2142955 "I nprovenents in or Relating to the Testing for the Presence of
Nat i ve Hydrocarbons down a Borehole" This invention relates to the testin
for the presence of native hydrocar bons down a borehol e during 5 E[é,>
drilling of the borehole. I't is conventional drilling practice, when
hydrecar bon bearing |evels are reached during the drilling of a well, to
mﬁtﬁﬂﬁamfﬁhe drill string fromthe borehole and to run a-corer down the
borehol e in 10 order to withdraw a core of sanple materi al f2(1ﬁ4121955
bottom of the well for subsequent anal ysis. However, this is a

ti me- consumi ng procedure*and is'very costty in terms of lost drilling tinme.
In order to attenpt to ensure that this procedure is not carried out erron-
15 eously before hydrocarbon bearing | evels have been reached or that a
hydr ocarbon reservoir is not missed by coring too |late, therefore, it is

al so the practice to collect sanples of rock cuttings brought up fromthe
vicinity of the drill bit by the circulating drilling mud flow, and to
exanm ne these in the presence of ultra-violet light. The aromatic
conmponents of native hydrocarbons fluoresce strongly under ultra-violet
light, that is they absorb light energy at a particular 5 wavel engt h and
emt light energy at a different, |onger wavel ength, and accordingly the
partlcular nature of the quorescence of < He=sanpl e cuttings Wil

"Improvements in or Relating to the Testing for the
Presence of Native derocarbons down a Borehole"

-This invention relates to the tésting for the
présence-of native hydrocarbons down.a borehole during
5 drilling of the borehole. __
It is conventional.drilling practice; when
hydrocarbon bearing levels are reached during the
drilling of a well, to withdraw the drill string from
the borehole and to run a corer down the borehole in
10 order to withdraw a core of sample material from the
bottom of the well for subsequent analysis. waever,
this is a time-consuming procedure and is very costly
in terms of lost drilling time. -In order to attempt
to ensure that-this_procedure is not carried out érron—
15 eously before hydrocarbon bearing levels have_beén
| reached or thét a hydrocarbon reservoir is not missed by"
coring too late, therefore, it is also the practice to
-cqllect samples of roqk-cuttings'brought up from the
| vicinity of the drill bit by the circulating drilling



indicate to a skilled observer whether the cuttings contain native ,

- hydrocarbons and t hus whether the hydro- 10 carhon bearing | evels have
b reached. In the event of a positive result of this test, the drill :

;s\t¥ng may be withdrawn and the corer nay be run down the borehole in order

t'o.confirmthis result._The above procﬁgures have operated satisfac- 15 -+ -

totily in the drilling of oil wells usSirfyTonventional water-base drilliteg
huds._Fbmever,_such drilling nuds are being replaced in a .nunber of
applications by oil- base drilling nuds. The advantages of using oil-base

dri|11ng muds fod P11 ot e terfieid Aih ol Sl pollinos BenDEr of

fi el ds have becone W dely recogni I n recent years. I's possible to

drill gauge h%f&mf&i&t mnﬂé.t hatte EidHa 13 Ao YFe nadivey ot her
nmuas ven

attributes, these pre hydrati on of shales, are stable in the

presence of saipdrédurFindi fudreiey atifarsglandidtere dira-viplett! ent
| ubricating properties. As deeper and nore problematic formations are

investigated, ighbasthatidss aheylasdrdr diight ienengysiartylay pamsdcudar in
~exploration drilling. Furthernore |ow toxic oil-base nuds fornmulated -3

wi th | ow3r onaravelengthviand emist ddght enenayt ads ausddfiereddnvent i onal
Che i ndust Ty cHoTBR" ERTRIRE s Ak IR R Ioh A1k PETE LU La%ony r onmont -
fron]OffShorEEég.&éérgkr%ﬁg'fluorescence of the'éample cuttings will
indicate to a skilled observer whether_the cuttings
contain native;hYdrocarbqné:and thus whether tﬁe hydro-
10 carbon bearing.levels have been reached. In the event
of a positi#e result of this test, the drill string may
be withdrawp”and-the'corer may be run down the borehole
in order to confirm this result. .
The abo#e procedurés,have 6perated satisfac-
15.  torily ih'the‘drilling of o0il wells using conventional
| water-base drilling muds. However, such drilling muds
are being replaced in a number of applications by oil-
base drilling muds. The advantages of using oil-base
‘drilling muds for drilling highly deviated wells in a
20  number of fields have beéome widely recognised in recent
years. It is possible to drill gauge holes qﬁickly and
without major problems because, among other attributes,
these muds prevent hydration of shéles, are stable in
the presence of salts and'at high températures and have
25 | excellent lubricating properfies. As deeﬁer and more
problemétic'formations are investigated, oil-base mﬁds_
‘are also becoming increasingly important in exploration'
drilling. Furthermoré low toxic oil-base muds formulated



However, the use of diesel oil rmuds and low toxic oil nuds alike presents
dlfflcultles inreliably testing for the presence of native hydrocarbons |n(ZE§>
the sanple cuttings under ultra-violet light using the 10 - existing o
techni que. ° The reason for this is that the oil base of the drilling nud

al s&contai ns aromatic conponents which fluoresce under ultra-violet [ight.
Undé& down- hol e conditions nud filtrate to spne extent invades-the rock

matr{x* and its presence confuses the 15 etection of native hydrocarbons
by thée conventional nethod. The nixture of aromatic conpounds contained in
native hydrocarbons and.drilling nuds is conplex, con- taining fluorescing

species in the ul twhthi Dbwtareshdicitse RIS th&@QdSBQCHiegel|as's not
unlikely that 20 scattered and re-emtted |ight, which would be

typically-emtted msedrmntncnxanmiﬁnalenilHMosepmudse tlevet beea, may al so be.
observed visually. Thus it-may not be. possible for an observer to

di stingui sh bet weedf¥eleped cint desponse tto Povepnuentic gubdel inesi tobtle of
the 25 drilling qrd al one in the sanple cuttings and fluor- escence due’

