP drilling, Over much of the ocean
area at water depths greater than 1000-1500 meter:s axcess methane
pregent In the sediments of tha ccean floor will have been immobilized
in the form of a clathrate and thus may be drilled without danger.
(Although drilling cperations may produce local temperature changes
which will release some of this gas into the hole, it seems probable
that such release will be so narrowly limited to the immediate proximity
of the hole that there will be little possibility of any substaptial
gas escape or gas blowout.) However, below the critical depth in the
sub-ocean strata at which methame clathrate can exist, which may be on
the order of several hundred to a thovsand meters depending on the geo-
thermal gradient, reservoir rocks beneath a clathrate zone may be filled
with gas in large volume and at high pressure, trapped below the
seal of the overlying clathrate. Moreover, such trapping may ocecur not
enly on geclogic structures but alsc in flat-lyimg beds, merely due to
irregularities in the lower surface of the clathrate zone. Where previously
formed clathrates have melted at the base of the clathrate zene, dangerous
high-pressure gas accumulations might particularly be expected.

In view of these considerations and considering the limited pressura
control sguipment of the GLOMAR CHALLENGER, it should be & rule that drill-
ing should never be carried into the strata underlying the potential clathrate
zone in a section where there is a prospect of the cccurrence of methans
and the presence of reservoir strata. TFor each hole where penetration
of more than 100 meters is planned, calculations should be made, based on
bottom water temperatures, overburden pressures (water and rock}, and
probable gecthermal gradient, to show the supposed upper and lower limits
of the theoretical methane clathrate zone; and the drilling program should
be adjusted accordingly. )

Although drilling within the clathrate zone way be safe with respect
to "non-associated" gas blowouts or EBS escape, it should be borne in mind
that the clathrate phenomenon doss mot apply to liquid hydrocarbons. \
Ivan within the sealing clathrate zone, the normal dangers of oil leaks
ard 0il and solution gas 'blowouts parsist wherever there are possi-
bilitiez of encountering vil accumulations. Also it is of course conceivable
that & gas accumulation formed previous to clathrate conditions may still
persist although now surrounded by sediments with clathrated gas.
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Direct observation of clathrates in natural sediments is still
meager although, because of the jncreased velecity of transmission of
seismic waves in clathrate-filled sediments as compared to fluid-
filled sediments, probable clathrate horizons can often be picked up on
seismic profiles ms horizons related to depth below the sea floop but
independent of the structural attitude of the rock strata. (See
Lancelot and Ewing, 1972, Figure-2, p. 793, for an example.) Likewise
a few cores of natural clathrates have heen recoverad on land by use
of a preszure core barrel and attempts zre being made to utilize a
pressure core barrel on the GLOMAR CHALLEKGER to recover clathrates
from below the ocean bottom. It seems probable that mueh new informa-
tied on clathrate occurrence will be developed in the next few years.

It is recommended that DSDP sponscr the drawing up of some pertinent
guide charts based on avallable pressure and temperature data to show
the probable distribution and depth range of the clathrate zone in
specific geopraphic areas where DSDF holes are planned, This Panel

has zsked the JOIDES Panel on Organic Gaochemistry to undertake this’
work. :

Among pertinent literature references on clathrates are several
articles by various zuthors in Hatural Gases in Marine Sediments
(Ed. I. R. Kaplan), Plenum Press, Hew York, 1974. Also see:

Stoll, R.D., J. Fwing and G. Eryan in Jour. Gecphys. Res.,
v. 76, no. B, PD. 2050-2084, 1973..° '

Lancelot, Y. and J.I. Ewing, in Initial Heports uf thc Deep

Sea Drzlling Project, v. 11, Pp. 791-798, 1972. (Shows seismic
profile with clathrate reflector cutting across bedding planes
on Blake-Bahama Outer Ridge.)

Claypoel, G.E., B.J. PFresley and I.R. Kaplan EE_Iuitial‘Rtparts .
of the Deep Sea Drilling Project, v. 19, pp. 879-894, 1973,

R.D. Meiver in Proc. Ninth World Petroleum Congress (Tokyo)
v. 2, 1975 {(in press).

The possible significance of the clathrate phenomencn to safety aspects
of the DSDP was discussed in a memcrandum of October 17, 1974, to the
Panel from its Chairman, which is included here as Appendix B.

H. Weathen

Acquisition of data on weather conditions throughout the year is
essentinl for choosing the optimum season for 4rilling in a particular
area. It is recommended that the Chief Scientist (and Site Selection
Panel} become familiar with anticipated westher and sea conditions at
the sites of a proposed Leg so that timing can be adjusted to minimize
hazards which might ccour because of weather, or the need for sbrupt
termination of drilling due to anticipated weather. In high latitudes,

information on iIce conditions will of course be an important ssfety
consideration. .
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J. Politrical Considerations

.In general, the nearer & site iz to shore the greater the need
for precsutions against pollution. The offshore jurisdictional
cluimz of different coastal nations are quite variable and the waters
adjacent to their coasts pay be subject to varying regulsticons by
these nations. Therefore it Is recommended that the distence From
shore and the jurisdictionzsl elaims of adjacent coastal states be

- thoroughly reviewed in advance by tbe Chief Scientist (or Site Selection
Panal)} on aach Leg.

While it does Dot sesd appropriate for the Papnel to take Tesponsi-
bility for recommendations oo these prablems, it does appear desirable
for the Pane) to call attentiem to their existence and the need for
their handling by the proper partiss.

V. PRECAUTIONS IN PLANNING DRILLIRG FROGRAMS FOR INDIVIDUAL HOLES

A. Depth of Penetration

In general, a penectration to no more than 50 m of section, even
on top of a structure, is not hazardous since a high pressure hydro-
carbon accumulation would be most umlikely at such shallow depths. -
However, any deeper penetration should depend on the azsurance with which
the absence of a dangerous combination of hydrocarbon sources, trap
structures, and potential reservoirs canm be established.

B. Coring Program

The only means currently svailsble to DSDP for detecting mn
cccurrence of hydrocarbons in a drilling hole, short of an actual
blowout, is through the examination of cores and drilling fluid obtained
from the hole. In holea where the risk of ocourrence of hydrocarbon
reservoirs is relatiwely high, it is recommended that coring be deme
continuously. Other sites mpay reguire, as a ninimm, coring at specific
intervals, It is rccommended particularly that cores be obtained at
depths where a marked change in drilling rate cccurs.
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C. Rell-logging Program

It iz consideread desirable that zll holes on the shelf and slope,
or wherever thick potentially petroleum-bearing sedimpntz are to he
drilled, be surveyed by electrical, sonic, or nuclear logging. This
should help in the identification of resemwoirs where an exchange of
fluids might occur, in the identification of undercompactsd shalas
and in the location of hydrocarbon-bearing formations. In addition,
it should be of value in the formulation of a protection or plugging
program. Sidewall sampling fellowing logging may help to check
featuras Indicated by the logs. It is particularly important that on
thick-sedimentary-section holes rcheduled for re-entry, logs be obtained
at each etage before re-entry.

D. Re-entgz

,Tha graater depths of penetration that can now be achieved since
re-entry capability became available tc DSDP will obviously increase
tha chance of encountering hydrocarbon reservoirs and the risks of
blowouts. However, the re-entry capability may also be of value in
afding pollution-prevention and safety, since, for axampla, it provides
a means of checking cement plug jobs and since it facilitates the
utilization of wsall logs before reaching final depth in a bole.

¥Y. MEASURES TOR EARLY DETECTION OR ANTICIPATION OF MYDROCARBONS DURING
DRILLING

A. Prompt Examination of All Cores and Samples of Drilling Fluid
for Shews of 01l or Gas

Every new DSDP hole drilled is to & large extant a venture inte the
unknown, nc matter how carefully the site was picked and the drilling.
program planned, or how assured its prognosiz ssems to be. If it
were not a venture into the unknown, there would be no point in drilling
the hole. Constant vigilance with regard to detection of hydrocarbons
and the approach to hydrocarbon accumulations should be observed through-
out the drilling of every site where such accumilations are a possibility.
Moreover, as stated in Sectien III, "it is strongly recomended, on
any leg where the geology of the region is known to be generally favorable
for petroleum origin and accumulation, that the scientific personnel
on board the vessel include a geologist with a background of experience
with petroleum expleoration and production drilling.™

Routinely, a visual examination zhould be made of each core as
acon as it is removed from the barrel. Vieible ofl-staining should call
"for immediate cessation of drilling, at lesst until the situstion can
ba appraized theroughly by those rasponsible on board. A designated
responsible member of the scientific party should promptly examine all
cores and fluid recovery for obvious hydrocarbon shows, and those which




16

appear possibly significant should be analyzed immediately by
suitably qualified personnel. In addition, appropriate samples
should-be 'selected and examined for solvent cuts and for fluorescence
under ultra-violet light. (It should be recognized that hydrocarbon
gas and some light liquid oils and condensates can £ill a reservoir
rock without there being visible staining.)

