APPARATUS AND METHOD FOR THE AUTQOVATI C PORCSI TY AND PERVEABI LI TY TESTI NG OF
MULTEPLE. CORE SAMPLES The present invention relates to a net hoﬂcﬁgg éac':?%
appar at us~hpr ascertaining the perneability and/or porosity of | es
from an rlying rock formation and, nore particularly, to a5 nethod
and apparatus for automatically testing a nunber of such core sanples. Two
i nportant paraneters for evaluating productyon of an underlying oil or gas@
10 bearing formati-on are the perneability and porosity of core sanples ~
actually taken fromthe formation. A neasurenent of perneability of the
core provides an indication as to how fast the oil or gas will flow from
the formati on upon producti on whereas a nmeasurenent 15 porosity provides
information as to the anount of oil or gas contained wthin the :
formati on. The determ nation of both porosity and perneability are based
upon conpl ex mat hemat.i cal determ nati ons and both are common neasurenents
in the oil and gas APFARATYS AND MEPHODNFORtTREI AJTOMATES cPOROSIRYE i cal
formulas is not necesskMp PBRMEXNBILITYSTESNINGOFt MULRIERLAt COREent i on.
However, a discussion of the mathemati caSAMBRIESas for determ ning

Kl i nkenberg perneability, the 05 Klinkenberg slip factor and the

For chei mer turbul ence factor observed in core plugs is set forth in the
inventor's prior publication entitled "A Rapid Accurate Unsteady-State

Kl i nkenberg Perneaneter”, Society of Petrol eum Engi neers Journal, OCctober, —
lgﬁi_thes 10 383-397. In that publication, a nmethod and:apparatus { .

The present invention
relates to a method and apparatus for ascertaining the
permeability and/or porosity of core samples from an &
underlying rock formation and, more particularly, to a

5 method and apparatus for automatically testing a number
of such core samples.

3 Two important parameters for ‘E
T " evaluating production of an underlying oil or gas
10 bearing formation are the permeability and porosity of
core samples actually taken from the formation. A
measurement of permeability of the core provides an
indication as to how fast the oil or gas wili flow from
the formation upon production whereas a measurement
15 porosity provides information as to the amount of oil
or gas contained within the formation. The
‘determination of both porosity and permeability are
based upon complex mathematical determinations and both
'are common measurements in the oil and gas industry.



for performng perneability tests on core sanples is set forth. In that.

di sckosure, each sanple core is nmanually | oaded into a Hassler core hol
and the sleeve contained therein-is tfmgb;weSSurized to 15 simulate a
overburden pressure. A gas, such as nitrogen, is then introduced into one
end of the core and the passage of the gas through the core is then

deternmined to ascertail,g.rt@ﬁgggg ;)ig.ié Yof these mdthématfEdENfodulas

4,253,327 there is disclosed a met and apparatus_ for mpasuring core
perneabi | ity atiSow@buneressaniti feonsher erptanding £ % efente.

tFErt]ber rm:_e, tfi@xwﬁtﬁfﬁni etﬂ?tféﬁvé_ﬂetd: r&ﬁﬁ&@fih@ﬁ fblme_tgf:et Ltﬁ'étr:]ﬁ@liatfﬂd&ld_ from
e formation, as well as the_ injection of. other fluids such. as corrosion
i nhi bi tors and fRXYWLRE £AT _Mﬂ%'}/"%dh’e‘?'ﬁ%’?f? &%V%?%Plé‘a% r e nust

be manual | g5 | oadeich i eribe By S8 gy ef Baviory adl phegF o retes imelr | irbuhencsd eeve.
IS
§

Then th ' b laced 10 i h ' |1, wherei
nyaraul i f1 ui GEFSERFoStRS S ERE ok DUt PR i Lo S £RE 01 cble 1e

simul at e t he oviaidengen' prgsisor epublivation densithed TAjRapid Adounage one

d plug, th h iyQt I t h | a1t d
oate 19 ana (rsfeRoRi T O d R Enidliily PRE AU e c O] ASORIUE Sof o1 ©
measured so thiethelpumyfagineers Jparmad cHchbebesterhPidd. PEgss
Patent’ No.; ¢, 737380497, 1R'OYAESSuB Qﬁfgwr{dayﬂaasg (R s ON

core sanples contained _in 20 a core E%?%%?@ positions eacC coreysanple
in a plastic sl@uePRsSOIMing tResm2aRt ki t¥ytefds QB ¢P%e SHOPLRRsYSf the

coresanpl e carsde S8biteGt et OtNati @issdPssarejha@ ek esampiet qumeetls under
an overburden manually loaded into a Hassler core holder and the
sleeve contained therein is then pressurized to
15 simulate an overburden pressure. A gas, such as
nitrogen, is then introduced into one end of the core
- and the passage of the gas through the core is then
determined to aScertain the permeability.




stress either radially or axially. The core sanple 25 nust ‘be manual |y
Ioad“ﬁ)@nt the plastic sleeve which in turn threadedly engages the netal-
cyl i K&4€r dnd, which nust then be nmountegl into the core holder. In US.
Patent No. 2,618,151 a manually | oaded cell for neasuring relative
perneability is disclosed wherein a flexible 30 elastic sleeve selectively

pressurizes the siges.f pabentCWog HWszng21 Q%Efé‘?ass(aléélo%@d% RUtiiaCang
overburden stress. _Fl areaFBJe.ct ed into core to_neasyye

ui
the perneabil Y3 (ffattul‘?e(iip r SCRP NG O ?%%%bﬂlbt%o?E O%eLRRERR| S
pul | ed" ar ound ctcheddl tas bincs slogeve ostoh t Ipat e Blseu cer eandn be mpewal t i rleenoved

or inserted. I S .aLre eq h end of the 840016- A- US
-4- core to ai qlt(#ét% k@r}hsttﬁfb%%egg_%gﬁﬁse Fu]ind]ef%loé’nd ?$ gﬁ‘)? ha°tBfe. u. s
Pat ent N&5 2, fARigs£fromeithef dranmat e arpe klhelsddthevhinfeics imrs oo £

mechani cal | y u S SRIEY a
determning i (r?{tel{?;itnl tgillglxid\%/at er cg%t %ﬁrraiﬁf%ﬁe%f%g O%?@% ﬁ\’nﬁ% %M{w)erel n

pressuri zed fERTd SESPIER YA K& F Far s reeeveny ¢ Fachocere muse be

posi ti oned lnniahﬂ:a@.@.'yl 1daaela SntatL1ddre hH3th$%nd pﬁJé@Siﬁw:E&h' for
10 determ ni,n QE gt h, dianpgter, £0r05| ty, and perneabjlity of a core
sanple in a si 931 ?1 Y¥8per AiTh FResEP bR hass?ﬁ"\?]tyes’tfr 2e89

recei vestohe ayitmdal hgldraxseasaaplcelimrwhlghedme dirandie giekd 1s

Nk L

The opposing plug s y engages
means of a hy §damyiliad#l Iﬁ}l%chaF rsien opressie d engThet Ifaltuztd”uel.s then o/

injected through one end plug, through a sintered
plate, through the core, out a second sintered plate
a5 and through the opposing end plué. The differential
pressure is measured so that the perméability of the
core can be determined. _
U.S. Patent No. 2,737,804 —————provides relative .
permeability measurements on core_Sampies_contained in ;‘1
20 @& core holder which positions each core sample in a
plastic sleeve mounted within a metal cylinder so that
the ends of the core sample can be subjected to various
tests. The core is not placed under an overburden
stress either-radially or axially. The core sample
25 must be manually loaded into the plastic sleeve which
in turn threadedly engagés the metal cylinder and,
which must then be mounted into the core holder.
In U.S. Patent No. 2,618,151 a manually loaded cell for measurlng
relative permeability is disclosed wherein a flexible
3p elastic sleeve selectively pressurizes the sides of the
core during testing so as to simulate overburden
stress. Fluids are injected into the end of the core
to measure the permeability of the core. To insert or
remove the core..é'vacuum_is pulled around the elastic
35 Sleeve so that the core can be manually removed or
inserted. Porous disks are placed on each end of the
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piston travels is used to determne the length of the core sample. |
addi tion, an elastic sleeve simlar to 20 that disclosed in U S. Pf.
2,618, 151 i s expanded, by neans of fluid pressure, around the core ssapVe
The amount of fluid required is mathematically-related to the dianeter of
the core and, hence t he di aneter of the-gere can be determ ned. 25

U. S. Patent No. 3,199, 341 di scl oses a . nethod and apparatus for neasuring
conprés€|blllty of core sanpl es by encapsulatlng the core sanple in a
fluid- |nperV|ousceheetauﬂiﬂasnftaatﬁzsptabumaqnubfhEhesﬁsmaﬂht@ ahe
core sanple in afP6ﬁ5§P% cygssel and subjecting the 30 sanple to high
pressure while passing flurds to and fron1opp05|n9 ends of the core sanple-
through perforated dPsksPamentafey 2,045 05Pat 8att Nof 02816485 coxee sshaR hea

net hod . of seal i nsw;eéeSw%bhelslea@gm méeeahbeapfwsebhhhm% 5B§eﬁ8&@dby
35 prOV|d|n unt er-pressure environnment _aroynd the ¢core with an

at nospher e ohPhe ??EPdmeaSWHEme“tSfBFeggﬁPéméPFﬁgn&FES‘Fﬁétﬁéé of

seal i ng mat er| aI watelt asoftedit 480 &ledtIePesdl & s£Bbiti I8¢ WRSHEDnAs
pl astic or rubber O her, £aéeg%s. ot listed.r Iat to varlatlons of the
T8, BB iE

above appr oachesPbF S8 MY ope téE ced 'in %?I%e&‘”’[h'e

above patents searémndhtheneohedpaadtappadalnsthercaMionat|calIy

determ ning the permgakj lsi, tyat@f;g NRQT 9533t Ysgdf —ultip t(‘eogg P@ CT_er\i,hv\@g{.ei n
each core sanple is automatically |oaded into a tesfing erein

thg two tesl§ aréedonemdndn qutditatl eamsh tmlsarbetﬁgvtheomaéu’enevﬂc
featlre of the ppespatadinv Iea aUc%:é’aésmbll‘éo i §381833e1%analsieﬁ§

forth a cell which is nanual 9 E once nanuallg goa ed, is capable
of autonatlcalIy°B€FF5Hﬁthl?eﬁ§Fh ofFhnet BRe FeFELAgi FRLY reRALNBFEREY
tests. However,cpdtindencslhcoset @fanmpelé Sthtbagteldneuehdb@and a quick

_ 'locking/releasing plug is connected over the core

15 sample on that end. The opposing plug slidedly engages
the other end of the core sample by means of a
hydraulically actuated piston, The_length'that the
piston travels is used to determine the length of the
core sample. In addition, an elastic sleeve similar to

20 that disclosed in U.S, Patent 2,618,151 is expanded, by means of fluid
pressure, around the core sample. The amount of fluid
required is mathematically related to the diameter of

\ the core and, hence, the diameter of the core can be

determined.

25 U.S. Patent No. 3,199,341 discleses a method and
apparatus for measuring compressibility of core samples
by encapsulating the core sample in a fluid-impervious
sheet such as flexible plastie and then suspending the
core sample in a pressure vessel and subjecting the

30 sample to high pressure while passing fluids to and
from opposing ends of the core sample through
perforated disks. '

Flnally, U S. Patent No. 2676485 sets forth a method of seaiing

‘cores while determining ‘the permeability of the core by

- 35 providing a counter-pressure environment around the
core with an atmosphere of non-wetting fluid. The -



manual | y_di sassenbl ed to renove the core sanple. The present invention
proviyd@n automati c carousel | oadi ng apparatus and met hod which
posi toi i each core sanple ot a multiple nunber ot core sanples, each of

varying | ength but of relatively constant dianeter, above a | ower piston
whi ch when activated 05 noves the core sanple upwardly into the testing
celk. Once inserted into. the testing cell, the piston holds the core sénple
in a seal ed chanber and, sinultaneously, axial stress and radial stres

appl i ed by tpressliref elimiriateotheedse bt sphbog dnateriahesucloras pitoyl ear, 1dr aA
second pisto t I | el ectively opens and cl oses
the | ower %pa{ét{;’hs(% coée sdgu'%%cil‘]% E%FBEL’%%&[)]?]G&M perneability and
porosity test s, Pehgrepatents 'yOt listed gelate tevariations of the ebena aprrpachss| v

per f or med, tg,etd‘ bitPdreRt BypRY drtefts! eased 15 to lower the core sanple back
into the carousel the carousel turns and the piston inserts the next core

sanpl e iMto the tDere Rf Eheadbaye patentsnie f°&§'h|aoﬁ‘3t5‘l’q a0gr ePRSEARYS®ri n t he
testing chanﬁaronma:aﬂeqmt-mahhg theqieeduefasmtpeamea&obﬂty yofaﬁmméosdrtay

wi t hout manual éo |, oadi S rese S 4 a supstan i al
Brount of -t 1 FERe HEREhrhen ok Sampled whipatefiilsRdre fiod Gabinadgh
.recogni zed i andJ.v®erPmt ting thm. t&tSSﬁpS@&\d;&témlaugomhnaallw thisctiaing ahe It is
not Uncomm“cﬁagE#e@E%aﬁlrn%so# @Mé)tp¥ nt “nJe'F'.'n%nP YLB% ‘H eSO

conduct (ﬁgr nea Or oSl tests on ten Irt¥1 %ousand core..
y

sanmpl est@ont 8Ly, foggm@lgelA vdgAh is manually loaded and, once manually loaded, is \J
capable of automatically performing length, diameter, permeability, and
porosity tests, However, between each set of tests, the cell must be
manually disassembled to remove the core sample.
The present invention provides an automatic
o
o/




The problens solved by the present invention and not found in the prior t
~approaches reside in the autonatic |oadi4b3 of a predeterm ned nunber @q
core 05 sanples so that each individual core sanple is lifted upwardly
into a test chanmber so that perneability and porosity tests can be .
automati cal | y peafrrwnselt BordomhandPParatars rand drethaod tHe gl RASIHPH a

| porta,.b(@ nunber GQfe e JHeS AaiARC HC AR NE NP 18 HUR: Pt Y amsiaay) es.
The Aresent invention solves these probl ens bé provi di n% aJnrot at abLe r
pi votal carouseleash r9fnyaryd il 1epBEhc Rt sAfpIt&! dhdVE WYt fETAFBOTl i s

under the contr@lifiiefedt,eRYdE Bt Qowethe Lot otiseh iich bherl acttiiwa ted
rotated a predeterm ned nunber of steps _so that ea re.s | e |
positively @i erﬂ%’&%\fg\g (f%estst)‘?f“%#\a l']‘l?&’eaf‘r(?ﬁ% ggg&l (r?ltgleceﬁasr?ltrggel%nﬁn

el ectronic aligromd iimnkted ivere the vieesting heepdsi tihen pisths dtodsds ng
notor before the pistar LS. 2Q 5 4o Al 9 JoQrk ¥ard bi cahiaafn e s gt,on is
activated under 5 r St° F ow pressure to raise the core sanple upwardly into
the test cell ammimrktansopslyy askakdtiess prd oradbdl | TaF e Hr aRR ke d

overbur den axi aly $téys 3¢ e ddln € ASL SAUP) €161 L e Stte Wdde [engle.
application of the predeterm ned overburden radi al gbres E':Itéo t he, si des of
a c?rm€

the core sabpl e.ATR@QXRE & $teRanbdP EHEDF Lt &F & ®P&ECIht
core sanpl e hei giFec i FEDPTEPERS AN | closaal the Lowef iend of stoe icore

o ooour on the §8REAE cBPddskre. cPA e obkeRb it Sy PEAEERRrda ey BB
tested, a gas istésjtex}ed estmpe theivopland of0 nigee cérive Sampites Sroudi & he
e ot b o HESRSPE LELFBLE PR D ERRSEoGV Ok SLen cedlamess. (o
840016- A- USA5 . to lower the core sample back into the carousel, the
. carousel turns and the piston inserts the next core
:sample into the testing chamber. In this fashion, all
core samples in the testing chamber are sequentially
tested for permeability and porosity'without'manual
(;; - 20 loading. This represents a savings of a substantial
amount of time on the part of a skilled operator which
savings were recognized in U.S. Patent No. 3,839,899 as being
clearly beneficial. ‘It is not uncommon for
laboratories involved in this type of testing to
25 conduct permeability and/or porosity tests on ten to
thirty thousand core samples monthly.