to a conbination of? Q¥I°QM$§§zﬁﬁiiﬁé¢WV9fhﬁé§§ arBeAsto thesmarine |
ative nydrod * HGHERRE" @%#&@5@%&% LLTPE 8% n b considerable
LS omn ety 00 b AR Lo BT SO SHOAE o8 0w
toxic oil muds~alike presents ‘difficulties in reliably
.testing for the presence of native hydrocarbons in the
sample cuttings under ultra-violet light using the |
10 - existing.technique. The reason for this is that the
0il base of the drilling mud also contains aromatic
components which fluoresce'under ultra-violet iight.
Under down—hole conditions mud filtrate to some extent
| invades the rock matrix and its presence confuses the
15 detection of native hydrocarbonS'by the conventional
method. The mixture of aromatic conpounds'contained in
native hydrocarbons and drilling muds is'complex, con-
taining fluorescing species in the ultra-violet and
~visible parts of the spectrum. It is not unlikely that
20 u"scattered and re-emitted light, which would be typically
emitted in the ultra-violet at appropriate dilutions,
‘may also'be observed visually Thus'it may not be.
_possible for an observer to distinguish between fluor-
escence due to the presence of the oil base of the
25 drilling mud alone in the sample cuttings and fluor-
~ escence due to a combination of the oil base and native
hydrocarbons. This is obviously highly unsatisfactory
as it may lead to a false judgment that native hydro-



- ‘It is an object of the invention to develop a technique for
& |ably testing for the presence of native hydrocarbons during dr|II|ng
h an oil-base drilling nud. According to the invention there is provided

~a nethod of testing for the presence of native hydro- car bons down a

hboreh01e durinng drilding of the borehole #flng an oil-base drilling mid, .
?ﬁpr|5|ng col lecting a sanple of rock cuttimgs brought up from the ot
vitcinity of the drill bit by the circulating nud flow, exciting the. 15

sanple or a fluid prepared fron1the sanple with el ectro- magnetic radlatiOn

by the oxcited i‘a T8 Hive T A A A R BC BB e BT 0,
or em ssion vvav % fﬁnfé‘%ﬂiﬁé"@{ or O%QJ E_ the
s aga ns

em ssion meveleng excl.tation meve engt anddaetern1n|ng
whet her” the profpd Sl OP-oz AN rist 1A G’ Slekt t8E£08) nyHBScdi»bbhl ng

nud or .of a conbination of the nud and native hydrocarbons. "I n this manner .
a profl | e char actesérrdir ofs Aissed.t he sanpl e is~obtained, and this may be

conpared with profiles obtained with sanples known to contain native
hydrocar bdns of the rel evalt is/En aidjent wift fther dhiveatioht &bnddveiloh
sanpl es known not: to contain native hydro- carbons. In this way it is

possible to raquHSthnﬂqus|£nn3raiiahlwnteat;nsaﬁpre§hﬂhp€ﬁseaﬁeapﬁ native

h drocarbons i'n add|t| n to those of_  the drj
y _ ve(h ocarbons during drilli%g w1th an oil-base

drilling mud.
_ According to the invention there is prov1ded
10 - a method of testing for the presence of native hydro-.
carbons down a borehole during drilling of the borehole
using an oil-base.drilling mud, comprising collecting a .
'sample.of.rock cuttings brought up from the_vicinify of
the drill bit by the circulating md flow, exciting the .
15 :sample or a fluid prepared from the sample_with electro—'
magnetic radiation of one or more wavelengths, sensing
the radiation absorbed and/or emitted by the excited
sample a sample preparation,monitoring'the-excitation and/
or emission vavelengths against_intensity and/or monit-
o 20 oring the emission wavelengths against-ﬁhe excitation
_wavelengths, and determining whether the profile S0 ob-
tained is oharacteristic of only the drilling mud or of a

combination of the mud and native hydrocarbons.
| In this manner a profile characteristic of
25 . the sample is obtained, and this may be compared with
' profiles obtained with samples known to contain native
hydrocarbons of the relevant -type and/or with profiles
.obtained with samples known not to contain native hydro-



W thout it.,being necessary to separate the different 5 quoreSC|ng
speci es. The exciting radiation may be, but is not necessarily, ° \
wtra-violet li.ght. Furthernore the sensed radiation is preferably that ;
which is tfansmtted by the sanple if the sanple or sanple extract is

tranfs- 10 parent (transmtted fluorescence). Alternatively, if the
sanﬁ#é or, sanpl e extract is opaque, the sens®d-radiation nay be that which
is reflected fromthe sanple or sanple extract(reflected fluorescence). In

a preferred enbodi nent- the sanple or 15 sanpl e preparation is excited
W th electronagnetlc ads at i uch that, the excitation and eni_ssi on wave-
l.engths of the sanﬁ BP sa %%d’éﬁ%ti%ni%r@%&% Iﬁm@ém engt h

hons 1 ored ogmt ot T " FrbbRefY yhd b fiuRle el F ot
profile. Such a %r??ﬁil_ﬁylgd i'soqpse& saen%fr ?Hea%&gggsghgt on

because t he mavelengt et wee e eXCIt I on and €m SSi

guarantees a hi gh gigHaht tot rb?éﬁsa% redd sty tﬁb%fé@ﬁa%»éﬁéet@ﬁsa&'f&%@eh%ch 25

nique is highly specific and si e to use,” nore particularly since it is

not necessary to sf&uwrﬁsniﬁgéspediﬂsa of oils into separate fluorescing
speci es. In order that the invention may be nore fully understood,

reference will now be made, The vexcidfingargrimtiion may »egoimdniisngot
drawings®, in WhlCr?ecessr:tr:.ly, ultra-violet light. Furthermore the sensed
radiation is preferably that which is transmitted by
the sample if the semple-or sample extract is trans-
10 parent-(fransmitted fluorescence).l Alternatively, if
- the sample or sample extract is opaque, the sensed
radiation may be that which is reflected from the sample
'or sample extract(reflected fluorescence)
In a preferred embodiment the sample or
15 . sample preparation is excited with electromagnetic
radiation such that the excitation aﬁd emission wave-
‘lengths of the sample or sample preparation are scanned
a fixed wavelength interval apart, and the excitation
: and/or-emission wavelehgths are monitored against intensity .
20 so as to obtain a chareeferistic pfofile. .

Suehia method is particularly sensitive and
reliable. This is.because the wavelength shift between
the excitation aﬁd emissioﬁ_radietion guafantees a high

'signal-to—noise ratio. jFurtherniore 'the described tech-~
25 - nique is highly specific and simple to use, more
particgiarly since it is not necessary to separate the

mixture of oils into separate fluorescing species.