Samples of drilling fluid from the bottom of the hole may be even
more significant than exaninntion of the recovered cores as to
whether or not the bole has besan drilled through sediments conteining
hydrocarbon accumilations. When maxt cores are pulled some driliing
fluid, probably from the bottom of the hole, iz found trapped in the
inner core barrel. This fluid should alvays be examined for hydro-
carbons.

The principal information to be socught promptly from the sxamig-
ation of samples from the drill hele for hydrocarbons is: (1) have
hydrocarbon-bearing strata been penctreted that may be poelluting ccean
waters or adiacent strata or ceusing a hazard to safaty? and (2) what
warning signals of an approach to danger can be found which, as regards
safety and pollution-prevertion, may bear on the advisability of
discontinuing drilling? The significance of hydrecarbon shows with .
respect to these questiona is cbviously very great, but can be evaluated
Properly only in the Light of many other factors such as the genapal

geologic background of the region, the probable lithologic and lithogenetic
character of the section penetrated and to be penetrated, petroleum -

indications elsewhere in the region, the recorde of other holez drilled
in the vicinity, the probabllity of encountering researvoir rocks, the
probability of source rocks, the probability of evaporites or undep-
compacted shales in the sectiom, the probable temparature-pressure
conditions with respect to clathrate formation, the probability of
structural or stratigraphic traps, the water depth, the proposed
drilling and coring program, the cbjectives of the hole, and so on.

Probably the best guideline that can be piven is simply that
drilling should be stopped imediately whenever hydrocarbons or
hydrocarben indications are encountered under circumstances which

suggest the presence of, or proximity to, substantial accwmilations
of either hydrocarbon gas or oil.

There are several features of the chemical composition of the
hydrocarbons detectable in cores or saxples of drdilling fluid that
pay contribute importantly to a proper mdcrstand_ing of the situstion,
oo the basis of which an intelligent decision can be made. Although
no one of these by itnelf provides the basis for any hard and fast rule
for deciding when a hole should be stopped, they are so significant
that the acquisition of such jeochemical inforwmatiom from all samples is
strongly urged.
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The identification and determination of the chemical and
physical preperties of any liquid or sclid petroleum or petroleum—
like substances will, of course, be critically important with respect
to whethsr dangerous acoumlations have been encountered or may be )
imminently expected. The chrometographic determination of the amounts
and raties of low-carbon-mumber perafins in any hydrocarbon gas
shows may be of helpful significance in distinguishing hydrocarben
gases of biogenic origin (or other origin not associated with oil},
From hydrocarbon gases which have leaked from some underlying oil and
gas accumulation. Gases which have been associated with liquid petroleumm
commonly have ethane contents of several percent of the total hydro-

‘carbon component of the gas phase, with relative amounts of heavier

hydrocarbone (€, to C 3) decreasing in proportion to their vapor pressure.
Gases of this cgmpnsi%lon were encountered in DSDP Hole-2 of Leg-l

and in Hole-BB of Leg-10. (A detailed discussion of the interpretaticn
of gas shows based on past DSDP experience iz given in Appendix C-2.)

Between this extreme and the more freguent occurrence in DSDP
holes of gas consisting of methane as the only hydrocarbon detectable
by thermal conductivity-gas chromatography, there have been sediment
gas shows In DSDP holex in which.the methane is accompanied by yery small
busasignificant quantities of ethane (C !Cl on the order of 10 ~ to
10 7). In many of these cases the rela%ive ethane content has showm
increases in an erratic but overall exponential fashion with increasing
depth of penstration and appears to be due to some very slow inm situ
generation of ethane by thermochemical processes, increasing with depth
and beginning at relatively low near-surface temperatures. Some also
have postulated that under certain conditions bacteria may have been
capable of generating minor amounts of ethane. 1In any case, it shonld
be emphasized that it is primarily the quantity of hydrocarbon gas
and the possibilities of accumulation and trapping that pose the potential
danger, not the origin or composzition, important as are these larter
for an understanding of the nature of the occurrence. . Also it should
be emphasized that some of the largest knowq, dccumulations of hydrocarbon
gas of thermochemical origin are not associated with oil and have an
extremely low content of ethane and heavier hydrocarbons, presumably
due to the type of organic matter from which they originated. Sections
with organic matter consisting exclusively of lignite and carbonaceous

shale generally produce gas only -- methane, with only a very low
content of ethane, If any.

Because the degree of generation of petroleum liquids and gases
from organic source rocks is closely related to the temperatures which
theee source rocks have experienced, it is important to deterpine the
stages of temperature alteration (maturation} which the organic matter
in DSDP samples have attained. This may be ascertained not only from
the chemical composition of aediment gas and the nature of solvent-
extractable hydrocarbon constituents but also by coloration and
reflectance of detrital organic particles and by other means. Various
maturation characteristies of organic matter are discussed in more
detail by George Claypool in Appendix C-1.
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It is difficult to find relisble means for calculating the
guantitative values of hydrocarbons in shows in DSDP samples,
particularly because the degree of dilution of hydrucarbons inm the
material examined is difficult to know. A rough method of esti-
maticn based on core expansion is discussed by George Claypool in Appendix .
C-3. The significance of degrees of amd expansion (suggesting approach
to pore vater saturation), is that gas migration and accumuiation can
- occur when this condition is fulfilled, provided other geologic pre-
requisites are alsc met. However, it wmust be recognized that quanti-
tetive figures will wvary greatly with rock porosity and permeabllity and
other factors and that the principal bazards may 1ie in the unknown
rocke just ahead of the drill rather than in the section already penetrated.

It should be kept in mind that the nature of hazerds indicated by
gas content of DSPP aclinples oay be considerably wodified if the interval
of potential clathrate formation can be established for the site in
question, as discussed in Section IV-8. The position of this Interval
may be estimated frowm data én pressure, temperature and geothermal
gradient., Confirmation of clathrate occurrence should be possible em
the GLOMAR CHALLENGER by means of a pressure core-barrel, the usze of
which is now being perfected.

In connection with work om board the GLOMAR CHALLENGER on hydro-
earban shows, it is urged that the presently used instrument For
detecting fluorescence be replaced by more sophisticated equipment
that will allow more quantitative discrimination in the interpretation
of readings. It is also urged that the present gas chrematograph be
replaced by a more effective instrment, such as is used on industry

vessels, capable of identifying a broader range of hydrocarbont. Work
should be continued tosiard perfecting the use of the pressure core-

barrel for cliathrate identification and & series of charts showing the
anticipated clathrete range in various regions for prospective driXling
should be prepared. (12-15-75% -- It iz understood that action has
already or will be taken promptly on all these points.)

B. Identification of Cap Rocks, Undercompacted Shales, Clathrates,
Sulphur, Evaporites, Reservoirs, Source Rocks, etc..

All of these constitute warnings of conditions which could be
favorable for substantial accum)atioms of hydrocarbons or of non-
hydrocarbon fluids. It is recosmenged that drilling stop on encountering
cap rock and be continued only with great caution in undercompacted
shales and evapeorites, or if sulphur is encountered. With respect to
undercompacted shale, an apparatus for determination of bulk density is
now included in the ship's laboratory. It is recommended that a
techpician on each leg should be trained in its use. The mMeASUrement
of bulk density as a clue to mﬂmplipacted shalesx zhould take into
consideration the fact that considerable depth of penetration is necessary
to establish a reliable gradiemt for mormal compaction in any area,
and CaCe, cementation or other litholegic deviations from pure shale
will complicate the interpretation of results. Omce a hole has been
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complatad a sonic or density well log would provide a means of
identifying an undercompacted interval due to itz lowar than nermal
velocity and density. Also a reversal in the trend of the "shale line"
with depth on electrical resistivity logs is commonly significant of
an undarcompacted shale interval,

Prompt determination of the general lithology of cores iz of
course Important in many ways for safety and pollution-prevention
purposes.

e. Cdntinuous Observation of Drilliqg Rata

The drilling parameters, including meters penetrated, which
determine rate of pensetration are continuously recorded. This
recerder =hould be monitored for drilling rate changes which might
Indicate potsntial hazards. A sudden increase in drilling rate is
commonly & warning of entry into an undercompacted shale, which
may presage conditions favorable to hydrocarbon trapping.

D. Honitoring of Precision Echo Sounder or PDR

Monitoring of the precision echo sounder or PDR, in order to
detect escaping oil or gas bubbles, has been suggested as a safety
precaution, although it is to some extent impracticable while drilling,
because the FDR pulse iz displayed on the pasitioning system oscillo-

scope superimposed on the beacon pulse which is somewhat confusing to
the cperator,

E. Bottom-Hole Temperature and Pressure Determinations

Toe a certain extent, hydrocarbon sccunmulations bave been noted
to be associated with abnormal temperature gradients. With a bottom-
hole heat flow measuring device available, it should be possible ta pick up
warning tempetature gradient anomalies, The pressure core barrel
which i3 currently being tested should be useful for confirming the

pressnce of overﬁpressured shales as well as clathratex (see IV-G
and VI-A),

F. Well-Logging

Thus far little use has been made of electrical or cther .
automatically recorded well logs on the DSDP holes. However, thesa
_3hould add greatly to the useful Information obtained from the program
“and would constitute invaluahla seientific records of the holes for
future reference, in addition to being of walue with respect to
pollution-prevention and safety through help in the identification of
resarvolr and sealing rocks, undercompacted shales, detection of
hydrocarbons, and determination of the chavacter of Fluids fIlling the
pore spaces of rocks penetrated. The running of well logs from time to
time in a hole may ber very helpful in detarmining how deep a hole can be
carrieg,with safety.
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Ona of the principal values of the mechanically recorded well
log {electrical, sonic, or other) is that it provides a continuous
racord of the hole through intervals that were drilled without coring
and throygh intervals where core recovery was poor. With the advent
of tha IPOD Program and-the probable increase in the number of holes
where change of bits and re-antry will be required to attain cbjective
dapths, it seems highly essential for safety and pollution-prevention
purposes as well ag for other reasons to have a well-logging capability
on board and to log each stage of penatration before going back into
the hale. Such logs will provide one of the meost une=quivocal means
of ‘datecting oil and gas reservoira in the section, and should be a
“"must” for holes requiring deep penetration inte thick potentially hydro-
carbon gensrating sedimentary sections.