840016-A-USA



-8- that a porosity test is being perforned, the second piston is activated
to s the bottomend of the core sanple so that the pore vol une of t he’
core | e can be ascert ai ned. Upon conpl etion of the test, the 05
plston_autonatlcally | owers the core sanple fromthe test ceII and returns
it to fhe carousel which is then rotated or advanced to the next position.
In this fashion, each core sanple is successively and automatically tested

for “porosity anfl perﬂl'ﬂabpkbb)lembnsbﬁvteheb@VQMe phalsente 1Gﬁre%ti®m|a%d S\f-/ )
mssing or its _le S short proper_t est paratys of the
pr esent invenPP&n%%ﬂ?#af-c%W%/%&f8§ P ﬂﬁ%f??Sh%r1ﬁ%%lggréﬁs& €and
advances to thatmmdtrmrboaémﬁgaoF|aapkydetetﬂEneﬂemmdem bbe cpird on

rai si ng S h f.aiqls,, | e ng ect or, ects the
absence Bp°tnebfigtas; B8P RRAERACH Ifaiy ¥lal KL £ L RabHCIAS 1 1SS
activation of upwe rrékdy ainspr ésstef%t cebammraﬁoaltﬂi@rtn@teewmwdllrtwntamdhe

carousel can Bergastly cbuser kah BW KEkBAMT 40N BR RoRSRA A aRparat us,

so that a nu | ed carousels wth be cores can be Ereloaded
and suitably P&Qﬂﬁ??EBeFoﬁﬁﬁﬁﬁ?ﬁglﬂy§¥9uﬁﬁ@Y16ﬂQﬁfQ%r%nPQQ%@P

machines i ncl Hdmb@ ¢ hef debeoisels osaeh RTSA 1y iAgd apaumdRl loift y:or%5
The inventlon mnlk ge further described with reference to the acconpanyi ng
drawnngs 0i n RAMBAS"840016- A- USA ‘FIGURE 1 is a perspective view of the
porosity The present.lnventlon solves these problems by

providing a rotatable or pivotal carousel carrying the LJ
multiple core samples whe:ein the carousel is under the
control of a stepping motor. The carousel is
15 selectively rotated a predetermined number of steps so
that each core sample is positively oriented over a
piston and under the testing cell itself. An
electronic alignmént check is made to verify the
position of the stepping motor before the piston is
20 activated. Upon verification, the piston is activated
under a first low pressure to raise the core sample
upwardly into the test cell and once properly seated,
the piston applies a preselected overburden axial
stress to the core sample simultaneously with the
25 application of the predetermined overburden radial
stress to the sides of the core sample. The test cell
chamber and piston accommodate different core sample
heights. A second piston internal to the first piston
is selectively operated to permit either a porosity or
30 @ perméability test to occur on the loaded core sample.
In the event that permeability is being tested,
a gas is injected into the top end of the core sample
through the test cell, through the core sample and,
with the second piston released, to the bottom of the -

35 core sample and out to the atmosphere. 1In the event

840016-A-USA



and perneability automatic testing nachine of the present I nvention; 05
FIGURE 2 is a cross-sectional view of the radial stress mechanisn FlGURE 3-
is a partial cut-away perspective of the-gatensifier body; FI.GURE 4 is an
upper view of the intensifier 10 body of Figure 3; FIGURE 5 is a bot
view of -the intensifier body of Figure 3; FIGURE 6 is a partial cut- y
perspecti-ve vi entbhétt lae pppesityd tEaty; id45being pe Ff&HREG], ithe Qabbhd

ti [ Fl E spegtiye,yiew of thé
B hor e ol ceve: BPepRRCiErheLRFRLEAPtal RIT tht °pBeREhoBEA. pEG 5 rTeol Ug
pl ate; FI GURE 10S@mPhe c§o- shay ¢ e\/vpgtet Melpamef oﬁathstl:b emdrpl s@my ke ecahong

lines 10-10; Fi C%JSEalslcé§t3aPHEdaVVaYU}$'o‘?W g&&ggt&%{ %4t %ﬂee%ﬁoéaug cpLate

of Figure 9 along,lines 11-11 I"ower nar view .
of the uppeP>su {ﬁ¥°5lé?é°mﬂqﬂﬁﬁil8 49%9Rﬁnt%§a9°ﬁﬁewaﬂpiﬁefnppethe

support -plate aI eegt!| ted: dnaldetbtRELt14ol tha EaEbualelcwh-;%\i\gyls then
et DR UG A S EAIC SRR G 1 AN
cut-away Vi ew shﬁwsﬂgohe emgadenentr of staweprieach sr osluwid éistshievepgeranad
support 35 plateytomatically tested for porosity and permeability. In
10 the event that the core sample is missing or its length
_ is too short for proper testing, the apparatus of the
v - present invention automatically skips that position in
the carousel and advances to the next core sample.
Finally, in the event that the piston raising the core
15 sample should fail, an electronic detector detects the
absence of the core or the piston in the test cell and
prevents the activation of the radial stress forces.
~ In an alternate embodiment the carousel can be
@; : easily inserted and released from the present
20 apparatus, so that a number of labelled carousels with
labelled éores can be preloaded and suitably identified
for testing by a number of different testing machihes
including the determination of porosity and
permeability. | '
25 The invention will be further described w1th reference to

the accompanying drawings, in which:
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-10- FIGURE 17 is a section view of the axial stress nechani'smand the
carousel ; FIGURE 18 is a bottom pl anar view of the |lower support plate; 05
FIGUREA9N s a cut-away section of the |ower support plate of Figure 18
taken-q lines 19-19; FIGURE 20 is a cut-away perspective view of the

| ower e . cap of the axial stress piston; FIGURE 21 is a cut-away
perspective view of the 10| ower portT®n of the axial stress piston; FI.6JRE
22 is a partial perspective view of the piston extension o/
wi th an expl oded perspective view of a centering ring; FIGURE 23 is a _
partial cut-away perspective view 15 of the internal piston;, FIGURE 24 is a
top planar view of the scuff plate; FIGURE 25 is a partial cut-away

- perspective view of r usel flange; 20, 26 is p

pl anar view of the 5&3§H§€I chi r P o bye, §H§Wﬂ%élmgga895ﬂ§bethe
el ectroni c sebrserhb@Fl ief automatiostred t ORgsheatRY dd1eo S waperation
of the axi al 3tres§iﬁ_ston conmmencing to lift a core sanple;, FIGURE 29 is

an i|lustratFoT o6t HEVST at %t ress system hol ding the core sanple in the
sanpl e hd™er with FHEERE s2rissaberogsapettidnadOview of EhEUREIBHLI s an

i11ustrationgghw RbcHddsidht ernal piston closing the upper end of the
axi al stress plston FIGU 31 is an illustration show ng the
IGURE 3 is a partial cut-away perspective of

the intensifier body: -
| FIGURE 4 is an upper view of the intensifier ()
10 body of Figare 3;

FIGBPRE 5 is a bottom view of the intensifier
body of Figwre 3;

FIGURE 6 is a partial cut-away perspective view
of the upper end plug;

15 FIGURE 7 is a partial perspective view of the
re;ainer cap; | ;;
FIGURE 8 is a perspective view of the elastic
sleeve; . : . '
FIGERE 9 is a top planar view of the perforated
20 end plug plate; _
FIGURE 10 is a cut-away view of the perforated ;:

end plug plate along lines 10-10;
FIGERE 11 is a cutFaway view of the perforated
end plug pIate of Figure 9 along lines 11-11;
25 FIGFRE 12 is a lower planar view of the upper
support plate;
FIGERE 13.is a cut-away view of the upper
support plate along lines 13-13; '
FIGURE 14 is a partial cut-away perspective view
30 of the elecktronics retainer ring;
FIGUWRE 15 is a top planar view of the
electronics retainer ring of Figure 14; '
FIGWRE 16 is a cut-away view showing the
engagement of the reach rod with the uppe: support
35 plate;



&

i nternal piston opening the upper end of the axial 35 stress piston; FIGURE
32 is a cut-away view of an alternate -11- enbodi ment of the carousg
FKGURE 33 is a partially cut-away perspective of the alternate carous
enmbodi ment of Figure 32; FIGURE 34 is a block diagramillustration of*
plurality of carousels belng used to acek8s a plurality of testing

machi nes; FIGURE 35 is a cut-away view of an alternate enbodi nent of the
|ntengI pi ston of the present_invention; and 10 "FIGURE 36 is an
illustration showi ng tHEGEHRRrRT i bh afseqtionbwileweof bie Fagipd 33%ress-12-
In Figure 1 is doydhid® gﬁgetﬁgséégguggiousel i nstrument of the present

I nvention to include a mai.n_housi ng di splay 20 and a carousel
nmechani sm 30. The car odU%@P §0M§ﬂk§ alhQMﬁ9WNE#§@¢édVbﬂ%0@fnﬁh@ leipeos
to eighteen corg@p rOfpigta}ively constant diameter (i.e. plus or mnus

0.01 inch: va | engt As wi |l be subsequentl

di scussed, Sﬁe carouse#liggkiss 9ya’o%d gﬁ'@d‘f@é 86 SiPn h%gl sPEnt

aut omat i cal | y deippotteslate & i Mkguber P8 peskenbalony, lifes 1he1 K} i nkenberg
slip factor, the Forc rbul ence _factor, and t e _vol of each
of the cores autonatl2§ﬁ$eﬁ%y£¢o¥§17nﬁgfh% i%r%ﬁgi?e%le% Yﬁgwdl ec n%n of
arrow 50 until|l Mweonfendiecapref tife hawtal stress piston;

S FIGURE 21 is a cut-away perspective view of the

10 lower portion of the axial stress piston:;

o - FIGURE 22 is a partial perspective view of the
piston extension ; with an
exploded perspective view of a centering ring;

FIGURE 23 is a partial cut-away perspective'view
15 of the internal piston;
FIGURE 24 is a top planar view of the scuff
plate; . |
ggj FIGURE 25 is a partial cut-away perspective view
of the carousel flange;
20 . FIGURE 26 is a top planar view of the carousel
carrier; |
" FIGURE 27 is a block diagram of the electronic
'KJ Sensors ;

FIGURE 28 is an illustration show1ng the
25 operat1on of the axial stress pxston commencing to 1lift
a core sample;
: FIGURE 29 is an illustration of the axial stress
system holding the core sample in the sample holder.
‘with radial stress being applied. _
- 30 FIGURE 30 is an illustration showing the
internal piston closing the upper end of the axial
stress piston; :
FIGURE 31 is an illustration showing the
“internal piston opening the upper end of the'axlal
35 stress piston; ‘
FIGURE 32 is a cut-away view of an alternate



been individually tested. 15 The follow ng described invention
relates to the design of carousel nechanism 30, the axial stress nechani sm
(or lewmer piston) 60, and the radial stress mechanism (or sanple hol der)
70. AW || be subsequently explained, the axial stress nechanism 60 20
contains a cylinder and piston for I|iftghag each individual core sanple 40
fromthe carousel 30 upwardly into the sanple holder 70 with a | ow pressur
force. The axial stress nmechanism 60 and the sanple holder 70 then o/

cooper at e t ogRbBRimbAtShbEULhaneay¥shgehiorma test 25  cell or chanber for
the held core sanple_and functions to sinultaneously apply both axial and

radial forces to thEIEHRE, 3dt 1§ RePIEE 1SN &MNGWENe POFSPESII¥® O ces
t[lat thefcorterﬁéoahdeelasae%b ea@%ulsél! E&E@ﬁ&h’é@\'lt ;@rfvm%g%ntag i The (2)\686 bur den
stress, for e exanple shown gure 1 in.qdi.spla L psi
(13.8 MPa). The sechGUﬁFsBﬂa952& %ﬂ&F%agéégFﬁ@ ﬁﬂ&§§GFét&Pntﬁ% &as (such
as heliupp bplagaapeli ed chgouBeleobeihgr ulsedt itey acteesdat alhuzaafi ti/he
sanpl e hol der 70, %he axiab. -13- stress mechani sm 60, and the carousel
30 nechani snPfi FESE&RE; B2GB4BES/n the fol l owing sections. A discussion of
t he operation of thEIGUREnBBodsf al kawsawayd viewalbify analafléeragdecnrbodi ment s
for the inte ' n.@5.and.car | 3.8 ~nr ed -14- 1. . Radia
Stress Nbcha%ﬁghggkég%p g gg?déﬁ?e?gag ?5&?@ gggg%g Fgﬁfﬁn%he details of
the sanpl e hdhdention; and -
10 FIGURE 36 is an illustration showing the operation o’/

of the embodiment of Figure 35.



tb include a main‘cylindrically shaped body 200, an upper end plug 600, an

upper retainer

plug 700, a 05 rubber sl eeve 800, and an upper

perforated end plug plate 900. The sanple holder 70 functions to app
radial stress to a |oaded core sanple 210 and in cooperation with th

pi ston 60 to performthe perneablllty ang 2the -porosity tests. 10

The construction of the body 200 is set forth in Figures 3, 4, and 5.
the preferred enbodi ment, the body 200 is machined or cast from 7075-T6

al um num al | oy.

The body 200 is cylindrically shaped having an upper f

end 400, as shown in Figure 4, and a |ower 15 flat end 500, as shown
Figure 5. Disposed on the upper end 400 is a first fornmed hole 300 having
sides 302 and a bottonlhefdguze4l iFheshove 30@ P rentestiipg cexodssln
oyl i nder 200 aboit g GeAkeheAths BesentdnVelt 07 t8 yRcardsd asmshown in

termnates in dge 304, a second forned

Figure 3. Af

hol e 310 of srrahpelrsmmniager aj disp had 200 @Nda R §33'(§’61591TH@

i gh
dwer

In

| at -
in

‘nmed

hole 310 has a frfRemed 80123083 a%,4 MM t bh & MBRl! etird@ @b dihenthi i | v,
hol e 320 centraggy ca ed around XIS 306 extepnds the 25
0 gﬁﬂ%ﬁ

a third forned

entire | dWyi t udPnBiINESEM SOF

lameter

&R afto‘r‘ﬁ% % [8ES

therethrough ni.ene plue ot bﬂ:d-wszoo 0k antbroma | nmb)gt patssagewayryazﬁ@

havi ng a thread(éd mérE%fSS(%é:anqTLﬁ 8& rﬁeq“;g gtg_ lp&igg gé) a Pyh@

pressure oi

shown

t hrough t he for cadopsedaddnds m&ed)nﬂtﬁhe mgﬁ e 0330di e diyventiore

320~ On the bot %%@c[ﬁﬂféu&flgc%&%ﬂnép%é%lméw ;ier}nlaaaﬁrﬁshﬁ, and

5, is a forned

annu he 1 nner diameter of 1ip 350 is slight
the Kllnkenberg slip factor, the Forchheimer turbulence

factor, and the pore volume of each of the cores
automatically by rotating the carousel 30 in the
direction of arrow 50 until all of the cores 40 have
been individually tested. _

The following described invention relates to the
design of carousel mechanism 30, the axial stress
mechanism (or lower piston) 60, and the radial stress
mechanism (or sample holder) 70. As will be
subsequently explained, the axial stress mechanism 60
contains a cylinder and piston for lifting each
individual core sample 40 from the carousel 30 upwardly
into the sample holder 70 with a low pressure force.
The axial stress mechanism 60 and the sample holder 70

_ then cooperate together to simultanedusly form a test

| arger thakP
.15
\
20
_
25

30

cell or chamber for the held core sample and functions
to simultaneously apply both axial and radial forces to

deli ver ed

ly

the core, at stresses simulating the overburden forces

that the core would experiehce in its natural
ehvironment. The overburden stress, for the example
shown in Figure 1 in display 22, is 2000 psi (13.8 MPa). The
second display 24 indicates the pressure of the gas
(such as helium) being applied to the core for testing.

The details of the sample holder 70, the axial



‘the inner dianeter of passageway 320 and a slant edge 352 interconnects the
i nner wall of passageway 320 with the inner wall of |lip 350. This slanted
inner¢§%ﬂl is termed 352 in Figure 5. Also disposed on the bottom 05 end
500 af#=z plurality of bolt holes 360 di sposed at 45 degree spaci ngs
approxi mately m dway between the innefypassageway 320and the outer
cylindrical surface of body 200. The dstalls of the upper end plug 600 are
shown 10 in Figure 6. - This piece is preferably nmachined from No. 17- 4BH

hardened st @itpledss nidcln S¥nP 40 Anthd Nol d108Sr Giils P PEY rﬁéEr?é’:’i’FéimC@ pjer 602
|nterconnected‘%}%gggh an |nmardly<%§gved directed channel 610 to a first

cylindrical BSo 5639 TR EPRsE R IHRY SECHHPRS on A EPEUEREPR nat es i n
? se_confl CY!oifﬂdE?ﬁéﬂo Qr:]falﬁ)iloﬁ?»(blﬂ)fth{écrﬁﬁg@hﬂiaﬁe'f@élwgl@ ltnAtnUd E .
ermnates in a.thir i ndrica i on esser di anet.er i nally,
t he upper enfg‘ ]1}9}"6@)1%/ il %tee%b‘?‘ﬂl%e‘?:ﬁie {)’é%l b%??FBﬁ%?d‘ﬁ%%ri ng
i nwar dl Y2l eng roagiousedbGarte predentfedrth cyli ndr| cal portion 670. Forned
in the fourth cylindrical portion 670 is an annul ar seat 680. A forned
passageway 690 extends the |ongitudinal |ength of the upper end plug 600
and is centered around axis 692.  Forned in the upper end of the coupler
600 is an 25 Oring groove 694. Wth reference back to Figures 3-5, the
upper end plug 600 seats within the first forned hole 300 and t he second
fornmed seat 310 of body 200. A BAL (Registered Trade Mark) seal 316 (shown
in Figure 2) is seated between the third 30 cylindrical portion 640 of pleg
600 and the inner wall 312 of the forned annul ar regi on 310. The BAL seal
.316 provides both a static and dynamic fluid seal to prevent oil from
fl owi ng between body 200 and end plug 600. The BAL seal is nmanufactured
by BAL- SEAL 35 Engi neering Co., 17592 Sherbrook Drive, Tustin,



Célifornia 92680. ‘840016- A- USA -16- The details of the retainer cap 700
are shown in Figure 7 to include an upper. flat surface 702 forned on a

cylindrical body 710. A first annular region 720 is fornmed on the bqggsQm
surface 730 of the retainer cap 05 700 and comruni cates with a fo
passageway 740. The annul ar region 720 and the forned passageway 740 -are
centrally formed in the retainer cap 7007 4#5und center Iine 750. The

annukg; region 720 includes a flat seating area 722 and snooth i nner
sidewal | s 724. 10 = Wench holes 760 are further provided on the upper
surface 702 of retainer cap 700. As shown in Figure 2, the retainer cap 700
hol ds the upper end plug 600 firmy in body 200 through t he t hreaded

engagenent of thyead n i retai ne

the correspondi ng: matsili%a(i qr e%gg %ﬁg ?g %ﬁ #z"nb‘es 3‘ I—éﬂé?oe‘r ?g‘mn |
cap 700 by meansFbgupeehchetagigr by hbeedevsﬂlSSOfuthedsmmplé hhbduppé@ end
plug 700 firmy ESaE%dM&dEfhtH§1B0@&f¥EbP§ gggﬁ;iﬂa ?hbﬁﬁ% éﬂb

The details of the elastic rubber s|éeve 0c g
The rubber sl eevBPESF i&ndyPLHgr 604 mnsHQE@fhaWﬁQla'hﬂ nedruda 9&gvev®y

$10danﬁl/ali(§mde £ 0BBean ﬂeﬁé&@ngbosyu%disaﬁUNﬁﬂE:?r MFS’B‘aQeGR"eQiéth@Q

rade Marks n 0 y reference. hack _to ,

upper end 820 ofP g %&DOS V\?tésvéaﬁgl? 2"%58&8& tg"g Fe‘PBﬁ & RRRIY

over the | ower ehdgbfraﬂeahpsereesdtepbugoﬁaédteoemyxxmﬁléHQIOtbmd in

cylindrical "regi 88°§ ﬁ?nt@i’@ﬁ' egé‘gglﬁgges and é@etlo)otptec%rgocryl |ler| cal
u

reg-on 670. As can served
permeablllty and the poros1ty tests.
10 The construction of the body 200 is set forth in

Figures 3, 4, and 5. In the preferred embodiment, the

body 200 is machined or cast from 7075-T6 aluminum

alloy. The body 200 is cylindrically shaped having an

upper flat end 400, as shown in Figure 4, ana a lower

v 15 flat end 500, as shown in Figure 5. Disposed on the

\*/ upper end 400 1s a first formed hole 300 having sides

302 and a bottom ledge 304. The hole 300 is centrally

located in cylinder 200 about a center axis 306. The

side 302 is threaded as shown in Figure 3. A formed

. 20 hole 300 terminates in ledge 304, a second formed hole

1 310 of smaller diameter is formed about axis 306. The
' second formed hole 310 has a formed annular seat 314 .

with smooth sidewalls 312. Finally, a third formed

hole 320 centrally located around axis 306 extends the

25 entire longltudlnal length of body 200 and forms a

passageway therethrough. On one side of body 200 is a

formed 1n1et.passageway'340 heving a threaded.inlet 330

capable of receiving a-coupiing fromte high pressure

~ o0il source, not shown. The high pressure oil is

30 dellvered through the formed passageway 340 from the

'~ coupler 330 inwardly to hole 320,

_ On the bottom flat surface 500 of body 200, as

shown in Figures 3 and 5, is a formed annular lip 350.