Figure 1 is a plot of an emission spectrumof a crude oil obtained by a
fjsst, method in accordance with the invention; Figure 2 is a plot of a
ségkhronOUSIy excited em ssion spectrumof a crude oil dbtained by a second
met hod i n accordance with the invention;, 10 o Figure 3 is a
pl ot of a synchronously excited em ssion spectrumof a pure low toxicity ..

oilc:base nud; Figure 4 is a plot of a symchsonously excited em ssion A
spectrumof a low toxicity.oil-base nud con- taining 2% by vol une of a
crude oil; 15 : Figure 5 is a plot of a synchronously excited
~em ssion spectrum of a gas-condensate; -Figure 6 i-s a sinplified block
di agr am of " appar at us whi ckn refdese thaf the dnvenddens mast Med momegur es 7 and
8 show | um nescence | ogs of nud 20 _and s l e cuttings respectively
agai nst dept h; iﬂ%ﬂ¥ﬁ%ﬂﬁ%?%ﬁ%ﬂﬁnm?%f%W@%%ﬁdﬁﬁgﬁ§FﬁhHP BﬁaepaPYaWBYaogontour'

map of em ssion specira of a typical oil. FIRST NETHOD 25. . - In
a first net hod-_-?’ﬁﬁﬁfc%’r d%c%% %Wyﬁmﬂj}ﬁ%}m&é’aﬁﬁi&h-s subj ected -

©Felative quant- ities of THRRE dhemy oy ST Grf RN SRR O oo
- 7- absorded arglf of GMidd YLRMAIHRIS B! RIEN hethod'8n accordance
| | with the invention;
 Fig§re 2 is a plot of a synchronously excited
emission spectrum of a crude oil obtained by a second
method in acddrdanée with the invention;.
10 - Figure 3 is a plot of a synchronousiy excited
. emission spectrum of a pure low tdxicity oil—base mud;
Figure'h is a plot of a 3ynchronously excited-
emission spectrum of. a Iow toxicity oil-base mud con-
taining'z% by volume of a crude oil;
15 - Figure 5 is a plot of a synchronously excifed
emisSion spectrum of a gaé-condensate; | |
" Figure 6 is a simplified block diagram of
apparatﬁs which may be used in the second method;
| ' Figures 7 and 8 show luminescence logs of mud
20 and sample'cuttings'respectively against depth; and
| | Figﬁre-Q shows a three-dimensional diagram
and a contour map of emission spectra of a typical
oil. |
. FIRST METHOD | |
25 o In a first method in accordance with the inven-

- tion the sample is subjected to so-called conventional spec-
troscopic techniques according to which the relative quant-
ities of light energy from an ultra-violet source which are

5



ultraviolet and vi.sible range are neasured by nmeans of a UV absorption
spectroneter or a UV fluorescence spectroneter. The resulting absorpti

and eni ssion wavel engths - are 5 pl otted agai nst intensity, as-shown
exanple in Figure .l in which a plot of the em ssion spectrumof ‘a North
Sea~crude oil excited at 259 mmi.s shown. However, the em ssion profiles of
m xtwtes of aromatic conpounds obtained by Such a nethod are featurel ess
~and fhus of 10  little direct diagnostic value. Neverthelessif the
i-dentity of the mxture of hydrocarbons is known, for exanple if-it is |

“known whi ch particular cfude ojl will be encountered in the fjeld n
drilling a particudbsonked and QQ;ﬁﬂi$§QQ & 3aagguf5waveﬁﬁp§£h§tﬁgm@$8

Sampl 6 cutt1ngs 1 sﬁfﬁ%-tfszﬁ% i s Red e, beBelrpacE aiakltps a0V

range of crude oil C’é) ”UthlhéPQéééﬂéd spéctrometer.
Usi ng WV absorptio % rosc p;/ért?%nﬁ%}t?é?stsgathe this nethod we cﬁaﬁcdefl ne
absorbance A, usi n ahd €m1531ohoﬁaveléﬁ ths areecl
25 . wher e nﬂhé ?ntenrh?y of ransn1tted light 1o = |%ten3|ty of

i nci dent Ilghs e Ibtf@&Eﬁgé&ﬁsﬂuanﬁams@mgﬁfesuehbwn for exampkatrimion of
quoreSC|ng speci es -
Figure 1 in whlch a plot of the emission spectrum of a
| North Sea crude oil excited-at 259 mm is shqwn.-However,
 :the'emiSéion profiles of mixtures of éromatig compounds
oﬁtained.by such a method are featureless and thus of |
10  1little direct diégnostic value. : .
| Nevertheless, if the identity of the mixture of
hydrocarbons is known, for example if it is known which
particulaf crude oil will be encountered in the field
when drilling a-particular well, it is'possible to use
15 this method to determine what proportion of the hydro-
o carbon mixture present in the sample cuttings is the
 crude oil by comparison with results obtained for a
~ range of crudé 0il/0il mud mixtures studied in the
_ laboratqry. .
20 ' Using UV absorption spectroscopy to illustrate
| this mgthod we can.define absorbancé A, using the Beer

o Lambert'Law, as:

A = log EI §._=_ ecl _

25 . where I = intensity of transmitted light
I, = intensity of incident 1;ght'
e = molar extinétion coefficient

¢ - = concentration of fluorescing species



1 = pathlength of the cell Provided that e and 1 are known it, is possible

bro.wite: A =kc 5 where k is a constant For nixtures of hydrocarbons
he: total absorb- ance [err] is given by the sumof the  absorbances of the
ndividual conponents, so that for an oil nud/crude oil m xture: 10°

At ot [err] Thus,. if neasurenents of abgprbance at two different -

mavelengths are nade together with anestim -ation of [err] and [err], the

val ues of [err] and [err] may be calculated. The constant [err] can be

det erm ned by nmaking 15 measurenents on a series of solutions of oil nud
~of known concentrationg. Sirnﬂg@ﬂn@ﬁ ' ginseniceiarr] can be obtained from -
solutions of crude oil. A plot of . absorbance agai nst. concentration is.
required, with the sl ope p;f-o-‘}iué‘d Pt @ \enep 1t faerea mowpr it ésvabsedbde
[err] 20 = and [err]. - sanpl es are exam ned as fluids. Rock sanples ar-e

prepared by masﬁ&rwrit@-rennve oi | base mud adhering to outer surfaces),
crushing (to make the rock matrix contents accessible to the solvent) and
sol vent 25 extractidn (%idg®ous agitation in a suitable solvent, for
exanpl e di chl or omet hane or cycl ohexgne, to take the matrix content s into

sol ution).5Fl U|V&%pl%§%t°%§'@&’f iciently dilute to avoid artefacts.
caused by concen- For mixtures of hydrocarbons the total absorb-