G. Monitoring of Fluid Coming up Around the Drillstem

intil a riser systam to allow circulation of drilling £luid can
be put into operation, DSDP drilling must be at a distinct disadvantage
with raspect to safety and pellutien monitoring as compared with gon-
ventiocnal oil well drilling cperations because of the lack of a
continuous record, brought to the deck of the vessal by the drilling
fluid, of the rocks penetratad and the fluids coming inteo the hole.
Several alternatives have been suggested.

A report of March 11, 1971 (with supplementary letter of
April 13th) by R.D. Townsend, Jr. entitled "Investigation of Pressure
Control Systems for DSDP Cperations" discusses the possible use of
airlift induced reverse circulation of sea water and formation cuttings
up the drillstring, together with downhoale blowout preventars in the
drill string. This system as described would involve a dual coaxial
drillstring, air compression equipment, etc., at an estimated cost of
$900,000. It would presumably provide an effective but possibly very
dangerous means of monitoring oil and gas occurrences in the sediments
drilied.

A much simplar, possibly almost equally affective, and certainly
much safer alterpative would be to devise apparatus whereby a continucus
water stream could be pumped to the surface from the sea floor in closs
proximity to the point of entry of the drilistem and monitored on board
for hydrocarbon content {Letter of August 29, 1975, HDH to N. Terry
Edgar}. Such a device would provde an important continuous check on
the hydrocarbon content of the drilling fluid coming out of the hole
at the ama floor and thus a rough chack on the hydrocarbon content
of formaticns penetrated by the bit. If the water pumped to the surface
ahowed little indication of hydrocarbons it could be reasonably assumed
that no pollution of the ocean was taking place. Consideration might
algo be given to the use of such a device for sampling tha bottom
waters above a EroEEsed drill site before drilling as an abnormally
high hydrocarbon content might serve as a warning againgt such a site.
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Ancther suggestion for monitoring the drilling fluid at the

ocean floor as. 3t comes from the hole is to use a "pinger" which
would aceoustically detect gas bubbles. ;

VII. HEASURES FOR COPING WITH FLUID FLOWS ENCOUNTERED OR ANTICIPATED
DURING DRILLING

A. Use of Heavy Hud

In current DSDP operastions, the drilling fluid (normally sea watepr)
cannot be circulated. Drillling mud, when spotted, is displaced frem the
hole if drilling or coring is resumed. 400 to 500 barrels of weightaed
tud should be kept mixed at all times to be used to kill any :

" tendency for fluid flow up the drill pipe and for plugging purposes.

Attention has been called to the successful use of spotting barite
Plugs to kill welle threatening to flow out of control. "The plug,
mixed to weigh 18-20 1bs. per gallon, will, under certain applications,
offer the better features of either cement or heavy mud. Tt can be kept
on hand mixed and continously stirred ready to pump. When it is in place,
a2 200-400 ft. column will offer considerable overbalance to contro}l the
well. It will not 'honeycomb” with gas and remain permezble to small
seepage leaks like cement is inclined to do under some cobditions, and
if desired, it can be washed out to recpen the hole."™ - Letter of
January 6, 1971 from J.B. Norman to H.R. Gould of Esso Production
Research Company. We strongly récommend the use of the barite plug
method for emergency control in DSDP drilling.

B. DUse of Moderation in Ceming Out of the Hole to Avoid Swabbing
Effect

This is not nermally a problem on the CHALLENGER., Drillstring
lengths are such that coming cut of the hole is almost always slow.
However, the driller should watch the weight indicator carefully for
the first few stands to detect balled-up bits. Care should be used
in pulling the wire line core barrel.

C. Considerations with Respect to Use of Blowout Preventers

The use of conventional blowocut preventers in the DSDP to dete has
not been poseible due to the absence of riser pipe. . However, the use
of an "in~the-string" down-hole pack-off type of blowout preventer was
suggested a: a possibility by both Gulf and Humble consultants.

"The device referred to is capable of being set in open hale provided
the hole is not washed out too greatly. A pump-down plug with wireline
fishing neck i1s used to set the packer and this opens circulating ports
sbove the packer. By using a safety joint or "back-off," cement could
be placed above the packer and the hole abandoned. A second plug with
fishing neck can be pumped dowm to release the packer and re-estsblish
circuletion through the bit in the event heavy mud kills the well and
drilling is to be resumed,
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An additional safety feature for consideration is the use of a
sentmg groove above the bit, a pup—dovn badi pressure valve, and *
safety joint. In event pipe became =tuck and the annulus packed off,
as sometimes happens, the plug could be placed, pipe backed off, cement
epotted, znd the hole safely abandeped. This is most needed without
the down-hole preventer, but might be useful io conjunction in certain

cases,”, -- Comments from Gulf Research and Development Company
transmittsd by Mr. J. O. Rundle, January 21, 1971.

A dowmhole blowout preventer of a type which might be utilized
is described by Lester L. Cain of Drilling Well Comntrol, Inc., of
Houston in "The Prilling Contractor,®™ Wovember-Deacambar 1970, pp. 31-34.

Such devices are currently availsble and it wvas recommended thet
attention be given to equipping the CHALLENGER with acme type of ™in-
the-string" down-hole blowout praventer. However, the workability of

such a device in poorly consolidated mediments at great water depths
night be gquastionable.

D. . Early Abandonment and Plugging

If hydrocarbons are detected under conditions suggestive of sub-
stantial accumilations of imminent approach to such accumulations
(see VI-A), it is recoumended that drilling be stopped and that the
hole immediately be plugged with cement or barite to the shallowest
competent horizon and filled with heavy mud to the surface.

YIII. SAFETY MEASURES, WITH RﬁSPECT TO ABANDONING HOLES

A. Stunda;‘r-d Frocedures

The following is recommended as standard abandonment procedurs:

1. All holes or parte of holes drilled in r.'o'nsolidatadl or
gemi-consolidated sediments which are m slope,
or continental riese, or ip which shows of oll or gas are
encountered, should be plugged with cement (or barite) to
tha uppermost competent layer before abandomment. Conaidera-
tion should be given to the possible advantagez of substituting
barite’ plugs for cement plugs (see Art. V=XY.

\VAL P . N

1 The tarms "consclidated,” "semi-consolidated,™ and ™unconzolidated™
with reference to sediments are, of course, relative and Aifficult to
define quantitetively. For purposes of this section of the report,
uncensolidated sediments are those which tend to behave like fluids
during drilling and coopletion cperations. Semi-consolidated sediments
are Bolids but are highly incompetent ymder stresses invelved in
drilling and completion operations, Consolidated sediments are not
readily deformed by flow during drilling and completion operatlons,
The termes are not amenable to atrict definition.




23

2. All holes or parts of holes drililed in uncomsolidated
sediments on the shalf, slope, or continental rise,
and all other holes in unconsolidated sedimentz in
vhich shows of oil or gas are sncountered, should be
filled with heavy mud before abandoning.

8. Holes in the desp ocean beyond the continemtal margin
in unconsclidated sedimants In which no shows of oil
or gas are encountered, or holes in ignecus rocks, may
ba abandoned without plugging.

B, Special FProcedures

tpecial conditions may call for variations in the standard
procedure outlined above. For instance, in some cases it may be
adequate to fill the hole with heavy mud to & certezin point and
then =pot a cament plug above the heavy mud.