‘The inner diameter of lip 350 is slightly larger than



L3

30 end 820 of the rubber sleeve 800 is further conpressed, about twenty
percentﬂ}petmeen the outer surface of cylinder portion 650 and the inner
wal | ofggnassageway 320 of the body nenber 200. As will be explained, the ‘
stretc g and conpression occurring tA3This region 35 provi des both a
static and dynam ¢ fluid seal. The details of the perforated end plug plate
900 840016-A-USA ., -17-, are sho in Figures 9-11. The perforated end-pl ug
pl ate” 900 i s BPTyIRRRF | FLPPGEeRaPEIPASSASRVANYIIAP 2nF urasilanthiedse el
circul ar arraf@nbnte oéomneets 90be DARer angdl D20f f pagsdgéhgyesboowgbn The

first ci I 5, t,of 05 i jented to- d
win aiirst @ chpaetREICE b R d50ne TBLanRLERHERI ChFBABIL hnod

hol es 910 is tEEmededf2nin Fdagnme f bk nedlsa ol sposkdnral ©HO. bétpbural ity
of outwargldy &id e€hed,fQdi Sa P58, I16eGT ede b nJnner 10

f or med paggagéejﬁv\c/ia 960#@ ér?\%htgﬁlél? E%i?gu_Pg?%rgv?/%fcs_tf%?éregq]ﬁgloesse 2%t s
di sposed onl Y3 n"deaEeGuiSRRELPIGi raRR eeix i naitell ycmindiesy deEwedsmctheas

shown in Fi guftftes giubadeud e SI0VEHAT EneuidPCer O0P11NbE 02 BOa 0 HLoLC
expl ai ned, abuis the 15 upper end of the core sanple, on?y %as fe
exposed circf roof% ment of forned hol es 905, 910, 920 show ng whereas

the upper end 980 exfrsesetdtlsi 6Euthe GPBOr aenla 9¥Mg asolor agieals HARY)
For med notGe Bst +gH6% B arhas B E T b PR Rl T e e EPRG pl at e
900, in the piefcrtciPRrivotiened staindess ropedl-stotkt andl ésslsdes| anq;J
press fittingy (0o feyddy E8%p Phe 1 662 UPREL r EOfnected through an
inwardly curved directed channel 610 to a first
cylindrical portion 620. The first cylindrical portion
15 620 terminates in a second cylindrical portion 630 of
increased diameter which in turn terminates in a third
cylindrical portion 640 of lesser diameter. Finally,
the upper end plug 600 terminates in a cone-shaped .-
portion 650 tapering inwardly aldng region 660 to a "
20 fourth cylindtical portion 670, Formed in the fourth
cylindrical portion 670 is an annular seat 680. A
formed passagewéy 690 extends the longitudinal length
of the upper end plug 600 and is centered around axis .
692, Formed in the upper end of the coupler 600 is an N/
25 O-ring groove 694. _
. With reference back to Figures 3-5, the upper
end plug 600 seats within the first formed hole 300 and’
the second formed seat 310 of body 200. A BAL (Registered Trade
~ Mark) seal 316 (shown in Figure 2) is seated between the third
30 cylindrical portion 640 of plug 600 and the inner wall
312 of the formed annular region 310. The BAL seal 316
provides both a static and dynamic fluid seal to
prevent 0il from flowing between body 200 and end plug
600. The BAL seal is manufactured by BAL-SEAL
35 Engineering Co., 17592 Sherbrook Drive, Tustin,
California 92680. ' -
840016~-A~USA



900 is press-fitted into the upper end ofléke | ower piston 60 so t

formed hol es 905, 910, and 920 contact the |ower end of the core sa

This specific arrangenent of holes and channels aids in_the uniform

di stribhution of gas int&handebail80of thenrehainerecsanpfe aned phowvndés
mechani cal sUpPOpqe! AeeB! GR-IhEES SRS uBBeENRLat Ny BRYSe 0T 0RNEERES on
sanp{ es ‘are not da the ends of “The. core sanple are ed, an
errorin the perAe8Hi Pﬁﬂyléﬁ& B@ﬁﬁs?i? reédfh§§tcéﬁﬂﬂlﬁésﬁﬁglcﬂn7 0 is

particul ar conflgu&atéd)rb@fthaeb%rtct&é gaefs%mjdﬁeoﬁuehe%eeéxﬁzéf cap
copendi ng Appllczbé . 85185 Publlcatl

g 2164452A %gg
simul taneofiSl y h CPHmFP@EFE 1915Rga1 °5W8dsﬂﬁﬁﬁ59ﬁ aHe ts GRethe
igper support FIahaulS@OrgEanunﬂm auﬂp&m@lﬁfFﬁed Fa&saﬁfﬁy¥1mﬁﬁieﬁé521o
12, is a circular n roed coun unk bo ol es
formed at nlnety aggfééié iefﬂag gpoﬁée L PéUFérc?Bd?ég ﬁégP"Fhégﬂﬁﬁaof
body 1202. A secdrctheef?i5®s of Ther nennhdlaxs fB8gion T2 hhsdudesi gnefilad
receive count er syl higld Sk s 0f 590 A NG SEROTA AL AU UT 1Y oAty

es 12

1202. In the pre erre nment , are forne spaci ngs of 45
degrees. Filfal | y Wregreh eﬂoﬂ-ﬁst Hé%eaﬁ@rfgrttb@c:y ﬂmmsdar@narmeamprmned

circular seat 1223Qr¥dce 70R0Oeat edtaigedcapl 9bped circul ar and centrally
| ocat ed openi ng 1240. gﬂ Fﬁxplalned hol e

10 are
utilized to connect toA?§a§h°VBd%n1E6@a§ CFFERALNEE ﬁﬁ?c OHHZQF t he
sarpl e hol der 70th@1uppénmendasﬂﬂnplq060f1bhn951ﬁ286d3reoutthrzedh 8ke

shown 15 in Figur 0 i er
~support plate 15 eRgRe bRg5RURER: a‘ﬂe npggﬁﬁﬁ% 72’2:%@'?255*’ sife, 8¢ Rl
electron|c§jp|at§e;4@ger FBRaVDQ with the corresponding matlng threads

302 to body member 200. Hence, retainer cap 700 by
means of wrench engaging holes 760 is turned until the
upper end plug 700 firmly seats within the'body 200 as
shown in Figure 2.

.ﬁlug 600 as shown'in Figure 2. An identical perforated 25 end plﬂgggbate_
mpl-e

ng 20 The details of the elastic rubber sleeve 800 are
set forth in Figure 8. The rubber sleeve 800 is
cylindrical in shape having an inner passageway 810 and
is made from an elastomer such as BUNA-N or VITON-A (Registered
(' : Trade Marks). As can be shown by referenﬁe'back to Figure 2, the
upper end 820 of the rubber sleeve 800 is deformed to
stretch outwardly over the lower end of the upper end
‘plug 600 to engage firmly the cylindrical region 650,
the tapeting region 660, and the bottom cylindrical
region 670. As can be observed, in Figure 2, the upper
30 end 820 of the rubber sleeve 800 is further compressed,
about twenty percent, between the outer surface of
cylinder portion 650 and the inner wall of passageway
320 of the body member 200. As will be explained, the
stretching and compression occurring in this region

35 provides both a static and dynamic fluid seal. '
The details of the perforated end plug plate 900

840016-A-USA



in Fi gure; 12 and 13 is shown a forrredﬁssageway 1250 whi ch connects the

annul ar f\on 1230 with the 20 exterior of the plate 1200 and which
functio d provide passage for el ectrlcal wires to the el ectroni cs plate -

1400. The support Iate 120Q,J s made f n 17-4PH al .oy ste On the
top surface 180T o hﬁBBer“"s%p YOPEERI AT Qj2'5 %izgﬁrfsmf%?ﬁ@dgg ?dly
ext endi ng cirqilateddbl0 ks f2 eddént7Atca A pusd atpgend kmaébeedgmvlﬂ?@ asa

f | w290
L b no AR A ALy 501 AU Pk A, kO SECORENELLF WAL SHON 1200
the lower end VP, aBBP W Hiwed tswqdmwhrrat &hye tK/\any parceritar

-agai nst pbe i nfyera fdEdare Of 46&335@0%14%@%&@& thecd PYeLpSRg @g&to be

stretch deforned i n regions 1280 and 1290 he conpressi on and de mat i on
of the end 83 ef } EStuStIF Bbt AL achRANS] a?léi‘)d?ﬁ&m%hﬂ%ﬁ@i‘)%@aq:“t%ubﬂ

occur as will m%sﬁ&ﬂ@éﬂ|W0Pé@|§11@e§isbat1\&ﬁﬂﬂs§$e?ﬁeae@é’c@fﬁ@ PRk
support plate 1200. . This knife- edggg 127Q 19- _ design_all ows the | ower
piston 60 to a&ctBSELHE SHAMBReHoIHED <70 pbyplléh‘s?}lbttyhé%of”é‘tﬂ%riillftyo

passageway 8104 bietheds|raayia BOfharse 50380 i 1s R preec@d bodh Sambihdés nly
hol d t he,hody e plate hrough 05, . Rholes 12 0 and 360. A
BAL seal 1962 I%%g?ég &%sr%%?%‘ﬁag%sér'ov?%lég Zr'hs’e'é? Fet el 506)9 2(5%)E and
pl ate 1200. | nférgedehalesnf205 i® o s$pomedherdy aihstbe tcheteread¥pnics

retainer ring C t h afirst light emtting diode .
1405, a secondéflpé)%m Lhaéygf épm%ég?o%éeéilﬂo and a photocell 1420, T@

retai ner ring 1400 i n%Pm' aaﬁl SR O¥Ra| } B isupes Aendi Mhodbe Rt a
(raised circul agukidee @07dj oRhi1é40.as will be explained, abuts the

15 upper end of the core sample, only has the exposed
circular arrangement of formed holes 905, 910. 920
showing whereas the upper end 980 exposes the circular
(930 and 940) and radial (950) arréy of channels
interconnected with center passageway 960 with the ~

20 formed holes 905, 910, 920 disposed therein. The \J
perforated end plug plate 900, in the preferred
embodiment, is made from 17-4PH stainless steel and
press fittingly engages cavity 680 of the upper end
plug 600 as shown in Figure 2. An identical perforated

25 end plug plate 900 is press-fitted into the upper end

- ( of the lower piston 60 so that formed holes 90%, 910,'
and 920 contact the lower end of the core sample.

This specific arrangement of holes and channels
aids in the uniform distribution of gas into and out

30 from the core sample and provides mechanical support at
the high stresses so that the ends of the core samples
are not damaged. If the ends of the. core sample ére
damaged, an error in the permeability and porosity
readings could result. This particular configuration of the end

35 cap forms the subject of our copending Application No, 8518563
(Publication No. 2164452A) filed simultaneously her¢w1th.
In Figures 12 and 13 are shown the details of the upper

support plate 1200. The upper support plate,



Cbposing'holes 1442 are fornmed in the nggg of circular ridge 144 0
receive LED 1405 and photocell 1420 whi ch™15 are contai ned ther by a
| ight press-fit. The outer shallow lip 1430 is integral with a raised lip

portion 1450 whjich_j ot . gui L s stal | L nghei:ghty t i ag akdi dae
0240, i the (3R EPOUR inEebE-2 ﬁpli)o?t Ei¥lu e | ooy 1960%hatule?
whi ch.is receptthee20 fomed EDoE r Shnk bodithdto}efgl24d0 % rmed prEsent

i nveRti-on i s desi : a 3 n egii 0 eArFit@er es
12 and 13 of théiﬁ%ggragaﬁgg gpabhfRg8natbag he@ieBuid2lradiawn nearritt

pport platé 1200. " In this fashign, th er
surface 1444 ofe€glc@farbodngd 295« 14148500 SRST RSt °?h%n°s‘iﬂ?§05825§2 of
the annupgr regier0l230soAdR8iilgndd SE6 e cdDvestountengagk Mo kes 1446 to
firmy hold the_retaine

ring 1400 top hole ' e ul eg
1230.  Wen i nst &PFRES 35'8H8n%ef5ef’§"f°gr’n%%lege% eé%é%o??% a]taier”i?oo?gnd
retai ner ring 3@he 1gpe frrr nadi eynboatimentl i poles) hadOsarfeackonmed. atThi s
channel provide LLGiept 48P hol ¢ ea E 5 10
and phot ocel | 1§§§8 Hagtggdfﬁeggsfﬁggé |gé§§§3kfoggﬁ?%89n5§ %ggs§§@%§$4
1250. The for nedfpbodxgdrd2 1us0anornaddatdsEPEmed cidfiewdatr sedtt A 30or ned

passagevqy 124%8&%235‘%0&?\5 aAfoRReE E1fRularPEAY ¢ededaquid 1deaepani ng

to passage | In_order tqQ_quide the entry of thilcor S le into

regi on 1460. - 9REN3DEpdL40of ASDWiA 5b§na“5ﬁﬁﬁaee¥PY1$?G F&“F%'d n@@?_
whet her or not 220@ & s@natelized@nter ednakaban réaehamdds (1600e shicsoussed
Chbcar ousel medRabianEso18 yhEey,Eonnsed Be Faibyd, BRTdd b il 1

lower assembly 60. Holes 1220 are utilized, as shown

15 in Figure 2, to connect the body 200 of Figure 3 to the

upper support plate 1200. Holes 1225 formed in annular

seat 1230 retain an electronics plate'1400. Finally,

in Figures 12 and 13 is shown a formed passageway 1250

which connects the annular region 1230 with the

20 exterior of the plate 1200 and which functions to

provide passage for electrical wires to the electronics

plate 1400. The support plate 1200 4s made from number

17-4PH alloy steel. _

On the top surface 1260 of upper support plate

. ‘25 1200 is formed an upwardly extending circular dull

o knife edge 1270. Around the knife edge 1270 is a first

circular annular region 1280 and a lower second

circular regidn 1290 of smaller diameter. As shown in

Figure 2, the knife edge 1270 compresses the lower end

30 830 of sleeve 800 (approximately twenty percent)

' against the inner surface of lip 350 while causing the

" Jower end 830 to be stretch deformed in regions 1280

and.1290. The compression and deformation of the end

830 effectuate both a static and dynamic fluid seal to

35 occur as will be subsequently explained between sleeve

800 and upper support plate 1200. This knife-edge 1270



di gt ance the axial stress 10 mechani sm 60. Each reach rod 1600 has
opposi ng eaded hol es 1610 receptive ot a bolt 1620. The forned ‘o
passageway 1210 is machined into the upper support plate 1200 to receive :
t he upper end of the bolt 1620. The ORResi ng end of the reach rod 1600

| i kewi se 15 engages a | ower support %Iate and a |lower bolt, not showrt:

In the preferred enbodi nent, three reach rods 1600 are utilized to seﬁaﬂate

mechani S 68e8fign 781 P¥wa eped%aw ML LR 80 McasR! §9R! Yallied

distance is sufficient to allow for the sel ective engagenent o
carousel - nech@hfisk 30. bgs railsiinge thescosse® Y Gt Entot P@Sr%tﬁ%ﬂlam 8dds

echani sm ofofauple® SPLéoe BO0.UNCKE0BRWh AW Ki8yiadizl B01ess dgp each of
the core sa Ies approximatin Qﬁ of the overbufden stftess.
tg‘iP d‘ﬁ&r

addition, thti3B1Y Retdafhe os?Pt F hesPdakee L7HG o?héGUM| le the

over buggen shobes iL220pphdedsoi heBaLpeehar rzmlz dB@tQ'Eefdorlﬂ h@e?%hal

stress_nech 70 _hag _been_sh k ﬁ press X ood t hat

vari ations 2@%$§]%Eoﬁé§83tﬁeﬁgﬁgmgﬁbgfth °F¥a3 Png8%Pleke p28%nt 30

i nventi on. 2. AxhaFigumres Mclaad shj - afke shetwai | shef deltaidsi alf stress

mechani sm 60 d eI apis r h n 7 The
tRE fi%@t?éﬁ%é e%%mfép Pig,glofwo@ awagh fﬁh@lé (St opor

nmechani sm 60 | nc es a pl ston housin
pl ate 1800. hokdednhires iﬁehﬁoegiﬁgimgoélpéepéépﬁuoneéﬁsqndsliphston 1710

and a gecondepisst ©Ank/28ioud 0ranan, i aher Nl phivr ekl The28Ur POSROT th
first piston nechanism 1710 js to sel&ctlvel . raise a_core sanple fronlthe
carousel nechahrimeR LHIE HQP ithol vhe &mﬁ%fSt shallow lip 1430

disposed around a raised circular ridge portion 1440.
Opposing holes 1442 are formed in the sides of circular
ridge 1440 to receive LED 1405 and photocéll 1420 which
15 are contained therein by a light press-fit. The outer
shallow 1lip 1430 is integral with a raised lip portion
1450 which is not quite as tall in height as the T
circular ridge 1440. 1In the center of this raised lip
portion 1450 is a formed hole 1452 which is receptive
20 of LED 1410. _
The retainer ring 1400 of the present iﬁvention
is designed to engage the annular region 1230, shown in s
Figures 12 and 13 of the upper support plate 1200. 1In
“this fashion, the upper surface 1444 of circular ridge
25 1440 abuts against the surface 1232 of the annular
region 1230. - A pair of screws, not shown, engage holes
1446 to firmly hold the retainer ring 1400 to holes 1225
in the annular region 1230. When installed, a channel
is formed between support plate 1200 and retainer ring
30 1400 primarily between lip 1430 and surface 1232. This
channel provides sufficient space to hold the leads of
LEDs 1405 and 1410 and phdtocell 1430 and to direct
those leads through formed passageway 1250.

reach roqgégﬁs whi ch hol ds the radial stress mechanism 70 & predet er m ned

The formed passageway 1460 corresponds in
35 diameter to the formed passageway 1240 of Figure 13. A
taper 1470 is provided around the opening to passage



1.0 hol der 70. ‘Once the core is |oaded into the hol der 70, the pi;%Qn GED
1710 and the sanple holder 70 provide theqgxial and radial stress, -8
respectively, to the core sanple sinultaneously. The engagenent of the

first piston 1710 with the holder 70 creates a test cell or 15 chanber

for the raised qofgp SEHP tae heuadle i SéRE:W%Q tdd Eypet 's?r']hggié’

permt. t hle per f or mance o e tmo ge arate tests oOf erneablllt
porogj ty on the idbke §z£ﬂ)}@n 14ﬁ°part?&’tﬁ aPULPes & h@fl ftePnadi Q)?staé‘rﬁi 1720
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performed and wi i ston eactivate er [ est can. be
performed. Thi é%mfe ag &kee8dsq §&ﬁfe‘nt]1%ﬁéo m@% I%é/o‘ilﬁcf'}ésﬁ?ﬂ/\er
support pl@ie 180ftare showe ipuFpesesoisd @bD 119410 ilrscludeparmme a .
circular 25 baod 805 whi ch. 1 s Jpreferabl al | oy
7075-T6. The nalég& ﬂﬁﬂ% §ﬁ99ﬁﬁN§91 ¥' orne ng%ﬁn ersunk bolt
hol es 1810 which are rébmpfngenﬁ hﬁelSeaem|ﬁﬂk¢ﬂ6©beadaﬂﬁwm5|nfﬂqhﬁe

é? Frgﬁrgoggter%ﬁr ee h%%é@ (1@{10 a%orrre Uﬁrg&rasyrg& ?&%tlléglo

|nmardfron1the?ﬂnﬁapdeﬁﬁﬁQEﬂbﬂﬁﬁr%ﬁF&ﬁ%ﬁécéﬁ&MSth%Aqbbﬁihs
hol e 1820 Pgs anfoé ARGt PeRSsPeVayELZHY £Ba/HDNr Badyl 4805 hd & hoppuis |

eoons 163t and e LR CRRA e ed oEoY i AR e
subsequent |y, trﬂcsrrﬁe)dnpéssageﬁayhdl 21 084® i macddsi rgeaéd nrtt@nghge upper t he
f?:otu)zﬂomegnfpl |s aéi(}réné; caw'feg PJBC‘%AOREW ﬁélﬁﬁ E?édg%@ew Len
Finally, a passaigﬁe?/ﬂa-y &Khe opposmg end of the reach rod 1600 likewise
15 engages a lower_support plate anda a lower bolt, not
shown. In the preferred embodiment, three reach rods
1600 are utilized to separate mechanisms 60 and 70 by a
predetermined distancé. This predetermined distance is
_ sufficieni to allow for the selective engagement of the
— 20 carousel mechanism 30. '
As will be discussed later, the radial stress
mechanism or sample holder 70 functions to apply a
radial stress to each of the core samples approximating
that of the overburden stress. In addition, the
N 25 permeability and porosity tests are performed while the
overburden stress is applied. While a preferred design
‘for the radial.stress mechanism 70 has been shown it is
. to be expressly understood that variations could be
- made thereto under the teachings of the present

30 invention.