~ance Atot is given by the sum of the absorbances of the
~individual components, so that for an oil mud/crude oil
m1xture~ _
10 - Atot = :k1cmud + kyCosa
' Thus, if measurements of absorbance at two
'different:wavelengths are made, together with an estimp
ation of k1 and k2, the values of" Crud and Cy il may be
" calculated. The constant k1 can be determined by making
15 measurements on a series of solutions of oil mud of
known concentrations. Similarlythe constant k, can be
- obtained from solutions of crude oil. A plot of
absorbance against concentration is required, with the
slope of this plot giving the appropriate values of kg
20 and k,. . |
All samples are. examined as fluids.  Rock
samples are prepared by washing (to remove oil base mud
adhering to outer surfaces), crushing (to make the rock
'natrix contents accessible to the solvsnt) and solvent
25  extraction (vigorous agitation in a suitable solvent,
for example dichloromethane or cyclohexane, to take the
matrix contents into solution) Fluid samplés must be

.'sufflciently dilute to avoid artefacts caused by concen-



tration, for exanple energy transfer between adjacent fluorescing species(i}b.
changlng the distribution of em ission wavelengths, but sufficiently :
concentrated to avoid a significant background contribution fromthe 5

sol vent. SECOND METHOD In-a second method in accordance with the in- .

vention the sanple is subjected to so-callgd synchronous scanni ng

Spegrﬁosqopy according to which, |nstead'éf scannlng t he

em ssion/ excitation-spectrumat a fixed ex- C|tat|o %y]on gauelen%th

as in the first netPRElers- f%?l@é%nﬁkﬁ)\)@ert&'e '@)@&st R8NcREJEFERH _
wavel en ths are scanned simultaneously.a fixed vel.en terval art.
Thi s hag the eff ectlépresein 5@%9’5?%?/‘?11 ﬁ %lﬁé%\?v%ufg o ? i ch

the fluorescing co ents_o X

Ehr oughout & he. vavir ERER HESRREE R, W SRS (ehretebted 1o

detailed features jn jhe, %ge%ﬁﬂbéaee&dd& s PRt bt 3nt gggﬁl qu S

dramati c and can be epr0| 0 provi que "fingerprint' of
aromatic n1xt res.gdbgerwtlde oil whose enission profile is |IIustrated in

Figure 1 is aracterised by a synchronously excited enission spectrumin
Fi gure 2. In use dﬂEﬂHﬂ&jﬂEﬁﬁHﬁ inthe field to determ ne when 0|I-bear|ng
| evel s have been reached dur g e
periodically collected from%’g%)g'ﬁédﬂﬁe& dhe:{'lnre%g%a%d%h'%%r ﬁ‘ﬁg 11”] t he

Sdrilling mud whi ch,dag)ds apee | tﬂ§3éﬁﬂjécﬂ@dp%ofsﬁﬁbhhieulQYﬁbhroﬁéuéhe
drill bit is passed prior to being recirculated. Sinultaneously a nud
Sanple Is. CO||eCtEsbéﬂﬁiﬁgfﬁﬁﬁbtﬁdﬁdbpﬁﬁﬁddﬁrﬂﬂﬁg tteewhich, instead of

10 -scanning the emisszon/excltation spectrum at a fixed ex-

- citation/emission wavelength, as in the first method des~
cribed_above, the.excitation and emission wavelengths are
scanned simultaneously a fixed'wavelength interval apart.

. This has the effect of creating a small spectral fwindow!

15 in which the'fluorescing components of the mixture are
successively excited_throughout the wavelength range. The
improvement in the resolution of detailed features in the

emission spectra generated oy this technique is dramatic
and can be exploited to provide a unique 'fingerprint' of
.20 | ‘aromatic mixtures.'The crude oil'whose'emission profile is
illustrated in Flgure 1 is characterlsed by a synchronously

excited emisslon spectrum in Figure 2.
' In use of this method in the field to determine

when 011-bear1ng levels have been reached during drilling,

25' --rock cuttings are perlodlcally collected from a double
decker shale shaker through which the drilling mud which has
travelled up the drill pipe from the vicinity of the drill
bit is passed prior to being recirculated. Simultaneously
a mud sample is collected from immediately upstreamaof_the'.



1

- ¥\ - shal e shaker. At each periodic collection a sanple is prepared from
clit.tings in the manner described above with reference to the first

"net hod;-- and optionally both the rock: sanple and the nud ‘sanple are

subj ected to 5

hi gh-pressure filtration or centrifugation.prior to

further dilution in a suitable sol vent. ;B!gfion rates vary according to ..

f t he~andunt of aromatics in the sanpl e. Typically crude oi

205, L owt oxi chhya @l bpliRap. "hE edo .ggir»rgisaica@dueeﬁéan&l Pelig

terr]. The 10

FOCK Sanp

is diluted to 4€

) e and a solvent blank are then

7 fun as a group i greparegeebeRNEhe’ cudbingseis cahié thatner ¢osOPLPE@T Ab@re ar e
“automatically generated by a -chart recorder. Visual inspection and

. onparison of thewgthr péifbeencel tabthei fiirshtmethbd) amé cptiemakly rbcth cut - |

15 tings are characteristic of oil-bearing |evels having been reached.
Usi ng this net hothéorogkaaampiengndhtherwgdnsanple ;areosmbgectrdctd in a
mud/ hydr ocarbon m xture, in the major region of interest, that is in the

range where520

higbt preasungdfihbrattonremecontrifugrtior prieritlensity

Colbenhy) B Far by than ELSRLRR, MraCpgbL SN B Sas
= an experi nem%rgqg'sééagﬁééeﬁatﬁhsfa?%%%g?f- aromatics ¥ eRld aéé&ié).f