IX. MEMBERSHIP OF JOIDES AJ_WISQRY PANEL ON POLLUTIOR-PREVENTION & SAFETY
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CURRAY, Joseph R. (ex-officio), Scripps Institution of Oceancography. :
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GARRISON, Louis E., U.8. Geological Survey, Corpus Christi

GOODELL, H. Grant, University of Virginia

GREER, Arthur R., Exxon Production Ressarch Company, Houston

HEDBERG, Hollis D. (Chairman), Princeton University

MAYER-GURR, Alfred, Hannover, F.G.R. (subject to acceptance of invitation}

REDERON, Christian, TOTAL 0il, France {subject to acceptance of invitation)

TALWANI, Manik (ex-officio}, Lamont-Doherty Geological Observatory.
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UYEDA, Seiya (ex-officio), Earthquake Research Institute. Chairman,
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*  Saemoary 18, 1973

Dr, ¥William A. Wierenbarg
- Chalrwman, JOIDES Ewecutive Comm!ttes
Scrippe Institotion of Oceanography
 1la Jolila, CA 92034

L
E

et ; Dear Dr. Wierenbexryg:

e il oy : The DSDF Pasel oo Pollitico Preveztion snd Sxfety is continually
| coneertd with the oblactiwe of kesping DITF ocperwticns Teascoably

———— _ wafa and free From blame with respect to pollution and othar haraeds,

i ol mmiane | yhile gt the kabe time allowing the maximm in u-.imlfic refults to

be chtained. .
L3 1] '
o it ] -
T . The Fanel has besn particulardy reluctant to witheld sndersemsat
. " of érilling sites vheo wuch action msy risk disturbing at the last _
S i et - moment & long-planoed program of bolas. Likewiss, it hay baen relnctant
o bimaan . to recowsend precsutions vhich might slow down or delay the propress of

drilifng progrems. At the aawa time, it feels in duty bound to make a
. conscliectious sveluation of the baseds involved in each sits and to

recommend the pracmrtions vhich iv vhinks should be taken i# tha :11:- is
to be drillsd.

In order to balp avold, aa Far ss possible, unnecessary last-mement

dizarrangements or delaya iz drillimg pregrams oo account of Panel acticons,
: the following suggestions are mads:

(1) It is assential that the Fanel recuive the progrea, proposed
© #ite locations, filled-in check shawts, and supporting geophysical dsta
- in time for conaidermtion st least sevarel weaks in advance of the

" starting of & leg. It should Da The responsibility of the chief sclentist
T tc see that the check-zhaats for amch site are filled out carefully and
. with sdequere data, He should alss prepare for the Fanal a brief
. wpitten description of the strucTure &0d atretigrephy to be anticipated
“at aach site snd should make cartaim ther senbers of the Fansl ara
provided with legible priotw of welmmic deta svailable ot sach sits
{ showing elaarly the relstion of the proposed witsa to thess data. Tha
Panel should oot be seked {nor shewld 1t attempt) to pass Judpeent
on mitem unleas sdequats data srw made availahle o it, and in sdequate
time to allow thorough considerwtims. '

[

(2) It would be halpful Lif chicf scientists snd others concerned
. with the planning of DSIF legs would resd cver the Panel’s Merusl oo

TR APYONDIX A
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Pollution Prevention and Safety in advance and tske the recommendations

in this Manual into seriocus consideration in laying ouf detailed plaos
for the sites to be drilled.

(3) It should be recognized by chief scientists, and others
concerned with the planning of programs, that areas underlain by 1000 =
or more of sediments {or even much less at the uptilted marginzs of sediment
accumalations of this or greater thickness) may commonly contain petroleum
accumulations if local trapping conditions ars present. Sites im such

‘areas on continental or insular shalves, where water depths are shallow,

are particularly hazardous for drilling, considering the eguipment
presently available on the Glomar Challenger. It is recommended that

such siter be designated for drilling only if adequate intersecting seismic
lines at the site show no evidence of trap structure (anticlinal closure,
unconformity bevel, or other), or unless drilling is made contingent

on such structures not being showm by adequate additional seismic work

ta be carried out at the site before drilling. IFf, in spite of structural
bazards, it is decided to drill such sites, it is recommended that pene-
tration ke limited to 200-300 meters and that continuous or nearly

continuous coring be carried out below 100 m in order to spot warnings of
hydrocarbon accumulation,

(4) Obviously, From time to time, unanticipated events may make
it desirable to ask the Panel for emergency advice during the course
of a Leg. Where there is time to do so, the Panel members should be
consulted by telephone, by mail, or through special meetings For an
offieial opinion. If there iz not time for this, individual members of

the Panel may be asked for advice but this will be given on an wmofficial
basis only.

{5) The Papel may sometimes term a certain peneral area as
hazardous or very hazardeus for driliing, although not wishing to go so
far as to withold its approval of specific drilling sitez In the area,
provided specified precautions are taken. {(The Ross Sea shelf is a
current example). It is understandable that in some cases tha DSDP
Executive may prefear mot to go into such areas at all because of the
heightened risks indicated by the Panel or bacause of the delay and
expense necessary in order to take the Panel's prescribed precautions,
Likewise it iz understandable that the DSDP Executive may in some cases
decide that the importance of getting information in such areas, and
getting it expeditiously, is so great as to justify overriding the Panel's
prescribed precauvtions even though this means taking greater than normal
risks, Similarly, the ship's party may on occasion Find the precautions
prescribed by the panel so onerous as to lead then to appeal for relaxa-
tion.' Decisions on these matters and on such appsals are, of course, the

*
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Dr. William A, Hierenberg - January 19, 1973

-~

Tesponalbility of the DSDP Executive apd not of thae Panel, unless new
information has bLeen developed which Juatifies a review by the Panel

of it2 preavious recommendations.

Yours sincerely,

(signed) Hollis Hedberg

HDH: e5s (On behalf of the Membars of
ee: Dp. Wm.W. Hay, Chairman ‘ the Panal) .
DSDF Planning Committae Hollis D. Medberg, Chairman of

DSDP Panel on Pollutien
Prevention and Bafety

AEPENDIY A
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: JOIDES
JOINT OCEANQGRAPHIC INSTITUTIONS
‘ DEEP EARTH SAMPLING

115 Litrary Flace -
Princeton, NJ 0B%bkO

October 17. 1974
To: Menbers of JOIDES Advisory Panel on Pellution Presvemtion

and Safetys
William F, Allindar Dennis B, Hayww
John Ewlng - John Eherborne
Louis E, Carrimon Munik Talwani

H, Crant Goodsll Edward L. Winterar

Oscar E, Wessr (Escretary
Gantleman:

In our n Peliution Pravention and Safet
in connection witE EE! 381515 Deep Sea rilYing Program IESDEI.

Znd edition, 1972, we have discucand triefly the im tance

of solid gas hydratas (clathratez) with r-nrtct to DIDP
operations (pp. 11-12), A report by n gpacisl JOIDES clathrate
cormittee, manticned in the Manual, is stlll swalted, Howaver,
slnce the date of the Manual much attention has baan given

to clathrate formatien in sediments, nuoerous papars hava

been published, and we should review the li‘ﬂi;;CInc. of
clathratas to ths decisions of cur Panel and parhaps consider
aBplifying the statemsnt in the Manual,

Direct verifying obeervation of clathrates in
nptural sedlinents is stil) oeager, {1 underatand that Exxon
hae recoversd two corss of solid methane hydrate Ifrom Arctic
America wlth o new pressure-tenpsraturs core barral. tut I
do not belisve this has yet been tried in the dasp otean,)
However, it sppears to be the conclusion, of those gaochemists
who have expressed themselves, that methane gms in deep séa
sedizants exizte in the clathrate form within the te:ztrnture
and pressurs r;nﬁ: indicated on the sccompanying cha
(Figure 1, from Kats, 1971). Thus, over mont of the ocemn
Tloor at watar dapths graater than 1000-1500 meters wny methane
present will have bean immoblllszed in the form of & gas hydrats,
Although drilling operations may produce local taapsrature
changes which will relsese some of this gas into the hola,
1t 2¢e¢m3 probeble that sich release will be so narrowly limited
to the imsedinte proximity of the hole that there is little
danger ¢f any substantial gas escape or gas blowout, Con-
ltgueﬂtlrn thare -sesns littla reaszson for restricting DSDP
drkliing in dllE water Within the assured clathrate zone, meraly

-

&
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However, with lncreasing depth below the ocean floor,
because of the earth's thermal gradient, rock temperatures
are rapidly attained at which clathrates cannot exiat in
gepite of water-column and rock—overburden pressures, (See
Figure 2 after Katz, 1971, for an example of the intersection
of a gas hydrate curve with the geothermal gradient, Cape
Simpson, Alaska,) Below this critical depth which, varying
with the local geothermal gradient and the bottom temperature
might commonly be on the order of several hundred te a theusand
meters below the ocesn floor. solid gas hydrates will not be
formed; and these which may have been formed at shallower
depths will melt as deposition and subsidence, or deposition
alone,brings them into this zone (See Figure 3 after Bryan,:Ewing
and Stell, 1971). The "base of clathrate™ thus becomes a
eritieally important horizon, because below thie depth
reservoir rocks may be filled with gas at high pressure and
large volume, trapped below the seal of the overlying clath-
rate zone. Moreover, such trapping may occur not only on
geologic structures but in flat-lying beds, merely due to
irregularities in the lower surface of the clathrate zone.
The great volume change resulting from the,melting of ciath-
rates could be expected to provide high-pressure accumulations.

In view of these considerations and considering tha
pregsent limited operational equipment of the Glomar Challenger,
it should be a rule that drilling should never be carried
into this sub-clathrate zone in a sedimentary section where
there is a prospect of the occurrence of methane and of the
presence of reservolirs, For each hole where penetration of
more than 100 meters iE planned, calculations should be made,
based on bottom-water temperatures, overburden-pressuresg
(water and rock) and probable geothermal gradient, to show
the supposed upper and lower limite of the theoretical methane-

hydrate zoney and the &rilling program should be adjusted
accordingly.