05 ﬁC|rcuIar hole 1840 is fornmed at the center and has fornmed therein two
sp SO ring grooves 1850. As shown, in Figure 17, forned holes 1842 in
pl at’e 1800 are used to hold the housing 1844 for the LED 1784 in pl ace.
Formed hol e 1812 is the passageway for gas to 10 enter or exit cavity
1702, as shown in illustration in Figyse 17 (i.e., the hole 1812 is not

| ocated at the sectional cut shown, but is illustrated). Gas exits in -~
cavity 1702 when piston 1710 is belng driven upward. When gas enters o/

passagevay 1612 mitafm $¥tRe$8 Weévtadlsmdowmps dariayi dedopokhel760 i's
vent ed. nqt t 176Q is vented, the internal piston

1720 is act|9§féd RﬁgﬁséaWFF§af?5§ 8 gnds &he Fadoused 1Bwmnchendsa (i . e

10- 15 psi g: 68reoshé@nkRa) Fiigulr egals? del Ther ek dHaOUGH ﬁ@ssﬂg@mew&- 20
Finally, hol 0 Vi t hat_ th scuff | at e 240 n be
nounted to tﬁésﬁggkr@égﬁgg 1@?% %g n&%&ﬁd Sodr £9 été“fﬁﬁﬁ' @tékial

i ntensiofs er B89Hi.ng Ilﬂbershclwrto ntiFe gbpasiihg slaoeylllan:msimaaddf mom -

al um num al | cawviit 0 r

Therern, The eSS, PASEER 12499503, 3eRond Bl L0n 220! o CHobRE TN ages
the formed cawmtserngio %ﬁiefﬁéfl-ome'?h%uppéﬂoﬁﬁ ®E !Lbeofla‘ssismmtpn Fi gure

19. An Ori naeahea\igmlleﬁaanﬂsanOsrélr&cé-Nél rQﬂQé/'S'e@oQ'% ¥dmpaee upper
end of the h u3|n |n or der h % vide a f|UI %ht seal betmeeﬁ housi ng-
1700 and the FSWe he,GagPusELamgchandsm 20 gé?"?ﬁ ¥nd nEpe Ehies spapdiger

provi dgb i n ho@ldert 30i.npOhcei thegeorgadsi Noadede ineg ahelhoddee! g0,t he
(hrt Pt onLRCBIaLaN 10 LALIORE bandle, AdideknS 0P HAILAC Bl
circularly axial and radial stress, respectzvely, to the core
sample simultaneously. The engagement of the first
piston 1710 with the holder 70 creates a test cell or
5 chamber for the raised core sample. The internal
piston 1720 then functions to permit the performance of
the two separate tests of permeability and porosity on +~
the core sample. 1In particular, when the internal
piston 1720 is activated (i.e., in the up position) a
20 porosity test can be performed and with the piston 1720
deactivated a permeability test can be performed. This
will be discussed subsequently. | R

o/

The details of the lower support plate 1800 are o

shown in Figures 18 and 19 to include a main circular

25 body 1805 which is preferably made from aluminum alloy
7075-T6. The main body portion 1805 has three formed

and countersunk bolt holes 1810 which are receptive of

the reach rods 1600 as shown in Figure 16. The
countersunk holes 1810 correspond to countersunk holes

30 1210 of Figure 16. The three holes 1810 are formed
along a radius slightly inward from the outward radiué

of circular piece 1805. A fourth formed hole 1820 has

a formed passageway 1822 through body 1805 with annular
regions 1824 and 1826 formed on opposite faces of body

35 1805 and having a larger radius than that of passageway
' 1822. As will be explained subsequently, this formed



-23- forned region.1762 | ocated between the piston nmechani.sm 1710 andggge
housing 1700 as shown in Figure 17. In Eipgure 20 are shown the detail f
the end cap 2000. The end.cap 2000 is machined from 7075-T6 05 alum num -
alloy and is substantially cylindrical in shape. On the cylindrical sides

of end cap 2000hio3 e Y820 asCidesligh el 0p¥e PR g¥hiwi e nak pdio¥@rblsgur e
17, is., receptive o O.ring 6772 Th C>r|n%2prov des a static and dynam c

fIU|da§eaI betw@@ﬁ gRd Sh3lap 100 t n%%P So®fantPYRE SHRRBE Plate
cylindrical suriao® afnd henhdsi Ib@tl:'b@@su?ffec@yhlsndr | f@aImele0 Idadvant 23830

around the for o] | rodi than the u

remai ni ng portrggvgbgtﬁgrgggéﬁd Bgtureﬁa %ginhg BEFﬁdﬁﬁﬁﬁﬁ'éﬁéo of
the end c&% 200@iinmy Laeshele kﬁ%@nnsaﬁprziaaEdthﬁmcﬁnkeC|Euuiahas
portion 2032 { ep@iripb hnGf &1z 8! i/l | o2 E6BSBRG 14 CUkBLuRY |1 98020345 The

portion 2034 being slightly recessed cooperates W I"ower surface of
housi ng 1700 t oshaynm dnr &geere 11762 fasmeshowriesn 1842 uime plate Wachraonsad 20

2036 are providegd o4 &eSH&EHl% VI4@NEdL kRe QlRBE1 784019 gg\éthe end cap 2000
onto the remaining por g%;i?ign nechanlsnll Formed in the

upper end of the end c t 18i 04 aﬁa%ﬁﬁﬁﬁéﬁaYZO@R)‘ oBafi t¢g
outwardly Iiomto an&&uonﬂrcha&hetaﬂ&i@ af7o@r,ealseshdwn 1@1&&&M@tra£ﬂﬁh 1n

sideval |5 2052 gt Gegriar G050, ar EpieAdec oThe detad o 8L.40 G Ao

pi st on nmenber mechani’sm are ure
The piston 21oosn§§1anaénpa¢g§aouyh|h@¢|e§|1ﬂé@§tm@gﬁ@ﬁ-3oGaszsmaumaumng a

finet outer cyl icadhirgal 709 When ll2e bR malfohqssa@@;Ha;ae%tze\feﬁsubaglran 2020
of end cap 2000, Disposed directly beneath the enlarsaamnbpr i ndri cal, head

portion 2112 i sWReM AR ANEFESnBASEAT AN LG 221 P4 By dfe driyen
threadsiﬂﬁﬁ OdeWhﬁmﬂdcﬁl&@QeéE port 1760 is vented. However,

whether or .not port 1760 is vented, the internal piston
1720 is activated when cavity 1702 is pressurized to a
low pressure (i.e. 10-15 psig:69 to 103 kPa) with gas delivered
through passageway 1812.

\/ 20 Finally, holes 1860 are provided so that the
- scuff plate 2400 can be mounted to the upper surface of

the lower support plate 1800.
The axial intensifier housing 1700 shown in
Figure 17 is a cylinder formed from aluminum alloy
_&J' 25 70755T6'and has . a cylindrical cavity 1702 formed
therein. The upper outer end 1704 of housing 1700 is
threaded and engages the formed cavity 1830 of the
lower support plate 1800, as shown in Figure 19. An
O-ring groove 1706 and an O-ring 1708 are provided on
30 the upper end of the housing in order to provide a
fluid tight seal between housing 1700 and the lower
support plate 1800. A gas fitting 1760 is further
provided in order to input nitrogen gas into the regioh
1762 below the first piston mechanism 1710 in order to
'35  1lift the piston 1710 in the direction of arrow 1712.
The inlet fitting 1760 inputs_the-gas.to the circularly



35 own in Figure 20. The threaded region 2114 is of reduced di aneter
t han B ’dut er head portion 2112. The -24- threaded region 2114
termnates in yet a third cylindrical portion of decreased dianeter 2116. -
At the bottom of the axial piston nmenber 2100 is a fornmed cavity 2120 which
as 'shown in Figure 17 cooperates w tdp{35 formed cavity 2040 to forma
chanber 1714 as shown in Figure 17. Centrally disposed through the center

of piston nmenber 2100 is a fornmed passageway 2130. Passageway 2130 - \o/
term nates foroad regibd0 lﬂf&krlmdgmmeemm qrmtcﬁ-ndné’dﬁéhisxﬂ'he upper

end of 10 i 3 a f%%ﬁ I con ted to a
cylindrical 19I)’llzci)f t gglzf(%\% ir?%gl%} at annzﬁﬂ%'h%'? ‘et ween head
portion 2112 and sHaf Fizwme 2Qherapp@mnﬂMtbé Qmﬁalrﬂ4ﬂftehmrmn¢s in a

t hreaded po g0 ofp S IS € gn Flgure
17, the pi sltétgr?DZIOO rrenbg%egéﬁ% gggn gages % éuc%ed %‘@Eto orm

overmq5pnsﬁ&ﬂﬂk@ﬂmtéhﬂﬂi[ﬁ%@oh&nimhﬁ&ﬁﬂﬁ¥éélmrcmbdmdr@nakiﬁmrned

chanber 171éhla§>econt@hneﬁevv'ct i‘néPh.éaFl' sspcme&eaé fe?a cohabpiRpg e head
of the internal piston fwo forned pasihﬁgmays 2160 are

. |
formed at 150THEG réeq"ﬁtcé‘rlxﬁél §‘W§nc?rhaq§é whighn e RPN Ot kgHFnct i on
to provide i dsccrmlpltdatel @f |0a¢:<1n§1arm 17ile O-45iny |prdiei deddlai ned
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. 2200 forms ggu@ihgngi7e0.0f 1Hedldy 13%Wr PELN D PY fin PETP hIBURRE "the
formed groove 2005 is of greater diameter than the
upper remaining portion of the cylindrical structure
2020. The bottom end 2030 of the end cap 2000 includes’

15 a centrally located raised circular portion 2032
terminating in a slightly recessed circular portion
2034. The portion 2034 being slightly recessed o

- cooperates with the lower surface of housing 1700 to-' o/
form a region 1762 as shown in Figure 17. Wrench holes

20 2036 are provided for a spanner wrench in order to
screw the end cap 2000 onto'the remaining-portion of
the piston mechanism 1710. Formed in the upper end of
the end cap 2000 is a first circular chamber 2040 _\J
opéning outwardly into a second chamber 2050 of greater

25 diameter. The sidewalls 2052 of chamber 2050 are
threaded.

The details of the axial piston member 2100 of
the piston mechanism 1710 are shown in Figure 21. The
piston 2100 has an enlarged cylindrical head region

30 2110 having a first outer cylindrical portion 2112
being the same diameter as region 2020 of end cap 2000.
Disposed directly beneath the enlarged cylindrical head
portion 2112 is a threaded cylindrical portion 2114
which engages the threads 2052 of the end cap 2000 as

35 shown in Figure 20. The threaded region 2114 is of
reduced diameter than the outer head portion 2112. The



17-4PH (H900). The piston extension 2200 is cylindrical in shape. t'he
| ower end of extension 2200 is fornmed a threaded annul ar regi on 2210 which
engages the threaded end 2150 of the axial nmenmber 35 2100. Directly
above the threaded annular region 2210 dz-a formed annul ar cavity 2220 of
slightly smaller -25- dianeter. Directly above this cavity 2220 are
tour {f orned.vent passageways 2230. The fornmed passageway 2240

I oggl tud:c nfllhl y e e@eld dalrley 1 onateel 4 n text igiadne 220M | y et centt hdatd on of
and is o e sa anet.er as 4o VR, e 100.
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nenti oned, screws onto 15 _ end axi al _portion 2100 t end
the piston shaf®i&gsahoRfnhe Fi &L}rqg 17‘5 %&@\Fé’?e b@fao?%aﬁélwr‘?gysgrlggte‘d on,
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formed between hea ortlon 2112 and shaft 2140. The
upper end of shaft 2140 terminates 1in a threaded

30 2100. The prston extension is made fromalloy steel materi al %%ESQr

portion 2150 of decreased diameter.

15 As shown in Figure 17, the piston 2100 member
firmly engages the end cap 2000 to form an overall
, piston head to the piston mechanism 1710. In addition,
o a formed chamber 1714 is contained within this piston
head for containing the head of the internal piston
20 1720. Finally, two formed passageways 2160 are formed
at 180 degree intervals around the piston head 2110
which function to provide fluid communication into
"o chamber 1714. As will be explained subsegquently,
pressurized gas delivered through this fluid passageway
25 2160 serves to activate or deactivate the internal

piston 1720. ' _

The details of the piston exten51on 2200 are
shown in Figure 22. The piston extension 2200 forms an
extension of shaft 2140 of the axial piston member

30 2100. The piston extension is made from alloy steel
material number 17-4PH (H-900). The plston extension
2200 is cylindrical in'shape. In the lower end of
extension 2200 is formed a threaded annular region 2210
which engages the threaded end 2150 of the axial member
35 2100. Directly above the threaded annular region 2210
- is a formeA ~nnular caQity 2220 of slightly smaller



25 900, shown in Figures 9 through 11, is press fittingly inserted into
the¢agnuE§§ region 2246 wth the circular hole arrangenent side 970 up in
ordér t o ut the ower end of the core sanmple. In Figure 23 are shown the
details of the 30 i nternal piston mechanism 1710. The internal piston
1720 consists of two parts. A |lower head 2300 and an upper shaft portion
2310 terminating in a plug 2320. The.hguwer head portion 2300 is cylindrical
in shape having a dianeter equal to slightly Iess than the 35 di anet e of
cavity 2120 of the axial piston nenber 2100. Formed in this region is

Oring groovdiaﬁeler. 26t r Beltdiyn g v & Itihrig ?c’:’é)ﬂmyTlIQZ@rdm 2844
provides a flLuid %F gtme%n head 230? %gp hﬁ rface of chamber
1714. At t heCRBECon S 1 RASREAFT AN F&0 i r ﬁ?a °58P -BAS3396VRKi ch i s
slightly ra|EadoflongthedﬂﬁallgyhhddemdmmmlpgrﬂbcatEBOQntextehsueavity
1716 as showssphp E§99r§0é21RIQ@1 rg@sgngfl%pv y5&21§ HSté%{ﬁ§N4de a flow

path for the gas Injec roug passageways nge and
| oner R8ad 2880formed spassage@y hibafedlfy mmghgeszaﬁe hefteavpphown in

region 10 ' &RA0o£Moa FBlatjd ahyuspsla bo vl Le e e Q2] AilPagpd the

shaft 2310 is_an alum num@allqy, nunmber 6061-T6. e upper of the
-shaft 2310 | 9ikeFbrAeaOprLEeIIoN mzswaﬂtchzﬂmemeﬁﬁmat@stes} in a5
outwardly di eemed cc)mcwewpaaasaewﬁ C|224|4noEUfnﬁcht anﬁ‘lﬂé":e§a5@u§n
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flat ug®er sficftmeéd aﬁﬁelarThegpanpé?éGoioth&qﬂlqﬁ the extreme top
of extension 2200. The top end 2250 of extehsion 2200
is of slightly decreased diameter being integral
through a tapered region with shaft 2200.
The extension 2200, as mentioned, screws onto
15 end 2150 of the axial portion 2100 to extend the piston
shaft as shown in Figure 17. However, before being _
screwed on, a centralizing ring 2260 is inserted onto ‘h)
shaft 2310 as shown in Figure 23. This upper shaft
portion of the internal piston assembly is inserted
20 into the central opening 2240 of part 2200 and
centralizing ring 2260 is inserted into cavity 2220 and
then end 2150 is screwed in. As will become clear, the o/
centralizing ring 2260 stabilizes the inner piston
mechanism 1720. A second perforated end plug plate
25 900, shown in Figures 9 through 11, is press fittingly
inserted into the annular region 2246 with the circular
hole arrangement side 970 up in order to abut the lower
end of the core sample.
In Figure 23 are shown the details of the
30 internal piston mechanism 1710. The internal piston
1720 consists of two parts. A iower head 2300 and an
upper shaft portion 2310 terminating in a plug 2320.
The lower head portion 2300 is cylindrical in shape
having a diameter equal to slightly less than the
35 diameter of cavity 2120 of the axial piston member
| 2100. Formed in this region is O-ring groove 2302



20 2320 is to selectively engage the fornmed conical chanber 2242 of the
~extension piece 2200 of Figure 22 in ordepgto sel ectively open and cI03§Z$_
passageway 2244 contained therein. The Oring 2328 when firmy abutting
agai nst surface 2242 provides a gas seal to 25 prevent any passage of
gases - holdinglamv@rding 230 bassAgewdy 2ixig. 2304 queswides af
the twa piston | 1 di S ater

peer_glng t he PE%E??O%EEI Z%QVQPH %ZQQ gggh %gpetﬁﬁy fﬁg??o%ﬁakga%% of
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sanpl e, and (3) éfkéﬁtheb&rEPéhlQﬂgotbﬁleﬁrYgaglkgﬁ¥%gn959ﬁego%93htXhEEStS
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t he teachi ngs of ihhBigueseb?. InTEéthBﬁogéOQ£6c£? lzlfﬁfs 8o pF?GQHéel
e garouse 0 e presen