" the analyte d

10

15

20

25

" 0il-base mud to 1 : 10

 Typically crude oil is diluted to 1 : 107, low toxicity

a'and rock samplés“to 1, : 10°. The

rock sample, the mud'sample and a solvent blank are then
run as a group in the spectrometer, and the resulting
emission profiles are automatically'générated by a chart

recorder. Visual inspection and comparison of these

profiles reliably indicates when the collected rock cut-

tings are characteristic of oil-bearing levels having been
reached. o
Using this method for quantifying the presénée
of a known crude oil in & mud/hydrocarbon mixture, in

the major region of interest, that is in the range where

- both the mud and the crude oil fluoresce, the intensity

I(AtA) at particular emission and excitation wavelengths
X and X' is given by: |

I (MA) = Ked Eg( A') Ey(N) (1)
whe;e K. = an experimental constant

c = concentréfioh of the analyte

d = path length of the cell

E(N) = intensity distribution of the

' . excitation spectrum

Em(A)f intensity distribution of the
o emission spectrum

K



[err] =.intensity distribution of the excitation spectrunr[err] =

intensity distribution of the em ssion spectrun1 -.11 - Equation (1) c
be sinplified to: I = XC D (2) wh
X = Kd EX() For a mud/ crude 0|I m xture 5 [err] A .

parti cul ar synchronousl:y excited em ssion spectrum may

be characteri sed by'-

i t sDpeaks, For exanple, in the case of tfReltrude oil enission spectrum =
showf in F|gure 1, there-are four peaks of interest occurring at 10

270/ 290 nm 300/ 320 inm 330/350 nm and 390/ 410 nmres-
‘case of a mud/crude oil m xt thereicse; t he intensj
may be expressed.as: [err] 1 qua theer e\ 1) opan be simpli

constant of the crude oi | Iength | [err] =
constant of the nud at vva&slka‘nwgtﬁ

pectively. In the

%%err at a peaki
%#/ 4 onal ity
proportionality,
1220

a specified wavel engt

This net hod requrrgg g valuatron of [# a¢g for each value of i.
Calculation of a an reqU|res accurate ne %& %ents of .the fluorescence

i ntensity of
For a mud/crude 0il mixture

5 LA) = LA+ Iyg (MA) (3)

A particular synchromnously excited emission

spectrum may be characterised by its peaks. For example,

in the case of the crude cil emission

spectrum shown in

Figure 1 there are four peaks of interest occurring at

10 270/290 nm, 300/320 nm, 330/350 nm and 390/410 nm res-

pectively. In the case of a mud/crude oil mixture,

therefore, the intenSity Ii ‘at a peak

cas:

i may be expressed

. Ii _. = 8; Coi1 * bl cmud (4)
where a, = = proportionality constant o
15 h i rtionalit tant of

: - , the crude oil at wavelength i

b, -  proportionality constant of the
- mud at wavelength i
i o= a specified waveiength
" 20 - This method_requires the'evaluation of a; and

b; for each value of i. _Calculaticn

of a and b requires

accurate measurements of the fluorescence intensity of

solutions of mud and oil of known concentrations. The



olutlons of mud and oil of known concentrations. The 12 val ues of S

_ ogia
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ined fromt

rate graphs.

s fromthe-

he crude oil and nud sol utions can then be pIotted on’

The val ues of [err]:can be obtained fromthe sl opes of the
crude oil solution data., The 5 val ues of [err] can.be

obtained fromthe correspondi ng data frenil€he nud solutions. In all cases.
e liines shoul d pass through zero. For this type of analysis the '
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it IS necessary
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ling where,
ocarbons_is
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case ere ore nor e
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m xtures than to give a quantifative estinate of any crude ol | present.

- this context COQ%@ﬁHhQ@%'f@BﬁCEh@SC@?Mdesoinaﬁélﬁﬂibﬁt@aﬁ#t syRé hr onous
scanni ng al l ows sanpl es 20 to be rapidly 'fingerprinted" at the well
Duri Bg theaduesl iofgbof canwbkl obtatnedi £somnthpecorrespondingud and of
the sanple cuttings wll b& virtually in- distinguishable in the absence of
nati ve hydrocar darta fromethe, mixd sbtupicnsncelnfalblcecasesothesehe cuttlngs
profile will show a_shift away fromthe nud profile and

site.

25

10

15

lines should pass through zZero. For this type of
analysis the fluorescence ffingerprint' of the crude
oil must be known. Alternatively, it is necessary to
simulate an 'average'_crude_oil or ohtain average

values of ai

The second method may also be used in explor-

ation drilling where, by definition, the occurrence and
identity of native hydrocarbons is unknown In this
case, therefore, it 1s more 1mportant to distinguish

between the drilling mud and other hydrocarbon mixtures

than to give a quantitative estimate of any crude oil

20

present. In this context conventional spectroscopy is
inappropriate but synchronous scanning allows samples
to be rapidly 'fingerprinted' at the-well site. During
the drilling of a well, the emission spectra of the
mud and of the sample cuttings will be virtually in-

distinguishable in the absence of native-hydrocarbons.

25

However, in the presence of a crude oil, the cuttings
profile will show a shift away from the mud profile and

toward that of the crude oil present in the rock matrix.

The process can be simulated experimentally to demon-

strate the sensitivity of the technique. Figures 3 and

I n



toward that of ,tthe crude oil present in the rock matrix. The process candgggs_
sinul ated experinmentally tq dermon-- strate the sensitivity of the technique
Figures 3 and . -13- 4 illustrate the effect of adding 2% by vol une of a
North Sea' ¢rude oil to a low toxicity oil-base nud, Figure 3 show ng the
synchronously excited enission spectrumof .the.pure nud and Figure 4
shofAg the 5 correspondi ng spectrum ofl yhge.nud to which the crude oil
has been added. The i ncrease in _|lumnescence at 330/350 nm and. at 390/ 410
nm caused by the addition of the crude oil and the dininution of relative
fntensity at 270/290 nm~i s inmmedi ately apparent. So long as any-10

surface treatment4oillnetnate tine o¢f feet dbAfddding 2% IynivedsmEnof a
characteristics, is closely nonitored, it should nornally be possible by
this method to deN@ethsmlcm eoiilqa'\':@@ }ow thaxiod e icddhasfe myel,of
cuttings,- cores ot hey down- hol e sanpl es during exploratlon 15

drilling which ar @t‘??l@u? o%tsr% QBrekih fikeifad ﬁgglﬁsd-oﬁe E

appreci ated t hat vel th, O tic,co oun S .,.ncreases in

'aggr oxi mate pr opo%ﬁ?%ﬁﬁ%% ﬁeﬂh\,%r%ﬁe g‘?udr ﬁﬁf %r%? ecule. =

Typically, tde e , |gure
1?/pi S chgr ac er| 2?(:3 yé‘? ongeré%éﬁrtﬁg? CH# It&%escenceq}ﬁ%ﬁ E)tﬁ]l[ 8?{]