Although drilling within the clathrate zone may be
safe with respect to gas blowouts, it should be borne in ming
that the clathrate phenomenon does not apply to liquid oij,
Even within the sealing clathrate zone, a danger of oil Jeaks
or blowouts due to drilling may still exist wherever there
are possibllities of oil accumulations, and the drillin
program will need to be adjusted to the oil hazard in addition
to the gas hazard, In this connection, however, it might be
advisable to stress in the Manual thet there is a current
consensus that, except in areas of high heat flow, sedimentary
columns in the deep oceans which are less than 1000 meters
thick have not experienced enough temperature teo have caused
the ip situ generation of substantial. guantities of liquid
petroleun, Hence in Glomar Challenger operations the oll
hazard generally may be considered negligible in deep ocean

APPENDIX B
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sections of less than 1000 meters thickness, if these are
50 situsted that there is little possibility that they have

ever been more deeply buried, or that oil may have migrated
into them from elsewhera,

it is recommended that DSDP sponsor the drawing up
of some pertinent guide charts te show the probable relatlion
of the clathrate zone to (1) pressure converted to water .
depths, (2) to ocean floor temperatures, and {3) to geothermal
gradients. Perhaps the Panel on Organic Geochemistry could
assist in providing such charts, Also a chart of isotherms
at the ocean bottom would be very useful,

Yours sincerely.,

:ﬂ&is D, Hedberg

Chairman of JOIDES Panel on

Pollution Prevention and Safeiy
HDH:ejs

APPENDIX B
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Maximum potential depths of hydrate formation in sediments.




AFFENDIX C

1. Thermal Maturity of Sedimentary OUrganjic Matter: Maasurement
and Interpretation

Sedimentary organic matter undergoes irreversible thermochemical
transformation in response to hurial metamorphism. The progress of
this time-and-temperature induced transformation can be estimated
from physical and chemical propertiez of the orpanic matter, or by the
relative amounts of organic compounde or fractions which are products,
reactants or intermedistes in the transformation process. From the
standpeint of application in the DSDP/IPOD program, the thermal
maturity of the sedimentary organic mattey has soma bearing on the
likelihood of encountering hydrocarbon hazards during drilling opera-
tions (see Section II-A of Safety Manual). The purpose of this
Appendix is to briefly summarize some of the measurements and inter-
pretations which can be used to provide estimates of the thermal
history of sedimentary organic matter,

The practical choice of methods to estimate the degree of thermo-
chamical transformatiom depends on @ mumber of factors, nmot the least
of which iz the availability of equipment and experienced perscnnel
to make the measurement. %Some of these methods are amenable to ship-
board operation and in the future an effort may be made to obhtain such
data, especially at drilling sites critical from the standpoint of
potantial hydrocarbon hazards.

The commonly used measurements, their interrelationships and
variation with degree of thermochemical transformation are summarized
in Figure C-1, drawn from a pumber of sources.

Except in the case of maturally ocowrring organic concentrates
such as coal, pative bitumen solids, and petroleum including natural
gas, it i{s usually necessary to separate or concentrate the crganie
phasa from the associated sediment prior to measurement of a property
sansitive to thermal maturity. The relative difficulty with which this
separation can be accomplished usually increases in the order
gas<liguid<solid organic phases, However, the confidence and relia-
bility of interpretations regarding thermal maturity are generally
highest for measur¢ments made on the solid organic phase, Accordingly,
there is some trade-off between convenience of meaguremsnt and relia-
bility of interpretatiom.

Some of the properties of sedimentary organic matter which are
useful for the interpretation of thermal maturity are dlscuszed beloew,
in general order of the probable ease of shipboard implementation,

Chemical Composition of Sediment Gas

The hydrocarbon gases (Bl-cu) are the organic phase most readily
separated from the sediment. ~If fresh wet sediment containing dissclved
gas is allowed to equilibrate with a gas phase in a closed container at
one atmosphere pressure and 25°C, the cl-cu gases will spontaneouply and’
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almost completely partition into the gas phase. In deep sea sediments
which contain typical amcunts of blogenic methane dissolved in the
pore water, this equilibration takes place when the core barrel is
raised to the dack of the ship and gas pockets form within the core-
liner., The methane provides the gas phase which effectively samplas
the leval of C_-C hydrocarboma in the sediment. lex of this

type are routinely collected and analyzed on the CHALLENGER

at the present time. An Interpretatico of DSDP gas pockat samples
with respect to thermal maturity is summarized in colum 1 of Figure
C-1. Values of the 02/(: ¥olume ratio are shown, based on measurement
of peak areas [peak heigiit times peak width at half-heipght) corrected
by attenuation factors and the C_/C. response factor ratio of 1.1

for the appropriate co'ncentrut.{ug r&ngn of the constituents as measured
by the Carle thermal conductivity detector. The C./C. ratios and the
trend shown are average values for deep pea sudimﬁtslcmtaining
biocgenic methane. More specifically, the trend in cz.rc ratio shown in
eolumn 1 of Figure C-1 refers to rapidly (150 m./wm.y" s&diment aAccutm)-
lation rate) and continuously deposited desp sea zediments, contain
0.2 to 0.5 percent organic carbon, with a normal (0.03°C/m) thermal
gradient.

This interpretation, that the trend of increasing ethane {C,)
content with depth of burial in DSDP sediments reflscts the therfial
maturity of the organic matter in the sediments, is based on the
observed variation of the Cga’l‘! ratic with the known or estimated age
and temperature of the sedimen%s from which the gas samples were
collected. TIn nearly all cases where a series of samples were analyzed
from over a significant depth interval {>100m), the C_/C. trend was
predictable from a knowledge of the sediment accumilafioh rate and the
geothermal gradient. These data are reviewed in Section 2

of this appandix, (Review of Shipboard Gas Analyses, DSDP Legs 10-31).
The simplest interpretatlion which is comsistent with the cbserved
variation of ethane content in DSDP gases is in situ generatiocn of ethane
(and heavier but generally undetectable hydrocarbons) by nenbiologieal
chemical reactions at temperature-dependent rates. Alternative expla-
nations to account for the presence of heavier hydrocarbons in DSDP
gases such as upward diffusion/migratiom from depth and/or biochemical
production of heavier hydrocarbonsg, would not be expected to be so

consiztently related to the age and temperature of the sediments in
vhich the gases occur, -

When present. in deep sea sediments, dissolved biogenic methane provides
a relatively constant background against which very slow thermochemical
generation of hydrocarbons can be peasured, In marine sediments, methane
accumulates only in depositional enviromments where the gedimentation
rate has been sufficiently rapid (>50m/m.y.) to preserve organic matter
&nd cause complete removal of dissolved oxygen and sulfate from the pore
water, Under these conditions blogenic methane production appears
1o be self-limiting and results in dissoived methane concentrations on
the order of 10 mwolefl in the interstitial water. The amoutt of ethane
(and heavier hydrocarbons) relative to the methane is variable over many
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orders of magnitude (10-7tn 10_2) and depends on (1) the amount of
organic matter in the sediment from which hydrocarbons can be generated,
and (2) the temperature history and the progress of therwochemical
bydrocarbon-generating reasctions, Except for unusval eoviromments
(e.g., the Cariaco Trench} the content of organic matter in methane-
producing deep sea sediments is ceonstant to within lees than one order
of wagnitude (fi.e., 0.1 to 0.5 wt. ¥ organie carbon). Therefore

temperature is the primary factor determining C2—C5 hydrocarbon content
of pases which are dominantly biogenic methanas.

Carbon Iscotopic Composition of Methane °

The'6013 value of methane pgenarally chows a consistent relmation
with the thermal meturity of the organic matter in the sediments which
produce the gas. This general relation is summarized in colwmn 2 of
Figurelg»l. There are two reasons for the observed relationship between
the 8C7" of methane and the thermal maturity of the organic matter or
depth of burial. First, shallow methape is usiélly of biogenic origin
and it is almost always isotcpically light {6C™° ~ -80 to -60 °/,;)
while methane produced at depth by thgzmochemical decomposition of
organic matter is usually heavier (8C™° > -50 °/,.). Second, because
of differences in the binding energies of isotopic mulecules, the
earliest formed detactabliaquantities of thermochemical methane will
be igotopically light (6C”7 ~ -50 ©/_.) while that formed later will
be heavy (8C°° ~ -30 ®/,.,). EPicgenic methane g=nerally does not escape
from deep sea sediments, but remains dissolved in the buried inter-
stitial waters. Consequently, there should be a region of overlap where
the chemical and isotopie characteristies of biogenic methane become
diluted mnd gradually obscured by methane and heavier hydrocarbons of

thermochemical origin. This region should bhe at depths where tempera-
tureg of §0-90°C are achieved. .

For the interpretation of the thermal maturity of the organic
matter, the chemical composition of gas is usually less ambiguous and
more easily obtained than the isotopic composition. However, methane
gas with little or no accompanying ethane and higher hydrocarbons, is
produced both at low and very high (incipient metamorphic) temperatures,
If the geologic setting or some other evidence will nol distinguish

between these two types of dry gas occurrence, the 8¢ of the methane
should be unequiveocal.