30 - In referenc ure

i nventi on perfor%BP?§§ #8ﬁgtl %o?ﬁﬁndﬁﬂﬂQF?ﬁetEGRéQﬂi 28aganaysnder
control of a stebbﬁﬂglnnooderotootaeaelagdehohecohea&SZB&Upleﬂ@éﬂsﬁ&@t '
axial stress nech S t L e n sedpinto the radia
stress mechani sm gr’ﬂbs?rtr]g%éﬁe{agg %‘%%ﬁe Egrgoase hgﬁogﬁﬁ 3¢ inTPUE8s a
scuff pl at &0 2408348-pivotable flange 2500, and a carousel or carrier

2600. The scuff plate 24R¢ mstéplalrG%)éaatéacrhsﬂuﬁgctthﬁréxtﬁé ﬁé&&%g?o
nmechani sm 60 and t e fkan%ﬁhg qgl attached carrier 2600 1s rotata
uhie Lﬁ 9

thereon as a sin§i 418 @D dIHPAngM t 7d 1930f f nPMR L
At 6061-T6. At the upper end of the shaft 2310 is a

formed plug 2320. The shaft 2310 terminates in an

15 = outwardly directed cone region 2322 which, in turn,
terminates in an inwardly directed cone region 2324
having formed thereon a circular groove 2326 receptive

of an O-ring 2328. The top of the plug 2320 terminates

in a flat upper surface 2329. The purpose of the plug

o/ 20 2320 is to selectively engage the formed conical
chamber 2242 of the extension piece 2200 of Figure 22

in order to seleétively open and close passageway 2244
contained therein. rne O-ring 2328 when firmly
abutting against surface 2242 provides a gas seal to

pocony

25 prevent any passage of gases downwardly
into passageway 2240. '

The operation of the two piston mechanisms 1710

‘and 1720 will be discussed later for performing the

functions of (1) lifting each core sample from the

36 carousél, (2) applying an overburden axial stress to

each raised cdre'sample, and (3) Selectively enabling

the permeability and/or porosity tests to occur. While

an embodiment of the two pistons has been shown in’

Figures 17 through 23, changes and modlfxcatlons may be

35 made thereto under the teachings of the present
invention. ' | ' -
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2400 are shown. The scuff plate 2400, as shown in 15 Figure 17, provides
t he port base for the carousel 2600. The scuff plate 2400 is circular
and ¥s/frade from al um num al | oy nmat e~23= nunber 6061-T6. At the center of
the plate 2400 is a countersunk pad 2410 and a circul ar passageway 2420
whi ch extends through the 20 plate 2400. A notch 2450 is cutout in the
scuff plate Bo ai Gareuseli der iIdn refessmsiee backe$o Migunee War dbeel 2600.

D sposed neaEatmgélcababﬂoadnanc @éent&wevwmehswéapﬂsr t plRol es/
2422 which are r hol ts to sel ectivel g Bga ge 25
Th

formed thread88c E&P s © 85619ﬁﬁﬂuﬁ?g Pi§uﬁ&ﬁ? $RAPL B3N 8ffi xat i on
of the boItschtnqﬂloﬁeaesnnppﬁmgumbtmﬁfﬁb24821&miiﬁqeaded lR@lres 1860

firmy h S (@ pl.ate Iat 0Q.as shown
in Fi gur?%?sgﬁﬁsﬁoé%gror@%hea&en ogt%g%scu ?Hgg%zf 3’5’5&[ gzh@ut out
2450 i s yet &ogeheancibecyiadsedorims® ﬁ@@s&@@m&} Etﬁhaﬂnmﬁnkﬂngam otrsel f
with the for gipnassaaausy 7554018k agchaed! neBadlilsnP! 38 3 ntAligeand whi ch

provi des a pass ﬁgway :%&P&h pi st.on ani sm can
pass. 35 AddSSG% a?Gr ol & FQHS?%%lﬁr é‘—\A%aef #359Qt arRBng an

el ectronics amlca.g@e%ee 2o 2800. -Zaheclg@ﬁefl‘fna%é oz4§8d Rassageway
2460 carrkfs t.he \wir A bevel area §670 S

t he package
or ovi ded on A&, 2 g?afﬂg (ﬁﬁf ?a?glfio g%ﬁo%ﬁc qﬁiﬂw 280G, or der
to 05 avoi dh@arﬁa@nge 288 0c ared adbbtachiest acant i etrr @69 Onecshaotambbd upon

rotation of EHS‘EQBO$% f%qggleTg§6Qetalls of the carousel flange 2500 aQE)

shown in Figure referably made
In Figure 24, the etalls of the scuff plate

2400 are shown. The scuff plate 2400, as shown in
15 Figure 17, provides the support base for the carousel
2600. The scuff plate 2400 is circular and is made
from aluminum alloy material number 6061-T6. At the
center of the plate 2400 is a countersunk pad 2410 and
"a circular passageway 2420 which extends'through the ;;J
20 plate 2400. A notch 2450 is cutout in the scuff plate
to aid in the insertion of sample cores into the
carousel 2600. Disposed near the circular pad 2410 are
three countersunk support holes 2422 which are
receptive of bolts, not shown, to selectively engage -
25 formed threaded holes 1860 in the lower support plate
1800, The affixation of the bolts through these
countersunk holes 2422 and threaded holes 1860 firmly
holds the scuff plate 2400 to the lower support plate
1800 as shown in Figure 17. Disposed on the end of
30 scuff plaﬁe 2400 opposite cutout 2450 is yet another
circular formed passageway 2430 which aligns itself
with the formed passageway 1840 of the lower support
plate 1800 and which provides a passageway through
which the piston mechanism 1710 can pass.
35 Additionally, formed holes 2432 are provided for
retaining an electronics package 2690 as shown in
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from nunber 303 stainless steel material. It has a 10 | ower vertlcally
and downwardly extending shaft 2510 term nating at the upper end in a £
enl arged dirameter cylindrical region 2520 which is interconnected to
upper circular plate 2530. Centered on the upper surface of the plate
2530 is an upstanding cylindrical 15 rggion 2540. Finally, near one end
of the circular plate 2530 is a formed pin hole 2550.. As shown in Figure
17, twp bearings 2512 and 2514 hold the shaft 2510 of t he flange 2500 in

the forned bear kg ugBanel sp183¢nandpldh A sPOvR N30 .1 oK1 GHECy1PcE1 the

| ower support plafe 1800. The pin 2552 seats Tn the or red
The carousel fI§H§@ EBBOPP§kBSBaB§8 of rotating freely on the f or-med

circular pad 2410 of thebseunédphab% aﬁl@ﬂo 5.8t lrigigi PP DEAT k@S LB 20 and
2514. As will r end of shaft 2510 is :

th
mechani cal I'y inf BFC@ gathgﬁagtéﬁ §¥RotBr FigHEet & ¥neRrdert he
car ousel m5cmfawa1Q666m&gshmw1tﬂeﬂque HboveCaiHé €6 x3G0D E%ress

f bly . ' f teri | | 6061- T6
or it can b monachéhEEn, 80 LBbH kBN bE Thpe raPbedtloZhalr or 2600 1 5
cylindrical in shape aﬁbelMﬂuﬁk$saofltﬁdxnanauaeMaﬂrahbyIzmanedre

oin ol e 2615 ot S oed0t e ar pra 53809-5aSO0 AR HEESEpALEYARge ! °

:Iock the carri ef£280BURPEhe3f3- stampbess ﬂﬂﬁﬁltmnhereadne di(hnsualt
; trally 10 -29owéispesedcial liyreasdr Bownwii W1y Sed teAd By PaSsAgCYEY 02620

: | permts a, gerew, ?92 Lo ggga%e forneddthreaded assageway 2540 of
the flange 2500° B0 g er end in an enlarge d1ameter
: cylindrical region 2520 which is interconnected to the
upper circular plate 2530. Centered on the upper
surface of the plate 2530 is an upstanding cylindrical
15 region 2540. Finally, near one end of the circular
" plate 2530 is a formed pin hole 2550. |
o As shown in Figure 17, two bearings 2512 and
g/ | 2514 hold the shaft 2510 of the flange 2500 in the
formed bearing channels 1824 and 1826 as shown in
20 Figure 19 of the lower support plate 1800. The pin
2552 seats in the formed hole 2550. The carousel
- flange 2500 is capable of rotating freely on the formed
o _ -+ circular pad 2410 of the scuff plate 2400, rotating on
’ | bearings 2512 and 2514. As will be explained, the
25 lower end of shaft 2510 is mechanlcally interconnected
with a steppzng motor. -

The top view of the carousel or carrier 2600 is
shown in Figure 26.  Carrier 2600 is pfeferably
manufactured from aluminum materiai, alloy number

30 - 6061-T6 or it can be molded from a suitable plastic
material. The carrier 2600 is cylindrical in shape and

- includes at its bottom a centrally located cylindrical
pedestal 2610. Pedestal 2610 has formed in the bottom
thereof a pin hole 2612 which is receptive of pin 2552.

35 Pin 2552 functions to lock the carrier 2600 to the
“*:-7~ 7800 en that both rotate as one unit. Centrally



engagenent of the screw 2562 firmy attaches the 05 carrier 2600 onto

t he f" Nge 2500 and allows the flange and carrier to rotate over the scuff
pl at e ZZ00. Qutwardly extending fromthe cylindrical portion 2610 is a
circular thin-walled md-section region 2630 term nating and integral with
a plurality of formed 10 core sanpl contalners 2640 which in the
preferred enbodi nent i's eighteen in i) The core sanpl e containers~
2640 are formed in an annular ring 2650 and the tops of each formed cone/

sanpl e _hol dealzpége%rqbevﬂheegﬁézetnz@rotéerléoaakbgwe%agy% sgenal the

core 15 ng es into each contai ner t1on er 2640
has an el'ongfed HMkceRS Ik hid 20rS € FiéYoud &P s&‘?a@@?&%?e@fﬁ"meéh sl ot

2642 functiogy, zt@aaeam;sasaegwagt o5 5 0f Iorfgemetelaﬂg@ typ§or eppanpl e and
to allow easy insertion of_the core sanplg_into th carrier 2600. As

shown in Fi gBPGaBEMeRE Pcﬁrn’é ec ot & 84t B8R0l TbF mAga 02 BkaSTIRS aFhet he way

throughst he gapuliat 28bL 3AEO thet Baange Qbeocahauaqho%QOQhEI!Qbﬁ @ver the
scuff plate 24 bott om

0 f each core e upper surface
of the scuff? F@‘Eg 94568! 3E8c8V85ré oﬁggﬁﬁe 123&0938§ ‘a formed
passageway 2660 whi Ohtperdilysekhenddéngcifirom the uyamadmﬁcalpbotedehl and

light emittipg,gi @g ,Birblgap’ ERTRCHTN R g&gnls%citgo%hete:lﬁ 2630 2

will be subsequent expl ai ne n ad ront of
each core hoFGéﬂkﬂﬁﬂﬁ¢% aRnd %Rﬁ?@g#énwz&n)Qspéuﬁﬁdmﬁﬁtqfofotoeﬁed hol es

2670 whpch abseeP@diipléheoRassaner 8f 2% deawmich i ght thieOB e éPhbgeni tting
di ode through m d-regi on 2630 in order to detect the proper alignnent 35

of the carri &® Rta iﬁaﬁﬁﬂhFBeBelguaﬂﬁﬁ%Htlyﬂﬁ%xﬁ%é@dsﬂﬂge@ond
'single aligneentaicler£6Z840sagksformed in an annular ring 2650 and

the tops of each formed core sample holder 2640 are
.beveled 2652 in order to allow easy access of the core

15 samples into each container. In addition, each
container 2640 has an elongated slot 2642 formed on the
outer surface thereof which slot 2642 functions to ~
permit the operator's fingers to hold the core sample
and to allow easy insertion of the core sample into the

20 carrier 2600. As shown in Figure 17, the formed core
sample holder'2640 extends all the way through the
annular wall 2650 so that as the carousel 2600 pivots —
over the scuff plate 2400, the bottom of eéch core N\~
sample rides on the upper surface of the scuff plate

25 2400.

Each core container 2640 has a formed passageway
2660 which permits the detection, by means of a
"photocell and light emitting diode,'of'the presence of
a sample in the holder 2640, as will be subsequently
30 explained. 1In addition, directly in front of each core
holder 2640 in the mid-region 2630 is a plurality of
‘formed holes 2670 which also permit the passage of a
‘beam ot light from a light emitting diode through
mid-region 2630 in order to detect the proper alignment

35 of the carrier 2600 in a manner to be subsequently -
.discussed. A secend single alignment hole 2672 is also



provided which is‘utilized to detect the initial or starting positio

the carrier. Finally, in order to nount the carousel or carrier 26082%#to
t he area between the upper nmechanism 70 and the | ower nechanismO05 60, a
‘portion 2690 of one of the sanple containers 2640a, as shown in Figure 26
is renoved in order to permt the carriess@600 to slide over the top of

el ect,roni cs package 2690 as shown in Figure 17. |In summary, the carousel
mechdpissm 30 functions 10 to provide a carousel carrier 2600 supported by
a scuff plate 2490cuhdedawhicly aspudddiizedneéd detesrt otheoieisdml esr to
be selectively r f o) | a e ed
with a stepping %ﬁ?ﬁ%ﬁg@‘f@f%?e?gr%% %%%g?{ren?ﬂgngfﬁg ciz}ﬁ ocl;fge etgc;
mechani sm 30 of m¢enpr dhent cRrMaNS € dn drascBaant elf s@6dBkdindd f that iadre? and

changes can be npdeyéorreke. u@ée?xﬁ€9$éﬁi§ﬂ by @ﬂdaiﬁérﬂ@$@reHQQWdH¥§mfOr
t he caroussé to be discussed su sggﬁently, under the teachings of
n

present infenti c®0. 2 portdpn of °§f°Q?KP§%§§§n§aﬂﬂh%n?PBﬁalnﬁﬁ§

operation of thpeqpagsert dHywemt mnmddr@ombesdewd\b@@l lihezw:ow&sel -
nmechani sm 2600 can be | nserted betmeeg be ug qﬁchanlsn1 and theJ%omer
mechani sm 15 6P®BP1tn{ e 12 R he?8P 4 hEPpPdsh®t PNt F8F bSORI %

t he carousel 30,eBsc8fmm¢csrpi&@mge Zesolmstﬂnodmrentrnmuné BT row 2692.
This permits the opening_2 ' ct u n i 40a
fnZRSRgLEEC! L 00EG0E0L kO EOER, S9TYAEEL S

to slide over the top.o ronlcs ow t he
carrier tol8lip mepr@vmesszcarwmlp%pexey eP@nseRpOoX tRA shy cav PHHHL | s

thés’inserted thypugh $000CEn@ISSABPIRY aO2% et EAh1AEE KBS ELToRONréS
samples to be selectively rotated by means of a
pivotable flange 2500 interconnected with a stepping
motor. While a preferred embodiment ot the carousel

15 mechanism 30 of the present invention has been
disclosed modifications and changes can be made
‘thereto, as exemplified by an alternate embodiment for

St .the carousel to be discussed subsequently, under the

teachings of the present invention.



I nt ef&APNnected to shaft 2510 of 15 flange 2500 to rotate the carrier and
flan as a unit, in the direction of arrow 50. The carrier or carousel ‘
2600 is now ready to be | oaded with the core sanples and | oadi ng takes

pl ace by selectively activating the 54 pper notor to rotate each 20

I ndi vi dual core contai ner 2640 over the cut-out 2450 of Figure 24 so t{ﬁy
each core ¢ be t u 26 |s fwl y

| oaded, theafrrach h&aécjg% gl)a?fctgQ tc‘?%gt ?%eer V%rﬁ% tﬁe pgﬁgg J)‘/ an _
" per meabi | i t yoPedtast iomheo £t §3H nP IS On i Kin wendei ohe wdak ki arOVQGDG to '

rotate Unt'|dé§E%f%éQn”BﬁEeh@&?o?@@f héc éhQEﬁegﬁﬁﬁeEaHhBEOQEE% %ZgZ as

shown in Fiqure 17 hot oce 1782 e ects resence o
t hrough for ¥Rt 2'692'4??% BechanigMond endt thﬁelgaer mefoétarebm sanpl e

is in@esitiogn ard {gedy Hie bRatBiinRd.of | Ehéebrfésaéné hahvieh tioProperly

aligned with photocell 1782 b cting th resence ot i ght beam 1413
fromthe i gﬁﬂo LR %?5% 9 %Sl'na‘lshés ‘é'gt ?‘Bn?&guﬁ?aﬁ:' 14¥00tBe Figure

14 and as shbirecti@d ofFagmmc 1692.|tThsstpebnx&sptbesbyeund@rBsbod t hat
the, oteppl NG Lo AChAELASaLROLAR EDEE LRnYUIhE: 2638023 PIfiEher T ned

nunber of ste ascer arns not p %2 detects
li ght 1413 fQWdItb@e tiop 0of khe £k¢ehronlias tpmclpagperzsrsdbiamntog can be

done bygeit r nuEhe N
det ECt:'{RQI t @%%ﬁné %féﬁguﬁggéﬂp ﬂegf ogiﬁrg ﬁS’E)ésaf"(g{?én %%’ge?i <

proper al i gritehente@ o the I8EF q'i ¢ 6A é&cI‘Flb?nt H@%‘Pgh?éerﬁlb@(ﬂ@h'
containers formed passageway 2620 so that the carrier 2600 is

firmly attached to the flénge_ZSOO. A stepper motor is
then conventionally interconnected to shaft 2510 of

15 flange 2500 to rotate the carrier and flange, as a
unit, in the direction of arrow 50.

firn1§ attached to the flange 2500. A stepper notor is then conventlonally

The carrier or carousel 2600 is now ready to be .
loaded with the core samples and loading takes place by \_J
selectively activating the stepper motor to rotate each

20 individual core container 2640 over the cut-out 2450 of
Figure 24 so that each core can be lcaded into the
carousel.

When'the carousel 2600 is fully loaded, the ~;J
machine can be activated to perform the porosity and

25 permeability tests. The stepping motor will cause the
carrier 2600 to rotate until the alignment hole 2672 is
oriented over photocell 1782 as shown in Figure 17.
When photocell 1782 detects the presence of light
through formed hole 2672, the system knows that the

30 First core sample is in position and ready to be
tested. It verifies that it is properly aligned with
photocell 1782 by detecting the presence ot a light
beam 1413 from the light emitting diode 1410 in the
electronics plate 1400 of Figure 14 and as shown in

35 Figure 17. It is to be expressly understood that the
stépping motor activates the carrier to turn a



i - .