R b
330/350 nm and at 390/410 nm caused by the addition of
| 'the crude oil and the diminution of relative intensity
at 270/290 nm is-immediate;y7apparent.' So long as any

10 'surféce_treatment df the mud, which could affect its

" luminescence characteristics, is closely monitored, it
should normally be ﬁossible by this method to detect
small scale changes in the emission profiles of cuttings,

 cores and other down-hole sémples during exploration

15 drilling which are attributable to native hydrocarbons.
| ‘It should be appreciated that the emission
'waQelength_of éromatic compounds increases in approximate
proportion to the number of ring structures in the-

_ molecule. Typically, the em1531on ‘spectrum of an oil,

20 such as that of Figure 1, is characterised by longer
wavelength flubrescence attributable to.polyﬂuclear‘
aromatics, while the emission spectrum of a gas-conden~
‘sate, which contains principally low ring number

| aromatiés, is characterised by fluorescence at shorter
1'25' wavelengths, an example of such a spectrum being shown
in Figure 5 for a North Sea condensate. Both diesel-
base mud and low toxicity oil-base mud profiles occupy

an interﬁediate position between these two extremes



- .radiation for excRlithgughe quaRtitativ

'Banple of such a spectrum being shown in Figure 5 for a North Sea

aren ati cs, i s characterised by fluorescence at shorter 25 = wavel engths,
' cnsate Both di esel - base nud and | ow toxicity oil-base nud profiles

.occupy an internediate position between fhese two extrenes - 14 -
al though, quantitatiwvely, diesel is richer in aromatics than the base.0|I;a
used ip low toxicity nmuds. -The apparatus‘ﬂf-Flgure 6 may be ‘'used to 5 L
al yse the synchronously excited em ssion spectrumof a sanple | . prepared

'by the process descri bed above with reference to the first nethod. The
apparatus conprises am ultra-violet, so ce for provrdl a beam of pul sed
Beaplols wAGHAT

‘and an em ssi on nono- t or selectin eI n ths at which |
absorption and fI%‘?‘B%%E %ﬂ% é’begﬁa é’é‘grsed%eg]g% %Y 5 for
detecting the en1$&§$ radiation, an anplifier 6.and a chart recorder 7 or
-ot her neans 15 recordlng the profiles ' ~I'n use the excitation and

eni ssion rmnochrorrators 3 aﬂq? @% I@/ e GRPIU :
control, to scan sinultaneous I Xe mevele ncrement [er??Japart,
The resul tgng eméﬁél’ﬁsé\ﬂm‘é drercicugll f;ﬂtémtwlenﬁtssip&ers@ebxr%'m

.the chart recorder 7. Characterlstlc di fferences between synchronous

. _excrtatlon/enrssr@ﬂ srsxmpIE(ﬁ prepared by the process described above

with reference to the first method. The apparatus
comprises an_ultra—vzolet_source 2 fer pro&iding a
beam of pulsed radiation for'exciting_tﬁe sample ﬂ,

10.  an excitation monochromator.ﬁ-and an emission mono-
chromator 4 for selecting the:wevelengths at which
absorption‘and fluorescence are to be measured, a
photomultiplier 5 for detecting the emitted radiation,
an amplifier 6 and a chart recorder 7 or other means

.15 ‘  for recording the profiles. 1In use the excitation and

| emission monochromators 3 and A-are caused, possibly
under-compnter_control, to scan simultaneously a .
fixed wavelength d.ncrement AX apart. The resulting
emission wavelengths are plotted against intensity by

20 ~ the chart recorder 7."Characteristic.differences_

| between'synchrenous excitation/emiSSion spectra of
sample mixtures may be.optimieed by varying the wave-
length_'increnent between excitation and emission
scans. - , S | |

25 - '_ —_ is-usnal_for drilling parameters td.be

| " logged against depth for post well evaluation. In
order that the luminescence characteristics of the |
mud and sample cuttings may be logged against.depth_

S—r

A¥hochromator 3



3 _ .
sanple m xtures nmay be optim sed by varying the wave- | ength increnent égg
bet ween excitation and em ssion scans. 25 o It is usual for
drilling parameters to be | ogged agai nst depth for post well eval uation.

..Ln order that the |um nescence characteristics of the nmud and sanple

cuttimgs may be | ogged. against depth -15- _it- is necessary to transform
the>gata.» One nethod of doing this is t o-mbasTr e the relative intensity of

the peaks in each profile and express. these values either a) as a

‘percentage of the total lumn- 5 escence or b) as aratioe in relation-

"to a particular peak4 E%gg@gfggg??MQOat£gﬁgfg§ﬁeﬁﬁg 426 of G dyk Figure

8 shows a | um nescence esponding Sanple cuttinhgs irom a rth

Sea vel |, both Iogs cshawing thSs| 0k o3| iadliné Pend Pt bV Bitcliniy cont -

.10 ages of the total Fum nescence and b) as ratio transformat S

relative to a peak BZ theepeaksysnabdél proéfil® Bhdrskmidsy $Hddd i ng
paraneters to be correlated with the occurrence of native hydrocarbons as
“indi cated by the abvedudsseither synasranperscdttage oR cthenitutalelumin-
Not wi t hst andiing what is said above, it is possible to obtain quantitative

i nf or mati on Brom t hesgBBee 68sk) i dda syatie civwrelation My wepeastiepliam r o-

ducing into the nud aaﬂarksr.mhich fl uoresces outside
peak. igure 7 shows a luminescence log of a mud