Gasoline-range Hydrocarbons .

If fresh wet sediment is equilibrated in a closed container with
a gos phase at one atmosphere pressure and boiling water temperature

{100°C), then hydrocarbons in the range C, to C_ will effectively

partition into the gas phase. A sample n} the Eas phase can be
withdrawvm from the container, copcentrated if necessary by injecting

a large volume of the gas through a chilled sample lcop, and analyzed
by capillary columm, flame ionization gas chromatography. This analysis
could be done on board ship almost as readily as the permanent gas
(cl-c") analysis, if the appropriate equipment were available.
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Total, € -C, alkane hydmgIBms bavg been shown to be present in
DSDE sedime Y5 3t levels of 10 * to 10" g per g of sediment, or

10  to 1D g per g ofzorga'nic carbon. These s&éme compounds are present
at levels of about 10 “g per g of arganic carbon In sediments which
have been subjected to temperatures sufficient to cause thermochemical
production of petroleum hydrocarbons. This trend of Increasing content
of gasoline range hydrocarbons with incrersing therwal maturity of

the organic matter is swmarized in colum 3 of Figure C-1.

The normal {straight-chain} C isomers appear to be the

actabla levels in thermally
immature sadimepts, while some of the iso (branched-chain) C =(

alkanes such as 2,2-, 2,3-, Z,i-Dimethylpentanes and 3-Ethylgenznm
are more comnonly undetectable.

Solvent-extractable Or.-Eanic Matter

Wet pedimant can be tested for oil-staining by washing with an
organic solvent such as dichloromethane and examining the wash soluticn
yunder ultraviolet light. Flooresence suggests, but does not prove,

the presence of a separate oll-wet organic phase such as migrated
petroleum hydrocarbons.

The actual presence of ipdigencus or migrated heavy (C 2-p1us)
petroleum hydrocarbons must be confirwed by more detailed af"ialyses.
An oven-dried (~609C} sample can be papidly extrocted with organie
solvents using ultrasonic epergy. The extract solution can be
recovered by Filtration or centrifugation and the concentration of
extractable material quickly estimated by calibrated fptctmflumscence.
In order to evaluate the possible significance of the extractable
material in terms of thermal maturity or migated hydrocarbons, it is
necessary to obtain (1) an estimate of the amoumts and relative
proportions of hydrocarbons versus non-hydrocarbon {asphaltic) extractable
materials, and (2) a gas chromatographic fingerprint of the saturated
hydrocarbons. This can be accomplished by separoting the extractable
material on a pilica-gel or alumina column wet-packed with a nen-polar
solvent. Before adding the extracted materinml to the top of the
colum, the more polar extraction solvent must first be removed from the
extract solution by evaporation end displacement with a von-polar
solvent which has a lower vapor pressure than the extraction. solvent,
such as heptane. The nominal saturated and arowatic (total) hydrocarbons
can be sluted from the colum with beptane and benxens, respectively,
and their concentretion estinated by guantitative gas chromatography.

Thermally immature sesdimert extracts usually contain only 10-25%
hydrocerbons, while the extractable matarials from mature or pil-stained
gediments contain 50% or more hydrocarbons. In addition, the gaa
chromatographic "fingerprint™ of the saturated hydrocarbons from
nature sediments should resemble petrolewn in having a smooth distribution
of n-paraffins and a high proportion of resclved peaks relative to the
hump of unresolved branched-cyclic material.
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Thermal Analysis/Pyrolysis

A great deal can be determinad about organic richness and thermal
maturity of sedimentz Ffrom Thermal Analysis. Specialized equipment is
required for controlled heating of the sediment in a stream of helim
while monitoring the production of volatile organic compounds as a
function of heating temperature, It is also possible to trap the
volatile compounds liberated or produced from the rock by heating and
to analyze them by gas chromatography.

W¥han the sediment iz heated at = constant rate of temperaturs
increase {e.g., HO°C/min) volatils organic compounds are distilled
from the sediment at low temperaturas (30 to 350°C), and produced by
thermal decomposition of the solid organie matter at higher temperatures
(350 to 6306°C). By integration of the detector rasponse over the
appropriate temperature intervals, it is possible to estimate the
absolute amounts and relative proportions of 1liquid vs., solid organic
matter. In addition, the temperature required to produce the maximum
thermal decomposition of the solid organic matter is largely a
function of the past temperature history experienced by the sadiment.
Organic matter in a sediment which has never been heated above Lo-50°C,
will begin to decompose thermally at about 350°C when heated at 40°C/min,
while wature, petroleum-generating source rocks will not break down
until temperatures of 520-550°C are reached.

Tn addition to the interpretations of organic richness and thermal
maturity, the gquality of the orgznic material preduced by volatili-
zation or thermal breakdowm of the sclid organic matter can be deter-
mined by trapping the products and apalyzing them by gas chromatography.

The approximate temperature range of maximum pyrolysis yleld is
shown in column 5 for organic matter of different degrees of thermal
maturity.

Chemical and Phy=ical Properties of Solid Organic Matter Related to
Maturity and Hydrocarbon Genpepation

The elemental chemical composition of coal and/or kerogen {atomic
H/C, % C dry minaral matter free), the color of recognizable clastic
organic particles (TAI), and the reflectance of vitrinite particles
cach change in a regular fashion with increasing .degress of thermal
maturity, as shown in columns 6, 7, B and 9 of Figure C-1. The changes
in thesa properties (and other properties such as BTU content) determine
coal rank {column 10}. The process of liquid hydrocarbon genervaticm
hag been empirically and experimentally asscciated with the burial time
and temperature combinations required to produce the high volatile
bituninous rauvk of coal. Organic matter disseminated in sediments
undergoes the same transition exhibited by the coal rank series in
cohcantrated form. Therefore, if the disseminated organic matter is

" concentrated, and properties such as atomic H/C ratioc, TAI or

vitprinite reflectance determined, the diagenetic stage with respect to
the process of hydrocarbon generation can be fairly accurately estimated.
Concentrating the solid organic matter requires that the mineral matter
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be dissolved with concentrated hydroflucric and hydrochloric acids.

This may not b# a practical shipboard operation, thus it becomes
important to establish the approximate correlations batween weasurs-
pents on zolid organic matter and the characteristic changes in the
gaseous and liquid organic phases, as shewn in Figure C-1.

The genaration of petroleim hydrocarbons from sedimentary organic
matter Ia a neceszary, but not a sufficient condition for the
cceurrence of petroleum. Therefore, from the standpoint of possible
hydrocarbon hazards, the thermal waturity of the organic matter in the
sediments baing drilled is only one of the facters to be taken inte
consideration, It should not ba concluded that it is safe to drill in
sediments containing thermally immature organic matter without fear
of hydrocarbon hazard. Conversely, It should not be concluded that
it is unsafe to drill in sediments containing thermally mature organic
matter. The temperature history and organic richness of sediments being
penetrated is necessary background information, to be used along with
a nutber of other geological and operational factors by shipboard
personnel experienced in drilling operations to arrive at a judgement
as to when the possible achievement of scientific cbjactives are
outweighed by the possible hazards involved.

2. Raview of Shipboard Gas Analyses, DSDP Legs 10-31

As a safety precaution, sediments cored in the Deep Sea Drilling
Project are routinely examined for the presence of hydrocarbons. One
procedure involves sampling gas expansicm pockets in the cores. The
gas samples are analyzed by gas chromatography on board the GLOMAR
CHALLENGER; the balance of the gas and the unanalyzed samples are zent
to shore-baged laboratories for additicmal chemical and Isctoplc analyses.
Thé sampling and analytical procedures have been described In Volume
XIX, Initial Reports oflia'he DSDF (Claypool, Presley and Kaplan, 1973Y,
The gas analyses and §C measurements on gas samples from Legs 10,11,
13,14,15,18,19,23,24,27,28, and 31 are simmarizad in tabular form, together
with the locations, water depths, penetrution deptha, and physiographic

names or descriptions., Copies of this table are available from the JOIDES
Office on request.