2640 by nmeans of passage of the |ight beaqr;gr 1412 t hrough correspondi ng es
2670 to photocell 1780. In the 10 pr eT€rT ed enbodi nent the steppi ng_q,;»
not or steps at 200 or 2000 steps per revolution. Once the carousel is "~

roperly aligned Light emtting,.diode 1784 i ssu beam_of |ight. 1786
Itohrgughyt-he ?or @%3%%&%@/& 2%%8b8fr eogfchggspg h%ﬁge%rb%ﬁoa%ocréigaln?or
t he f\;;_r_s}-'core MMeZGwa_rgdtOmlyhtomldutlm&et?tﬁalmobén 1788 )
This werforns t | r t fepctigo e [ 1 hg er, | t he
core sanpl e. Un%rddt%gl'itlzg'chi ggs.tlgf r}:t]ﬁéea|€')Irte:_§%tr’i—t q"lgnnéveﬁt':|B§(r%|g t%%?icg%n;slg |l e
can vary in hei G&n R gty Hithey ramtingcthe Predeteipined gumbery 9

cns). Hoveger, of dteps el ddeed IngLbRL ELgh € M Pefds h@bgBl eofen¥ i i Nch
(1.9 cm, as dictated bg t he acemgnt of é)a sageway 2660 _and the alignnment
of light emittimf W OAES1AsALLREPNELELM e 1588 BroRey, 3bignTeRf< ikt

m ssing, the sysleo coseshite for adld & the ashigtnesen occohe E@xta Livé €s
holder. If a c I |cheis t00 short is allo ent I nt.o th
mechani sm 70, Sglér@%riega\é}@ca# CaCsLsraqeo ?%eﬂf%bgle?hﬁ%% %)oi o'fhf%‘égeh
present inventi corhepopdiad drobést B6 7i0hvient pbatosell s1p8hnt iIn e
best sunmeg4zed rgﬁﬁ | LQUIT Y/ | Qﬂy@ | S
circuit 27 co%)(is{a tgdel I g &tﬁtﬁrﬁjl%gdﬁ%%m anod"t Bﬁ%%%%gﬁ %%SQEt he
start and positiHPLisEaRT ERAFUSIRRof |ight emitting diode 1410 and
photocel I's 1780 and 178hceirthd tadbudd 35 propasdly aMAgweaposed idhti ght

generate - -5senehre RS T Tones 2 bras G plignt STREE i Fefon
circuit 2730. THhe dormed passagdeway) 2660 cfteact esope holder 2640 (or
15 for the first core holder 2640a through cut-out 2690)
into a photocell 1788. Th;s performs the important
function of detecting the proper height for the core
sample. Under the teachings of the'ptesent invention, .
the core sample can vary in height from preferably 3/4
\./ 20 inch to 3 1/8 inches (1.9-7.9 cms). However, if it is below the
' minimum predetermined height of 3/4 inch (1.9 cm), as dictated
by the placement of passageway 2660 and the alignment
of light emitting diode 1784 and photocell 1788 or if a
core sample is missing, the system causes the motor to
advance to the next core holder. If a core sample
"which is too short is allowed entry into the mechanism
70, severe damage can occur to the rubber sleeve 800 of

-y

K,/ - 25

the present invention.
 The opetation of the invention to this point is
30 best summarized by reference to Figure 27 which shows
the height sensor circuit 2700 composed of light.
emitting diode 1784 and photocell 1788, the start and
position circuit 2710 composed of light emitting diode
1410 and photocells 1780 and 1782, and the piston
35 sensor 2720 cdmposed of light_emitting'diode 1405 and
' photocell 1420. These circuits tespectively generate



st eppi ng notor 2740 over |eads 2732, the stepping notor in'turn is
meck@cally coupl ed, by neans of a tid#-ng 05  belt, to the carousel

flan 2500 which drives .the carrier 2600 in steps in direction 50. The *
operation of the axial piston nechanism 1710 will now be described. 1In

Fi gure 28 i sSaANARBuSVER ilGrdt 21He2)i Rlilidy 0dndh@ 7Pistton aecharicom 1710.

Ni trogen 10 cigauits 2EBiover ahe rodtdiol idiltik? GG aéuﬁh%l:i@atﬁe{é%"’ 2800
to pneumaticagl§ activate pi Yo 1710.. This gas in cavity 1762 lifts e
piston 1710 SSEE¥RANA BFR& 2 8VEE 1ﬂ?é‘spi?~3t5@n 1+hED SEERRINGEMARFar dl v

and the gas aboterhhéspmetcthamicealllg vonipae @t biyh mALHE RAS FEWAGLS

1812 as . ndi ¢at by agcow 2820 t he. pi mechani sm. 1710 ri ses, the

core sarnpl e %%Sl&d'l sy?i %@%d-?zar(g)%?ie&é?ilﬂ% dﬁggﬁt AMesh 2843 Veshéb&re

sanpl e 2830 F8rraesedsif tilme sttiepsctinod iafec2d4h iS®.0 t he upper nmechani sm or

sanpl e hol der 70. [ I r.al Sien f core s l.e r ubber
nmp ﬂl%m&%etr&%m% SRl 25d a1 r}.gsto gnaeschg?pmtlg

sl eeve 800 is held y agal nst_the 1nner. wal by
nmeans of a vHALAnNPEi R§ #esrr ibed-he I FdgQuiren 28 im ranw 12856 tira thass ageway
340. In Figupe 2he theephidiOR £l £H@ b3 sftidn | : nd into the
sanpl e holder 70, It _is t%tc?obe, expr&gltynu#i@ﬁ%fyétﬁ ur[flcfgr%%?%é'

t eachi Mg of 9@Re 1fr BeLAPeTRfoARiton 2khelplgtod 761 @S Shomnsdy oy riow st
pressure as Rreépoegenpaduma tidadly 2%kq vateh @es tont NG rENgerRisl@aRsig to
25 psig (69 tgQ 172. Paé %d t.%it Qpce Qrientﬁd] g)o in.the position as .
shown in Fi gaPe®381 ¥h 7% eddbrS t08 RESERDd 1D 25 AROMAL QYA AT IS ger <
val ue of sucR839.50 ThelPpd® g gl 1003 itso &t iYePapwardlyesndlthe gas
correspondin arfesht ed AQV@rur f .5 to 10,000 psig. (3.4 to
55 \Pay whi chony vt Es PERLoR Heddl 131 HALEA Bur U eliah perssbe ity  ne
core sabple 232 85 imeé iga bpdstresa 2300 BEiIdfY. apPls ethes giyptoal |y ten

times |argermpdadi¥nPE9IMWCises, the core sample 2830 is lifted
from a positioned container 2640. The core sample 2830
is raised im the direction of 2840 into the upper
mechanism or sample holder 70. During the raising of .5
20 the core sample, the rubber sleeve 800 is held firmly v/
~ against the inner walls of passageway 320 by means of a
vacuum being drawn in the direction of arrow 2850 in
passageway 340. ' _
In Figure 29, the piston 1710 is fully raised .
25 and loaded into the sample holder 70. It is to be o’/
expressly umﬁe:Stood'that. under the teachings of the
present invemtion, the piston 1710 is raised by first
pressure as represented by arrows 2810 such as in the
range of 10 psig to 25 psig (69 to 172 kPa) and that once oriented
30 in the positiom as shown in Figure 29, the préssure is increased
to a substantiamlly larger value of such as 50 to 1000 ﬁsig (0.3
to 6.9'MPa). for example, corresponding to a desired overburden
. stress of 500 #o 10,000 psig (3.4 to 69 MPa) which provides the
axial stress, as shown by arrow 2900, to the core sample 2830.

35 The axial stress 2900 being applied is typically ten times larger

than the pressuzxre



-34- represented by arrows 2810 because of t he enl arged head di aneter
pi ston 1710 in conparison to the top end38f the piston. It is to be 5
expressly understood that a single perneability test could be nade at a”

i ven 05 ‘overburden stress or th nunber of _successive rpeahlilit
Pests, such as FRBREFERSEP. DYoardons ABAD becageecos, fom sairrabenbead

overburden str ediametSroift puseoal I 700t int kompalriiseny taf thecrtepseddpbEssur e

to piston 1710 ndi ng red ver rde Star hi gh
pr ess&]%e oi | |§g esﬁ'ggP@d thfr%u % 5§ssage égﬁiéﬁ 4 ‘ﬁ 9%??’8\*/ 3910,
into cavity 232 Sdawslelgpehmela!'blblettw tess 30PuLd deamddar camdat kel wpper

end of thgspl Stg%%iéarma UUL LS A RuFte Ol R POL b L

core sanpl é 283 i's su ected to bo t he ov urden ra I €ss
2920 and the axP&Fm9PPé§§tYQG@5Gﬁuf@Fﬁﬂy andteentiynfousl,y conddche mede

observed in Fi gurtes%%ce%qv%a th@@rr@n%%QeQ%:la%nofstwés@%S' red hei ght
within the aforenentlon qre ter ned ran e of _hei ghts. I n

order to release the & owigh ebtgery @ﬁw&ﬂ?ﬁeéﬁ9ﬁty
232 33”3' ng thep&'eﬁ’@r8g$ot@ﬂﬂ%ﬁ n1vQot "%“3@”"25#“‘3 ftiog the agz-saae gas

i s adde passa as_ sho the dotte ine arro

push the p}lrbston %%%%Béﬁ c&fgﬁﬁst’mﬁ%n p:d??surfeta?/?' %fbveéﬁtd out
t hrough vent 17&(hrothcgafsslalgyewra@t r3¢Q edast shoxen obgehr?&(w 20k % e$nand '
readi es the next ehi's 45 e o] e O g0 €a r

pi ston nechanlsﬁaL MhIC% 55%n e e?bh Qu oggé?% gﬁgeéﬁeagpﬁﬂd
tes+6 30 - to @cmndmtlme metseemdscnﬁss'ememptintqreflérléw@@dt @ ERURGr ésleso

and 31. ' As the i Yaip1el B30, S ADAH JIPEHAL Y Gie LW ddnplgu28 328,
passagemay 1812 'S

is subjected to both the overburden radial stress 2920

and the axial stress 2900 uniformly and contxnuously.

As can be observed in Figure 29, the sample core 2830

can be ot any desired héignt within the aforementioned
predetermined range of heights.

i;, 20 - In order to release the core sample 2830, a

vacuum 2850 is drawn in cavity 232 causing the sleeve

800 to return to the position of Figure 28, and gas is

added in passageway 1812, as shown by the dotted line

‘arrow 2940, to push the piston 17ld down causing the

( 25 air in cavity 1762 to vent out through vent 1760. Once

~ - fully retracted, the carousel 2600 rotates and readies

the next core sample for insertion.

The operation of the inner piston mechanism 1720

nhich permits either the porosity or permeability tests

30 to occur will now be discussed with reference to

Figures 30 and 31. As the pistdn 1710 is moved

'.upwardly as shown in Figure 28, péssageway 1812 is

vented so that the pressure maintained above pasSégeway

2160 is approxlmately 0 psig (O kPa) After piston 1710 is posi-

35 :.tloned, as shown in Flgure 29, a certain amount of pressure such

as 10 to 15 psig (69 to 103 kPa) can be malntalned in the



vented so that the pressure maintained above passageway 2160 is

appr gﬁanately O psig (0 kPa). After piston 1710 is posi- 35 tioned, as
showEdn Figure 29, a certain anount of pressure such as 10 to 15 psig (69 *
to 103 kPa) can be maintained in the area above the head of that piston.

This pressure represented by arrow 3000 causes a uniformuplifting pressure
as shown by arrows 3010 on the head 2386 of 05 the internal piston.1720

and causes it to I|ft upwardly and seat the end plug 2320 agai nst the‘u#per

end 2242 of the pi on ex enilon 2200 gith a,high force. The C}rlng 2328
provi des a fRGFA e3theRtt £O3F RHRt8710 is in the orientation
shown in Figure 29, 10 the mai ntenance or a presspha S00Q &4 aegh

passageway 216 L es..the int iston 1720 t seat agai nst
t he upper eﬁﬁegﬁgg g%& %yp?55 ¢+ gussa %ouﬁé 5ﬂw%ﬁ%ﬁ€tgﬂ§ passage
of any gas. tessuj&waStBapmﬂ hmlarpoma 3@he del ither head 23POhelfi um gas

0 10 95, LSk AkEPRaS" pSLLON 2998 dRashauBaLSF Qw4 3t Laugh,

passageway rmtted.
of the poreiﬁoﬂuﬁeantbérénQ8$UJhy %é&ﬁs&ﬂaknghstégp&@9ﬁ@nenﬂtﬁ@dzcan t ake

place. Wen g . hﬁedgibESH bR LERASL tbeopwmbalhwh rc@f “Bg ecore
2830, the pressure 3000 is renoved a vacuumis I'le |n the direction

of arrow 31(59’1‘HF’(9L|9?135§15§£§§\W§8§2 duid,®ecin Fi %981"heau§|hﬁg t he
%ggon head @aefeohomegpgghg@h mee:h ganealdammﬂmsabdlny mnm‘;qau%l rzgztgge pl ug
t unse Fom.en 4 The 25 arrow | j
i gur o295, pibe B8TRERNEREENSE, A peseuizs KD  RRsRIRH ¥ s 8EaSHaY: o o00~
and into paskagémayzQﬂﬂﬂtesThbehehmamnai Plistonel7ed ttior segit Fdmird y2330 to
atmosphere DgLuende! BReUBBBEr8HG 2242 and to provide a fluid seal

s0 as to prevent the passage of any gas. It is clear
tthat at this point,'the delivery of any helium gas in

15 the direction of arrow 2960 as shown in Figure 31
'thrcugh passageway 2240 will not be permitted. Hence,
@ porosity or a measurement of the pore volume of core g;)
2830 by means ot a gas expansion method can take place.

When it is desired to measure the permeablllty

20 «f the core 2830, the pressure 3000 13 removed and a
wacuum is pulled in the direction of arrow 3100 through
passageway 1812 as shown in Figure 31, causing the
pistoﬁ head 2300 to be pushed pneumatically downwardly
and causing the plug 2320 to unseat from end 2242. The

25 relium, as shown by'arrow 2960 in Figure 29, passes

' ﬁhrougﬁ the sampie core 2830 through the base plate 900
and into'passageway 2240. The helium is then vented
through vents 2330 to atmosphere between the upper and
jower support plates 1200 and 1800. Since the core

30 samples 2830 vary in height the venting can occur in
tthe region designated by arrow 3102.

It is important to recognize that the
permeability and ?orosity tests can be selectively
applied'without relieving the overburden stress (axial

- 35 and radial) on the sample core. Further, a number of
different overburden stresses can be successively'



| ower support plates 1200 and 1800. Since the core 30 sanpl es 28304,,ry
I n height the venting can occur in tthe region designated by arrow 3It
is inportant to recognize that the perneability and porosity tests caRle
~selectively applied without relieving the overburden stress (axial 35 and
radial) on the sanple core. Further, a-36rber of different overburden
stresses can be successively -36- applied with the tests being repeated
whi | & he core sample is held. Even the perneability and porosity tests can
be conducted w BRPdikg@rehthgidepreastpederifa ckepPeatedouhdds $heegore

“Hence, a large gdmRare ofstRe18.05 Evesabnle prliimembi taklyy 61 f96pBd @9 each
hel d sanple. At this point, the design of the centering ring 2260 needs to
“be di scussed. THhESHSE: SBPsB8r cORGuCERLoMiltY Ciffersns 928 PRERTULRSFLQEr e
~ 22. The centeri agchi Bgeirbupdehekakleysiaddencen a Raegee nkedeicN@fl@ests
naterial.g dis cirﬁular I n ihapg w th ? cirqul ar fo%ngd %enter hol e 3200. .
However , 1208BgP8e 3858PRANdS ALY BRELOF™EC, O §2Ch-f§dd3588Pleshatt 2310
of the internal pistonAt728iki peint,t thef desddnciofc ther cealte AW nhageas
“the sem -circul pPS, 3 rovide J5 f d S th t i on
bet ween t he ret Zzlrznéy ?‘Iengg&gZ(%(? a!r:’l 'tq%ules ggcfoég‘lao @%eﬁ?&aﬂ%aéﬁs%ﬁgre I n
~order to allow ceaterknrgalr ingt @2 G0 riree shawml i nwFiirgwur et 22 cr eBheon of

a vacuumin thi 3eh@@irQRg rlngUuiBRLY e FetAbARCmAlde0Erdh BB rRhEaCBea%ing
i nvention_enabl es the first piston nechaniSm 1710 to travel upwardly to

gently 1i#&0 theM@&BAiatoRrRA2450 SHEGULRE ddhpPBaRA déi tho anelr&itkarn
posttion, a nuclfdmtigar ceneerstieéie ZPD00LS apoWwiedk 5| Milt! ATE®USe Yirkle

spacings are placed circular. cups 3210. Shaft 2310 of

~ the internal piston 1720 fits in the formed circular

_ hole 3200 whereas the semi-circular cups 3210 provide

15 formed vents so that the region between the retainer
ring 2260 and the head 2310 is vented to atmosphere in

order to allow the internal piston to rise and fall

i“) without the creation of a vacuum in this region. '
' In summary, the operation of the present
20 invention enables the first piston mechanism 1710 to

' ‘travel upwardly to gently lift the sample core 2830

into the sample holder 70 and, once in position, a much

W, larger axial stress 2900 is applied simultaneous with
the radial stress 2920 to place the desired overburden

25 stress on the core plug.‘.In this loaded position,

| simulating an overburden stress, the porosity and
permeability test can be performed by selectively
activating (for porosity) and deactivating (for
permeability) the internal piston 1720. When the