~and Figuréls.shows a luminescence log of corresponding
sémple'cuttings-from'a North Sea well, both logs |
showing the intensity of the-peaks both a) as percent-
10 ages of the total luminescehce_and b) as ratio '
transformaﬁions_ relative to a peak P2;- These logs .
allow lithology and other drilling parameters to be
corfelated_with_the occurrénce of native'hydrocarbohs_-
as indicated by the above'described synchronous
15 scanning method. _ |
Notwithstanding what is”said-above, it is
possible to obtain quantitative infdrmation from the
above'described synchronous Scannihg method by intro--
ducing into the mud a marker which fluoresces outside
20 . the anelength region in which the mud and native
hydrocarbons typically fluoresce. Atlthe ﬁavelength-
at which the marker fluoresces XA - its fiuorésceﬁce

intemnsity I will be given by:

Im = Tpua = Pn Cpud - (5)
25 . where bm = proportionality constant for the
_ - , - marker - , :

Using this reiationship and equation (4) above



- 20 t he wavel ength region in which the nud and native hydrocarbons
pically fluoresce. At the wavel ength at which the marker fluoresces
-'@§;r]_its fluorescence intensity Imwll be given by: 25 . wher e bm
="+ proportionality constant for the marker Using this relationship -and
equation (4) above. - it is possible to wa e: [err] (6.9,
5.,~ ' Therefore the concentration of crude oil is given by: &
coil = [err] 10 THI RD METHOD The nethods so far described only :
sanpl e t he enission surface of a fluoreSC|ng m xture. Because of the
subj ecti ve eIenent i’e Of excitation and em ssion
wavel engt hs and of %lpﬂsﬁ#ﬁ%%&w ﬁ%crerrents it is p055| bl'e that not"
- all of the usable information about the em ssion surface is revealed. In a -
~ further nethod, which mayp be referge¢ t.Q asy,otal Jum nescence
spectroscopy, therefore 2k en1ssu&aaﬂii&&uﬂk&gﬂﬁLan1ned at a nunberﬁﬁ)
fixed excitation 20 =~ wayel engths andt;h% resulting emssion profiles are
sup- plied to a conputer, ®nterfaced w fh FNQ-spectroneter whi ch-stores
“and processes the data points to produce a representation of relative _
intensity & a function of bm&rmet auueoeomerﬂmassmno\ﬂamwdegbmi ishe
resultlng repre- -

given by° '
Couq = (b.c I _ b, c . . |
o1l g mud i i Smud /-ai (7)
. Im 1 _ ‘
10 THIRD METHQD

The methods so far described only sample the
- emission surface of a fluorescing mixture. Because
- of the subjective element implied in the choice of
excitation and emission wavelengths'and of wavelength
15 'increments,.it'is possible that not all of the usable
:  information about the emission surface is revealed. In
a further method, which may be referred to as total
luminescence spectroscopy, therefore, an emission

Spectrum is examined at a number of fixed excitation
ad - wavelengths and the-resulting emission profiles are sup-

- plied to a computer; interfaced with thelSpectrometer,
| which'stores and-processes the data points to produce a
representation of relative intensity as a function of both
excitation and emission wavelengths; The resulting repre-
25 sentation of the emission surface may-be plotted either as.
a three-dimensional diagram (Figure 9a) or as a contour
map (Figure 9b). The contour map of the fluorescence

surface reveals the full register of fluorescence



28 sentation of the emission surface may be plotted either as a :
t hr ee- di nensi onal diagram (Figure. 9a) or as a contour map (Figure 9b). The
cpntour map of ,the fluorescence surface reveals the full register of

fluorescence - 17 information available fromthe sanple and is, there-
faore, the nost powerfully diagnostic  of the qgtﬁpds descri bed here. In the
abowe.descri bed nethods sanple 5 - = .exam nation.is nmade using transmtted

lighttand this requires a solvent extraction and dilution treatment to
obtain a transparent nedium However, reflection fluorescence can’al so be
“used to distinguish be{meen s Akl 1atheverindiaeasitnie ahiheughthiee-
character- 10 I stic peaks of the nmmjor conponentS do not occur at the
same wavel engths as tfase, diieindet powesrfulaysdibghbetit! vgr ehecnethods
Neverthel ess reflection fluor- escence enabl es opaque |iquids to be

I nvesti gat éd by surf atesoreifbestheae.by i ncorporating in the spectroneter 15
a front surface accessory which is angled to the |ight source so as‘to ~
obtain a optinum signal -t o-noi da- rthei above degcribedMBethods sampleet hod of

testing for the presence of _ : :
: ' 5 examination is made using transmitted light and this

‘requires a solvent extractibn and dilution treatment
to obtain a transpafent mediﬁm. _Hdwever, reflection |
fluorescence can also be used to distinghish between
‘muds and nati#e hydrocarbdns, although'the'éh;racter-
:'10 istic peaké of the major components dg'not occur ét
" the same wavelengths as those obtained using trans-
| mitted_flﬁorescence. Nevertheless reflection fluor-
escence enables opaque~liQuids to be investigated.by
surface reflection by incbrporating in the_épectrémeter
15 a front surface accessory which is angled_to the light

source so as to obtain a optimum signal—to-ndise—ratio.



_natrve hydrocarbons down a borehol e during drilling of the borehole using
oil-base drilling nud, 5 conprising collecting a sanple of rock

ttings brought up from the vicinity of the dr'|F‘bLL~b¥_LDE~E+éE;Lft'ng
mud flow, exciting the sanple or a fluid prepared fromthe sa
el ectromagnetic radi-ati on of one or nore wavel engt ymﬁm di at|
ahsSor bed and/or 10. emtted by the=ef8i+ed sanpl ’mw'n mr ati
monitoring the excitation and/ or em ssi on wavel engt hs agafnsf intensity -

and/or nmonitoring the enission wave- |engths against the excitation
wavel engt hs, and deter- 'm ning whether sthée profile so obtained is

characteristic 15 of only the dri mud or of a conbination of the
-.mud and native hydrocarbons. 2. - A met hod according toclaim1,
wherein the exciting radiation is ultra-violet light. 3.: A et hod