Results and Discussion

Tha chemical compositjgn of DSDP sediment gamas {expressed on an
air-free basis) and the value of the methane in the gas samples hava
been establiched. Except for samples from ons locality, the compesition
of the gas samples, with air gases excluded, consists of relatively pure
methane with ethans contents ranging from undetectable to 0.1% by
voluma. Carbon dioxide is generally a significant component of the gas
with typical contents on the order of 0.1 to 1%, but occasionally ranging
as hig&aau 15%. For the sites studied, except for samples from two lecalities,
the 4C"" values for methane ranges from -83 to -59 9/,, relative to the PDB
tmarine carbonate standard. Both the chemical and isotoplic characteristics
are typical of blogenic methane in marine sediments.
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As discussed elsevhera (Claypool and Kaplan, 1974), the sc?
of biogenic methane baing produced at any instant is generally about
70°/4, lighter than the CO_ reservoir from which it is generated, dus
to a larpge kinetic fsotopas szect (Rosenfeld and Silverman, 1958).
However, this instantanecus relationship iz only apparent in the
earliest stages of methane productiom in marine sediments, i.e., in
the shallowest occoxrences of methane in DSDP sediments. With
increasing depth of burial, or during later stageiaof'mathane pro-
duction within a given parcel of zediment, the §¢° of the cumulative
mathane produced generally becomes 'heaviﬁr as the dissclved CO
reservoir is inereasingly depleted in C due to continued metﬁant
production. The ultimated SC value of the bicgenic methane depends
on all the othar factors contrwlling the carbon isotopie composition of
the dissvlved €O, reservoir (i.e., rates of bilogenic C0, productien,
carbonate dissoliition, thermocatalytic decarboxylatien,“etec.) in
addition to methane production. Gencralig, in sediments which have &
significant calecareous component, the 077 of the dissolved CO_ is
buffered at about 0 to +5 °/,, by dissolution of detrital arbgnate.
Under thasa conditions cosxisting biogenic methane has 6C° wvalues
in the range -85 to -65 °/,,. Howsver, the carbon isotopic compesition
of the dissolved CO, reservoir, in organic-rich noncalciscous sedipents
(diatomites, peats) can be driven to extremely heavy &C°° valuas .
(420 to +25 °/,.) and this can result in the production of unusually
heavy biogenic methane {-50 to -45 °/__),

The €O, content of the gas samples is stpictly a function of the
pH and the Zoncentration of total dissclved carbonate species in the
pore water. High CO_ content in the gas is generally mirrored by high
carbonate alkalinity, vhere a direct comparison is possible (a.g. Hole
147, Leg 15; see Hammond and others, 1973, Fig. 1, and Hammond 1973,
Fig. 13 in Initial Reports, v. ¥X). However, there are notable -
exceptions where high carbonate alkalinities.are not reflected in high
CO, contents in the gases. In these cases the pore water system mst
be maintained at high pH values, possibly due to rapid methane generation
with slow or negligible biogenic co,, production.

The ethane content of DSDP gas samples is summarized for selected
holea in Fig. C-2, where athane-to-methans ratic (£_/C_ ) is shown as a
function of depth of burial on a semi-leog plot. TIn"moSt cases, where
gas samples have besn recoversd from throughout the section penetrated,
the C_/C. ratic increases exponentially with increasing depth of burial.
Moreober, both the relative amount of ethane in the gas and tha rate
of increase in the szc ratio are proporticnal to temperature. For
exampla, the coldest se%iments, in terms of both bottom water temperature
and thermal gradient, are probably in Hole 1B6 from the Easterm Aleutian
Trench., Gas samples from this hole are lowest in sthans content for
any given depth of burial, among the samples plotted in Fig, C-2. .
In contrast, Hole 229 in the South Red Sea has a bottom water temperature
of 22°C and a measured thermal gradient of 0.079C/m, The gas samples
from this hole have high ethane contents at very shallow depths, and the
relative ethane content increases very rapidly over the next 150 m. The
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ssction at Hole 186 is Pleiztocens to early Pliocens (1 m.y.) in age,
while sediments at Hole 229 were deposited in the last 350,000 years.

Gas samples from other DSDP holes which are plotted in Fig. C-2
are beliaved to represent intermediate temperature situations. Two
notable exceptions in Fig. C-2 are Hels 272 from tha Ross Sea and
Hole 1%7 from tha Cariaco basin. These cases ars believed to illustrats
tha sffacts of age and organic richness, respsctively. The gas samples
from Hole 272 ware obtained from sedimenta of Middle to Early Miocena
age baneath an unconfeormity, and are thus several times older
than the other sedimentary sactions reprssentsd in Fig. C-2. Even though
the present-day temperatures in Hole 272 may be relatively cold, the
sediments may have been more deeply buried, and therefore warmer,
in the past; woreover, tha graater age of these sediments would permit
the ethane gensrating chemical reactions, which are presumably the

in situ spontanecous decowposition of detrital organic precursors, to
be further advanced at any given temperature,

At Hole 147 the bottom water temperatures are relatively warm
17°C) but there is no reazon to expect that the thermal gradient is
unusually high. However, the level of organic carben in the asdiments
of Hole 147 is mach higher than at other localities shown on Fig. C-2
{2 to 4% va. .1 to 1%). An increased content of ethape precursors’
may axplain why the ethane generation process is apparently morae

effective in the Cariaco basin at somewhat lower temperatures than in
the scuthern Red Sea.

Gas of ancmalous composition was encountered at two DSDP drilling
aites. At mite 17513“ the continental shalf off the coast of Oregon,
methane gas with 4C°° wvalues in the range -59 to -47% occurred at very
shallow depths (23 to 39 m subbottom). The carbon isotopic composition
of the methana in these samples approvaches that of methans assoclatad
with petroleun, however ethane and higher hydrocarbons were below
the limit of detection. This gas is most likely not associated with
petroleus, but is a mixture of residual bicgenic methane which has
undergona partial bacterial oxidation during a Pleistocena regression
of aea level, and newly formad methane which was gensrated with tha
return of anoxic conditions. Evidence for bacterial oxidation of
methane i3 present In thesa sodimnnia in the form of unusual diagenetic
carbonate concretions which have 807" values (-35%) that could only be
dus to oxidized methane.

The other locality with gas of anomalous composition by DSDP
standards is site 88, drilled above a presumed salt dome in the Campeche-
Sigsbee province of the Gulf of Mexico. The gas from this hole, at
depths of 102 to 135 m is chemically and isotopically jdentical to
natural gas associated with petroleum. This undoubtedly represents a
case vhere DSDP operations penetrated a petroleum accumulation. The
gas is presently in sediments of Pleistocene age hut most probably
originated at much greater depths, moved up (with the salt?) and was
explaced at shallow burial deptha during a Pleistocene low stand of
sea level. At tha present water depth of this locality (2532 m) the
gas should be frozem in place as the solid clathrate hydrate, which may
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have prevented escape of the gas from the subsurface. Drilling was
terminatéd at this site before the scientific objective (penatraticn

of the salt) was achloved. There is at laast a fair chance that 1iquid
petroleun would have been encountersad at this =ite with further deilling,
Whether, if present, it would have bean an "o0il show" similar to that

of the DSDP Leg 1 Challenger Knoll, or an occurrencs of larger magnituds
ia, fortunately, still unknown. -

Surmary:; Thae Significance of Gas Occurrence in Deep Sea Sediments

Obvious shows of gas have been emcountered In at least 40 of
the 220 holes drilled through Leg 31 of the Deap Sea Prilling Project.
In all casea except one (Hola 88, Leg 10} the gas sampled and analyzed
has been relatively pure methane of apparent bacterial origin {(marah
gas). The carbon isotopic composition of methane in DSDP gas samplas
is related to the amount and isctopic compesition of coexizting
bicarbonate in the pore water. The nature of this relationship indicates
that the methane originates primarily from respiration (CO, reduction)
by anasrobic bacteris In the sediment. The process is exaétly analogous

to, and occurs just after or below fhe process of bacterlal sulfate
raduction. .

The quantity of mathane generated by this procesa in deep ses
sedimenta has never been directly determined, but hax bean indirectly
estimated to ka on the order to 10 to 20 wiol per liter of interstitial
water. This concentration of gax is insufficient to saturate buriad
sea water at pressures and temperatures corresponding to burial
depths of 1 km or less in sediments overlain by water depths of
0.5 km or more, o0 that a free gas phase should not be prezent in the
subzurface, but as methane dissolved iIn the interstitial water of the
sediments. Under these conditions, there is little tendency for the
gas to migrate and accumulate, therefore these gas depoaits have only
minimal economic significance. Conditions which would faver the
formation of a fres gas phase, i.e. reduction of pressura by lowering
of zea level or uplift and erosion of marine sediments, could lead to
the formation of significant gas deposits of biogenic origin.

The principle significance of these gas deposits is their valus
as indicators of degrees of organic metamorphism. . The exsolutien
of biogenic methane from the sediments das they are brought up frof
beneath the seaa floor to the deck of the drilling vassel provides a
gag Thase which representatively samples indigencus hydrocarbens of
thermocatalytic origin. Ethane and higher hydrocarbons will partition
into the gas phase in amounts which depend on: 1) the total concen-
tration of the hydrocarbons in the sediment; 2) the vapor pressuras of
the individual hydrocarbons; 3) temperature and pressura. With the
sampling and analytical procedures employed in the Deep Sea Drilling
Project to date, ethane is the only hydrocarbon other than methane
routinely detected. Propane, butanes, etc. are also present in many
cazes but in amounts less than the level of detection by the thermal
conductivity detector of the gas chromatograph.
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3. Mud Expansion as an Index of Hethane Concentration in Deep Sea
Sediments

The potential hazards of drilling in gas-charged sediments along
with recommended precautions and some gualitative characteristics bearing
on the origin of the gas have been discussed in previous sections of
this Safety Mapual, As emphasized earlier, it is not the origio or

composition of the gas, but the total guantity and the possibility of
trapping and accumlation which pose the potential danger.