30 ¢ internal pistoh is activated, the helium gas which is
injected into the top :0f the core sample simply becomes
retained in the volume of the core sample and when the

piston is deactivated, the injected helium gas is

allowed to travel throdgh_the core sample and is vented
35 to atmosphere. In this fashion, the system of the

| present invention can automatically load and test the



the radial stress 2920 to pl ace the desired overburden 25 ~ stress on the
core plyg. In this |oaded position, sipglating an overburden stress, the
poro‘s and perneability test can be Tormed by selectively activating *
(for SoF osity) and deactivating (for perneability) the internal piston
1720. Wen t ISt CL iV |ch|s
injected int oge%eg?ltyo%%ﬁ]?%:f)?‘gsas%m ﬁ:f élf aet%egotr?er}g ?ﬁ%m ng%fl»_%e
vol urre of the S(ﬁmpsl@-npll'et arfl adr&h QmebQ)lstUiﬂht?l’s expres sy candehetood e‘et’ed
helium gas 'S@H@wﬁﬁe tgéztf@e/ﬂeé B0 14 £0b60 SAW| En @NeopS abRNtLd 35
S

to at nosphere fashion, the systemof the present invention can
automatical |y $88d RAK @Bt Qhethe psOEPL S AAP ber R8I G329 adtleacht of t he

ei ght eenOsa”D'vﬁﬁths'ttaﬂél%'gsot‘ﬁe e { gt hﬂ{d exaae%al s tieles 8500¢ tdid the
perforated base p and at .the bottom of the core sanple

r(gsl ates. 900 at hg

are capabl e off entw‘t%"s?’htrfn‘?%gwf’ aﬂ’aﬂ”&hﬁlf’gdl mRAGe EREM 1§
present i nventumu&fnldesargmltm mp@ﬂmgamd$1r®ﬂgthetsoM| sarp Des2830 1 o
opposi ng ends 3 T f uge t of a
separate paten’ltogapp Ica |on C;?%O%gl?l’ éezrilttl e&t é%l)gp%tselu %gt%leonn‘E as 10
i dentified ab®ReRligEivicn A’—U&d concaatrsfntlwwwmatklmmbmatammmm ment
- In Figuoes JFHddViridh Hbsyfe set forth the details of an alternate
carousel nechani sm 30 enbodi ment which primarily di ffers fromthe

errbodl ment shown in Figure 26 in that

840016-A-USA



05 it is capable of being renoved from between the | ower assenbly 60 and
sanmpl e holder 70. In other words, a nunbeg_of the nodified carousel '
mechani snms 30 can be | oaded with core sané?es and sel ectively |nsert@nto
the apparatus of the present 10 i nvention. .~ An inmediate savings is

found in.the congi nugq%ﬂéoFanoéga ngggﬁg%om%gﬁéof gét\g é‘élr s%egz

di scussed approach, at the co etion carouse
each\_gore sanpEBIRYGN @%eaFﬁdFﬂtdlfeﬂﬂS/hl theedeha i bsidof aemabnernaserted

which 15 resul ésdolu%edeﬂeE'hrH?n PEmt e ”@ﬁmcﬂﬁlﬂfe#@ewﬂ n{)r 1'ﬂ1vagrn1ii)pn

Wth the alterna % faroug enbodi nent, a nunb carous can
prel oaded and upBhffRES Frﬁ’F‘eH‘%neB'P"ﬁ“QFOEnshﬁ‘Sér%édFéauDasélﬁ iint thaat be

_renﬁved a?d?ﬁ neiv ol icayedt bel bbeb@@mdﬂf%ﬁ%€%@9f§éﬁ 3?%we§9“9hé'?@h§¥ the
machi ne o e in g e carousel of -
Figures 17 and Zégigﬂﬁk%eﬁsnéa g EPEEWE: ?QMeri &1 Wordge a
nunber s repr esentumber eahobie rrgocpaftsd lca fowsie b ﬁ%,crtammsv parts—are—
added to the 25 enbodi ment of the g ures, 17 and 26.
The first part (s a carousel sup BOF L Q{q#% %%%%eand %E%Q% RSS9,

pi votal transit |%ﬁ1?)¢5%\ée§21@“sﬁ¥et%rbn§el tﬂmmr@w 9f32:ﬁﬂa ipresent

posi ti onedllpeneag Rviena Qﬂ{[lqg 2§ t n Ctye rr, 30
2600. Rat her, th‘e’ su§$$ Igt qu‘égg lvéh?%hgfas‘pgﬁlglgrcﬁj trnfefélf étlﬁée

same di ameter asSPhe ‘Z%W’ha%f athe r’EiC‘i‘hQ\ﬁr‘ﬂ‘P?fm eh"@il rfr 20
whj ch is orient ediisausseldamtdﬂmohtbetweébrhﬂillae@ﬂéﬁ0671 26den Qéaxw@sel

C e 2ok SR L hn Bt oo eh Lo § P mafal nAas ot o

fl ange 2500. ‘individually lifted out and a new one inserted which

15 resulted in down-time of the machine of the present
invention. With the alternate carousel embodiment, a
number of carousels can be preloaded and upon the
completion of a given inserted carousel, it can be

_ removed and a new one inserted thereby minimizing the

W 20 down-time of the machine of the present invention.

In Figures 32 and 33 the carousel of Figures 17
and 26 has been modified as follows. Where possiblé,
like numbers represent corresponding parts.

In Figure 32, two new parts are added'to the

\/ 25 _embodiment of the carousel 30 shown in Figures 17 and
' 26. The first part is a carousel support plate 3200
and the second part is a pivotal transition plate 3210.

The carousel support plate 3200 is positioned beneath

the carrier 2600 but is not connected to the carrier

30 2600. Rather, the support plate 3200 which is a
circular plate of the same diameter as the carrief 2600

has a first inwardly extending rib 3220 which is
oriented in a channel formed between the bottom 2612 of
the'carrier 2600 and the transition plate 3210. Plate

35 3210 is circular in shape'corresponding in diameter to
the diameter of cirquiar'plate 2530 of flange 2500.




-39- However, the upper outer end of transition plate 3210 has a fornmed
notch 3212 mhlch receives the inwardly extending circular rib 3220 of the
?ﬁplate 3200. The transition plate 3210 is integral and firnly 05 -t
%5 to the bottom 2610 of the carrier 2600. 1In this position, the -
transition plate 3210 firmy holds the_g %onrt pl ate 3200 under the carrier
2600. Hence, when the nodified car ousel 600, as shown in Figures 32 329

33, is renoved fromthe nachine, the transition 10 pl ate 3210 bei ng

firmy attachegdol@vielts l'weta? r oWt eGRlendelof260Pa Ak § Bl nhQd st & N8 2319ppor t
pl ate 3200. thn t he difie carouzgh826 O is to be loaded into the

machi ne, - it isP8Ai ehtBArBESr NHHE By QﬂsﬁﬁggéﬁﬁﬁrFESSE“WﬁF@HV

engages a correapenduhg pumch&b&lﬂidf&22@ of th%n%mbp©&tpbath322@0and
al so engages- a th. a

240 ted t he scuff plate 24Q0 w
cor r espondi ng 3% ho’i ? c??é 3238p0’r? oIk attee‘?ﬁi 0.2 fs"c‘r'&@NYZSGZ
is then i0r$sertadtttd’ahn@htholté1e262®tanm RRiedix eofs the carriier 2600.t oInhe -
fl-ange 2500 20 e n i er
2600, the transPes %°§1 e 32%6’04 ’Y*Q{*Ee*#’a'ﬁ?’figgo H% : |rtl h?’ralgéy
rot at e wher eas thige Symmtplpd{aé:ezm%wnﬁaa’nsthﬁ qarrrlfem@ﬁp)r%-ven!ﬂent:he

circular suppoyhep! 3h@ #0944 fiile@MdaRlotisedn 2699, as shown ?Eﬁe FHE;%‘f'e%' ‘3’2 of
the circular support_ plate 3200 and_the transition plate 3210 “enabl e

carousel 30 to2Bd ebdi| ¥Si feHAwRA aﬁH"F‘el%éﬂa‘F?bﬁ?t'hé*'teesﬂﬁgsﬂr&élﬂnne of
the presamt inpeatie03210B0eause Oirkbis ateaidied Nfocehe Gt toasiode the

. . o/
and oince a NoFBTISEF ASOC BITTYNBOITR (S SUSBORS BLACE 3200~ Whew 000
correspondi ng thehaics LfiBedi cageufse bl 36602460)tande Lbhedeidrintonkthe :
seventeen coreg a3y £€, | 98994 41 OntBESSvTRithe® ) o1’y A% ussed
_ pin 2552 which engages a corresponding pin hole in the
15 transition plate 3210 and also engages a second pin
3240 located in the scuff plate 2400 with a
" corresponding pin hole in the circular support plate;‘j
3200. The screw 2562 is then inserted through hole
2620 ‘and tightens the carrier 2600 to the flange 2500
20 in a fashion previously discussed. Hence, the carrier
2600, the transition plate 3210, and the flange 2500
" are able to freely rotate whereas the scuff plate 2400
by means of pin 3240 prevents the circular suppoft'
plate 3200 from rotation.
25 The provision of the circular support plate 3200

;./

and the transition plate 3210 enables carousel 30 to be
easily inserted and releaséd from the testing machine
of the present invention. Because of this feature no
core can reside in container 2400a (since it must slip

30 over the electronics package 2690 and since a hole 3211
must be formed in the support plate 3200 corresponding
to hole 2430 in scuff plate 2400) and, therefore, only
seventeen cores can be loaded into these modified
carriers 2600. |

35 As shown in Flgure 34, a number of these
carousels 3400 can be preloaded and tagged with a



35 As shown in Figure 34, a nunber of these carousels 3400 can
.be prel oaded and tagged with a -40- designation such as [err] In ‘3#
f,ashion, the prel oaded carousels each containing a predeternined nung

W/ of
core sanples can be selectively |oaded into differing test machi nes 05
such as, in the preferred enbodi nent, thggporosity and perneability test
equipnent 10 of the present invention (shown in Figure 1) or into other
machj nes such as a machi ne -for neasuring the height and dianeter 3410. The
nodi fTed carous@esognabeofr saent alsn\CBnIan clQ c, th,erefore ,pC0¥ des,a

.conveni ent testjng garrier es_hd h8
sanpl es and proesde sﬁdrtréw gBéPI%& %ngoggaeaﬁéif?g?é cﬁﬁﬂﬁﬁefguch
as thirty thouseadh @bnxaensagpheprédetqumchedenumbaaloﬁndotesSamglesS

| n addition, “céﬁ 81:'6%1%9@%’.\79119 ESLH%% qf éé‘%???é‘?% 'QXSE‘t#xQQh‘ERQ

utilized for an ch re us
chamber V\Pﬁh orsul:hhaat. inhshappreéarired embompeeaet ehm pedowetrmuauén

stress. plrnebbl 21 8! eesknagwsheﬁtSi@nongh dbPBSine LAvERGYERS 17,

23, 30, and 31 are set etail odi nent tor the
internal piston ﬁﬁ@M&ﬂ%ﬂnﬁ?QBrGf%hm?ﬁré§§ﬁtqqﬂ&ﬁn@%ﬁhln%§sﬁﬂﬁhda55a
enbodi ment is shevhine Hetrfedsur iNer ehpoheiilihr dndediameaant 34 haye
ke numﬂlcal ?ﬁ“gﬂggf¥3ed carousel of the present invention,
_ 10 therefore, provides a convenient testing carrier which
N minimizes human handling of the core samples and
provides for the labeling and storage of a large
number, such as thirty thousand, of core samples for
q01ck retr1eva1 and testing.

15 In addition, it is clear that the method of the
present invention can be utilized for any type of test
on the core which requires use of a sealed chamber with

-KJ or without the application ot a predetermined'

overburden stress.



In this enbodi ment, the internal piston 1720 is nodified as follows. The
upper portion 2310 of the piston 1710 renmai ns unchanged. However, the | ower._
head §§D " portion, now designated 3500, takes on a different configuration’
as sh in Figure 35. The |ower head 3500 is sinply a cylinder having an
O ring seal 3502 engaging the S|demallf of a chanber 3510. The chanber has
a | ower passageway 3520 which prOV|de an outlet 15 I nt o chanber 3540.
When pi-ston assenbly 1710 has been rai sed |nto t he operating positlon‘M(th

lg 21Q 4 | hy I h 2,
then the port* 3531l B ABES OB NERE P SRAREAP FEARSIIEBE kO 11 ngs
3550 and 355Rig@hnesbdk?, 203, 3B40andh3¢h are Betmeibrbly shiegldtyaikal argi ng
the di amet ero gl SPENENS 4690068 1IH °cbD - RET T 20§38 LORTUN SRt 1 on

from chanber vi a passagewa 0 pasSageway 3560
and fitHlm]Bgsbam%ﬁmm£7QPnQﬁNQE%uPGﬂ&ﬁ@ﬁGZﬂyﬂhthooughHrE£Q6nd

above: et | edeanASRACEY Uk LANE B3APe T 55| HED: UPMBEG10ERS) e PI 5L on

head 2320 to se as presSure_of about psig IS required to
provi de adeq%%@EO%%%F$n@aY%r%ékeAP9§%ﬁbﬁ@hp9P$éﬂn?6135§2 w |l cause 3500 to

nove downward, therehytgieaémbgdambat| Ueh8Ointét ¥ Paivtah 42%8d fps a
Dot ruct | o B T FRaToRa o8By, Waf L6 A2 (o€ FFDL S
enbodi nment . ﬁhaﬂbsr11I02rema1n$eunohaageéd t Roweglra thai Howér hpaésagemay
ey oldh"s b2 o ROEOANEA P28 50 6 0D 08 Z0T R PenED 103
sane funct|onoaglguratlon as shown in Flgure 35. The lower head
3500 is simply a cylinder having an O-ring seal 3502
engaging the sidewalls of a chamber 3510. The chamber
has a lower passageway 3520 which provides an outlet
15 into chamber 3540. When piston aséembly 1710 has been
raised into the operating position with a core sample
210 in place in the sample holder 70, as shown in.
Figure 2, then the port 3521 will be located, as shown
in Figure 36, between O-rings 3550 and 3552. Chamber
20 3540, which is formed by slightiy enlarging the
diameter of opening 1840 (see Figure 19), permits gas
communication from chamber 3510, via passageway 3520
"and port 3521, to passageway 3560 and fitting 3562. By
applying pressure to 3562 and through the
25 above-mentioned passageway, piston 3500 is driven-
upward , causing piston head 2320 to seal at 2242. A
gas pressure of about 125 psig is required to provide
adequate sealing force. A vacuum applied to 3562 will
cause 3500 to move downward, thereby creating a helium
‘30 flow path at 2242 for a permeability measurement as
discussed before. This results in a simpler
construction for the internal piston 1720 then set
forth in the first embodiment.
Chamber 1702 is interconnected through a fluid
35 passageway 3522, either to a low pressure gas source
(about 10 to 25 psig:69 to 103 kPa) or a vent to atmospheric



passageway 1812 (see Figure 29) in the previously described enbodi nent;
I.e., when pressure is applied, piston assenbly 1710 is driven downwa
Conversely, 05  when piston assenbly is beypg driven upward by appl $+Hg
gas pressure through opening 1760 (Figure 29), then gas from chanber 1702
(Figure.35) nust be vented through passageway 3522 to the atnosphere. Wen

assenbly '1710 i s barrRESMieen Rassageway 03302 s&o/@Yyetie COLRe SATRE L1 F OO

\hel'der 70, e, 3 faglls helow 0-rj 3552, then pressure
fﬁrgrgﬁmefr17oz %”??*ﬁ??i‘-’%g{%’ p?é%%n%%fﬁﬁ?&ﬁn?# dfvel et Rrepyously

causi ng head 2320 t¥eSehibsd ZézthodTmEsti:slilfoeI i wivers ?ﬂds%h@g%Sﬁ@ry_ppli?%'
because ot herw se, Y fs rin , ~gas wou
o YdserPly 2780 fid ayP;‘;Jé%V, %;#dngﬁé’

| eak through ﬁgrts 230, then into passageway . t hrotRyfersely,
perforated pldfe 900'%D RIRFQR ARTARREY isTHee by dhivelwwsmwa b noy eagpily g

i ston assenbly 17Xhsriphdsnans esh dBieah! Sébddend ™ P6d L ¥F I of gas
Pntended to 20 drd ve thhe ass&arﬁ% }7?.% dodeV\/g:lrd mﬁl%g\f{aé;ﬁz%ﬁ't utaqien gaas
descri bed above. I#oWeN/ecr anpsy nt bt IPir e v Bomesseles wgntedythrough
potential high vol pesdagdwayl 3522 vaMtray éﬁﬁﬁh@ﬁgﬁifvided arourd %he shaf t
1720 to. preclude any dust- ri t fraomthe core sanple from
getting IO-bet ween pi ston %’8 é%ﬁ%n'%l]t;saijégﬂf L% Rf g JW‘?%d’rﬁwa%lt}%,'
3501. In surmdPy, tOeMOHE Moot W@tmmfcqmlmmmtmpmﬂi iwen Q{&i‘.g_es
t@ a carousel conta@gpinEaA |4 of s COr np erejn the carousel,
ih a first embodi rreﬁ i s %I@watﬂye?dr‘%%ba-?jalbﬁ %%g?t’i c?(r?\'zed\m%fr_eé?oue‘ﬁve’éh "[”r‘?é“%er
radial stress nmechali®m ¥H1dn@ShkvakeaP i&tans3 k8Ohand Ehvenandt -ipward

T 6l ther ovent. the carousel Lo oot h e e ety &t Eae Ir0 Y e,
' Lgpglr';t ﬁ; g:‘/etnthé p?%gceé?\]{i%%?\l\%er?ltnl%or? SSaf Yo RfGatss f%&fg}l)“{jiscﬁ‘rs whedh Redite
sampl e over thé | o#@30 fall below O-ring 3552, gas would leak through
ports 2230, then into passageway 2240, and out through
perforated plate 900 to the atmosphere. Thereby the
downward movement of piston assembly 1710 might cease,
s ' because the majority of the volume of gas intended to
20 drive the assembly_l710 downward would leak out as
described above. However, activation of piston 3500
seals off any potential high volume leak. A felt washer
3570 is provided around the shaft 1720 to preclude any
..’ ' dust or grit that.falls from the core sample from
getting between piston 3500 and its confining
25 cylindrical walls, 3501. |
In summary,'the method and apparatus of the
present invention relates to a carousel containing a
plurality of core samples wherein the carousel, in a
first embodiment,'is always rotatably positioned
30 between the radial stress mechanism 70 and the axial
stress mechanism 60 and,-in a alternate embodiment, is
selectively insertable between these mechanisms. 1In
either event, the carousel is loaded with the core
~samples and then the apparatus of the present invention
35 automatically'positions_each core sample over the lower
840016-A-USA ' '



840016- A- USA -43- piston 1710. The | ower piston 1710 rai ses each sanple
out of ARKe container by pneumatically activating the piston as discussed
above;@e | ower piston 1710 then holds the raised core sanple in the
sanpl e Yol der 70 to 05 forma test chaMi with a first.predeternined
pressure applied by the | ower piston 1710. An over burden stress,