~according to claym1 or 2, whepekn fotesting ﬁé?ne+§téi3%§§?% %Preparatlon'

is excited with electronagnetlc ra latron s I on and

em ssi on wavel enghhgvef n ?&?oééﬂ’ﬂbﬁs OdowR "R BoPEREE %ﬁﬁh@r&ﬂﬁ}f?d a
fixed wavel ength interval apart, and the excitation and/or em ssion

wavel engths are g@Enither Bdréhole usimgnsh oil<basé ydrilRing amabfain a
characteristic profile. 4. A nethod according to claiml or 2,

wherein = 5-19- tcbhmpriaaphg oolleo*pingpaewpleomf moekocu'etﬂ.nzgs tbrought
| up from the vicinity of the drill bit by the circulating
mud flow, exciting the sample or a fluid prepared from
the sample with electromagnetic radiation of one or more
wavelengths, sensing the radiation absorbed and/or
10 . emitted by the excited aample or samplelpreparatian,d
monitoring the_excitation'and/or.emission wavelengths
against]intensity'and/or-monitoring_the emission wave-
lengths against the excitaticn navelengths, and deter—
mining whether the profile so obtained is charaCteristic
15 of only the drilling mud or of a combination of the md
| and native hydrocarbons. _
2. A'methcd according to claim 1, wherein the
exciting radiation is ultra-violet light. o
- 3. . A method according to claim 1 or 2, wherein
20 the sample or ‘sample preparation is excited with
electromagnetic fadiatibn such that the excitation and
emission wavelengths of the sample or sample preparatlon
are scanned g fixed wavelength interval apart and the
_excitation and/or emission wavelengths are monitored
25 againat.intensity.eo as to obtain a characteristic

profile. _
4, - - A method according to claim 1 or 2, wherein



electronagnetlc radiation of a fixed wavelength, and the :
excitation and/ or enission,wavel engths are nDnltoredIﬂ”I“

as to obtain a.5 characterlstlc profile. 5. WHMQE@MV

ctaim 3 or."4, wherein the concentration of a known nati vé hydroc

t he - sanple or sanple preparation is determned fromits characteristic
pr obiA.e and fromconstants obtained 10 ~ 1 rom profiles characterlstlc of

: k d,f fil h -

Seristic of sol Ll ! 'o% ofsw&ek%%aﬁﬁ S BRRbratPBohe BRoRRBa it ™
6.. I 1

Fhe eanpi e o saml SecaboiaiaReradRlchoof ShTekegh fayRlehEts, na

el ectromagnetic radigdd @ tingggﬁﬁitﬁtighfaﬁﬂgar 8g§é£f6h°ﬂa¥@i&$ hs,

the radi'ation emtted" by the samnpl e or sanple preparation I's scanné

each excit- ation vwayel adaitorafdaghensti $akteAsIRycL6NaENE036BLt2En a
plotted agai nst intensity-so as to forma series of emssion profiles mhlch

are in turn pibottedchgracteris¢iexprofilen wavel engths to forma
characteristic three- dinmensional diagram. 7. - A nmet hod accordi ng to
claim1 or 2, wherebn 25  Atmetbadphecordingpte elajmraitonnt| swiereimd
sequentially with el ectronmagnetic radiation at a nunber of different

excitation mavelengﬁﬁ? CPRE P&HPﬁiPBn°€n@tk@@W%yn@hEV%ahm¢¥9Qﬁr%@mpD@
preparation is scan d at _each eXC|t I on_wavel th, apd the, e ion and
excitation wavel engt ? SPEPHPoPT 52ER ﬁ.EBﬁ?%ﬁ?Eﬂ%%'tﬁ é&W?FP%WéH Bur s
join ' _ its characteristic profile and from constants obtained

10  from profiles characteristic of solutions of drilling
‘mud of known concentration and frcn profiles charac-
teristic of SOlutions.of.the known natite hydrocarbonsi

| of known concentration.
6. - A method according to claim 1 or 2, wherein
15 the sample or ‘sample preparation is excited sequentially
_ with electromagnetic radiation at a number of different
excitation wavelengths, the radiation emitted by the
sample or sample preparation is scanned at each excit-
ation wavelength, and'the emission wavelengths are

_20 plotted against intensity so as to form a series of

o ‘emission profiles which are in turn plotted against the
excitation wavelengths to form a characteristic three-
'dimensional diagram. ' _

7. A method according to claim 1 or 2, wherein

25 the sample_or sample preparation is excited sequentially :

| with electrcmagnetic radiation at a number of different
excitation wavelengths, the radiation emitted by the
sample or sample preparation is scamned at each excitation
wavélength, and the emission and excitation wavelengths
are plotted as a contour map in which the contours join



_7'5 points of equal intensity on a graph of em ssion mavelength agai nst
e‘éﬁ)ation wavel engt h. 8. A met hod according to claim3, wherein a

urality of - depths,

sampl - or sanpl e preparation is obtained at a -
wi thih theiborehol e, each sanple or sanpl e prepar IS sep

- K
- excited sotas to obtain its characterlst exmtatmg l{’”w roflle
~and the relative intensities of the peak V\Athl n t ﬂﬂ'ﬂ@p Iogged,(a

agai nst depth. 10 9. A met hod according to cIa m™ wher ei n”

. a marker.which absorbs or emts radi ati on at a known wavel ength is

“incorporated in tg%iﬁkb'btng ?ﬁ@eﬁgf fogﬁegtéfagﬂnoffeﬁig b€

hydr ocarbon in the Sanpl e or sanp e preparation etermned fromits 15

characteristic prghivescgdn’ bpgLhbe eﬁefeatiano&awreﬁ;auatlon absor bed “or
XCi t a ' '

emtted when the nud is t said known wavel en . A net hod -
of testing for thg,presenca ﬁétnaﬁld@cbvdiﬁgat@OGBaﬂ@MD,aWb@reﬁmls during

drilling 20 of the borehole using an oil-base nud, substantially as
her ei nbef ore descsahpdeworhsampkeeprepanatﬁqnon@ thammedoéttae flgures of
t he acconpanyi ng. dr aw ngs.

5 plurality of depths within the borehole, each sample
or sample preparation is eeparately excited so as to
obtain its characteristic excitation or emission
profile, and the relative intensities of the peaks
within these profiles are logged against depth. |

:-10;' 9. A method according to claim 3 or 8, whereln
a marker which absorbs or emlts radiation at a known
wavelength is incorporated in the drilling mud and
the concentration of a native hydrocarbon in the
sample or sample preparation is determined from its

15 eharacteristic'profile and from the intensity of the
_ radiation absorbed or emitted when the mud is excited
at said known wavelength. | |
10. A method of testing for the presence of

| p netive hydrocarbons down a borehole during drllllng

20 of'the borehole uslng an oil-base mud, substantially
as hereinbefore described with reference.to any one

or more of the figufes of the accompanying drawings.

-