Gas shows zre to be expected when drilling in sediment which has
accumulated at retes in excess of 50 meters per million years., There-
fore it may become important to attempt to distinguish between the
expected background amounts of gas in the sediment, and gas concen~
trations which might pose a hazard. It is impossible to set rigid
quantitative guidelines which would be appifcable under all cireum-
stances, However a useful rule-of-thumb for evaluation of the

significance of gas shows may be the apparent degree of saturation of
the interstitital water with methane.

If the porosity and the subsurface temperature and pressure of
the sediment can be estimated or measured, then it is possible to
calculate the standard volume of gas which could be dissalved in the
pore water of a given volume of sediment under burial conditions.

The approximate sclubility of methane in water as 'a fumction of
pressure and temperature at seawater salinity is given in Table C-2.
The thecretical degree of expansion due to exsolution of methane at
saturation from the pore water can be estimated from the ratio

volume of gas e
volume of wet sediment

which s obtained by multiplying the porosity (as a fraction) times
the appropriate methane solubility from Table C-2. This should be

compared with the measured degree of expansion of the sediment which
will be available if ihe pressure core-barrel is used as the ratioc

volume of gas bled off (2)
volunme of pressure core-barrel

If the pressure core-barrel is not availsble, & minimum estimate of
the ratio for comparison would be
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length of gas expansion pockets in core liner
total length of core liner L (3)

When the estimate of gas content given by ratios (2) or (3) begins
to approach the value of theoretical pore water saturation under in situ
conditions, as given by ratioc (1), the likelihood of encountering a
£ree gas phase in the subsurface would be increased {if gas hydrates
were not stable). A free gas phase has a greatly increased capacity

to store pressure in the subsurface, cowpared to liquids which are
largaly incompressible.

Twe important points to be kept in mind are (i) that under the
proper P-T conditions interstitial water can contain up to approximetely
200 times its volume in methmne {at standard conditions) as the solid
methane hydrate, without the formation of a free gas phase; and (ii) that
the sediment plugs in the core liner are not a perfact seal for the

ascape of gas, so that ratio {3) is always a minimm eatimate of gas
content. '




Table C-2 Hethane solubflicy in water as a funcrion of temperamture and
pressure at seauater salinicy, ml (5TF) CR, ful H,0.
Temperatura (°C)
5 10 13 20 25 0 35 40 45 50

50] * 1.44 1.34 1.23 1.16 1,14 1.68 1.03 0.98 0.B8
wo| . 2.16 1.95 1.87 1.79 1.71 1,62 1.5 1.49
1501 * * * 2.73  2.52 2.40 2.26 2.15 2.06 .97
200 * * * 3.15 2.6 2.80 2.62 2.50 2.37 2.28B
250 * * * * 3,30 3.14 2,98 2.83 2.71 2.63
00| * * * * 1.60 3.40 3.29 3,21 2.95 2.98

T 3so| o« . * . 3.91 3.76 3.60 3.50 3.40 3.27

=

o A00| * * ok » 4.12 4.00 3.86 3.80 3.69 3.58

®

H

¥ gsol * » » . 4.2F &.I0 4.00 3.89 3.79
spo) * % * * . t.46  4.33  4.20  4.06 4,01
550 * * * * * 4.60° 4.46 4.38 4,24 4. 1A
6o0| * “ * & . 6,82 471 4.60 4.48 4.6
ss0| * » * * . 6.97 4.B5 4.72 4.62 .50
700 * " * " * 5.07 4.93 482 4.72 4.8)

"®
Hethanz hydrate stable under these conditions; eguilibrium solubilitcy
has not been accurately measured but Appeats to be about 30X of the

extrapolated £olub1lity; however, ahout 200 ml of mathans <an theoret-

ically be contained per ml water without the formation of a free gesm

phase.
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x. INDEX OF REFERENCES TO: (1) PRIRCIPAL HAZARDS, {(2) BACKGROUND
INFORMATION NEEDED, AND (3) PRECAUTIONARY MEASURES

{1} HAZARDS

Abnormal pressures: 6, 10 ¥

Base of clathrate rene: 12, 18, Appendixz B
Blowouts: L-b

Blowout prewventers, lack of: 1

Buoyancy, loss of: §

Charging and contumination of sdjacent reservoirs: §
- Fire: 2, 3, 9%

Miscellaneous drilling hazands: g

Hiscellaneous hazards to vessel: 1-2

Hoxious gases: 35
Political considerationa: 6, 14

Pollution of ocean and atmosphere by escape of oil or gas: 1-2, 5
Re-entry holes: ], 15

Return circulation, lack of: 1

Riser pipe, lack of: 1
Undercompacted shales: 11

Wasting of hydrocarbon rescurcves: 2

{2) BACKGROUND INFORMATION NEEDEP
Blowouts, understanding of pature of: &
Bright spots, seigmic: &
Clathrate formation, wnderstanding of phenowencn of: 11-13, Appendix
Clathrate occurrence, theoretical probability of: 11-13, Appendix B
Clathrate roves, probability of in section: 9, 17
Evaporites, probability of in section: 9, 16
Geochemical character of hydrocarbons in sediments: 2-4
Geothermal gredient: 8, 11, 17
Hydrocarbon occurrences: 2-4, 15-16
Hydrocarbon occurrences in previcus DSDF holea: Appendix C-2
Lithologic character of section to be penetrated:- 8-9, 16
Maturation characteristics of organic matter: Appendix C-l

Methane saturation, thecretical In pore waters: Appendix C-3
0il-staining: 15




Organic matter, probable content in sectjon-to be penetrated:
8, 17, Appendix C-1

Over-pressured shales, probability of in section: 9, 10-11, 1&
Petrecleunm cccurrehees in region: 10 '

Political jurisdiction: 6, 14

Origin and accumulation of hydrocarbons in sediments, under-
. standing of: 2-4, Appendix C-1
Reglonal geclogy: "8-8%, 16

Ragervoir rocke, possibilities of in section: 9

Sealing .rocks, -possibilities of in section: 9 -

Seepages of petroleum: 2, 10, 16
Seiemic velocity Inversions in section: 10

Source rocks in section: 8-9, 15

Geologic structure: 9-10, 16

Thickness of sediments, estimated: B8-9

Traps for hvdrocarbons, likelihood of: $-10, 16
Watar depths at well site: 5, 11, 16

Weather, sea, and ice conditicns: 13

{3) PRECAUTIOHARY HMEASURES
Abandonwent of holes, precsdures for: 22
Abnormal preassure areas, avoidance of: 10
Adequate information to Safety Pamel: 7, Appendix A
Barite plugs, use of: 21
Bathymetry, determination of at site: 10
Cap rock i1dentification: 18

Carbon isotope determinations: 3, Appendix G-1
Chromatographic analysis of hydrocarbons: 16-15, Appendix C-2

Clathrates, determination of presence by pressure core barrel: 1B
Clathrates, identification of: 12, 1B

Clathrate zones, avoidance of peoeatration below: 12, Appandix B
Clathrate zones, check of seismic records for indications of: 11-13
Clathrate rones, theoretical calculation of: 12, 1B, Appendix B
Consultation with petroleum companies in region:- 10

Coring program: 14

Depth of penetration, use of judgment in: 14

Discussion of hazards among all concermed: 7

Dowm-hole blowout preventers: 21




prill sites, choice of reasonably safe: 7-14
;;Hing fluid, examination of: 16, 20-21
pPrilling mud, use of heavy: 21

Drilling program, proper plamning of: 1, 7
brilling rate, observation of: 1%

Evaporite identification: 1B

Exemination of cores and drilling fluid samples for
hydrocarbons promptly: 15-18

Experienced priroleum geolngint needed on hoard: g
Fluid coming up arcund dril} stem, monitoring of: 20
Fluid pressuces, detection of high: 6

Fluorescence, obzsrvation of: 16

Fluroescence equipment, improvement in: 18

Geochemical examination of hydrocerbons in samples:16-1B, Appendixz (-1
Gecthermal g'r-adien't, determination of: 11

Hydrocarbon shows, detection of in samples: 15-18, 19

Hydrocarbon surveye of bottom waters: 10

Maturation characteristics of m:-g'a.nic matter: 17, Appendix C-1
Hethane—ethane ratios: 17, Appendix C-1

Petroleun trap features, avoidance of: 10

Piston cores: 10

Plugging of hole: 21 ‘ '
Pnlil:ical -jurisdictiun, determination of: 6, 14

Precision Echo Scunder, monitoring of: 19

Pressure core barrel, improvement in: 18

Presaures, determination of fiwid: 1%

Quantitative evaluation of hydrocarbom shows: 17-18, Appendix C-3
Reservoir rocks for petroleum, idemtification of: . 18-19

Responsibilities, assignment of and recognition of: 7-8

Seismic and other geophysical surveys: 1, 9

Seiymic welocity inversions, avoidance of: 11
Sidewall samples: 15

f‘-i;t_e__‘mcxa: 1

Solvent cuts of sediments: 16

Source rocks for petroleum, identification of: 18-19
Stopping of drilling and abandonment of holes: 12, 16
E‘ilﬂl‘-_‘,l"_» identification of in holes: 18