I ncl udi ng both axial and radial stresses fromthe two different sources
(1 ower piston 1718tendEJddl e The dewed\Pistogi il xGncvisds eguil i saiplaw’
second piston 18ur b£28md UHEA AdH chPabricurddeiLaisy A AlaliAg erder
seal s the Iower end of the core sanple in order to conduct .the porosity
test or is deacPidhan ®5 GiaTusied ARAVend The orangr tRisotuetl & Hehen

pernmeabi lity tegblashemeora i@ ris amild omeramk fsapidamdridr clmner 15
and the c%rsousel6 I S rébt at edet th nexéSi sucperseid vte cmo,rq%sigﬁpl e can be
inserted. U°0r c68FBe2 HRSE r & YRh &’ L i 9T &gty S/l es
in the carousel appavieedediyn tret abw¥bi Il $hemppatat.us ARd owed hBdrdfer he
Ceveral enbodi nEAEEsam TEEHE FRrLAr i LI cF 883 An e tranBes SAep
modi fi cati ons ctbedtwe fHdS ademrtetspuriceoUtl akgrarmiisterf riohh @ k& aEgmplsf t he
I nvention herei gReiquL $8h €& ANth BsndGE£1NAIST1&h Al 05 e c 8801 SAdISA
a4 LA NBlO 1720, Becated internal to the lower piston 1710 either _
seals time lower end of the core sample in order to \.)
conduct ¥he porosity test or is deactivated to open the
lower ®md in order to conduct the permeability test.
©  The core sample is then lowered from the test chamber
15 and the «arousel is rotated so that the next successive
. core sampile c'an be inserted. Of course, this procedure
repeats mntil all of the core samples in the carousel .
have beem tested. _ \/ o
While the apparatus and method of the present
20 inventierr ‘has been specificélly disclosed above and in
several embodiments, it is to be expressly understood
that chamnges and modifications could be made thereto
without desparting from the scope of the invention hereinbefore \)

defined amE as here_inafter claimed,
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1. Apparatus for automatically determning the perneability and por o-
S|ty of a plurality of rock core sanples froma subterranean rock . _
formation, 5 conprising: a sanple carrier provided with a plural r@)f
containers each capabl e of receiving one core sanple; neans for indexing
the samule carrier to bring each of the cgptainers in turn into a position
adj acent a neans for testing the perneability and 10 porosity
charackreristics of a rock core sanple, said testing nmeans conpri- sing a -
hermetically seal able test chanber for CeABSi ng the sanple as a
substantially gas-tight fit therein as ‘each sanple is transferred thereto
in turn fromeach of said containers for the purposes of the test, neans.
for feeding a test QaRaratusofesasutomasicaly sebenminingctheerarmepbility dindzpnapt v
sealing 15 -t{ey bealplGRRPPEF rociebsle’sBHRISARLE & 8@ teRBnBER RSP RIrHatidn'd
determ natj on of the porosity of a core sanple contained in said test
chamber vi th%"’UB'I‘i}Prg‘ of test gas fed to the test chanber containing the
sanpl e under seal eda@amdiet tarpier provided evith agluralitybf toeaprrsresdt tagaplof t he
core sanpl e via,the.f.l ow of test s through the test chamnber containing

t he sanpl e undgf r%wmg Unse%ed ¢ ?fdltlons and neans for transferring each
sanple in turn fronmeess f@snpdemnqéhemater@rrreo to beingesch of & eentiriess t o
the test and ref HERI @ tahsomlae,atcent Sme 8% ¢ tase.rtgomeaba%eawﬁaﬁwnt to

each test _and betrore the i1ndexing o he sanple carrier to bring the next
sappl e i ni® poBPREPFiSY gharaqteriptitspf tao"‘t"ﬁe“ZS sampley(sai kgabing. means compRin at us
&fr ding to ctna'gra hermeﬁéam sédlableotdstidharrbet ol NeceiRiNY ehe Faimphy agl £

ti | t t
o ontal o S RO R SR B S erra R 02
conpri se nmeanstdrocxomdedntl ofvssidecahaipbrs tarr tHeepurposes! off thentestacteassifpt e in
turn fromits F@e%ﬂ%%'t\é& £’snfn%6 6ia and chgr%%étt | r%ﬂ&.% F&%t&sﬁm'yaér]!aﬁné hto

the test chanb paratus according to cla wher
transfer #RanstheotRst |C§em9§r, saldafﬁiF%staB'ﬁ- $e3ling é’éP%rPeVEttH“Eeﬁet?fwe%m ofnd

operabl e to engRdsorbbiey Bptatdm empfeaemaifnea e saRINIRLE chambar Vieahe Valuresl,
when located in its reg)sfegt
of test ga to the test chamber containing the sample under sealed

\\,/" conditions and determination of the permeability of the core sample via the
flow of test gas through the test chamber containing the sample under

20  unsealed conditions; and |
' means for transferring each sample in turn from its respective

container to the test chamber prior to the test and returning the sample to

\_/ _ its respective container subsequent to each test and before the indexing of

‘ ' the sample carrier to bring the next sample into posmon for transfer to the
25 . test chamber.

2. Apparatus according te claim 1, wherein the contairers in the sample

carrier are vertically orientated, the sample carrier being mounted for_
indexation in a horizontal plane below said test chamber, and the transfer-

30 ring means comprise means located below the sample carrier for lifting each
sample in turn from its respective container and inserting each sample
axially into the test chamber. | '

3. Apparatus according to claim 2, wherein the transfer means comprise
35 a piston mounted for vertical movement and operable to engage the bottom
end face of the sample to be transferred, when located in its repsective

AN



45 container, and to lift that sanple axially fromits contai ner and insert

It axi al | nto the test chanber. 4... Appar atus according to claim 3,
wher ei n,-n the said sanple is 5 i nserted by said piston into said
test chanber, the piston forns an end cl osure nmenber hernetically sealing

the bottomend of the test chanber. 5. Apparatus according to claim 4,
wherein said piston conprises an axial bore for the recovery and venti ng of
the test gas fromsaid chanber 10 - after passage through the sanple, ~sd| d

rel easabl e seahtaigemyesris td)eifnghapeambleeam@llszpﬁamand cﬁ:h@hﬁiﬁeﬁ Bﬁd 1@5@?6 it
Appar at us aC%QFéi’g]ﬂuB?h&k%'t%gmb‘ﬁpere' n the axial bore in said piston
The i i

conprises a va seatin rel easabl e seal i ng means conprise a 15
second piston axially reC|procaI in the bore of the first piston, and

having a val gg mmﬂéﬁﬁr%rﬁﬂﬁﬁg @fa’uﬂ%%@reﬁ%@héﬁa&lbnﬁlé %a%? i and

cIosethE axial bore in the firs I ston . atus accord %o any
one of cPai mEPErERd RKetaLT PistRe inte sia‘dZGeSt chmrbd@ednwm forris aOpemth eto

apply axi al kbssiice) gheintber hersatiehRy sbihgopa bt es ehd ot biSe LB chaRBERer and
during the porosity and perneabilty testing. Apparatus according to any one

of claims 1-7, wherein the test 25 chanber conprises neans for applying
radi al | oadi ﬁg t 0 Apparatyapiasondieg toontakinnéd wiheréiheeamc’pmeﬁ dimsbrfhékié’rg t he

porosity andgRey rﬂ%filp'fl)f ?IMB +ES3VelP -and ventxné‘%qatlfil?ttlé§ gs?(? ng cirgla L m 8,

wherein_said ra i al neans co eX| ‘Efln t he
test chdfper =E81 ﬂé%ﬁ?gefmm%’ thFeiﬂﬂ‘Hg’ fsaidl aelma@ie p?e@blsgr@eans theégng est \./

chanmber bet wagerdbietd 8pén ahhplesé tidtthdree sl eeve thereby to urge the sleeve
adially into contact with the sanple during testing. 10 Appar at us
according to any one of clains 1-9, including neans for 35 automatical l'y

checki ng t he&pr esdpperatus dosenting tf chimafyplieerein thei dxialborednpard pi%ﬁbn

cont ai ner pr e u t f &l rl.ng. means

Appar at us aclgg?‘(?}geé t?io vgfr;l}e gédtﬂ-@;r ) e E'&l%%% Tr?gf'@'&ﬁ ﬁﬁe%aﬁ@“?rd?e a

aut omat Leal | ye@qs@cmﬁm @mellmrem@cqcal @adhengomr ofatheafipitepistonpandibatiegta
walve member thereon cooperating with said seating to open and close the

axial bore in the first piston. T

7. 'Apparatus according to any one of claims 3-6, wheréin the first
20 mentioned piston is operable to apply axial loading to the sample when

wcontained in the test chamber and during the porosity and permeabiity
testing. |

‘ 8. Apparatus according to any one of claims 1-7, wherein the test
_25 whamber comprises means for applying radial loading to the sample when
«ontained in the chamber and during the porosity and permeability testing.

‘8. Apparatué according to claim 8, wherein said radial loading means
comprise a flexible sleeve mounted in the test chamber and means for

30 #feeding fluid under pressure to the test chamber between the test chamber
and the sleeve thereby to urge the sleeve radially into contact with the
ssample during testing.

- 30. Apparatus accordinrg to any one of claims 1-9, including means for

35  automatically checking the presence or absence of a sample core in the
' respective container prior' to the actuation of the trénsferring means.
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chanber prior toinitiation of the porosity and perneability tests. 5
12. Appar atus according to any one of clains 1-11, including .n”ea.'r
automatically checking the correct alignment of the respective cont’
with the test chanber prior to the actuation of the transfer means. 13.

- Apparatus according to claim10, 11 or 1246 wherein any or all of the 10
autonmati ¢ checki ng neans are photoel ectrically operated. 14. Appar at us
according to any one of clains 1-13, wherein the sanple carrier is a
circul ar carouslel hARRANEtYSHRCCOBHNG tRenY PRA ofw@l@aﬁgﬁ%mb@@mmwﬁ@rits
periphery, andautbeiaticaily NéhdcRERXithE) dBPFEte [oAdNG B¢ ABsHMSpIE Ofntd Sthe ekt i NY

t he carousel stepw se abaout iis. axis, 15. . aratus according to any one
of claims 1- 14?“%@[’ &rier 3%”‘5%@%&? Wé%'ﬁyéor@&%w&ﬁ?‘@t%‘iﬁﬁ'ed in the '
apparatus, thereby to permt preloading of the carrier with the core
sanpl es to be {geste ' ' AN . rrier iento the
appar at us.Cs 16.126' Apﬂ%é)ig‘th 8% %%ggéﬁﬁn% ﬁ} g’ﬁealbﬁ%ia,%ggulbg?’gﬁt@ Fugﬁ&/ﬂ"aegns vk

her ei nbef ore dR#omaticly cflecking dherensrect @lignment cefo Hhranedpagtivie antajger 25
17. A net hodwitarthé hestadHamiBak pfiofeathe 86EEI0R bf thetRREMER Fkldnsl Y and
porosity of a plurality of rock core sanples which conprises indexing a
sanple carrier loaded with a plurality of sanples to be tested to bring
each' of those Kanpl Apparatusuacrordihg ta qlaisi 10phl adjl2¢ eieredn dayiotaalf 6F theest i Ng
the permegbil ity e ity - . nrising a
hermetically 3% omgg'é:a aegﬁlgbtné%{ns%ﬁéﬁﬁétro §Fe§?111§ae®;?%eﬁ-§%g&f he sanple as a

S tantially gas-tight fit therein and. neans for introducing a gas into

t Re chanber angh,int Rpﬁﬁ%t&aﬂﬂ&dﬁ?%rarﬁpﬁﬁb oPrepdeR- 19 WABLiS ?ﬁé %Qmﬁlee

conditions, autonmatically trans- ferring each sanple_in turn fromt

carrier into sGATHIEE % Rueirculpr, Caroyseli hayiigthe gentaingrs farathe 89maPISE SPaSRA i nt o
sai d sanpl e unﬂepndnlatmpﬁhpmghaﬁdé mlmgemd the indeﬁﬁglrﬁebr?cuwmh';srmnﬁxieaﬁ&l%:eby to
nmeasur e, spectivel y. t he perneabi.lit nd parosity of ‘the sanple,

transfer r#%g tT1°éat'5'39r%'l"ee°%1rf°g%erlE?s“f'?%ﬁgq‘&dﬁﬁ %)’ﬂ%‘ 47 chanber back to the
carrier, indexing the carrier to bring the next sanple to be tested into

line \'M_' th sai dyghankgsarafiidadcdPainh! B%mPbt bf Visihf'1-38wherih R ShABR

\

\_/ : carrier is removably mounted in the apparatus, thereby to permit preloading

of the carrier with the core samples to be tested prior to insertion of the
20 loaded carrier into the apparatus.

16. Apparatus according to claim 1, substantially as hereinbefore des-
cribed with reference to the accompanying drawings.

-(

25 17. A method for the automatic measurement of the permeability and
porosity of a plurality of rock core samples which comprises indexing a
sample carrier loaded with a plurality of samples to be tested to bring each
of those samples in turn into a position adjacent a device for testing the

| permeability and porosity of a rock sample and comprising a hermetically

30  sealable test chamber for receiving the sample as a substantially gas-tight

| fit therein and means for introducing a gas into the chamber and into the
sample under both through-flow and sealed conditions, automatically trans-
ferring each sample in turn from the carrier into said chamber, introducing
said gas info said chamber and into said sample under both through-flow and
35 . sealed conditions, th_ereby'.t.o measure, respectively the permeability and

porosity of ‘the sample, transferring the sample after testing from the

0 s ¢ L M S =



5 18. A met hod according to claim 17, wherein the sanples are |oaded

I nto thy rrier wwth their major axes in parallel vertical array and are

i ndexed a horizontal plane to-a position in line with and bel ow said
chanber, and wherein the sanples are transferred fromthe carrier into the .
chanmber and back again by neans of a pneygfratically operated piston which
engages the 1 bottom end face of the respective sanple when in the :
~carrier and operates to |ift that sanple fromthe carrier and to i nser th¥t
axially into ekardbéerhbagieto tHe carriek, ifdelxird) Beceodrdiengotri] BigThextSsamgler ei n
the perneabil |t d, 15. orosity.tests are rried.out _whilst the . sanple
o satd beniietPinta B QR vaid oA R aSE TLbe i bei Vrndlret 45455

pi ston. 20. testingtsteps.according to claim 18 or 19, wherein a radial
|l oading is applied to the sanple whilst in said chanber and during the test
procedure. 20_21. A met hod according to_claim 20, wherein said radial

| oadi ng i% appPi ed APeriedhaccerdiag te|chaim L7sVorrein Pisstamripears i9aded intehanber
- enconpas- Si Nghd BerrfR Witk tABI radjok \ex8g in Ipdtdlied VeptitdlCarrdy BHE abé 8RYEXet O

force it against the sanpl.e during the test prqced . 25.22 A net hod
according to Yh@ mgogﬁanglng © fgP i‘,‘°w{’ef‘8‘? E"&h@"#é@?wﬁé‘g@amh‘f’r(?Hﬂced
i nt o t he uppewhereinahe sheplesaarb dranstfierped Hram the toardiert intn the athambler @nd

engages the u ' i t enand i s
veuraa’t rom i ack aGR B miedfs SPDRAEUMAT AR ESe dibidn \Mlch RARRE tr
col | ectidh fr battoreensp Hers pt the, gespectime sé@ﬁﬁ wheyy inhe Sacsierangepegatesect i /)

pl ate seated ef kRPut bdiRplRi oAl thaNcarbRl VAR th hidsdtit SitoRxANG idt8 salp! e.
A nmet hod according to claim?22, wherein the porosity test is carried

out by seal i nG"®RB®Nent in said piston, thereby to prevent escape of the
test 35 gas fromthe chanber.’ 48 24. A met hod according to claim

23, wherein sgpd vent_is i.n : rm. o - A €N ' i and
wherein the vg?ﬁ i? s"e‘% ‘e’g Bé/%qﬁicen%ogzéréfaﬁ'gnf%f é‘l'I(l;l‘eJ{s)eg{':othl.g(? B%%Jﬁ%%l{"l@; %lragton
oper abl y1%| i deatsisityi testsiage (rarsied neitowbilstotke tsample is held in said chamber

under an axial loading applied by means of said piston.
: ' Vadhs

20. A method according to claim 18 or 19, wherein a radial loading is
applied to the sample whilst in said chamber and during the test procedure.
20 _
21. A method according to “claim 20, wherein said radial loading is
applied'by means of an elastic sleeve positioned in said chamber encompas-
sing the sample and applying fluid pressure to the sleeve to force it against "/
‘ - the sample during the test procedure.
25
22, A method according to any one of claims 18-21, wherein the test gas
is introduced into the upper end of the chamber through a distribution plate
which engages the upper end of the sample when inserted into the chamber,
and is vented from the chamber through a vent in said piéton after
30 collection from the opposite end of the sample by means of a gas collection

plate seated on top of the piston, and between the piston and the sample.

23, A method according to claim 22, wherein the porosity test is carried
out by sealing the vent in said piston, thereby to prevent escape of the test
35  .gas from the chamber.’
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bring a valve nenber into sealing engagenment with a valve seating in said 5
bore. 25. A net hod according to any one of clains 18-24, wherein the
sanple carrier is a circular carousel carrying the sanples around its

peri phery and nounted for rotation about a vertical axis, and wherein t
sanpl es are 10 brought into said posit$bn adj acent the test chanber by
the stepw se rotatlon of the carrier about sai d axis. A net hod

accokdi“ng to of .cl.ai s 5, .whe n the sa .are | oaded
into a det achgg 'gr’F'F'eW’ds%cﬁ&F%P%g 0 {1 %ﬁ’ew[‘%rﬁ'" 3?)‘gp ¥oRF i3 "'1'3'P ?‘H
inserted into arhexxappareatmsand pispors-dralawliegtefrothe vt .is sedlediyhied apeeavioth ng t o

any one of cl s;gor%6pne'u tféd;};liggant Jsh%rgt?]l %ngabgg;ir? gg]‘ﬁ'tﬁ:% |l % %E?F iﬁ'l@%: the

alignment of the carrier w ore e tran

sanmpl e from t WFiRheryalye membes intos sealingnenaegerpen @ith a Aalwet seatirgciomaid ng t o
any one ofs cl apge, 17-27, including the step of automatically checking the
presence of a sanple in the carrier before the transfer of the sanple from
the carrier to the test chanmber. 25 29. A nmet hod according to any one
of clainms 17-223. i nAlmdthog ddverdihe to ainy aanieosfailairas 118-24l) eHersig thBakaniphe t est

hanb h b h th
Lo oper at on ciTied 1 BoqirdiunaP 8450t ddnfind I sfmBles.atBuifieh FebisneRarty 17 '
when carri ed omwpustgdsfarnrotatiop abouB( vertipal aixid edroh whersse rthb eshmypiles are
referenceyd o tEeugtc ARRARAID Godit N Bdfacettl the 1idst Lddahiderl b Ldnkl Seepbide

- _ * rotation of the carrier about said axis.

(

26. A method according to any one of claims 17-25, whereir the samples
are pre-loaded into a detachable carrier separated from the test apparatus
15 and inserted into the apparatus in pre-loaded form.

27. A method according to any one of claims 17-26, includihg the step of

a

automatically checking the alignment of the carrier with the test chamber

before the transfer of a sample from the carrier to the test chamber. '
20 ' _

28. A method accbrding to a_n)" one of claims 17-27, including the step of

automatically checking the presence of a sample in the carrier before the

transfer of the sample from the carrier to the test chamber.

25 29. A method according to any one of claims 17-28, including the step of
automatically checking that the test chamber has been correctly loaded

| with a sample of the correct length prior to operation of the test procedure.

30. A method according to claim 17, when carried out substantially as

30 hereinbefore described with reference to the accompanying drawings.
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